ogdd: Dboggooobbogaad

0000 (NTTCSOOOOOD) O0OO0OO0OO (NTTOoOOoOoOoOoO)
hirata@brl.ntt.co.jp yamazaki@t.onlab.ntt.co.jp

1 000Od

0000000000000 (Concurrent Logic Language, CLL) OO0 000000000 DOOODO
0100,0000000000DO0000DO00D,000DO0DO0OOO00ODOODOODODOODOODOODOO
O00ooO0o0o0ooo0. 0ooo0o0oooo0o0oooo0ooooooooo0. CcLLoooo, oo
00 GHC, Parlog OO0O0O0OO0OO0OOOOOOOOOOOOOOO,00000O0ODOO0OO0OOOO
gogoob. bod,dddooooooobooboobooboobobb, bbb oooooo
000oooO0o0ooOoOo0oooo0oooo,0oo00o0ooo0o0oooooooooo0O. ooao,
ooo0Oo,0000,00000,00000,0000,000000000000D00O000O0CDOOO
00000000, 00000000000000LOO0DO0O0UObLODOO CckUDOOUOODODOOODOODOO
DDDDDDD,DDDDDDDDDDDDDl.

000 CLLOO0O0ooooooooooooooooooo0. ooo0, 0ooooooooooo
CLLOO0O0O0OO0O0O00O0DO0O0O0 30000000, (1) DDb0DDO0ODO0ODO0ODDOUOOODOUODODO
o0o0ooO0o0ooooOo0oooo. boO0,000000000D0O0,000D0000 CLLOOOODOO
000000000, (2)00000000000D0O00O00O0O0DO0O0ODOD0OODOOODOOOOOOOD
0000. 000,00000000000000000O000O00OO (7, 00000000 O0OOOOO
00000000000 3)o00UoD. (3) b0L00L0OLD0DLO0U0OUOUOUODO. DODUODOOO
00000o0000oOo000oOo0oU0oOoOo0oUOO0OO0, 0000000 OoOOoOoUODO.

(3) 000D00000000000 KL1[10], Huntback 000 [6) 00D0DO0. 0000000, 00
O00ooooooo CLLOooooooooooo0ooo0oooooooooo. ooooooooo
0000000000000 00O00O0O0O00D0O0D. 000 (2) 00000000, 00000D0000
00000000 transparent OO0 O0O0O00O0OC. OOO0O, 0000000000 OOQCOO0O0OOO
000000000 pPO,000000000000O0O0O0O0O0O0O0O0OOOODOOOO OoooOOOO
(PCO)0000O0. KL1ODODOOOOODODODOOOOOODODODOOOOD,0000000,000000
0000000000000 000000D0000000000D0O0 (Huntback OO0DODOOOOOODO
Ooo00o0O0obOoO0Ooboooooooag).

00000, 000000000ooo000ooo0ooooooo0oooo00. Dooooo, o
O000oooo0o0,00000oooO0000ooooOO0o00o0ooooOoO, 00000 ooooo
DOo0D000O0DOoooon?

000000U0U0UOoOo 20000. eJ0OO0OOODO CLLOOOOOOO. DOOO0OOOO, 00
O00ooO0o00ooo0o0ooo0o0ooooUoooooooo0oooo0. ocoooooo CLL O,
O00000ooOooOoO000oO00OoooOoooOO0O0. eJO0OO0OO0OOOOOO. DOOOODODOO,
0000o0o0000ooOo0o00UoO0O0U0L0O0oO0O00DUCOOO0O0ULO. DOoooOo CLLOoOoOooooo
gogooobo,dggoboobodoooobbooooooboooobboboooobbobuooooobon.

0000oo0oO0o0o0oo0 0000 Dooo00. 00ooo,0000000o0oo0o0oooo00O
000,00000000000000000000O0O0OO0O. DO0O0O,000000000DOOOO
0000o0oUooooooO0O0o0o0oO0O0ULoOoOoO. DooO0O0, 000000000, 00, 000000
g, ggbobogoooobog,bogobobooboooobobobooooobobbooon.

2 0OOoo

oo oooboobobooboobobooobg.

000D0,000 CPUDOD 20% 00000 A0,8% 00000 BOOOODOOOO0000000000O.
}CLL 00000 [20000000000.



