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% Philip Wadler #3811 Monad ¥ i 24 B 80 A B BT, A BT — RSB 0B W RIT
Aot e R, A BB T R R R R E Y layour SR
AT S A B A S A T . _

XA BERREFETAERERIES Monad, AT E A,

Monad 2 #i B 1 — P EE KBS E. Moggi 7ECHR(1, 219038 5 B Monad st
FHEGCHFERERAE MR EMN MR S HEM YR EHFR, B HRAKE
FRIIEFRE R BERZEHITHAMENOE.

P. Wadler 7E3CER(3~ 61K [ E. Moggi It 81, 18 Monad 1 o # 1 iR BE T &
TR IFHE R E M RAAE RE . 1/0 Fal mHRE S WIFE, 58T AW izx
HEEEAET  UEANELRIATE DA Je8 R H0UET WA ER, R840 R
WRIET HSEXREN BN NTRER R A EHRPNEFTHREE S XM REHEAE
HEAPABFHEARR. /A Monad MIAHR ,Monad J&— M R E B BB BRI K 45
, BN ABERE A AR RRIEE WISER A KA Monad, 3 RSB HRES
e BH RGN, EEREEMEAR Al A A E TP FERNAES
FFAE XA N P BE R R AUE S T R

FAEGEEMFTHEATEREERF S AREENNE, P. Wadler ZEXERSIFAET
— - Ee 3 1A BB A AT AR B0 M T R A SO R R O R o ] — A BRI AT LR e
layout . id & i S1EEATMAE R RS EF. A XFRANTEREITEFEERD
T A 08 B, W B KRy 44 7R R 2 AR L84 2 Monad B89 2 BB B unit 5 « BRA
g, BEW En M XM AR IERLETER E T

1 EFEE

ES{ 1.1. t2l ?ﬁmﬁ § J:E(J Monad Eﬁ#l@‘]ffﬁﬁ(?‘ﬂ];p) ,ﬁ':{:' T-{—*E %_‘/I\E?,
7:ddi—>T fl p. T'>T 2 HREHR,HER T B LH.
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T4 Ha T2 A TA fra »T2 A TA
1 T4 J Ha idy J Ha ids
T¢A TA A
Hy &1
EN 12,5 A Monad BiX B = TTH (Mounst, * ), it M RKRIME T, unit,
* B R BAW T RE R

unit | .a—>Mao

*  iMa-r(a>MBY—Mp

HHERETH 3 %M.

(1) (unit v) » k=kv

(2) m *untt=m

(3) (m = k) *w=m = Av. (kv % w)
Heft v S w 1 H B H A

FEX L1512 RS0y, PRAHR M W05 ], &30P # Monad R T 58 X 1. 2 B9
R EXL2FHEIARES TR m* (Aa.n % Ab. o) =(m * Aa. n) * Ab. o EZMEY,
H¥a AEo HEHBEH, BT o EEDMERBERE o BAHBMIERRF R o, Brisc
LS PR RIFERMTERESE.:

m* Az, (n* Ab, 0)=(m #Aa. n) * Ab. o

A REAET TRA RO EA IR, TE R4 — 82817 85 iR 4 # 49 Mon-
ad, I P B AR 4 B BE0E T s AR A HE T B

1.1

data Ex e=Raise Exception|Return a

type Exception=>String

unit, ,a—>Exa

unit a=Return a

# 11 Ma—Ca—MD—MJ

m * k—=case m of

Raise e—~=Raise ¢

: Return a—% a _

TERBMET Ex o, F—MEREBRY, WHR B3 E, & R ERE, MR A4 40
FIREER. TE m o« o B BRI m, SRR NIRES, HRIEFA NS 2 FHBXA E R
HE. o, EFTBREE R R AR ECY 0, R4 HB4EHR , H Monad B[R 141E 5 69 55 5 3
ABEFIT,

eval (Div t w)=eval t * Aa. (eval u * b if =0

then Raise “divided by zero” else unit(a-+b)

