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CAD of=sH® data metamodel

Data Metamodels for Computer Aided Design
W oXE F H

E # data metamodel &%, FHENNR1IEOEHEED model TH2 LS5, £ DEHOR
75% database IR EIMBICKZ, BEMICIIMS schema EEFEE LRI 5, ER
M, —EP OSBRSS OBREOFETHY, ARBideo CAD itk 3V SR T 2. B
TORMME 1213 CAD HAMWIL data system ORLOLREMEB I N B WL 2 O HER
¢, metamodel & UTOHIIESTL, ML, EfEiEHTs. SocEEOHREZBRLY
RICHEZEERELRBT 2HEOKECED, £ TOREEKRT, #A ¥ paradigm & LT
D. Hilbert OAMEHRMLEFOFELRLT. HY data Ok¥icRED, ®IR L7 paradigm
ICEph b metamodel RER D K ERT. RBICHEMA system & L TR I NIz LMS (Logical
Structure Manipulation) % & @ metamodel OIS ERE L THABESHT 3.

Abstract This paper discusses data metamodels as they are or should be in cad applications, with
the term ‘data metamodel’ meaning a basic, abstract and formal framework of concepts that com-
monly supports describing many data systems of diverse kinds, each modelling a specific part of
the real world, and is to be formulated in a conceptual schema language. Samples representative
of various approaches are taken from the population of currently available data systems, general-
purpose or designed ad hoc for cad, analysed and evaluated in the light of modelling capabilities.
Difficulties with them are pointed out and their cause is traced back to the underlying method for
understanding the real world, the criticism of which results in the selection of a specific, alternate
paradigm, that is, the formal axiomatic method of constructing mathematical disciplines by D. Hilbert.
An outline for constructing a data metamodel in accordance with this paradigm is shown. Finally,

the LMS (Logical Structure Manipulation) that has been developed for practical use is briefly de-
scribed and regarded as a partial implementation of the said metamodel.

0. BELEAE
0.1 & &
data metamodel &&i,. FhEFhD 1 HOEHAED model THB L1, £ OEED
$i2 % database DIMRAEIBICTZ, EEMICIIEES: schema EZI L LRk sh
5, FEER, —BL OERANEMEIOMMOETHD, ABiz20 CAD it 27ED
FHO>OTHT B L2 EET 5.
COXSIBHRBEOREZODOBIEBIL, OIS EHEL hbaonisn., =
HA LRERFHOSETHS. ROICEKEMN S5 E LTS database LD »dH
B0, KXt database 23 A @ model THBZDRYUVEID T ETIRITWLD, T
CAD o#MIic o Ei1E, BB D database Kbz 2@ D schema SEDC & i3 0MIK
WEE. Fr, Z2CTHDIC, TS0 TRINIBHUEERICANT, BEOEYH
BB L THHIRGIIZIE S 1200
0.2 FEFEDEHIL
1) CAD o database 2sEHE D model Tk 2 = &
database, & U —fINICIZEEBAICIHD S NcEROEF V% model TH2 L ES
RABEL OXBRICBERTV S, WAEKOE>TH S ;



An information system deals with objects and events in the real world.... These real
objects and events... are represented in the system by datatee,
An information system (e.g., database) is a model of a small, finite subset of the real

worldteel,
Information about the universe of discourse ‘describes’ or ‘models’ that universe of
discourse .... Universe of discourse: the colletion of all objects (entities) in a selected

portion of a real world or postulated world ...t"3,

ZRSOXMIILAL, I5ICILBA->T “EHA (real world)” LIITTH 2D,
B OHREESES Db, database 532 D ‘model’ THB LFED L I WRIKIT
BOTTH B, KOVWTEHEAERTILCANEL. FL®RAZ L, "KHEROD
model TH3® DEFHIAK, RO LEZHAEEENEKORNZEELT, 2FEDE
CERINTVAIBEERL. BLEbhBC &R, FLBIBEINIC LR
%3

(A database system) is nothing more than a computer-based record-keeping system ...

to record and maintain information. The information concerned can be anything that is
deemed to be of significance to the organization ...[®’).

Lih->T, TNOORIKFHLZC itk > TikbilbhOE R, database —f T
12 At B ¥y CAD o database 25275 D OFMIC L » TREFR D model TH S &
WA EEEESNTECER], —EOEKTTERL. ,
bhbhid, database H3% N ic D T O—DDERTH A, universe of dis-
courset’™ SEE W OMA (=ML I 7 data & algorithm Q#R) I - T,
FRMYKEETZES, 2he GIHEBOHRLOMIICENT “EHR LF
U, X5 database BT D LS HERO—EHOREEDKR £ BT~ BRINT
VB SIE, ThMBEHRAD model THBEERETEETHAS. LhL, ThoHD
BRI —RIcR T 52 by TR, EEE, BROBHNEIIIILALZOEEE
EEOMATHD, ZZic model LU T AEYERIBEHI DIV, £5THS
DEMIL database DEKRICE > CTRBHTEETHS. B B ATEOEAIRER
Rozhickid 20, BETRIMD LN data 2O DOWICRDETN
BRSO THS. CAD BTIKEALSIKZ5TH2EEA, LroHMNITE
H5D—2THY, Lizdi-T database O BRI ICH O THMEN M Z 5D TS ;

1.1) universe of discourse & L TOHRHOME, bbb GEHEVI) ADER, &
ABOWETHZBEYPLE, WREOMICRIITAEE, 2hooBEoR> (Licd
NRELERTO) EHFHREAOHTH . HicEET&RRzhs, BEN - HEE
HERSBAA, N HEMEZAEEEL EHHEBO LiKTRK, 2TV EKRD -
R LIC model (¥ N3 LIZHIHTERON D, modelling D & H MAICHEE
Lidd LN SHETHS.

1.2) database 3351 kR AEHEORETEL, F, ME, WEOME, HIE, X
THEREEZADAKEICBOTIRLA LS &5, B2l data o ADHEI
FEABAEBRL, 2hicLThiehrbEMcTT 20 LRABORIELHT, B
3ICZED LS ILBIEIC K BED I B Gl EROAREET) RHEADEL
EAEETHEND, EHREOBNTHBRNSHEBONIKNESIONTNS.

2) metamodel EWKTH BT &

metamodel 73b7: 59 ChH A S FIRICRERIL SO LEBHLODOBH S ;
2.1) FEHRHFREZ, ISR IEHILHLNS;
2.1.1) ERZEHORNFOEICRIONE TS LICHAOHEEZIBOTE (=
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W) k3B~ EHRL, ERAMT2-D0HE (=) L\W3BT, 2hs
WH%E model (b3 2 fERICH L—EDHERNIIEERES 2.

2.1.2) ZOBRIKL-TYOWMONIBEY TRI2D, BHOEAKBHEEN TS C
EEBLUTEHRORBIEFST 2. (FERFEFANTHS. TROLLEHHOKRE
DRSS E L TERLENT, metamodel DWRICHIDTH S5 ¢ & bR
LT&in)

2.1.3) FBEBY—RCEE SRl BRILOBEI~RFEAT 2 c itk b, o
¥, LDbIEE, programming FERmBIUATHEED S TFOREE L BIND 3
CEie®mEML.

2.2) EFHHIFEIT, metamodel HSWICHER X, HERDOEY program & L TEH
INBREoE, PLH dms 2R ANBZC ERKIEEDT, WHHTHB. ‘B R
HROEN WL TROBIABMBROERBH . T ENLFIEL LN EH
ZM 5 ¢ LDS metamodel OAREMEART S € LicH iz 5 g,

3) metamodel ME[RETH B T &

metamodel DF[EEMEEHRICRTICE, B1LICHEHRBETEIN TS (E) AR
BOFEOEREZOBADBM, B2 iICERINIHEICHE T metamodel % EEE
R LUTRYZC L, 83 1c% 0 modelling #2 a5+ OB T & DIHEM,
%W 4iC metamodel DEVHEWABHRELERINIRBLESLSCE, BHE
ThH3. COTNTERTOREFRLAOHAEZIIBI TS, Lhk-T, 413
RO 3BEEHET 2D, #hTEELENLLT 3B THTHAES;

3.1) HELEiETZAH doms DKL

3.2) CAD B0 TdAi Ld—RAMHD, WO LR AALEINES dbms 2
BALTwha®sE

3.3) WA dbms it T AMHIES X OEHENE, ThdEFEAEBLEDEL4DEA
CONTODE, DF 0 (ad hoc WHBEICHNT) HRBFEHN LW I FEHIcEHI N
5, HEOWE, LLrdAELHERZLRLEED TS, —Eikbhiz—@idrH
B2 DRATERICED. Lich-> TRAVIKE—REEZIVERT Z2008E8ETH
LTk,

i

ROIFF CEHRZED 3.

1) ZITOD modelling icBW 3, BbNLONOBEOBALSHEY >N 5 REDIETE.

2) database cxtd 2 CAD iz E& 18R DL

3) EMARFBOFECOOTORE LR, /b b paradigm DFER.

4) BEIRAIN7 paradigm -3 < metamodel DEERR.

5) metamodel DA ETRE LT DER dbms 0BIRE X UEH OB

RiFO modelling 35 (F 3 HE

SHOTESWHENIEDLONE. B1ANROBEBE~OREICLS ‘meta’ DK

wm, 23D, FACBRST LN THWRVREOR R X2 oEE, 23k
EHROBRITIEDRKTH 5.

11 NRORE

CAD o database# < 3 modelling OXHEBEOBEREL TV, ALIIEHE



fRI81-001 gk . 3 . assembly[H4I-L200 ) FER D190, RE?, B - Aaeenn 5R47
g L. chicld, 25 Zo0FERMH 5. 1 © dbms 3HED applica-
tion D—EE LT, 2% v ad hoc KPR EINE 5, (MEHOBLOHEALHEZ 2) &
HOMR—BOZEERENS LS WENSEEET O HEMSED. F2ic (ELLTHBL
BAESHLUCESN)) WSE dbms [CHEILHOMBRY. 20 X D THREOHROE
RO SR T % B0 RETHIRBEERL ., PFEDOR dbms, 282 FISH
program & data OHEREDPORIRHETHS. BB ODVTHUILLEAI;
) EArREORH
model D DY D¥sED application ICkET B HIH & € 5 TRWIRESSHEZ N
0, EleFDE L OISO (procedure £ X 3) implicit I HFkER LN B,
Sz NiE model oW T OB, WAUTHERMNTLMBTESAS, €D ap-
plication MM A BIE &4 2458, application 7 &ML O Hic B 2 BfE—
che R’ BIELEAY. 20—>OMBAHIIKE (2ED6)BKT 5.5 Hi
D4)) OEROBETHSE. — DEREBALXELEREAEDINS T LILIES.
2) model DOIRFEM D RN
Bz 13, winged edge structure! [ZLEHAERD model & LTHEHEFNICTETNS
25, HERRELFT LS WIERE M & ORANRERL2ERTZ. (2 LTERO,
D& 575 application DEFIC L » TREHTH 2 SHERWREICODTL LN
BEEEEIZT.)
3) FHEHmMER
model %?ﬂﬂij‘%ﬂﬁ:@?ﬁ‘ﬂ@ metamodel XM, THROLLRIENEDL-THE
LA REINZEREHRUROC LN OFE LI BEIhicdbn Lins. FlIAIHE
BDUbh@ 3 topology DAY model BMMEHBMEZELTHENDT, ¥
BMOBRENEICT I BEPNCH L TREBEEAEE/ITHAS.