(a) 0DODODO0DDOLOOODOOODOOOO
(b) DOOU0OOODUOODODOOOUDODODDOODOODOODOODO
(¢) DODODOOD 2000000000DODOO

go,gbooboggg.

() 0OODO00OO0OOO0O0OD 100,0000000000000C0O0,000000000,0000000
gobogobooobooobooboob. obboobobooboo,oobo0oboobbobboobon
gboobooboooboooobooboobo. boob,0bo0obO0o0obDoOob0bobDboobOon
0000000000000 000O000 (DO0OLO0ODO0DO0ODOOO0OD),Do0b0bDUDOoLOOoDOOD
00000000 (9. 0000000000000 00, 000000000000 0DO0OOO0OO0O
gobooobobooboooboboo,bbgo,bbooboobbooboobboobbooboobboon
Oo. obooboobooboboobboooboobobo,0bboobbooboobo,0Dob0boobobOon
oboooboooobogooog.

(bp) OODOOOOOOOOODOOOOOODOOODOUOODOOOD.O0D0OOODOOOOD0OOODOO.

o0 1Q000000o0obo0obobobobobo, D0oobobobDooOooOUoobOobobOoD. oo
0,000000000000,00000000003.

00 2000000000O00DOO0ODOOOOOOOODODO. DOD,0D0O0DOOoCU0ObObOODOD
ooooboobob,0oboobobooobooboooobo.

00 1 0000000000000 (00O0)0000000O00O00O0O0O0. D00DOODOOOOOOD
goooboobooboobo,0ooboobobooboboboboobobooboo.boooob
goo,bobooobooboboobooboboobooboboboobob.boobobooob
o0000o00o0oOoooO0oOoooOoooDo (o ron).

00 2000000000000O00DOO0O0OO0. OO0, b000pOODOO lOODDOOOgqOOODO
gooooooOoooOdooo. cdoodoooooooroooUooDoOooDO,000DOoOoooo
ooooog.

gboobooobooboobobooboooboobooboob.ooboboobooboo,00bo
gbooboooobobobooboooboboooboooa.

(¢) CLLODODDOOOOOOOOD 20000000000.00000000000 FGHCOOOODO
gooogo.

-X=a, Y=>D, piX,V), q.
O0D0000D000,00 X,YOOOOODOOO pOoOoO
O0O0D0.00 XOa YO bOOOOO,pOOOOOoOoO p(X,Y) :- X =a | (1)
X, YOOOOOODODOOD. 0oooooo,p,q00000 pX,Y) :- Y =5 | (2)

OO0 pOO0O0OO0OOOODOODO 2000000D0OOCOODO. q-
ooo0,00 p,q00000OOO0DOOO,000 (1)(2)00,00000000O00DOOOOOOD
gooo.0oboobogo,boboboboobobobobooboobobooboon.

3 dooooog

0000000000000 FGHCOOOOOOOO,0000 300000.

e DD ODODODODOODODOODODODO.
e DU UOUOODDLDLDOOOUODL. OUUOLUDLDLOLOUOOUOLUDLDLOUUUODLDD.
e JO000D0O0DODDOUDODOUDO 1DODO.

000,00 BASICOOOOOOOOOOOD 10000000000000000D00O0DOODOO.
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go,goboobobobobboobodooooooooobobooboobo, bbbt ooooonoo
gogb. oo obooooo,bogoobobboooobbbooooobbboooobbbooooo
goboo.booboobobooboobooboobooboooboooon.

googooooo

p(Y)? - viZe... | b1,b2,---.
—— ~—_——— ~———
ogooo aooo oooo

000000000, 000 X,Y,---00000,a,3,---000000,X,d000000,¢t0000
000.0000000000000000 (by,by,---)0,00000 (p(X)*), 00000 (X £¢), 0
0ooo ((@)>¢ - (4)),000000000000.

000000,00000000000 1000000000,00000 [11)00000. 0000
0,0000000000000000000000000000000000000000000000
0000000000, 000000000000000000000 wellmoded 000000, well-
moded 0 0000000000000 0ONON0O0OONON00OONON0OOONOD TOVeT>aVT =a
oooooo.

