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In lazy functional languages, processes are often represented by functions where input and output
are handled by an operating system kernel which is outside of the functions themselves. However
this cannot deal with nondeterministic programs, such as a server or an operating system. In this
paper, we introduce functional programming with pseudo data, where the whole group of concur-
rent processes, which communicate with each other, is described by a combination of functions.
Practically, we have made the gofjava system which can compile our functional programs to JAVA
code. We shall discuss how console input/output, GUI like applets, a server, and an operating
system are described and implemented as concurrent functional processes.
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M T7av AR ERTLE, 70 AOBELH R &
BILLES TH S L VI FAYH D, BEFM HE 70
SIVITIR, SEAVE-VEHR. XEAVE—T %
BT ARKTT O AR EHET S (9, 13, 4, 10], &
NE—BLLT, o 7u AVHAEICERET A 70t
ABIZOWTHEEBICEEOHM S TEIHMITkD 5
na,

KAz, ChODORROLDICHEITLTIET L 70t
AOREESHL, (1) FHEbE (2) BArstE 0O (3)
SR ENLI O 3EFEALIETH L L DR EFI, £
T, T AREETEATABICZ OEARUEE TN

(1) RIESFA & 8155 case R/ $¥ — ¥ BE (2) B
# par % spec [17, 19] (3) 87— ¥ L3 [24, 25] £ 9 F
ETERTLEI L L, BROBE T Z 07X
57O ARIEDEVIT. BT - MHOEANIH S,

Faid, TCICHRENLAL IR T AT - BB T
0553 TEREL (24,25, T ERHIEOTE
BB SO I v SR gofjava % L7z, gofjava
BEETT Y5 0% JAVANEIRT 25 0T, Ff7RER
GUINEBBAORBRTH L, ChErfvd e, A3y
Ty FEERTO S ATESMNICER L. BROBE
TUT T AOMEEFED LIZEHTE 7T A ORI R
THhb,

AETREF— 7 EHOTET 7o 22 BEHCREY
BHLWEFEICOVTHEN, KFFERZENTT T L AFER
OS ik T 5, 512, AMBDREST 'Ly hOFA
LAFEOHMTINBTE LI L ERT, BMEIZ, 55O
HERLZ OV TR B
2 TOv20BEEERE

BEAERICIE, B0 EFEMIICE ], 20], &
I T ABRBICHENFBTE B[22, 3, 8] &) Al A
»%, [BLLkoBURIFALELZERT L] 265TH

b, CNIRREMENE & BELERID S

TOb AR M TERELHE R, RO mr R
E1[10, 13, 4, 21, 9], FHEEMWL T 0L AFETIREDS
NHEVWHSEREZTEL, Lol JOHG, 7t 20
TIHREWLIIIRBE L Ve AL EORER ;T LE

HBAE. TURAONEICH S OS (IR ERLEE * &
B, OSELOWEICEI->TITHI LT HDODRDOE R
HTHb,

%1 % 1E Dialogue T 7N TIZOS ~DEREZE Y& L
OS5 DB %5 % E T % [Response] — [Request]
HOBMBCTCTOLAZEKET L, 0S5 DIEE IR LG
Bl LoTRLEAD., IhEsiflicELZIEICEy 7R
755 EAHFREREET IS TE S,

T REQOS, XiETawAREA 11 omlEE T
B ERO L) 1 BoMEE L TRBES LT
Vo ThE— b IE, ARoEE O T LA g
FTHESIE. — i ay > an > (b, o) W
JEAHOL I TV EHERESRL, T T

QEALOBTniEOA Y=V ay, - ,a, EFTED
MEDAY L= by, by EEDBDTH 5B,

Bl 21220 710t X double & treble DEJjH 5
BaSTE Y., 2O % double & treble (IEFT AV
U+t R adder b AWE. ThH 3005457 UL AR
dta FETFO LS ICRBTES (B 1),

adder :: [Int] -> [Int] -> [Int]
adder (n:ns) (m:ms) = (n+m):adder ns ms
adder _ =[]

double, treble :: [Int] -> [Int]
double xs = map (2%) xs
treble ys = map (3*) ys

double as
Ereble as
:adder ns ms

dta = let ns
ms

VVVVV V V VVV VYV

X as
in as

adder TIX 2 0DF|H D/ — VEBATHLEDENE
HFEN, 22090Avt—Yn&nDlHVEELTHNOT
AvEe—=YntmEEETLIENTES,

double

- treble

as

1. 79t A#H dta

CONIET s O RAERIZ 1ML L, ns 2D RIE
Hur 2 LT, BIEEICKE Y 7 9+ R increment * E
nE7 e xBE el HUTo X )ik 5,

