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hEBT AW, EwnwsCkichkd, FeS7F
LOWMT oI voiiiekE T heT
{hoTwnd, BB to@Eo7 o
FLEBLS LEAK, EELEENRITD
Mr oINS OTREL, BLT—RBOT
pFFivzdfaimt TohHKHs
Ty T iy LT oERICE TlaH
By, AHAA (HHETLRW) FROTHNT
B3k, ADBNE ST LTRRALT S
aflabds.

LUFie, KLl oY o7 sl LEN
Ebhodwn okt ®5 LMD TR
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U

1.1.2  F#E

FEEWRSGRECSHAL TFRT— 2 K5
#, toERTRSLCHIKESY, Lwi idy
e AoEFRCT ek, ok
gHefts & MBIMEMRMRLFOL 5 A BICE
5.

p(I, 0) :-
decompose(I, I1, ...
pi{I1, 01),

ey

pulln, On),

, In},

compose(01, ..., 0).

C AL decompase, compose DNFL, B
FoksbaThs,

decompose: B3I T 26, H5HEERE®
11, ..., In #4525, BiEMciL, Ak LT
orshkhaorths,

o Unification 1o X 0B WS o0}
1 o S

o MREESES T (SEEEH L O o
K &)

compose: §FSMEOE O, .., On &6, 4
thaofg O $ik2. Bk, £r 0T
DESELOTHS.

o HSGBEEERCHEO LR hoBEEED
(e kA K, MAREER L+ oMtk
%)

s BAFEOS LOREDL 0P HEE

o BESLEEABONELELS

COHEERS ., Te YT LKLY —ADE
Wi L. &4 OFFERMERRERC - oS
TELHEDS.

AMESERIBHEOMBAL LTl, BTFod
- N

AHEZFIHS: Yol lgrrEEE (AN) T,
ERBERCHT M () Th it
¥OSH, ThiERLAX LT o T8y

#4%. Prolog KowThEfEEhA LS &
MHEHEE RO v 3 A KL1 cRECE
TEEWN. !

HokEEESEXI L BDAMELE
LTl bhier—8 %, ROfHanEE
B Ao diRHALAL A BSHP R
v, TOXSEESS, BN LER
ElETarsnvursatar, vu¥
P LOSEORBENMA T, B L
i< A fdn,
et iekiAEEoT T, BOKE
Tr-—E2REL LABER, EFF-20
FeHOH—ST e AREY, CCREHL
THEHEFLI T, BEtiEE L+
LD Biemich, BlFo ks hliBck
LEDE, 2

ptI, 0) :-
decompese(I, Il, ..., In),
merga({51, ..., Sn}, S),
shared_data_gerver(S),
pl(Ii, si, 01),
pn{In, Sn, On),
L compose(01, ..., On, 0).

LT EEAEFTRAWEEERER (#2440
S BRI E Hodkd oifiofiako
L Eh s twns L ahAEThE,
CoXHEBEY LD LUK RS IZE
FElFFciEd o alite, woTdiEL ¢
st sctonsi@Ldhs. By
Hothak, EniNTREHF-—20HE5.
LR EBGRRIEF— F 04—
WL, cot—-rREoBIRERT Y
BrSKETEoMAW. —Hic, BhElE
FRILLCA Y — how—lc—TiE
TAETRE,
1 Prolog T & SR IC S ¥R ETro C Bk
i, :
‘chkRd iAo r7— 27 Mfic—BREY
BaAintng,




1.1.3 Fwv b7—28E

S—adde 72 ERECHEY LR
ThHE. ETHT-ARANT—FC kA bhD
MMPRLT, HAF— 2 &S, ol
DT ADANELTELORIES DR
i, BEnENNchic i HE,. Furia
Sl E LTk =% S — F, HERE AN
BEOT-—FETEAy TGRS,

FeA bR LT, Fe T U ricieC
b+ 2 X s cdhiE, Al SaicH®
EBEEEESDLCEHTES. FEEV AL
e L A osi, Shapiro- TG T 7 Y=o
FEET ey F I v ¥ v, 12 o car R
BT odr MiE S REREEEBIG S XS T
Loa a1 — 5B o535,

Fow b7 —roEs — PO, BTo ks
I TES

F4NF: ANF—2 NI, SREFRERD
MTE§TE S T—Acl . BEOHREE
R

P AD, )

mESICED.

FAAPIEa—F: B0 ANTEIBNTHE
EoWhERS, chbolhiiifioo—
rcEibhdc kickd. RFEOERRE
R,

p{ﬂj}, H-'J]l ) may Hjﬂﬂ}

DLSKED.
=ity WEOANEHE LT, B—oHhT
PR, ubEE o HER HERE,
p{.l‘\.j]'[ R ' 1 H:ij]

mrsicks. HArov—Vriico—H
oHL. NMERA X OEHEEHAREL
=Yy D—HtELbND.

Lo ks TS -2 PEXEbET, T-aD
Ay bV —2ERD, SROMEER . AR
EREICHETOL S hbold .

ATz QW7 s s FFTC L
Yo, MERERNCBCERLTWI{H

.

p(X0, Xn) :-

EECRCN |

pn(¥n-1, In).

ok hlEEeEE S IR FREL
TELEY, —AN—lhO74AETHRE
dnk, #4754 villiGRE A P LT—HKD
BEwitL 73 it s,

FiRAyF oY HEETAAPIEa—2T
DE L WHDO T AFCANL, TOENE
v — e CHE LTRko MBS M.
KBy 7 7o—HTHIdG, K@E7
pFII LT o RRE T vy
o—@rhs, KO/ —FRF 4242 F
VEER L TWE,

p(In, Out) :-
decompose(l, I1, ..., In),
pl(I1, 01},
pn(In, On),
composa(01, ..., On, 0).

C O decompose BF 4 A F T Ea—#,
compose w—¢ ¢ T, BHHEER T
AEZ ARECHRE, FT4RAA2Fv IHRE
HEZFLAEbOIAEETHE.

o bV =20 eI v reaiso
mESELTE, HTokittord s,

AN ERIS: chi -2 2ddhwni, £
J—FoRfsrtotEBEtsaT e L
Bl kB,

&/ —FoiEddiEsc: KLl olSEAN - &
HMHow—Yy T4 ALY Ea—& T
FA—AREEC L bMICTES. L,
coriha— kST LTS 00
SEmMEGFRAC{As. TEIEY~—
Ve, F4LE, F4AFY Fa—§& Fing
7o, MM ABRER LB L LHHRE .

R b7—2rHEEAR{(E-T(DE, B
Brda—aftitbRBicks. #7572 PV —
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PEEVa—ALLTEL, TP
ALLTOEDODRy V=8 /= FrEL
LONEFTHE. COLELES TR b
T2 RO 20RO PO B
FEETESETEE, Yo X aliih
bt iks.

E i Talione B A3 3 Rl o).
B bid®e X2 rofiscsFey
FrosEREtEs s EA S AMBBE-—
iCL, THEMBERAEbDEEL LR
MBI L T EBEREAT T BIEL
EARBEOESORF T —F =5
B, coELHCHESLb0THE,

A=7REGS: = T —2BEEEAEA—F
WBEODFLWZe X8 bByHoH, A—7
BiERTy Yoo rolELE doci AT
SAETHEZW, A—FHLAETy Fay
rhEdH bR,
EEMNEA—TBATRG S edickt, i
D4t HEIHTHE, “A T4 M
BOTHILRETEEHEERICT 4 — Foiy
PFEOOREL, F— A2 THLH+—
FoEALELZLEEL, EftdbR K
TreaLThi@sBoxocdae, Ik
FhT e+ A flERET %) LTRELET
LHEEBC LR N,

1.1.4 H—ri+ 254TF - RS

HEOEERHo RS r e bED, 2B
PSERRCRA Y~ EE T TR L
SEFeXFLMETRE. 7w 3L
HoBEL VI XY, BRLARAKL BB LS I,
e AEAHE L VAT SR RN
OHMTE L LTHY TR L. £k, Tarsas
DRIl OB b RV 2 —A{EFHETD
5.

$—riF ot 2ORENLEREREILN T
ToahbhoKhs.

pllmessage(I, 03], State) :-
compute{I, State, 0, New),
p(S, News).

1.2 HSFEANGTVTRY S LR

FEph e s Ligfic B e =T, 2728
AVl wlsaidddd oS cEET<&v
#Hb.

KLl Forssr${ Ao~ XKL, 1L
FolshbtoREbs,

o HFOS ) ERWIC L S RATE, o
cdhBenksc, BEthiifittol
EFftr—AKET < LB EH LR
FHELTLES &, HEig—ad i d HikL
LT thdime 0B HOBHbKE bF, £
DEE{L oS nEFRPE LA
HEE L.

o APV —hofCohick SkAHBR. e
T AMTEICED Yo ARBEL T =
FY-AEBIT RN E B EER, £k
ALV —bhbO Ay = PEREAF ) —
Lo EN o7 o4 A R L Ak
FHEEIRE W, K, o2 -
Lho—PeBAaoTni b, v—¥fvis
ArV—soRFntrfilEnTtwiobs
HEOHEBLIAS, chik vy 3L8T
L a it E L L ATl b v,
e ATSeh -THAL.

LS LAesyRyny? oo TRICLEALYE
T, 7 20REEEN (FAMFE LT IE)
PR 2 Cofiod it a
Wl bkv, CHCETFUE D0 S Eoh
O, DI DERR A I~ LM LERERE S
T,

CHLEAYEFECSsSO KL1 #2#fwEE
HZLAEn=a—7ARBETLI4AH, 11
ORFE D W F — okt L o B s
SEIEHBRIFLC  whbTRETY
5T ke, SIEoE-HEFELTERIE,
CHLABY EARMICEC z bR S,

KL1 oBf#s i~ v (PIMOS 25 B
22T 216 =% eiidis] @4 5 25-30
“—¢) grof@okboboTh . BRI
B~ 2 v Mniud,

TRBE T - £ 7 oW A E BT REEIL
TEIBRVEFLE VLSBT ORBIN
EXxSLicoa—F4 017 4N




o Er—nhbtRATO T2 CHETETD
B8, AT BT 0 PATT A
nEFohdERokbol e, Thih
shared B, oldnew FUOBEMT I LTHE
LTEHIE, whbwhiddFicERDSD
FELERERE Y v,

o 2 F T —AB[#IC-0nT i, stream FIREIRG|
BrEELTEIE Ao 2 TR (#7574
== A0 S BRA ERE) KEBIMKET
L0, MUENOTIRERER & A,

Eh B0 binh, FtoaBEhsr LR
AnFieFEn. £k,

o HRAREMOEMERTE, ERCEoRBER
PERT IES LERINEESATEITE
ThZEC, BES0E L CwaEdopi
T RTE AL L TR

o, SATEHC A R EAT IR S E N

BEERS 18 < 2 v REEICIEEST SRICRPLL
RS S, LisL, SE b SR LW
Mk Tw(EGLSE 7 0 Y7 L0lRRCD
ReaTh, TERFTR-RELLERETON
HHTHS. .

¥, BEMRhOTE AYA SFROAY
OEET, e EoEiiad £, YR~ s
eTiil LTHTE AYA ~oBf i Mk
o.

1.3 HYERYDPTVIRSFE P
Bk
FLEREEELTATY, 77 4Lmrd
AREWC ERBLW, bobkd Dl nsY
BFAT I Zaoside, 7edfsivioL
ATESTERLTATLCNENCCERTER
W,
ANTLEafe~ridai b LTHREES
T bARw PIMOS @) a+TEwRET
R Mobtidbas, 1 230kikil0eF
Sy FEEMEECR KLL Yo iLL-aT
OEHEL AT, Fodfiihibiha T
LY, BEREL koMl e ¥ LKED L,
AL EAE B PSR LT RET
ORPEICRMTR 225,

e d, QOG0B Fed 7ok Y REeT
AL, thimac ek @l B
T u T At P EIRE A HOBRE T
HTEd ok GrclLthr~ARiciko, %
D E b EREE B eBRANEWETS,
ARtk s rEiTvwor b ARG IHETEL
TE(OREETHS.

Sl orTe e XBEBRTTZ LT
7 AnEs, YoFueeadl PARRECEE
OhEFMEORF Ay FYORKERTCES. ¥
mH+rrhtHAGLEANL, TATOT e LR
Fre—ALTEE, toBROVE e 4R
BETATH~5EEES D, SERRETHE
hdndnd.

co ks REAERIET S AN, 2V 7
2 BB T ¢ B X 9 AU & B
b I bic AT AW, Fu s
“HOERE DB LT Y e Y LS
WEC ¥ o0, SHEICK D N E ISR
ok s TOFHATFRLILT, bhLHE
For Ak LiIcTaXs a2 P V- LEEo
TE{AEEED.

7oA ifiBTodickebimDTIH
FiL, A X AL Tok s AlEENT L.

p(..., [state(Ans)|Q0], Q) :-
Ans = [4RfE |AnsTaill,
Q = [state(AnsTail) [Q1],
p(..., Q0, Q1}.

OB FH T — A ST BRI A 7
A el L, Yot 2T SR ES 18
Pa=Fr 5.

pl..., G0, Q) :- &THE |
Qo = Q.

pl.... Q0, Q) := SEE%f |
pi(..., q0, Q1),

pnl..., Gon-1, Qn},
P(-tl-ls- Qn, q)-

rDESEA Y —LRHERT I AHOTHEW
S hAfE+ & o EEA o, oldnew RIOHE



B LT {mMiRwEL S,

:= implicit
fheomEEEE, ...,

status_query:oldnew.

CHThil EfoFia—rofmRoEL,
Fut A THOLE T r A REENICT R DAL
4.

CcorOHhMET LTRNE, e TS
RAROSIET T 018 state/] A » +— JFF
FobLoT, &7 e 2R TETI ¢
EiTE A OENKR, ENLATISoRTO
bk, [state(L)IQ0] o ks&k2—Aic, 4
5 —H% [state([1)101] KBEEL TSR
H, L tE7eaofiEnl = b s,
WICHREEE D Rwifict:, chbos — Lo
@ 00, Q1 #HwhiHE W

COFEE T FLML L, &7 0w 205
TEHMLIABE Y b ERCR . 53 50|8%
oiEladE [J el T, 4502205
#d [0 K dodfFECH Y.

2 BEEZR

ES5FRLTLUAYRAL, AoTLEoR
NI ESPaTRVIR RS L, Bk
EREDLAFwF oo hEEREWY 22
-, Bt PIMOS ##{L cw o @BiEoh o
FEMIOCETEE S L 40%n {20403
&.

21 Fw¥Fow?

Fob¥asd—Feohnwhrehs. ¢
@AY EAREWEDICH, fitolh e e
LEEE TR LA EECEE LT b oL
THLOME—TRE. FHRELTFy Foe s
BELTLE-AESKIL, LToNkomins
i T

2.1.1 EHEEOTURYOFz w2

EEEOS>IVEOHEE L, Rk 3%
MEHKELEChdcteRD, 2o RE{(EE

‘KLl e 277 a0iR#@e LcoflifEcil
LAFSORERDEIOES, HLohid—
~z FoOREcHRNs: y— o355 C & 8E
DEZEEL.

FoTwd 7ot apidA e En i niitc
%%, ChHEAXOF » Foo? (H0 v
AFEWCHFR BT OEH-TnE) T
B, TeXTLRASRIEER (RS LS BIE@E
THRETWE.
odhghd Bort sk, PIMOS o#g
Toa—74 074 (PIMOS 25 fiw=a7a
(12.9 3 8WF = » 51 ) 193-195 <— %) 205
DHREFTHS.

2.1.2 H—=TaLsys tESBH

Multi-PS1 £ #o KL LR AAE S
b (Fr Fow2 o 8i) 2RETZEETE
HELTWE. ChRN—~P=L ) va vB (2
Fhod w2l AvanftH—2VaLfiay
LEDL) K ohbbESEh LT —a (il
HEEZ) 2REL, toENELEIRLT,
BAFECE-TWa -2 H%T 30T,
To e rfomhlifchh s 5,

P aFdbnFITRICT s Fesr 238EDLA
SARMIEIC A b, control-C kK ka4
WL, #—- o2 2 b, A
F—apfEEa s b Ta e (PIMOS 25 iR
= o T [13.5 fAhi o —n oy 213
219 2—37),

COf, V2FDO by TL<ATHILAR
BotiEi T vwE—FELTH LR
\» (forget =< F; PIMOS 2.5 fi~v==7
A T13.6.5 B 7 — Ao~y P 229 <—
U). BHEEE KLl MER0L0Th s hb,
PRFGIEH 7o X720 0MEcis. V233
RATVWIEHEET) 2+ hbBEET E0h
LERENOT, TAE (25w, ToOERK
ZoTw3EHE) o Twnd T —a kA
Tt REHRTERWOTHS.

T, CORHBEREETCRAEL, YeEY
MicH S EBHEEcrELL TR (HEn
CAT o IO —~<YaL s n v L il
L Twhwnin).

