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Komnunstop GHC (compiler)

e MeHepxep KOMNUAALMK (YTO U B KAKOM
nopsgke KoOMNuUAMpoBaTh)

e Komnunatop ogHoro moayns (The Haskell
Compiler, Hsc)

e [lpavieep (komno3nums Hsc ¢ apyrumum
KOMMOHEHTAMM KOMMNUASATOPA, TaKUMM KaK
npenpoueccop C, accembnep unun nnHKep)
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Komnunsauusa ogHoro Moaynsa: obwaa cxema
v

1. Pa3bop Tekcrta Moaynsa
(nekcuyeckum u
CUHTAKCUYECKMI aHanus).

2. PazpeweHne NMEH.

3. poBepka TMNOB.

4. YnaneHne CMHTaKCUYeCcKoro

caxapa v npeobpasoBaHue
B Core.

5. OnTumMmzaums.

6. KogoreHepauus. 3/29



Komnunauusa moayns (1)

HsSyn RdriName I
HsSyn Name I

» HsSyn — nepeBo pa3bopa
(AST, Abstract Syntax Tree).

e RdrName, Name — nmeHa c
AOMNONHUTENBHOM
MHPOpPMaLMEN.
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AST kopa Ha Haskell (HsSyn) — moaynb

data HsModule name
= HsModule {
hsmodName :: Maybe
(Located ModuleName),
hsmodExports :: Maybe
(Located [LIE name]),
hsmodImports :: [LImportDecl name],
hsmodDecls :: [LHsDecl name],
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AST kopa Ha Haskell (HsSyn) — o6bsaBneHus

type LHsDecl id = Located (HsDecl id)

data HsDecl id

= TyClD (TyClDecl id)

| InstD (InstDecl id)

| DerivD (DerivDecl id)

| ValD (HsBind id)

| SigD (Sig id)

| DefD (DefaultDecl id)
I

ForD (ForeignDecl id)
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WarningD
AnnD

RuleD
VectD
SpliceD
DocD
RoleAnnotD

(WarnDecls id)
(AnnDecl id)
(RuleDecls id)
(VectDecl id)
(SpliceDecl id)
(DocDecl)
(RoleAnnotDecl id)
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Komnunauusa moayns (2): npoBepka TMnoB

HsSyn Name *

Typecheck

HsSyn Id ‘

e |d — um4 c uHpopMaumen o
TUNe (KaXXL0e BbIpaXeHWe no
pe3ynbTaTam NpoBepKu
TUNOB UMEET TUM, YKa3aHHbIN
SIBHO W/IN BblBEOEHHbIN).
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Komnunauusa moayns (3): Core u ero ontummusauus

HsSyn Id

CoreExpr

CoreExpr

YnaneHne CMHTaKCUYecKoro

caxapa — npeobpa3soBaHue
BO BHYTpeHHuM a3bik (Core).

o OnTMMm3auus. 529



Tun CoreExpr

type CoreBndr = Var
type CoreExpr = Expr CoreBndr

data Expr b
= Var Id
| Lit Literal
| App  (Expr b) (Arg b)
| Lam b (Expr b)
| Let (Bind b) (Expr b)
| Case (Expr b) b Type [Alt b]
| Cast (Expr b) Coercion
| Tick (Tickish Id) (Expr b)
| Type Type
| Coercion Coercion 10/29



type Arg b = Expr b

type Alt b = (AltCon, [b], Expr b)
data AltCon = DataAlt DataCon

| LitAlt Literal
| DEFAULT
|

data Bind b NonRec b (Expr b)

Rec [(b, (Expr b))]
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Cuntakcuc Core: BbipaXXeHUs U NATTEPHbI

t,e;u = X [NlepeMeHHble
k Jlutepansl
Ax:oc.eleu ABCTpakuna U NnpUMeHeHue

|
|
| let x:T=einu JlokanbHoe CBA3bIBaHUE
| case eof p—u Bbibop BapuaHTa

|

ey Mpeobpa3oBaHne TMNa 3HaYeHUs
(cast)
| T Tun
| |7] MpuBeneHue TMna (coercion)
p = Kcnx:t [aTTepHbl

e HapyépkuBaHue — CNMCKM NOATEPMOB
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T, R, O,

T1 72
T7;*
T — 79
Vn.1

lit

Ty
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Ontumusauums Core

e YnpouweHue (simplifier).

MpaBuna nepenncbiBaHUS TEPMOB.

AHanms cTporocTu.

Cneumanusaums neperpy>KeHHbIX QYHKLMNA.

Cneumanusaumsi KOHCTPYKTOPOB.
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Mpumep kopa Core

fab=a+b
main = print $ £ 2 3
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Mpumep kopa Core

fab=a+b
main = print $ £ 2 3

$ ghc -c ex.hs -ddump-simpl
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main :: I0 ()
[GbLlId, Str=DmdType]
main =
print
@ Integer
GHC. Show. $fShowInteger
(+ @ Integer
GHC.Num. $fNumInteger
2 3)
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Marlow u Peyton Jones, 2012:

In practice Core has been incredibly stable:
over a 20-year time period we have added
exactly one new major feature to Core
(namely coercions and their associated casts).
Over the same period, the source language
has evolved enormously. We attribute this
stability not to our own brilliance, but rather
to the fact that Core is based directly on
foundational mathematics: bravo Girard!
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Komnunsauua moayns (4): noarotoBka K KoaoreHepauum

CoreExpr

HsSym Raame (with tidy names)

Convert lo [faceSyn

HsSyn Name.

