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[Abstract]

In this paper, we investigate the feasibility of functional programming in the Scala language. The
main issue is to what extent Scala is able to handle major properties of functional programming such
as lambda expression, high-order functions, generic types, algebraic data types, and monads. For this
purpose, we implement an interpreter of an imperative language. In this implementation, the same
functional programming techniques are applied to both Haskell and Scala languages, and then these two
versions of implementations are compared and analyzed. The abstract syntax tree of an imperative
language is expressed as algebraic data types with generics and enum classes in Scala, and the state
transition of imperative languages is implemented by using state monad. Extension and given, new

features of Scala, are used as well.
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I. Introduction
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II. Backgrounds

1. Haskell: implementation of mathematics
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2. Scala: Hybrid of OOP and Functional
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III. Implementation

1. ADT for AST
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class2A] R3S} SEAAA = Aexp (arithmetic
Al) 1F Bexp (=2]A)) 02 F2]5to] BTG o, AZteto
A= Aexpt Bexp §10] 0] &2 SPUE 50| ExplA] B}
dol M FWASEA BRASHL ot AB ZEPAZS

AbmAlo] Oiside B W AP mEA AE
(instanciation) &1, =2]Alo]] T4l Boolean EFQIO]
AeE  mIlst ok ot ‘IHZ GADT
(Generalized ADT) 2}1 it} 3127 ®5t GADT 7|52
783 Qlo}

type Var = String
data Aexp = N Int | V Var | Add Aexp Aexp
| Mult Aexp Aexp | Sub Aexp Aexp
data Bexp = T | F | E Aexp Aexp | Le Aexp Aexp
| Neg Bexp | And Bexp Bexp
data Stm = Ass Var Aexp | Skip | Comp Stm Stm
| If Bexp Stm Stm | While Bexp Stm

Fig. 1. ADT for AST in Haskell

enum Exp[A] { // expressions

// GADT: A can be instanciated to Int and Boolean
case V(x: String)
case I(n: Int)

case B(b: Boolean)
case Add(x:Expl[Int],

extends ExplInt]

extends ExplInt]

extends Exp[Boolean]
v:ExplInt]) extends ExplInt]
case Sub(x:ExplInt], y:ExplInt]) extends ExplInt]
case Mul(x:ExplInt], y:Expl[Int]) extends ExplInt]
case Eq(x:Exp[A], y:Exp[A]) extends Exp[Boolean]
case Neq(x:Expl[A], y:Exp[A]) extends Exp[Boolean]
case Lt(x:ExplInt], y:ExplInt]) extends Exp[Boolean]

enum Stm { // statements
case Ass(name: String, exp: ExplInt])

case Skip()

case Comp(stml: Stm, stm2: Stm)

stml: Stm, stm2: Stm)
case While(bexp: Exp[Boolean],

case If(bexp: Expl[Boolean],
stm: Stm)

Fig. 2. ADT for AST in Scala
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<Code with an imperative language>
x =4; y =1, while (x = 1) {y = y*x; x = x—1; }
<Haskell code for AST>
facd = Comp (Ass "x" (N 4))
(Comp (Ass "y" (N 1))
(While (Neg (E (V "x") (N 1)))
(Comp (Ass "y" (Mul (V "y") (V "x")))
(Ass ”x” (Sub (V "x") (N 1))))))

<Scala code for AST>
val fac4: Stm =
Comp( Ass("x", 1(4)),
Comp( Ass("y", 1(1)),
While( Neq(V("x"), 1(1)),
Comp( Ass("y" Mul(V("x"), V("y"))),
Ass("x", Sub(V("x"), I(1))) ))))

Fig. 3. Coding for 4!

