Doooooooog,
0 5010 19860 138387

IHS = 88 X = X 5 2, oD
BREmAIEBRERIZ D v T

HZARITEI HH #  ( Tohru Naoi )
ZRITEEP ME HEE ( Yasuyoshi Inagaki )

1.3U0»ic
HESRAIZRFLCETIHERZER LI TZ LS, 20BK2HAOERDL
SLERFEOESAOBHBLLTERALL, T, GLXOHOBK2ZOERTBIC L
S TE523tRHAREELLEDbNnS. Lhl, 20B8, ERBE2L L
HoBRWHSEECEZS., o, FESRAVATLOBERTHIHEUP ERAL
2OLREBVEICHULREETHB L, 20, ZOLIBEAITRNT—BICTE
Bi,chseysceRBaRASEAM VAT, BRLORABICZL L.

COMEEZBR TS, ¥, BREOCES2EX, zoLkicdb3FEe
Scott (U2 ¥AT 3. Ric, HEE*RAIRAFLLZ IS EEHOBs M 2E 2,
HES*B|AVRAFLOBK2EBRHOE S 6 FLUERBOES N OERBEHV L
LCERETS. 22¢, VARODIS>BZEHTHZ: HeHEKKsE2HOL &,
YV(t)=sThy, EHFEzLRnEE, D(t)X, HEYo WA T, BERES
BARINOBRELTIHBOSNZIALERETtH»S. toFRCENWBIELUEREO
MBI, \BERCBU3ARDOHEEH LD EF VLR T LOBKR2EBTH
IZ Wadsworth WX > THREX N [5]. Fh, 2o, HESBRAIDIFLO
call-by-need BiBSICBIE L T . needed redex 2R E T 2 Fk2m ¥ o1 Huet
& LevyldlohbcHwLERATWS,

ATl AEFSRAYIAFL0BRELTERML L LR OBBVOHELEL
Hobicl, SHICHEBSH®AIITFLOHRE W I BE2ERALL T, BEHRA
BECHBUZHtO¥HLY(t))0BEEL2HEHR ST 3.
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2. ERH

BEREEOEAF LEREBSOEA X SAER YN BEHOES 2T T (F, %)
35, BEEHE, BRESIRIERESTONMMY s ERA A& T
£3[1]. WEE:tOHAOES2 Don(t) THT. Dom(t) WHREOHE:t 25
BHEEL, 20%E2 T(F,X) 35, tOfiSr2ReT2BHHEE t/p
cHRL, 2OBHHEt/p 2 HEsTEERATCHONIEE t [pi=s] THRT. &
ALREDS TO(F, X DBHoTH3. 2ORBE2RAC LT (F, %)
AR T B |

o(t)=t[pi=o(x)|p€Don(t), t‘/;p=x€1’].

¥z, olz)=s o ol(y)=y (z#yeX)Dr¥, o(t)et[s/x]t
W, 1, DLRFOIHBELBLWBAICR AR t [s]IBET 3. o

3. Scott {i#

QeHLL OSIBMEBES L, T (FU{Q), X)2TH(F, X)EDT.

TH(F, ) LOMFS 2RO &> RT3 [1). THbB, lﬁt@iﬁ%fx%ﬁﬁ
HeQCEBEMATH s ¥BANBELE, sCt. COMEOLET TF(F,%)
& algebraic cpo 2R U (1], EROETCHWHHKEAES € TF(F,¥) «© LR
(USEHET) BHEETS. $1, BITEQTHS. | -

ROESIELT, TH(F,X)C Scott WHLBATS: USTG (F,%) »B
ReéTHrBLR, (DteU ANtEs > seU, »o> QEBROHEHMES S
U, USEU = SNU#¢. cob¥, £AERIIY, RREMO X 5% Tyl
HEMC 5 3 S OBE OB, ‘Scott HERTR, FRKRSOLROHE
CroTRASNGCLIERTS. . o