2.2 EEAL-F

AREF»Fee 2 b RHTwTRIC LS
e boEw Yo, BEo-7ek d8ET
3. FrxFey7roERR, LEYEHER
RERETRLILMATWE (R2alVadT



Control-C c®F¥HLT, 1 2=~ FCH
~%; PIMOS 2.5 fiv=a7» 13.2.7 T
ok | ® 203-204 A—¥) r kbbb,
AR SBEH D LEWE, YLTa—Y
LTwiobiEskl{bdbhl{hd a”
FhPPENS ERTATERL—RTECEY
cE LM, BAEMAR AT AICED LHEE
EAFAfECHE.

com ks wieictk ParaGraph #Hwo e
WHoHz. ParaGraph BAERFA» 70
EHO Y — AT <, BEOHORE S A Yo
B = — = PR HES ST 7LV
w—rd @R, BEORFC Rtk o
THD,

FMic gl FoLsicd s,

1. sz Fersstryarr ikl
Ho%EFFT & (profile == ¥; PIMOS
95 Miw=a¥a [13.6.9 ParaGraph Bt
sy P 240-242 2—37).

2, REREbh IR A=A 5, Control-C
TEFEHE LT a (abort) =¥ FOEfT
FHELCLES ( M13.2.7 okl o
206 ~—¢), £5T2 LEFTLREL AR
FroETIe 77 ABRoRD.

3. coF w774 AfE% paragraph s>
F (Y =>codhieir 242 A—-@FLdR
& 15 2% ParaGraph! 304-318% <-4
#2H) AWTHERTS. Fof#is o7
gtd O bniEakoh}, what X
where #rthas.

F R RE 2 S REB S OETEES
U 2o, BELARENTS, Forlee
HTESTwhkOhbhint, BEFERERE2HA
HEL e bichd o kdSn,

3 sbhUIC

BB wirc ol ELICESE, ~FH
gEhb Ak vwoi—Frhs, FCKAYE
At FE LCLEaA T Y240,
AEPEINCLnES EEEETCRE. b
S TFEINTWERbE vaTHEWERTE E, &7
HApEE A FoTE L ASEICED, T0EFE
HikhAYi AW TF e FICEETIC LR
&.

Tr¥e iy XOHNOKBTR, FA4TL Y
FEr oL ATRE, Ev<roEHEEST
ZhFELECETh RV, oL ATDOT AT
) X ARt oy s AEEoRItcd 5. £5
ohnks EENREST-ATe Y780, &
wEWREERE A XHEA VT WIT eI T L
i, AhadhEEEHbEE(TAHALEL
FETuZIAEDLS. Boal<roBIHT
:TLEsTwhHE (Bowi, ~EfE3C LK
YoTEkEh AnRHaTAF4 THEEE > Tl
m,fﬂfﬁhiﬁmwmﬁiﬁTmmﬂﬁﬂ
E® = F AT s bhE wFETHEL. &
WALl -TEFET, chiiih
LoFe 2 i« YoilmiES 5 LERELS.

E&E,iﬁmﬁﬁmhﬂdede%Eﬁ
LT {ivk, &3 nHARTHES L ABIEE R
HELT{RABECENLAEW, Fe X740
WS &I EEE - BEE L OBRICERTES
LAadsdtad Lroslcror B ERS.
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Ar—Z7ARAEFN IS Z 0T
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ICOT # 7 Proe=2

1 [Rér—=Z7A)] >TH?

[Zr—FFi(scalable)] L v 5 EEEWeTc b 2338558 R TAY—AT 7 TS . T2
Hb AHEETEs) . bv s B TEFME R T Wbha S, !

BFIIRET — %7 2 F 2Bl (A5 =3 TR T—4F2F 5 | LEIE, FT0EE0T 5517
vk FEHTROETLHCEE | Lwns T TR, PIAK, Symmetry 0L s hBE AT IBT—2F s ¥4
HEFAZRE bt L bbb Y oy HEWESELEHETRCEF A EVDCAY —F T ThA, —
He = PSl e PIMor sl AT I B0 T — 75 F+HEOL AT vaf Az o PR voTR
= FAThi,
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2 IE—SFALEHAFTOFS L

2.1 E10EH

EV TRy 7A0HFS 0 X 28] LraT b BREOTRETRO LS. TTRALLELTALS, A
AL, Tappend Yo ¥ S Ll2A5y—FFAhUF 7oy Fodh) tMhhit LB EM) - ELZTHELE, T
o VHAESoTY append Fo X FAEE AL TH,

X=1(4=B)+ (C=D)

En S RARDEDD 200 HEBTICTAS 70 774 (1) RESTHAI T Chb Ay —FTALEE
el BwThdLd, MTRLEL 7o FHIBLUES - TLHL AL A WRLTHEL, 2%D, 245 —FF2Thn
FaXIhiik, Feto tERPHC LT -TOBIRALENMENELAVWES A Y e 20D
AESTRI(BocliELYd). +ov, ChERELT, 51 0o2ik:

Efl A= A0 ol I AR, Ty b EREME LT LBFRELXEATC RS
LGRTRYIA(C Ly RAY—AT» 7T ECORT, L A —AT » 713587075
L) THE, wRLL G, Fuk s 256 SEEo0 PIM/m 4+ 512 S#to PIM/p okt e
FOLEEDELRL, HAE¢ 10088, 2005, L2y —a T FE b voiAffc, 24r—572
EFe X7 akbihFTRERRTH S,

2.2 Amdahl mE
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PYFLLENICARY LECRE R EWBIEEATnE, 35370 LEhwT, 20k 5 EEREIH 5
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5(-1) = {}

5(0) = {g°}

for k = hto n-1 do
S(k+1) = {}

forall x in S(k) do
forall y in {x} £ do
if { (not vy in 5(k}) and (not y in 5(k-1}) ) then
Add y to S(k+1)
(delete S(k-1))
return 5(n)
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F 1: 15 AX SRR (WiLE)

Tk 8 1 4 16 Gid
12| 203 10.4 3.1 2.7
13| 464 179 5.2 3.3
14| 812 33.2 9.6 45
15 | 152.5¢ 63.8 17.5 6.7
13-12| 171 (1.0)] 75 (23)]| 21 (8.1) |06 (285)
14-13 | 48 (1L0) 153 (23)] 44 (7.9) |12 (20.0)
15-14 | 713 (1.0) /306 (23)| 7.9 (9.0) 22 (324)
o ol R T e 1 &SRS
o tRERIE (RFTFI HHiE CC FME 5~ TH)
# 2 Sn &Gn@%#ﬁ
n| 15 | #Gu | m §5n 1Gu || n 85, IG
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1 11| 3,938 7,692 || 21 | 3,098,270 | 6,516,290
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5| 54| 95 15| 60842 122,707
6(107| 202 |16 | 119,000 | 241,707
71212 414 | 17 | 231,844 | 473,551
8| 446 | 860 | 18 | 447,342 | 920,893
9 | 946 | 1,806 || 19 | 859,744 | 1,780,637
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UHDL;
manage_view: example(1;
system: example(];
interface_view: interface_example(l];
purpose: demonstration;
inputs: xi{12), ¥i(12), .dxi(l2), wifl2), =2i{12);
outpuls: xo(l2), yol{l2):
behavior_view: behavior_examplel];
purpose: demonsiration;
define: consth = 5, constd = 3;
termminal: w1 {12, w2(12), u3(I2), ud(12), usS(12), ve{12), ¥1(12), FF;
operator: 2stage_pipelined_multipliec(x, vy, z) = { lem= 2 },
za-x ¥y end_op;
function: main: clk;
while (FF) do
2a: Zampe_pipelined_muluplier{u, dx, ul);
3a: ‘2stage_pipelined_multiplier(x, constd, u2);
dat Dstage_pipelined _multiplier{constd, y, u3);
Sa: Zstape_pipelined_multplier'iu?, ul, uvd),
X% =- %+ ds;
6a: Tstage_pipelimed_multiphier'{u, d=, y11,
FF < x« a;
Ta: "2stage_pipelined_multiplier{u3, dx, ud),
uf < w - wd;
Bary - vl + v
Bui U <- ub - ud, Ko =X, yo=1y;
enddao;
la: stop{x=al), & <- xi, ¥ <- yi, dx < d=i, v < wi, u<- @
endUHDL.
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; 1 1 I
1 1 |
regl) regl regd regl regh
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| I i ] |
mux0 muxl muxd
i |
I . 1 |
COmp mux? mux3 mux5
| _multi | add_sub
|
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A REPERE TS el B AR Ay P A BT I AP ERNLT VA,

LaL, c@F = 2HBEG oY i v Y -5 2220 0587, COEFACES T YO ¥ 2 4L IE
T30S BEOyH— AV, COEBY eI v e T3 LonENESDE. AL AE, 7oeaD
WHES FT KL BFOS EEmhici L ThAbh v, 34, HILWEEENL 3 eBICET<TORBELGE
LECTRASREWAEETRE 24, Fue 20l F "y FEERLIEL WEWSEL 33,

AVAR, chooB PSSR c L 2EAMLLTWE. Coch AVATH, Yrexb i o
ZloEREEMOMEEEL LC, 2o RBT 0 L THE X5 K LA BHEErC, 55« St ki
LAl T (el o e
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2 EiEtek
2.1 &

Kllo7oeaEE7ods » POl ot 20 PR E LGS T—avRILTwE LiL,
AVATR7 e+ 2 3 2BHoMREE: LTIRBRTES LS CLE. o ARIATr X 7 L0ETORITLE
2, AVACTe oL, PR E LTIRETS.

AVA ool L AR % 7 e ¥ 2 A ¢ BCET.

clazs counter{In)

with +in := In , +s&tate := 0.
ll'l.P'l.lt 1.

rup > @state := “(@state + 1}.

:down -> @state := “(@state -1).

:show({Current) => Current <- Qztate.
o/ =» comtinue N\ .

end class,

CTOY R XS LARAY Y EADTOEAOT Y IATR L. COF AR, counter 2 WS EillDr S XTOER
FRTWE, coFreAaEMl, Yorafl o+ —URRHLZANOR ) - n k¥ HLTITS. AU A
o7 e, AEREE LCED L EOn Y FOMEEENT S A0 cRREER stale’ B2, cOEHRRLSD
b E T wE, up, down, show{Current), o/ &, O F o+ 2nBE@Tsc toTELive—0THD.
Bd o= LT, F0A v — VB ok FLfTOREAERLTHE. cOF A dnp #FHLEE
b ARREEEY ctate E S 1 HiE L, down B8 LS E 1gked. mhow({Current) #8 E S L 20 E FOEE A v
+— U0 8 Current’ IKET. o/ PEEBLTB301, close v 2— T35 ChiBETILT v ARET
PMTTD RBA v 2P TR HIELAMEOERE AV » FEPRE,

caFeXeA AL Yo KL oftl L AT &R

counter(In):=- true |
counting{In,Q).

counting{[uplIn],State):- true |
New := State + 1,
counter(In, New).

counting([down|In],5tate):= true |
Hew := State - 1,
connter{In,New).

counting ([shew{Current)|In],State):- true |
Carrent = State,
counter{In,5tate).

counting{[],State):- true | trus.

22 ZS5Ae—2

#9 A, FONBILy— iR, L —rvHEEBERA L TEFE.
TATH Y FANET D — 1 & LT initial scene #5 %5. €00 & — 1 T @ nitial scene it 2 F LA
= E LTERT S, o, #F A+ initial scene » — > OEIREE LICFT.
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class

- B
mitial scene

BLETE

Joensa

Mir o2k e—w

ARV — v EREOT oS LR L LT, start Ay 2= R 2ELTHRE stop(Amount) A » =7
EPREETIECREM LARNE T LWL, TOBRE S| Amount IGET 7w 7T A% T

class sigma(In)
with +in := In, +amount := O
YWy wait_start.

gcene wait_start.

input in.
retart —> continue \\ adding.
S L

end Ecene.

scene adding,
input im.
istop(Amount) -> Amount <- famount, @amount := 0
W\ wait_start.
:N -» integer(¥) | ©amount := Qamount + K.
end 2cens.
end class,

# 7 Z sigma i initial scene WL, wait start & adding D2 0D — v R0 o F v lstart A v £ —
VEERL S L — v adding CHET 5. stop(Amonnt) ZFET 5 TOBGAKED E o A BROR SRS,
stop(Amount) R0 E 5 L ENTTOETEIIBICH L L, T start 285 OEEFO.

COLGI, FPR Q- TRRT S Y- vREQDIIZATER LA T €2 ORE (2 OFTIE, start
Ay e—YOMLRELENTAREEL LT CARMED 20) IKMET 5, BHE DAL A v - ST OHD
S, =P EERE S TRETED.

CDESK =Y e wOBERFRALACLICLY, R A RMEOER LA DM LAD T 34— 25—

~v FRdfid o s dTE s,

23 Awbk—TeFA Vb b
Fu e AROERICERNTEF— kA0 - VLBE Ay e— kLT, BRI RATEO KLl 7—5 %

HHT® L.
Ar¥—FRENFILETTF~F4 vENLCRENRE. AVADS A vREKLl oEfcsiEts. Towx
B Z/YeRET I ADO AL — L LTI 7 FEED. Yoo FERILTWE I/ YR Y 5 » VB 0T 2 %
AT 5.
Yiv e VERAHHEMORER L, ANEY Y - A ve— VOREoESCERL ARy 2 rik A »
- VORBICEMHT L. A - PRETAY ¥ » 1 203881, 20772 P22 /A LTWEATRY
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o bTRETE ForAEERCATRYFy P ERD, T0EREThCHLTA Yy FERERT S CLHTE
i, cORH, B3V PREBT A r - FHoABoBTUMEO Y y » FEER LA » e —F2F D RIO
A= lhb0A s v— 20O EHETESL, O FFRLTE DAMMBOICEATTE 5.
FSAvHA»+— VR 1 OFRRLACLHETIE, 1005 A s 2— PFOREFEETS ABERA
-V | ORSEET LAV, RE - ZEOMAEF LN, v vy FTBLERABE. LT »e— VFDk
BIER VA PerKEIEnd s e—PLRAKEIFLEFA 200 C 1202 v £—PLLTRL W5 A

w5,
CONERHWS R, RO counter DT XS ARG X AICED.

class counter{In)
with +in := In , +state := (.

input im.
[up |In] -> d@state := “(dstate + 1), Q@in := In.
[down |In] -> @state := ~(destate -1), Qin := In.

[ehow(Current) |In] -* Current <- Ostate, Q@in := In.
[l -> continue %\ .
end class,

(LD A »+—% [up|ln] CEF2MA+ECa LS.
Cztate := "(Ostate + 1), @in := In

CCTH, Yoy Fatale D [THEL, v rink VA b+aA0 Cdr ELTEEFATEARNO? S v In &t o
FLTwWG, —BC Y & » Pofio EEi, =" 5.

COLHIC, VA AL o v= P RKERATEFA vEORTI D0 Av YL LTRD kb F 54
APV LR I0A LY - AORRERRERTEADK, [up In] F up o XS kfERTE L v o 2 LML
Twi. 2 MY - 3EEEM 7T AN, close message BT 2. close messape $ X3 2% 210 —
LAEHCG v FHEECEE AT —ARECBRE " B, close message & LT [ #EHTE.

Yirw b, FFARLEY- YERORLDOEZATYY 0 VEE VY FOE— V(AN RMISR) B
LTEET s S THBAERHST 20 L4 0% 3 UBHEOBRRER | | va3, v—rvidTo2 2 2804
F=Tw 5 tinitial seene' OMCERINTWIOT, P I2TERELAY Y » tREIOZ F2TEREATWETS
Th—vhbTrEarEs.

24 F—b-FEAZTar—ar
LA KLl 05— LR, TOABR AP A vOL LThHE. THIE, 54 v38RT S, FCERRELT

FAvERT FRO2Aa—FRELATAY » Forhoh 5,
20024 v ST IR a4y —va v R ans i r—va kol S CiERT S,

Out <= In

220mF A Out & In BEEINE. counter DPCH, 22744 —bn vEBaT 20k *oRESEo@d
A w4 — i show(Current) @& Current IKELTwW 3,

Current <- @state

ATy bhbOA s e—YOLEL, 2= 4 b —darERAeTIRRT S Yy s bout b A v £— P end #
HEFTLICERRO LSl S, '

@out <- end

2.5 AV FESH

= REROANRY s P EBSC EATEEOT, BlLAA y v — VEMFINER A 5 — SOFEL
ey POBAE A - VoML TERTE. chk, AV » FiEE RS

A rEFRFe Aot LEELT, down B8 & -k & B OMEMREEN state DK LT 230D
(45 o
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input im.
:down => @state > 0 | @state := “(datate - 1).
;down -> @state = 0 | continue.

Eofom,
input im.
FEEST > PEBEEFL Chi, Ao r—VoBFTI Yy FEESLTWE,

down

B, 7o binldyt—Zdown BEFEFLZLnSI v iDL iTHE, o¥FD

Qstate > 0
ﬂ%ﬁizwﬁfaa,Ch%:vf49av&hﬁ.j#t—ﬁﬁﬁmw#ybmﬂﬁLfﬂﬁv?yfmmﬁb,
TYF4 L VERBLTHAE SN TWREEEL CEREATWIMELHTT3. coll@Be T2 mnving.
o o -

Gztate := “({Qstate - 1)
B lk

continue

MERENT & 2w THE. ‘continue’ BTE LAWE & (KLI KT 4 o true) T 5.
LOBLLECIEET, s — v icli{ 2 L #HETE S, A F A, sigma DT,

rstart -» continue “\\ adding.

GXHICHLIR L Tistart A w4 — VB L o RESR, b= adding cBET L LS ETLTWE. R, ‘oW

O i — O ERER.