> increment (n:ns) (m:ms)

> = {(n+1):(m+2) :increment ns ms

> increment ns 01 = map (1+) ns

> increment [] ms = map (2+) ms

>

> dti = let ns = dougie as

> ms = tre

> as = 1ncrement ns ms

> in as

F#Cdti Tld double, treble &b A v b— T iz T

HEETAHOTEBEIIREL 2V, LA L, increment (24
LTCAyb=T%%kb—HD 70X AVERL— 7o
A, IO ARSESELREEEF L& D I M
ML, 0L REROBHAEEONMTIE, F—
K= FOW T LI~ T ADZ Yy 7 CTEEOERELZO DB
Z ATVt A ([KEY] — [CLICK] — ---) T 5 b RBTX
g
BB iR R PR IS AR (18, 26) THVW O R D X9
&ﬁ&k%“9~/%A¢%ATﬂH @Wéilﬁf%
2413l LA L. ToFETl,. [k CA
Eﬁ%ﬁ%?&J&w5ﬁﬁﬁ%bﬂ‘miﬂé%®ﬂﬁ
A i"n‘bi{%i;\ Sh%l->TLE).

L HEAPRELLBET-VRBE TS T
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EROTIE ZIHLT B b DL, BT O increment’ @
EYIFRRTTERIL — 7R 21— FANFLITL T
EBEHITRD,

> increment’ ms ns = map inc

> where inc (A n) = n+l
> inc (B m) = m+2

. mergeR ms ns

0o

mergeR IZIEREMIZY A bms & ns 7T F 5, ms &
ns DWEFNDSMEEIE Lzh &) s R S
F—yRIHIcEGINL D, [RUROBRURIEEL
EEE®RT L) BEPHERINLDOTH A,

F7, EROBEB IO IIVITIROSFDLODE
BB TERV, AP EVIFERENUEEZE) 25T
Hb, Lo, BF—- MBI 730/ T3, LD
mergeR & [Eik, AMNOBELZET -V RETL LW
FIFETINEFRRLTBY, OSEDLDERELTHZ
ERTHETH 5,

KRETIE, TOBT-SHEBTOST I SOV TH
BT 5,

3 BF-2BBInIcSILy
3.1 BF—20OBELKREE

7 — ¥ 1343t (Oracle) [2, 11] % Dialogue € 7V O iy
EVAN9,6, TNk —BILLZDDTHD, BT— 5 1H
LT E—RADFTE L, |7~ 513, WHBIC
EARREE (RICACHY) Sz ((RABICHEL) 0220
REEFON, 7urI6h5iE ZOHMITE R,

CHOBERRETLET— ORI Ka> TH D, B
JoT, EROBH TSI U EoBiEE AV
Fh BRIz E Db SN D,

ELLEF-SOBYIETA2ICE®RBEHET 7
Laz» S a Vi, REEOBRT— 7L THEETF 7
A EATAERETAITT Uy 2950, 7OV T 0L
SIFETEICHEESP,L L ERGITE RV,

BrF— 7L TR A M ET AHEIE. BT
DEY B GRINT — << 7> FHWA,

mapR :: (<<a>> -> b) -> <<[al>> -> [b]
mapR f <<ra?:ras?>> = f ra:mapR f ras
mapR f <<[]}>> =1

connectR :: (<<x>> -> m) -> (m ~> <<y>> ~> n)
=> <<(x,y)>> ->n
(f ‘connectR‘ g) <<(xx?7,ry?)>> =g (f rx) ry

seqsR :: [<<a>> -> (O] > <<[a]>> -> O
seqsR (f:fs) <<ra?:ras?>>

= case f ra of ()} -> segsR fs ras
segsR [] =0

VVVVVYVY VVVYV VYV

<> g -y Lo RTINS L, HET 7 o
BEchs, Ly —VEETOAHNEZEHTE,
WHEOROFTCIHEATE 2V,

H mapR f ros %, RHEEOET — ¥ ros = «<lal> i
2 L C<<ra?:ras?>> O/3% — VHERIT) & (H2)