1.2 BEOEEIC & ZEdaEh 01
PR X - T hiE, ad hoc Th 3 EPNAKTH 2 LEMHT, HEED model
OKgpHREGRE graph & RTHEL. BEATRSHNI, #HBR=ZoMickahkLE
BREIETH S, FECHSICER model h3fib -7z, BIR model D>V TREKR
MR BEEZOCKREIICETC L EL, TTTRII=ZF2NY LS 5.
1) FEm graph

MEMICI 2 EBRELRMETHZD5, 2HTHZ EVIEEOEBICMAT, Mk
OHiO—FEE, fhHFEREETIIENHRUTIOFZ NP, MESHCRBIREL L
& BEFHE DTV ABANBE. FOLOEEES S RERN Y model D—>TH
2% ASP iV TH~N, KINT CODASYL model i B CHIRGME SBRILL LI
KLUThWEhERBC LTS,

1.1) ASPpPs _

A7 HIRIE, TSR program A3% QAR OBALE & ITMBRISEME, TIDE
3FED ring, 2N 5 DEEIEHERE, associator DMEETE E~ DK (data dependency) &
WABKENS. BRAEST2 EATHRK 1, 2) KBWT, SR o0 (D)
R LTEL o (f) EHNTIHE (f) 2KkDZMERT O X 5 K pro-
gram X3 ;
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Fig. 1 A tetrahedron as a physical object
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2 4WHED ASP model (winged edge #:&)
Fig. 2 An ASP model of a tetrahedron (winged edge structure)

rs=Irf(el) ; rsname=snam(rs) ;

while rsnamexef do begin rs=Irf(rs); rsname:=snam(rs) end ;

as=arf(rs) ; fi=ael(as);

if f=/f1 then f:=ael(arf(as))
BB UL OREBEOBMI KB TEL R U-ERTH S, —kiz¥e
SIS LTI -fed? Bl ORERZ—20BEHAOTmOMOEFHERRT S
RIESHERBESIEDERTH LD, 0BRSS 2D, RYICZ>D 2EARE (&
LBEL OB L At (=) DMBADEIL>TNBHC & HEOER), B2z
O 2 FEREIC & BB SEBICTIAIE L associator 2ALTHbN, ULhd—F



D OMFICEZ I ring 2SBS0 E WHnmEH) <bs. (E
B 3IEARENZEFIN A 5HIT, program IR TR A G T 5 1 HOEIE evaluate
fef(flel,f) TR Z2THAHH. 2HRBFEOAKL->TH, bLENMPHEHEMZ S
513, evaluate eflel, /)—(f=/1) &L&FHIF3.) HIIWER ZE LI bRTORRE
BEidBNLHie, BRFEAD EBRFBICL > THESTONEHF (KiEE) 28
HELUTHE (BHEM) KHBEIRIZELRDS. COBOHFOREEGOEFRAM®E
KDV TE, ARAEHITOXIRPIHELOOTARTRERT S, TiKHEELOD
TEHAEC >V TEE G 1 &) KoY, o s#tEting 3.

LORITHEIOEERB LIS, HICEIOZOBRTHIBERZETIMEE
EZ 5 &, program DIEBEKHEEBEEANBALODOLBRENL S C L REGHD
. TOEEEENET2ICRED lower ring ICEREAGREE S ringstart £ INZ 3,
TRbbEmEBEE/RIMEEMLL, ThAmbThE Iy, 25734880, D
F D ZODIHONHEI IS IN——E. F. Codd?*? )3 symmetric exploitation of relation
EEA 2 D——A 23 modelling i3 ASP O FC & RAEETIR IV A, #1id model
OHRS LRI B LTOERDOTHS. (DWW THEMNS B.G. Baumgart® o
BEICRARNICED O RIGEABRTEBINT 52 ENTER. EF50BEARE
—HOHEDOBHE L THES DY ASP LD ISIKBEL TS, BEROBEMT &I
BHORBINE—THS. LT, d5—HOHETHIBROBEENRESER
BRICHIRARRRAEZEZ 5 ENTERORLTHS. FHRINTHIROEFRICX
R, ENBEETBMOPIRKISERIIES CLiciis. 40553 —Do0H
OBR L OBEKY, ENLoHRL TS —EFMIEAUIEEERIES &> HH
Z2FHTE. coFEERRI EEREVD) SFREETH L, mEE L TER
LA 2P EZSRPOMILICEZ B ELIITEEZA 5. %1 il metamodel 55
BOEER—MITHS. L LEEARKKISRERZ Baumgart OITH D 5 3=k
ThD, ASP DB TOLRBENDEI NS, BEEBECIZ2F 6 S ONICEREY
2E/BIBOHOTH5.)
.2) CODASYL mode]t?41

metamodel D& A 53 iZ CODASYL model {3 ASP @ element & association
ring % Z 124 record (occurrence) & set (occurrence) T X - TE S#Z%, ringstart
(LU72H5- T lower ring) & associator (L 7z743- T upper ring) 2B L, record 8k
U set DEOHSEHEA LIS DITIZEFLN. =20 ring OFEEICX S AERED
pointer FHIRORMBRIEKBEHSFIKL-THR#BI NG, Lid-T, MEOFELE
Wid associator & B S U DEFMICH L ERTIN. #HR S L% CODASYL model
BT ASP DfIFOBRIINEMIBE 1ic 153 » BRI NI (associator Y
3 3) link record ZANEIFZAREDRINT &, B2 compile O SFic k- T
EITHEOHBWEREKRSHNTHTH I L, T3 key H 210 cale key itk -
THRROBEHEZHML TS L, FcHNOM KT 2 A13% 1 homogeneous set
(owner &member piEI—Bc/E T 5 set) OEIE, F2 i CHNERESHIcL3EELD
&%y, % 3ic member KX 3 set BIRDFINKNCE, FLTHNOAMD & &
currency Hlf#AiEH 5. ZhHid, UhLUBIRHNEERTH- T, %U%’J@ZliglCﬁ?b@
37, FEEE (CAD TLIRELIRERING) mxt n BHREZEET 2 HEIL ASP |

I PcdbDEiss.
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2) LEAPI?

LEAP 3=-#%&R 7 item % object, attribute, value &BE k5D SEF D72
ic, ASP LEMODEI graph @ software & B XN b TH 558, AL ITEHNED,
HER ASP LD bR pICBPEMALHEETLE. LEI0RF L K=20 item
RENTHHHIcKDN, i@l (datum) 2FFT2 C &5, —DO 2HEREE
ZODHEENH KDL LA (association LivH) KiElD 3HRETHR ST ONALE
DOHEN DR, H2I item ORADOERLBEHFOHANHEING, FIic=
DHE—DD item & LT, Lcl->TZOEECL»T—BO IFEREL, Fiof
@ item & @ association KX ->T4THL LORELEBRBTEL00THS. it
RREENC 1 BIE XN EHRDO model DFHTH Y, ENICLBDECKREETRE
V. FIEE 2 BT REEH alio=x F/2ld @2-0=x % z in (al-0)U(a2-0)
LRABNICESC T LR TE B, (al-o=2)V(a2-0=x) LIFEIIO. Rkkic
aol=x BB3EDxzRODNVTDH ad2=x ZRILEXKE 5B 75 c foreach q-0l=
z do make a-02=x H %\ i3 make q-02=(a-0l1) T L\ D3, makeVr(a-ol=x—
a-02=z) BHFINBD. SBRE aol=x BELED 2 HOVTH ay=x THbH L
Ay BT A0ET foreach a-y=(a-01) &EL &, Jx(adl=zAay=z) ©
BRI~ TLE S/ COEOBREH (—BHIRIER Yr@lx)—ery) 2IEF
e EICE S FRIZRV(3).

oz y)

(x)

_©
®
3
@OV z(p(z)—q(z, y)
@3z(p(x}Ng(z, v))
Fig. 3

LEAP 0 AEH SRR ST L5 BN CNOBEOREFZDLDLD G, &
DEIRREBELTOZ20, S0EINE1ER R E RO model dED L >
WAMRERIE > TV B P EEMRIC, BRICRETC EETFIBNECHIHE. 72
2o ASP ORBTRHELTENDED, ‘BRI FA208Z0EETHLODD
HERDOTHS. Thid, I2ORNIMEORARTREM LR/NMEERL € &gk
H¥5. BERAEROBMCINIL BRI, KB EHREEXELTHSS.
bBAAZS L0 gin HEhidisn. Ll LEAP BELABRSH2E

%75 paradigm ZERUTHREOOTH S.



3) HEAWRKEEW

Childs 0 ¥5wid LEAP LRI UL BEEEESEBHR (TROBEADENETER
V) BEROEAPOMBL, TOLKBEEEANLTE. R LZESEDIRAS,
Lieti=C 1 AR OEAHE model 1075 ->Tins. Ui Ui & 12 COMELR
REVRDHY, LEAP OEAR=DM ERARNPRO AL TTH »7c D, %HE
K—Ttlbd3hThad. COTEREETHS. REELE

FICEAREOIELBEBICIL C ETRBRENEEL, TLZORRAKON
TORBLEZEHIC L. FIZZRBIRET 2 Ye(plx)—qlz, 1)) ZZDOIHR
Jz(p(z)Aglx, ) KRS 2 HZ B QLP] (P,Q BZzhZh p,q OAE 2HNT
~(~Q) LP] &&EHJ 3.

FH2LESHIEROBRIERNICRERCE T 2RER AU THERINZ D
Tha, ERNOHENSHLORERENBREOFEAZLD 2 ET (Codd?? 78
REUIEIK) BREROBRELZ. AE ) dy) BEI¥D list OFEED
HHIS T, $12bBb pa)Nglx), p(x)A\qy), p(x)Nglz,y), plx, v)Aq(y, =) 1T
LTzhzh PNQ, PxQ, QLP], P[2=1]Q (F#% D b ® (join) i3 Codd™! Dl
T&H -7 Childs DT, FHRREHECETRED.) EE NS, Th
LOEBRPOTLORENERORT, BAOAVEBALEA —O Bk TR (r,9)
CDWT pPAQ KEZFEPRYT I EVIERZEARBECLEFHRPHELL.

HIAOPPL b ZC ETHID, BEERMNENS. HiT projection $ join
BRI 23 EMOLOETRILGNITES NS, BERHDEZE > L
BTEZHLFIKRBODLEY, E0IXD dFREM->THFEL DO B AR
QLP] dEMICIT QLL=11P LFEhBThZ0TiEn. UL bESFLE - LB
Uleii-TP, Q OBEOMATHE202M>»THE T EHBFIHIRIN TN B.

FAL—DOEAREZHETTEEEL, F&FE, E4 OBEF LR 2HBECE
K—DDEEEEDHT, TOBELRDELUTERKEREEIFRIE UTESET
2ThHIH. AUFHSE (BB EE—0FE X TRV SHEBICTL
THERINTHVE. THROLBESHNES IFRSINEERE2RD. COFHR
relational algebra %5 (relational calculus {3 U Q) Fhi S TH 5 & E b5 (Coddi=sl)
DI 5.

P k&R, Childs OB - T3> paradigm OFRZBHRIITT - T
NWEETIHMINGD, ZOBRBERE L TELWIBHOBE®RER S, T54ER
ELTORBBIURMEMICES UTHRTUDBEYWTH » L EBE0EL.

e nd LEAP LEHTH 245, EROREOMASEECMOESLTHIE
NWZEH—DDOREEUVTRETC EBTEIN.

1.3 (& UTHERE model [CHT3) BEIBIED R

BEER model (Tl B FEMLOITIN a3 dbE UCEBY B F OF AL, Bl (table) itk B
FRHOM—, data OYEFEE LERED S O, HEFEMICEE B0 BID HFKH
EHTCE, FhICEKESE, BEEMcEA GAHE NILEIBEREBNEEK
LBERFRTHS. CNOFES model BB I ML BEWEE, TLbLREMD
model I 9 2 REILE UTIREB INCEHFSRBTTHEF>HWTED, Uikchi-TCAD
KHBAINEZEARTTEL, B IKFRETEEZ LICEDRY. $ERTO model 0FF
M &EZhic data dependency UL, THAED EKE data BOWNIKEZL XS ET 54
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TO (BELCRY) BIEHTHD, HARATHEKK TR, RTEERTIHED
REECD » 7. LT HHEHR model BEMAE DY, data OWFRE/I7/2 flat 5%

DELTHDE D ET5. HEIR overkill T5bb (HEHEE LV Bok &—#ic
(BEHREZRZ 2B E VD) RRETHETC B -, CirLiELZEBRHINIEE

model O BHBURELSATE. bbb Z OFHEE Codd O—E DRI X b

DI > THEN, WAOTHLOLDORENLERFBHUILBORAIC OO TRE L, KBICH

FEDsBAfR model 721 Tid78<, W. Kentt®? 73 ‘record-based’ &FEA 77 model —Aftic 3k
BITBHDTHBTLEERDZTHADS.

1) Codd model 33V} %% 2D RIE
1.1y f£7f (entity) &3H7 (assertion)

database (3 E#IC L % model TH Y, SWREALEE LAY, TLBEEKLONT
DEEREZRHETSL. CoRXRJNRFELE L > THRAZBRESYY, BRIk b0ET 3
TeHRBERNTHS. HAREHIZLEEZEFEOOTRL—DTHHERTHIZE
BHREGDL, BEETEED. FEREOL I BEE0oEH bR LI, AM—DELE
ELUTHEELRTEDETH 5.