CDISRA o Fi, A2v b, avFidny, TF#Va vy, B0 —rolRRl b 2EIne /<v 3
IUarFsa v IIC L HTES /v M hABRSH, B T4 v&P48. avig
CaVRERTRTWILART 2o v nER RTINS, A-1v REMEA T »F4oa vildEah
TWHEER 2T ve vl REPMELTCWIHET 202 v RiFTE. ToLvaviiELThkit 4 Fhh
W& F it continue X ATET A, WMo - vOEEH, RO v CEETE L E0litT . T2 oRiTER

TTZEeR, ST L —» terminate ~BEF 5.
120y v~oT 2212002y FPelifEHRT 2860, Y4 FEHBEESECHE-TES 2 H

&.

3 R bU—LOYHE— |

31 ZAbPV—bLBA -9
TR P ericiclS L Y ABBT LSO o+ —VELTHSEDE, 2 ) —ARA v — LS Lo

.-
APV —LBEDir+— YD) 2 A HAIRRT 2000, VA OCar b LT > bT B A €— 50

il #2030 e s,

:'I].P

B,oup BA ) —LHDA 22—V CBECLERT. COvrvE s 2 2B ER I —ABIA » +— TOFIR
o¥Fmorsicidfck s

‘up:down:show{Current)

ZFU—L%HALCS close message b, oF D L5 ICEL.

—121—



3.2 Aut—vOURDE
Avt=UnBBRL A 1 =—2HA v +—PDr v o 5 AW ERFRLoFo L 4 IKitEC R T,

o A= PAE.
Aot O, Lt e e v ERHeTEO LS it

Bout <- :up:dewn:show(Curreat)

Cikl, Y& Fout debs 4w+ — 2 up, down, show{Current) #8F LT F V=A% FEC & - » 280
L. N TEINL A wicHE L Th EIRC

Out <- :up:down:show(Current)

EsiitihTs. chil, EHNOM TEIREFSA YEZ I —ARIO A v+ — U SO TE Y- A
Lz roR S,

close message DA DR 4 [FEEIC
Qout <- if
Out <= :f

Y LART S
e Ao — PEE

- 42y FOES.
ELY o PRFE LA v —CknAF v s F 25 wp it B{EENY Y > b€y FERD.

tup
close mesaage DIBSHEO L SICE L.
f '

e R
LA v =P b0nd v o FRT5 . cinterrupt IS RN v 0 ke FERE.

@in2 = interrupt
close message S REOD LS R S,

gin2 = :f

3.3 AR PU—LEHE
WEHADZ P ) —hdv—U LTI RETE, 20U —AdP DR LKICT S Lo e iBPed 74 A0,
merge dr L UF concatenate ¥ mE X HH L.

¢ merge{In,Out)

merge Fe A, AR Ao P P LTHET S n2EAARFT—4A, Out BHAA I —LTH
Z.Ink=723@ENd L, 2OERBEANA LI —LELTHEAORS. ANZ PV —AD 1 ALE~IED
LT A T—ari vVl r LR = fvEFoFDI B,

Cout <= Qut2

it BIEY Y2 Foml A TwEF A » & {Outl Out2} =74 —awlT, Outl ¥+ b
out DFLWHE LT pTECETRE,

s=Yf R, AN HAYELDY Yy FEWFAE.
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* concatenate(Streaml,Stream?, Streamd)

concatenate 7o AL, Vo MG IR TWERFD—A L4 5 1D M V—LEEEL, TOBRE
??7%@5Lhﬁt?5E®2$mzFH—AﬁE%GEWE?abEID2ﬁ9®ﬂ¢€#tﬁ%&

Py PRASTWEA I —A%gicd s
concatenate{fsocket,Stream, New)
COEGET <Y FLFK, 2F0 X s icdats 3.
Osockel <=< Stream

AT PRASTWIA M —akEAKT S,
concatenate(Strean,socket, New)
COREETY Sy FERE oF0 X b icitifd 3

fsocket €<= Stream

TayrﬁxﬁfﬂdwFﬁ#u.lﬁ-mﬁfb&mw#yLEﬁLtbFia.

Ahv&y}mﬁ?i?dwFﬁ.&Kﬁaﬁb)wﬂ—ﬁﬂ&ﬁifac&faa.mxy?wrmrdyrr
5&.%ﬂ?¢9rm&EﬁL&J?t—ﬁﬂeﬂmmmmmefhszEEﬂq{w&gﬁmﬂ&ﬁafntzm
[t A Y

Aﬁ?#yrmHLffudkFiabfvévrén&x}y—a¢m;wt—¥ﬁ,%my&wF#EEKE
&Eihajyt-va&a.mﬁwﬁykmﬂTafﬂdvFﬁ,ihu—héﬁﬁfakﬂﬂ?wbt%GZL
H—Aﬁﬁ?ctmaamﬂ,zbﬂ—h$mjyt—ﬁiﬂﬂﬁﬂartmaa.:m:ﬁtteﬁe.fﬂdyr
K&bﬁyt—vﬂﬁﬁ%ﬁﬁctﬁfsa.#ﬂdw?txaﬁyf—uoﬁﬁuzz?q#-yaymﬁ%aﬁ
D, o= TERMEL AR LA L ) — AR R

4 FEi
AFA@TﬁF?AﬂJﬂlfﬂf?hhﬂvﬂﬁkaﬁﬁT&=VﬂﬁkE%¢KM7ﬁf7bﬂfuﬁ
zmﬁmfurysyr-fﬁ:pﬁfﬁmLkrnyﬁanﬁhﬁmmta
??thIU?#?HHMEEWﬂﬁEEﬁ?ﬁ-ﬁvt—ﬁmﬁﬁﬁhfﬂJﬂlmMﬂﬂﬁﬂ=f£?¥
Efé-mmfntlmﬂMﬁ&ﬁﬁﬁhwﬂﬂEﬁﬁHEﬁfd-f—ht&é.
A}AT&,?#7FEﬂLfAﬂ&Ehuwﬂﬂ*—FtﬂiL&.i&ﬁﬁﬂﬁfﬂfﬂﬂﬂﬁﬂﬂ.A35
éhﬁmﬂma—FﬁEiarwaﬁmtb&cﬂbmﬁﬂ%ﬁﬁLr,&~Fmﬁganfm&miﬁm%—Ft
ib.%nﬁﬁ&%ﬂﬂateﬁfﬁa.tﬂm;ﬂ#f@ta&&agﬁtﬂﬂﬁacaﬁﬂsa.

5 SHEOBRE

Etﬂﬁﬁﬂ,ﬁ%ﬂﬁﬂﬁh?bﬁ.ﬁ#ﬂﬂ&Lfﬂ.ﬂﬁ@!?XMTﬁ?yFﬁﬁ%ﬁﬁfiakﬁﬁﬁ
ﬂﬁﬁiLh-L#LAPATH.951ﬂ?tﬁ"yéhﬁﬂﬁ?ﬂlth&.lﬂ&LTﬁﬂﬂ???F%ﬂi
EIﬁEL&t&ﬁE,#ﬁLthEE#Eﬂf&i#&ﬁﬁfatbﬁﬁLkni&Hllmayﬂdkaﬂﬁ?
LES ERFofi#L S5,

tmlﬁ&%&m%tTEi&ﬁ%HAfakmﬂlﬂmﬁEtUQ&EAﬂ??rbmﬁfa}?#FEE&
EﬁL&in#»uEuL.cmf—jmiﬁﬁfaahﬁﬁzﬁmﬁera.tmi—#»mfmﬁiﬁﬁaa
E#W&ﬁKH&ERELThE#Ltﬂ&bmiﬁ&Emﬁﬁﬁ,&&ﬁﬁﬁmﬁba,

cmﬁ#]ﬂﬁﬂkﬁﬁfﬂf?ﬁtﬁitakgfﬂFHrfﬂﬁﬂﬁﬂﬁﬁﬂtiﬁ.tt,IEﬂEﬁLh
BEERDG LAL N

6 Hhii-
KLIOY et 2@ 7 0 ¥ F 2 v Y OFEEHH— 135250, FAMNSE AVA WAL A
MHfH?Utzﬂﬁﬂﬂﬁ%i?ﬂﬁ@ﬂﬁﬁﬁ#ﬂ&a&ﬁ,Ch*?#ritLTﬁﬂ&EEEﬁEﬂT
EEEELE,i&dﬁﬂPUELKIﬂiﬁfﬁfﬂﬁztﬁﬁkLftﬂtﬁm#—kﬁﬁfLﬁﬂ@ﬁﬂf5¥
m%&(L&tﬂiﬁ&t&#&AJATﬂKuEﬂﬁfﬁﬁﬁﬁﬁﬁﬂmltoh
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v OEE T BALAC RN A v =P b RIS T o 2OBER o — v BB C LCEDEA
BrrHTELISCh ok 2k EETMHALA » =P 300, EEHGELTEYr» PAELAC EHNTEE,
1o00r=yiEROYy Y PREANELTHBTEGOT, B4V % » b b i o v— FRIERARALTWIEIC,

femy sy FEZEELE, 0 0B LD o+ — VBN L CFE.
AL L PR & LT Vulean[4], FLENGH+[5], Polkal6] £ E#3 3. wFR4ELCX 5 RRC 4 LS CHEE
oFFe—Ficr DEFETREERTHEE. chbrtalifichvy T AVA oSBT okshltd s,

o = OiilETRALED L,
o FBERSSvICEbiTS.
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A Fn# 5Ll

AVACLE T X FA0RELTY —F—« 24 5 - XMEOT 0 22 5T, cofEREHETEET 2 +
ADEEERAFLOT, WOL5ETATI ZoETNTRE,

o AL LSRR, ERicn oTeil4L 8.
o DEALEERTORC -SRI, EoERE—0 0T %,

o TAELEEORIKEEALTIRIC S &, T0ES A LTMAX LERIZ T v, BT ORME
LR <TI0t Bo TE AL TS.

Horn ol 7rf neofak L - BERALAEREFERTE o2 THE, Foe XL, readerswriters
NS EHDs FRAELCEREATWE, O o TRERRC, 7 74 A~0ERML &2 b U — 4 request, £
DTPEZhb T rfATAL A~ERERZA LT —Ltofile, 77 A ALLEN Yo 2~ MEOETA Y EL
A2 - VORNER b — L4 fromfile ® 3 HERHE 5.

# 7 A readerswriters K, idling, reading, writing @ 3 2@ — ¥ 82 FHFH, A » = FOF#EFS, B
dih el R ALMEEFTS ¢ THE, Por22EHT I T dling D — T A o — POEIMEN
2. BAASEER L b reading iC, BEALERE b writing KB 5. reading 0 & — ¥ CRIGALBREF T &
SeERRAELE Ty T 2B BEALTEROELH reading 02 # L TWE & — v waiting
KHEL, T0: EETIRTWIRAIYE LAERAT-TBTT 022, 208 writing cB-otBEALERE
FTAATRARCES, A LEN, BrAMMPETTE L, idling cBRIL TRoERe .

module readerswriters.
public readerswriters/3.

class readarswriters(+request,.-tofile.+fromfilae)
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YW idling.

gcene idling,
input reguest.
:read(Data) -> @tofile <<= rread{Data) WA reading.
:write(Data) -> Qtofile <<= twrite(Data) A\ writing.
end scene. ¥ idling

scene reading
with readers := 1,

=>» @readers = 0 | continue \\ idling,
input request.

:read(Data) -> @readers := ~(@readers + 1),
Qtofile <<= ;read(Data).

iwrite(Data) -> continua %\ waiting(Data}.
input fromfils.

‘readend -> Qreaders := “{Q@readers - 1),

scene waiting{+writedata).
~* Creaders = 0 | @tofile <<= ;yrite(fwritedata) \\ writing.
input fremfile.
‘readend —> @readers := “(@readers - 1).
end scene. } waiting

end scene. ¥ reading
scene griting,
input fromfile,
writeend -> continue \\ idling.

end scene. Ywriting

end class. ¥ readerawriters
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WF|F— 2 =R — 2R L 25 LD WEDhaEILE

Ff JeR (1C0T), Heibk #85 (-EWH)

1 LIz

WHHESR = v > PIM LCEVET 2 M7 — 2 <— 2Bl 0 ¥ F 4 KappaP @
MR LA B Ao Twh, Kappa P it HIERTH D ORGSR~ — A BHEA v
ZFU 2T - EVa—n Kappa OF — £ ~— AETRGAEE TR X 7 b DT, HFIF—
o= 2EEH AT LOFREEL WS AL, PIM [/ PIMOS ORECRHEEN &
F— e AT S ORGENHILE » A7 AR D & v S BAYE R 2.

ravATFLE, FoAEFAL LCHENBEREFAFEHLCWS. BEHIC
ML REREERCE e L LASRILEE, X URMHEO 2SO SHT — 2 ~<—
AEEAIL A T T B, MEFE S LT, KL K@E LA 7 o+ 2 j5@moiEd. #
LUEHOEEBICNE L A ToERSE ST S,

fEli, 7— 4 ~—2 k LToRAEEOFETHIRG RO W TRE L. SEIZ.
kD EERTHLPEIEETOEFILES L, o —Fidt SR P EEEE~ 0
DT 3,

2 AF|AFLELTOSE
o Fo A ML 2 Lk LT oIE
Rappa-P (1, St SR L VLT > S 2SEL 2 ITLREofAE
bHick-Twnd.

ESOEEM LR d, BT L7y — 2 <28 F A7 4 (u—An
DBMS) 28 8EE s t—2o0 7 — b <—28FH v 27 63 BR L, wgbd
HEihboa—Ar DBMS 2T 2 c s T hbhd, twiztTh,
FRITTEEE LW FMLEE L i, BERTH 5 o— s DBMS oW ALE %
EESH ORI TEC RS L nwH L kThE,

THUD Al LT, Fo - EFMr 2T AKR, ROk 5 i
BN, —ODF— A - REEC AT LAOPN NS A, BEEOE & o 3 S
TRERIASHAOT 7u—Fit. Eft: FHEIRZHLTH D,

- BV O T — 4 A EICHA L. L RETH S,
#HONWELANPIK L3 7 — 2 0—BEEFYREET 508 1H 5.

- EE LT A0S ENT, L2V ARTHD (e EItEF — 2
=)
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o 72 ORE
FEHEBEO a—H A DBMS ~OFff T, F— % ~— T 2 — 20
Lriitlie. ERET - 2 00#lou— A DBMS K430 ick hin
WAREZ R OND &5 AT — 2 07edic, BHOF — 7 A 2 EBMIC—DIC 4
DRGSR EHEE L OREGE T — TARE L E— T B,

¢ Hnhadaddl

flvghait, FiHT 27— 74 ot L 2 hiosi3 28V, 4958 L A Bic g e
TLEERY - AADBMS o{iff+EELTOE 22,

o BRI E WP

ST F WILE TR, S0 e — ma DBMS 2+ 3 C s T, [Jvneh
HLHEZFTS L THL, FOEHICEKOL S ANBE4TTS.

o DR
WA D e — A DBMS 0 X 500 80niTic & b, Sfowig (Fie D)
R ET B0, M7 v F 2o avhd¥— 143 (Fatar
(7 H= 2 b
2 — # - DBMS [E]eEE
e = Ao DBMS e]osfifS Tl IRERBROWEARS 07— 7 2ot
EXBHD KL T X oSl ERT 20 ASF—2%T 4%
FTLCEHTEDIY, fELEEOF - 22 ABICT v 2 F Lo LIC R
METHL., Tk, a— 4L DBMSBOMEF - 44, ~u 7710
FL AEENEFC - FELF— 2 0WNEC T3 0 F o LA, i
oy Pl e oddl (25 i, Meoba @i tns, [
WEHEERT I LR LDV F— 208 b REAMO SR LIATIOT. TR
PR ko o=y P ERICEMAERZ,

o EE A * TR
u— A DEMS @WNiTit, ¥ FofiELrEW LA LB RBL TR Y, —
Doe- A DBMS i, FL—00r 2 2N TOLETIRS LEELTW
5.

S b= FOA R Y - AR SRS

flnfbte, WWE . — F, 2ORDKEMNRET—2 £ LicZ 972 L
THT, ME/ ~ Ve atva, T wBNETEILa— PR+ 2
FU =Ll dnC EC, ML 3 5. NERSR S DA <D dic,
Vo FHESRBETA Y —Licifid i,
- HEAH AN O TR

BETHH ., A v 7o 7 28k ¥ OHE 22 Y — 208 LA 2515
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o KEtEROFHE

FEHBEFROFARFNAENIATVWE e — 54 DBMS kit % - 7 ¢ BEEE
EFAHCEIC Liered JEFHBEROZ/MFROLSCERTIC LICL .

FEEHEROEH & ThAEBRE L Tw 3 v — 4 A DBMS oxfibssEick 3
D, fllwEbeERE oy ic, B-lfBcd oo, BHPEEFL
i Lfee +hbb, #—of DBMS XL DBMS T 2 7 AdefhkoIEFERHR
DR RFF L B0 —FHEE A & TRAEET S5 o— 4 DBMS ot
S0 EpchsS. RricoEEr@hisl LTh, v #A DBMS #EH
FIERLTWwE A2 F— 22 PRL 0 rc k WHTAgETH 23, feld—o0D
¥ =t DBMS 2ifffEd 2 XA LR E L v i k. BT A
R 5 HMT, o7 DBMS ok b AR Esithalosiiis s rh s, B
BTk, Voling W BD CFrheFHF 4,

3 Rusgie
3.1 SiEOiEE
o CREEOSECL VvWwShe s ILET 5.
o L— RN TR
ERAIC . IFEHMR O 72 ik L RS s L aontEs v h
L. @7 — 2 = 2T BEAHBE O TR ER 2 oo o — 7 4 3k
TELZLHSICLTHAE.
» MiElSah
WEEREAH oA o kS ol EREcd b, FREEA OB S = 6w il
FlLirdhoThi,

o o= |
P51 ey DBAS Wappa-11 @ Primitive Command Wi 5 4 0T, — 20 F —
FaxtFova— 1 KA v d— KBS ERTDTH S, happa-ll 0=
Y FEOEWR, FERMBOBIEREEENKY Yy L oHo 0k, L ¥
APV =L BALELE, LI HF I e a B E— L TWL O RN
THE.

