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Mu-Haskell

‘0O[F=MH[AE 2l = St T3
*Mu-Scala
*GraphQL, gRPC, gRPC Client, OpenAPI|, RESTE X|&

Protocol (‘“ Format

File Compiler

Hds lC ell T)/ P =
Madpping |




Mu-Haskell gRPC Gi|X

*schema.proto

service Service {
rpc SayHello (HelloRequest) returns (HelloResponse) {}

}

message HelloRequest { string name = 1; }
message HelloResponse { string message = 1; }



-- 1. GraphQL Tt 2L
grpc "QuickstartSchema" (const "QuickstartService") "quickstart.proto"

Haskell Template

-- 2. Message2l StAZ Ef OHE
newtype HelloRequest
= HelloRequest { name :: T.Text }
deriving (Generic
, ToSchema QuickstartSchema "HelloRequest”
, FromSchema QuickstartSchema "HelloRequest")
newtype HelloResponse
= HelloResponse { message :: T.Text }
deriving (Generic
, ToSchema QuickstartSchema "HelloResponse"
, FromSchema QuickstartSchema "HelloResponse")

Haskell Type Mappine

sayHello :: (MonadServer m) = HelloRequest — m HelloResponse
sayHello (HelloRequest nm) = pure $ HelloResponse ("hi, " < nm)
-- 3. Service?} stAZ st OiE

quickstartServer :: (MonadServer m) = SingleServerT QuickstartService m _
quickstartServer = singleService (method @"SayHello" sayHello) <«

Haskell Type Mapping

main :: IO ()

main = runGRpcApp msgProtoBuf 8080 quickstartServer Stdrt Server




18 Mu-HaskellO| ZH=0 == S7F Fomrat Type2 O{E7tL7?

*grpc, graphgl Haskell Template &= CHS1t 22 EIYS ATt

type QuickstartSchema
= '[ 'DRecord "HelloRequest" '[ 'FieldDef "name" ('TPrimitive T.Text) ]
, 'DRecord "HelloResponse" '[ 'FieldDef "message" ('TPrimitive T.Text) ] ]

type QuickstartService
= 'Service "Greeter"
'[ "Method "SayHello"
, 'Method "SayManyHellos" '[]
'[ "ArgStream 'Nothing '[] ('FromSchema QuickstartSchema "HelloRequest")]
('RetStream ('FromSchema QuickstartSchema "HelloResponse")) 1]




Type-level Programming

*HaskellOl| A type 122 aliasiL|C}

*J12fM S0l /= '['DRecord "HelloRequest" [ ... = ILIC
*4|? 22|7} Oh= String, Int £2 Ol2t1 7 |, St&L|Ct
*Haskell Type-level2 =2 E3IGt ILIC

type QuickstartSchema
= '[ 'DRecord "HelloRequest" '[ 'FieldDef "name" ('TPrimitive T.Text) ]
, 'DRecord "HelloResponse" '[ 'FieldDef "message" ('TPrimitive T.Text) ] ]



Value(data)2t Type

*Haskell2 data =2 = Value HdXIS=E EIYUS Bt
‘False Value G XAt2 445 Value2 Bool TypeIL|Ct

data Bool = False | True

> :type False

tew o moql Haskell REPLS) GHCioll4 Zhe)



Type Kind

*Value’| TypeOl| &ot= AXE Typek KindOl| S&L|Ct
*13 Bool Type= O™ Kind0l| £&7127

> :kind Bool
Bool :: Type NoStartIsType S HA * A Type23 ¥%«|Z|uitt

Bool Type




et~ (Value)2t Type XK Type)

"2t ValueO|7| =0 TypeOl| LTk
‘Type ‘d-8Xt= TypeO|7| MZ 0| KindOf| &gfL(Ct

> :type not
nhot :: Bool — Bool

> :kind Maybe
Maybe :: Type — Type

Bool —)> Bool




Term-levelZt Type-level M4
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Term—level 4|4}
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13 Kind= 0{C|0f| ALtQ?

‘Type O{C|0| MLEQ? Term level Skl @
*  Qolo| Value2 Typel = ALY A|IHO| X5t
*  ol9| Valuell CHEt Meta data - ZEE 17| st
*Kind= O{C|0f| ALER? Type level Sk G
*  Q9olo| Type= Kind=E ALY A|IHHO| MGt

* 9|9 Typel| CiEt Meta data - ZEE 17| {5t + TEIR] &&?