Codd @ model it 2 TEZIT relation (% domain ORDOEEFRTH 255, domain
DI (B DL, tuple BRIJE VWS T LB KB 5. LA tuple b
PEFEATHEIhOLIiIcFkbhd. Tibb, 7 tuple i3 element F 7213 entity
LN, SERE database DEAEL L TOREICL - TEOEAN BT ERL L THD
N5 HBLIKBHMHEOEMNLEE L TREDHE—ME2FEEL, domain OTRZDHE—
BAERCICEICENMET ZHE (attribute) 1IGEELS Y. FICRERBEWLSE
(ALPHA) {t#51 T, quantification D313 tuple TH » TRHMATR L. < &2
ULir LEMMTRIEZD. EE5DR b3S foreign key DS tuple ZFHPEED
WA KB SRTPLETEHES. TH LB MOEHITE LT Codd 3RO E DR
LAk, BASHEHDEGELIEELID ;

This distinction (of entity descriptions and relations between entities) is difficult to
maintain when one may have foreign keys in any relation. ...there appears to be no
advantage to making such a distinctionf®®,

THLUTHEELEHONTIERWICE » 7oA BRicIh 3.

PEOEDLRBALOBHREBCEIBLATNSTHAHI0? LicEHO—
DORHE UTES I FESRM%E ALPHA RHRELTELCLRITES. LhL,
Z NI —HRIC application WIKEFETAHADEASUFBEO—DELTEMINLDTH
2T, ZORENBESCHEIGLVERWERZDT DI TIREN. key OEFE—FFK
model [T & > THEICHDFWHETSH » % foreign key WK I B L3
MIRGRtE s LTCEBTEC EIATERY. TOBRBAHIELERGOER ORER
W&, J5F program K ER SN 5. #AE LEEL DL application jciTiE, Lind
TR ECERNBEREOHRICH LT system BSBODTARIKE ETHB.

1.2) HFEHEEHM :

1 BEOFEAERAATHAEERL, HAYHENEEERD, Fiofstikans
B THIENEZ LA L dic, L DOEEEL, —BICFN S EIEHRD relation T4
HUTERINETHSS. UhLEHE model 135752 tuple AZhZhBIFEOE
HBLELTHERIOBEARATH - T, 2ELOTIMEOFEESE UTEBT A E#2EL
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—

V. B AA relation D43E|% nonloss-joinable Th 2 & 5icd 2, %7z join OEF
OEHZERTALE—IH ER L ALPHA T232—32RJ52LR3TE
%. LdL join ZETLTHEEDTRTOMHEHRBELILY, —D>D tuple DEFH%
HWFEHCkZTcLRd—ahbRELL Jo. program O{EE &785.
HEEMNIEELZBHBLIENECATERRY. EHi & - T relation {24%X
N, BERILKELDOEEANEWMAZE LS. Ockham AR EUEINZ DT
H5.

.3)  key stk

2R T2 EBACNEIRSHZ] EVIHIFNEETE. khk [COABNBEEEZ
5] EBFES. ool 1 HoFEEP, ORI TR L E, ALLDR
EROWLEROBEEE>C D&Y, LrbHEIRATHEETI—E, BODR
BHTHBECEERLTNS. BEOYEY - BRENHR—RF oA L 20—
ELTETLIE—RBOT, bhvbhiRE2BHEOR 4 SEA K HDLT
A—OFEELLTREB LGN LRIKARONZ20TH 20, 2hidbhbhidsE
FLURMARSEEbEIDOEBTHSE. T, REZEENFRUBEMEEZRD
CEEFIUETEHS. A—HR BFIZREONEDL SR 2BHELITLTD
RETER, ALSDOREULEPLRALEDIEET>A RV EKERT ISP
DTH5.

key XIIEBI/ER ERFEEROHEUORBRILOEYMTHS. ZHIEB I KELER
ERERBEFEFICEEDONL DhOBEMICX > THMNTE3, E2irrokEoRE
BHOPUOEROHE FEH) CLREDLNTVE LN ZHOOFMHRD LiKiI-»T
3. key KEHARBRE L cBWATADLS i) ARTELEDONIC key BERMZER
WERWBAEBHE. chiidd 2 BRRHERIEEBINTE L TOAH ATHIZE:
DEIMTH 205, ISH program HHHIC & > THERE, BH ORBMEI3E > TE
HEHFINBWEOAELEELZARBINZ DRI OEETF TS, 2 key
DERB—HRTIOHEY. &5 5 OREXROBRMICHZOMEBR—OFEICEY
ZEMUBTIFERYELESLDTHS. Kho ALPHA Tik key OEFIKR-T
modify Ti272< delete IRINVT create 2T b hiIE oK. LhL, bBAAM
FERENICRIEZ2BETHS. key EEALOBUTH I U REEOTMHE®LRD
BEThaY, BELEEARBMEINTNS. E3CEMRMOMLIEDISH 5. database
2RChlI > TO—EHIZEE U SLEL~NL 00, union 0 join THic#fb
N A &if——union compatible ¥ 7z{Z jonable 732 FWE O~ —HD (BEH %k
ETEENSEKETO) —BMEEERINS. Co#ifiE U L —fic application
KKET200EEDOFEENS D, RBEEL LS LTI AK&EBMEEZO ST
TTHHS. %, A—OHFEPBUORDLH Z2EZ 5icE->TREY % relation 22
ABEEEREZ D E (R 1.5) THEM), A4E M % union compatibility %
joinability {cZES N THRDEZDHE L.

o DREEERFER UL S EFTERAIEHER, system 3H5Z, EHE T 5, EEN
FINRKY, database &% E U C —EHIIREEBIF (system keyl81.0501 o #7403 sur-
rogate’™) OEZ KB PNDZITHAH. LA ULZOEZILEMSL model 720 TiL,
record-based model —fic & > TREDHDTH 3.
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14 HEOHES
BEEBEAOMOBEFR T VD REPOBRKAL LN S, £D 1.1) /T
fihdr 7z, foreign key Z-&¢r tuple NEIHL R EZ & EADET, BFE model 13
BEERDEFEAML bis. EE ALPHA EERBEREORBITES N TN S.
LirLechsd 1.1) HTHEBLAL DI, quantify SN2 pid tuple TH - TR
TiE8. foreign key %415 relation T L THEHRDOTHB. DT Lt tuple
BRROELEEEZ ONTEY, BERTRENI EA2RRTE. 2hdilia ok
H®E 5 9EE ALPHA 0 BRI EMA TO 2 0 EMIL, BHR model NEICH
BEINTHWECEOREAIKBDZTHAD. ZCTRERPE L TROE——Codd
DX N k5. 120, ZZTREBRHMPELSR/NROBICHEMAL. —2%F
A5
¥ 1 D relation supplier(S, Bk s* tuple ¥ s), project(J, E¥E 7%, tuple
B D, BLXOWKE2 D relation supply (P, @ik (s% j7%), tuple ¥ p) 2552
LTS EE, §XTD project #4459 5 supplier DEFERD BT &.
%9 Codd BHHDEI
s[1] s SG)AY I —=3p(P(p)As[1]=p[11AP[2]=/[1]) @
MHBH, FIEED relation P 2 S & J OO 2HBETHE251E, XD EHic
pL1Y s P(OYNY (I (f)—pl2]=[11) @
EHFDZEITHD. FEQR XEBEMITRE LY ALPHA BETH S 0EH, BRI
EITHAIMT BUHEZED BHDHDFL relational algebra ~DBETICH L0 5,
Codd™®¥ RINZFHEITR » TERTNEROBY TH S ;
step 1 (BEEFEADEE) p[1]: P(A)AYVI)(pL2]=,11])
step 2, 3 (range DpE) U=PRJ
step 4 (p[2]=/[1] wwind 3 U O restriction) 7T3=U[(2)=(3)]
step 5 (YJ(J) icwisd 3 division) T2=T3[(3)-(1)]J
T2=¢ (J B2@APLED tuple Z&Lr & &)
P (J 1D tuple KDk & &)
step 6 (target list OFH) T=¢ F/id Pl1]
ELRBHIiL U bznid T3 OEHRICHS. Ak step 5 TRDON B &I
P2+ THo-to¥. 2hiceind 2HERIZ
s® 2 JHP(sE, FNAY AT GH-P(s*, %) ®
EBBRPTTHB. chiz, UMLUELWY ALPHA ZH T L. —igic (LEAP ¢
DVTOREDOELIY Liff) Ya(plx)—glz,v) OHOmERIZ ALPHA TRFT
WTEIL. BfEET sl v Jzgle,y)} 785 relation 2H 50 UDE-TH
PRONERSBN. CCTROLIBEHNTERINSG. HEO KR trivial 73
EDTIRVRY ¢ D=>® domain BEWIHMY TH A5, Effbick->TyoD
BHEZ R Y B relation BBV LSEELTHBIRTE, £hic key oo BhkE
WIDBEHELHDZHIRLODS, F@oETRENIRLERZVDOR, & £
NTRROFEZTE I ?
: Yy(¥Y 2(p(x)—q(z, y))—1(y, 2)) @
1 Va(pla)—q(z,v) 18 BIO range BFEI VL. HE2 IR cHFI NI &
CLTHERBARAE XIS D EEERH R OEBFNIC T 1K FED—




relation {y : 3xg(z,y)} LD join term ZAE IV THITRLS 8. WEkD SR
B S i BHEE B MHBHFEE L LT quantify TERNWCERKHS.
) @@ (i QUA)+(IP) oFF ML relational algebra OWIE 5, [FKfIC rela-
tional calculus MEHE 1A algebra L DT EHRENK. (BEBELHIFZLRAZFUL
Thrc L, WHWw? completeness {3 Codd?® DX EHTH » 7207203, Codd 3% D
FIE > N TORVDORNIIHLFTROEERIES.)

DEOEEPLDNDONRBROLS RIS §40DLEFH model wHHT
tuple 3 EAETH D, relation IWMPFRETH 5. BB COHIERE L, BYE% tuple
DEAMOHEERED data MADOFAKERZ L&, = 2 > LOoYERBIC K> TER
1% 2HBED DS, relation O n FHRFEOHKRAH T IKBET, HERZ nE0H
Ho{BVTH 3.
.5) HEfEoBMLIEMOX K

AR I ABROFBFZO—L2ERSHOHMIKELS &, BEOEBFOE/I
ISCTHDET B relation DS, ULrLED 1.3 HTHBRLLIiK, bhvb
NOBBROBRBTRERIBUOBNMEBRA-EELDOEL O TR, TRHODE
mEARENENFA—DOEETH O 2, MEOEFK ‘—HBMFOBERTH S’
KHEDLDRIB. H—DFETHNENAZ2EHEE) OELETHI0EDLIR
FHIE A, AR model T B T relation (@ union compatiatible 7$%F) 13E A
EBTE2EDTHE00, BRIKAESHEN. 2RD 1.3) HTERM LK key DES
HWHOMBESEL 3.

DML R.L. Haskin & R.A. Lorie®? k3 (X4).

x
i b : geometry

y al ent-id | x y
1 1 Il , a 0
0
2 9 a 10
2 6 a3 a 10 | 10
1 5 a 10| o
p O LE
2 b 0f 0
3 7 b 0| 50
3 1
I:I )3 REE
4
4 b 50 | 0

K 4 [EiED model

Fig. 4 A circuit and its relational model

PEDESRE, Miidaed4HEIRI relation ‘ geometry’ @ 4 #D tuple [T k- T
FINED, HEO tuple BEWVICHMTZ T, LHrdWSEFE®RSSZ LD
D3, BfE model PEFI 2 AE LIKT 3, EKE LVWEBRELIELATAIELYR
. 1{EOD tuple TERITOBHIHTH 225, EHBEDLIIL relation ZRICT S5 &S
FERAUBEAD ST, BEBE® model [ R, Williams*? b RE5N 30, £h
12E86 model % graphics I ST AR (974 4F) 0o RXAD—D2TH » Iz
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Haskin & Lorie Q&3 1982 £ TH 555, FEIRDBILR model 1k 3 FEicid 10
ER B EAEEBRNC LiKin .