A Fid i TTAR AN hdd, =00 v ¥ s o VR TE BT
EH AL LT EAE BRESE~OFR, o—H 4 DBMS 87— 28k a <
¥ FeA L, [MEEFEE o <> FoESALR, S84 Y% 0w, BEICh
gl 7 e e 2l FRZEa 2 v v PR Ao+ — P L LT®B KLl ¥ 2 4ic
T h, NI e A2 DBMSicELRD. KLl 7o 3 8B laofku—
HADBMS i, 2hicHled D 2 v¥F 2 v v FeEFT S T L, hREsE
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M7 e+ 2wt LTRSS o~ v FRRT < EEFcRoh T 3. PR
B7evaiMESi= < FEAET 2 880, o<y FallEh 3,

3.2 Ruwsdng
g, KECQHs ko " skatbnd,

o llnEha L

2—HFFlt SR TR LB Sha % PEEENE Y o+ 2 i ES5E e
YFEA - YL LTHI KL Ve YAt agnc Aviza— 2
TeeRAChERCES. BROBIC, F-7FA0BEERYERY B4 A»ic
Y= DBMS 27 £ €2 F 5. LT, 7— F7ARHEET S 2—# 4 DBMS 2
LT —FADAF—~ ERET - Fioxd DHEMERE R ) WL, T oML
i, HE ., FRISTE~08M, v—ta DBMSBiF— 25 o< v FOHEBA
S, WHTEIFHE  ~ v VOEHAL 3B FsBrAbR S,

o G d 38

AvE7z—2 FTutApERL LPBSELE Y ot AanhEEiEa -~y F ¥
Ao = PP LTINS KL Ty 70588020, FREDM I vFrog
YEBR—FBE LI F sy TutAOFE FCETTS. WSS
FirTi. v F 20— AL EFIMERAE SRS, 7—F A0 [/ H
B —  DBMS 27T # €232, faw— A4 DBMS For5F— Fa~n7T
e AR, BRHCELA TN PEEBOERa vy FRE-2THIRS. T
ATOMNShENEAETIL DN I 7 F 2 avd e baa (T
Ty PEBEH) B TP vy v a v R HTEIHLHN, corEChe—5
ANBMS @ b7 v ¥ 2 ay Fauta 2 B2,

3.3 Bughtrd
Awd 7= FotrRH, a—FEREFErEANL WS Y% FREITSER
H7oe s b flSdiawry PR A v+ UF LTRD R 7oy At s,
B G hetERTeho ks b ThE,
I %= DOMS T 24+ 2L 7 FAn{iBiEE LT I
L F T ARHAT e —h A DBMS b 7Tt — = LT 2 ox
T LIS R I, comifEsicit, Rokshabori s,
o JEPEIC 3T 2 F5 [ R
FHloFMET, MEICHTE2 7o) Ladiht s,

o FEFE(OME—t
@At r = 7 Cd DA S AT, EE O oS #H M.
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2— ¥R EE - HBEEERH -7

» F =T g afiiBigRo s

s KESEF— AN T v S g

* {8 & D OME IR O B E

« R RO Ll ¥ BN 2 it

- BRREE T A = ) X Ao

s FEFEROME (A M) —LbhF—T b

- WAL DBMS o
{RERFFRABILE ORI EE £ F T KL 7o 7 5 4

Bl By o

o TYEREOTRE, B
THERS S oo oo ic 7.

o Lo FOEEORE R
T S L FE o HET I FUAL

3 KEQREF— TSk T T ARG 3
LofExORFORFET R L, WHEICERFMERS ST 5. EFTidkn

T AR 3 Af @i © L AT ¥ 280, WHEENA - T 5k, HE
[BRTRRDBRE T, EFER AL AT b A< F 2 ToORESKT
Ui bfilisT %, TIRIrlcRMm < 3 ME L E ST L ofitsc ®
L. CCT, RESRAEETU, WEEFR#E= <> ¥ 2 LTHEb AT 3.

T =it E I, BREHOE LAR FORANEERIE BT v, MilE

RELva=F AT —LiC 07— TR 2 hREL, BEIOFER ¥
LRI T A 2 ) K4 (v - SRy bafEhk V) RRo IS
7 F~DElt L, o B8oBE LD,

CETHRE AMBOBREICY Ly 7 - Aaohl BE L B0 8 (B A EHT
Lu—AADBMS &M a4, FLT, F—2ESREPFRILEBL I EvY
OFEFR L, ESIC T — 2R YoBwit,

EERSIC L, WO S &R LM A R B A AL ERRS S o R ME R & B
£ AL 7Ewv.

CHEIETFHER =< FOBORARE Y P chw KL a7 54k LTolki
gL 7
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H 2i=—¥ifopc, 3, B2 h+2EBLAKL ey 2avh s, @ik
PRELEZOT, —o0u- A DBMS TEr N SBHSOLCRT L, hRIEE
~OERMPHFEMNRRBE O I8+ TH 3, EECR, chKibikfiin—-har
DBMS ~®ifi (S35 18 > LT ¥Elx 4 5.

golfesult::resultl, Temp::Tesultl) :-
selectionitable?, ""i(from = "ieat"), Temp),
difference(tablel, tablel, EmptyTabla),
transitive_closure{tablel, EaptyTable, Lablel, Result),
roplaceitable?, ""(a = a + 1 ghere a > 10)).

transitive_cleosure{Delta, In, R, Dut) :- smptyiDelta)
In = Out.

transitive_cleosureibelta, In, H, Uut} - true |
JeintIn, In, “{te = fromd, Inil,
projection{Inl, {'l.frvea’', *I,te'}, InZ::(from, te)}),
vnion(In2, K, NextInl,
difference(NextIn, In, Daltal,
tranaitive_cloaurs(Delta, KextIn, B, Cut).

e 8 R do | = - AFEEME

gollLF, {Tabkle2, Tablel, Param_Table_for_tc}, Status) :-
e |
ILF = {ILF1, 1LP2, ILF3},
createlILC1, UDOY,
Tabla? = {Table2_I, Tablel 2},
Tablel = {Tablat_1, Tablel 2, Tablel_ 3, Tallel_4},
ILCL = [aelectioniTable? 1, ““{7{' = "icot"h, Temp. Statusl),
difference{Tablel |, Tablel_ 2., EmptyTable, Statusid)],
D¢ = [transitive_closura(Tablel 3, EmptyTable, Tablel_d4, Resnlt,
Param, Table_for_tc, Statuall,
ilpiwait([Btatur1], TLC2Z,
[replaca(Tabie2 2, (120 = '2° + 1 whera '2° > 10), Statuad)]),
ILF3 = [medify_schemalBosult, reoultl, StatusSi,
mad ify_srchema(Temp, result?, Statusé)],
ilprwait([Statuas], Nesult, [1),
ilp:rait([Statust], Temp. [17.
libierzw _check{[Statnal Status? Statuad  Statusd,Statuss,Statuss] .
go, Statusy.

E 4 o rros

4 FLw

WEWlF— 22— 2 A F L happa PoOlde 27 4 & LTOBE L EWEH
H PR FILENC o Tl < e
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create(ILP, UDCinl) :- truoe |
merge ({UNCinl ,UDCin2k, UNEY,
top_lesp(UDC, UDCinZ, ILP).

top_loopl[transitive_closure{Delta,In,R,0ut Paras_Table_for_tc,3tatus)
| wpgl, UDQin, ILP) :-
trua |
ILF = {ILP1, TLPZ},
UDCin = {UDCinl., UDCinZ},
transitive_closure{Delta,lIn,fi,0ut,Param_Table for_te,ILP1,UDCinl,Statua},
top_leeptUDG, UMKin2, TLPZ).

top_leoop({], UDCin, ILPY ;= true | UDCin = [], ILF = [J.

tranaitive_clesure(Delta, In, R, Out, Param_Table_for_tc,
ILP, UDC, Status) :- true |
ILF = {ILF1. ILP2},
Delta = {Deltal, Deltall, )
ILF1 = [get_cardinality(Deltal, Cardinarity, Statusl)],
tranaitive_closure_0i{Cardinarity, DeltaZ, In, K, Out, Parae_Table_fer_tc,
ILP2, UDC, Status?),
lib:error_check{[3tatusl,5tatus2], transitive_closure, Status).

transitive_cloaure_ 0100, Delta, In, R, Out, Param_Table_for_tc,
ILF, UDC, Status) ;- true |

Tn = Mt,

Deita = [],
R=1],

ILP = [1.
upc = [],
Status = norwal.

octhergise.
transitive_closure 01¢_, Delta, Im, R, Out, {Iformatl},
LLE, UBC, Stablu=) - Lrue |
TLP = {TIP1. TLP?, TLPA, TI.P4, TLPG},
In= [In_1, In_2, In_J1}.
k= {Kk_1, H_ 1},
TLRL = LjeindIn_1, In_2, *4°2' = “1°), Ink, Statusl),
projection(Inl, Iformatl, InZ, Status=l),
unientlogd, Hol, Nextlo, Statuss3),
difference (NextIn, In_3, Dalta, Statuad)],
UBS = [transitive_clesureiDelta, NextIn, R_2, Out, [Ifermati}, StatusS)].
libercor_check([Statust, Status?, Statusd, Stalusd, Statush],
transitive_sclosure 0102, Status).

10 dEfiE T X T A (Rid)
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Proceedings of KLl Programming Workshop 91 7.3

AETarFiv oo KLl 2—7 407 4

HiF = BE T BRI BE=
(B ) ANHEAT S o = X HNEASE R

L

KLl 3wt 22 7e 22 v YEFERLERLEL A8 T X3 iv 2ok
@ KL a=F s U F o 20nTtTHllTa, 2=Fs 0 7ol 207 49— g wdead
BevuFlovak AZ7al? v X CBEABREE—BNMATYD, Rk, 9
AEREMELER LT,

1 GL&iz

Fark KLl comMEdumsiodRE Bl twd, FHFHBTH. Yol 5 h¥lRl%
BRI D000 50, ¥ O L5 AR BRF D00, bkl EHEOMECKE CBETE. LD
Lwh SR e LA LCh, 227 0 b —bavidbad—vey FBHOLAWLEL A2,
GEHOEE L, chboNE T ELRMEELE, FrrETRhal, 2270 varFuy
FoaeE KLl THvThdo Lo Lk

RLL KBnT A2 al3 w7 IEORBESIC D ATR[I I Ly, Ch &8T5 &,

[Prolog T AR F oS { v YEREL L] b vSc btk d, Poog Toil7 el
Tw L o T ovar AT A E vl KL T ofuim AIE & R unbound TS CFIHT L
CERTEAVALTES. ChICX), F7 V22 FL2r0BHE A 2 L <A0RBEHCLR
Lovar #FH L2004 & bt b 72 8 b LA T 3804 2 Prolog 824 2 7 a s @ v
FPEEE KL i A AlEE S A 2

LA RKLI Tois7ay I i Xick T, Lisp TOAEFad s » FHEEAETHD
TEBRLAIDL, CHEF T2 L SADERR A 2 L2 ADRRECERT ZNETRL. C O
ETR . FUEBT oy 7 8% i 8 7a V5L LT T2080B 5. T 000 > ieBmn
O, KLD SESERORETIRMENOEREEL 7V 2 b LA DTROEHENEL LT
FEMHETE v R L IMHERER(EEB Cc tick 5.

—c A Tar AT A v —FUF— g v d— iy Fio X 3 ENEROEEL M &
b KLl kgl adfFur 76t Prolog KBNS AZFu Y AN EOF —a5~0 FiA
Frobid, o r FEERT S LERCA@A, NuFrR, rod —~ o FREHERS
EREERRA AL T sl IRICR 2~ 3B THE T LHigho .

Feald, AV I b LA EROXR L, REEEAE | RETIHE [ TRER O TR EE
AL ENENOHARE T T 4y — ey 7T a7 AR LIME L2 [0, 11]. AfRCcoos

TR, MEHHE T (B B
VRTE SEWE () S LRIEET R
'zt Lisp @ eval @ alist OBFCE ST 0 0THE
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LREHETh s AREEFRC w227 s —Fr—v 3 v a7 aolFENARETIEE
BETE (2, tOFEHFEFa—F 4174 LTAwr=0l L3477V E2nTHE
T3 BB AESAL72 0 2HELA O #5 And- &K Prolog £ » 2 70 2 oFEHAETL, 2
4751 OEFNEEICOWTERT .

2 EBOREIRFRR

F72 7 b e AORBIERE A FL<A0REHTERT S CoFETH, SRR LI
BEFETT e v LaEMNBL. Chld Lisp ok 5 AIRBIEZE QA AT Y3 vy
TiliFmHvbhE JETHE. AT eI iy YOl ThE SR ETES.

EHEHOLEL @B L, —DORENTEE (B £ 7o aXBHT 30T, 4 5—21
X2 AFBFEZLOCEL, YA F V22 roFBEIREoHc-TA S Y2 2 FEESET
54 @ Lisp @ eval THwWLbhTWE FHIEL Iy

2.1 Foa+vzxhz

Chid GHO KX da=v 4y —vav o741l # KLl Be@sfiitbochsd. oo
HiE#md KL HLwFa¥Fhblbwi b od Lisp @ alist 72 rHEH L AbotHAdE
B SEHICOWT 2T 2F0EREN re 22 mH L, Fho$EAIKA F ) —4TOETS
barTHS, ALV —LtiFiEREBN =T =2 e v LOYTEESE YR MR ENE T
FLaThD.

2.2 ~zyhs

AT 2 P _ADUEHOHATRE (<7 2 A2 ) K D HETHL. F SV LA
OEFEHEOR A AT WEEF~0#H S » # TERTEY, coZBEo xSl BT
FHEMET 3 e HiHAERMIC L b ThH S,

KLITH~Z 22w F—2RMHEH, cREAERCAR T 712 TELE WS EHY R FiCk
LTELLAATHE, coFldsE L, <2 LEZB e s L h FHRBIO2 2w Fa b
AZELTEBETS otk X b 8O unboundness B A KcE IS 2 Yol TEAL, 2
SOEROR—El <~y 24 v F o 2 20F HolidclETY D,

EHeAdE 0L~ X LItk bhd, 8l 3 EESAASD.

COFMBC/ I L0 iT 2 b0 TR Y P Ak Bk,

1. EAlE. MSkoRtna=7 45— g v 2T 288 FOEEFHO unifier % 74—+
oo, BEHE 0 % o0 unifier ffrosr v T b i ovEHHEELc R T LT A oI,

2. WEENEI. FACESMIRMEL 27 0 7T 4 B KLl UBRO RS & — 7 (4] N
L. B LAviRY 2 Yo —afa— R T—adAibhni s L.

e U T oRR:EROMRECE T2 b £la) WL TWE.

o &R = [(a), 5 = (]

o W= [(X) BB =V — )

s AR =Y. WA = {V — [(X), ¥ —a}

Ts T g — e R RS B R T I TR
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0 ek

point(Num)} ZEHES Num ~DHA » X

data(Data) EHfE~D+HEAf » 2

B 1 ZEdTes

——point(3)

— datala)

F il a=7a—%—i g B (B <A 2 o)

i @] 1] 2| 3] 4] & 6] 7] 8| 9] 10]

| KLIARAZ | 151 2300 | 146 | 580 | 686 243 160 | 332 124 288 |
WETRD - 7 u+ 2k | 3020 | 70600 | 25400 | 25500 | 12400 | 370 | 6500 | 6790 | 8110 | 8230
| WERTE . FAGD- | 306 | 4180 | 578 | 1080 | 1510 | 312 | 620 | 844 | 487 | 697
RUSTAR WESEARE | 200 3510 | s3] 015 1170 | 374 | 603 | 873 | 516 [ 737

3 EHHAOF

BTk~ e B G000 w0 PSS kodElil=a+ PSH{=a+ PSI b2 3 1—4) CfllicE
ok, TOIMIFEREFL (F1.2) FRICOWTOERL B2, AT ICHAWATERR OIS
hchd{lk Boa=z g r—iav),

I A=1(1{X1. %2}, X3), § = L{4(4(¥L. Y2}, Y3), i(d(Y3. Y1}, i{¥4, Y1)}
32 EOEA -~ A aE 450 binary tree
3 A=phiX1. X1) hiX2.%2),Y2, Y3, 22), I/ —plX2. X3, R{¥1.Y1}. h(¥2, 72). ¥3)

1A= 2200, X 2LV YL AV AW ZN)N), B = LY A2 10 a{0m, a4, v LW

O A= (X0.X1 X2, 03,44 K5, X6 F(X0), (X6}, M — (X1, X2 %3 X4, X5 %G, a. £(X6), £(X0))

O A=Y I =1fla)

oA - 51.x.T.j.Z..z..U,u.'uL\r.U,u]. B = ?x.x.y.‘f.z.z.u.ﬂ'. v,\",w."_f

B A=l Yy 2zl v, Foflxly¥elole Vel

B = [XC,X1.X2 A3 K4 X5 06 KT X8 X9 H=[0.1,2.34566,7,8.9]

0 A= £{X0.%1, 42 X3 X4 Xh K6 L7 KB, X8), P =fi0, 1,22 4,567,898

3.1 FTHEE - TatAl ) ~r sy h

Foa AFEC LS IR A L L

e
p_rriﬁ f'a‘

Lin7e S widitdao=2 4% g

EORDEIEEHRICS AT LA TEL. LEL Y v aARlF - S hlicks 1R
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#21a=74—%—a vFHH (KL #AR = 1)
[ mo | 1| o 3] 4] 5] ﬁ[ 7| a| 9| 1u|

KLIgaas| 1] 1] 1] 1] 1]
| MEE®D - 7 aw A st | 106 ] 30.7 [ 57.0 [43.3 [ 18.1] 156 | 40.6 [ 20.5 | 65.4 | 2856 |

HlTHED - FUREIED- | 108 | 182 1197 | 1.83 | 2.20 | 14.1 | 3.88 | 2.54 | 3.03 | 2.42
HMETH R - EGFE A - | 169 | 152 | LRG| 155 | 1.71 | 154 | 3.77 | 2.6 | 4.16 | 2.56

FUEHCH L, Bl =7 v a v OBPIER 2 ~3 THE [l Tt EkBLEETuE s W
ORBE L EBIC AN TH =2 2RO HIPoTnE L nE LKL S,

A Fo+ 2R r ARk c ARy E#EoTHE 54T FTewa A TRERD
BYHAOEREHRE o 248785, FHEEIAGECAS L coRNER e v AkEHEh 3.
= R A TRENRR 2 - 2 T ATYHSEAERT AN IS A e v ARTE L. R
ERT o ABEORERHAM IO e ARZEREIRD P ChIERES 5. CoL 5K, 7
vt 2 A THET o+ aobE i i 3.

