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Functionda Prograomming
What? Why®? How (in C+)?

|
- Algebraic Data Types : () = = Q. P

- Functions : a— (o— ¢)
- Generic Programming
. (c€C) »c » nt

- Category Theory
. MoNoid, monad, etc,




Algelraic Data Types

unit, primitive fype, one vaue, denoted ()
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Algelraic Data Types

unit, primitive fype, one vaue, denoted ()
| +
product, bindry Type operation,
SRRSO G ond b one of each




Algelraic Data Types

unit, primitive fype, one vaue, denoted ()

=%

! product, binary Type operation,

SRRSO G ond b one of each

=1s

Sum binary Type operation,
DERCRETRSREERE" ¢l or b /
oNE ' SnseEic




Algeloraic Data Types

unit, (), one value
fl product a ® b, “a and b’

fsun a® b “agorb”

!
7 |



Algeloraic Data Types

unit, (), one value
fl product a ® b, “a and b’

fsun a® b “agorb”

S e RSEIMIEREIS Cl. =
S implemented with, d =




- Xamples:

H‘ uc = ()
. PO(S@ = ()

bool = true @ false

true IS implemented with unit 1
false is mplemented with unit. |
A bogNEIBIERIERIRE Same OS O +r*ue,é(ue or [

a fadlse vaue




- XOMPIES:

= ()
BN=7ZPN

fl 7 is implemented with unit
AN vaue 1S the same as a Z vaue or an N

l

value, / \
i

|




- Xxamples:




Type Functions

ARSENRESRESERNONNIET T Sioc of = o =
fll SyMiool That can be used on the rght

i
_a=1'da R L a

A vdue of “L of d” is either @ /
vaue of [] or (a vaue of a and a vdue of

" or e




Type Functions

: Say ais a EREEREINTUOE O and € IS the

vaue of +ype []
0e)
(L{a0e))

(1(a (1{a(0e)




Type Functions

. BEETEa 0 T o) D o

fl Bnary tree with values of type ‘d at the
fl lcaves




Algelraic Data Types
. - AbStract
fl - Smole (), = = ®, D)

- Powerful

|
|
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Algeloraic Data Types (n C++)

Our _chitera for functiond concepts in C++ |

- No (minmal) syntax sugar, i+ scares
away the New bees

- Mixes wel with typical C++

- No copycatting other
longuages and their imitations..




Algeloraic Data Types (n C++)

EGSgEoReS

- Unit () use boostmplvoid_

- New unit types: T = ()
StCan ket

- %is the same a5 a = b
Typedef b a
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Algeloraic Data Types (n C++)

Product Tupes

RN COC SHucT. Nomeo
BECESSOrS
SICRERRERE RS ESIOn VeCTor. Access by

indey !

- ooSt fusionmap. Both accessor methods




Algeloraic Data Types (n C++)

SERMERTOCES

! - Can use enum when underlyng types
| - dre units, and
~- aren+ used elsewhere

i
- Con USE a product +ype With an IN0EX
- common and error prone /
- Can use polymorphic lbase class

- not redly nice syntax/error prone




Algeloraic Data Types (n C++)

SUM TUPES

- boost vaniont (loest option!)
- drioithary underlyng types
- amadl syntax overhead
- JCCESS by index or type

ad SeREPEs
LOOST:vaNaNT<ao,C>




Algeloraic Data Types (n C++)

"i5_implemented with”, = wrop it in a struct
RO)] = douole

struct RO
{ explicit RO const sl )

el il ) 8
imp(')

}
- gcoessor functions (invariont /

guaranteed)
- infernd impl access function (invariont
reguirement)
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Algeloraic Data Types (n C++)
Tupe Functions (= style)

Use “type function trait” from lboost mpl

none = () Op a = none @ a

¥ struct nonef),
templare< typename a >

|

STRCIGE Op { | ,‘l
typedef 1boosStvariant<none o> / J

! 1

+y OC,




Algeloraic Data Types (n C++)
Tupe Functions (= style)

USe a wrapper templot+e Struct

none = (), Op a = none @ a

B Struct nonetl;
templare< typename a >

struct Op {
explcit Op( boos+:;\/amn-§-<nonepy

%
LooStvariant<none,a> iMpl,

}
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Algeloraic Data Types (n C++)

ReEcUrsive Types

|
SSURNTYOESTUSE MCKE_recursive_ vaniont
- PPrOAUCT TYPRES: USE

make  recursive  variant (see
odper for detais) /
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What the heck is o recuUrSive
product +ype?