1. REEDRT — ¥ ra 1 €a>» & ras = < [al>» P

BEnb,

2. ¥&F— ¥ ros #<<ra?:ras?>> {IMEI ¥ 5, ros?
PEHET A L ra?:iras? Ilhk A,
BT -5 ros PHEE LTV AEEIR, BEO/NY -V BE
ERBICMEENS, TOAT, BEEORA»T L
N7z EIL T 9 — & % 5 Lstructure[15, 16] L 8274 %, #
F— ik, BHIREREE (26, 18] F O A (logical
variable) IZHELL Tw 5,

REH Bek
ros ros
ros?
1
ra ras
1 1

2: RFEEDET — ¥ ros DY — VRE

3.2 Br—-42&AHAD
BF—5 CIHBEREHEI ARDORIATE S, T
DFok)ary— Vv ARTBEEFHAES LTV,

> primitive putchar "primPutchar"
> :: Char -> <<()>> -> ()
> primitive getchar "primGetchar"

: <<Int>> -> Int

ik getchar rild, WF— ¥ ri PREEL LTIV Y —
L b1XFRABATEOLFI- FEri THE S
&, TOXF I~ FEERT, Aputchar ¢ ruid, XFc
FEM L. BT ru ANRBEL LTI VY - ANZFDOYL
FTEERLTCuy QO KHEESYE, O xRT, 7%
ri R ru AHEE L TV AGAEE, BIfEHIIETERT., £
RERLUFOAR T OBECTH S ri?, ru? ¥ KT,
3.3 #7572 LIERTAONIE

AMHD—EREETLE, ZORFAEWYFETILIET
v, SHE. REEOBRT— S WHRET S L b IECH
DWEHET A LD Yz T LI LT,

AT OEPICECHVYS RS IEREHLEIIZ, 2200
Nx by zWTELT HEEZRUERT -2 o llBH L
TEIALDWUETHL, THETH) B race 3B TO X
IEETE D, B, BATEB MM par FiT Lo TR
ghxh, Na ‘par® bk, aDEELZETICEELOOD
DEERTHDOTH S,

race x y ra = assign (strict A x) ra ‘par’
assign (strict B y) ra ‘par‘ ra?

choice o x y = detag (race x y o)
where detag (A x) = x

>
>
>
>
>
> detag (B y) y

fnon

i assign ra ald, aDELEHEL THLET— 4 ra
DHEE = A, HE (237 — Y BAE) IR II$ i True,
KT T False BT TH % [25],
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race Tit. ¥ VAN B % & XA A CHMUHIM % 17
WO, WENREBIRLAEDPZERRT 2, HI2IER
race 1 2 raDERIZA 1B 20WTFI L TH5SE, b
Tit. McCarthy @ amb (2.3 % Burton ® choice
B2 bEHEL VD, amb x y == amb x y BT L%
WZ k% BHY, choice o x y == choice o x y It}
5t GEIREMREIRDIERE )0 x AT LD THIINILY %,
3.4 BF-—a0MH

¥ main = <a» — O ¥ FETTIEICE, BDIZ1D
B E R AREEORT — ¥ ra : <@ VRO ) HIC
ER SN, X main ra PEFE S N5, FEMEEERPM 22
wWlirbis,

HHOBRHTHLICERINET— YT XTHDIZ
12 TERSNAEORT— % raP bFET LI ENT
X2, HC, BT — ¥ ra DS OKEEOET - ¥ 2 &
Bt 538y — VA AV AU BRI v, AR
ENTBT— YR TRTHOBRT— ¥ rallHlYArin s,

Br—y Ny —-VEBEEY, BEO/NY - VRE AR
Wi, HEOET— ¥ ra M5t (Oracle) & LTHRIRY %
ZEbTEL, MENTOTTIAINLT LAY
5252 0o TCEOERBVEEHT 2 FE(L, 20] 4'd
2. FREBROTTIE COFESZFOTTFAHATE 2,