&2|2| TypeOi| CHet Kind X[t
*22[9| Type= SlLt B= Haskell Type class

class Semigroup a where o Kmd% Ht)-% A OlL}?
(¢) ::a—> a—> a

class Functor f where o Ki'nc\% Ht"% 2 2\}?
fmap :: (a > b) > fa > fb



&2|2| TypeOi| CHet Kind X[t
*22[9| Type= SlLt B= Haskell Type class

class Semigroup a where

Type Ki'nd% Ht"% s

(<) @@ a > a > a
class Functor f where Type —> Type Kind
fmap :: (a > b) > fa > fb

> :k Semigroup
Semigroup :: Type — Constraint

> :k Functor
Functor :: (Type — Type) — Constraint

034)2]9) Kind 2d|eFo) iz|o}t )]
£% Type —> Typeolehs 2% o
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KindOf| Chigh BA|E M

"PolyKinds 2101 &IZ 22 Type H0 Kind M2 & == US
*UnitNanme Type classOi| u Efe! #Ha= Type Kind0{0F &

class UnitName (u :: Type) where

‘Term Type Y-8AHU| s et Fig== Schema Kind0{0f &

data Term (s :: Schema) where



M=E=2 Kind FH=7|

"MZ EIQE 0tE £ Q= ZiX3 ME2 KindT OHE 4= Q&L C}

*Haskell0l|A] Value X2 Type= Bt [l data 122 Al

data Bool = False | True

*AA| Type HHXIZ Kind
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data Bool = False | True



MZ22 Kind =7

Of2ff 122 False, True Value MAX}2t Bool Type=

)

=L C

12|11 False, True Type ‘d‘dXt2} Bool Kind= 74| BHSLICt

data Bool = False | True

> :type False .
False :: Bool a Hoc' T)’PQC/‘H’HZ\')

Pko'rv\O‘i'ed Typeo)2tn <]

> :kind 'False
'"False :: Bool
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AA EH

*O|X| " EA[L] 2|0]|2F DRercord,

type QuickstartSchema
= '"[ 'DRecord "HelloRequest"
, DRecord "HelloResponse"

L|CH CHA| mu-haskellS SA|C}
FieldDef &£ Z10| Ol2l= A= & = ASLILCT

'[ 'FieldDef "name" ('TPrimitive T.Text) ]
'[ "FieldDef "message" ('TPrimitive T.Text) ] ]

* 12 = "HelloRequest"2t '[] 2| AE? Z2 Z10] Ol2t= A2 OldstHl



Type-level literals

‘DataKinds= <XAI2} 2Xt¥ ValueE Type2 2 promotion A|Z{&EL|C}
*[t2fM 1, 2, 3, "hello", "world"2F 22 A= Typel= & + USLIT
0| EIZ Type-level literals2t gHL|Ct

°1, 2, 3, "hello", "world"7} TypeO|2}H O Kind0l| &5HLtR7?

249} glolo)d|le
1 :: GHC.Types.Nat o ¢ t)- J ) -" -U-’

"E4|% oF MT Ttg?
> :kind "hello"

\ V2
"hello" :: GHC.Types.Symbol 2.2.0)'7" O'—?— 73'?‘0"‘\_ = 0)7" OLO)'E. E""t"

lci'nc\-L& o) T)IPQO) 2}ok 3}>) wH
"hello">} Valued} ot Typeo)at 2

> :kind "HelloRequest"”
"HelloRequest" :: GHC.Types.Symbol

Do)

<O



2| AE Type-level literal

HO|= izt 211 DataKindsE AHESHH promoted TypeO| MZILICE

data [J a =[] | a : [a]

term—leveldl|4= dol| Value%
> :kind [Int, String, Bool]

[Int, Sring, Bool] :: [Typel ‘l'ype—(eve(o'\lki-‘& aoi| T)’Pe%

Hgagu4t4-



ZIEFSEAl mu-haskell A7 |0 EFR! MG H 7|

*O[A| mu-haskellO| gt A7|0rS M5 = &= USLICE (A2t HSLICTH

FieldDef "name" ]
FieldDef "message" ] ]

*FieldDef Type FieldDef Kind0| 35111 DRecord= TypeDef Kind0i| <gfL|LC}

type Schema = '[ 'DRecord "HelloRequest" '[
, 'DRecord "HelloResponse" '[

data FieldDef fieldName = FieldDef fieldName

.C” data TypeDef typeName fieldName = DRecord typeName [FieldDef fieldName]



Schema?| 2= {EA Ei6ILIR7?

