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Abstract Monad in Haskell allows one to do imperative-style programming as well as pure
functional programming. In this work, we characterize monadic abstraction and its programming
technique by restructuring an assembly language interpreter coded in pure functional style into the one
by the monadic style. Monad programming consists of two phases; the State monad is applied to a
stack and a symbol table, and then a State Monad Transformer integrating these two monads is
constructed. As a result, we can see that the program code by monad programming is much clearer

and more intuitive than one written in the pure functional style.
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class Monad m where
return :: a->ma
(>>=) tma=>{a->mb) ~>mb
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instance Monad Maybe where

return a Just a

x >>= f case x of
Just a ~-> f a
Nothing -> Nothin
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add :: Maybe Int -> Maybe Int -> Maybe Int

add x y = x >>=\a -> y >>= \b -> return (a + b)
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add x y = do a <~ x

b<-y
return {(a + b)
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instance Monad (State s) where

return v = State (\s -> (v,s))

State m >>= f = State $ \s -> let (x,s81) =m s
State n = f x
in {(n s1)
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linstance (Monad m) => Monad (StateT s m) where
return v = StateT $ \s& ~> return (v,s)
StateT t >>= f = StateT $ \s -> do (a, 8’) <~ t 8
(StateT £’) <- return $ f a
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ltype Prog = [Codel
ldata Code = Push Int } Plus | Mult | Gt
[ Rvalue Name | Lvalue Name | Assgn|
| Lab Int | Goto Int | GoFalse Int
itype Stack = [Int]
type Symtab = [(String,Value)}
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« 28 Y& HFZ - Push

» QA2 - Plus, Mult, Gt(Greater Than)

o AR - Rvalue, Lvalue, Assgn

« Ajo}ZHg- - Lab, Goto, GoFalse

27 ANa8e A% JFoiEY BRIV e
7} 2o} AZ} Prog x Stack — Prog x Stackd &)
YX(reduction) BAE RHH

<Push n :

<Plus

<Mult : ops, nimis> — <ops, (n*m)is>

<Gt ! ops, nimis> — <ops, (m>n)is>

o71M GtE FEIE AR >& WY > i Int
-> Int -> Int 9] E}YS ZEF P}y, False Al
0, True di4l 12 FHEIVZE 3} Fao uat &
AIRAES F7F & Jon, o5 FHYr= Y9
ARG Wy 2 AT 4 gtk RE AMAEY A
o] oA By, 29 JE dolHE
ol EAFHoF 2Eo]A Popo] LARS &

ops, s> — <ops, nis>
: ops, nim:s> — <ops, (n+m)is>
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A& o, &4 (1+2)+32 Fd4 Ed(postfix
notation)el]l &} 1 2 + 3 x FHHY ojE& 4A
=2 22 Byols2M ¥HEY - [push 1, Push 2,
Plus, Push 3, Mult]. ¢] HEslsL
3 Ay} gloz 98 de=d
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a¥ 8xY 29 gHolE Akl ¥ eval
Prog -> Int 9] 3L exec 7} Progdl Y& 2zt
BHAESS vE FPFozH B exec
Prog -> Stack -> Stack & A& o]&3le Fojz
Z2aPE ASET A AF A 2H"9 27) e
[1o]9, Aste] Sa=E I 29 Fe 2899 g 9
A%t GtE ALY o ifint FEE > YIS
False® 02.Z, TrueE 12 oYsie 715S 3o}

I4Hevaluation)

val :: Prog -> Int

eval prog = head § exec prog [}

lexec :: Prog -> Stack -> Stack

lexec [] stck = stck —— program execution terminated
lexec (x:code) stck = case x of

Push n-> exec code (n:stck)
Plus -> let (s2:si:sa) = stck

in exec code ((si+s2):ss)
Mult -> let (s2:8l:s8) = stck

in exec code({si*s2):sz)
Gt > let (s2:s1:s88) = stck

in exec code ((ifInt (>) si s2) : ss)