B (S O)

- Seems ke nonsensel?

£




What the heck is o r“ecur*Sive
product +ype?

B (S a)

- Seems ke nonsensel ?
- Nope
- Think of +the recursion as being a

computation of +ype (S a) /

ey




L aziness (N C++)

How con wWe represent a computation of d
vaue in C++@

|
|



L aziness (N C++)

How con wWe represent a computation of d
vaue in C++@

B - A O argument function
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L aziness (n C++)

How con wWe represent a computation of d
vaue in C++@

- A O argument function

8 femplote< typename a>
Struct lazy

|

|

{ typedef boost:-function< a () > / | 1
it

|

ﬂjp@-)
k
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What the heck is a recursive
product +ype?

B (S O)

SRR NENE. SEE paeer for d

direct implementation




Functions

. A—> B

fl A Set S of pars (ab) where ae A beB, For

CHERUNSEE R NE XIS TS cxacHy one

corresponadng pair in S /

!
l
'1

!

i
!



What is a C++ function®?

ool fint),

£




What is a C++ function®?

ool fint), = nt— ool

£




What is a C++ function®?

ool fint), = nt— ool
What about mutiple arguments®

|
|



What is a C++ function®?

BEERRURCINOThe Cose
ool ANt int):

|
|



What is a C++ function®

BEERRURCINOThe Cose
ool £ int, int), => (Nt&®int)— ool

- Use our product +ype operator!

- c+—function-tuples “2 (213)” /

- St something missing...




What is a C++ function®

ooal £3(nt, int)
{ ++someglobalvar,
return true,

- (INtRiNt)— lboal doesn+ work!
- ConSider the corresponading 86+/




What is a C++ function®

boal £3(nt, int), (Nt ®@int@World)—

{ +somedobalvar, (World®loool)
return +rue, }

~ (INt®int)— bool doesn'+ work!

- Consider +he corresponding se
- Introduce new poarameter
and return vaue, World..




What is a C++ function®?

Translation

R FA, A, A)

AVAYAY

(Al® /\Q. : /\m® Worlol)— (World®R)

£




Curryng

a@®Q b —cC
TO
a—- (b - c

- function returns a function (convenient) |

- — IS Night aSsociaTive A4
- Works with any function where il

+he domain iS a product




What is a C++ function®

Translation
A A )
(i) ) N

(A1®AQ...Aﬂ®w5%(d)—>(w@r~(d®k)

A1—>AQ...Aﬂ»wdﬁtd»(wmd@)




oz

Introducing IO

0 d = World = (World & a)

- Smple type function
- We can actudly implement io a in C++

TENBIERRE ERERENcME O >

SHrucT 10 /
{

+ypedef boost-function<a (> +ype, |




What is a C++ function®

Translation
R P(AP AQ)...,AH)-)

c+—funcHion—tuple

(A1®/\Q. : Aﬂ®Wor(d)—>(WOr“(d®R)

curry

/\1—>AQ. % /A\n—>\/\/OI"(d—>(\\/OI’“(d®R)

A=A A—>i0KR
1 a\edln




Functions (N C++)

# afp llorary (netsuperiorain.com/gfp)
|
- gfpciof (curried io function) |

- Converts a c++ funcrion ponter Nnto a |

funcrion as we formuated

- gfe:cfunc (curried function) /
—CHEEEREISE = UDE —>
function<function<c (o)> a>




Genenic Programming

INFuition:

8 - “an empty thing”, could refer +o severd
+hings, lbut not dl

|

- “empty’, a property of mony +Hhings

ol Rl /




Genenic Programming

F ormulation:

f- <o empty thing
BRRESEIEESRE YO (O Oc concrete

- type (a<Empticole) — ¢
- read < as “has a profie in’
SEEREREERET oM. TYoeS TO \/O(L?