THEX—METREPRA Monad , 7% S0 B & A4 1 4 i B R 50 W BT
EX 1.3

type Ma=State—{ (a—>State) ]
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type State=[3]
unit . .a—>Ma
untt a=~Ax. [ {a,x)]
* i Ma—=(a—=MB)—~MB
mxk=Az. [(5,2) |(a,y)em x;(b,z)<k a y]
EX L3 EF'E’-J(M,unii, * YMR T — Monad, TEHFEITEEIE unit, » FLEX 1.2
i 3 A

(1) Cunit v) * & =Az. [(5,2) | (ary)—Cunit v)x; b 2)<% a v

=Xe. [(5,2) | (b))t v x]

=Ar.kvr=kv
(2dm * unit =Az, [(b2) [{a,y)Y<m z;(by2)eunit a v_

=z, [(B,2) | {a.y)<m x3(b.z)~{a, v)]]
=z, [Ca ) | a,y)=m x]=Az.m x=m

(3 (m* k) *w=Az. [(5,2) | (@ y)(m# k)x; (byz)=w a v]

= Adr. [(&,2) | (ary)=[(b1l,z1) | (al s y1)=m 23 (b1 ,21)~%k al y1];

(byz)*wa y]

m * Av. (kv * w)=2Az. [(b,2) [(al,y1)<m x3(,2)< (. (kv * w)) al yI]

=Az. [(6:2) | (al,y1)<m z5(bs2)=L[ (81,21} [ (a,y)=F al y1;(b1,

z)<wa y]]

E T (m % k) % w=m * Av. (kv % w),
B LA (M sunat, * YR T ) Monad.

2 BEINER

P. Wadler ZE3CHE[S1H 8 LT zero,item, O, A\, letter, digit , lit viterate , number 5 f
¥ :zero B KR item BREBA PN 1 MFF HAB KZBHER 1 HZE, Witem
“monad” = (“m’ ,“onad”™) |;m©On ¥ HRF m,n 5 H1 45 REHRE smAp FIWT m 53
M SEMMER TR 205 p, 25 50 2 WK 5] 20, A9 R I 2 105 Letzer = item /\is Letter
(isLetter ¥|E — 1T FF BTN TER) i digit = (item AisDigit) # Aa. unit (ord a —ord *‘0’)
(isDigit ¥IWF—FRFR T R sl c=item\ (Aa. a=c) siterate m=(m * Aa. iterate m *
Az. unitCa:x)) Qunit [ 1: 10 4R iterate (lit ‘a’) “aab”=[‘aa”,“6”), (“a”,“ab”), (*”,
“aat”) |. THER MG E X HE —HEXRXEH, B E X 1.3 4 8/ Monad, {7 LI E
A&l — 1 L E eI 2 HRT.

sat . (a—=bool ) —~Mu

sat p=item/\p

seq i Me—>MB—M(a, )

seq pl p2=pl % Aa. (p2 % Ab. unit(a,b)} -

map .. (e—>3)—+Ma—Mp

map  p=p * Aa. unit (fa)

© HEFRES AT http:/ www. jos. org. cn



— 686 — B ¥ # 7%

iterance . . Ma—M[ o]

iterance p=map cons (seq p (iterate p))

word . + M| char ]

word =iterance (letter)

string .. [e]+M[ea]

string [ 1=[]

string (xixs) =map cons (seq (Uit ) (string xs))

seql s : Ma—MB—Ma

seq2: : Ma—MpB—Mp

seql pl p2=map fst (seq pl p2)

seq2 pl p2=map snd (seq pl p2)
He fst(zoy)=x,snd(x.y)=y.

sat p IR P 5&AF p RIS BBIE 1 1 FFFiseq p1 p2 SEITT 1, FIIT 2, 5RIEFF
B BT 145347 H R E RS (asb) smap [ p 1 S AERIE] p 4347 B ME Fsiterance 5 XK
(5189 iterate B KB TF iterance AR B %2 8, Wl iterance (it ‘a’) “aab”=[(“aa”,"b"),
(“a”,%ab”) Jsstring H|Wr — M EHFFBRGER N BHIE M, W string “begin”“begin
end”=[(“begin”,“end™) .