Rfo KL SRS Y o2 2B hEC 3 Y s k7o 7 a i LTt HFlA S
ArRvihv, LAL e+ 2 HisBrRc s b REELARAMEBR (S b Fu+ 2l
L —Fopiit b 5

3.2 R

SOWER LA /o ¢ 7 avigmBEL b OB XEELY RIESAHE chHs chldmesdEn s
BYTLTHL, DE) AL FLAWEN EOT—A 25 S a—Y v Fa—IC enquene X
i, 12 oS own T - FEFE- PR E i h 3 0EERES TAE,

R

unafy {[ER1ET], [YHIYT], T,NT) := unify(XH,¥H, T,T1), unify(XT,¥T, T1,¥T).

R

unify ([XEIXT] [YH(|YT]. Cont, Env,NEnov) :- unify(XE,YH, [{XT,¥YT}|Cont], Env,NEnv).

RtEo KLl MEFRCTURT 4 BIC2— ¥ — A W8S S BERBVO—2 kR ERY a2 —)
¥ Fa—iLARBRS. &L TEMNO—DRT FEEEFETINLS

- EIRHIE - oG Y A pod Tall R A a0y E 2~ enquene EHD, —JF -
EFMGIE - T Tail o LEBE O % » 7 (Cont) KA, Head oo LTS foF—nd
enquene i, TONL N 2=y A Eh SRERORECEFEL AFRIC Cont Bha=F7 74T
EHBEMOBH L Ta=7 s r—va vy T L 7ur 7 ak&EBL AR AbR W, 2277
AT offtkoBolt L L3t coreZr4 B L ERIXRS. —F - G- ©i L
[n] == A enquene X #LE5

IS - - ORI - IS AR 10 ~ 20 T SECH B, CRESESERIC L AR,
FERFCLIAF EIChE2bTha® V¥ v a i - Bk - o< L oL 501cd

‘METRHE - S o b b - EEEHE - O

*goto T jump TEADEH T LW
SPIM oir s 5 id sk v [13]. Lai=T PIM TR REENHE REctivsns,
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FhoFaEhoRthe bl LC enquete ARV r wic trHaT.

Co7es? AR EHEHRES CNF TR L L, SRR ST 2N
vt AFHEAARCAEY | ML EEH TR L 5T 2 5 & MEREH 7 0 77 Lo EE
EEIT XL 2w,

SFh 2= 4 —v3vy2B KL AEFTREENABYREE WA C LichE. 2z
FAr—avRAFFOYT Iy Y OREF P EDIETCRS AR E O EEALE, b 5
L LEHO N TS R 0EMTEL T AN,

4 AFSAFZY

FI2 PN AER e REERBT I EROENEE o X 7 A0t ATHbL LY. *

cefaidohbn T30t 7473 UL [10]. TR HETEE (SRS ) cx e
FTurXrdABTREL.

4.1 HEE
O] 77V HpREFIEEL 2274 by (ERMB Sz B0 [ L) rik-
e FUORRSHE R U F P A BB eBSEE S Tk A
oam v g r—o e R

o metaduniiy(X,¥, Env, NEnv) : =20 4 % —i g v
s metagunify _oo(X,Y, Env, " MEnv) : HE &, o #{fa7 45— g o
L metaﬂuneuay,unify{Pa‘ttarn,Targat. Env, "NEnv) : —Hlojz=7 4 % —i 3w
* meta#match{Pattern,Target, Env, NEnv) : =+ F

2. BRI

o metadcopy_term(X, WX, Env, NEnv) : TIE} Env @B X RHEF LTiiA 5.
» meta#shallew(X, Env, NEnv) : X HMOERODF = 4 » % shallowing 5.

J. X T F—fa—2
o metatdatabase(S) S RF—FL— RV et A~ R b — A,

4o AJPHEHE 0 KL1 @ Wrapped ZRhAEHE A 2SS4 7310l 5 AT V2 FL<a0H%
KW a5,

4.2 FAFFLb- Prolog 4 »8F U4 -

ALDFALTFIVEW s bic kSR KEbY LA T LA A X TS v+ L o
BTELS WA oA T 7T EFELA OR- i Prolog 4 &% 70 & ([ 2) T, 247
YOLREREI AL L A0 T ARETROMM WL L At v A ES R A v,

CODA 27V ELFA T VOREON, 2=F s r—va vl 4757 FRFEEGETH -
Twd, 227 4% — i o YHEET netatunify(X,Y, Env, NEnv) #PFELC b DHFECT 4. &
LT XY AT r bFERTEw o= 7 47— a YEOBEEE NEnv Moz s % —ig

Temquene poal + proceed Hoexeente L EwE G D2,
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golvednd([],[00, Env, Scl) :- Sol = [Env].
solveAnd([],[Gs|Gsa)], Env, Sol) :- solveknd(Gs,Gss, Env, Sol).
solveAnd([G|Gs],0s8, Env, Scl) :- clausea{G,Env, Clauses), solvelr{Clawnses,G,Gs,Gas, Sol).

golveOr([{C,Env}|Cs], G,.G3,G8a, Sel) :- € = (H := B) | Sol = {Seli,S5cl2},
mata#unify(H, G, Env,Envi}, expand{Envil, B,Gs,Gss, Soll}, solveOr(Cs, G,Gs,Gss, S50l2).
solveOr([], _,.,_, Sel) :- 5ol = [].

expand (fail, _,_,_, Sol) :- Sel = [].
otherwvise.
expand(Env, B,Gs,Gss, Sol) :- solveind(B, [Gs|Gszs], Env, Sol).

clanses (G, Env, CLs) :- wector(G, Size), vector_element(G,0,F) |
Arity := Bize-1, clausesi({F,Arity},Env, CLs).
clauses{G,Env, CLs) :- atom{G) | claumsesi1({G,0},Env, CLs).

clausesi(FA,Env, CLs) := clausesi(FA,0,Env, CLs).

clovsesi{FA, ¥, Env, CLs) :-
*$ProloglataBase’ :get ({FA M} Env, ExpEnv}, clausesiDecide(ExpEnv, FA,M,Env, CLs),

clausesiDecide({}, _,_,_,CLs) :- CLs = [].
clauseslDecide (ExpEnv, FA,M,Env, CLe} :- ExpEnv = {_, } | CL= = [ExpEnv|CLs1],
M1 := M+1, clausesi{F4 M1,Env, CLs1).

[ 2: OR- 3R] Prolog 4 »w & 7Y &

YiROTWTHDL, ¥4 TV . 2 b (Prolog B B#EIEE *$ProloghataBase’ : get/3 %I
SCEICLOHMECRDS, chicl b iEF LT F s L0 20 ER L CWIEE R LD L
WTE A,

A w270 A OB solvednd/4 & salvelr/5 3 Z2TH L. Prolog @i B#EIT clauses/3
MITH.

sulveAnd/4 =—A@F| Goals F T—AF|o A4 » ¥ GoalsStack * B Environment %
EOHD M Solution #HBFE. 7 KR NESSIHICE T (BT, Z8). 2 —aF
BELE-LBAEE b s b e Ao T toRoRE Y ET (5.

solveOr/5 =— A (G) L@~ F (H) #2=7 7 4 (metatunify(H,G, Env,Envi)) L, RIH7
N £ OB ORE TR « %M { (expand/3 F ).

clavuses /3 — - G OEFETO T R P4 Cls oikid,

5 HI

ATV f PL2Aanifld REREH L AEENa v 4= vy L e%8o0 KL
THLE L £ OHNERFERTT o, 2R OOMNELBEL -0 ¥ 2 ARREEIRE 7 oy 2 4T
SO chid Lisp Tz s r—va 7o 7 aditiLASSO 7 v 9 AKIERICIT W,
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A= g L OFR LR ONTRET 2 coFER OR- BRREICET-Tw- 22 AND-
HHME kv, EARAZ 075 ARG SERE R bE O AR AR EhbET
wi, COTEREFARLELA R, o777 ao0fBin, M, 5 netal * meta? MKEET+ 25+
Yz 7 b AND BIfRIC R 38E,

metal(.., Env,Envil), meta2(.., Envi,Env2), ...

b licksd, CoEG, netal AffbioUESF 2 2ic X BEHiK Env 225 Envl IC
0, £ OEETT netal OEYFCRIBEY Enva 2 42 X 5 ICLEA Y. neta? | Envi 238+
H¥T, 2% D metal ONMEHITIEMN TS ECOUIEFEHATLC ST A v, BEAIC I netal
& metal OALEITEN LA ST LES.

FurXiengiEbr LTk

metal(.., Env,Envi), metaZ(.., Env,Env2), ...

PEEVECANR COLHCELLBEF T V27 biTk L metal DMEE+ 5 > B
Env 226 Envl 1/ ) —7. meta2 OMBE+ 5 LIGHH Env 205 Env2 1A D, & wHBEIRICA 5.
% b metal + meta2 OMYET 547 Y« 7 b ORI OR BICA T LES. COWEEHE
LAe@dl Ol Jid Prolog 4 w20 & (H ) ohs,

AND SR G E o, BEE Y o ¢ 2 2 LB OB TR 20 Yo+ 2~0 A »
oYLl sr tieFiE v LdL, A v v—YBE0 L S HERIFESEL LW vy npR
a2 8 KL AERTRGRERNE. FACOHECOR L ¥ B pRSSH
FaeAD - Bad ik Lov, BN AKRIREeR 3,

ERESRTEEBILE, F /Y2y FOER - BHART AND- SRR <3| F M i
hLL BN AETH S L DbhE, T OIENEEBIN (KL @< 7 2 %) e+ 5 full test
unification® ok s kb oTha.

RLI BHASEE L REMSBUTOREEMEI TR, L2 LAENSEotSch s B5F
TEEL. BFREET 5 7 e 2R oRMSEORT I 2 A & A B8R EE LTS A, Prolog G X5
CmEEWEA T V2 7 FL=AERC -0 - Bcl T kv, a7 v —
o ORI KRR RICREINET L 70 7 I ARBH AV AL TH S,

ks ELL L

NEL1 = Prolog — test unification + [FWHBEE (one-way unification)

LAETLENTE FAFS2RLEHMNEEOR AT oL 8T s

—7, Shapira & Flat Concurrent Prolog (FCT) i X &F8EE7 Or-Parallel Prolog 4 » 2 71
FERLTWS 3., CoTRAT V22 b e~ ADERCERNESELEGLRT WS, c0f v
T U2 G — FEe full test unification 2F®F LT Prolog ma=7 4% —ra w #ERLTWE.
Fall test-unfication b X 0 Jp ¥ SR EI=EL > Prolog S0 o Cwi hbdochz, 2 h
PO b,

FOF = Proloy + FEEEE (read-only annotation)

ERaTEh, KL AREAFEYTLEE LicH T, FCP H KL ¢HESE P AX TS5 0L
HTEOENRE AL AL LALFOREE LT, FOP o (SMENETo) B KL1 & i
LERBCELY. FCP X — FETo full test unification HAMEHCH+T2E3fMo e - 718
M Hsgr 22 hbTh s,

fravar—oo r ORI SRR SRSNOSRGCTIHTIE .

TEEAR LA s 2 7 A A E S 2B T b, MR OREUH TN EFRATZ o0 . »
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cwoZdi 'CP /& KLl RE~TEOESfMOEFREES R A5 2 28T D, Lo 2L
FEH T
FOP = K L1 + test unification

AL FREE e Y74 KL widif+ 52 2 ik, FCP @ full test unification oS5 % &
g e KL 030f3 5 C 2 icifY4 5 HEHE 7 o 2 A 2 0T T test unification 2R
KERCEL G, o

ARFuyin=KLl + EHERTarsn

KIZTFo—F 3 FCP ndisvnrsivrarye—Ficlh-< FhEREOMNTE L
5, ¥ liT Fu—Fo X bhhipHcdFEoRB - e 7 Aa08E0 a5 SkoER L VEES
BB BIEASG.

Lh AL BCHEOMhLE TN TwE LS AUgeLT 0l 5 A BliEET T Y
A KLl 2ot Sah e LUERIeH L lNSEL L3255 71, 12, 2. 3], +o k5 2MREHE
BLLT, F—2~<—2 BHERNE BB e 7%83s. coksh KLI oS55MEY
AR 2 ZREE 2B LT v o L A BOENSTH 2.
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The Concurrent Constraint Language GDCC
and Its Parallel Constraint Solver

David J. Hawley
Institute for New Generation Computer Technology (1COT)
csnet: hawley%icot.jp@relay.cs. et

Abstract

We describe the current state of developrment of the concurrent constraint language
GICC ( Goarded Definete (Tewses with Constromis), s a member of the co | Concurrend
Consiraind) family of lanpuages which supports multiple solvers and recursive queties in
a committed-choice framework. GDOT models computation as the interaction of multiple
cooperat ing agenls throngh e eschange of information via guerving and asserting the in-
formation into a central repository. Coneretely, this paradigm is embedded in a guarded
{ronditional) reduction system, where the guards contain the queries and assertions. Con-
tril is achieved by requiring that the queries in a guard are troe (eatailed), and Lhal the
assertions are consistent (satisfiable), with respect to the current state of the repository.,

We present and evaluste o paratlel implementation of the Buchberger Algorithm, which
is the basis of a constraint solver waed in GDOC 10 haodle calional pelynomials. The Buch-
berger Algorithm i3 a basic technology for symbolic algebra, and several attempts at its
parallelization have appeared in the recent litcrature, with some good resufts for shared
memory machines. The algorithm we present i= designed for the distributed -remaory Multi-
P51 but nevertheless shows consistently good performance and speedups for a number of
standard henchmarks from the Derature,

1 Introduction

Constraints, that s, formulas describing conditions on objects in some domain, is an in-
teresting aml lnportant programiming paradigin that has a voluminous literature. In the
last five years, the integration of constramt programming with Prolog has reccived a con-
siderable amount of attention from both the viewpoint of applications and theory based on
the theoretical foundation of Jaffar and Lesews[] 11]..-5‘:‘.‘!]. As Tor extending this work [rom the
sequential to the concurrent frame, there s little pubilished work | among which is a report
of some preliminary experiments in mtegrating constraints into the PEDPSys parallel logic
5}'$'[?I'l1l||t='nﬁﬂ]:l, and a proposal, e Cencarrend Consirnind pmy'rammi.ng lauguage scheme,
[or integrating consteaint programiming with concurrent lagic programming languages[Sardt].
The ce progranuming language paradigm models computation as the interaction of multi-
ple cooperating agents through the exchange of information vis querving and asserting the
information inte a central repository, Concretely, this paradigm ie smbedded inoa goarded
{eonditional] reduction system. where the guards condain the queries and assertions. Cone-
trol s achieved by requiring that the guerics in a guard are troe (entailed), and that the
ansertions are censislent (satisfiable), with respect to the current state of the repository, An
attractive aspect of the co paradigng is that it allows concurrency in the reduction system,
inn the canstraint-solvers, and alse o the wleraction between the two.
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2 CONSTRAINTS IN LOGIC PROGRAMMING

This paper introduces Guarded Definite Clavses with Congtraints (GDOC), an exper-
imental c¢ language, which supports a user-specified set of sorts and constraint symbols
w a comumitted-cholee framework, and is intemded to be a research tool for investigaling
issies of constraint-solving in concurrent programming langnages, such as problem decom-
position, use of multiple solvers and hybrid techniques, ordering of constraints, management
of semi-decidable solution methods, debugging techniques, ete.

