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Abstract

This paper discusses the definition of a complete functional 1/O file system based on the state transformer.

Using a nondeterministic Monad, we construct the process networks of operating systems. And the semantics of

channel system have been given for using.
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Monad £ EEER P — M EEMNME.E. Moggi 3 [6,
7J4R B B Monad EMEITEMNEL HEEREEE 1%
RHHEMM SRS HTEN R K SFFE B EBNRF
FITEHRIEXERRZERITHAMZMTE.

P. Wadler ZE3C[8]5R A T E. Moggi ) 48 , 1€ Monad £
AHEERPBREFFN IR HESEnERAE KRE. IO
ZERBETHFIE ST AIMTIZRE.

A 30K B E B E ¥ Monad EMELM R HAIES A
R BRF T ARPGUEE MFE, XA TIEAREE
gk

1T REMWENX

ATEFRITHERPOEFT M /0 ZHE. RO\ /O M
HRIE L KM type 10 a=ST RealWorld a. k2 RealWorld
MAMEXEEREAMAEME. ERMNTITH /O R4+,
EHBREEBRETRERKHRS FIERERERS S
ARG XHELNBERE AT EERE.

Type RealWorld = (FileSystem,ChannelSystem)
Type FileSystem=String —>>Response

Type ChannelSystem= (Ics,Qcs)

Type les=String— > (Agent,Qpen)

Type Ocs=string— >>Response

Type Agent=(FileSystem,Qcs) — >>Response
Type Open=Pid— >>bool

Type Pld=Int

Type PList={(Pid, [Request— >>Response])]

RIERKSHBHXRBRMBE IR,

MEERAME . RICEERAIENBH L HAEMHX
14 (B h String) , HIWTE REFETE . & R B B3 15
BOEBERFE MEEERER.

RER AL RIS TEFRTEAAFRETRERTE. AR

#£3E Monad f47 X T .0S B2 N .
OS. . TagReqList->>TagRespList
#E Monad T, R AT OS BEBRIE X R
0S: . TagReaList->10 TagRespList
Hth type TagRespList={ (Pid,Response) ]
type TagReqList={(Pid,Request) ]

0S
)

Bl RERESHBENELRE

RERKRMIEBREHERH OS KIGEN LHERFE
Plist,OS .
OS TagReqList=\state—>>(TagRespList,state’ )
TagReqList =merge [zip [Pid, Pid, -, ] (proc (untag Pid
tagRespList)) | (Pid,proc<C—pList)]

2 dEREME Monad

ELE . RINMBRIBERAEHERSHEE R O0S XK
EHLRETR R T RANTR AARBXES
HRRERE KPP EERERZNMAEER SR
B URAERAMEAHE TR B T RET R EAE
ER—THAN REB—-TRAOTEEINRERARERE
8 XA — AR E YA AT A [ B e 2
SIAT P ERENE T almost_merge:

almost_merge(a:rest) b=a: (almost_merge rest b)

TagResponse TagRequest

R LS. TEFRTE ARG TR ST,
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almost—merge a (b.rest)=b: (almost_merge a rest)
almost_—merge [ ] rest=rest
almost_merge rest [ J=rest

TE. RO E X —TIEFHEYE Monad, A5 HHREX
A RS E ¥ Monad R & LIRS & E# B W AR E RO
1% 1E merge.

EX1 3EHEFE £ Monad

type M a=(a)

map::(a—>b)—>Ma—>Mb

map f S= x|xES)

join:; (M(Ma))—>Ma

join S=U(S,[S,.€8)

unit:ia—>M a

unit a=(a)

He M 2EBBEF. (QOFRREE s HES.
ZH1 (map,unit,join) K T — Monad,
IFER (1) 5E9E map B —1 R T
Map id S=(id x|x€S)=(x|x€S)=id S
Frll map id=id
maplf. g)S=({. g)x|xESH=UH(gN |xE€D
((map {). (map g?)S=map {(map g S)=map {(g x|xE
S)y={HgxN|xESD
FrLL map(f. g) = (map {). (map g),H M map &—1 &
¥.
(2)HIE unit, join &£ H R,
((map f). unitYa=map {(unit a) =map f(a)=(« a)
(unit. Ha=unit(f a) = a)
B L tmap ). unit=unit. {
(tmap ). join)S=map {(join S)=map { U(S5;|S,€S)=
Umap { $,|S,.€S)
=Ud x|x€S$)|S,€D
(join. map (map {))S=join(map(map )S)
=jointmap { $,]S,€3)=join({f x|xES,]|S,€3)
=UW{ x|x€S8,]S,€
FrLL (map ). join =join. map{map f)
Brid unit,join £ H R4,
(37 JGE B map,unit, join T 4F Ik,
(join. map join)S=join(map join S) =join((join S,|S, €
)]
=Udjoin S$, 1S, €%
(join. join)S=join (join S)=join(U(S,|S,€ 3$))=U(join
S1S.€S
FrLd join. map join=join. join
(join. unit)S=join(unit S)=join(S)=S
BT L join. unit=id
(join. map unit)S=join(map unit S)=join((unit S,|S, &
SN
=join(($5)|S,€8)=S5
BT LA join. map unit=id
B map,unit,join T[4F R,
& LA . (map,unit,join) MR T — 4 Monad .iE &
T A3ERIE ¥ Monad & LIER EEEF merge:
bias .merge ! Stream a— >>Stream a— >M(Stream a)
bias[ Jys=unit ys

bias(x:xs)ys=map(x:){(merge xs ys)
merge xs ys= (bias xs ys) {J (bias ys xs)