4. AEBE*BRZ2IAFLEEBEOUY 2 S a Y
£OR C T(F, X)XT(F,X) PFTOLKELHETEE, RET(F, X)) Lo

HESBAIYZAFLUUUT, MS 2vd)enn, z2ox<l, rH>2BERAFAML



ih?tﬁr&i?.T&b%.%#&ﬁ,%fwlﬂrEQKOhT,Léxﬁ
2 Var(l)2Var(r)., 22 ¢, Var(t ) RHE t KRN B3 BHESOEETH 3.
(1] BRBOFEBEZ2HE T ZTRSOMA 25T
$d={if(frue, X, ¥) = x,
if (false, %, ¥) — v,
eq(0, 0) — true,
eq(s(x), 0) — false,
eq(0, s(x)) — false,
ea(s(x), s(¥y)) - ealx, y),
d(x, y) — if(ea(x, y), 0, s(d(x, s(y))))}. |
REBETITH(F, D LOVF Y avBR> g2 RTEET 3
toqs & ‘
3pebon(t)IoIl—=>reR [ t/p=0(l) AN s=t[pi=c(r)]].
5P QO RPHBHEABLTS. B Rd(R)={tcTG(F. %) |30 I 1>
ER t=0(1)}DE%2(RD) redex 1>, Redex 2MAHEICHL LB WIHRZIEE
Aoy, 20REENFHR)TET. 2, Q28 RVERSERALO
ESGE2NFR)TET. HticHL t B s B3 ERMBsHBEETBLE, tRIE
BEszboltns,
mSﬁﬁﬁvﬁéam,szareﬂwowa.zm@~m£ﬁ%%ﬁ%&
1 BELb»BHENABWZ RS, o, TRS PEHILFLTHB LR, YDl->r,
L'>r'€RHOVTH, LOEHRESTEV)BIHE L' ed2=7 7 AWk
TRV RVWS., KEL, I—ofllokdRdt2z2azrryAx83203HY
ZBEE2EL. 1 © TRS B, BEI»POEDHDVWFNTHB.

UFTl, RIBHIPOBHLIVEERETS. COLTRIAGHKBERZ2ALT
[3]. ko7, Bt HFERFB2-OR6EZNI—~BNTH 3.

5. HoFET (denotation)
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Redex DHBEBDES Cand(R) Z2RD(1), Q)TEETS. (1) t ERed(R) =
t €Cand(R), (2) t, s€Cand(R), pE€Don(t) =t [p:=s]e€Cand(R). &7,

Cand(R) @ Scott {Z#icH I 3HE % Cand (R) TET.
(/2] #1 @ﬂdt:ﬁb, Wz if(true, s(x), Q) & eq(s(s(z)), 0) & Red
(RPDEFRE» S, if(eals(s(z)), 0), s(x), Q)€land(RYTHB. DL ¥,
£TO tEif(eals(s(@), 0), sx), @) » Cand (RPic&Ehs. R
Het OBHET Cand (R) DBERLZ->TW3H0, 2N 6D35, tic
 BLTRAMCHETBLOLTLQCESRATHONIES, 0g(t)THET
[4]. &k, wg(s)=skakIHs2ERERMMA vV, 20842
ANFQR)TEDT. 20Ot ¥, NF(RISANFLRIENFH(R)ITHS.
[f13] H11 ORJ=HL, WAW, ealx, DDEANFGZ(RYTHZ. LdL, ca
0, )ENFGH (R, ea0, 2)=ea(0, 0) ERed(Ry) SCand(Ry 12h 5,
ANFQ(RYDEBEFETHV. | §
[E&1] RICHT2 t DRFRV g(t)2RDISCERT 3
Va(t)=U{og(s)ltHgs} , |
tHpsDLFwQ(t)IEwg(s)BRALTEIILEHH0GHENPSG, HED
tIEHL {wg(s) tdgsINEARETHE i EPNE. LoT, Vgl
TH(F, X EOLHEBTHS. 55, UTTW, snivroktznBiy, k
TEDLBRECSVIRESY L LCRNZREEKT 3.
[#14] Rp=xL,
YV, y)) = u{Q,
if (ea(x, y), 0, s(Q)),
if (e, ¥)» 0, s(if(ealx, s(¥)), 0, s(s(2)))), ~ )
= if(ealx, y), 0, |
s(if (ea(x, s(y)), 0,
s(s(if (eq(x, s(s(y))), O,
= ). - | |
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(& 1]

(1) VRELTH 5.