The Buchberger Algorithm for solving systems of polynomial equations forms the basis of
constraint solvers for several domains in the CAL constraint logie programming system, and
we will show how it ean be used to build o constraint solver for GDOC. In this application,
the input set of polynomials is not given at the stan of the computation, but is generated
concurrently by some other process, possibly depending on the intermediate sets of basis
polvnomials. The Buchberger Algonithme.is very time/space complex which restricts its use
in practice. Recently, there have been several attempts made to parallelize the Buchberger
Algorithm with generally disappeinting results[Pon®0, Send()], except for shared-memory
machines|Vid 40, CILIY]. Paralichzation has been tackled at two levels: a coarse-grain par-
allel rewriting of the 5 polynomials andfor testing for subsurmption and eritical pairs, and
a fine-grain rewriting of single S-polyvnomials. An interesting concurrent logic programming
(tats-Nlow) approsch implemented on a transputer-based multicomputer was reported by
Siegl [SieS], with good speedups on the very small examples shown, but poor absolute per-
formance due to the production of rules that are not completely reduced with respect to the
current sel of rules and to the generation of eritical pairs using subsumed rules. We present
a new distributed algonthm with good speedups thal aveids Lhese problens, and which can
be used for bath the usual siatie problem, i which the complete set of input polynomials is
available at the start of the Geabner Base caleulavion, and the dymamac problem, in which the
input polynemials are sent at arhitrary micrvals from some ]uuffssur[s}_ Our presentaton
will [beus on the dynamie variant,

The paper i= organized as follows. Wo first informally review some of the voeabulary of
Lhe constraint logic and concurrent constraint schemes, and then we intraduee the GDOC
language. We then introduce the rational polynomial constraint system, discuss its suitability
in the cc framework, and present a concurrent constraint solver with cxperimental resulis.

2 Constraints in Logic Programming

2.1 Constraint Logic Progranmuming

Constraint logie programming (CLP), proposed by Jaffar and Lassez [JaLB6)], is an exten
sion of logic programming in which unification is replaced by the solving of equations over
some theory, and whicl can be then further generalized Lo allow non-equational relations as
constraints on variable values, Similacly to Prolog, a CLP program comprises predicates and
clanses, where elauses have the {absiract) syntax

Head - Constrapnis, (foals.

and s executed depth-fiest, lefi-toeright, with constraints taking the place of unification.
Operationally, (head) unification serves a dual purposs in logic programming, first to bind
actual {goal) and formal (clanse) parameters, and sceondly to priune the search. Constraints
take both these roles. Two :|L141j:}r Eiuitub-ili[.‘\' r:quire:rmn L5 wirro gircn for a constraint solver
to bee used inoa constraint logic language:

sadisfaction-complefe - since pruning of the prool tree is based on the constraints, the

consiraint solver must be able to determine the satisfiability or unsatisfiability of any
copstrainl with respect Lo Lhe acewmulated conslrainl sel.

imerementalily  sinee constraints are added dyvnamically during execution, the constraint
sobver must be able to add new constraints to the accumulated constraint set efficiently,
il
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2 CONSTRAINTS IN LOGIC PROGRAMMING

Jaffar and Laseez also observe that although the mode of invocation does not affect the
correctness of constraint evaluation, it does have a large effect on the efficiency of evalnation.
For cxample, in order of ncreasing cost, the query 7- =2, ¥=1, X+¥=3 can be treated as
a test, and 7= X+¥=3, A=1 can he handled by comstraint propagation, while 7= E+Y=3,
X-¥=1 must be handled as a system of simultansous equations, by some method such as
gaussian climination. Likewise, the global ordering of constraint evaluation has a large effect
on efficiency,

We would like to extend the constraint logie paradigm to a concurrent paradigm, both
to take advantage of potentinl parallelism in the logic component and constraint solver com-
ponent, and 1o address problems of controlling the parallelism with particular reference Lo
the order of constraint evaluation. I'he next section reviews a framework for starting to deal
with these issues.

2.2 Concurrent Constraint Programming Languages

Coneurrent Constraint programming languages [Sar89], are s generalization Lo concurreicy
of the CLP languages. We wili present a brief summary of the basic conceps of ce. The log-
ical interpretation of CLEP programs is replaced by the notion of cooperating agents, which
communicate via queries and assertions into a {comsistent ) global databuse of constraints
called the sfore. Saraswal remarks that the CLEP scheme is too weak, since it lacks control
features suitable for concurrent longuages. Accordingly, in ce constraints cccurring in pro-
gram text are classilied by whether they are querving or asserting information, into Ask and
Tell consteaints respectively, ' Asking and Telling are required to be stable operations.

The llowing definitions are adapted freely lrom [SaARD, Sargd, Mahs7]). We define the
following sets: 5 15 a finite set of seris, including the distinginished sort HERBRAND, F u st
of fenction symbols, O sl of constramt symbols, P a set of predicate symbois, and V a set
of varebles. A sort 1= assigned to eacl variable und function svmbol, A finite sequence of
gorts, called & sugnaiure, is &SSjgl]:Eii to cach fu[]tlinn.'predir.m.v and constraml sy mbol We
write s variable o bos sorl s, 0 si8e .. 8, = & if funetor § has signature 18 .. .4,
and =ort s, and P:Fidn...8q if plei[‘aT.F aof comstraind, .\i;.'uﬂ,:ols P hus 3j,g]'m.t,url: Spfn .. 8.
We require that terms are well-sorted, according to the standard induetive definitions. An
alonite eonstramt is o wellsorled leem of the form et £y,.. .. 4, ) where ¢ is a constraint
svimbol, and a constraind is a set of atonic constraints. Lel © be the many-sorted voeabulary
FALCOP A constramt spstem is a tuple (5.0, V.0), where & s a clase of ¥ stroetures.

W define the fallowing mets varjubles ¢ ranges over constraimts, g.h range over atoms,
g ranges over clauses, and p ranges over predicates,

We o define Lhe Tour relations guswers, aceopls, rejects and suspends. The constraint
ooanswers oy 1f

&= (Wag e = Farer)

¢ oaceepis e il
M Fe A

amd ¢ refects ol
&b (Fag e = —(daa))

whers o, are the variables in ¢, and 2, are the vanables in ¢ but wol in e Note that
the properly answees 1s steictly steonger than aecepls, and thal accepis and rejecis are
romplementary. We say that ¢ suspends o, i ¢ accepls, but does not answer ¢,

A oo language program s comprised i the vsual way of elagses, A clowse by delined as
i buple (head,guard tell body ), where “head™ is a term with unique variables as armumenis,
“gnard” 1m a tuple <eg, 0 7, og, o and “lell” are o constraints, and “body™ is a set of terms.
The constraint ¢; is said 1o be ask-meded, while o; and “iell® are said to be tellmoded. We

lu a Ianguage such az Flat Guarded [lom ﬂln.uz::s['[':dﬂﬁ] qutzying and Ask-constratnis 1:|:ur|.-e.'-i|:1|r|1.| Lir Huu.rd
unification and goards, while asserting and Tell-constraints correspond roughly te cotput unification and body
unihcations respectively.
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2 CONSTRAINTS IN LOGIC PROGRAMMING

abuse notation smnewhat in the following definitions. Constraint s confirms guard < c..00 >
if
F UTLEWETS ¢y M8 accepls o

constraint s Buﬂpﬂnd& Ll . |
s aceepts ey A s accepls o

and & rejects g if
& refects op Vs rejects o

Informally, a clavse (b, <at=,c. b} s a candidate for goal g in the presence of store s
if 5, g=h confirms <ai> and s, g=h accepls a A gonl g commids 1o candidate clause
{h, = at=>, e b by updating the store 5 with U ¢, and replacing ¢ by & A pgoal fails of
Vo= {h, e, 1,6 A sng=~h =& rgects <at> Deciding confirms for multiple clauses and
commitment for multiple goals can be done in parallel.

2.3 Example

The following example is adapted from [AiS88]. Given an arbitrary quadrilateral, we wish to
find the ellipse thal passes through the mudpoints of the four sides, as illustrated in Agure 1.
The approach is to caleulate the midpoints of the four sides first, and then to caleulate the
ellipse as a linear transformation of a cirele. The transformation watris is caleulated based
on the relationship between a unit sguare an the parallelogram formed by the midpoints.
Here §s o frogment of a GDOC program Lo solve this problem.

:- module ellipse. {inputr alg X¥1,¥1,%2,Y2,X3,¥3}
:— public start/6. mid(p{X1,Y1),p(X2,¥2),p{X3,¥3)) :-
{creats alg Ax, Ay, Bx, By, true |
Cx,Cy,Dx, Dy} alg:2sX3=X1+X2,
start{P1,P2,P3,P4,X,Y) = trus | alg:2+Y3=V1+Y2,
A=plhx,Ay), B=p(Bx,By).
c=p(cx,Cy), D=p(Dx,Dy), {input alg X1,¥1,X2,Y2,X3,Y3,X4, Y4}
mid(F1,P2,4), enle_ellipse({P1,P2,P3 P4 X .Y} :=
mid(F2,F3,08), P1=p(X1,7Y1), P2=p(X2,Y2),
mid(P3 P4,C}, PI=p(X3,Y3), P4=pl(X4,Y4),
mid(P4,P1,D}, alg: (X1-X2)+({¥3-¥4)=(Y1-Y2)#(X3-X4),
cale_ellipse(A,B,C,D,X,Y). alg:(X1-Xa)*(y2-vy3)=(yi-v4)+(x2-x3) |

cale_ellipse_okay(F1,P2,P3,P4 X Y).

The entey-point is start/é which takes the coordinates of the quadrilateral’s vertices,
and the twn varialiles ou which the ellipse constraimt will be imposed, For example, the
query ellipse:start(p(X1,1),p01,6),p(X2,8) . p(=9,80,X,Y) will return constraints on
X and ¥ such that the point (3,%Y) most lie in the ellipse drawn through the midpoints of a
quadrilateral whose vertices are (X1,1}, (1.5), (¥2,8) and (-2,9). The program procesds by
spawning four processes 1o calculate the midpoints of the four sides of the quadrilateral, and
a process Lo caleulawe the ellipse. The guard in cale_ellipse/§ suspends unlil, by checking
that each of the two pars of opposite sides have the same slope, it verifies that the midpoints
form & parallelogeam. Correetness of the method used by cale_ellipse/6 is ensured by the
guard . Additicnally, the constraint-solver has o more const rained problemn to deal with since
the guard guarantees that the rudpoint caloulations have finished before new constraints
wre generaled from calc_ellipse/6. This s typically much more cfficicnt, which shows the
valie of rontrel based on enformation-flow for concurrent constraint langrages.
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3 SOLVING RATIONAL POLYNOMIAL CONSTRAINTS

Fignre 1: Example: Ellipse through midpoints

3 Solving Rational Polynomial Constraints

In [SaAB0, 5S8R, Buchherger Algorithm/Grdbner Dase constraint solvers for the rational
polynomial, boolean and finite-cofinite set domains were shown to fit reasonably well with
the Constraint Logic Programming acheme. since they are incremental, and sotisfaction
cornphete. We are imterested here to investigate the nse of Grihner Base techniques within
the concurrent constraint programming language scheme for the rational polynoemial domain,
which can be formalized as the consteaint system (2= FUC U P A V.C). where:

= {A}
=i AA — A 1 AA A}

L {fraction :— A}
¢ ={=}
P = [string starting with a lowercase letter}
V' = |string starting with an nppercase letter

g
£

with the structure

THA Y = the set of all algebraic numbers
=)= mulliplication
Di+) = addition

MHiraction) = the rational nomber it denotes

anid
M = axioms of complex numbers

We will start this section with a simmary of seme well-known results.

I [Buc®l]. Duchberger introduced the notion of Grobner Doses and devised an algorithm
to compute the Grobner Dase of a given finite set of polynomuals. This algorithim has been
widely used in the field of computer algebra over Lhe past few years.

Without loss of generality. we can assume that all polynomial equations are in the form
of p=10. Let & — {py — ... g = 0} be a system of polynomial equations, and [ the deal
in the ring of all the polynomials generated by {p,,... p.}. The followmg close relation
hetween the clemenis of [ and the solutions of £ s well known as the Hilbert zere point
theorem [Hilg)]

Theorem 3.1 Lei p be o polynemial Frery solulion of F 15 also o solubion of p= 0, if and
ondy if there erists a natural number n such that p™ 12 an element of .

Corollary 3.1 E has no solufion if and only 1f 1 € 1.

Buchberger gave an algorithm to determine whether a polynomial belongs o Uhe ideal,
A rough sketeh of the algorithm is as follows (see [Huc83] (or a precise definition).

Let there be a certain ordering among monomials and lel a system of polynomial equations
be given. An eguation san be considered a rewrite rule which rewrites the greatest monomial
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3 SOLVING RATIONAL POLYNOMIAL CONSTRAINTS

in the equation to the polvnomial consisting of the remaining monomials. For example, if
the ordering is lexicographic, a polynomisl equation, 7 — X + B = A, can be considered as
arewrite rule, & — X — B+ A. A rule Ly — R is said to subsume rule Ly — Ry if Ly is
a multiple of Li. A pir of rewrite rules Ly — [ and Ly — fy, of which L4 and Ls are not
mutuwally prime, is termed o crificel patr, sinec the least common multiple of their left-hand
sides can be rewritten in two different ways, The S-polynomial of such a pair is

lem{ L, L=} R, lemi Ly, La)

S-pody( Ly, =
poly( Ly, La) = Ry T T

If further rewriting does not succeed In rewrniting the S-polynomial of & critical pair to zero,
the pair is saul 1o be divergent and the S-polynomial 5 added to the system of equations.
Dy repeating this procedure, we can eventnally obtain a confluent rewriting systein. The
confluent rewriting system thus obtained is called a (Frébner Base of the ariginal system of
equations, and can be characterized by all S-polynomials rewriting to zero. The following
theorem establishes the relationship hetween ideals and Gribner Bases.

Theorem 3.2 Let £ be a Grobner Base of o system of equations {py = 0,. ., py = 0}, and
let T be an wdeal generated by {p,, ..., pn}. A pelynomal, p, belongs to 1 if and ondy if p 15
rewriften Lo O by M.

We could decide entailment based on 3.2, and satisfiability by using the Buchherger
Adgarithm to incorporate the polypomial 1o the Grobner Base as per 4.1, but for our purposes
there are some problems with this approach. Firstly, tentatively modifying the Gribmer
Buse in order to check guard satisfiability is undesirable, particularly if we wish to do so for
multiple clanses simultancously. Secondly, since the relation between the solutions and the
ideal described in theorem 3.1 is incomplete, the method of theorern % is incomplete with
respeet o deciding enlailment. For example, since Grébner Base of {X7 = 0} 1s {X? — 0},
rewriting using thie Grobner Rase cannot show that X = 0 is cntailed. There are several
approaches to solve the entailment probiem:

1. Use the (irobner Dase of the radical of the generated ideal, 7. ie. {p[p" € I}, Although
il i Ltheoretically possible to compute, there is no efficient implementation,

2. Use the Buchberger Algorithm to add p to the Grobner Base and then check that
the resulting Girobner Dase is equivalent to the original. Unfortunately, this seems as
difficult as finding the (rébner Base of the radical,

4. Use the Buchberger Algorithm to add po to the Grobner Dase, where o is a new
variable. @ is in the old ideal iff 1 € 1lie new ideal. This has the unfortunate side-efect
ol changing the Gribner Base.

4. Find n such that p™ is rewritten to () by the Grobner Base of the generated ideal. Since
s bounded[CaGGAS8), this is a complete decision procedure. Since the bound is very
large, we may prefer the incremental solution of repeatedly ralsing p o a small posilive
iteger power and rewriting it by the Grébner Base.

Since we have not run into problems with incompleteness in practice, we have chosen not
to implement any of the above strategies

3.1 Parallel Constraint Solver

There are two main sources of pelynomial-level parallelism in the Buchberger Algorithim,
the parallel reduction of a set of polynomials, and the paraliel checking for subsumption
and eritical pairs of a new rule against the other rules. Since the latter is inexpensive,
we must concentrate on parallelizing the coarse-grained reduction component for shared-
memory architectures, However, since the convergence rate of the Buehberger Algorithm is
very sensitive Lo the order in which polynomials are converted into rules, an implementation
must be carcful to select “small” polvnomials early for inclusion in the developing basis,
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3 SOLVING RATIONAL POLYNOMIAL CONSTRAINTS

The key idea underlving the algorithms in this paper is that of sorting a distributed set
of polynomials, and we will use the “distributed enumeration sort” [AIBS] as onr point of
departure.

We begin by considering the “distributed enumeration sort” algorithim, which is suitahle
for distributed memory machines. In the sort algorithm, each processor has a complete set
of the mput items. and a copy of the cwnership function which is a one-to-ane function from
items to processors®. bBach processor independently compares the item it owns to all the
ather ttems in order Lo deteriine the item's rank in the sorted sequence, The method for
ontputting the items in sorted sequence chosen, because of its applicability to the Buchberger
algorithrm, is that each processor listens to Lhe sutpul of all the other processors, and outputs
its cquation when the count reaches the item’s rank.

The sorting algorithm is adapted as follows. Each processor contains a complete set of
basis polvnomaals {called rules) and non-basis polynomials, and a load-distribution function
w which logically partitions the polynomals by specifying which processor “owns" what
polynomials. The position in the output [rule) sequence of each polynomial 1s caleulated by
its owning processor based on an sssociated key (for cxample, the leading power product)
which bs identical in every processor. and does not change during reduction. Each polynomial
is outpul when it becoames the smallest one remaining. The critical-pairs and subsumptions
are caleulated independently by cach provessor, so that the processors” sels of polynomials
stay svnchronized. As a hackground task, each processor rewrites the polynomiale it owns,
starting with those lowest 1 che sorted order. lerrmination of the algorithm 1= detecied
independently by each engine, when the inpul equation stream s closcd, and there are po
non=basi polynomats remainimg.