29 8 ¢4 $48 Zeagdd o 4e A 7

o] g At HFL 299 WHE TN
ojFolAH, wtr] 2€o] A exece] FTUIEEA
g S B 5 Stk 29 94 g ade A3 A4
A FE eF F¢Y 2o 7igel FEdn Uk
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eval &9 AlMEE 2€9 WS FA o] Fox]
W, 2 A Int g g As) Ak o] A3
A BU=E HEEH, oW 3k gEoly e
Stack -> (Int, Stack)ZA] EFHL}:. = Ay
oA e s7F 2o 2 43 doh 1Y 9% I¥
87 e ouje] 2aYgo g s WA of3}
o 293 Aol

eval i1 Prog -> State Stack Int
leval [] = do {r <- pop ; return r}
leval (c: ¢s) = do {exec ¢ ; eval cs}
lexec :: Code -> State Stack ()

lexec ¢ = case ¢ of

Push n -> do push o

Plus -> do {x <~ pop; y <- pop; push {(x+y)}
Mult -> do {x <- pop; y <- pop; push (x*y)}
Gt > do {x <- pop; y <~ pop; push $ ifInt () y}

a3 9 Ruys m2 g &3 A A 378



£

BUEg o] &3

29 99X e Ru=d wE A8 s A
ZEdt, 2 AskE execd] At JdFE FAT X
waoz oA geth F, execo]l €& Fi
(effect) ZA] o] &3taA Aete Z2axs 283
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exec?] 3 ZAde 2" o} Jeug e vt
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el AMgE FAE A Aol W] Rvalue,
Lvalue, Assgno] o}-&Hct HEF EEILEH”‘OHH H
FE BB 9% 4&4* $9 1 99 A
2 o7} e ¥R 9% el

o And ke BI e 2

2 g vehe dsE 2 306 dE @
(Rvalue) S 93l Assgng o 2
g3t US-E uigth dE
100; y := 3 + x + 2& o] ojAEg]
HYLe g3 Pk "WA ol5% Fd
BE3lH 22 "x 100 =" "y 3 x +
Y. o5 oAEd WHE=R
Push 100, Assgn,
Push 3, Rvalue "x", Plus, Push 2, Plus, Assgn,
Rvalue "y"]o] At} W4 kel T3 WHis 7ds
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(Lvalue),

Wy

[Lvalue "x", Lvalue "y",

lexec :: Prog ~> Symtab -> Stack -> Stack
lexec ([]1,x) sym stck = stck
lexec (x:icode) sym stck = case x of
Plus -> let (s2:81:s8) = stck
in exec code sym ((s1+s2):ss
Rvalue s~> exec code sym ((lkup s sym):stck)
Lvalue s-> case index 0 s sym of
0 -> exec code ((s, init):sym) (O:stck)
i -> exec code sym (i:stck)
Assgn -> let (v:i:ss) = stck in exec code (update i v sym) ss

3% 10 24 $59 222D A W5 A 7

o W g ghel FHS (variable, value)
2 Ueld 4 93, symtab® o359 Eolr
Rvalue®] FE& Fojz wao)go i3t valued 3+

224, ¥ lkupe] o] 71%& 3ta itk 3o}
Aol ke el HAH Lvalued E|E o)
T 7HA A5 zejslier gtk Foix MfTt o)v
Symtabdll TEEHUS F= ST, 38A 4& = 9
k. 97]A4 index e AEEHOIE symd] TEE ¥
T 59 FA(H2EQ Ad2)E %] Frh index?
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AgE W] A9 FA is) oo A#E g vE }
|9}, update FFE FalA AEH|E symE Hd
CEFFOoZH o]FolFit)
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¥ 109] Plus A4kAte] wisk Aol 19 89 A
S} g AEHCES TFEE Ho3loh Pluse
HEE ALSSx] gonz ABHolEn ddd Havt
UEole EF3T exec P& o] &317] HsjA = o]
d P& AL 4 yhof QU oL & Y =2
o ez 29 o A8 & ge otk

