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Stream Processing on FUCE and Its Implementation Language

Ryuzo HASEGAWA, Hiroshi FUJITA, Satoshi AMAMIYA,
Miyuki KOSHIMURA and Makoto AMAMIYA

(Received December 9, 2005)

Abstract: In this paper, methods of concurrent programming on FUCE machine and language designs

to implement them are studied. The idea of multi-thread processing on FUCE is far different from the

others fitted to conventional computer systems.

We have been developing a family of languages that

are suitable for writing programs which should be executed efficiently on FUCE. The language features

include several ways for handling synchronization, mutual exclusion, and stream processing. These should

enable us to write more FUCE friendly programs, and a unique FUCE-OS in particular.
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Table 1 IML syntax as an extension of C syntax.

<function/process definition> ::=
<type specifier> ( function | process )
<function/process name>
( <formal parameters> ) [ < <fan-in> > ]
{ <function/process body> }
<thread definition> ::=
thread <thread name> [ < <fan-in> > ]
{ <thread body> }
<DA variable definition> ::=
darea <variable names> ;
<DA variable assignment> ::=
<DA variable> := <expression> ;
<thread transfer> ::=
=> <thread name> ;
<function call> ::=
<DA variable> := <function name>
( <parameters> ) => <thread name> ;
<self-recursive call> ::=
recur ( <parameters> ) ;
<statement to be executed last> ::=
return; | <thread transfer> |
<self-recursive call>

2.1 FrRIIVICKTHIER

AP —LAABICBNTIE, T—YDOEDFLZITF
LD, T ERRBETIZHFERTSD I EHBLN.
U, BEIEBREOHETIRRNONY 77 TH 5.
ZIZTR, FrRNEFEINDREERNCT—F1EZOE
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struct chan {int flag, value, from, to;}

flaghio D& &, ARU—ADBNALENTND I LEE
T, value FIEAD A MY —ALABH (ZZTRERME) 2
M9 5. from ZRHTO, to WZREOSOEADA
OALy RESZBWNT 5.

TOtAER

process P(chan *ch, ...) <2> { ... }

*chid, F v RIVEBEE~ORA >F. <2> 1, POA
OALy RDfan-in¥k. |MEEOHE, <1> &EHRT.
{ ... Y& POEKTHS.

A VARY 2 AERK

int p = new P();

POA VAT VAEERL, T—IEBEEHRTD.
AU —LOHBH

F v FIVHEEED from A NI A M) —ATF—F &%
Hixa 7Ot RID%E, to ANKEZEREDO SO AIDE
FheEnty 9%,
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Table 2 Extended syntax for channel.

Meaning J

Channel syntax

h ! v; . . . .
zh x ‘II: v write with notification
xx 1w
h ! v, . . . .
zh xx ,Y, v: write without notification
xx MY ovg
ch !'! nil; close with notification
h 77 y; . . .
zh XX Z.’? Vi read with notification
ch 7?77 y; . . .
ch. xx ,,Z,’? Vi read without notification
ch 7= nil true if ch is closed
ch |> q; change receiver
p( ztz 22;::;’) . (re-)connenct channel
s ;

Bl :  p(chi<+>, ch2<->); q(chl<->, ch2<+>);
ZDEFMOF ¥ RIVRIEICEET DIEEIT DN T,
Table 212777
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3.1 #EHH
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J— A OIMLER % Fig. 1IZRT. A U —LAEE
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BkIZ 05 U Cinit- /trigger-/ack-cont & MEUV3 T 5.
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nNs&, chk7F—¥x%2&ERAH, tRZOHRELZRT
trigger-cont # 179 5. ridwd 5 Dtrigger-cont i X 1D
BExhadE, chirbTF—FxeHHL, wilkOFR
B % {8 T ack-cont & F17 9 5. w(r) Dfan-in 32T
H B DL, trigger-(ack-)cont EAFHIC BIRREH D72 D
recur-cont # N EETEHENHTHS.
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Sz,
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TS TTETERBBELYLTL. O =72 (BN
12, EDcont@HFETICHBTS. TOAwAmND
HRIO k—2% 2idinit-contiZ, wrEHLZDEDIN—T LD
r—2 Vldrecur-cont K ENENHRT 5.
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process main() {
w =new W(); r = new R();
ch->from = w; ch->to = r;
w(ch<+>); // w@recur—cont%ﬁ'
r(ch<->); // r®Drecur-cont FfT
cont w; // w®init-contFIT
}

process W(chan *ch) <2> {
/% xDEERDDEE =/
ch->value = x; _
cont ch->to; // rDtrigger-contFfT
recur;

process R(chan *ch) <2> {
x = ch->value;
cont ch->from; // w®ack-contFH(T
/* xDEZEFESZFHE +/

recur,
Fig. 1 Continuation method.
&
<2>
<2>
Fig. 2 Petri net for two processes.
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KRB =2 O BNEED T ENBNT ENESITHS.