Bl 2. 1.4 BEARLNREGERN BNF BEWTF .

expn. . =expn-ttermiexpn—rterm|term

term: . =term % factor|term— factor| factor

Sfactor . =digit” | (expn)

FAOTATLIER @ T A Monad #38 # 04 B & 2 B SR B 04 R Fr:

expn="_{map plus (seq'expn (seq? (Uit ‘“+’) term))N®

(map minus (seq expn (seq? (it *+7) term)))Oterm
term=(map times (seq term (seq2 (lix ‘%) factor}))®
(map divide (seq term (seq2 (it *=’) factor))) © factor

Jactor = (map Num number)® (seq2 (Uit ‘(") (seql expn (it )’ ))>
HA plus(x,y)=add = y, minus(x,y)=sub x vy,

timesCx.yv)=mul = y, divide(zx,y)=div r v.

4 cexpn “5+(3—1)+2"

=[(Add (Nuwm 5) (Div (Sub (Num 3) (Num 1)) (Num 2))),“”]

3 Layout 12/

X 3L —PEHERANFHEMFSERELS L M0 T IG5, MR
EERFFE layout HLN.

& BEFEIEE I Miranda , Haskell 258832 B T layout 3 N, X 4 {# 18 7F where,let,
of HFXRBFRHMARIHES 5 5 LIEE, MASSEZ {1t
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# 3. 1: 8 THH layout AN EHEF .
fxy=mulab
where
a=add z ¥
b=sub x v
result=mul (f37)5 _
BBz, y BREFE Loa b REY £ THREE XL XBRIs T8 2478 F XX #
R RYXBFHT I, AL BRDERHANE—FH N LE R ENT ST
LA AR, XEEERT T T 28,
type pos d="{(d, (num.num))
A i 89 Monad FH#) state ({25703 35 [ pos 4.
BRE-BFITHFLNSHTRE b BER. F —BFAHARRAFHF P AN S
BIEREFH 4, TERMNDAEHE N\, "R =,
position. . (num ynumY—[char 1| pos char]
position (ryc) []=[]
position (rse) (x:xs)="{(x,(rs¢)); position (ritab c) x5, zs="\¢"
=(z,(ryc)) s position (r+1,0) x5, zs="\n"
=(x,(r.c)): position (r,c+1) xs, otherwise
tab c= ({c div 8)+1) % 8
BB ERRUEF AL, BARLELRE X ENER, RITH 08
(5147 item W E XAE W T BERENFLERX BN ED .
item . . M char
item [ ]=[]
item (x:xs)=_[(a,xs) ] where (a,(r,¢))=x
231 position N FEFRFRIFTRGEE, A FTEHINZABFEHLLAE, FFEXT lay-
out KIfF B AZALfT R, Bl layout SHTRFE LW -
layout . . M char—M char
layour p=Ax. [ (v,drop(# (takewhile (behind (hd x)) x)) x|
(v, [ ) =pGakewhile (behind (hd z)) x)]
where behind (a,(r.¢)) &y (', ))=r"Zr Ac'=c
K #itH M ROKE takewhile p zs TR zs PRE I N TEEELHE p WTER
WM — T Fk drop n xs E¥EE zs TRl » T E.