Tus FAE ol§dhd o] Ase geid 4 ok
BHEE FolAM Plus, Mult, Gty €& o]&3}d
A4Fstil, Rvalue, Lvalue, Assgnd AlEEo]ES
o] &3t Attt o] T Wl gl dialA ZAF
% Abg} 2il= (State Stack Int) 9} (State Symtab
Int) & SHILZ o83ty A 4 Utk o] A4
dgA 87He AL vhA] FFE PR, o] F R
HEg 453t AREE 4+ AR AT Rl ¥
83 olF A Eu= ERA¥HIL olgdth o
S ¥ 1191A4 stateTe 4 XU ERAIUHE
ofu] gt}

A3 ko)
238 Ho] gl&
Qe 2 (o8, =

ass :: Prog -> StateT Stack (State Symtab) Int
lexec  :: Code -> StateT Stack (State Symtab) ()
lexec ¢ = case c of

Plus -> do { x <- pop; y <- pop; push (x+y)}

Rvalue name-> do {v <- lkupUp name; push v}
Lvalue name-> do i <- indexUp name
case i of
0 -> do { push i; pushUp (name, initNum) }
i -> push i
do { v <~ pop; i <- pop; updateUp i}

Assgn ->

aY 11 BUE ENAERE o §ehe W 9 74
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3¥ 119 execo] EY FYolA, T A9 EL}E
(State Stack Int)$} (State Symtab Int)E A
7] 98k, o] & Foll s ER2IHZ Zdob_
Ue A s AR WS o8t o7 mu
ES EW2IHE AFE AT de A ¢ o
2 2 ooyt 2ekd 4 el folsior ek &ive
AMe F Qo] 28& 953 dojue A
28 He BUSE B, HEEHE 4
olgfZzo] 9X)A}F)= (StateT Stack (State Symtab)
Int) 9] 7l HESF stuth F, 29 4™ 2u=st
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lift :: (HonadTrans t, Monad m) => m a -> t m a
lkup :: Name —> State Symtab Value
index :: Index -> Name -> State Symtab Index
update :: Index -> Value -> State Symtab ()
LlkupUp = 1ift . lkup
indexUp = 1ift . index O
pushUp = 1ift . pushS
jupdatelUp i = 1ift . update i

39 12 AEEHCIES o8 T 2 159 lifting

(StateT Stack (State Symtab) Int)oljA], 3}
9] (State Symtab) Ru=e] ARH ¥4 lkup,
index, update?] AAF AFE AR (StateT Stack)
U= AG3] 93 <158 lift 9 FHAAA,
z}z} lkupUp, indexUp, updateUp #<7F HYEHA
t} lifte] BYS (ma —> t ma)BA, 3 EWRAE
9t BUE mo] ZAFHAE W, nd] Akt AHE E
W2 t2 Agsle 71“° Fia=a
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Aol &L g A meﬂcﬁ {Lab label), (Goto
label), (GoFalse label)?] F3d] tisiAy =2]3
t} Labe Z2IOPe] ofH AP i ng A8}
e dv] 2 ¥ie 71EE Qo F, 2Holu A
B0l B9} Wzte dojubA] deth (Goto label)
& T2y ZoA (Lab label) WHor} X3 2
e HHZ Ao]& |tk o] WHol £33 EI
2gjoju} HEH|EY oYy JF¥E FA FGerh
GoFalse labeld 219 gof $X)3F k& pop 3},
7] 02 2% (Goto label) & F3Fc)

o] HYPE THY 4% A WHoegA, 19 13
3 o] olv] £3yH ZRaYS A WYS oE
st 3" Tz o] AAHE s} (c:cs) o ¥

rr
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Z Ho Y& u, ¢ Z=E YT F ol vigA &
3 ARshe Aol "asit)h olF YsiM Taae ¢
32 progolM FE (Prog, Save)= FHFHC) Tz
# ((cics), save) S BHo] ¢ exec 3 ¥ (cs,
(c:save)) 2 H3IAA, $3" @yl AAHE=
gt o] FF (¢, s)E gAY ddo =298 3
B3t 4= gtk & Prog = (reverse s) ++ c 9] ¥
o] Jggrl Goto labele] FHE goto F4dll s