BoF—tic k3 uROB I B8 13, TOHEETH S EFEPREOKRAM
BERBEHERTRFLE I CH LT, #YRRELREET 2. LA LEEORD
FEOBRICBNTR—EEoBKRE RS0 bivbig, “‘EHRA® 2 HHET
3L LORBENNECTH S —_>0FERBUOESERT, H50REIOFVE
TZEeE AUBRETLZEELS. HU LEBRLESETHINS BT O
WEDHEER L2 2BROY, DR LIEHOERHTROLERETEOMH
BREXRL, WELLAFTHYD, HiToHRicd LTREONED®LIELE
N ERIEHLTHCS.

1.6) IEHRILOBEARAIRENCHF 5 B

F1IERIEBW 2T S ICEESET D D Fic /L anomaly % A AhRigNT
L9 Tic 1.2) Hickhg Lie. #2i—Ric—2DXIROWICE» NI ZDDIRE
—DOEHREKTH S, ERBELTUSE—DBHREEE LS. ERMCBEBEN
RERESLZHICTIBE4b5 5. FlA3 embedded MVD 2L, 3 KERMSEID
WMAINBER, MEIEHLhOBEELRINARTHS. C Beeri & P. A, Bernstein®™? 23
LT a XS5k, C.J. Date o fl, BEE AB—C, C—B %> relation
R(A,B,C) ® R{A,C) & RAC,B) ~ODfRick-THhbird AB-C I3 join
RiX Rz Lk » THRERIE SN

ZHZ S EHRMRIE4ORERFEESBLUTIOBEL, #FLPLT<T200EH
Thote. Uildl->THAENRKEEARERETIZ—FRLLUTNESHONE N
ThH-T, BRRHBEERD LR BbRBD2HDFKBOLIINDTH 5.

2) BWRHIEEORA

WHW 3 semantic model DIMEIIIFEFERL BRI LE2DTINTERT OREBA
A, ZHHCBHELTRITI20H LY. 2CTRORENLEASH, LELES
BMIN3=Z>0X#kE CAD ~oBAMBETICRS C Lic Uk, U UBFE model %
BHRENCIR L L S &5 & SlEE, HRROGEIRBICOVWTEREMA S
B+o2ThbdEELS.

2.1) H.A. Schmidt & J.R. Swenson 5L
2.1.1) model OPE

Schmidt & Swenson % relation 2 /k®D 5 FEIcHHH L7 type 1 @ tuple 2 1 Hop
independent object Z3% 3. type 2 3 type 1 (D repeating characteristic %, type 3
I3 non-repeating characteristic %, type 4 {3 type 3 D repeating characteristic % 3
9. type 5 i3I type | ORIOBAROKILERT. type 2,3,4 FEH AN - HRO L
T type 1 KHBEL, %EBOL1ED tuple POLHFEL, RAKBBINBHIEEZ TN
TH4H U7zb D (complex independent object) 133EHRic B2 1 fHoxE (B
£ L3NG HRIWR & HFRMEOBK (type 5) OB, EAMICI type 3
Z1poRAlT20RE3ERE~D, 2,4 Z2htn 1, 3 poRHTLDRE4
ERFEADIERLICAIZ ST,

2.1.2) WEEHE SRS Nzt ?

 HFEELERYWORNIE type 1~4 & b DABHCK - TRIcE NI U LH—DFEED

B tule KX BET, ZoBERKCHIBEOF—E~0HE, key Off&, ER
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iR Eicn T 3 8EHE LY. TEROESEZH T model iF type 1 & 5 @
BEGU LI REMAINETEHESS. type b BEKEEGEER LTV 205 ML,
14) BCRV I RTGUAEE— W tdHEbhAT L ORETH

2.
2.2) P.P. Chen |t Xk 3 entity—relationship modelt3¢?
2.2.1) model p#fE

Chen {FCodd ¢ ERFOEHISHMFRT . EHL

The entity-relationship model adopts the more natural view that the real world consists
of entities and relationships. ...... The method ...... is to separate the information about
entities from the information about relationships.

Chen ®model {3 Schmidt-Swensond % #Licibl 3. 753 H regular entity (re),
weak entity (wwe), regular relationship (r7) 2 # 4 type 1,2,5 iCiEM T B. 1272
L, type 3,4 BZzheh L2 cf{KL, Chick-1T type 1,3 i re & rr it 54l
IhB. Ed Schmidt-Swenson {z {3 75> - 7z characteristic object B BIEDS weak
relationship (wr) & UTHIN 3.

.2.2) REMESHRINIA?

TEHROMISKKHHIENBELI R TNE 2.1.2) HTR~Z &3 Chen @ model 12>
WTHHTRES. MATROBITHEBRLTECY. Flid we BXLY wr &1
S DR FELI A TH > C, BEESFERELTEIERIREI re ELTHRWE
5L, hERZLZS rr EXBITZHENRS B LIZELNRITD. # 2T relationship
relation & 72> relationship DE M L I3 A SFRIEAETHS. TOHFERIERD
HHEXT, BHEOF AR LT 5 relation 72 3~ DWENELE EEH OB AR
S>TNBZEDEHNTH .

.3) J. M. BXy D.C.P. Smith |z & % aggregation 35k {F generalization®®]
.3.1) model OHFE ’

relation OEAK 2EHOMSBEENBEAXNS. R b aggregation DERT S @
Efrich 2 L ROBEMN S D key 2412 &, generalization D kT {S1, -+, Sy}
OENICH B LRE S BROBBEYE A KOO TH—OMEZEZIS tuple i Si A
BORBMUEZEM UK >TOBTETHS. (S, -+, Ss} & cluster EFS. —
D R BN Db 0 cluster 25755, model 23 { DIIEB I EHRBNIIETH 5.
FTHbLBEHE 1ick relation ZHREED—D>DEFICHIST 5 5 (generic object)
ThbdERAS, F2HFMOBEFKRELDMFNHERE LTHESH S (EWD
Hyb), BICHELTCORNREBEORMEEAE LTH BT 5. EANICR
aggregation B COAHIIE 4 EHE~DIEHL, generalization {3 foreign key iz &
ZEBSHOEBINTEATHS. BRSUREKZSHONS tuple D—HONTH S
3, 9 17b B Schmidt-Swenson % Chen @ relationship D43 T TiKiT /R,

.3.2) WREEMNESHRINLb?

HBEEEPORIZTT BB ICc X417z, generalization Dilicy- CEHBE ST SN 3
HWH O tuple BEBOFEB O, FA—HFEORBEZHTEHL 0P HHRLE LI,
BZ IR EEEGET S tuple K KIZ T X st ‘higher level of modelling’ 1t H
A5 5. Smith @ model ORI RV S SEIRTED RGNS
ThHy, BHEABOEACRIERTHZ LELI 32BN,
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2.4) CAD ~o&ER#

Codd @ model [ HEMHEEZE >/ EF>TLXNEERL, WINLRUTOL
SIS PDUEERATNS.

2.41) JERESOLI-EEO tuple i€ & B Xt 5 ERyR 407 1421, 1441, [50]

CHICDNTERTTic 1.5 FHicR~7e.

2.4.2) EHE L TORRIN 1211, 18]

B1EREEZBRET S CEIBEH, B ERNEKOBRITIREL, BEOR
ALBREUTOVW S HBEETH 5.

2.4.3) BHEE U TOFFSMLI 5203 HERH

BIITFESEFCH LPHROXEFI TR ZNOEFM LR TH 2025, C
DX S RIIRIZER model- DEHRE K X ;BT 3.

2.4.4) system key Dk 5E481.150]

Zhdko 1.3) HTR~BHTH 5.

2.4.5) entity-relationship model g ffj433473-149]

e-r model {35 1 1o {84y & MBS OB {%% entity & relationship i HE 3 L
SHFT, #WErwRE BRI WA BT EEFT, #E2iT (relationship 28— D&
HBETHH0DT) HHTHEFEEERTES, FICPLIBERISERNGIATHS &
WAHAEMET, CAD @A INEHM model OBIEFEHLBEDO—->Th 5. AR
Grabowski-Eigner™83- 141 [ {th D entity [T DU\ T DIRIEH characterizing entity, I »
WD¥E4E% characterizing association &IEZAS, #N 4 Chen @ weak entity,
weak relationship {€¥472%. 7275 char entity 38D entity E#EUH> S, S UE
HHEEZEZ BT NTCOMFFCEEL 5 X 5, THbb—EOHMEEZRD
M, fiFZhsEN 5 association H3TRTHBINEBBNKERIELNE AT,
FERMEZ BRI LT 3.

2.4.6) thERRE @ DB AL 180, 181

Grabowski-Eigner[481.1491 |3 3 - Fi7/5 % entity B % F O T—D2DH (generic ob-
ject) EEHT B C EAYETH, < #id Smith o abstraction iz g3k 3 5. R. Phillipst*®!
DB % K 9 3 class header, tuple, basic datarecord 3 % 1% 11 Grabowski-Eigner®]
D generic object, entity, characterizing entity {c+E2d 3.

2.4.7) E#I9xd% (complex object) M6 1501

Schmidt-Swenson 975 & D715 <, MZ X Haskin-Lorie O (X 4) TIIE
F oo BEMTS a b KBORBELLED, a BESICHLVERZHVTH
BROBFAMOC EEROELTHESNS data D T% 1 fHd complex object &
LCRET 5.

2.4.8) CODASYL model & @ hybrid {461

model DHE DT} &F { & 51 CODASYL model & @ hybrid 4¢3 5. database
KT set IRBEERICE » THEE{LINED, 1O owner {735 member
£ 1O relation ZEAES. C DX S REAEOEK T 1 iBIR model DF
BAREDUDD, BRI HRICRONG BRI network MEEHAL. H3i
TREOREEHROMNEERS C Lich 5.

3) RO RHE
F1lig bicy L e RO A —EEOEA O—/NES T UHENn

DG
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THEETHERRREL, B2ORTETHIBNTHASH L, MOIKFHETH -
ELUTHHE model I35t Codd DERALDSRAB T ERDICEN. H2 I
BAELEY, FHEEEY, BAEREREREARERE L TCERIN/AEETHS.
’@Jzai Grabowski-Eigner™? jc Xk #1i3 entity ¢ 2SBEME ay, -, an BEDEE, &
a: % entity {bU,  2THRE ple,a) ik VBERST 200 (@ OXELZRART ST
NTD e K RIZTICIR) BE LY, #herFDL I Aiple,as) E UTIRA 2D,
BHEOET Y (a1, an) EUTIRZ ZHIERLECIHA program i E->TEST
BEWVWCETh2 RAOERICIELEERIBUHOEIVTH S, MhoTFiEL DBERK
SUDEEOBEO—ETH S, A—OBR@E KBTIFEEIR—0OB®EEZR LT
ZMRENEZ. BRSBIZRECETHARSE—FTNEBHELICET S5 REL
ETH BB LS EHRECEBTIOREEL? FRIBEDOI S KENL
Thzoh? ESLINEENTHELS CEEbhbhiBVL>hoflick.)
BE{% model iT3td 2 C DEERTIIAE 4 BHEIC K - THRICHHEING T EHIW.

LS50 SMEOHEREMNE b LOEFD model, record-based information modelt®®?
DIREIC S0 5TH 5.