BF—- MR IO s I TR, ERShBET— 5
DPERCTHEOBETF— 7 1CHORAT A, FRENREOERE
FIRTET— ¥ BFEENLOT [FALXRO R LR
FUEEZERT 2] EVWIBEIRFESNL, T, #
F— Y R RBTHOICEHLICEALLEERD, ¥ -V
BAIC B AHET<<>> OFRK -7 DA%ZOT, RO
BHTurs Iy OBEMESRE. Bl X INEFER &
T 3 deforestation, fusion. hylomorphism[22, 3, 8]
EoTuys AERPZOTIEATE 5,

3.5 70735396l

WMEOBREMEF AT T, BEXFIHA gets. X
FH|FRputs IUTOL ) ILEERTE %,

> gets = map chr . takeWhile (-1/=) . mapR getchar

> puts = seqsR . map putchar

gets TIRUTO X ICREHHEL,

1. mapR % getchar ¥ VR LE#H (TA5FHx) L.

AR ERLLFA-FE) A MILTET,

2. takeWhile A5, ' A F DKL L LFI— F -1(3t

AET) AR END T TEET,

3. map chr 2%83) X b 2 XFFIIEKBRT S,
B|y-sHE TSI TE, BEFME R T
b, LEROLBIE, BROLTHHFLEL LD T TED
kv, T2 XFN0H LLERBS I TOANY
Shhid, #hUBROXFEHRbIELTTEY 2T 5
SRRV, 0L BEBEANZ, EROBEEBE TS
53V 7BV B#FE TV, Dialogue £ 7V, monad
[9,14, 23| TR RATE v, —H. #l 2 ¥\ puts
"hello!" Tl

1. map putchar #ELTF D) A P 2{EKT 5,

[putchar ’h’, putchar ’e’, putchar ’1’,
putchar ’1’, putchar ’o’, putchar ’!’]

2. seqsR A% A FADREENHIZEITT 5o
BTF®Decho3F—F—FADEZ0F FHEHEICFRT S
TSI ATHb

> echo
> echo’

gets ‘comnmectR‘ \ cs -> puts cs
gets ‘connectR‘ puts

connectR 20 DETF— S MBEKEEET 5. gets
OREROFINE cs |2 (connectR) S, puts I
EN%, echo TRRIAFK\ cs > ... THVTVE,
echo’ ® & 9 |2 connectR T cs 2 BRENC A VSIS
REETLIELTE S,

BB 7Or7 Iy CREREE e TRE MR
BICEY 2= bS5 FEFAV LS, ZFOFENE
F- S LTHICHTE S, T/, —ROTOT I <k
FATIVELCBESRABMER VS LIZE D ER
BN =<k T > EFDLTICTU ST LADPMERTE S,
4 TOEXANERER
41 7O0txH

—HCBIER RS TU R ADBRIEDTO L ) Kk b,

a2 - ap L > (b, bm)
a1,y O T T AP HZTS Ay =TI,
by, by RO TOEAANEY BT A v - VITHYT
2, TUEAHT) BWEH ORGBHF <SS IR SN D, Fik
HET— Y RBAEORT - ¥ NOBYDRAAE LTERS R
HEDT, L ->HOFIHIT1IDTLIV,
4.2 TOtXBOXRR

L#EDecho td2 7UL AR TH- T, UL A gets H
H70€ A puts NA v =Y s PELNTWVD LRAHZ
EATEL, TRODENERT S &

gets = <[Int]>> — [Char]
puts = [Char] = <[01>» - O
echo = < ([Int],[OD>— O

DEIE, TR ERO T U ARII-HTHI L
Bbhb, Tabb, HHO 7L (gets, puts) &
connectR THEA L7270t AB4K (echo) & 1 2D 7'
AL LTERBLTWAZ LIRS (H3),

[ 3: gets & puts D&EH

4.3 YZXLOFEREHY-T

BHOTO A LBET A —NTIE, JAMOFERE
W~ — VMEHERTRTH D, 200 A EFREIC
<=9 ¥ mergeR X, DL EOBEEETHVWTEXRT S
CEHTED[2], YA Pas kYA M bs BUTD LS %
EEPFOHEIC.



as = [a1,a2,a3,04,...]
bs = [by,ba,bs,ba,...]
DTFoxXTid, FFRENICas Ebs B v—J LT
mergeR as bs ‘commectR‘ \ cs -> ...
BIZIELUTFOE IR ) A M es KRB B,
[A a1,A a2,B b1,A a3,B by,A a4,B b3,...]

