el OO0 U0o0oOoooooo

I00000000 HaskelOODOOOOOOOOOOODOOODOOOODODOOOOOODOOO
gooooodoobobbboboboogboboooobO bbb D Dboobooo*oo"obo
0000000000 0000000 unitM,bindaMOOOODOOOO0OO0ODOOOOOOODOOOO
ooooooo

ggboodguooobobbooooboboboob bbb ooobuooooboob bbb
0000000000000 000OHaskelOOOOOODOODOODOOOOO0OOO0O0OOOOOOOOO
0000000000000 0000000000000000 HaskellDOODODOOOOOOOOO

ggboooobooboooboboooootoooob bbb ouobbooooo
000000 util (Util: Tiny ImperativeL anguage)d 00 00 00 O O O UtlErr, ULIST, UtilCont, . ...
go0o0ooo00o0ooOooOoOOOO0OO00O0OOOOOOCOO0OO0O0O0OOOOODOOOOODOBOODO
go“d0"f0b0bddbo0obooobbuoboouoog

ggoboobobooooobobobobooon g goooogoog
000000000000 HaskellDOO COOOO0OO0O0O0OOOO0OO0OOOOOOOOODODOOO
000000000 0o0o0DD LRODODOOODOO0000O00OD0OO@OoOooDoooooooon
O00000oDoooooooooooooooooooooooon)

dodoooooboboboboooobooboooooboobooooboooboooooooobogog
ugbboooooboooon

6.1 0OO0O
uilO 000000000000 000000 HaskellDOOODOOOOOO
type Decl = (String, Expr)
data Expr = Const Target -- 000 Target OO O
| Var String -- 00
| If Expr Expr Expr --if O
| While Expr Expr -- while 0O
| Begin [Expr] --Qogoo
| Let [Decl] Expr --let DOOOOOO
| Val Decl Expr --val DOOoOooog
| Lambda String Expr --gooo
| Delay Expr --delay DOOQOQd
| App Expr Expr -- goon
deriving Show

IPHP,GNUO O O0D0OODOOOOOOODOOOO
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00000 (Expr) 00 000 (Const) D00 OO0 (Var) DO O Oif O (If)Olet O (Let)DO OO
0 (Lambda)00 000 (App) 0 DD O00MOOO0OO0O0000000000000000000OMm
0000000000000 00 BNFOOOOOOOOOOOO0O0MOOO0D00000000

000000000000

if Exprthen Exprelse Expr | while Exprdo Expr | begin Exprsend
let Declsin Expr | val Declin Expr
\ Var-> Expr | Expr Expr
Expr+ Expr | Expr* Expr | ---O00004Q0Qo0OOQ---
Exprs — Expr | Expr; Exprs
Decl — Var=Expr
Decls — Decl | Decl; Decls

Expr — Const| Var | ( Expr)
I
|
|
I

00000000000 O00DConstd OO0 VarOOOOODOO HaskellDOOODOOODOODO O_
gboooboooboooboboooooobooboooboobooobooooobooobbog
googooooooboboooboobooooboobooo

myParse :: String -> Expr -- D0OUOQO0OO0OOOOOO0O

e “val x=2*2 inval y=x*x in yvy’'O000000000000Expr00000C00O0
gooooooooooon

Val ("x", (App (App times (Const (TLit (Int 2)))) (Const (TLit (Int 2)))))
(val ("y", (App (App times (Var "x")) (Var "x")))
(App (App times (Var "y")) (Var "y")))

U000 OtimesU *O0000 ExprJ 00000
e\ f >\ x ->1fx "oooooon

Lambda "f" (Lambda "x" (App (Var "f") (Var "x")))

gooboobooooobooon

e && || DODDOOO
bl && b2

bl || b2
0000000 oooooooooooonoooooonoaa

0611000&&0 || OO0 O0O0O0DO0ODODDODOODODOOO0OOODOODOOO?

Target 0000 000000000000 0O0O0 HaskelD OOOOODOOODODOOODODODOOO
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type TDecl = (String, Target)