2. CAD [CEFHEXR
ﬂTai%X@kU]—[ZSL[26]—[291,[40]—[51],[56]—[65] @TS%&%%E %O) ;’fé%% %Iﬂ bf: zt) DT
H-T, BRIGCHEOERTREZD. Led > TEDLRBERETRS » THHIEM
EREARY. FARKEOBRICBRIROREEFELETNEESRVTHESD. &I
%, ChoOHEBX G TS (database —fic i@ § 2 RAMBRERICIA T RSN
TR OWIC, UrdBREISKEBETILSICERTION, 4HOBMKETEIERD
T ETHBITENIZN.
1) HEHEE
Bl & om it n BE, BEOLRB—ROSEBEANERINS. A TBYRHE
Win S8 3 implicit WHEEORD THO B FRETRF T ES B0,
2 EX, ULHHHEERED data
P2 BEREREIC L MO DI NETH 2. Haskin-Loriel™? @ cursor %
HOERANEARD O FEREEShERED—DTH 5.
3) schema OBIUEHEBLUER
BHOHBHFPEEOEE LS S UDHIicky T ok CAD it B0 TIE
EMICEE 2. B ELSSR A ORED T LOMBELD T oRb
LAATH BB,
4) BAMRAEOBEBLUME
SAARYISERE, Uedi- THRBOTMEREMR BV TR AT#ETHS. L LE
BIMBRCFTRHBEENSCENH LD EREERBIT, BEAM T R ENKRLET
3. Thicxt LT database DA IIEIFAIE model & LTORFERTHD, B
HREEBEOTTCRELENLINTVE D LRSI, BEMEHE, £
7oA E UTHIERICEE LITOBRENCERI N2 BHROF T H 5.
5) HABIUEEOHME UTOERKKHR
B 1.3 #io 2.1.1) HELY 24.7) HOBH TH 5.
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6) data DEBIEEE
database O —EPEEH L TCFATE01F, EEAE CADOEBONEELS. #
TR N RO—MER, HLBROKOEL, REBERoRFLE. TOBRLIL
HROINEZ T ED—2R, HROBHMEREL 3 W HOMOBEKRIIRE CFEoHEE
Thbd. BHMEDOEEI—IT application [T{KAET 203, BEAOHBRMEE XN
BRDOUFNTR SENE DS BETHERNNTH D, system KIS B HEETH 5.
7 HHPEESENE (private work area)
BHOBRHEN{BOMNR EZHFICT 5454, database D—IFIC D>V THED 1 A
& 5 W BEMEIC R L35, MhOBFEIETO data OFAIMY % ¥ HE
DHTHB. o% 0 public & private [ff version DHETH 5. OHEOBIKR T
HIHOEBOThIE L LIS 3.

8) fREEr
REBPFRBERREOSHESEETH D, ERHRBDEL b ETD H~T) HhE
HINTHBEZEE2MIRLET 3.

9) BEEICNTEEREER
PIZ X ZBNC & 2 BEAID %41 random access, HAKBDRF L FRED B
EU TR INB HEDND ), concurrency Hlf) (BHNLHE L& -» TEHOBE
T database DEAHBHNTOZHHBBDTEV LV SHB LR E L) Sk,

RO A E—KAE &L paradigm OER
CAD o database 2352{#HE D model ThHY, BHhLEMAOERICKILTZE0DET
N, BRERL AMMRIEAEREB I I FBERI-TE PN 5. FED metamodel ic
WBIIBIE Lichio T, BEOEBEOF I commit 32 WETHEH 5. metamodel D
BRICHELD, bhvbhid g TREBELMBOFIC >V TERICE S, £ OBAHRIN
TRVWEWIZHEZHEL, KEL, Db EEOFELZZBCIS BFHIERES 0.
3.1 EHEEOLK

1 graph OHEZ S D @) & LTOMOMICR LT3 BH (2 &, T ELT
DUMPRBFS Y S NBHEEF KD 2—>0bD GREE) i E S€3, S b it
b OFLMID > EE-BRERBNERLICE S BB TH 7. LEAP 0= M B
S oNBIEE attribute, object, value ZIELS, BROKIE ao=v +EL L cLD
bONEHIT . HRaDvbd ol -l ASicHkbNS &> BER, —HTIRE
NoBbOMT S, MFTIR GRUBEETSESRTD) bOMMOdDEDBEFKIC B
THEFEORUES 2 VIRBUHEE L TRESHONBENS “EOERKT, CoEHEXA
5. LEAP O##&E%EEIH graph ERZRAFHH D, HE2OEBEICMATES ORFEND
IO ERBICERHB U, £NRHEIEEEFD syntax THELRE S 2 HREHOR
LbLYEHDTHB.
FRADBEBZEUTCEDLSIZVER model I RO 88 1 1K FE (entity) 2B
DEEVTHS. WLEELEOHBIBHEOF itk - ThEINS, B3 CBBEONT
bHEEHE—H, URESEBLMBELELZHIL, BRCOUERUAKT 3 &0
5CETH 7. Codd B EEEEROHE, BEEROR -2 BHEEL.
ZN6R, LRLKBHEMDEEDIOFERICKET L. MELZRNTECEhOHE
9% Chen T 5 >/ MUHET, 2O0REFA—EEONKTATERL LrEI.
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LRI DR HICTNTEE—OWS, bDE LT tuple % 2 U1 i3 record 4%
LIS B b OFHYIFETH 3.

HRICHETEONRE3, bOREMDSVIMEOSOEBEEL LT, H23HMI
BHGE) BZ0b0THEC EERETS, HARCOLS BREE-BEBBICL-T
BEMSNG, bOEYERECSTHTEZNE, BEOTIRMF LRSS
DEZ—2OREREERNERTHZETEINDS. EBNTHEELESDET RO
bhbNidE THEEZ AL ERNICHL, ROTEE LT [BHLE] KKk-TT
VAL TFLAEEBAZE>TOWE2pERTEE 0.

N

B &I B 5L database DERICHTENS, AR TH I TICHKE DS H 7 entity,
attribute, relation ®=>T&k 3. FNk BiMLF] KB TES PLREAEE S
»2% ousia (‘HIK’) & to ti &n einai (‘A TH B, ‘KK ’) DK substance &
essence X ME 2B DONT, UTREROREN LBFED—> (Webster’s 3rd

International Dictionary) iz & 2 E3HR D, bNHNOYUHOELDR D TOEWNTH 5.
entity independent, separate or self-contained existence
the existence of something as contrasted with its attributes or properties
the essence, fundamental nature of real being of something
a characteristic either essential and intrinsic or accidental and concomitant
an object closely associated with and thought of as belonging to a specific
person, thing or office
3. (logic) any quality or characteristic that may be predicated of some subject
4. (philos) a necessary or essential quality or characteristic of substance
relation 1. an aspect or quality that can be predicated of two or more things taken
together
2. the mode in which one thing or entity stands to another, itself or others
substance 1. essential nature: essence
2. [trans of Gk ousia] something that underlies all outward manifestations :
the abiding part of existence or an existing thing as distinguished from
what is accidental to it
essence 1. basic underlying or constituting entity, substance or form
the permanent as contrasted with the accidental and variable phases or
foundation of being
3. condition or fact of being or existing: existence considered as a property
of a thing
4, entity especially an abstract entity
5. the/a most significant element, attribute, quality, property or aspect of a
being

attribute

D= W

BLT, ZRODEOENWIKELBEBELE> TR ER—BRATHSE. e
NOERNCOEBMAOITHLTES ESEELE. EHEEORSY, Lich-TH
SBITIEME, BETHD, Db HATHEERS S W HEEE2MS Y TH
RLTEBCH. '
2) TUYRFFUR [EMiLEE K0 2EKEELE
i L% A%3BREKERELEYFO LRRO KBS B L THES;
WEOE 1 OEED) —>RUFOEH (ousia) THYAE (to ti en einal) TH5. HLZO

LOVTDWZICZ D 52 PREF/ENOBUFHRK (logos) G SN HOMBEHBC BN TR
ZhOBERTHOIRETHS.

ERE BT

ZOOBKENS S, —DRbRIPMOMIE ARk (FF) OBELHWIBLVEEOEKTS
b, RZhEELRSNES, »OBRTELEZH0THS. (48)
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BEBETIRERNE D LRk EEhh, hoEk RN (morphe) Rk hoTHEL SR
2500EhTHB. (Z3)

TRTOBUOMSEONLBICRASHICER A TRALES 2. L LEER
BIRHLLEEARTH S VI ERIIARTRHETH 3, RERSELTETEZCEE, C
NEEBURLBACEBEDZLELTERLBETALEADONTVEDLD (Z3). —
T HAHCH2EHEORELIED (Z13), FhLBYESDE LTHERCE L O
KR U, ENWZERGP OB TREELERN (Z16), FhWwi kL THEEATRIL
WEIh3. ©BAHAHIE (morphe, eidos) BEREE R UTRED. LrLEAHOE
NENDRENTNOEMEE S DO THEWVRYD, RABSBONBZDTESLINT =
SRR, B B EFECEEL, AUHroREkEEI LTS HD.
TUAPFLVRBHRLUTHER L0, R EEEE2FELCEREROERDEZIC
ET2EEZTNELITHS;

FERZORESEREETRYERICET S LRbhTVE. (Z2)
—RICREIBREN DS 5 b OMBEERTH B LS 2 LICRBN—FK LTS, (Z3)

il % DEYDORKIZOERICEETH D OABIC DB . (Z13)
KELOIDORTOBLBNTHE 1 OF B TEREH TRINAS 2 FEORFLS125T, I
HRZEEDORICLH oNbD, FROLEMEY, FIAZCOA, O ((fmR] 5=2011)

b B AAMYONEN (symbekos) IBHIIEA LT MOED A0 bE 3. A5
HTIROERDEVDAREHIRENSCETEASD, £#NTRAZERANL? 24
BELTHD, TOBODOEWTHY, BEAMNIBYTHS;

bORBB—DC LABUT BRTTHo T CANBEDDORIKEDTH 7, €L TRHET
BBELNIDRFCNNEDBDOELENTHD LDETH 7. (T4)

Z0HONEREHICE T (kath’ hauto) £ DRETHB. &5 BEI MR THICZHE
KTEDRS ks L, RECOBRIKOIRT 5E0L I WERTEENOHHNBBHLEES.
(418)

AEBLZ5OR LR ZRORPF AR ENOEHETHE OIKDAFET 2. (Z4)
FOEANIRBMEZE®RTE2OM?

FELEHHRRBCOATRIENE. TROBAIRAMAHENTE S EEbha, £hidk
RAMDEELEEALHRL0S3DTH-T, ECHETHEENIC EBAMDARBTHEEN>D
TRITOMS. (T'4)

ABDS By TH 2 LIIAHICTIRITD. (E2)

(BBEBERTO>THTRS) HETFROEE—>EINREOROEYDOHETEVELRTHS.
(Z12)

EHEELD B TFNOEEEEORPFRTH 2. (A)

CNETOLZABMRFESEBOBREFPULEORBLDDEDTH 7. Lk
U TEMEF] BRRICELE S ORREGATED, £hbIcB 2T 2 OREE
KEDLRMZBDOESLDICERTHS. FIAR

BREDHSGICREARREZOTEIHER L TR TRELZD. AIEERBRIBINTLINEETS
BPEICHMBEANOTRHIZ PRI EREDIILL. (427)

BBAR (ZORTEIZC LLRBDT, KBAFEHELLDILLT) 2hsROBRONTHABE
BREUVTHRVETETHHI L5 (RHOOFEALNR) BYE:, RAE HROBEZETT S &
2121 &b TBRARKENZHO] S0 3BEAERICHINT2 L5 BBV ERLTO BRI TIL
FELS LETLEBOTHLLTED, FARBAROTEAZETOLAESRPAB TRV EY
I EiTiss. LU, ZNRAEATH 5. B8R IE TAE] BEET2H3EZEKELE®RLTH
BORENG). SHEWHERTHMOLORGELEZSDOEMMLTVS. 120ic, MAEH2 M
DHOBED LD RERBERHS>SDILNEL, PO, DMOdbDObE3—2DOKETHZ LD
zEicisAh>. (Z15) -

ITULEEZDLIDONIRDO LS CERTEETHA5 : fAGEMLSFRBEICFD
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bORE LB TV EORAE EFENIERRE®THS. FhBEBOBmELE
KRBT 2DTIHEL, COBDDARHBNIKETS. TR ZOSDBET 4
’K%iOTCQ%QKiéﬁ@EﬂQE%ﬂéﬁé,C@%QQE%T%DE%T%
5. BHECOIIRAHOREBEYOEETHY, Ho—WoBYRAHNIE
¥, BBRIFLIBELS 5P, WMHOEE, & FECIMoOEED T
CHEBEYFRNTBEOEHADADOMYPTEROTRENS? ‘key’ 450D ‘&
B B EERCRISELTNAZEN! BAATYIRMFLABHARCOK
IREVFELTHROEY. BT Z, LLrhbBRENRHENTSCEHENTY
A FUVROEEPGEERVEBBPINZ2OANERY. RELEEDO—FEERS
ODRAYENSEBILLOEEDIZ AN, LhL, TielldT5—AD
E¥0FES (RERUD @) 2E5R202
(TUANFUR) BEARNET S, ChOXANWES, KENHEE < ho Wz 2R
ERELLILET R, e FIF YO Uk ) REDEFEIZIES SO EZBRENIIZEY DHAICKD 5