Llhe dypanue problem requires more complex contrel, in order to prevent the arrival
of lput poly nowials at different tines 2t each processor from causing provessors o have
inconsistent views about the set of non-basis polynomials and possibly about the output
iruie) sequence. Figuee 2 shows the alporithm for the dynamie ease. This version requires
adeditinal imformation aluwot the bagis anel noo-basis sets of each enge 1o be naale know,
eventually. to every other engine,

A oserious drawback to the algorithon is that iL cannot take advantage of “magic polyno-
mials”. That is, since the key which determines the ontput position of & polynermial is fixed
before reduction beging, the key s anly & rough approximation of the actual preferability of a
ptﬂ}'nmnirﬂ after reduction. A ]':-n.qsihh.‘ refinement, not addressed here, 15 to resort the sot of
polviramials within each processor inside the same “outpnt slats” owned by that processor.

Sinee the result for the static algorithm is straightforward. and a special case of the result
for the dynamic algorithm. we will only prove correctness lor the dynamic version. We would
like to show that the processors have the same view of the outpur (rule) sequence.

Lemmma 3.1 For everyt = 0, eractly one processor putputs fe Channelft /.

Froof by mnducteon on t. Assume § = 0 Smee By 15 updafed craclly when @ s meremented,
we fave By = B, = 0 and % = K. We call a processor 1 synehronized of & = Ky onldy
synchronized processors can eoulpe! (lme [2) By defimition, 5; C |"]_Ii K;, and so for all
synchromzed processors Ky = K = [, K. Therefore there is a umque mmimum p € P
Let m = wip), If processor an is synchronized, then i ounlpuls p as soon as p has been fully
rewrsllen, ofherwase of warts unlid synehronizalion (wheek will evenlually svcur, of 5 s fimite ).
Ta eallher vase | ois nerermenied. _-q__f.frr g, Hm wndl J:hlurﬁlr' wndel Hﬂ‘i = Hm {fl'nr! 9}
whieh wlse freezes the value of K. We are then guarantecd that wo fother) cngine can onfput
untid reccrvang o and mercmenfing £

Assumed =) = 0. Now P = By are the identical sets of critieal pairs from the first 1) rules,
We argue somalarly de fhe base case lo oblaen the reguared resull.

Corollary 3.2 Fach processor recerves Hhe same sequence of rules.

F)'his idea i casily generalized 1o & many-to-onc owncrship function.
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4 SOLVING RATIONAL POLYNOMIAL CONSTRAINTS

comment
& = stream of polyvnonmals.
&; = subset of 5 that engine ¢ knows has been received by every engine.
B; = subset of B; that engine ¢ knows has been received by every engine.
Code to maintain 5, and [5; is omitted.

i1) doi=1, N
(2) spawn cngine .5 Channel) on processor |

[3) engine( I, 5,Channel)

(4] .S‘ =P =K, =8

(%) B =IB =0t =0

(6] do forever

(7 choose

{8) guard recelve X from 5

{4 : H =5

{10} do K= KiU{X} A=RU(X})
{11} muard [ :— min P00 s drreducible wort, B
(12) S ey v

(13) o outpul pto Chanpel[t4 1]

{14 Fi == FiU {spoly(p.q) [ a & By} = {p}
(153 B, — B, U{p}

(16 puard receive polrowm Channelt++] .
(17} do Fii= P U {spoly(p.q} g € By} - {p}
(18} B = Byuip)

{19 guard (L= dgleg € P wig) =i p s reducible by B} £ 9
{20} do Rewrite L by I;

(21) gunrd P, =05 is cloaed |

(22} da omtput B to Channelt]

(23} stop

(24 cndehoose

{25 enddo

“The choose (guard Cond do Action)” endchoose construct specifies a non-deterministic guarded
choice. Execution will suspend until at least ane of the conditions obtaing, and then the action correspond-
ing to one of the guards whose condition obtains will be executed; the testing of guard conditions has no

observable effect until an associated action is chosen. )
[he algorithm for the static problem iz obtained by changing all references to the stream 5 to the set

al input polyvneminle P, replacing line(4) with “# = #F7, and deleting the framed code,

Figure 2: Algorithim for Dynamic Problem
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3 SOLVING RATIONAL POLYNOMIAL CONSTRAINTS

Theorem 3.3 Forall p.g € 5, S-poly(p.g) rewrites {o zero.
The proof follows casily from the above corellary.

3.2 Implementation and Results

The dynamir algorithm was wnplemented on the Multi-PSL a distributed-memory mult-
processor designed as a development platform for operaling systems and appheations based
LN concurrent logie programming concepts. The user-level language, KL1[UeC80, Nal39], is
a data-flow language that executes al up lo 128 K reductions/second on a single Multi-PSI
nerde,

The central dala structure in the implementation is a sorted list of items of work . com-
prising input polvnomials, critical pairs, and requests to simplify rules. Priorities correspand
to the key associated with each polynemial. In the corrent implementation for rules and
input pelynomials we use the largest power product as the key, and for 5-polynomials we use
the largest power produet after canceling the largest power product of each of the two parent
pelynomials. The complete execution of one piece of work is broken down into stages: for
example, weritical pair 15 first converted to a S-polynomial, rewritten, and finally normalized.
lased on this breakdown, we pipeline the execution of the entire list, giving ws maxinmm
overlap belween conununication and local computation. Although this impleneatation only
deletes critical paire arising from subsumed rules, a full implementation of Buchberger's
eriteria for fillering useloss critical pairs should also be possible

Tl'll? 'meh'un'nLul i.l-T"['I t"i. LJ.'I.E' S anr.I H ‘L'H.l‘iﬂhl.!?ﬁ i.n t.]:l_li' d}'lh’![‘l'lif n]gnri[,hru 15 |!:IIL'M-!I' (&3] Aﬁ.'ﬁ-
{acknowledgment ) messages. However, the additional latency introduced applies only to the
accepiance of new inpnt polynomials, and the nember of B related ACK messages can be
decreased by wpdating the B variables less frequently. Information abont processor load i
piggybacked onto the ACK messages, in order Lo construct the w load-distribution funetion
dynaudeally (being caretul to build it identically on each processor),

Finalty, the caleulation of the coeflicients of non-basis polynomials is improved Ly delay ing
until & rule to rewrite the associated power product has been found.  Av that point, the
coefficient expression is evaluated using divide-and-conquer, and compared Lo zero. This
strategy results in several fold speed inprovements in some examples.

Table 11 Absolute Performance of Dynamic Algorithm {sec)

Example | SAC I FE IPE 4 PE £ 'E RPE 12PE 16 PE
Hairer 1) 187 2411 1.782 1341 L. 160 1.216 1977 1508
Fitsura 3 466G 4.471 5040 A 16T 3775 6.701 B B85
LTrinks BA% 440,084 0607 20002 140600 14730 19011 19740
Elrinks LiaA25 180006 108 38F B3A6Y  BGUOE 42766 44017 40,500
Watsurn 4 | "SLO77 245,907 1305543 TRSIBR 531295 463,800 300 668 302958

! Note: The SAC figure uses a different ordering which gives better performance far this problem.

The benchmarks presented here are from the SAC system as reported in Boege el
al.[BoGs6] with the exception of Katsura 4, all examples use total degree reverse lexico-
graphic ordering. The figures for the SAC system/IBM 3080 are given to show qud.llhhtl\-:'
differcnces with a stambaed implementation,

Except for Katsura 4, the speedup curve (Figure 3) eventually becomes flat, reflecting
the limits of polynomaal-level parallelism in these examples, The absolute pedformance of
the algorithon is only Fair. However, reimplementing the polyvnomial and rational arithmetic
in a standard von Neumann language should bring about a 1-2 order of magnitude per-
formance improvement s Lhe bulk of the computation (measured al over 90%), without
affecting the parallelisni. Althongh reimplementation would change the ratio between com-
puatation titge and conmmunication time) latency. we conjecture a significant improvenent in
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Figure 3: Speedup of Dynamic Algorithm

owverall perlormancs o the extent of passing Lhe performance of SAC and other sequential
imiplementations,

4 Conclusions

We have demonstrated the possibility of developing a concurrent constraint programming
language GDUC wsing the KL1 committed-choice cancurrent logic programming langnage.
GDCC 15 an open svstem, in the sense that KL1 pracesses obeying a simple protocol can be
used as constraint solvers lor user-spectfied domains, We have demonstrated that Grobner
Hase techniques are somewhat applicable to the concurrent context, and presented a con-
strainl solver based on a parallelized Buchberger Algorithm for calculating the Grobner
Base on a distibuted memory machine. The constraint solver exhibits substantial speedups
and reasonable pecformance, Reimplementation of the low-leval rontines in a von Newmann
language should substantially improve the latter. The algorithm uses broadcast messages
exclusively, and it would he inieresting to investigabe its performance on a hardware and
software platform that supports broadcasting efliciently.
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KL 1ick % 1PEREERE 7 v—
- E20OEOMGTP -

EfINEE_ @ £ BEF 85 =%
ICOT 28 5 Bses

1 BJimiz

BMIBKLIY—2vay o, ESHPCHAIEREKLITE SRS BE S, wh®
SA2FuY 7y YOMERK2ATSERL. KL 1 £HOTAE T 250 S L€ F A E
THEEER (MGTP) oHHAHEEL, ToffiEA4d » 27V & (simple ) OIRF LA CC
THFRELAMG T PEBMTNOBESHE Fo3 T8 5,

L MRS =L 5 K L 1 SicE iRy 2,

2. HEE range-restricted AERESKREZ 2Lk b, B0V F54% 25K ESheTH
RE:EHET L8 (EEME : conjunctive matching) # KL 1@~y Faz=v 45— g
*THRE A,

3. KL Vol 2 LEjic, A FEsd RE+T 5.

Gl KL1Y—2ca 7Tk, T20BEOMGTP | Fw3alEofFicli-T, Z4dch
ETERVHAATE rEOW O E L D BT, FROORLRRRTE L SIC. KL 1 ey
1Y FOFHC SRS, chbOFRER, NE (CETETHES OB L A2 T e XS v YA
AN D4, B DWTRIR T A% o ¥ i vronkbokKlLla—s0 054 | (8
FHE) T 2, .

2 TEEORE

MG TP oRjER e o, ISME7 » — X Co@@HEEH o LARETHE, 35
HRBILEHEE, Rete 9 PAKL 1 Futx} LtEHRT L LvHB 8, non-Hom Hio
Heicilltsihd, OB, HMoSEERUMEEETIATES Y, (i) Y- 2% B
. CThETKEIFLHAY Aty bkt o ¥ —F 25, (i) BHEETETO 7 vzt o b
FUEHTEBLSL, ALV —afd@RE I FIA4 v R A v AK, FO (E5A) KRALTW
HPETTRITERSLATRAE AL R WY, wIHICLTORE IR 3 AoTLE 5,

CHHEORLED | SOFHEEE LT, BEMEORETH LY 7904 v 22 v 2% Faxarh
TR RS FACERREL, Rete ll /A I X Aa%EH+2, RAMS (ramified stack) 4L #E9
L fey ANR, MEMEICHTBIEADE SbaEY, non-Tlom HilKH L CEHE7 4D
AT T 1D, V7 74 YA By ADd v 2 L ¥VICE WREIHMAESETE S, LAL
£ O, AT TR OB SRR AR 20 oitBMaEBE A L 2 kv S RS - e,

FOTLS T2OMREE LT, BWICTLREESEFCoTih ¢, BMEeRE+Ic ek -
Ty BICTCRM R S A B L. L 0244, CREMERC (multi‘entry repeated
combination) HF LML et d,

TUEHER SR DM, Fho il sy LERE &, LiiciEbhie e F A BR0HS
EMELALE, OIS0 570kt b 1ol ST RS KT Rt THE, T
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D, GIHFEO) FIACHLT,  EMOBARBSHEEA, coESTERSOKL LR
Ba (BKL ISR IEEHEE0AS v Ko CHERS OB She2$F+2) o

MERCHAHRRAMS HAD LS A%+ v o v VHREFHA A v, 2ESbha 4 vy oWl
RERIWTE ), BREROLSOEEREAEIC L Cw b, MARMEERT 2, KigKz
Al & 0T ERT25H, b FA7olETd 0. §H0BFe<Et7—71E
v, —HRACE- T, HRAH AL (EFA3KE(h3) B, MERCHEO HH L b
PRL a5 5.

3 IBAFFEY

RAMSHMGTP T, EFApkl I #7244 28 v 200088 LTEEY 2 % Hw
Tk, EEESCLEET R - (suhsumplion test) OE, =FALEENREBR (25400
FICHHTS) EFHMEEL . chidEd3icil, WOEA v FA o Y2 MAT I AR
Al i i, _

EA »F 4w FORFRICH - Cohd D20, HNARYA (discrimination tree) 1€)X 5 H7E
PR R -ETYEAGo T, EEAESTH L. BrdKL o2 2%EBwcrhd
ERL WA, H ab) HIGMFEBLTIDO YR fab hbBE3RA Y w& kit
DERTEL, COA T v FXeEdb i, Ay aficr—r52ndLTw
L, —ROESEEEILD (T—27ERE e vFadiffsihd) , SRoEcH LT TE ot
i prefix THAL LRHATESYE, CORBEORHEL v -7 FCHBLALDIELLC LiT
Fh, AOEHIHICH, 4 vF 2 A0 L - TROES~OFediibic T 3 X o, #OHAT—2
ooy PV REO~Y 2 p—RF0HE,

BEFIARGROF O 1203, prefix order € AKF e ¥ o b 2o LB EEEIHEC L TH
S 1DOELAWMES LORT, 2274 —a v (HIEE A BAME) s 2 v 35 5B,
[AE e h c S 2 XL T A 4 AV b k- T, FRLOMEECERIGE+ES
TEHTEL, CORMRINEICRELDL EH - THEG S oKt FAnll (MROEL) 2K ¢
L oh@mE L S, :

1 iFiHE

MGTPOFHESEL Sicd /- T, MEEOMNS (Horn 2 non-Horn 20). & €5 A ORFE
feround #»non-ground 7] #MLTE T HFETH B, Liedi=>T, (i} ground T non-Horn,
(i} ground ¢ Horn, (i) non-ground © Horn, (iv) non-ground = non-Harn, @ A fio4 S+
LW TEL 3. (iv) OESICHE, disjunctive literals B AN E ¥ 555 5 & oo e HILDY
AREIEHBEGFAL, 5 FWRRIA S A b v b, pRUEBHHOSHTE I BIFohTHnEE
BHFEE (1) ~ (i) $TTEE T L2b, 2T TH(iv) DRESEERNT 2.

2T, (i) oG, Y—208Ick s TERNCETFARNDIELTCWE, chboETF ARk
I ERMSNE LTS T LMTELOT, $XAOREFEEAMGTE 3. Muliti-PSI DX 5%
o AAAENADeATF T ey VL AT AT, MEOHERKELLT, @EA L ETY
LEMERT I BESADEH, (I) BTLOC AT AKE LM IOMMEMRES435, | ¥—20
WL aT Yo+ s 9 ERAFTERRLHEAL, FRUBEE oty v TENCEF LR E
TFE | v, AR 7 o e 38D ST HRER T, nqueens BB, pigeon hole R
FOETIEETo i, (SBRTHIAACITRB AN RERBOSRDRAELAR (12-
queens OEMEFIC FWT, 64 GTH M BoaEE L) o

(i), (i) DB|EE, ¥ — 23T L3 OR FAMBFHLA OT, BEMSEIFUEF =
PRFET S 0 LM A2 D, BoERA Y, FAMNAMEcr, a7 = + 5 IHEED 9 0
KLLL%E S BHEICS D, Z WY E BT 2 BRBHICAE v, FOBRSOMELE, 7o
ARAFVCHLEAT ) ICRTET 7 2 2alBhH whicilli, BEETE -ACBEETE 2 2TH
Zo BAL. OTTER THHHA TWEHREBEIC, BHLENTWL L 2 THE,
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[HFF90]

Manthey, R., and Bry, F., SATCHMO: a theorem prover implemented in Prolog,
in Proe. of CADE 88, Arganne, Iinois, 1988,

Ja—, KLl 7o ¥ 2 1 v YHE - Prover OHF{EDEE LY - | in Proc. of KL
Programming Workshep '90, pp.131-139, 1990.

B EIE=S, KL c X3 THENBE 0 ¥ 5 4, in Proe. of KLT Programming
Workshop 90, pp.140 149, 1990,

Hasegawa, R., Fujita, H. and Fujita, M., A Parallel Theorem Prover in KL1 and Its
Application to Program Sysnthesis, Haly-Jopan-Sweden Workshop, ICOT TR-588,
19840, .

[FEEKFH)] Fujita, H., Koshimura, M., Kawamura, T., Fujita, M., and Hasegawa, R., A Model-

Generation Theoremn Prover in K11, Joint U5 Japan Workshop, 1980.