Typecheck

CoreExpr IfaceSyn

Hesyn 1 {in A-nommal form) Serialiss

« The Simpiffer

— * Rowrea ndes Convert o STG

* Shrictness analysis

. L

Simplity ‘outwards)
« Specialise overoaded functions
« Consiructor specialisation
- 8TG
o
Coref
ames

[NocTpoeHne HopManbHOM GOpPMbI.

MLhi
(interine fie)
-

—

[eHepauma nHTepdencHoro danna
(@na MexxMoaynbHOM
onTMMM3aLUN).

e STG — Spineless Tagless
G-machine
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®parmeHT Kopa STG

sat_s10R :: GHC.Integer.Type.Integer
[LelId, Str=DmdType] =
\u srt:SRT:[rp@ :-> GHC.Num.$fNumInteger] []
let {
sat_s10Q [Occ=0nce]
GHC.Integer.Type.Integer
[LelId, Str=DmdType] =
NO_CCS GHC.Integer.Type.S#! [3#]; } in
let {
sat_s10P [Occ=0nce]
GHC.Integer.Type.Integer
[LclId, Str=DmdType] =
NO_CCS GHC.Integer.Type.S#! [2#];
3} in  GHC.Num.+ GHC.Num.$fNumInteger
sat_sl10OP sat s100Q;
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Main.main :: GHC.Types.IO ()
[GblId, Str=DmdType] =
\u srt:SRT:[@B :-> System.IO.print,
rLs :-> GHC.Show.$fShowInteger,
s10R :-> sat_s10R] []
System.IO.print GHC.Show.$fShowInteger sat_si10R;
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Komnunauua moayns (5): koaoreHepauums

-P.sne [intariace fo)
HsSyn RaName TG l L__F'_(‘_,.,—.._,J
Hasyn Name
Code generation
Cmm (C-)

« The Simpifer

\\ M.l

[LLVM coded

e Cmm — HW3KOYpPOBHEBbIM
MMMNEepPaTUBHBIN A3bIK C IBHbIM

CTEKOM.
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®parmeHT Koga Cmm

I64[(old + 24)] stg_bh_upd_frame_info;
I64[(old + 16)] _cleoy: :I64;

I64[Hp - 24] = GHC.Integer.Type.S#_con_info;
I64[Hp - 16] = 3;

_cl11::P64 = Hp - 23;

I64[Hp - 8] = GHC.Integer.Type.S#_con_info;
I64[Hp] = 2;
_cl12::P64 Hp - 7;

R2 = GHC.Num.$fNumInteger closure;

I64[(old + 48)] stg_ap_pp_info;

P64[(old + 40)] _cl12::P64;

P64[(old + 32)] _cl11::Pé4;

call GHC.Num.+_info(R2) args: 48, res: 0, upd: 24;
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PesynbTatbl KogoreHepaumm

baiiT-Kon, ANa UHTEpNpETaLUM.

HaTuBHbIM KO4 (Ha A3blke accembnepa).

C-kogn.

LLVM IR (npoMexyTouHbIn f3bIK LLVM).
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Cnoco6bl pacluMpeHms BO3MOXXHOCTEM KOMNUAsSTopa

» OnpenensieMble NoAb30BATENEM MpaBUNA
NnepenuncbiBaHNs TEPMOB.

e [1narvHbl K KOMOUA[TOPY.

o Komnunstop kak 6ubnmnoteka (GHC API).
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MpaBuna nepenucbiBaHUA TEPMOB

{-# RULES "fold/build"
forall k z (g::forall b.
(a->b->b) -> b -> b) .
foldr k z (build g) = g k z
#-}

e [IpMeHeHne ceMaHTUYECKM KOPPEKTHbIX
npeobpa3oBaHU.
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MnaruHbl K KOMNUNATOpY

e [InarMH — 370 OQMH NPOX04 Ha 3Tane
ontTummsaumm — dyHkums ns Core B Core B
OTAENbHOM (anne.

 [logkntoyeHune GaaroMm KOMOUASTOPA UK
ANPEKTUBOMN B UCXOLHOM KOAe.

e KoMNunaTop gMHaMuyecku nogkntoyaet
npeobpa3oBaHMe M BbINOJIHAET €ro.

e AHHOTALMM NNArMHOB — CNOCO6 yKazaHus
MecTa NnpuMeHeHus npeobpa3oBaHus.
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Komnunsatop kak 6ubnunoreka (GHC API)

C MO,EI,yJ'IbHOCTb Mno3BoageT NoAMEeHsATb
oTAeJibHbl€ 3Talbl KOMNUNALIUN.

o Kaxaplit 3Tan — dyHKUMS, KOTOPYH MOXET
BbI3BaTb N0/1b30BaTE/b B COOCTBEHHOM
nporpamme.

e KOMNUAaTop LEeNMKOM MUAM YaCTUYHO MOXKET
BCTpaMBaTbCs B NpOrpaMmy nosb30BaTens.
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Ba)kHaq KHura

Simon L. Peyton Jones, The implementation of
functional programming languages. 1987. 445 pp.

e YacTb 1. KoMnmnaumsa BbICOKOYpPOBHEBbIX
(OYHKLMOHANBbHBIX S3bIKOB.

e Yactb 2. Pepykums Ha rpadax.

e YacTb 3. YcoBeplieHCTBOBAHHAs peayKLumsa
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