ALBIE FIBOVWTILLEEFIS LD ERT,

mergeR Tit, LT race FE—L A% assign % /i
WTERLOPHUBIE 2475 T B, fER. U A DR
EHY =V GHARBE LTHESND ZEHS (, AT
FTHORE & IFRENERD 2 DORBOSFEHIA+HT
Ho/N (10, 13] BT IEB IR I I TTIRIR
H5OREVEREN TS0, mergeR ¥ HLATIE % <
I-VFERBKE LTHRICERTE %,
5 CHf
51 77Lv b

gofjava T3, 77—y 70537128 ) GUI
DR, 7TV v FOEEHFTES (X 4),

GUIDERIWHANY MERO 705 I vy FiEx &
BT ENEV, FIRIESHEJAVAB) 3 Z20—2Th b, =
DFETH, AN PEHORBREH (X2 b Y
FI)EBETHILICEY, YOorsasidt s, L
JetSo T, AV I~ VAHNEHE ARV AT FSE
3, T B AL voTE Y,

fpplet

Applet started.

4: %E7 7L v b scribble

—J gofjava Tlit, BTFIZHWTAIANY M2,
1L ARy M EERT L. 204X FE%RET S
FTCTUYITHEEVINEEET 5,
2. ANy MERERE TR T I EICEY, A XY
PN FIOBEFIHL T AUETITS,
TV ABRHNBEEDANRNY Y N T, 22—
PANRY M EREZELEITTOy 2T 58BHE LCEK
WERBENL, ARV F NV FSAEMEEFREE SN
PEPIZE o TR E N A, gofjava i JAVA D5tk &
HE L TRESES L VBEEIC R Twb EEZLNR D,
BIzE=TADZ ) v 7 1185 DRI mouseDown,
FZv 7110 4 @ 8 # B #mouseDrag. #% i W B #%

drawLine, 220D X } DIFREN T — VB $ mergeR %
HMAEDETHEET 7L b scribble #8ik 3§52 &4
T&%,

> scribble = mapR mouseDown ‘connectR‘ \ dws ->

> mapR mouseDrag ‘connectR‘ \ drs ->

; drawver dws drs

> drawer dws drs

> = mergeR dws drs ‘connectR‘ \ ps@(_:gs) —->

> seqsR (foldr draw [] (zip ps gs))

> where

> drav (A(x,y), B(z,w)) s = (drawline x y z w):s
> draw (B(x,y), B(z,w)) s = (drawlLine x y z w):s
> draw _ s = s

dws {37 ) v JERED ) A b, drs i@ FT v FEED ) A
MI%d, TNSH%mergeRT5&, pskgsid, 7Uv
TEEICIZA KTy FEBICEB R DS Iz R
Ml% 5, drawLine THEZIK DX Vv 27 - K57
M@AB)EFNIv - FF v 7 (B-B) THbH,
scribblez i 7okt A DpaEk & LTH A Z &
b T&% (5), mapR mouseDown. mapR mouseDrag.
drawer dws drs D3 DD T UL APEEL, A X M
PLHBEI BN OB (7oL R) TRBIND,

mapR
mouseDrag

mapR
mouseDown

.....................

seqsR
(foldr draw ...)

X 5: 347 70+ X scribble

JAVAZOFHEREFETIE, TE7 7Ly P 2ERT
LB, BEOKELZLETA2F 7 V20 b 2EET S
Stlhb, —H, BRAOFETIE, REILICHOB
B, NOTOCADBTAIENTE, ThALOBEKY
HEMCAERTAZ LTIy S 8k RT 5, BEOK
BErHRNICRETALEL 2, BEMOBEICL-T
REMEZEINLE 2D, BOTEY 2 — LHEFE,

FIZ. mapR mouseDown i3, ¥V A K¥ VR b%EE
DWBFIH) FINA A FIANERBAIELTESL, 2D
EHWEZDE, B scribble IZLKT, 7 2ADKY
YV, RTAQU—F, ¥y vy TEHEE W) 3ODEE
EUBTDL1DODFINAA KNI A4 NERkb,