TUnitM Target

data Target = TLit Literal -- 0o
| TVar String -- 00
| TIf Target Target Target -- if0
| Let [TDecl] Target -- let0000Q0OOOoQOnO
| TLambdal String Target --gooao
| TAppl Target Target -- Qoooao
|
| TBindM Target Target
d

eriving (Show,Eq)
data Literal = Str String | Int Integer | Frac Rational | Char Char
deriving (Show,EqQ)

utilboodoooooooobooooooooooogoo

comp :: Expr -> Target --goooo

6.2 DO00O0O0O0O0O0OO

gopooDooobutloooooDo OambiguouslI D0 O00OODOO0CCCOOOOOOOOO

Expr — Expr+ Term| Term
Term — Term* Factor| Factor
Factor — Const|( Expr)

goooogoooooooooooooooooooooooooooooooooooooDooDo
ggog 0 concrete syntax [1 O O [J
ocooooooooooooOoOOoO0OOOOObOOO0ODODOOOOODOOOOOCOCODOODOOD
ooooOo0o0O0ooooooooDpooooOooooooooooooooooooooooOoo
oOoooOooooOoooboOoobDOobooboboOoboooo 00 abstract syntalX [0 00 O 0
0000 “0co0"0o00000cOobObOOoOoOoOOODOODOODOOOOODDOExprO000O0OODODO
ooo00ooopooocooooooOooooo
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6.3 UO0OOOooon

compUOOO0000O0O000O00000O0000DO0O00O00O00DO0000000A0

comp :: Expr -> Target
comp (Const c)

comp (Var x)

comp (Val (x, m) n)

TUnitM c
TUnitM (TVar x)
comp m ‘TBindM‘ TLambdal x

(comp n)
comp (Let decls n) = TLet (map (\ (x, m) -> let TUnitM c = comp m
in (PVar x, c)) decls)
(comp n)
comp (App f x) = comp f ‘TBindM‘ TLambdal "_£f"

(comp x ‘TBindM‘ TLambdal "_x")
TAppl (TVar "_£f") (TVar "_x")
TUnitM (TLambdal x (comp m))
TUnitM (comp m)
comp el ‘TBindM‘ TLambdal "_b"
(TIf (TVar "_b") (comp e2) (comp e3))
comp (While el e2) = TLet [(PVar "_while", body)] (TVar "_while™)
where body = comp el ‘TBindM‘ TLambdal "_b"
(TIf (TVar "_b") (comp e2 ‘TBindM‘ TLambdal (TVar "_")
(TVar "_while™))
(TUnitM (TVar "(0O")))
comp e
comp e ‘TBindM‘ TLambdal (TVar "_")
(comp (Begin es))

comp (Lambda x m)
comp (Delay m)
comp (If el e2 e3)

comp (Begin [e])
comp (Begin (e:es))

oboopooooboo _f, x,_b, _whileOOOOOOOOUOOOOoOODODOOOOODOOOO
gooogboobooobbboobooo

comp 0000000000000 0000O00O0O0O0ODO UtID HaskelDOODODOOOODOOODO
goobmobbooobo0obbobobi0o0o0o0oDbbOobo0 bindMD wnitMO0O 0000 MODO
gbboduodootuoobooooouoouooooboooooboooooboad

000000000000 kicO0O0ODOO0O0O0OO0OO0O0OmnOODOOOQUtIODDODOODODOODO
O00m,n0000'00000000000000000 compO0O0000O HaskellDOOO
O000O0OdelayDOOOO0O0OOOoO0OoO0ooOoOooooooouibooooooooobDoOon
goooo
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o000 utld 000000 Haskeld
cOO0O0O cOOOO unitM c
xgoogd xoooo unitM x
val X = min n m’ ‘bindM‘ \ x -> n’
let f=\x-> m|letf=\x->m
g=\y-> n x=\y->n
in n in n’
fx ff ‘bindM‘ \ _f ->
X" ‘bindM‘ \ _x ->
_f x
\'X > m unitM (\ x -> m")
delay m unitM m’
if cthen telse e|c ‘bindM‘ \ _b -> if _b then t' else €’
while c do t let _while = ¢’ ‘bindM‘ \ _b ->
if _b then t' ‘bindM‘ \ _ ->
_while
else O
in _while
begin
S, s’ ‘bindM‘ \ _ ->
t; t ‘bindM‘ \ _ ->
u u’
end

ogooutiooooooo+,-,*000000000o000dd wnith (\ x ->...)0000
00000000000 00000000000000000000 HaskellDOOOODOOOOO
ooooono

unitM (\ x -> unitM (\ y -> unitM (x+y)))

unitM (\ x -> unitM (\ y -> unitM (x-y)))
unitd (\ x -> unith (\ y -> unitM (x*y)))

O00O HaskelD OO OOOODOOOOOODOOOOOOOcompO0OOOOOOODOOOOOOOODOD

0000 Utild ‘DDDDDDH%@E
O 000 ®DDDDDDD‘ unitM (\ x -> unitM (\ y -> unitM (x ® y)))

00 comp 0000000000 UGHDDOODODOO%000
let fact =\ n -> if n==0 then 1 else n*fact(n-1)
in fact 9