4 BT HANSNIERF

(LY ARE ST

FESTHEEERIEMAZHESBRRAEBRINNT S, A LB
3 A BE BT RF B RS L —MR R, indent, “add™) » (Lpar,“ (") 4+ 51
BR‘add” B THRIAR COR— 1T ERFS.
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type token=(tag,[char])
data tag=1Ident | Number | Kevword | Tab | Return | Lpar | Rpar | Eq
H b Ident RRAIFINEF, Number F 7385, Keyword 37 Where % 2R, Tab, Return,
Lpar,Rpar Bq SYBIZERN" S\, 7,07, =7,
TH B X R addrag MINBERA S MEM LA M IRE.
addtag .. M[char J—tag—M][ pos token]
addtag p t=2Az. [(((t,25) s (rec)) yout) | (xsout)—p x]
where (_,(r,e))=hd x
B, addiag (String “where”) Keyword iR [0 8 ((Keyword , “where™) , (r,e)) B
Hi(r, o) B3 A B “where” 55 1 WWH P B w1 F.
X AT LURRSE 40 F 8 ik BT R I
lex: [ {M[char.tag) =M pos token ]
lex=7iterate (foldr op zero)
where op (p,t) zs={(addtag p t)Oxs
H foldr falxlex2,szn]=fz1 (F 22 ¢ (F zna)=))
lexical i I M[ pos token ]
lexical =lex [ Gterance (Joldr (@ (It “\¢™)) zero),Tad),
Giterance (foldr (& (it “\n”)) zero},Return),
(word ,Ident) , (number , Number) , (string “(”,Lpar),
(string “)”,Rpar), (string “=",Eq) ]
()& A
LT RIE R ST B W 1 SRR, EIREA RS, — M50
REKXHASEHGEEE, NEE XS kind ¢ BIRFIHFRE: WS, MATXFERHA
4, —EBEG TR RIFERA Y B R, BT kind ¢ R EP S E TS, HIRERE
=%
kind ) .tag—M{char ]
kind t=map snd (sar ((=t) = fst))
B« RRABE S, - B Monad f * FI{FHREE, XRE R - BRAN (a4,
* B8 Ma—(a—=MB)—~MS , ik it H 2K Monad 5 R0 T H BN ] .
type Ma=a
unit a=a
m¥* h=kom
THES & 3.1 X KRFHY BNF iFik.
prog..=defn’
defn.. =var"“="body
body. . =expr[ “where’defn™ |
expr..=expr prim|prim

prim’ . =var|num|"“ Cexpr®)”
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MR- RFREE RN BRI EFE MR script BT soripr B 5E
X,
scripts s =Script [def]
def . =Def var [var] expn
expn. . =Var var| Num num|expn expn|expn Where[def |
H var={char]
£ b3k BNF & b, AR 25 expr i =expr prim B EEIHFE, FRX
mO5 TR Z#ITH &3k, @ ERT T EEARRF:
' prog defn,body expr, prim. .M script
prog=map Script (iterate dejn)
defn=map defnFN (seq Gterance (kind Ident))
(seq2 (kind Eq) (layout body)))
body=map bodyFN (seq expr (seq? (kind Keyword)
((iterance defn) © unit [1)))
expr=seq prim (closure prim) _
prim= (map Var (kind Ident))® (map numFN (kind Number))
© (seq2 Ckind Lpar) (seql expr Ckind Rpar)))
B defnFN (fixs,e)=Def [ xs,numFN xs=Num x5,
bodyFN (e, ])=e,bodyFN (e,d:ds)=e where d:ds,
closure prim=2x. (seq (prim x) (closure prim))Ounit x
QIB LR HREF
AEE N, BESNEFEE N, \n" HTAH N\, “\n" I A& BNF &k r
B A6, B AT IS AT Z BRI\, “\n” 8, R LA H M R W
H, FHEE X eliminate RERIIE ISR LM ERESHTIEHH Tab 5 Return M55
space: . [ char 1—bool
space xs=(xs=Tab) \ (xs==Return)
eliminate . [ pos token ][ pos token]
eliminate= filter (space ¢ fst * fst)
Kb filter p xs BF xs PHEHL p T ERRFERNBMFEHR - TMFE.
X ERAMTEFZA BE L 2 MR Y.
block1: . [char ]—=M[ pos token ][ pos token ]
blockl xs m=let [(a,x)]=m(position (0,0) z5) in a
block2: . [ pos token ]—=Mscript—script
block2 xs m=let [(a,xs) ]=m zxsina
PLERINBENT ¢ AEENY R LB BY position, a5 7 ¥ lexical , HBR 8 2R
- ¥ eliminate DA RVEP M REL prog, F MR W, BB AT SR B, XA SEREY AT
BFEXWT:

parser’{char]—script
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parser xs=block2 (eliminate (block] zs lexical)) prog
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PURE FUNCTIONAL PROGRAMMING BASED ON MONADS

. Yuan Huaqiang Sun Yongqiang

(Department of Computer Science and Engineering Shanghai Jiaotong Untversity Shanghai  200030)

Abstract Philip Wadler introduced the constructing course of a simple lexical parser
when he studied how to structure pure functional programs by a manadic approach. This
paper studies the approach further. A pure functional parser which can process complicat-
ed layout analyses, lexical analyses and syntax analyses is given according to the monadic
approach.

Key words Functional programming, pure functional language, Monad, parsing tech-

nique,
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