[HKFFE2)| Hasegawa, K., Kawamura, T., Fujita, M., Fujita, H., and Koshimura, M., MCTP:

[FTi90]

[Stiny]

A Hyper-matching Model-Generation 'L'heorem Prover with Hamified Stacks, Joimnt
UK-Japanese Workshop, 1990,
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AFY ATMS
ik B Kl FF 2 1 HES
HORF) ARSI 2 F(A) B 2 > ¥ o — 2 SRR
1 Bl

SRR Mulu-PSL Lo KLl £ X &8F ATMS bt iih T s,
fERMEmd, WIC L L vwER TR IRE S L, B EL vt HBAvERTH LAEROBS L I, HEo
HE L TE L LW N TRGTECEREETH Y. Wills 2 7 L3S 2 e 0o B A BREW
T&E D [Incue 88 LALAHEG, fREECIA S ERESRSOETEHS ML il % b8, BRI & of
sifid D,

BEARE I T 2 ATMS (Assuniplion-based Truth Maintenance System) [deKleer 58] 1, & SFsaSlo%
RS EREMSEEC, F—F (8 oEBFERET I 27 6THE ATMS (HFA L7 — # Difd i o B¢
CERFEN T — 2 b g s G0 PRI NABSLEERSY MLt 2o PRarEE+or 22Tk
BAEE L chd F—sflibi by Tasdl FAaTRCLOERNCTES C 23 THLTWS, Ll dsb, T
FEERHE - 2 2 e R R - YOI RRM LM TR L XA bR b, ) —EomEE
PEHERCWD, [Dixon B8] CH. 23 ¥ a r=ir BT ATMS ko R 2T bhTtn s, AHEha
BEk (7 —2) OFUCH LT A — ¥ oe o 43RS 22 % &, S ETIH R Lot onTd
N0 ARTALR TV [Harada 90] (F0F 50).

FibREfindaahic® o TR TP AOQRER, ANFRAF—30REFo 7 o4 2 &by o e 7
TYZLEFHL TR nth s, COFRK LY ANF— oo L TERT L7 0 e R o@RIENHT S, 3
G, ChooElRrat 7o r 2k flifio ety BN STE 0 bl 7 2 ODEOMMICHEE LD AN,
HEBERERIC TR L 2 LB A LI T,

BLFARTH S ATMS off B35, 20w, 2h% 4 L ICHMEOER AR SRL, & 6 o BHEF 1
e HME A T RS 2

2 ATMS

C o AN ATMS OB EE AT ATMS o Flk o B i M A ool Bt c B L 3.

ATMS[debleer 86] i, RIS L mERE O+ — VB (H M (Justification) RS OMEEANEL. T
bL (7 =% [ Datwm) EVFL) DEBOIE (&3 wiHiEGofiE) #EEL, INhTa.

Bt b LT AREHE k- i e ol ok s,

ey, ﬂnﬁﬁ
My, -, iy = L.
SO, a(f = b 2 0 BTA 0 EEGRERRERO T LA 405 L 8 (false) 23E L, 88 > oEQET FAYED

LAk 3
ATMS MRCHET — AR TERT T SEHE(che s - VEFR) cRZR LN, FoEE0ENERE 1

T a?

Tiatum - < 7—&, T, BT .

TABTE, FoeR Ee S BATM O NS T RS A 1 VA S R OMiE LR chR KLl ForF i v Tnh E LA

Fusez bbb BB rBnTnd.
P N MBTRE s e B S = PR S = ¥ {assumplion novele ) b EEE
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R m it AN ARRORSOBOME RS LS 2 & RS c AN EhASTOREBMNToME
FJETEE D EHOEENS L(Hfalse) BN G k¥ £ OB FEEM ( Nogood) 20EE, T + 3 LENS
b1 HEHEWE FE0BEEEFIT (consistent) BB LF L B2 ) - FEELLATWE (INRRELIFS) &
. ALETHABM EMdaTJ & Edb/ — FOF—#0lhhdc 2 Td s INRED/ — Fix, 0 biEm
ARIEBEE-TEO) — FAAL LR T A WREE (OUTHREE L FL) KA B HREE BT wa. / —F0 s
a0 - FRELLATWERMOBRREOBETHE. ATMS R, ANEhABEHAT T+ oficHlinta
A= ¥ (Efs — F 2D oBnfd o, eI E S — F(fiiES — F 2R oS itinLoictiL ©
v,

ATMS i AT T 354 bh D 2 TR PRI, FAr0ESHEFTabR L MFRa (i=1,...0n>0) 41
HETSHBMTREL b AL DI A0ERTEHEE LA LOTH I, i, 74N NOEEE A HBRICT
T

[FAESFIR
Lo#f - FoF=ad Ly, B - P oF<ad L bt LcEthi4ESoRscL ClEls
LE/ A E o
L' ={zle = UE,',E; € L;}
i
Lt St vy b2 2 oRBELCE LYy MERor KL NAIETE L.

2 L L A FREEERVES, 2oLt oBRSOR M OEE (R0 EA L AWER) 0BT L
L

3 s L Log=Lpe ERHCO S FEMT STt HEET.

1 L LERATE IR, Lo CE TR TACORBC-owT, FHES : LTERL, ADEND/ — Fo
FTHLTOHILAdbERYUET AR LIRE BT,

AW LEEMABTEVES Lo $EE/ - FORLWI S 5L Ebl, cO/—FaM&Es — FET SR
BT 1 A bLEFT S,
3 4% ATMS mFER 5%
ATFTR ATMS o Pl EE HEC ST 5.

3.1 F—#HE
WFATMS i, M b5 shfeF— A KHIL LT FOF— s+ 3 7o+ 23058l chic k=
T FEERHT S
Vgt S 7 — 8, FLa Justifications, Consequenis, Aftention .

Justifications: Coo7—# 2T AMABP ORI/ —F~ Ao+ — Y ERET A2 I—& (THE T-
AR Y=L EFFAE) OBIE D

Consequents: TRF— 2 LA ORI O Q@I — F~ A » - S8 EEBFallharI—L(zh¥ -
AFY—L kPR OMED,

Atlention: fCRIEF 2/ — Fh b b 2 FRRSOlERGSEEET AN Y - (b A- A U -2
EFFER).

MBS H RIS L e WAED A, Az, An 220, rocBoEEd nBor s 1R b by B A RE &
Fo bEMET 2ERAEEE | M-S 0nEE L, T3 0RE oY RIAShe BN E L34y b2 s A DEROE &,
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FoaplUud-adliBLp-nTEEILEL AL TRE J- 2 P —ARBHM LR ST/ — Vo
FLARHET IR, toBERNOHE - FhbF<ad T3 Ao+ Y3 EETZADDR LT
B3 A6, O- A ) —LBFSAOHEGHET - 2BE, #ft/ — FEMLT, 20720l Hiadtint
& Justifications, Consequents b, 7 — V#E T Vo2~ bV —LoBED b AaTwnd,

F A BICEIET S S — Vi, BhoFRRES (hoFBERERAS LA vWFESRS, L FcFERSLFR) o
e (Nogoad F—F « A=A MR S22 4L LTHENL, BSLHOSTO/ —F~A- R T —nd@l L
THFEEEHEET L. Ao/ — Vo Attention R+ FEEAR F2ET L2002 I —LTh s

R ATMS o, e/ —Faod it e+ r b LTEHLCwI oA S AT f 0o 7T v 2t
AR E LA

3.2 IFMEEEE
EEF| ATMS CHETFOX 5 LB % SFCHF 750 Laafich s

L. 548G ATMS 25 A 5 SWH OS5 OEFELT
Lo, @it LTFo i HBTHS.

o {HaRoashn
o SRR oo
« T 2 ofFaadiEaoltd

MEniEiERTE, S0y A 3EBT LT o b A MERTRIEY L TEHEIRI T LI o THERE AR
HErHD. MTFRRT oA ATVS KivwrERciwaER Y — FosttSorth s

create-assumplion{e, 48)
create-assumption( b Hs)

creale-assuinplion e, Cg)

AsBeCs BENEFNF—FabedHThL s ER/ - FR#T7Fora~mab l—atbEaThni,
FaDEWRS — FPHECCMI LT, FipEEPTREch s, 24, FAThe/ — Vot sBhifts
OEN. RrofiEoffvS bl £ F 1 — & (As BeUs) KM L CHETLSHSPEL D 2 TEFIAE.
Lfedio, Wi/ — Foth e sBmitd ol s BFicEFee o, & boERoighn s Bt
B inARET S L9 aBE L HFic T Tr L. AL F - Ao Shaic 0wt i, SRl ATMS
C5: LAESTHESTEREIRARTLZLAE che k), Mnfhe Tt s ABATO? S ADIESHE
LTS (R
¢ BN S S~AFEHOYTET

Prw FALEREGESMCLToRRPFAS L ETh .
(o) &R0 S — PO~ o i

Hi b RS HOFHE, — Vb, FRb09 <At s
(b} fplEs s - Ko~ W

[o) THSRE T Sa it/ — Fo7abERTE.
(o} BE# 7 <anidh

Zdd — FEBEmAdodiffetfosTal — Vel ERFhAF i X b,
{di TREF EHOHE

HLBEHEET A~ P9 LaAasilfEshicBSehl, SheEn: hAFHES a4binaodesrn
A= VFomFtanblEEd o,
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coh b, BFIKEFTTE SO (a) & (¢) 2L ()b IR LARDMT : thck-TlRILI 7
BEAMGy PP =PRI IS AEHOUFIEFEEALZ. Moo+ 2Rl PR FHEA A7 o+ v HiCEb

R
() /¥ ab=c (1)
- O R b2 a, ¢ =e.(2)
o ' d=>e¢. (3)
_ d= f. (4}
— :A-RAFI-4 e L. (5)

[ 1 ARSI ATME E o THRERSE /o€ 2+ %5 F7— 2 Of

HThihy BT (1.34) X6 K woll ) — FEEhThoiiEciit b wEal, &~ oBliitic
HA7AFHURY L CHAICRTT &0 2R TEL. Kk, Bl (1,2) & (235 2 XoThELE 2
ORI +5f 73 4 B Y o THFICHITT AL LdinfiEL B oTWnE,

EFE#y ATMS o3 & 2 < anEHFHEERT

[AEF) Z LA BETFIE
ATMS Ic& HmfR T oy Jai a2z (1 <i S nyn > 0) BS54 bhkhy, £ OBhMNTORE - FE

EF 7ot Tl ehnclFoFR 23D,
Lo i, EOMEES - Vo ~DJ- 2 1 —LEZBFLTHIOT, 1, KHLTEOI <A |, offnThitd
RS ChER@LA Y, HESD7<AEFET. 1 L £32v LROLANRTEZwOT, COMnE
HEAREO SIS T F ool b b LTwEAL chic k) Beclr LA — Fihe, BELY
FEFIC 7 <P TAS CLHTEL.

2o L = ele= UL B B e L) RN S Co, O Yy 122 2ZTEAWT o4 », BEN
Bodes AR TEv g8, 9 BF2T0ift —F @9~k (Th, P L2205
AFERLRT{NHEFREMETEC b ATES.

bOHEOOQSOFCAONER L ELT, rFLEL LUL M FHEEYERIBWEHSOENOEEOHS
PRET LY LYE. =L Kb K LUl O OEEOBS ERNT LY L5,

4, L=L"fbfcofBd#iEbs 5 Thbthil IV #BH0F < kT8,
YLD S b, EOSERARIE T (altarnatively) L o THHELTWE,
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hor#g LeRLhol cor ¥ AMA0 oot/ — FRHLTO-2 b -3 LTF 24D
HEMSERS Thifdh/ — Pt 580 Justifications KBS LT R s Bt 0 =S w1 L hAK
FHHL. r=L Aol FLJBNENATEREE A- A P —AICHET L A— 2+ —LENLTF
FREFZFALAT v+ 2, HOHSO I 220 BRCFEES S o2 ThlRT 5.

tepka A 2 MM OBHA T ESL bR ARICH, B2 UVKEAFhoiE ) — FEdlET 2 7o+ 20 hn
T, FIEEOFR Y EF S s m AT L

4 FEAEER
ABTr HF ATMS OEERETE S A 4
VM ATMS O ST S AN S8 OF = AR EC SO S « — > HWELAWE S KABT 8 7 4 —

YHEERY BT oML s, ATMS K52 EBNS, FORESSI KMoy 4 —» (UFQ &7
¥) oRBCBF s BEmtt R R E ok S L A

ToT gl LS SR T AR BT iV g~y B LS RSB 5. 2 PR {q6).
qimul} (L <o jmn <8) REUTFoSESEEAT 0L LA

*i=mBEnil j=n

# 1= jf = |m—nl
glL Ly, qll2). qlb.8), - qil,R),
g2.1h  ¢(2.2), --- s gl 8],
[ Aszwmptions) ¢ q(3, 1%L old. 2},
gi& 1) gls 2, qi88) o gi® &)
{.-‘l"uyuud#}{ lellL Ul 2)) {g(l 1hg(2, 00}, - Aqli,g)glmon)}, - {08, 7). 4(8,8)}.

g1, 1) = pesl. gl 1,29 = posl. . QL B) = pasl.
i# Coluwmns Justifications) (2. 1) = pos2. (2.2) = pos?. - {2,8) = pos2.
g6 1) = posti. g6, 2) = poshh. - g, 8) = posi.

pasl, pos?, posd. posd, posd. posG, g(T.1), g(8.1) = queenl
[& Quecns Justificalins) posl. posd, pos3. posd, poss. posh, g(1.1). ¢(8,2) = queen2,

posl, pos?, posd, posd, posB. posB, g(T.R), glB.8) = gueenfid.

28 7 4 — R

¥ 8ol tol oAl o0 QEpCr LML T L (Assumptions). FIC ™20 Q MK wic kb
SO s B R TEEIR L 2 (Nogonds). 342, (o QuldbeFeoiic b Ml 4 A+ 2
(6 Celumns Justifications). b, 206D Q & TETFCHT IR 200 Q T b &M bt &
T & (& Queens Justifications). &8 7 4 — v ORER queen’ 326 gueenf{ FTOTLADHMWESTTEIRD.

oI hd  — Pk oglij) (1 i j <8 posk (1 <k<6), queenl (I <1 <64), PIXUE LTHDH
b, O,

B4+ 64+044 1= 135

THD T/ FRHUTOEETE T PRBHCEINTA. M EATE o s +H2RL, PF RE
A= FE R EE LT o+ 4+ EE 5T,
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PE;L{JJ=ITJ'—]]*3+]' mend M (16§ <8)
FPEpose =k mod M (1< k<6)
PEguunIZI mod M (1< 1= 64)

Mot 66 T TREMCETELT, BTt AR R2EILTT coiReIsl 140207 oty
HTETETEABSCH LT, § SoROETERRNGS S 64 5o B ER R 28hiD.

Speedup
30 -
20 =
10 -
n+ v ] v i ¥ T b T
4] 20 40 &0 Bao

Number of Processors

B 38 2 g — wHIZEE

5 HEE

B2 8§ Queens Jushifieations Wi L7 64 EOBBHHTTH, post 8 posh ¥ COMES — FiF<TRLCT
B0, queen! Il quecnff ¥ TO S - FTEBLAT AT E LTS s UL ToBRICL S,

B - OFECH, 8o Q iownT 1 fTFhb 8 T 070 & KBt #0A LT (posd S posd OFEE),
posl dnb pos8 B EEICEFOBE 7 — F yueen FURT IR ETEL LR LA LAML, colETR —
F Ygueon REAMBEMPT I bEAD, vAF 7o+ FC L HFIRTORITHFRETE LW COL EhbEH
FRLSK/ ¥/ nex  LTHEFITFTE77E 5 C FoERE, F<AHFi—2D /7 — F~#ih+ 288D
S CNEERT D ADICH § Queens Jusiifications 0 L 5 CEAFMFORECIEENAT, AN THIESD
BAHDS TolER —oa/ — V~oBlid ¥ gueend 265 queenty 034 3 64 IR HC O Lo ERIica
BFacidtcl FHIKELALS SEHESRSHBL0E, ¢ o, BT X 2 A 00 #E. #ETES
MHARErEd LA A s AL RS L EREL T ThdL, 8finy s —vorToiE
FHMmATE LTHALT ol ETL e LEEL bR AN, otk Tn S om0 asEehy, A
EVOREERWTMEED S C L TEhEdak

*Bio6 Columns Justifications KT & iBML.

giT. 1) == posT. q[7, 2} = poa¥. --- g(7,8) = poal.
y[B. 1) =+ posB, g[8 2} = pexB. - g[8, 8) = poss,

B Qucens Jusiificalions Db EROBELHH w5,

sl peald,pos’d posd posh postl,poaT posk = queen.

SEOL S REATTe R
llizg b= ali 2} - g(8 ma) = quesnfzi, oo n oo i) (125, €81 <i28)
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[Dixon 8] T4 ¥ 7V Av &K ATMS i, 13 7 4 — > MRETENCEO 70 S0 Tk bEEL
Twd. Licliib, COXRENETASI XL, BFELESFOBLOATHEF— S 2&7 o+ » HH{RY
FTEL0THE LT, ANThARROROKEF —FoF ot 3 21ETECh S, 200, BAOETE AR
e o e PCH DS TS NEAMERIATWEY, cht ik REoEScEnTHEEA o T ey 33l
AL,

Multi-PST LA+ & ATMS {1, [Harada 90] & [ 0] €T d QE0S A F LTI Tety
HokFL2EoREEFBENERCWI A 1 ooMaH S 7 A#EoRFTAS ) JAEHEELTED,
EHEF—FOFA0BERBORRRA — YOV o APERINTLESRERBELEL GRS, ¥, B
TH, FATME /= Fd et 2TdH L BEOMRMCOEE Ve 72aftls 223 ] Fote s HETD
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