00000 HaskellDOODODDOOOOOOODO

200000 fact 0000000000000 0000D0O0D0O0000000000000
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let fact
=\n >
(CunitM (\ x -> unitM (\ y -> unitM (x == y))) ‘bindM‘

\ _f -> unitM n ‘bindM‘ \ _x -> _f _x)
‘bindM‘ \ _f -> unitM 0 ‘bindM‘ \ _x -> _f _x)

‘bindM*

\ _b >
if _b then unitM 1 else

(unitM (\ x -> unitM (\ y -> unitM (x * y))) ‘bindM*
\ _f -> unitM n ‘bindM‘ \ _x -> _f _x)

‘bindM*
\ _f >
(unitM fact ‘bindM‘
\ _f >

(CunitM (\ x > unith (\ y -> unitM (x - y))) ‘bindM’
\ _f -> unitM n ‘bindM‘ \ _x -> _f _x)
‘bindM* \ _f -> unitM 1 ‘bindM‘ \ _x -> _f _x)
‘bindM* \ _x -> _f _x)
‘bindM* \ _x -> _f _x
in unitM fact ‘bindM‘ \ _f -> unitM 9 ‘bindM‘ \ _x -> _f _x

OooOoooooboooooooooDOoood monadlawJ O OO0 O00O0O0O0O0O0OO0OODOO

goooogogn

let fact
=\n -—>
if n == 0 then unitM 1 else
fact (n - 1) ‘bindM‘ \ _x ->
unitM (n * _x)

in fact 9

64 ODUO0O0OOOOO —Uutill

goboboboo uutinooooooooobboooooooooooboooooooooobooD

utinnoooooooooooooon
type I a = a

unitI :: a -> I a
unitl a = a

bindl :: Ta->Ca->Ib) >Ib
m ‘bindI‘ k = km

googn
[ let fact =\ n -> if n==0 then 1 else n*fact(n-1) in fact 9 ]
Oo00ouioOo0O000000000000o0oooooo0nooDOn HaskellOOOOOoOooooO

gD 3e2880 0 000DODOMO
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6.5 ULIST-000O0OO

utilioddooooooobooboooooooboocogo Javad 000 0o oooooooo
go0oooooooooooooooooooooooooooooooooooooooooaa
200000000 “O0"xPO yPOOOOOOODOOOO200000000000000O00O0
Oodoooooooooooooo

oooag
( begin set xP 1; set xP (get yP+3); get xP end ]

oooutisTOOODOO0O0000000 00000000000

O0o000odooooooooo “o0o0"o00oooooooonono oo sTooooon
type ST s a = s -> (a, s)

unitST :: a -> ST s a
unitST a =

bindST :: ST s a ->(a->STsb) ->STshb
m ‘bindST*‘ k =

unitST a0 000 sO000000000a0000000000000m “‘bindST* kO OmO O
gboooobogdsioogooobokboobooboooon

OJo0oooooooooooooon
type Pos s a=s -> (a, a -> s)

XP :: Pos (x, y) X
xP =\ x, ¥y > &, x1-> &1, y))

yP :: Pos (X, V) y
yP =\ (x, y) (y,

getST :: Pos s a -> ST s a
getST p =\ s -> (fst (p s), s)

yl -> (x, y1))

setST :: Pos s a ->a -> ST s O
setSTpv=\s-> (0O, snd (p s) v)

setSTOODDODOO0OOOO getSTOOOODODODODOOOOODOO
UtISTO setM, getM, ... 00000000000 Haskelld setM, getM, ... 000000
Oooooooooo3m

OO0O00utoD | OO0 000 HaskellD
setM p m p’ ‘bindM‘ \ _p ->
m’ ‘bindM‘ \ _x ->
setM _p _x

getX™m p’ p’ ‘bindM‘ \ _p ->
getM _p

utisTO OO OOOOoOOOOoOo coooobooao:

000000000 OgetMIDO00 *MOD00DDODDOO0O00000DO0O000N0DOO0ONONDOOODODO
O0getSTOO OO “M"OO0OD0O0OO “ST"ODOOOO0DODODOOOOOODODOOOOOOO sTOOOOOOODODO
ooooooooboooobooovoboooboboboooboooooobooooboboooooobooboooboobooo
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let fact =\ n -> int fact(int y) {
/ begin \

setM xP 1; setM yP n; int x = 1;
while getM yP > 0 do begin while (y > 0) {
setM xP (getM xP * getM yP); X=X %y;
setM yP (getM yP - 1) y=vy - 1;

end; }
getM xP return x;