DTRA LT ENENOEHO RIC KD ENENB S B HET 5 - 1113 2 RISk L 5
LB T L AORLEBNESD (BRI AET 5L BIAE, WHRNEE THBEBLLS

MBEERBERcT ARk ONB RS, LoEHPAESZE . BTENTE
NWOREHFHRISEROBHEATETICIERS OOTRNC EITERT S, T
AMTFUVADHETULENWEEERELS. £5EL L5 —D>DBHRBRIFIRN
HREAREADEDHITH 5.
3 ER EaoRE

[EmEE¥) © BB OZBRRIFLL OB E~DERFDHDOIBDTEZ L
T&, B2RERLTWABRATHOHERETI—HObOOEML LTHESH TS
CEicE#Mnb 5. HL

HIBOTHERNBLOEACBOTEFENRL DL, T RTIHSMBBERHNEEDNS DA,
ZNOEMINEALDEBERBOTHD S DNDBEEAE > TOBEBETH - T, (415)

B, ER), BE EEPHANLRMUSORAERRT S0 BELSNITO - HLER
ZDHDOBETH-» THRIETRIEN. (B 5)

------ HBHRTROEFEOMFRICH eidos T BT LIS, Lrdbbhbho Eik TR
REANIEET 3ERENRZTROIR. (49)

RO eidos 2HETEZDRESETTHHRL T P VRRONBZDTH B, —HD
FERIC L > TEDRIKR LT, MhsEAEERTEL, WA CEHAEES
ETADE, HRBSERTHARD DORHBEIZAEI, EV#A 5 LEHD
FHRFFILOT UL VERTNET BN THET 2. ZoXBEHERKR- T
hbhiz7s rvE2-EBLTELTTRITR L.
4) idea=EM: B I UVEFKOEEL, b2 VIZBRFOLFL
idea b0 & LTCEHNE, AL TONRAKEETHS;

Hi¥eliE 20 b0, BZOED, REDED - H B, - LEZDOLDORISMCANELNS
OH 2 ETHIT, ThidhDHEILEENSTH-» THOMMALZERICLEDTHIEN. (/91 F
v] 100D, ¢)

FTARTRIVHORER K] E->TRENDTHY -/ NEVSDIT [/ Tk > THhEN.

e (VI TRRWA FYEV I FFRAOBRKE-T, —FO [R] KL TREEINBE LI

EHAD [/M] ZREL, 35—FH~RESD TXR] #EF0 /N Kz Lo ERBHT 3.
(R 101a-102d)

BRIERTEOERE, RO EBEBRIEINC beautiful (A) LE LT
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A% 2HREAFNT partake (A, BEAUTY) tExh3. 2%EHII greaterthan
(A, B) THEMINEZSBZL 2MEEZIDS 0. —BICEY A ko ToH
B a(A) OEERRDE a OLFLTH 2 idea Ia) & % partake (A, Ia)) OF
2B EING. IS, HAESIKEZHO idea Ofic (partake LI1ZE A LR
#|D) BGR blend (L, I.) spk3rd 2 (v 7 4 A + | 251d-259b)

WEE blend 37°5 + VOMABIcEWTE I ROBEEREE 2B H>EEDbhE,. &
=9 OIRERABFHITBENSR PRI S T idea DAY, idea ZHED AD
H, idea 5 idea ~EWBZ LTk - THLNENETHS (V7 4R ] 259,
[EZ] VI510b, 511b). %20 blend MEALT 5, LBRWERESNWSTEMT?
ZETHEE] R TE] &b M| &b blend 2. 5¥BLETNTEHL DbE
WELDOTFEET 250 THA00. BYWHAEHBT B & [H] & blend LIz,
RE#ECc & [A) & TR & TEE] ERUTNTO idea & blend U, &<
i< blend (A, TR]) SABKILTS. F L 23HRiEa, bit DT blend (Ka), (b))
=3X3AYIZ (a(X, V)AKX, Z) BDTH 5 5. (DW\WTIC a’=1X(3Ya(X,Y)), [a)=
K@), blend (I(a'), [b")=3X(a'(X)N\L'(X)) EEZ BT ENTEB.) blend DKL,
REALICE SN idea OHFRBHEELLENE. FOEANLHHEIR Cornford™!
JNEIHOBECIADHUDOETNOBKEAEI TOEAERNTD 5. £T1id
(Cornford DFGOTEI DML 56T) TYR M FLRAOEESLOHMZ HE TR
BOd. BBAATT b YIHOREE LTRIBG B - MEREKNST Y 2 b
FUARHE» TREBOREKTH L CERBENLENTHS. LI L idea THA
SVERTD A 5 BERKNICEREZT ) FEEZRD, UhrdZhBsROEBYEA
THdEELLRICENIZIN. ZoHBEENOE D IBYEREBOTH - 72

TYR I FVRERUL 77 Y REKEBEOAREZEEICEL. 20— (735
FYEEOBRTIERZO WbWws TEHE] (7747 2] 201e-206b) TH -
TROLHITHEOGNS : ROIBANUWER FIARTER Bilafdons iy
ZH LA OBHETECED, LIB->THBZCEDBTERN. ThiTa L THES
w BIAEEE) BERLOSRIKDILLEZERTES, TROLEERTEINDL
KA TH 5. BHMIEARCOERE, DOEBEVWIO0ETILOEI DR
ESLTHOBIONEWIEBTRI O, HEKIPELIESTRIEEET
KhbBEZMOBBEE>C L, TOMEBECZNARETANILS LY EHLITH 5
&R b VIERE L. (Comnford 37°5 b v S KBEESPEO D TH B
CERMOBh b TREVERNTNEG. SH crhiZ KHicd 77 b
M IEER] ZPEELTNEETIHBEEND. LTI R T LRI [HAL
¥ | ZH1TETRALAK>HWTERL, T BA IEE {4 B L& AYrEH
SEES. ZOMMPY BA DEREELTOIDRbEAADCETHB.)

BROC LD [BER] OZOROFERREI. dld-cs LicbEhEH
DOEMITE > LK BIBEEEF > TO b AN, ’

3.2 FEZEFxz=: @ paradigm
ke fki o Lbs, 375b o ks 5#Meld 3 BM%E, Bbhce L ERict L,
ZOREGSEZ MO POEEORICRD LS EFTE0HE, T TRTIRAFFLARBNT
FRBELABORY TS - 707, [k EHE (principle of iﬁdividuation)J ELUTA
ASEROEBEMBEO—Tdh Y, B. Russel jckhiF$ 3" Leibnitz i L ) &KHE & fAHH
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12 B DX BIDE D i, R T (B 21 Berkeley ¥ Hume %28 7) EERIFSBHKER
NE3FECRRARETCEREDRED .. Z0R%ICBHEREIBSNEDH? FU Russel
KENEE L ic—D2DEENEZ T NTCOMEN [FE] Kl-TRE, B2k “‘FHE’
ERLGOMEEK > TERTIEELHNIEELORNTCAS L. ZhidBEYERD
WESEICE LS, L. Wittgenstein! KB - TERI 2T LA CEINER I ZUT
WBRENB LIS
HRIZFHOFHEDTE > T, POFEEDHTIIIRO. (L1)
HEEREOLOFREORIIARZ SR, (2)
EERNR EY) OAaTHB. (2.01)
HEOBBRERLNIVEBI LN LY L > THENTH 5. (2.011)
SORNIRRIEETHS. (2.0232)
F—OHRBEHEREF O 208RIT, ANZHEERZERTIhIE, EZZLOBREB-THS &
BT ERE-TOH, OIS HB. (2.0233)
EFRALERE SOWREMINTH L 2 E L0 BRO—GIITESE O, BRI E)
DEZFADOMBIBEIONIZADLI DT, ThHKRAOEKGFELZILL. EKIZHE
CHBBRNETRTOXLEELEFHUTHKRS. CCRFRINTHIDRBYERK
WUTEE (C&) FBREERNE, BEAFI N7 ANRKERINLVETHS.
AHbNbNRBEEEHENHREOEN TR 4« ROODTICRNTC ENTE B,
ZFO—REBRCRENDI T ELTHS;

BHRIETRROFENS KV RGLS, —Hicidflx My Lo, HoFicidKka &b Lo/

ey B R R EORCIRIATRS 5. B LT3 ORBATRE  TlARo

- [79]

T B D s U 5 S OB R 116 C £ b BN L 00
CHALTRBEV I STADE->K [FHEHR] 3, REIFREBIKAVIDOTH - &
W5, IEHICBIRENDIR SHERD BRI UL T3 YFTEO/M0] 43, &5
REEBNRBERRERER N THECETHS. FIZE, AL

[F =t =] EEFEE - hhE - R - B BB - HRICREL (ENEROTFR) T

HbT, TF - A - RN - EENES - A0H060E LTRLT 23—, HHHKLICBEL

T AR DEEET B O & RR® Shiz.

HEFHEIBHE U TCERUTOIEETH b7, BUFHELALLSVEOERS
BEoTWADTHS., LrURENGENE, BEOABLK - THEko kN2
B EBERRGEEORZETIHENRE, §3%b b Ear—7 U v FEMEORR, K
Weierstrass i€ KX B2 BATROSHE, E4HROEETNERE LS L D paradox & DEE,
G. Frege % B. Russel [t X3 HEZEDOEMRLL, FExDb% 5 LKREOTNIKEKIZ L D.
Hilbert 0 A ERIL O ULBRIEBOEERETESH. [H, B FHREEIRDD I,
BT, HEES > TEMAYENBRTEIELITREBLEBL. | E0H>SHET 2 L%, b
hbhid TREREIERLBOODOTHS. | EEHTE2—7 ) vy FOWMRA Li3E-
T BRERHRCBOEANLC EZ2HS.

IT, bhbNDBEINT & paradigm 2, SPHLMEL >/, ABEFHREIC &
12 metamodel e OB & BEROENZ &7 5923, WA T—EOHENENME LS
A5. COBRBOKAIT, database 2SPEH model TH B & &AHET, metamodel K
% T.S. Kuhn?! (»E 5 ‘normal science’ [CEMTEIHDEHHEINZOTH 5.
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metamodel D#ERY
4.1 HEES
database [ZPIF D & 5 i HR S Wiz 1 BERATR (S) © mode (M) TH5 :
) HRER=BUTOEAD U FEaFRA) U 4H0%ELW)
A=BEBOYT data WAKOT

B4R

7l 0]
4 1

FHMOELN

K5 M OB
Fig. 5 The organization of the model (M)
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L1 RROEHCHIST B0 HK (AL, entity) BEENICEBIINEBEKET%

FOESHNEETH LMD, bhbhidch o2 ENICHEEITF & UTERT 5.

1L2) H5WaEFHRFLERAUL, S M BT ERR—EORMER (4) %

B L, ZOLIBTOLNE. WhWEZEHIE A OWNIKEEZE-D.

1.3) HEEMMAHRREEZ CAD ORI 2EMTERIL data LHICHESA 5

DR S, MOhORELERETACLIIES. HR A RLULR-THEHED

data HLHKOFETEOBEHRTH 5.

14 HZRIRXFEINELTEARKEL, LEN-T NRA O—THsh, Fid
NZBBETEBERTERIND LCHDD, FHMNHE OFEKE LTHOEBELTE

<.
2) () B

13713 A OLcEsshi [ $7213 A OWICEAEB N S>h O, +12

bh f:I"<xA*—> 1, g: XA > A 138, I name: I - N, id=name™! %
HAAHBEE L THRETS. TRELEO VDLW EIEHRE I-A B2E¥ELT

(BB ol) ERT B LNTES.
3 & F*
I $72iF A OETEZRBINAZWVLDDORE, THbb p: I"XA" > |

T,F} i



RUE T 0BEOAZEUIRL, chMSMEEBINI F £13L050bWw3 dosed
world assumption % 3EFEG 3.
H nx =
FEHETEY) W 2r0RBROENRICEE2ERTE. chbREAURRMK
SIS IS, BELBINRBRESRVDR, §HEHic Fnick Hic database 2R
FH T2 { model 378 B interpretation EIEZ TWVAMS, ABRFELRENVGE
KBBT L MitBOTE TRIENC ETHS. BIAIT intersect (I, I, p) % [EH
B L L BE P TRDB] CEETBES, EFTHN Lk it T 3plintersect
(h, 1o, p)) B LY BT, EEZDOX L p%2 MITARLZTRBES .