Fn . merge(1,2](3,.41=([1,2,3,4],[1.3.2,4].[3.1,
2,43.03,1,4,23,13,4,1,2D
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HF+XRARNEBITENE— MR . CRHER
tag HSEHM , — R RARHTE I REEZH—IHEF.ER
B untag XM k FRBE s RARE odit XRHE
#%,db XRBIEFER L, TERAIA L tag,untag BIE XL -

type tagged a=(Char,a)

tag!:Char—>>Stream a—>>Stream (tagged a)

tag c[J={]

tag c(m:ms)=1{(c,m) tag ¢ ms

untag . . Char—>>Stream(tagged a) —>Stream a

untag e[ ]=[]

untag c{{c’,m).ms)=m:untag ¢ ms if c=¢’
=untag ¢ ms therwise

Fin tag k(1,2,31=0¢k,1),(k,2),(k,3)]
untag D[(D,1),¢k,2),(D,3)1=[1,3]
THE A B IER £ ¥ Monad 3 A1 XM .

screen=mapf{untag ‘s’ )edits

dbs=map db(map(untag ‘d’)edits)

edits = map edit joint (map (merge(tag ‘k’ keyboard)) (map (tag
‘d’ )dbs)

T BATE B IER E ¥ Monad ERR— 1 RIERKRA
¥ EXFrt R IR AE R .

Spawner

B3 3EH EHE Monad HAZE

TEHMAR P AR LUAFHHES . —HETHEERE
THEE, 5 — TR Spawner B HHARBHEES . HX
By,

data message =Tag Int value |Spawn(Int —>[message]
—>[meaaage])

BN Fr e R TR AR A

New Process @

e FHEBHMEEL

TEEZ AR T ¥ Monad #38 ) JE9 2 Ve R IR AL -

Spawner nextid(tag pid v:ms)
=map(Tag pid v:)Spawner ms
Spawner nextid(Spawn f:ms)
=future
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where
nesproc =map (f nextpid) (map(untag nextid)future)
future=join(man(Spawner(nextid t1))
(join(map{merge ms)newproc)))
system = join(map (Spawnerl)
(join(map (merge boot)system)))

3 OBEREBR

31 REiE

ReadChan name

ThEE . 3T FFiEE name LLESA B AT UGR B E B
WE EBIBARFELE WK B Failure (SearchError String),
A HETERMHEIR(E B Failure(ReadError String).

— B ReadChan BT F T — A E WIEE . M HEE
BTN HAERITIF T AE B R A B EN . LR 0%
BERTHE URZEERTERITH XN LTHE
TestChan ¥ 5EAY :

TestChanl.:TagReqLlist—>I0 TagRespList
TestChanl[(n,ReadChan name)]
=\(fs, tics,0cs)) —>
let ack=(n,if snd (ics name)
then Failure (OtherError“Channel already open\n”)
else(fst(ics name))(fs,ocs)
in([ack], (fs, Gics ocs) )

BB AR K Ies =String — > (Agent,Open) , I 4
ics name (25884 (Agent,Open) ,snd (ics name) 15 3| fy 467
% Open. E WG N H B R TITIF, fstlics name) B AL H
Agent, TH W ZBEHERTE A RN HEBRITIF, (st lics
name)) (fs.ocs) ) 267 & Response,

PR ST B LU S GEB IR AT I AT FF iE
EERERHRS . EELTHF M BREERS XML
YEH newics 5BAY

newics : : String — > TagRespList —>10 TagRespList

newics name resp

=\(fs, (ics,0cs)) — > (resp, (fs, (update ics name(fcs(ics name),
update open n true),ocs))

A 4. ,ReadChan name #J1E X K.
os[ J=unitSt[]

os(n,ReadChan name) :es

=TestChanl[ (n,ReadChan name)] ‘bindST’ \a—>
newics name a ‘bindST’ \b—>
os es ‘bindST’ \¢—>

unitST(a+ +¢)

3.2 Bl
AppendChan name String
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IhfE . 48 String B A HiE name b . EHHFEERKELRF
1E 3B [A Failue(SearchError String) .5 ReadChan 240, & %
ERTEERETHEE, BRTIERNEBERT EHITH . X1
It d TestChan2¥ 58, :

TestChan2:: TagRespList—>10 TagRespList
TestChan2[ (n,AppendChan name String)]
=\(fs, ics,o0cs)) — >
let ack=
(n,case (ocs name)of
Failue msg — > Failue ( SearchError “ Nonexist
channel”)

Str ochan—>>Success)
In([ack], (fs, Cics ,ocs))

AREBYGEE RS

newocs . :String —>TagRespList—>I0 TagRespList
newocs name resp
=\s, (ics,ocs) ) —>
(resp, (fs, (ics ,case(ocs name)of
Failure msg—>>ocs
Str ochan — > update ocs name (str (ochan + +
contents))))

4 AppendChan H7E X K.
os[]=unitST[]

os (n, AppendChan name contents) :es
=TestChan2[ (n,AppendChan name contents)] ‘bindST’ \a—>>

newocs hame a ‘bindST’ \b—>
0s es ‘bindST’” \c—>
unitST(b++c¢)
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