Q2 V-v=9.

(3) V(TG(F,X))=ANFY. |
TBDLS, HVIVEY MS BTH(F. X) LoEREBVLZER 3. Fi,

@ retraction BN D 6, ZOEKANFoRVORBHEEH KL, @Y

ANFgb algebraic cpo TH 3.

(2] V(t[s]D)=VW(t)[V(s)]D. - i
Uled» T, B¥ Apply-through(x) = At . As.V(t[s/x]) WEKTH
3. %1, BROBEtHLEARA s . V(t[sDbERTHS. JIT, t=gq;t"

& W(t)=W(tHtT3L, ]

(%] t=qt'hDs=qs'Bol, tlsl=gt'[s']l. TBbLB, =4, &

To(F X LnEHABERKRTS 3. » (]
s ->ORHEBNREL L T35 .
(1] tdt' > t=q,t", ; |

~&m:®ﬁumﬁbmm.?Ubé,ﬁﬁ@@?%mi?u~ﬂbiuwﬁt
Lt W, vbd, BROBSRAOBRTC—HTB3 XI5 HEANH 3.
[(#15] R={f(x) = cons(x, f(s(x))),
g(x) — cons(x, g(s(x)))}
BT, fx) =q, gx) TH3, f(x) & gx) TRIL. |
ULdL, ROBBEWWLY, Q283 0HREABZLDHIIO VTR, Lod
BEOFHHMILT 3.
(2] t'eENForE, tH¢t' & Y(t)=t' & t=g,t". ]
LN oT, tHQ283B0HRESKE2L6°B8, toSHERL =g RAE
BEL L.
L@ﬁﬁzm;b,ﬁtﬁgéé&uhﬁﬁﬁmﬁ%ééﬁﬁéuu,wnwr:
need &> REFAMLBMB- L BFRALI->TV()FRDENBI LD,
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25 TCRVWEBESIE, V(t)2RKovzoot+ o9& 2RicE23., 20, w
(t)=QrRELTHL—MP{IBBz bR, RAcHL, EBOr 2020 T
cP(s)DBELEHREB B3 LS5 EHs %, clBULTRERFELUEREBLE WS,

[£H3] w(t)=Q&&kT ticxL, Hs,s' 't oBFEELT (s & X),
WtBslo(s [t/ D/x)THY, b
@) s[Q/xl=s'[s[Q/x)/ 2" 1B occBELTEESEDNERLCHS L ¥,
W(t)=u{Q, s[Ql, sla(s)[Q]], slo(s)lo?(s)[Q1I], ~~}. W
[(B16] 11 ODRp=HB VT, t=d(y, 2)cHL, s=if(ealy, 2), 0, x), s '=x'
2l, o%, o(V)=yhro0@=s@@) T3, LOEFEOC)MBRKRILTS. Fi,
s[Q/xl=if(ealy, 2), 0, QD@ 2 AHLTILLABEIPDENZH S, L
DEMEIZL->TYAE, v))BRDENS. '
CORREE, t5slog(sqlt]),op(syltD, 0, (s, [tD)] tB3H
ENBHCHEENB. I, TOKRE, recursive program schema DR BE
BRBR2]IOBXHOBHERCR>T WS,

6. HOBRLBERIABECLST2E8

DTcilR, BROXNK2ERACREL, HOERV(t) 2, BsRABHLS
U3 toX#HrolELZHEANRS.