4.2 #faz2 4@ analogy
D. Hilbert™? jci, SMPEBRTIZOOFEMNRINT IV 3. B1 3ATOEE
KBTI DEST, 2 TRINTCOEHLABRIRESEOMFAEEEOME (A
B, CBATSE, ‘Ol B HFr) OAEAOTENGN, Licho THRAE®RNL
ERICEERR TS, HEABEHOTERIEZ UL quantify SNZERBESATHED
T, Z2200hE0. B2EMAE IV OFET, Blol3dicEEEEEY»EET
Brobic, BXEEREBOMEMOKRENMEL, = ORRNOBIES & EEEEL
ELTRRBROEMITMAZS. bhbhoBEAR ELoREMS OO RLES K, BEDE
EK@O@ﬂﬁ%Tﬁé.?Ab%%ﬁﬁmCﬂ@ﬂﬂKﬁﬂﬁﬁUﬂG%ié%hw
DVTOME, BIUEERIESEZARICAVS & 2HT
4.3 schema SBREEE
schema & ZEREH (S) 2459 DT, schema TREBEABEHICERT Z 100D
EWThB.
1) EBis GERoRM)
L) M&REERTHELT, TROEERLE (1,9, ), BLUEMES Pz, 2y
1.2) ffds (data BAEQBRE ) JSH program X DV EHEEZ SN AEM B LURE
DT (D), BIEBLCHEOR. i I 0EROB R I TERINCHEARE
DHAETH 5.
.3) BT name, id BXU = (H5).
4 R A THIhAEE.
b)) WEZRES A, V, 4, — —, 3, V.
.6) BAEHOELT set{ | BIUELAEKELE, BcAMEERT card
2 B¥ BEBLUEADEHR
2.1) FINAZHERND, AZBYORBERCELN I RTHERDOALEIC K » TiRE
INb (372 B union compatible 72D DFIEIY, ©RiC natural join A I D,
ISIEHBEEHANORER L -TELNE) HAKEENSDOKES. AAR
PEING(y) 2 Va(p(z) — qlz, ) BEFE N B0, Hx)Vely) D p(x) - glz,y)
BEFIhL.
2.2) HA40EH set{xl,zn: r(zl, zn)) CCTrZERD GFIns) WA,
2.3) B¥BIUOBRFER LD—-LOEZHOT—RICEHRBHICEREINS.
2.4 GEEIhs) HERXOWLO>0ELAEELTET 5.
3) #
3.1) %M graph KB THM 2 itk » T (EET LIS EXINTH5S (z,0) %

—_ ek e
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RH# S 28B3E conn-by-p DESE.
predicate p(zype 1, type 2) ;
formula conn-by-p(Px : type 1, ?y : type 2)=p(?z, ?y)V
A?2(conn-by-p(Pz, ?2) A p(Pz, ?y))
3.2) ZAK Py LAt OMOEREEA2EMOEH. po &l eid 2 HBR poe(ps,
e} iIKE»T, e &R v, v2id 3THBER Ispile, vl,v2) i X » TCHESHLN, v B
KO pt 3R (B#:) coord Wk » T (x: real, y: real) 2HDET 5.
table coord(point)=record z, y: real;
function coord-lIs(?ls: line-seg)
=record orig: coord(e? pt1(3? pt2(ispt(Pls, ? pt1,7? pt2)))),
dest: coord(e? pt2(3? pt1(Ispt(Pls, ?pt 1,7 pt2))));
function dist-Ispt(Pls: line-seg, ? pt: point): real;
type wvector=record z, y: real;
var w10, v20,v12: vector, al, a2: real;
begin vl0:=vector(coord(? pt). x— coord-is(?(ls). orig. x,
coord(? pt). y—coord-ls(?ls). orig. y);
020t eeens P b ;
ali=inner-prod(v10, v12) ; a2=inner-prod(v20, v12) ;
if al<0Aa=<0 then dist-Ispt:==Ilength(v10)
else if a1=0Aaqa2=0 then dist-Ispti=length(v20)
else dist-lspt:==length(v10)x
sqrt(1—(al/(length(v10) *k length(v12))) * % 2)
end
function dist-pgpt(? pg: polygon, ? pt: point)
=min(set {?d: 32e(Pd=dist-Ispt(Pe, ? pt) \pge(?pg, ?e)});
3.3) fhiE patch (s) ETHA (v) DSEHR sv(v, ) THENTVWE LE, LsKCOVTE
HAEES, WEANEEONIVREBETIEHDOESR.
function sph-clos-sp(?s: surf-patch)=sph-clos-pts(set{(®z, 7y, 72):
P ou((Px, Py, ?2)=coordRv)Asv(?s, Pv))});
type sphere=record r:real, center : coord-pt;
coord-pt=record .z, y, z: real; point-set=set of coord-pt;
function sph-clos-pts(? pts: point-set): sphere;
{function body to calculate the spherical closure containing ? pis}
3.4 Bz ohicEm (p) ELTEHELUALRNEH S X HISHME patch ZEHIT 3
wEROES.
formula intersect (? pl: plane, ?s: surf-patch)
=(dist-plpt(? pl, sph-clos-sp(?s). center)=<sph-clos-sp(?s). r)
4.4 data BIEEFE . :
data #BYEE BRI HTH S schema @ model & LTD database ZEHE, HEWiITE
ChoERERMET 21 TADHETHS. UToRIMEFAL formal HEFERIT L
DORMTH 5. ‘
1) HEABEE
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BAKTS data BAEIR, HicHATOAR, ¥k, HEROBEOERLLUH

HAOFME (EBEEZOLAEDRE) ThHAB:

LD #AIFoRIk
l create i, .-, z» making-true formula(zi, - za)

[Eek] I=IU {s, -+, su}
ZU=S1, 0, Tnt=Sa
make-true formula(xi, -, zn)
1.2) #@BForlk
delete xi, -, xn, ¥1, -+, ym evaluating formula(? z1, -+, 2 za)
[EER] evaluate formula(? z1, -+, ? za)
=] — {1‘1, v, Ty Y1, 0, Z/m}
1.3) WEOEHE
make-true formula(zxi, -, zn)
[ZER] Sormula(zy, -+, 2a)=T
1.4) #wmEROFMm
evaluate formula(®?zi, -, ?za)
[Euk] (n=zl OEGE) formula(diD, -, da)=T 132 di> €AUIUN
ICDNT 219=dy D, o) 2D d,
(n=0 O5E) formula OE (T £/ik F) 2R

2) #

2.1) HAK pg LA pt OMOKM d 5LV d 252 30%RKD 5.

evaluate (?d=dist-pgpt(pg, pt)) NP d=dist-lspt(?e, pt) \pge(pg,?e)

2.2) 5ZOoNKIEA (v(l), -, v(n) & FERORMOWT] ¢ 2o patch s % 4l
UL (1), 2nEaURENEL, WO TEME neight ELTHEL (2), 0k
573 patch BN Opd 2 EE, BEXAONLETMERITDE DR KBRET S (3).

2.2.1) create s, (i=1,n)v() making-true (({=1, n) Asv(s, v(z)))

NA(@E=1, m) A\ point (v(i))) Asurf-patch(s) A(coeff(s)=a) ;

2.2.2) - make-true neighb(s)=sph-clos-sp(s)

2.2.3) evaluate dist(pl, neighb(?s). center)<neighb(?s). r

2.3) #ih Cp) LMK E (Cv) OMICER supply(Po, ?p) BRILL TR E &, W
—OHBFELDOEELTOL S o, ?p) 2HBRT 5.

evaluate supply(?zl, ?x2) AV?v(supply(?v, ?22) - Pv="2) it
evaluate supply(?zl, ?x2)A(card(set{?v: supply(?v, ?22)} =1)

4,5 IFH{T modelling & ¢ HEk

TPIREEH LA 3BEORER, YT oL S KtBESODUERMINTNE Bl
metamodel #:i3, EXLOMBRUEDL S LTHHTH B EELS. B2 1 BdERELER
MR T & 2 HARIE, A GBECEN) 1K bRERE QN 1T b ISIRILE B -
T3, Ff, ZBZONZBRGENBEREATVD, £ ELHTFOED model &b
bRAIDPICKRSUEBRENERBLORVESEIEMNTZ. Lo bERE, 20 Mits
THBELEES KRB EREN. 20T EKBEELT, bitbihd metamodel 73
BISHEE LTEITO model 2EOC LicEBLTECS. #A1E, Codd @ model i1 I
DEHICHKIZES (relation) ~DHE], £hEFNOELSHSEED record MADEEES



GaEX> CAD iz data metamodel 27

ED data IOFEBLIVARETICLbMEMTHS. H3iIKEL LT model iR S
NEBERNERE, —o0FWTHRSHONTHS. Z20—RREOEERFHKETH
S e HBNEEE, TROBEMOEET D &L TDELE (record %721 tuple), BH:DFK
—ic X BEEDRE (record g 7213 relation) B XL key ODBEETHS. chick-»T
BRI, B, BROBNZIHE L. FOREEEZHENICEEL L —TEE2ET 3
fedici s GAF) 3 dbms OBEHETREMM S—EBRRB W NE5HE, T4bb
BB LUDEBRRORETHE LTHT&ICL>T ‘B’ OBEWEHILL .

2ERBILERON D, 2), 4, 5 @k, 3) RPBLS/MNKEL-Ih T3, 3) &
WAMICEE S DRALZBREPLPEHRZENCER LD, Zho0BEERELTHS
TENTERVPOLTHB. 9) ONERNIC LB EARTHEE K- 7. 6)~9) BEBEA
DONRELZE Z 2 HESHNBEOMETH Y, F /o privacy ® security 7% & database @
(model & LTTAW) BENMEIC b BATSOTHMICH U SN, 4dbhbh
(D metamodel biCﬂE@%ﬁ%%ﬁ%ﬁﬂﬁﬁ%glﬂ%ﬁi BN ERBRETLIICEDS.
72121 6) OEBBEIC OV TR 5.5 MIK—oDERFEEZFIRT 5.

5. =R system (LMS) ORHE
Bz e~ 7z metamodel DFERKICIE, £ < OEINWEEZ M Lisdhidws .
RPERSEBEROLE, #ERXOMMTL xOEE/B X application DHpikicH
&% AHE schema OB HFROFEIEYERTHRING. —F (KREBETLHWNEE
BOOMHEET) ERHICET L7251, LMS (Logical Structure Manipulation) & I 3
dbms 2SBER I Nhtc. LMS BROEWK THIZED metamodel DEAMERE L THESYH
ohd (X 6);
D) BECBOTHAEZIEE TS, Lichl- THREROMK, BERBICKZHEE
fLRERBICEDD V. LR LUBTOL S BHNEZT TV 3.
2) B3 name, id Zhic I 5 A ~O 1 EHERK M LEFied LT (Akic
) 1BHoAHFINE. TOEE “BR ERR HE WSS FEREENWERE

BXAnfEis

AT
#2481

FADEE N

X 6 LMS o model
Fig. 6 The organization of the LSM model
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BEOEEDELTO record THY, BEBOEHIL record HTHSDT, T DEIH
X LMS ofEskd record $#5% dbms (i d 2 RiAER LTV 3.

3) BEF I OLOEEREHOLOEFT.

4 HEROMBRICENT term & LTHA 2 ORBINTEHRT2ESTHS. M’
BEFIND. Thid LMS SRo B’ 2 R $RbbRBICEZ IO
HI/REY « BB EEOR O ICESRT 2, ‘B’ ORWIZIGH program KFER 3T
EEBEIRT . ‘logical structure manipulation’ & FERFIPITCTH 2.

5.1 dbms &L T® LMS

EEONERABOEE TS, modelling EH BRI IR THRNBE;

1) Gl ER)OHOES E L TO database ZHINICERLES>H D workunit (wu)
i, 1D wu ZZHDENICHEN section icDExh 3. 1HOSH program %
1D wu HD section ~DEXAA LEZEHD wu FD section x5 DEEAID
TRHFEING. BAH, HEOThicLTD, open Xi17c section D AMEIEDORIS I
5. (BR#EAOREML)

2) database 3% /z area iIc b HEEINS. 1 HD section (2 EMICiE 1 D area
Ot U7z page DIEEG L LTEHI LS.