3.2 7=F&H(Flock/unlock A

FUCEZIE, ALy RDfan-in 1o > MICBE#EL T,
lock /unlock @1 4 &5 Z L w K7 7 £ BT % Pt
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lock i =T N idrecuriZ & Dbusy wait§ 5. widriich
DOHRAMEIRVRD, BEHEL T ch KEZADIERT

process main() {
w =new W ; r = new R();
ch->from = w; ch->to = r;
w(ch);
lock (ch->to) ;
r(ch);

}

process W(chan *ch) <1> {
if (!lock(ch->from)) recur;
/* xDIEERDDFE */
ch->value = x;
unlock (ch->to); // riZXtLunlock
recur;

}

process R(chan *ch) <1> {
if ('lock(ch->to)) recur;
x = ch->value;
unlock (ch->from); // wiZ%fLunlock
/% xDIEZE/E S 23R »/

recur;

Fig. 3 Lock/Unlock method.

Z9, rbwichiZENARWVWRYD, #HEEL Tch 5FHAN
FZLERTERWL, LML, wOBZARRIIAHRAH
FTEWSREITARL, wrBlFABICFrRNVT 72T
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Wb 5.
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process main() {
w = new W(); r = new R();
ch->from = w; ch->to = r;
w(ch);
r(ch);

}

process W(chan *ch) <1> {
if (!'lock(ch->from)) recur;
/* xDEZERDDHEE */
ch~>value = x;
cont ch->to;
recur;

process R{chan *ch) <2> {
x = ch->value;
unlock (ch->from) ;
/% xOEEESEHE %/

recur;

Fig. 4 Hybrid method.

fan-in¥ 31 TH O, —H, rid2TH D Z &R, widB
BOA Ly RiZxt UlockZz ik, KRBT Hidrecuric & D
busy waitd 5. wihllock(w)Z#iT TchitHERDE, ¢
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OFIEIwHRES L ThicEZAD I &3,
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3.4 Look-in X

cont, lock/unlock® WTFHNIZHBE ST, 5DIDAE
VIZBMNIZT T VTR ICHESMEBIE 21T
FRERICET. 79971, Fy RIS ERITupd X
OINELTEMT 5.
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HeZebizn.
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updP0D EETH D, TOBEErErecurfFEHFTHS.
72, rlupdNOERETES DIZupdM1OEETHY,
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struct chan {int flag,value,from,to;
int upd;}

process main() {
w = new WO ; r = new R();
ch->from = w; ch->to = r;
w(ch);
r{ch);

}

process W(chan *ch) {
if (ch->upd==1) recur;
/* xDEERDDEIE */
ch->value = x; .
ch->upd = 1; // B LANZRRE

recur;

process R(chan *ch) {
if (ch->upd==0) recur;
x = ch->value; -
ch->upd = 0; // FABAIHRE
/% xDEEESTEHE */

recur;

Fig. 5 Look-in method.
A4 2N
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WZRT. (1)@prints(ch) i, chOTF—F¥ EFTRTHS
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process main() {
darea chan chi;
int n = new ints();
int s = new sieve();
n(i::2,ch::chi<+>);
s(ch::chi<->);

}

process ints(int i,chan *ch) <2> {
if (i > 100) { ch !! nil; exit; }
ch !'! i;
recur(i::i+1);

}

process sieve(chan *ch) <2> {
darea chan ch2;
int a;
if (ch 7= nil) exit;
ch 7?77 a;
if (a>10) {prints(ch); exit;} // (1)
printf(a);
int f = new filter();
int s = new sieve();
f(e::a,cha::ch<*>, // (2)

chb: :ch2<+>);

s(ch::ch2<->);

}

process filter(int e,chan *cha,
chan *chb) <3> {
int a;

if (cha ?= nil) {
chb !! nil;
exit;

cha 77 a;

if (a% e ==0) {
recur[2]; // (3)
} else {
chb !! a;
recur;

}

Fig. 6 IML code for a prime number generator.

ADADRE DAL EDEEFIZHNNDD, TORE,
chDEH 5 (ch.to)MsieveMBEICAEEINS. ZHhi
&0, ints 7OEANSfilter O ANEET — M
RHEIND LIRS, Bk, EMOfilter 7OEZM
5L Dfilter TOERAICK LTS, RO ENES
ENB.

(3) TIE, recur-contZ2FETL TW5 I LITHER.
a%eM0D & E, chbiZHNETNZNDT, chb.toNHD
ackMZzWN. LR>T, Hldhbchb.tollT—4 &%
HLZEADOK DI, KIBMICack-cont ZFHTL TR 34
END 5.