tEgt' & V(EV(t T3, BEFS 2

tSpt’'® Vs uVo [slo(t)]IBueNF = sla(t)]®Bu]
EEEL, CobE, t' Bt IYHBEEHHLCHENTHBI WS, 1,
t~pt' ® Syt A t'Syt CEBLUT, tet"RHEEHCHEL THM
THhHBLrl. BB, LoRBBYBHEsE, ¥y770YS5Lt bt B
HHz2hns x4y 707504 L, RAcOEARZALOY 7T OY S L
CXHUCES 25232 ity T3, EHBuRTOYSL2Rk0RTHERET
»3%.
[B17] Ry ={d"(x, 0) = x, d'(s(x), sly)) = d'(x, V)I&T B L, TRS RyU
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RpeB0T, dx, ¥) Sy d'(x, vy). |
Htr2nBRTERABE2bo88, tIREF<S CHELTEATH»3(Fd

5, t5,t' BHFt~pt'). ¥k, XOLID t o~ F#EHE (BARSE2HER

HicHBLEL:s0)SAERISL v (@E2 28).

(1]

Mtegt’' = t35pe’,

@ t=gt’' > t~pt'. ]
[®R] t=qQ@ = Ve [et=e']. ]
towBErzoRcNdl, —RCBFIRILZL. ArEEORI, BTIVICH

LCEBARE, 7205, 2k, 2AaXN3EY, HEEHCSNTHZST

HBorLE2RLTVB., UL, Fio, HEEHOBREHY» S EERK.2ALBL I3

ﬁﬁ.#K6fbﬁww§?%§&ﬁ?uumo?b%.

(18] R ={f(x) - cons(x, £(s(x))), h(x) > h(s(x)} FBE, h(W=g

Q #£q fx). 223, Yoro3nstoledlcd slo(fx))] & sloh

GNIFEBRERABZbELL S, ) ~) hk). :
CotE, RERNZHEIsEELEKREZLD. 7,

[E#2] T(F,%)LOTRS RicHL, BHESOEEQ2FLT(Q,X) LD TRS
SHEHH, 1)S2RTHY, RV NTQ(F. ) NDHBRIV GIuFL L ¥,

SEROBLEBE VS, EL, Qo ESLEELOEIVEFVLETS. I,

corE, T(Q,X) 2T (F, X)WL THERLLEEG L WS, [

22T, REEBTG(F. X) LoBRE gL =g, TOHEBOHRBLTR
FrxnzcricEgTs.
[(#E2] RicbWVT tEgt' OLE, ROWKRSHFELT, SieHnTi
t &yt |
btﬁor,t¢wt'ﬁ&%t%u,ﬂbuimﬁtﬁ%ﬁéﬁ%.#omﬁ
HMOESLBEELES S (FHLVERES 2AL ) ESRABAMEZEML, t ¥t
rTE3. ThbL5, HEEBOBMAL Lt ¢ 2HHTRETES, i
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(#19] #18 DR ML, KR S=R Ulcar(cons(x, y)) = x}2&EX3 L, Sk
BT, car(f(x))®xeNF. —F, car(hx))BEREB2L LSS, f(x)
#, h(x). |
ZLC, Lowm@E» b6,
[ H4]
1) ReBwTteEgt' & EROROBERICBNT St ",
2) RebsnTit=gt' & FROROURCS VT t~pt" . |
Rz, AEEICHT 3 AXOTRHE (solvability) 51U T3 MEL2ED 3.
FY, AHskkoWT, sHaps'THB3EBEOs ML xreVar(s )3 ¥,
HsBREBVWTIEHESc2R/KETZ LS.
(& #&3] té&T(SZ-“.BE)t:ﬁb, RoOBESE, Hu, St:#sh‘(‘xéﬁ???‘%ﬁ
s, BIUERAoHBEEL,
slo(t)/x] » o ueNF(S)
rnBeE, HtRAMTHBL NS, REL, stulMELrALA0ERT
50, RACHEEL ~HEA EObDTH 3. .
9 FEhz rdi, AfQORITRTHY, B 2> Tru. ”
LoRET, Hshz e RETHLVSRELR L, HOTRESEH R LR
K-> TLESCLERTIMMAT, HILLEAKES re c2AVERA 7 (x)
»cREMTHIE, FBOticHL f(t)o2ceNF). &, RSN T2ED
VEOHOMPEZBRVWTHRRVEHASHE L HLVWERES c2HVL B
t=2c2EBMINE, EEOtRIERAEE2LOHD, tPERBTCZIWHFEFEY TRS &