- “empty”
- type (@HasEmpty) - (@ — bodl)




Genenic Programming

F ormulation:

fl - Empticole, a +ype class
- A typeclass is a set of pairs ()
SRRSO Upe funcTion
SPRERERPEOTIE thaT fiTtS certan
catterns and lows

_ Our restrictions /
- AT RGOSR ERE Al per type

- Profie is a smple vaue




Genenic Programming

HaSE Moty

fl - An element in HasEmpty
- (Stdkvector<int> z ) where
ooal z( stdvector & z )
{ return z.emptyl), }

- To implement “empty” we need +o
get the cortrespondng vdue
(function) from a type in
HasEmMpt+y




Genenic Programming

HASEMpty:

fl - An cadl o “empty™:
Stavector<int> v,
B empty<sta:vector<int>>profie(l v )

- looks up a profie given a type
- but wait..




Genenic Programming

HaSE Moty

fl - Passing v, of known type, makes the
explcit type redundont. &
- EMPTY CaNNoT e passed +o functions. ®




Generic Programming (in C++)

Polymorphic Functions

\ SEEEREERSRERERNTHE TUoE arguments
f from +he vdue arguments
N USTREEEEmOTY
{ typedef boaol resut__type,
ool operator() stavector<int> )
AEREREREEERETor) for cach %
} empty,
- emptylv), //infers the type from v




Generic Programming (in C++)

Polymorphic Vaues

fl - Same type nference trick doesn't work
for values

- Introduce resolve |
<Stdvector<int>>( emptyThing ), B

- Polymorphic values must follow a /
CersainSEeime




Generic Programming (in C++)

Polymorphic Vaues

B struct EmptyThing
{ template<typenome T>
f StrucT resur,

ik .
P@Su(+<+hi8,__+gp6(vec+or<:n+>*)>-.:+y a
) i

operator(l vector<int>x dummy

/]..
} emptyThing,




Generic Programming (in C++)

Polymorphic Vaues & Functions:

\ - Covers dl generics we care doout
- Cannot be extended +o support new
l  Types without Mmodification of underiyng
cooe
- No relotion between reloted

oolymorphic values and ?uncﬁons/




Generic Programming (in C++)

Polymorphic Classes.

il - Extenddole collections of polymorphic
values and functions,
- Use partid template insStantiation +o
select supported type
- The polymorphic entities select

appropniate INSToNHATHON WheN /
used




Category Theory

- deals apstractly with mathematicdl
STHRUCTURES ond relations kbetween +hem

B GNESREERERGEICICNCE aS O WhaT 0 do
with genenics

- Very powerfu and expressive /




Category Theory

MonoidS
A
OeA
+ A > Ao A

A O, and + form a monoid when -+ is
associctive and () is an identity for

+.




Category Theory (Monoids)

| There are [ots of monoids!
E nt, + 0 : Sum monoid

- ool && +rue: al monoid

- string concat, " Sthing monoid

- d = M function Mmonoio

- M MonNoid
- forwards monoid opeErations +<%u(+8.
- 0o m 0 monoid Smiar +o function Mmonoid




Category Theory (Monoids)

| Quick example:

fl - header : Message — sthing
MRS ES5C00C — SThiNg

|
gfo-cfunc<Message, sthing>>
poayload = gfemplus( header X contents )

)

- caled point free (pointess) pm%ﬂing\..




Category Theory

Much much more.

fl - functor/pointed functions, contaners.

- idiom (ceplicative functors): FRP. streams

- monadk arbitrary computations /

- foldable: compress colections




Functional Programming (in C++)

fl P Benefits:

|l - Cleaner design — Cleaner code
- [€ss code/static types — Less bugs
P RONERREBRO0|S

FP (in C++) Benefits.

- No need +o switch longuages

- Integrates wel /
- Easy to use (no special syntax

- Highly Capadkle
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