2. Implementation of State Monad
2.1 Specification and Implementation of Monad

type ST = [(Var,Int)]

newtype State s a = State {runState :: s —> (a, s)}

class Monad m where
return @' a —> m a
(>>=) "ma->(a—->mb) —>mb
instance Monad (State s) where
return a = State (\s —> (a, s))
State m >>= f =
State $ \s —> let (a, s') = m s
State m' = f a
in m's
get I State s s
get = State $ \s —> (s,s)
set s —> State s ()
set s = State $ \. —> ((),s)

Fig. 4. State Monad in Haskell
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2.2 Type Definition for State Transition
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2.3 Implementation of monad
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2.4 join for State Monad

Fig. 50JA%= StateSo]] TH3F join 322 AoJ5tw 9ich
join $p0] AU T EE StateS[StateS[A]] EFYQ] ZHe
ZF= statesstatesa®| 0, AZketo|A] ZAR|X|3F HEj=2 B
AFESH] Yol extensionS A-E5FRT). (o, b) FERO] gH

1

o

XN BHS ai) HEIR BHGP] YA E o7} 45 B}
of] thato] extensions AJQJStCh

Q stateS[A] = AE] &o]S o] &3tHA] AlAlsto] A
I ez A B9 s Alfske e uleith
StateS[StateS[A]] & & & Ho] AFE] Ao]ES ojo]sh=
. join 0]5 StateS[A] EFQlO] Alo @ w&sic) Fig. 6
9] ststi += StateS[StateS[Int]] E}QJ2] ofjo]c}. o] Al2 dro]
StateS 9] ZL F-2ol| StateSlint] EFYY] 4] State(sh =>
(100, s3)) & WESEL T} ststis joingt ARl statel S
State(sa => (100, Map(c —> 3))) 7} =T}, Fig. 59 join 3

17



Feasibility Study Of Functional Programming In Scala Language By Implementing An Interpreter

115

9] Aol o] WIS HISHL YTt statestatea®]] outertrS
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2.5 flatMap and map for State Monad

type ST = Map|String, Int]
case class State[S, +A](runState:
type StateS[A] = State[ST, Al

S => (A,S))

def get: StateS[ST] = State((s: ST) => (s, s))
def set(s: ST): StateS[Unit] = State(_ => ((), s))

trait Monad[F[_]] {
def unit[A](a: A): F[A]
extension [Al(fa: F[A])
def flatMap[B](f: A => F[B]): F[B]
def map[B](f: A => B): F[B]
}

object Monad {
extension [A] (statestatea: StateS[StateS[A]])
def join: StateS[A] = statestatea match
case State(outertr) =>
State( (s: ST) =>
{ val (statea, s1) = outertr(s);
statea.runState(s1)} )

given stateMonad: Monad[StateS] with
def unit[A](a:A): StateS[A] = State(s => (a, s))
extension [A] (statea: StateS[A])
def map[B](f: A => B): StateS[B] = statea match
case State(tr) =>
State((s: ST) =>
{ val (a, s1) = tr(s);
(f(a), s1)} )
def flatMap[B](f: A => StateS[B]): StateS[B] =
statea.map(f).join

Fig. 5. State Monad in Scala

Fig. 59] map9| A= StateS[A] EFUQ] 7RA] states 2] i
H W8S 35 thg, a0l 017 A => B HYY o
= A8 13 ASHL, 072 THA] stae2A] 2
FO RN StateS[AIE DT} 0|72 71| 12] o] &2] HH
(functor)& st Zoltt. RUE=S 57| )
A WA HEE FL3dske Zlo] BRsi [9]. stae BEO|
M states[A] BFYR1 7R ThaHA maps 7 J3ITt.
map} joinO] RAE|H flatMap> FALE Hg 3 T}
map] SRFOIEIQ A == b EFQIO] ORn] 212 ¢ AL, A >
States(5] E100] O] 3122 A §510F map AN 1
A1} StateS[StateS[A]] EFQO] A=, A7)0 joins

7}+O.
ma T o
R e3to 2y StateS[A]% dA ok

flatMap<2 join®] 7)== WRESHL 9Tt flatMap®] Tt
Efol ofjm st} identity (x => x) Q1 7%, flatMap< join
I =5t} o2 504, Option[Option[Int]1S Option[Int] &
flattening k= 7152 join Al TH2-1} 0] flatMap O 2
__g__?_ J5H /\ 0]]:,}
Some(Some(10)).flatMap(x => x) ==

Some(10)

var s2: ST = Map("b" —> 2)
var s3: ST = Map("¢c" —> 3)
StateS[Int] = State(sa => (10, sa))
StateS[StateS[Int]] =
State(sa => (State(sb => (100, s3)), s2))
val statel: StateS[Int]= ststi.join
// State(sa => (100, Map(c —> 3)))
val st1: ST => (Int, ST) = statel.runState
// sa => (100, Map(c —> 3))
(Int, ST) = stl(sl) // (100, Map)

val sti:

val ststi:

val tpl:

Fig. 6. Example of State monad and join function

3. An Evaluator By Applying State Monad
3.1 for-yield comprehension for flatMap

case class Id[A](runld: A) {

def map[B](f: A => B): Id[B] = Id(f(runld))

def flatMap[B](f: A => Id[B]): Id[B] = map({).join
i
extension [A](idida: Id[Id[A]])

def join: Id[A] = idida.runld

def main(args: Array[String]): Unit =
val resl =
1d(10).flatMap(a =>
1d(30).flatMap(b =>
1d(100).map(c => (a+b+c) )))
val res2 = for {
a <— 1d(10)
b <— 1d(30)
¢ <— 1d(100)
} yield (a+b+c)

// 1d(140)

// 1d(140)

Fig. 7. Identity Monad and for comprehension
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resl S & $H9] flatMapd} OFX]S} mapS X850 AAlst
29Itk Ol facvap ©] AELTF mapel] SJ2t OFRlE
for—yield 2A] TJAl B 4 QO res1 res29} =
g w2 Aeth flaMap®] -4 7HE7%
(syntactic sugaring) S4°] 3 ¥ T gko] t}2 9

ols

for—yield+=
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ﬁa}ﬂ flatMapOf] THSF for—vyield B3 SFATAO] pind
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3.2 Evaluator with pure-functional style
Fig. 80 AOH eval &t Fig. 20 A70% Expla] EF

Qo] 2412 AL ARZIoIc). o] B4o] 52 Efe) A
© AeARl A9 molal, =2fAQl 74 Boolean©]tt,

s - EOLEERCEER REEE
A= sT BFYS] A 57t FrojAof qitt sT= Fig. 59
Aole 71" key-value?] EFQ type ST = Map[String, Int]
oz mawr}

extension[A] (exprt: Expr[A])
def eval(s: ST): A = exprt match

case V(x) => s(x)
case I(n) =>n
case B(b) =>b

case Add(x,y) => x.eval(s) + y.eval(s)

case Sub(x,y) => x.eval(s) — y.eval(s)
case Mul(x,y) => x.eval(s) * y.eval(s)
case Eq(x,y) => x.eval(s) == y.eval(s)
case Neq(x,y) => x.eval(s) != y.eval(s)

case Lt(x,y) => x.eval(s) < y.eval(s)

Fig. 8. Evaluator for expression in a pure function

3.3 Evaluation of expressions with state monad
Fig. 89] eval FollM= AJE] s& YAIX 0= metuE
24 Hasts Wi M8t AT BUEg Hgs)
of 233t Fig. 90M= o] W7ol myEA] A=t Fig.
< ZE e AE (oS S0 HH 5)5 =2Ul
BHete Py 1z Hmﬂoﬂ QyE m2oe
xg AAMeleE dEj2 LAsH

£0] RUEA AejatiL, A% TEAE gl et
Aprere FJ?JE}
Fig. 9 ©) 2ol A} Wak abge 2ite 2ol

E1Q1 bindo]] 46HA1 At do= HRRIE o] A&
olofsh=t], (State s) Of] THEF bind B4 Q] of] wet AJE]
wgto] Abzoz XE glon, R FRA = AH
wgho] WS 7 BRIt itk olE =01, (Add al a2)F
A o, ouidoz Ejof gt 7‘417} I Q5}x|gt
(ot motd & glone), A8 LE21 do ofM+= 51
T2 Buteo] oAl AMajElo] Hojxl & me gk x&F v
o] Hst7] (x+y) BHS EJshil Qo

aEvalM 1 Aexp —> ST —> Int
aEvalM aexp initST =
fst $ runState (execAexp aexp) initST
execAexp . Aexp —> State ST Int
execAexp (N n) = return n
execAexp (V var) =
get >>=\s —> return (fromJust $ lookup var s)
execAexp (Add al a2) = do
7y <— execAexp a2
; return (x+y)
i
execAexp (Mul al a2) = do { x <— execAexp al
;y <— execAexp a2