0000000000 (@) -¢° - (4)000.000,000000000 & 4000000000
0000,0000000000000 100000 é00000000000% (owt00OOD0OOO 1
D00D00000O00). T=¢°-=()0,00000000000000000000000000000
D00000000000000000000000000,000 () = a® = (89, (o), = ~° = (),
Te=¢=()0000a® =g (0f,3)=9°, T=¢00000000000.

000000000000 000000000000000, 000 CLLOOOOO0OO000, 00
D0000000000000000, 0000 in/out 0000000000005 00000 well-
moded 1000000000 OOO, = 0000000000000, 000000000000000
00 [4. 0000000000000000000000000000,000000000000000
0. 000000000000000 (aggregate priority) 000, O00O000000O0O0000O
0.

00000 p(X)* 000000 X £t 0000000000 in 00000, 00000000

out 00000000000D00000. 00000000000000 p(Y)?-v;2¢,...|---000
04,6,---0out00000,00000 B8,6:,---0000000.
00000000 FGHCOOOODOOOOO 300000000,

0000 1: 0000 by,by,---000000000000.
000000,00000000000000000000.000000,in0000000000
0000000000000000. 000000,00000000000000000000. 0
0000 p(X)*0,e000000000,0000 arity 000000000000000000,
000000 {X/Ye/4} 000000000, 000000000000000 (0000000

oooooooooo).

0000 2: 000000 ,; 0000 (00000)00000.
00000 X£¢0000000 {}000,000000000000000000 {T}0OO
0.000010,00000 pX)*0p(F)P-Yi2¢.--| bi,by---.00000000000
00,000000 {a(=4),6,---} 000. 00000000000, 000000000000
0000000000, 0000000000 v12+40000000000000000 (B, --)
a2

00000000000000. ¥ 2+ 0000000000000000X; & XoAX, ¥

‘00D0O0O000000:00 ‘0000000 in(0D0O0)0D00O0O0OO0,°000000D0 out(DODO)ODOOOOOOODO.

00000,000 out0000000D0O0DOO0DOO0OO0DO,in00000D00D00O00O0O0OO0OOOOOOOOOO0.
000,XisY4+1000000,Y0OOO0ODOO0OO0O0000000000. 000,00000 X%isY‘+100000

ogoobooboooo.



XsA-AX,2t000.000 100 a1+, 000000000 e |-+ |, 00000
Oo.o000,

. Q; ...ai:oszDDD ozi>-oszDD
ailaj_{ a;i>fBAa;-B0000 freshO 8 ..0000000

1000000, 00, X2 f(Y1,Ys,)AX 2 f(Z1,2,--)000,Y; = Z (i =1,2,---) 00
O000.00000000000000000000000.

0000 3: 00000000000 0000 10000000 (committedchoice).
godooooo ~O00O0O0OO0O0OO0O HDDDDDDDDDDD,V(}&EH.—'(QS>7T)DDDDDD.
oood {d’}D {5}DDDDDDDDDDDDD,JDDDDDDDDDDDD. oob,cQdogn
{¢}0 {f}oooODOoO0O0O0DOO0OO0O0O.

o E{ay - {0y it (@ #{BA(VEe{@Ine{FloEE-nVvoEE=nA
(me{pl3de{dto EE-nVoEE=n).

000, 80 o= p 0000000000000, {a} > {a,p} = {pyOoO00oO. {T}O

goooooodoboboodo. ogoobooobobbuoog =0bO,00000o0o0obobn

0>000,0000000000000000000000. 00000 p(X)*0000000
FGHCOODOOOOO,00000000 {X/Ye/8} 000000000 commit O0.

4 OO
ggobobooooboboboooobbbooonon.

e 0D UODUOODUDDODLOODOODODOODODO.
e J0ODODODODODODODO wellmoded 000D, 000000000 OOOOOOOOOOO.
e JUODODOODODDODOODODOD.

oobO0oO0O0o0obD 20000000000 0DOCOOODOOOODObDOO.