end 1
\ in_fact 9 J
O0000000000000 HaskelDOOOOOOOOOOOOOOOODOOOOOODODOOO

gooooo

let fact n = setST xP 1 ‘bindST‘ \ _ ->
setST yP n ‘bindST‘ \ _ ->
(let _while = getST yP ‘bindST‘ \ y ->
if y > 0 then

getST xP ‘bindST* \ x ->
getST yP ‘bindST* \ y ->
setST xP (x*y) ‘bindST* \ _ ->
getST yP ‘bindST* \ y ->
setST yP (y-1) ‘bindST* \ _ >
_while

else unitST ()
in _while) ‘bindST* \ _ ->
getST xP
in fact 9

fact 9000000 £fst (fact 9 (0, OHOODODOODO 3628800000
ubogobbboboboboobooooboobobooboboboboboboooooooo

gogooobooboboooooooooobobbboo
gbOstoooogoobooooooobobbooobobooboooooooboobo sTun o

O00OOMaybeOOOOOOodoooooooooooboooobooooooooon
type EST s a = s -> Maybe (a, s)

unitEST :: a -> EST s a
unitEST a = \ s -> unitE (a, s)

bindEST :: EST s a -> (a -> EST s b) -> EST s b
m ‘bindEST‘ k = \ s® -> case m sO of
Just (a, s1) -> k a sl
Nothing -> Nothing

6.6 ULIIO -O0OO0O0O0O

O0O00O0DOOo0O0OoOOOoCODODOOOOoDOOOboesSUO UtIsTOODODOOODOOODOOO
goooo
OooopoDoOOoOoOoo es00000U0DOOOOOOOOOODOOODOOOODODOON string
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googooogoogno

type MyState = ((Integer, Integer), String, String)
type MyIO a = ST MyState a -- OO0 MyState -> (a, MyState)

Ofdo0o0oooooooooooooooooo
getI0 :: Pos s a -> ST (s, i, 0) a
QEtIO p = \ (Sy i; O) -> (fSt (p S)! (55 i! 0))

setIO :: Pos sa ->a -> ST (s, i, o) O
setI0 pv=\ (s, i, 0) -=> (O, (snd (p s) v, i, 0))

readIO :: () -> MyIO Char
readI0 ) =

writeIO :: Show s => s -> MyIO QO

writeIO v =

eofI0 :: () -> MyIO Bool
eofI0 O = (s, i, 0) -> (mull i, (s, i, 0))

readIOD00O0O0OO0O0O0 1000000 UwriteI0 vODOOODOODO o0 vO Stringd O
0000000000004

O0oodoutiliooooon
let sq =\ x -> if x>0 then x*x else 0-x*x J

in  writeM (sq 2)
0o0o0ooooooooot"4"ooon

6.7 UtlEr —O0O00O0OQ0OQogd

Do uiDO0000o00o0o0oO0outiErC DO0D000(QUOOO0O0O0000OO00OOooDOODOO
0000000000000 D000000000000UutilerO OHaskellDOOOOOOOOOO
ooodooobooOoooooooDoo Oeagerevaluation O O 000 00 O0doadnO
Joddooooon

0000000000000 000000000000000 MaybeO OQOOOGO

-- Prelude OO0 OO

data Maybe a = deriving (Show,Eq)

U0D00000 st 0000000000 DO0O0O0O0OO NoethingODOOOOOOOOOOOODO
gogbobooboboooboboobboooooo

“4++00000000000000000000000000000000000000000000000+000
goooooooooooboooboooooooooobooobooobobobooobbobooooobDoDbobboDO D
oooobooooboooto+Oooooooooooo
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unitE :: a -> Maybe a
unitE a = Just a

bindE :: Maybe a -> (a -> Maybe b) -> Maybe b
(Just a) ‘bindE‘ k =
Nothing ‘bindE‘ k =

m ‘bindE‘ kO ODODUO mOOOO0 000000000000 DLO0O0DOO0 kOOOODOOOODOO

goobooodmgbOobDDOODODODOOKOOODDOOO gooood
oogd
oobobooooobobobOobOfailed gooo

OO0 UIEr00D00000O0O0DODOODOOO0O0
failE :: String -> Maybe a
failE _ = Nothing

‘0000000000000 0000DO0ODO0DOO0OO0ODODOO0O00000O0OD0O0OODDOOO0O0OO0/O
000000 HaskellOOOOOOOOODOOOOO

\ X -> unitM (\ y -> if y==0 then failM "Division by 0"
else unitM (x/y))

oooooboOobOOoboOoObOOobDObObOOoOoooo
O00 “(\x ->0) (1/0)"0000 00 OHaskellD O
OOQULIErD00O0D00O0 HaskelD OO OODOOOOOO