{ x <— execAexp al

; return (x*y)

i
= do
7y <— execAexp a2

execAexp (Sub al a2) { x <— execAexp al

; return (x—vy)

}

Fig. 9. Evaluator using state monad in Haskell

[¢]

Fig, 904 AAt7] &4 abvamM@] AR AR execAexp
oflA 0]$017<1E}. o] Ay} Uojx]= ZFS (State ST) Int E}

Qo) 24, St Uk e oD, vl
o] AR Uoll 9 BE 050 F o P2 2B 1 B4

£ XL abvald} execAexp= QA AbzAl OhHS Ch2O
2, =gjAlof] tst & pEvall}l execBexp’} HE 2 &0
olof ek, o] P4 Eat S Yo 39 4 9o

o, o7l A2 gt

extension[A] (exprst: Exp[A])
def eval(s: ST): A = execExp.runState(s)._1
def execExp: StateS[A] = exprst match

case V(x) => for {s <— get } yield(s(x))
case I(n) => unit(n)
case B(b) => unit(b)

case Add(x,y) =>

for {a <— x.execExp; b <— y.execExp} yield (a+b)
case Sub(x,y) =>

for {a <— x.execExp; b <— y.execExp} yield(a—b)
case Mul(x,y) =>

for {a <— x.execExp; b <— y.execExp} yield(a*b)
case Eq(x,y) =>

for {a <— x.execExp; b <— y.execExp} yield(a==b)
case Neq(x,y) =>

for {a <— x.execExp; b <— y.execExp} yield(a!'=b)
case Lt(x,y) =>

for {a <— x.execExp; b <— y.execExp} yield(a<b)

Fig. 10. Evaluator using state monad in Scala

Fig. 109] 35+ Fig. 99 stA78 AE0f FUTt 75
2 7t- Azle} 3colr} SIAMO] aEvaMS AZElo]

evald} 7L LZX0|0, execAexpr= execExp?t -SAFSH}
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3.4 Evaluation of statements with state monad
TP me oY) o uiE F, & Aol
= =xF oJu]&(Operational Semantics) [10] £ w2} o1
ElmelElg 2aelgn. T2 2 A% ARolA sk
= st Ael(state)ate 4oz A9
A 2301 40l Tt & Yt dakeka, ol
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Stm —> ST —> ST
—— The result is stored in state

evalStm ::
evalStm stm initST
= snd $ runState (execStm stm) initST

Stm —> State ST ()
execStm (Ass var aexp) =
do { s <— get
;v <— execAexp aexp
; let ' = update var v s
; set s'
i
execStm (Comp stml stm2) =
do { execStm stml
; execStm stm2
i
execStm Skip = State (\s —> ((), s))
execStm (If be stml stm2) =
do { b <— execBexp be
; if b then execStm stml else execStm stm2
i
execStm (While be stm) =
do { b <— execBexp be
;if b then execStm (Comp stm (While be stm))
else execStm Skip

execStm il

}

Fig. 11. Evaluator of Statements using monad in Haskell
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= Comp=

extension (stm: Stm)
def evalStm(s: ST): ST = execStm.runState(s)._2
def execStm: StateS[Unit] = stm match
case Ass(name, exp) =>
for { s <— get; v <— exp.execExp;
r <— set(s.updated(name, v))
} vield (r)
case Skip() => State(s => ((), s))
case Comp(stml, stm2) =>
for { s1 <— stml.execStm;
r <— stmZ.execStm
b yield(r)
case If(bexp, stml, stm2) =>
for { b <— bexp.execExp;
s <— if b then stml.execStm
else stm2.execStm
b oyield (s)
case While(be, stm) =>
for { b <— be.execExp;
s <— if b then
Comp(stm, While(be, stm)).execStm
else Skip().execStm
b yield (s)

Fig. 12. Evaluator of Statements using monad in Scala

Fig. 39] racdS %£7] AE} MapO} 37| evalStmOC 2 Al
Asjo] Qolxl Aelg Beskel chgat 2t
println(fac4.evalStm(Map()))
S =3 Ak Map(x —> 1,y —> 24



118 Journal of The Korea Society of Computer and Information

IV. Comparison of Haskell with Scala
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V. Conclusions
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