A HEHEH, o FFE (o, s)ERE 99 =
% orgE 3EE F, orgelA (Lab label)e] $Jx)3

LS J7|FLE orgE F AEZ ZeEd AR (¢,
s') & TE WE Hoh $o] 71&F FHv|E Hlg
022 assE oS 19 137 o] $ATh

4. DLI=0] o5t T2 TN BES}

[1011]& 2U=/2Ucs ERATS 7PE o]&go
2N BEAE Zs T2y Fde] A5FE AN}
Aok A7jelME 2E50] AAg o wel 2 A7
oA ARe gl FI=r) old Hele] TEAS 7
=AE £43 2ok

Goto & Ao} F 7]5& Egshe ogEg Ao
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exec :: Prog -> Stack -> Stack
exec :: ([Code], [Code]) -> Symtab -> Stack
-> Stack

5ol WA exec Y5 EF U BPHAAE
A& ¢ Aot 28 8% 29 14914 exece] Plus
Weolg THsE AL v gew 2o

Plus ~> let (s2:sl:ss) = stck in exec code

({sl+s2):s5)

ass ({c:cs),save) case c of
Lab n -> do ass (cs, (c:save))

GoFalse lab -> do x <~ pop

oto {code,sav) lab = let org =

in (code’,

ass :: (Prog, Save) -> StateT Stack (State Symtab) Int
ass ([1,.) = do {r <~ pop ; return r}

Goto lab -> do ass $ goto ((c:cs), save) lab

if x == 0 then ass $ goto ((c:cs), save) lab
else ass (cs,(c:save))
ote :: (Prog, Save) -> Int -> (Prog, Save)
E (reverse sav) ++ code
(sav’,(labIns:code’)) = span (/= (Lab lab)) org
lablns: (reverse sav’))

2% 13 Goto 2 Alo] 28 WHo5e 1y
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lexec :: ([Codel, [Code]) -> Symtab -> Stack -> Stack
lexec ([],x) sym stck = stck
lexec ((x:code),sav) sym stck = case x of
Plus -> let (s2:sl:ss) = stck in exec (code,x:sav) sym ((si+s2):ss)
Rvalue s -> exec (code,x:sav) sym ((1kUp s sym):stck)
Lvalue s -> case index 0 s sym of
0 -> exec (code,x:sav) ((s, init):sym) (O:stck)
i -> exec (code,x:sav) sym (i:stck)
Assgn -> let (s2:sl:ss) = stck in exec (code,x:sav) (update sl s2 sym) ss

Plus -> let (s2:s1:ss) = stck in exec (code,x:sav) sym ((s1+s2):ss)
Gt —> let (s2:sl:ss) = stck in exec (code,x:sav) sym (ifInt (>) sl s2:ss
Lab n -> exec {code,x:sav) sym stck

Goto lab -> exec (goto (x:code) sav lab) sym stck
GoFalse lab -> let (s:ss) = stck
in if $==0 then exec (goto (x:code) sav lab) sym ss
else exec (code,x:sav) sym stck

Y 14 52 A, AR B 29 olgahe ¢4 ¥4Y 1y
Plus -> let (s2:sl:ss) = stck in exec 5 E o2 Al H=E
(code, x:sav) sym ((sl+s2):ss)
Pluse] FEE ARujo|Be] TaAT Azo] x|uk A2 2 FY QAT U= o|8Fdem
A BHEE Z2IAYAY EFE olEIte 2EY9
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