KiZ, Fig. T otzZ2n~XrY %y b, Fig.8iC
FOIMLERZRT. merge 7Ot Arls, 1BEFIE 4R
T57OEZXpMN 5D X Y —L(cha) & FEMNEAERT
BTOEAGPSDA MY —L(chb)EHEL, —HDH
A MU —I(che)iZ UTEE SO ZsIZBI X HET.

mergeldp,q 5 Dtrigger-cont iZ &K D iEB = 1, KAl
I cha,chbZ2 REIC R S. iR Z DD OHHALEK

o

Fig. 7

Petri net for merge process.

TH5. cha(chb) E W TH T —FBEH T HIE
(cha.upd(chb.upd)==1), TDF ¥ RX)VMN5EF—F &5
AT BT W2 niZ(cha.upd (chb.upd)==0), i
HOF v FIVZENTWDEREMNS, chb(cha)k D F—
yEmAHT.
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T, BE— REFRTHIZwADack-cot NABETH 5 Z
CEIZHE. Z0oBEMI,wr7ObEAREENORBD
¥, recur-contZ FET L TWVWBH, RIZIRERLTW
A2

ZILT, BEFLHRAFLOUBFEEICKRENRT
N, EE5BRMR<BETHIENTES,
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struct chan {
int flag, value, from, to, upd;

process main() {
darea chan chil,ch2,ch3;

int p = new evenodd();
int q = new evenodd();
int r = new merge();
int s = new comp();

p{i::0,ch::chi<+>);

q(i::1,ch::ch2<+>);

r(cha: :ch1<~->,chb::ch2<->,
chc: :ch3<+>);

s(ch::ch3<~>);

cont p;

cont q;

}

process evenodd(int i,chan *ch) <2> {
if (i > 10) { ch !! nil; exit; }

ch.upd '!! 1;

ch !! i;

recur{i::i+2);
}

process merge(chan *cha,chan *chb,
chan *chc) <3> {
darea int i=0;
int u,v;
if (i==0) cha.upd 7?7 u;
else chb.upd 777 u;
if (i '=1u) {
cha.upd !!! 0;
cha 7?7 v;
che ! v;
} else {
chb.upd !!! 0;
chb 77 v;
chc ! v;

recur(i:: (i+1)%2);

process comp(chan *ch) <2> {
int v;
ch 77 v;
printf (v);
recur;

}

Fig. 8 IML code for a merge process.

5.2 FrRIURb

EEXFLEATFOFEEZEVREVHEKIL, RNy
TyERANTS, BWHREATLED. £0L518
&, 2B EOF v RN EEINTERL TEEZEZ TN
BEVNIHERDD.

FmEZIE, EFEEHEITBWT, sicveNREpZEZITE
BEZ, Ihz2EEbilouts 7O AICHIEEL L.
ZDBEREII—HRAIT, sieveldouts™ S DackZRFH72<
mTn., ZOEIREE, sieveloutsZIBOT—FEEZ
BIZHFLOWF 2N EHERTS. ZOKRTZFig. 11ITR
F. s, ENFIEEOHR V2 — X Dsteve BE
outs 7O AERT. childs;, i MEHTEIF ¥ RN TH
5. sieveldF ¥ RNIT— 4 2 ERBoutsiTEHTS.

Fig. 9 Two processes communicating via alternating

buffers.

=
-
3
-

A
tc tc
\ mc \
ac B tc ac A
L, <]
tc A tc B
\ mc \
ac B tc ac A
B
(a) (b)

Fig. 10 Timing chart for two communicating processes.

outslIT—INELNTRBEFYRINSET—F &5
32, BHIEDsievellackZBB I 20y,

ZIT, E5NTL BeontBERDEm A fan-infin %l
Z72BE, BBm — nflDcontERIBTENRNI &N
HETHS.

F v R EEERITIROLIEETS.

struct chan { int flag, value, from, to;

chan *next;}
Thabb, BEOANOENMIROF ¥ RIVEEAD
RA I THBnext A NEFHML TS, BT BIC,
FrXIVOURAEEEBRTS. Z5LT, £EEE
HEBREOMICAEENY 7 7 2BNT, MEOUEEE
EEWRTEIENTED.

ZOESKR, KVBACHEEEEBRTELANZX
LERRETHE, XORELET—YRHRGENES
INBILKRD., LIAN, EEENHEEOERK
D—HHICHWEE, BREREWOIBERELCS. ¥
I, WREOHENEEEMLDENRS, Fyrely
SREFZERST, KOVBRAHEEIRS. JHUTIXE
TRERTEIE, WS OMRLENEZ NS,
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Chl
* 21z -
<2>
Ch2
3 / w2
<2>
Ch3
5 w3
: <2>

Fig. 11 Channel List.

L%

w; 70X e, 7O ABOBIEF v RV Ech; T 5.
chi.flag : undef 73 513, rildchi.tolZ HthidZ i AL,
chi.from (w; Dthid)IZX LcontZHITL, willtT—F %
ERT S, wildchi.to (ri Dthid) MEA SN TWH I,
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