0000o0000ooO00oU0oo0: DO00oUooOoO0o CLLOOOOOU0OO0 KLiooooo,oooo
0000000000000 00000D0D0oOoooooOoOOOCOOODOOO. KL1 OO, epriority OO
0000000, alternatively D0 UO000DO00O000D0OO. alternatively DOUODOOO
0O commit 00000,00000000000 commitOO. KL1 OOOOOOOOOOOOOOOO
O0b00b0o0o0ooooD,0b0ob0ob0b0b00obO. 00 alternatively DO00OO0OOO0OOO0OO
O0. 010 KLlooooooooo,Np OOOOO0OO0 pX,Y) DOODOOOOOOOOO,0000

:= (X = a)@priority(10), =T =a% T 59,
(Y = b)@priority(20), 7 - 6L X ] s, Y ¢,
p(X,Y)@priority(Np). r(X,Y)>.
a._ v 2 1%
p(X,Y) :- X = a | true. r(X,Y)* - X;S | I_)}'
alternatively. r(X,Y)* =Y =t | by

p&X,Y) :- Y =Db | true.

02 000000000D0000O0
O 1. KLlooooooooooooo

0000000000000 00oo0O0. 000 p&X,Y) O commit O Np OOOOOOODODO. ODOO,
Np>10000O00 10000,Np<L1000000 2000000000, DOOODOO,X=a0Y
=bp000000000000O0ODOOOOO, alternatively 0000 p/20000000000000
godooooooooooDoOoUoooOo. ogooo, KLl oooooooooooooo,oogg
obooboooobooboboooboooog.



00000 00000000000 20000,0000 KL1OODOODOOODODODODO. OoODoOoO
0,0 yOOODODOOOODOODOOOODOOO,r(X,Y)*0O y1t0000O000O000O00000
gooogoo. DD,T(X,Y)“DDDDDDDDDDDDY;tDDDDDDDD suspend OO . OO

0D b, 000000, 00 r(X,Y)*0Xx2s0y21t00000000000000, 00 100
0,02000000000000 {a,8},{e,7} 000, 000000000000 b,000000
00. 00000000000 840 00000000000000,00000000000 o000
000O000.000000,000000000000000000000000000000

0000O000: 0O0,0000000000000000000000000. 00000000000
00000000000000000000000000000,000000000000000000
0,00000000000000000000000000. 000,000000000000000
0,000000000000000000000000000000000. 000000000000
0000,0000000000000 1000000,
000,0000000000000000 wellmoded J00000000000000 (0 3). O

=T =a%a = B2 a =1°,

r(X,Y,8,7)%, r(X,Y, ) - X Za |40 3.

xZay 2o rX,Y,3,)% - Y Zb | 5=~

03 0000000000DO0DO0bODO0DOobOO

0000 B8,70000,0000000 a>B,a>40r/40000000000 200000000
00000, r/4000000 -0 void 00000, 00 #(X,Y,6,7)* 00000 suspend 00, O

0pf0~00000000000O0DODOOOOCOO, 00000000 XﬁaDDDDDDDDDDD
O.000 suspend 0000 r/400 10000 resumed v>=0000000000. 000,00
000 go0o00O0OO0ODOOOOOO0OOOOO0OO0O0OO0O0OO0,yOOODODODOODOOOOOOOOOO. OO
YLbO00O0O0D0DO0O0D0O0O00O0000. ooooo,0 300000o0ob,obooboooooooDo
obooboboo,0bo0oboboobooboobooobon.

oooobo,0boboboboobooboobobDooboobooDbobDoob,bobDoUobo
000000 (0D 60)000000000O00O0O0OO0ODOOOOOO.

0000000000000: 000000 fi=a°>+4'0000000000000,0000000
0000000000. 00000000, 0000000000000000,00000000000
0000. 0000000,000,000 o, 8,y0000,a>=400 v=A400000000000
0000,e0 y000000O0O00000. 000000,0000000000000000000C
00000000000. 00000000000000000,000000000000000000
0oOoo0O0O0O0O0oOoO0OoO.

5 ODOOD0OO0O

0000D000: 00000000000 KL1 O alternatively 000000000 DO, 0000
0000000000 (0 4,5 0000

05000000 loop(Sig, D)* 0000, Sig 00000000 DOODDO0OO0OOODD0O00O
00000, Sig 0000000 commit 000000000000000. loop00 10000000
000 {a,4},0 20000000000 {o} 000,000 8=a000,8¢g0 DOOOOO00O0O
000000000 Sig00000000.