*HelloRequestBt = HM K| Text Typell| 4f= otLt &L}
*[[i2tAl HelloRequestll| E0{7t= 442 =X ILICEH

i8S Zrastol7| floll FieldDefl| a2 HEH 4= = A=K &AL

type QuickstartSchema
= '[ 'DRecord "HelloRequest" '[ 'FieldDef "name" ('TPrimitive T.Text) ]
, 'DRecord "HelloResponse" '[ 'FieldDef "message" ('TPrimitive T.Text) ] ]
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ZICkst FieldDef A 7|02} 2

Kind 2f=2 27| IHE0| 242 ArEst2{™ Type Kind 2H0]| '2&LCk

HA = [

= FieldDef0l| Me|et EfI0]| X

fo'Oﬂ A8t F=RLIC

OL- T . Hd

data FieldDef = FieldDef Symbol Type

data Term (s ::

Term ::

FieldDef) where
v = Term ('FieldDef name v)

ZFO
HA—

type HelloRequestSchema = ('FieldDef "name" String)

value :: Term HelloRequestSchema
value = Term "Z2CI"

| Ef& 0| === 4 SGXt TermO| &

Terwm Value AAI2}=

FieldDef mdme v
v olzte} 2k2 g}olojojok Bhtt



Mu-Haskell Type-level 27|07} 01| § &7t R?

2reF HelloRequestSchema®t &1K| 40| CtE=™M At of|2{ 7t EL|cf
CIA] HSHX|EE RN SHL= 2f0i Cliet BE2 EEL|Ct
Mu-Haskell Z2{| %3 2tof| A M2|EL|Ct

A= BN = MeElg 227 (iELIT

type HelloRequestSchema = ('FieldDef "name" String)

Y, TyPeO) °’zlo)-7~l °" =Tk

invalidValue :: Term HelloRequestSchema
invalidValue = Term 42 FieldDef "mame Int o)t
o
data Term (s :: FieldDef) where o) U2 ("e“ORQCPUQS"'SChe’V“a o)

Term :: v = Term ('FieldDef name v) FieldDef "nadme S-fkiln,g_o)o-)o): ’B‘U\-u]t;]-



Type-level literals ArEst7|

‘Type-level literal 2= ZEIRQ0| AtEE = JUSLICH

* mu-haskell= Type-level literal HHEE ArE3H Graphqgl instrospection €2 7|53

IS5t O|E S35l Type-level literal2 H{E | AtEs5H=X| SAICH
+ |22 22X} Z0o|7t =|th 10702 FM|EHE! LimitedString10 TypeIL|C}

data LimitedStringl® = LimitedStringl® String

mkLimitedStringl® :: String — LimitedStringil®
mkLimitedStringl0 s = assert (length s < 10) $ LimitedStringl0 s



Type-level literals ArEot7|

0 2K/t Ol Efi0| ELoHH M=z 2=0{0F giL[Ch

"840fl Z0|S WAHISHH Etel QFHEsHX| pkLiCt

data LimitedStringN = LimitedStringN String

mkLimitedStringN :: Int — String — LimitedStringN
mkLimitedStringN limit s = assert (length s < 1limit) $ LimitedStringN s

mkLimitedStringN |02}
mkLimitedStringN 1002
T2 Lvmrl'edS'l’kvng,M Tlelu|Tt



Type-level literals ArEst7|

20| 7

ot EI) H HEAM 7FZL|Ct
0E|.O| H:I_JI\_E

Nat Kind<] Typeoi Mlet=[0] QUSLICE

data LimitedString limit = LimitedString String

mkLimitedString :: forall limit. KnownNat limit = String — LimitedString limit
mkLimitedString s = assert (toInteger (length s) < natVal (Proxy :: Proxy limit)) $ LimitedString s

LimitedString |02}
> mkLimitedString "abc" :: LimitedString 3 Ll'r“l‘f‘edS‘l’k\'n-g, 100__ t\.a E).ou lu)c}
LimitedString "abc"
> mkLimitedString "abc" :: LimitedString 2

**%x Exception: Assertion failed



Summary

mu-haskell2 Haskell0l|A] GraphQL, gRPC AlHH, gRPC ClientE gt

ujn

mu-haskell2 Protocol £t 210] EfQUZt S|&H S =0|7| {l&ll St Type= ArE

C

=2t Type2 Type-level Format2 £ E|0{ QULCt

Type-level Format2 2 EtQ ot-M JHEICE

Type-level literalsE A3l Typed| 7t HEE HEIQ & &
0|4 Type-level programming2| StE 7|0|Ct

Constacts= Full-time Haskell 7HEAtE 7121 S0|C}
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*Haskell in depth - Vitaly Bragilevsky (11~13 Chapter)

*‘Basic Type Level Programming in Haskell - Matt Parsons
*The Inner Workings of Mu-Haskell - by Alejandro Serrano
*GHC Language extensions (&Yt 0|40] type-level0i| £FH = 2)


https://www.parsonsmatt.org/2017/04/26/basic_type_level_programming_in_haskell.html
https://www.youtube.com/watch?v=JbHnzCtWof0
https://downloads.haskell.org/~ghc/9.0.1/docs/html/users_guide/exts.html

