System Fin ehe real world.
HC«"SE@-N CZ//)&Q 70(/(//766;0/’)@/{ pm&ﬁ/’@mm;fy a

/L/cjo/czy/s ézsz IS o> answer Ehe @Mes*é)@/):
“Great, now why do e care

We have s;ﬁo/zan about /;/O@ﬂz’azms\ " and 'Vwmpufdé)i?j
but havent spoken about how to do so on an actu
computer.

C@mfmcrs are very 5ooa€ aé sh}gﬁe;‘ry menoyy aiwlycf/ and
%Q//ow)ry IS EIicéions c}(,ucé(/y and &C(J/U’aée,y (/6 15 that
6}%& were buile o do). |
This mahkes sense! TF Yow wele the Lirst person to Chink
about %(Jw to avibtomarte sene process, then Lhe 7@}/‘56
naturad €hing & Lhink of is Eo write doon « list of
1Nséruckions for some o{k/jgen(: persop o {follow as
accurahely as é:’h@ can . |

Ag A oncrede eacampé, S'd(y we wanted to cencatinade

2 Sequences £qg ether. |

'fnvfe,rw(—iue aﬁp@ge(%ﬂ): Creade Neco Se%ue/nu& LoIth é/a/r)é—
entries tchose /e/ry-e% 'S he sum 9/
the Guoo /6//)36%&’ g the two Seguona
o be concetinaded . ,
Then £l in the blarks.

As e Saw last wé.zeA/ there are. other waﬁs

L/S'Mg a ]Kr,m&‘éion Loméoosfé:%or) o“zMO/@otoA 1S /“e-yfé/feo( o
as 7 functional (pfaﬁfwnm}/gﬂ ! |



Ahere a /‘ammplg{ew[m%&mg‘gs that allow us Eo code
“functronally”. The language ‘Hashel] s ene such example.,

-

H&( S‘}zd/ C,om’m‘)es &> a I'cz%mauae, cicu}(ed /éc/‘e/‘ l,u%: c% l/ﬁC?S‘ a ,J:CO//')')@(/
_mathemaéicad definicion [An Extemal Representacion for he.
(cHC Core L&’(V}ﬂ’a%e Téfmaoh/ Qh&;z&ﬁef/. the GHC Team, 210

When coe say 7 Hashell is system F, we are being abic
liberal coith the oorel ~is™

Core s ancagk;ﬁsrw%hg gstem 1=.
Core s intended &obe o human readible /coritable version ¢f an
extension of System T called System FC.

The ¢ seands for Tequality tonstraints and coercions '
Lohich « Pelfwcg her crder” concepts . and care begend &he seope.
owerthepage

We coill oo (7@ (p’/ﬁ/@(jf.ﬁ}) Ehe. ﬁmmmar‘ CQQ Com/L C(NC"( 470;7)6
OUE Ehe bits toe ceon curventy vnderseand.

fmycfézmé bies: . S
- \@wa:=Na  Lladlab=Vab
Tn exp—>\ 3binders > exp —=>=<in x. M,

o ﬁ _binder => @tbind ) T— ~ binder — @6‘7 oar
| rhind Y | ubind.

 (Similar for by~ Zforall Febind i),

A word on leevals:
We woant & make use of the ALU (Arichmetic chj}c Unit) inside
our compuders Lhich perform equality tomparisens and > relakion
on inkgers, a5 this will ke faster janusinﬁay@amﬁ»/\/amwff/ etc,
,,,,, So we have special expressions called literals.




These pages are Eahen pom “An Exterral Representation Lr the GHC
Core ’rdﬂguﬁz’f\, b{j ,4,%{(@1,0 "Foimaoﬁ) M/
Tim Chevalier, and the GHC Team .

All type abstractions and applications are given in full, even though so em
(e.g., for —could be reconstructed; this means a ! ore does not have to
reconstruct types.3 3 '

° T}SWQ iffers is heavily restrManumerics and underscores);
this@gain makes Core easier to parse but harder to read. \\

We use the following notational conventions for syntax: T

[ pat ] optional

{ pat } zero or more repetitions

{ pat }+ one or more repetitions

paty | pata  choice

fibonacci terminal syntax in typewriter font

‘ﬂ"fi«ft‘i péges present the fuu /a/r?(fuaﬁej we. Cross eukt [/15}76/’ /&‘V(

Concepls bo presene A S implified version.
CfOs’Ls”}n{j 0%: CO@y’donY/

Kind -
Construckore

3These choices are certainly debatable. In particular, keeping type applications on tuples and case arms consid-
erably increases the size of Core files and makes them less human-readable, though it allows a Core parser to be

simpler.