0000: 00000000 U000oOo0o0oU00oooooU0UooooD CLLOOoOoOooOo,00oo
oo00o0000, 00000000 bob0booboobOobDOooOonbo. oogo merge O, anterrupt O
00000000 mandatory 00000000 0OOODOODOODOOOOOOOO. OOOOODOO,
merge(Sig,D,Z) 00000 Sig 0000O0O0O0OO0 D OODOODOOOOODODOOODODOO 2000.
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=T = a°
B = o,
interrupt(Sig)”?,
loop(Sig, D)*, D < init.

main :- current_priority(A) |
B := A+ 3,
interrupt (Sig)@priority(B),
loop(Sig,init).
interrupt(Sig)? :- exception(Ez) |

interrupt(Sig) :- current_priority(B), Sigg [B2|T),
exception(Ex) | interrupt(T)P.
Sig = [(Ex,B)IT],
interrupt(T). . 8
loop(Sig, D)* :- Sig = [Ex|T) |

loop(Sig,D) :- Sig = [(Ex,B)|T] handler(Ez)”,

handler (Ex)@priority(B), loop(?“, D)~.

1oop(T,D). loop(Sig, D) :- true
alternatively. quy(D, R)%,

=9,

loop(Sig,D) :- current_priority(A) |
phove P y loop(Sig, R)7.

body (D,R),

G :=A-1,

loop(Sig,R)@priority(G). 05 00000000000000

04 KL1O0OODOOOoooo

=T =a% B a, merge(X,Y,Z)7 - X £ [H|Xs] | Z g [H|Zs]|,merge(Xs,Y, Zs)".
T > °, merge(X,Y,Z)Y - Y £ [H|Ys] | Z = [H|Zs],merge(X,Ys, Zs)"
merge(Sig, D, Z)7, . ’
interrupt(Sig)?, interrupt(Sig)® - 0 5000
mandatory(D)®. mandatory(D)* :- true |

gen_data(X)®,
D = [X|Ds],a® = 4°,
mandatory(Ds)?.

O6:0000000DCOOO

() DOo0O0O00O0DO0OD0O00O0D0OU0D;00000DO0D00D0O0DO00O0UDOODOODOODOOOO
O000,000000000 dnterrupt = mandatory OO0O0O0O. merge DO0O0O000OO0OOOO
0.(2)0000000000000;0000000D0000O0O0O0DO0OOODOO,DO00DOO0O0OD
interrupt = merge = mandatory JO000. (2) 00000 KL1OOOOOODOOO, (1) 0000 O
000000000000, D000 (1) 0000000 D0ODO0DOUOO0O0ODO0OD 6000, merge O
0000000000000000 {y,8}, {v,e} 000. B> 0000000,70 a0 0000
ooooooooood {y,8) - {y,a} 00000. OO merge 00000, 00000000000
gbooboobooo,booboboobobooboooobobooboooon.

200 phil0 1 000000: OOO0OO0OO0,200 philO0OOOOOO0OO 1000000000000
0000000000 eat 0000 O0OOOOO. O 70 KL1OODODOOO,200 phil OOOOOO
000 eat 00% 000000 phil/1 0 (1), (2) 0000000 H :=T - 10, TN := E - 10 O
00000 (phill0000),phil 0 70 eat 000D phill0 0 10 eat 00O00OO0OD. OO0, O
000000000,200 phil 00 (DODOUOODODOCOOU)DO0DOODOUOODODOOOOO,O0D0O
O000000obO0obOobOob 200 ppil JO0OOO0OOODODODOOOOOOOODODODODOO
oo.

o000, 0 80 bOoOOoOOoOOOOO0OO, 0000000000 OOOObOOobDODODOD 2
O0pl00000000DOCOOO0OODO. OO0O00DO plO0O0000O0O0O0ODOOOOODOOOO
oooo,b0ob0o0obuooboboooboo.

GDDDDDDDDDDDDD,DDDDDDDDDDDDDDDDDDD,DDDDDDDDDDDDDDDDDDDDDDD
oooo.