DI FKRADOFETIE, BHLZEBELRD 754 &
FOANEHEEBHES L CEBERLUET L1 D075 A
FSANEEEHIIERTEL L VIHEEE LTV,
5.2 OS

echo X scribble T T Ut AN FNREFNTINA
A NFGANE Lo THEATEEL, &KL LTID207O%
A, 1DDTFNAR FTANELR-TWE, HHOTut
A, HEDOTNAA FSANDEREIT) DA 0S TH
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2 ¥ RhiE, scribble ® echo ¥ &fk& LCOS &R 2
TELMEETH L, LIRS TR, Ut AHITEL
Ly,

AH TR, TR ARFENICENLT S LY AEHR
OS #3RibT 5, 0SS TiE. OSHHI»EBERELZEHEL, &£70
ERFMEA v =V OETEIT ) I, OSHEEKXK
REEDA =T EETT Do

OSH*BRHBBEETEALZBEBRAEICH H BN
[13, 10, 4]. BREWULIR) BEEAV T L700, B
BEZOFEIELIN TRV,

BA- SR TOYS I/ TE, YA NDIERED
2—CFAWTY [FUXRoOR CKidH CEE B
5] EVIOUEERRET A, LFIRT OS T ek
OSOELRTIRBHTE Lo L RBEILOBERANFTE, &
VEDOHBARRL VEMITEB Lo Tb,

ZIZTiE, 3] D 0S EFIC L o T, FaOFHE TR
T2, TOTBIC LB OSiE, gofjava EFR O L CTHEER
KECLDTH B,

5.21 OS&7O0tX

SITHBETLOS K6 Y LD, OSefkidl
DSORXvb—VRTHEREIN, £7 1AL splitter (M
o @ %) & merger (FO[N/) ##HELTAY &—
VEBICESES NS, 704t X Proc it A vt —T Mesg ¥ %
o TA Y — T Mesg # £ DL LTRBE SN,
Ay b= JICIER D B W IIEN T O T PId 25 S
Nd, Avt—VBEHENLF— ¥ it (PId,PId,Mesg) Al
T, MEIC GEfITE, 5846, PIE) TH b,

Int

[(PId,Mesg)] -> [(PId,Mesg)l
Create Proc

New PId

Kill PId

> type PId =
I
|
| Stop
|
|
i
|

> type Proc
> data Mesg

Syserr String
MNone

MInt Int

MStr String

VVVVVVYV

OSHmtgRez, 7ot A ¥4 — Y v pn(FFITF0) &, 7
INAX FIANDEEETHLTNAA A —TV ¥ dnlil
SEENTEY, OS BAILES) 70 & X startup 7 5 5
hEnt, OS@ROEHRELLTIORT,

> os dm startup <<(rms?,rds?)>> = ring
> where 3 .

> ring = pm pidq ring’ rms

> ring’ = dm (r:ring) rds

> r = (0,0,Create startup)

> pidq = initqueue 2

rms ZFEREH Y — T DO OMEL, rds ZEBOLHED
OO T— 5 ThHb, |T—FPEMSINTVEEEL dn
AHEMEN TV EAH 1] LDBENTH D,

BHNLnOT O APEBETKbENRLFTHEA
THEEIT AICIE, Av+E— (0,Create ) FRET 5o
Z it merger 2 £ 5T (n,0,Create £) DLTA vt~
VRIZIY-VENDL, pmt I EZET HE, Fa—
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pidq 2> H ¥ LV Fm 2 ELY B L, splitter m &
merger m Tf % IkATHG LHEFNIIEBET 5. BIC
Ay b= VB (0,n,New m) T T TOAv -V
splitter C7/ YA nIZHEESIN D,

7 0+ A ndt (m,MStr "hello!") ¥ #E ¥ h T,
Ay k= VR % (n,m,MStr "hello!") O Tl 1.
splitter m BTN EYP YL LTF 7O L £12 (n,MStr
"hello!") ZHET %o

(0,Kill m) ¥ 2EThEF T2t Fm) %
RTEEDRILENTED, pumAIDAY =TV EFET
%k (0,m,Stop) ¥ # v t— VRIZ{ T, merger m &
splitter m I NERMT 5 & £ OISy [ AT3 L OEf
Y%, Stop Ay E—VRELIFTL L, BHFm D
N 2 1 pidg (OB, HRIASNS,