Module module —  Ymodule mident { tdef ; } { vdefg ; }

Type defn. 7 G . ie-type
= Ymewtypegtycongtycon{ thind—=ty newtype
Lyvar
Constr. defn. cdef — gdcon { @ éémd} { aty }*
Value defn. vdefg —  Y%rec { vdef{ ; vdef} } recursive
| vdef non-recursive

vdef — quar :: ty= exp

Atomic expr. aexp —  quar : variable
'l|" & qduulu data \,uuctx u\,tul
| vl literal
| Cezp) nested expr.

Expression exp —  aexp atomic expresion
| aexp { arg }* application
|\ { binder }* -> exp abstraction
| %let vdefg %in exp local definition
| %case (aty) exp %hof vbind { alt { ; alt } } 4 case expression
Ir fcasterpaty type-coercion
f-_—fnoteJL{—chﬂr—}‘“—eﬂrp e - e expressifm—note —

-

Yrabel 1 char ] external-label

Argument arg — @aty type argument
|  aexp : value argument

Case alt. alt —  gqdcon { @ thind } { vbind } -> exp constructor alternative
| lit-> exp literal alternative

| %> exp default alternative

tyuar

Binder binder — @ ﬂl:nd. type binder
| vbind value binder

Type binder thind —  tyvar implicitly of kind *
| ( tyvar :: kind ) explicitly kinded

Value binder vbind — (war :: ty)

Literal lit — -] { digit }* :: ty) integer
| ] o digit Yt % { digit }* @2 ty) rational
| (' char’ :: ty) character
| " {char} " :: ty) string

Character char any ASCII character in range 0c20-0z7E except 0122,0x27,0z5¢

N
| \x hex hex ASCII code escape sequence
=3

hez of...19(a]...|f



Atomic type aty —  tyvar type variable
II qtyuulb t‘yyc constructor
| Cty) nested type
Basic type bty — aly atomic type
| bty aty type application
~—Ytrans—aty-aty transitive-coercion—
“——Ysymaty symmetric-coercion—
——Sunsafe-aty-aty unsafe-coercion—
=‘[ fteft aty left-coercion=
e—thright—aby right-coereion—
f—Yinst—aty-oty —instantiation-ecoercion—
Type ty — bty Loumy basic type
| %forall {f?}md.}*’ .ty type abstraction
| bty -> ty arrow type construction
Atomickind- ekind e lifted-lind-
— unlifted-kind
o epen-—kind
L"]’ t'ufy s bty equatity kind—
L“'_('_HTLIL' p * nrested-kind
Kind- Yird———akind atomie-kind
b————akind—>%ind arrow-kind
Identifier mident —  pname : uname module
‘tycon’ — uname type constr.
gtycon —  mident . tycon - qualified type constr.
tyvar —  lname type variable
dcon —  uname data constr.
gdcon —  mident . dcon qualified data constr.
var — \(lname variable
quar — [ mident . | var optionally qualified variable
Name lname —  lower { namechar }
uname —  upper { namechar }
pname —  { namechar }T
namechar —  lower | upper | digit
lower — a|b|...|z]|._
upper — A|B|...|Z
digit — 0|1]...]9

3 Informal Semantics

Gb‘?\’N;}&term level, Core resembles a explicitly-typed polymorphic lambda calculus (F
the addition_of local let bindings, algebraic type definitions, constructors, a;

ules. Each medtle has a idefg:f_cifying name mident. A module identifié
ne owed by a module hame, which may be hierarchical: for example,



A/O(A) #Lmlﬁ We (A&Qd@f_s&am( Cofc /665" /00k at Some. Op@rwénafu in Hgéfkeﬂ
aﬂd elfiml? aéowé )/)ou) (5%%1 com‘@/f, to Core..

Sadu We wank o apperd an element to the left of a list.
Oesve:  Trpuk. 1, [2,3T

L Owbput: L[4,2,37
Cgm do ah:s very. 6@5;,,

o re. 8. s Ed e g1
W%J does Ehis work ?
7N s an o/aarwéof (/6 s a Fumoémn as ;w&gdm@ m)

A /ISt n the Fofm Loxa, o, .., 06T s Scyr)é‘a,oﬁc, sugar ﬁof S

sz<Aixmm1)Lmlmgm
So 1 L2 37 (ompiles o 4 (2:(3: L‘J)) then this éwme_s:;

Cwell.. , -
~ One. u&g /onév Core expression (fec: n@o!: p%e/)

4
!




We have a_portion of code which dhous the way pars of

this functton complle . (0w the page)

We ha()c main € - @/-6.172—(%}&1/ (Wé(/‘h € s oaf %pe, ;né?e/) .
maing s 1 . ———

T ke j, I agumenrts. B

LEBENDTN )N L)\ @\ )2\ (g o gt
R

7177 ~ &&1/;:1"; .