BEFERB).
CORBHAROTBBC IS LTwasz e, AXOBALHUNZRD
GEMRIT B2 b 6bw3 (5], Corollaryd.2 BHE).
(B3] ROSRBEREVCHE+STHS.
1) Hteq(F.X)RT0BTH 3.
@ EBot'eT(F,X) =ML, ROUKRS, BKRLALEOHs tRA o N



BELT, slo(t)/x] ®g ¢,
3) ROWES, HEL - HALLOHEs LRAoHFELT, »3yVar(s)ics
U, slo(t)/z] &g y. : E
COTREOBEER T, (=g THEROOREFSRANREND.
(5] ROIRUEIEVWCLETHITH 3.
(1) t e T(F, E)EABTIEL.
(2) EED t '€ (F, X)L, EDISBROBBRISBLTH St .
(3t=¢,Q. |
Trbs, HECHTIRAEQ, G raklLEsoBsRASNLZENT 3K
YEHEEXEHIIPL O KEKRK, CHO ORI zESAL, ERCHELCBRNZEHSEY
—WTB. 2h, CREABMEOD EFNE AROTEEIET S Vadsworth[5]
DOFRBIIHIET S.

7. MR
HERERHOBBZAVWCEROEARERGLEATIHLVERRERRL
t.?Qbé,m&mimﬁ%ﬂ%wﬁ%éﬂﬁﬁ%%toﬁﬁﬁ&@bbriﬁ
fbL, zo#ERE2HASPICLE LT, Y oETZHOFMHBER=q %2, Hodt
BEHH»OEFIZEMBRCLIIBFHST L. COoBBCINT, ERVICELT
BRAOHE(EBER, ZH) R, ElB2zb Lz vEH2ETOTRLL, L2 0
BhTH, TRTEVEZET. | .
T, Vadsvorth[(5]0 3 » T, FMOER] warizbo, AXNcHIzsH
Wiks Lo 2OEUERKE, \ROD sy sRFLoERERTEEEL T
M H»n ([5], Theoren 5.2), THh2HAVTAXDOERHEEHOBRLZTITHESR
ﬁgbn%.%nu$ﬁmiﬂm5m5nabovmb.?mb%,%%mm%%
RBBICHSVTILSHIBEL TS, Vadsworth BRBEE LAV D2 bhba B ER
EURHEBAR, TRS KT, ABRIEHT3D EF Lok nBkiEE2,
HoPLOBMABLBLMRA T e PRBETHS (THDS, BREAKOMR
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OECESBRABUMNOEESLDETH»S) I3EEH 3.

g, AWeERALLLE TRS OB WS EEE, D OBBOBEIIZ Scott
AokFRoHLcsadIEE2TRLTVW3. BEbhbhid, Zo&zHVT,
WEEES 20 LOMREKORESANTH3 &5 R H A2 WAL, % 2 CTRS
nERTHIEGHAHE2ED b 2REF LTV S.

B

HECHEEBDLZEHRALXFIERER, BABHNREXER, B HHART *3H
EOARBER, CEARBREDERZSCCHAZOERICERLET Y. &8,
FHAR —BYBENABEGEA S ocABAFER . AEES601103) 0EB 2RI T

W3,

XHk

[1] B.Courcelle, Fundaﬁenfal,Properties of Infinite Trees, Theor. Comp.
Sci. 25, 2, pp.95-170(1983).

(2] B.Courcelle and M.Nivat, The Algebraic Semantics of Recursive Program
Schemes, LNCS, Springer-Verlag, 64, pp.16-30(1978).

[3] G.Huet, Confluent Reductions, J. ACM, 27, 4, pp.795-821(1980).

(4] G.Huet and J.-J.Levy, Call by need computations in non-ambiguous linear
term rewriting systems, Raport Laboria 359, IRIA(1979).

[5] C.Wadsworth, The relation between computational and denotational
properties for Scott's D, ,-models of the lambda-calculus, SIAM J.

Comput. 5, pp.488-521(1976).

_10-