=T = a°

:= P := 10000, : o
phil(M1)@priority(P), pZ;iEAZ\?;a,
phil(M2)@priority(P), pawi el

[e%
mutex (M1,M2) Gpriority (P) . mutex (M, My)®.

phil(M)? :- true |

phil(M) :- current_priority(T) | Bt =4,
H:=T-1, D) think?,
think@priority(T), M L [|My],
lock_fork(M,E,Ms)@priority(H), gl - §°,
TN := E - 1, (2) eat®,
eat@priority(E), phil(M,)®.

phil(Ms)@priority (TN) .

lock_fork(M,E,Ms) :- current_priority(H) |

M = [E,H|Ms]. ,
mutgw(Ml,Mz)“ - My = [e|Mqs] |
mutex(M1,M2) :- M1 = [E,H|M1s], (;71’0‘12 - €%
current_priority(P) | SRal s
min(P,H,Min), mutex(Mis, My)".
E := Min - 1, mutex(My, Ma)® - My = [e| Mz,] |
F:=E-1, (') >~ e,
mutex (Mis,M2)@priority (F) . e -’
mutex(M1,M2) :- M2 = [E,H|M2s], mutex(My, Mas)".

current_priority(P) |
min(P,H,Min),
E := Min - 1,
F:=E-1,
mutex(M1,M2s)@priority (F).

O & 0000000 200 philO
1000000

min(P,H,M) :(- P >H | M :
min(P,H,M) :- P =< H | M :

H.
P.

O7KL1OOO 200 philO 1000000
6 ODUOOoooog

ooooobobO oboooboooboob,bo0ob0boo0obboobbooobo,ob0boobobo
obooboooobooboboobooboboooboobobooobooobo.

e OODO
oo0o0o0o0oo0O0O00ooO0oOooD,000 CLP/POOOOCDOOOODOOOOD /). CLP/POO,O
0000000000000, 00000000000 implication 0O00O0O0O0OO0OOOOOOOO.
00000 implication 00000000000 »-0000000O00O0COOOOOOOO.OOO
ooo0oooo, CLP/PO000O0OOOODODOODOOODOOOOOODOODOOOOODOODO
goooboobobgo,boboobooboboobooboboobUobD.boobooooo
ooooo, CLp/P 000000O0O0O0ODOOOOOODOOOOOOOOOOOOOOODOOO
g,0bgboobooboboobobooboobobooboobobboobL,bobbooboob
00000. 0000000000000 0O0OoOUoOO,CLP/POOOODOOOOOOODOOO.

oo, 0gobobgooobogobboobboooobboobbuooobboobbooobOoo
goooo.

e DD ODO,0Db0O0ODOODODLOODOODLO
googobgooobob,bobbobooboobobbooboobobobo,ooboobDoobooob
goooboobobooboooobooboboob. oo, o0oboboooboobobooob
goooboo,boob0booobooboboooboboboobnooD.
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e DU OOUODDLDDOOOODO
gogobobobooooobooboooobbo,bbboooobboboogg.

- gbooboobobooboobobooboboboboobobooboobooboo.
- gooobooboboooboob,oobobooobooboooobo.

goo,boboooboobobooboobobooboboboboobob.boobobooob
gooo0oO0oO0oO0oO0oO0o0oOoO0O0OO0OO0O0000O0,000 CLLOOOOO0OO00000000. 0000d
gooobooboboooboobobooob,0ob0oobobooobDooboooo.

e 000D0DOOOOOO
0000 8000000 (200000)
0000000000000000, O
0000000000000000. O
0,00000000 =000,=00
0000000 (00)00000000
000000000000000000
0. 0000000,0000 eat OO
000000D00000000. 000
0,000000000 e000000
000,e00000000000000
10 (et 00)DDODOODO.

gboobobooboooboboobobo,obbo0oboobobo0obbo,obbooboobbobobon
ooooooo.

000,000 FGHCOODODOOOD,OOODODOOOOOO ODODODOOOOOOOUOO0 100,00
gobooobooboooboobooboboboooboobobobooboob. oboobobooboobOoo
Oo,000b0b0o0oboobobooobooboboooboooog.

00 000000 (00D000),00000 (0000) 000000 KLIC Task Group (AITEC) DODO0O
0000000000000000000000000000. SPA’9 0000000000000000000
0000.0000000 (0 NTTOOOOO O000000)00000000000000000000
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