TULAVEBEYAATEHHEEROBINFEET S
FONL R FIGAN Ay - Thk#kb, Bz (-2,M5tr
"foo\n") A EET A L EHEICXFFINFFRENS,

5.2.2 Avt—TOHE

Bi% splitter X, A v t—VIRAPLHGSBOX v £—

TOAREY YT, splitter i [13] LA TH %,

> splitter myid ((0,destid,Stop):ring)

> | destid == myid = ((myid,0,Stop):ring, (1)
> splitter myid ((srcid,destid,msg):ring)

> | destid == myid = (r, (srcid,msg):p)

> | otherwise = ((srcid,destid,msg) :r,p)
>  where

> (r,p) = splitter myid ring

Stop ¥ BRHT D & ZNUBIEIA v - T e T O LRI
BLAZ Y, 7U0LA v3— YV ¥ilnyid ZOIREE 5
(B1ER), LLERIAFEOA v —TVOFETH S,
5.2.3 AvE-VRAODY—-Y

B# merger 1. A v k= proc il 70t AD myid &
AL TA Y =V Bring Iv— VT 5, BT~ rs i
%F LT, wrProc #f proc %. wrRing #*ring %. ¥% L
THE AL, mergeR &K, A v t— Y OERMITLEET
% FADOHABHIE VB

> merger myid ring proc rs

> = wrProc proc rs ‘par‘ wrRing ring rs ‘par‘ rs?
> wghere

> wrProc [] <<xr7:rs?>>

> | assign (0,myid,Stop) r = True

> | otherwise = wrProc [] rs

> wrProc ((destid,msg):proc) <<r?7:rs?>>

> | assign (myid,destid,msg) r = wrProc proc rs
> | otherwise

> = wrProc’ r? ((destid,msg):proc) rs

>

> wrProc’ (0,destid,Stop) proc rs

> | destid == myid = False

> wrProc’ _ proc rs = wrProc proc rs
>

> wrRing ((srcid,destid,msg):ring) <<r?:rs?>>

> | assign (srcid,destid,msg) ©

> = wrRing ring rs

> | otherwise

> = wrRing ((srcid,destid,msg):ring) rs

Tk AN Ay k- YRR EE L ko 2% E &
splitter £ H1C (0,myid,Stop) & 7Ot A w4 — ¥



123k THRLHEE TS (wiProc E 1 EHK) 7O R ¥
F— V¥ O Stop FRMT B L F NELEIR proc %
BLTHB L YW T 5 (wrProc % 2 € #. wrProc’),
wrProcid, YUt ADOHHEBEHEI TA v t—JBIcE
FRALHE (BPTKIIL SRR) B EET,
5.24 70X vx—T4

THEA A=V rpnik, TOLADEB KT RS
T A F (PIQ) F 2 ERT 2, U Tl pn o EH D —
HThb, 7O AORBIIE LI EH. TOLRAORTIZ
B2EH. BITFOENEBENAIEIEE D5,

pm pidq ((myid,0,Create f):ring) <<(xm?:rms?)>>

= merger newid ((0,myid,New newid):o1) o2 rm
where ol pm newpidq si rms
f s2

>
>
>
> 02

> (s1,s2) = splitter newid ring

> (newid,newpidq) = headqueue pidq
> pm pidq ((myid,0,Kill pid):ring) rms

> = (pid,0,Stop) :pm pidq ring rms

> pm pidq ((myid,0,Stop):ring) rms

> = pm (addqueue myid pidq) ring rms

525 FTNARX 2x—S %

3Tk, FEBULEZAFAIDOTO LR %EY
BTTTFNAR FIGANELTVE, ADFETH
splitter & merger * IVTHEDOTINA A K5 4 3%
HET b BELLTNA R FIA4NELENFTINAL R
VA= TUNE LD, LEBFEREINR TV AVTNL X
VA=V ¥ duzero XU TO LI IIEHTE 2,

> dmzero ((myid,destid,mesg):ring) rds
> = r:dmzero ring rds

>  where

> r | destid < 0 = (destid,myid,Syserr "dmzero")
> | otherwise = (myid,destid,mesg)

destid PHHOBERBHENOA v £~V 2O THAL
L. BOBERRBTEBLFNA R BS54 NN koD
EERBDOTET - %KY,

Ting AN Xy L=V EBEHRT E TNy YROF N4
A XAV v duspy RUTFOBEY Th %, £RHO puts
(print ring) & L0 dmzero FWEATEIVET 2,