(if 0 == 0 then failE "Division by 0"
else unitE (1/0)) ‘bindE‘ \ _x ->

unitE 0

gooogo gooooooon

6.8 DOOOOOO

OO0oooD eg0odgodfdJaval tryDcatch DD OO0 00O O0O0O0O0OOODOO0OOO0OOO
ooooo
BNFOOOODODOOOODOOOO

Expr — ... | try Exprcatch Expr

“try mecatch h"OmOOOOOODOOOOODOOOOOOOOOOOOOWwy OOOOOOOOO
000 mODOODO0OO000000000hOOOOOOyY m catch h"0O “tryM ( delay
m (delay h”00000000000000000000O00O0C

O00OfalM COOOUGIOODOOOODOOO HaskellD failMOOOOOOOOOOOOOOO
000000oOon0daval throwO OO OOOO

0000 utild 000 000 HaskelO
try m catch n | tryM (delay m’) (delay n’)
failM m m' ‘bindM‘ \ _x ->

failM _x
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tryE
gooood

tryE :: Maybe a -> Maybe a -> Maybe a

tryE (Just v) h

tryE Nothing h

goo

(try 1/0 catch 99999 ]

OO0 UHErD 0000000000000 000000 HaskelD OOOO0OO

tryE (if ® == 0 then failE "Division by 0" else unitE (1/0))
(unitE 99999)

UO0O00D00000 Just 99999.00 000

6.9 UtilNonDet — OO OOOOO

O0ooO0ooOoOoutioooooO000o0OoODOgOd nondeterminisry O O

goboooobooooogbboonoogn
gbobooobbbooboooobooooooooobobobooboobboomoboOoobgo
gobooooooboboooooboooboobooooooo

00000 “00"00000000000000000
unitL :: a -> [al]
unitL a = [a]

appendL :: [a] -> [a] -> [al]
(x:xs) ‘appendL ys = x : (xs ‘appendL‘ ys)
[] ‘appendL‘ ys = ys

bindL :: [a] -> (a -> [b]) -> [b]
k a ‘appendL‘ (es ‘bindL‘ k)
[]

(a:es) ‘bindL‘ k
[] ‘bindL‘ k

00000000 0ooooooboobo0oooooooooa
OO0 uwitlOd bindLOOOOODODOOOOO0OOOODODOOOOO unit :: a -> [a]0 bind ::
[al] > (a -> [b]) —> [b]OOOOOOOOOOOOOO
0o0o0o0ooooooooooon
faill :: String -> [a]
faill _ =

UtiNonDet OO OO UtIEMrD DO UOODOOO0DOO0OOODLODOOOOOOO

Expr — ... | try Exprcatch Expr

try m catch h 0 OmO OO0 OhO “O00000O0"00000000000000
tryLO appendLO 000000 O
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tryL :: [a] -> [a] -> [a]
tryL = appendL

UtilNonDet OO O O
((testo = ( try 1 catch 2) * ( try 3 catch 4) ]

000000000000 HaskelO OOOOOOOOOO

test® = tryL (unitL 1) (unitL 2) ‘bindL‘ \ x ->
tryL (unitL 3) (unitL 4) ‘bindL‘ \ y ->
unitl (x*y)

O0Otest0O [ x*y | x <- [1,2], v <- [3,4]]00000000000O00O0OOtestOO O
[3,4,6,8]0000

00000 UtiiNonDet OO O 0O
((testl = ( try 1 catch 2)/ ( try O catch 4) ]

O00000000000 HaskellD OO OOO0OODOOOO
testl = tryL (unitL 1) (unitL 2) ‘bindL‘ \ x ->
tryL (unitL 0) (unitL 4) ‘bindL‘ \ y ->
if y == 0 then faill "Division by 0" else unitL (x/y)

testl 0 0O [0.25,0.5] 0000000000000 DO0ODO0O0ODO0O0O0OODOOOODODOODOO
gbooobooog utieErbcdgoobobobOutiEri0D0D0b0O000oo0bOoOooboboogo
guboooououooon

U0000 headLOODOODOOOOOOOOODOOOOOOODOODOODOO0OLOODOOOO

googoogno

headlL :: [a] -> a
headl (x:.) = x

headl test10 00 0.2500 000000 OHaskelld goooooboobooobooon
gbogdooboboooobooboooooboobboooobDobobUobboboobooOoo
gbbooboodaon

0691000000000 000CO0DOOODOOODO

s -> ([a], s)
s > [(a, s)]

type STL s a
type LST s a

020000000000 ODOO0OO0DO0ODOOODOOOOO0OO0OODOODODODODOODODRD?2
gobobooboooobon
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