LI N\N@uACot) A ly v o)=L

Bub €his is juse:

—really —

22 A NN T AL AN T s ()

t1-> Ax. Dot \9 et

W%éra LT < \x-a—>( ’Jv%j?-—?az )—>< .

3295%6/” F in Zjﬁuue/ o
Ready bo p-reduce .

Bwk naively B-reducing may be mefficions -




ﬂ\m\%&‘k\m«é Mmu%& \w\ss%o%\ P07 UM i:ﬁ Q\Q,,QNAJ \mw\w@\w \NQN.SQI St M*.t\

Dmc.ymmu wse-ou-- 3}Sed>-ou—- 9402-2yb/utqg/leqed:/~ $~:9T-2Z-1€-Z/LT-d1IDNn3uUungn
A fT=0n

[€2] = A

n jutJdd = uteuw

e () OI :: uTeuw

SY®1sal 1ed $~:i9T-gZ-1€-z/LT-dTONn31ungn|

xgg — BJo"|euipionw@nungn wad eIUIBIIA I- Yss — ~ :91-ZZ-LE-Z/L-dI®NUNgN — S|EUSP3ID-SME

™

¢




O:
(49623ur*adAL 9 [])
= QuTew

S0028 M#S%QAMH\M@H\RHHHH\V dabajurtadAl ©

Y™ A ]
= guTteuw
[{22 27 [1 S9Yy dI=|dueptny

‘PI199]
[49b23uT"adAl] :: guTeuw

- 43b331uT™ = 9guTew
[{? 207 [1 S9dv d4I-3dueptny
fanJ]=91qepuedx3 ‘Snua]=93J4)JOM ‘BNJ=3)YTIJUO)D
‘anal=anjep ‘0=A3Tdy ‘Snul=1A7do] ‘<e]]1TUBA-=2JS}iun=jun
‘P1199]
dobajurtadAl :: gquteuw

Jabajut™ = suteuw
[{7 227 [1 S9Yv 4I=3dueptny

‘anal=aniep ‘7=A1Tdy ‘Snul-=1AT7do] ‘<e]]1TuBA==2J4S}iun=jufn

‘PI199]
Jobajur*adAl :: suTeuw

Jabajut™ = guTteuw
[{7 227 []1 S9YV 4I-9douUepiny
‘anJ]=9)1qepuedxy ‘SnJa]=-99J44YJOM ‘SnU-3¥TJU0)
‘ond=an1ep ‘0=A31Tdy ‘Sndl-=1A7do] ‘<e11TUBA>=D24S}iun=juf

{
| » PI149]



L\/lfmé }QL we %ad a More complicated pragfam'?
lengeh (2:12,2,27)

/'@n(ﬁ'e/q s & fupction which has one (npude, So looks like

x - M. |
D18 A funcéion with 2 inpuds, so looks lihe /\ﬁ N (N=p=W)
So we hauve (\/\)L/U\)((Aa/\f)?:)) '

slexp ressions\\

Core s M}v’ﬁw};ed into el Oh A ///)64/0\\.

Yo Heap
| thuok

é/q;t,mzft

Lach &hurk s a collection oé? modules

We have. pom(:&/s gayom eadh “hunk wl))d/; dedares a Uariable.
Lo wohere his variable appeart In other hunks,

Mg%é’ have - o HW N

4 MZTU(X@~N)PP0PDM&&W

2 | (Ao M)

; This gices 3 choices of hows &
procecd.

PN, resude —> M.

U—s>M, PN, result — .
Sud (}U-MW/WA/ puk this —> M .
\/\M']\WL\ s bese? ,




/—(8(5/200{ (s ca/O{*b(y~name,/,. SO we ean /aa,e a marker inall the /ﬂ/otcef
an evnlucsed 7[(/(/”)(/67'0)1 needs éo(jf Ehen compute the 7£u/’)c/6~10r)
once and place the vndue in all ekc markers rakher &han @(/ZZ(&(%J
Lhe F(/m(/é’lcn at cau/) marker.

This allovss for 7[azy eveduation", and even computation of-

m]’iﬂmce Fur)(/homs ,,}L the Uu/ue @p Che /mﬁmée ]5(/(/0(/{—10/) /s
€ be placed in © positions, then we can d’ucawa(/é

O&L’@V /é?ﬂ’)ﬂ &S’(y—oq/ FoMJD&(?’?(/e,' T
fd/)yaagd)m he@ to be call- éa Ua//ue Qrﬂ( 26 are unable

to do ¢his .



So co}m bother?
/I/%e Onu u)cw /ﬁofwarﬂ( S s make é,%mas S/mp/e,
Se (we tar amae aéoujf programs:.
//S’}mp Made Ca:y Rick J—ﬁc/a%) - o
) éq ——