> dmspy ring
= puts (print ring) ‘comnmectR‘ \ u ~->
u ‘par‘ dmzero ring
where
print (r:ring)
= "spy:" ++ show r ++ "\n" ++ print ring

Vv VV VYV

UF OB nkdrv i, 7754 2 v 52— I v L FNL 2 K
FANEREET B, —HITFINA R FIANdy,...,d %
%ﬁbt?”417$”7TuUT@ﬁTﬁ§ﬂéo
(-1,d1) ‘mkdrv‘ --- ‘mkdrv‘ (-{,d;) ‘mkdrv‘ dmzero
HIERS TEL 0. BREEE VI BEIHI 9

> ((id,drv) ‘mkdrv‘ dm) ring <<(ra?,rb?,rm?)>>
> = ring’

> wh = dm s1 _ra

> ere g = drVSSZIIb

> (s1,82) = splitter id ring

> ring’ = merger id ol 02 rm
>

> dm0 = dmzero

> dml = (~1,getcdrv) ‘mkdrv‘ dm0

> dm2 = (-2,putsdrv) ‘mkdrv‘ dmi

dmi % dm2 CHBIT -1 & —2 &) B TATF (F) AR
NDTFINAA RFGALNERTFISRT,

getcdrv ((myid,MNone) :rest) <<ri?:ris?>>
| i==1 = (myid,MInt i):getcdrv rest ris
where i = getchar ri

getcdrv ((myid,_):rest) ris
= (myid,Syserr "getcdrv"):getcdrv rest ris

putsdrv ((myid,MStr s):rest) <<ru?:rus?>>
= case puts s ru of
() ~> (myid,¥None) :putsdrv rest rus
putsdrv ((myid,_):rest) rus
= (myid,Syserr "putsdrv"):putsdrv rest rus

VVVVVVVVVYVYV

2.6 #E
TONAR XA =TI v ORT—RICDTO®Y) ThH 5,

[(PId,PId,Mesg)] — <a> — [(P1d,PId,Mesg)]
Bald, LET 3 ALDOBEALRY, J08HE 0S4Hk
DEIPTOLS 1% 5,

< ([[(PId,PId,Mesg)]],a)> = ()

BIZIZUNIX Cid, AT 2 HBOBMCHIR OB,
OSEEBHEE (F2 v I V) TELENH- 7. BHT
U793 TOEM5E, BERIZL > T OSHoR
KREhDERDZIENTED, HrOFHETIE, 0SSO
HHECEREM nkdry TEHESN, P4 26T HR
FOSOMEZEDLY, WETLZEBOBELHIEIMIC L -
THKRIIRS A,

T, LElDoswEHE LR A E, pm pidq b dm
b, BUToRIv vy 715,

[(PId,PId,Hesg)] = <> — [(PId,PId,Mesg)]
%Y. pm pidg X dmid, FEHHEO 7T L X IIHL T
bo LIWoT, BEOTOELA v 52—V v R 5754 2
VAT R ERERELD, AROS DA v k—-U L
OSTHHTZ0S~vA- YUy pmFRCEHL T, A
? 08 % splitter ¥ merger CEH T HIE, OSHv |
V=0 &l AIELEETHL, BEROTILANS
WMESNZ T ARE L TR AL RN TE LT
&, OSERb 1 70+ A L LTH/I LD ELTH S,

CITRLT O ADEAER O, GUI TER
TELAZ2=RKRY Y HPRRICE > TET 2B D
FAETE2,

6 f5ER

ARTH, BATBHEL OO REWLRE AT B T
VEADO b T U AR @T - IER T U5y
KWEoTRBTAHFRIIOWTHE L, AFETIE, o
YU WA GUI 2 E UBE TR S &M TE, OS
DR OEAT S I B ORKERE L BT — ¥ BT 5
DTEEDEFRDPES TH D, Bt 2 BBILE S FIE T
&b, SROBEMELTIE, GUITA 7T ) OFE. —#
TRZGYEOEER T WTUST IS AV 4 LW
V. B ATVHHBORBILOEERH TSN,
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