3) J5H program & database D TRIE LI N B BHOEL 2 b OIIHUIT, ZERX,
BEROM, wu &, ZEIT, ZE LI dda(data delivery area) %4 L THbh 3.
MATHED 72 DB HS calcommunication area) 5% S 3.

4) dbms {FRD subsystem &G ATFS> CODASYL DMS & 5% 3.

4.1) LDL (data description language) : schema * 23R4 2.

4.2) LML (manipulation language) : FORTRAN %23 EE L9 3 data B EE.

4.3) LMR (manipulation routine): data §{E#4 32479 2 program Ef.

4.4) LMU (manipulation utility): JiHprogram @D7K¥E®D utility program Ef.

4.5) LRU (reorganization utility) : HHHEED /2D utility program Ef.

C OWT modelling {3 LDL, LML 317 LMU it T Y Fic A R~
3. |
5.2 schema iS5 (LDL)
1) area I XU section D
area area £) ({area code), (EH¥)), (HYU7DEH), (M7 record ¥
section (section &) (CBAED, (KED), -, (section &) (GAED, GEED)

2) WIEOEE L

predicate GRIEL) (CHED), -, GBFA) (CHHD)

5.3 data #{EEZE (LML)
D #wERX0E®

formula GREEX &) (KEEKAL, -, EKL)=GRER)

[l [O ZEPERKT ? THELZC LK > TEHHERINEIN .
2 cTEBULRERALRZ LML XhTRELERBICEL 3.
ROEDBHOHRNISTEBEPHFINS ;

r)=p)YAFL--2n(rCA - ArCa)Aq(L, -, ?n, 7))

2 HEINZRMERE (B=E 240 FEFHERE ZREERORERS S A,

V., — =, 7, 3, ¥V EROTHALTONE. 8LV & - BROFO A



ey CAD oz ® data metamodel 29
#FIhs;

V21.-V2x(p(?1, -, ?n) > q(?1, -+, ?n, 221, -, Pxm)
FHOREEBEOERCENT, BEFREXEREO LDZLDICoAELS. EHH
BT 2 Eic D program A (genid) &L UTCEE LTEPRITESIL.

3) MAFBLUERDARR
create (dda &) [: (EBELER)] [ (&ZFIOM 5]
[3REA] JsFl program DSEIEOHRTHE L dda Oz TERIAIK
dh, BAIMFBEL dda cRE N 5.
optional 73k DERE & ZHIOMNHGOHH T, TOEFICL > TEHID
No-oF2EED B F%, da S hicHicit-T *xQ),,
*(2), - LBRITZCLEDBTES.
4) BINFBLUVEROLN B LCHDAS
imbed : (series £ )(initial): {range BEZ>
imbed (dda &) :{series &) : * (1).to. (), -+, *(n). to. CEOL/<EFR R ]
[: GEsFEED] [ EroffE]
imbed : {series 4Z>(final)
(3RE51 BBk L7 ERZ BEHEOES (range) ORI N AER (P ICHIRE ¥
BT licky, RERESWICEDAL. hlo imbed [3—ICHEH
&b, —BO series BT 5.
series DEHIIC range ZRET S | BHEHOREAEZEZ 5.
5) HWAlFBLUEZEDOHE
delete {dda %) : EZBIRFA)
[#BA1 1 EHEROBRBRAEH T ELZLHRT 5.
6) BEROEH
modify (dda &): (EHBRF [ EREE] [: &0 5)]
NN dda W E Lotk »C, BRENWCEREERT 5.
7 ZHIOMNE
name (IE)> = (&R, -, (B = (BN [/[(EHRERFD]
[FREA] BRINCEZME L2 5% 5. (EHD 3 genname ME LT
EEXNTW5 program ZEHE.
(&Rl % denamed :3HFMOTNEEHZHIKRT 5.
8) HEHROWE
get (dda £):: (EHBIRA) F /i3 get (series £)(initial) : (FEHRER
get {dda &) : (series &>
get (series £ (final)
9 BEOER
modify str (RE&ZEED
[3REA] BEZERLETOLDELLIKE, EFaBloHEEEET 5.
10) HBEXOFRE
 get tval (dda £): GRER) F72i3
get pred {dda Z): ((nZHHD); -5 (nIEHRD)
[RBA] tval @ option Ti, WENXNOEEEZ
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2] pred TR, §TOoFEEBMWALTRELOTNTE dda KR
5.4 utility program g (LMU) A
LMU o E skl wud 243 & §il%, section OFHAML, wu ~DEHOMA B EZFIHED
ﬁ@[ﬁ,%,, wu [§]> data DS, compaction, archival storage ~DOHEIEFTHSDIY B
L, SEMBEHOMMHIIETH L. EHIcH W THE TS &, HHlXhi data BF -72
CHIDHAFZRE DD, EHRELUTOM REBBIFRULOMESN, EFIR qualifer
DHEBESNLSDRANTELL. ERI1ED wu OO 1HD wu i, —iC
BHE D section % 1 D section DA LT, Biris SIS program %@ dc A 7E
SHTARESHBEMA D, EROMEEFET S EBTE5.
5.5 B (34299 B7%wic, FORTRAN ofbic PASCAL KETA M. )
D 13 #io L4) HTWY L7 HE
® Kol @ e LTk get dda:: Y?x(p(x) — q(Pz, ?y))
@ 13 get dda:: Vy(V?z(p(Pz) — q(Pz, ?y)) — vy, ?2)) LEIF 5.
2) HiE patch BHEFRICESN TS EE, 18 pt E2ChBHYER pl 54T
Wi R 5.
var c,s: genid; ssed, ssing: set of genid;
{determine the curve ¢ on which pt lies.)
get dda:: cbdrys(c, ?s) ; ssed=¢ ;
{move id of surf-patches containing ¢ to ssing.)
foreach s in ssing do
begin if inters(s, pl)=T then _
begin calint(s, pl) ; ssed==ssedU[s] ;
get dda:: 3?c(sbdryc(s, Pc)Acbdrys(Pe, ?s))
—ssed ; {move id of ?s to ssing}
end ;
ssingr=ssing — [s]

end

7 HEROHE

Fig. 7 The intersection of a surface and plane

8 HE z BiBE Y ST, TOBRER: 2T L0 IBERE wselz, v, 1) &
T5. GUSH aDOWREL use LTVE DT NTERBKL, use LTINS HDON
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NTH2bDIEHRITT B LS icEINTS.
formula f(?)=(=id(a))VI?z(f(C2)\3?t(use(?z, ?, ?1))) ;
get dda:: fRUNAIPt(use(?1,22,?¢)) ; {sort {(?1(2),?2(2)): 1<i<n} so that
the tuple of the form (y, z) never precedes those of the form (z, y.)}
4) L oWTaBEES LEHERICE > TH 2 E AR assy & aprime iIKbh 3
MROELSELTHERETS (X8).

e

N

LN

8 HHAHXER
Fig. 8 An imbedding function

Q
it

formula assy(?)=3?1((?1=id(@))Vassy(? 1)) A
3?2(use(?1,?,22)Vuse(?1,72,7))) ;
get in(initial): (?=id(a)) ; assy {initiates reading ‘assy’.} ;
imbed out(initial): set(in) {initiates creating a set of elements and imbed-
ding it in set(in), the range of series ‘in’, that
is, ‘assy’};
get w0: in {reads ‘a’ into w0 placing its id in oldid(0).} ;
imbed w0: out: (k.to. 0ldid(0)): name sk =aprime {creates ‘aprime’} ;
{following are made available to this program with each get state-
ment ;
n=the number of elements being delivered with the curreent get
nt=the total number of elements in the range ‘assy’
np=the number of elements already delivered.}
while np<nt do
begen get w: in {reads ‘assy’ into w placing id’s in array oldid.} ;
imbed w: out: (i=1,n) (3k(). to. oldid(7)) {maps the i-th created element
to oldid(G) with the imbedding function)
end;
imbed ouz(final) ;-
get in(final) ;
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BE 300
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5.6 EBEAOER

IR (T94E10 A) Dk HE TOMMIBER (HANBXU die face), My, EBH,
ERBREOWMR, BRI, BEWEEERITTROBI O LR K E 4T, metamodel
Bl Uods> THRIES Nz, ¥ S MOBREEIC X 2 REBNE, Lr LEBENSERE
NWHEHOREOEBEBICRAES CELETINT. BRKOBLEDO—D>TH 35hEITMN
B AETEZEORERD, MBI AESEREDIERET—BICRET S & &ic
HHRBEONE. 25T3 2 L RIHAEZERNENROKEBICBNTREL, hOIR
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Experimental Studies on Longitudinal and
Perpendicular High Density Recording

C.8S. Chi, K. A. Fray,
R. A. Johnson, W.T. Maloney

E W ot apickd, BAEKR (F32R) ki, #BNIORBZ1IEBIUV2EOBERG

F@arwt « g o—a (Co-Cr) MEEET + 2 7 RREERAAEL, ZOMSKE:S X ULEHE
B2 R Lic. ZOE%E= v /rv» 390 1 (Ni-Co) ¥ » X DS EETORERE 7 1
27 LWL, THREAEMONEICE, 774 MBIXCEERO 2EBOY ¥/ + ~y F
BRIV RELEMICEISNLY v 7~y FTRE LK b b ST, BIELALEHET
BRET 4+ 2713, BREETFEEMEST « 27 EWTHELBAMSLEL 7. 2BOEET
4 RV, EEERBDETTBENIFLAGDS. TLTFHER TR S 328, ERBLU
Hammig @4 w7z Hilbert 283 2 O HIC DT bE~ 3. '

Abstract Single layer and double layer Co-Cr disks of various coercivities were sputter-deposited

1.

2.

on rigid substrates and magnetic parameters measured. Record and playback properties were studied
using both ferrite and thin film heads under identical system environments. A well optimized Ni-
Co plated longitudinal disk was used as a benchmark throughout this investigation for direct com-
parison. With the objective of using “off the shelf” ring heads to bring up the perpendicular
recording technology on rigid substrates, it was found that the performance of both our preliminary
single and double layer Co-Cr perpendicular disks were at least as good as the well optimized
longitudinal disk. The double layer disks have an added advantage of lower write current. Signal
processing via Hilbert transform using both rectangular and Hamming windows was also studied
and applied to the output waveforms.

F L & I

EERSEER RTOETHELEEROEE L 3 Lthd, BREHEEHED
BLDH &L - TS, BEBAETLIC) v 75~y FRM - 7200 55 i MR
~Ny FEER, 50RERKICBERIB~y V2, BEY) v7 « ~y FERORRELM
RE, THETKEL OWMFERESLH TS, BB~y FREEZHICEL -BALH
BEONZ EINTHE AN, HETE VX 72 00PMEICE, I TEFEHTER
OHBY) YT~y FRERTZHNIOLHW L. KBTI, RSy 2ETHER UL
Nub ey —o (Co-Cr) BEDHE T 4 27 DEREE, 2 OBMEEHICOVTHENS. F
7o, REBFBEOERFECHOVTHREL, ZoRBEREEHEETFEEHO=v v -
a5t (Ni-Co) ®» &7 4 X7 SR 3. 35ic, 25 WFN XBESRTERL
7z Hilbert ZH#AHELEIC X 3, HABHEEDRICO>VLTLHLNS.

BEESLURFREFF 4 RIICDO1T
R 1 TEBRICHER LIS EDOT 4+ 27 OBKBEWERS. ABOBEEZE T« 27 (7
~410) i3, T v (Ar) FRBELKHCTES 5.6mm O EEEFEICAES—F v

© 1983 IEEE. Reprinted, with Permission, from INTERMAG Conference Proceedings (April 5-8), 1983.
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3.

4,

AEEB Ry £ L, CoCr BEMEIE TR L. EFELTH, EEHE I RNEY
2.5nm (0.0025 um) OEEXSE UMEA 7 2 (%4 Ly 7 Z-T740) 2HW0/e. #7256
$9 pF 4 221d, CoCr BO 1BEGAENBIRETHS. $10 OF 4 27 BZ T/ v—
<u4 %, LEic CoCr %, #heEhz,Cy 2 LI 2BHE LT ->T0AEL R
Fokwd 19 OF 4+ 27120, 1200C OFHMEET > 7. BB 4RED, BiEEERD
O BFE—TIT > THIRD. FREEZ&T 1 271, Co-C GoRk#EL~y FO
BEBH AR TERICEX 0,05um OREBERA/ Sy EZLTH5.

—%, BEREF+ 227 GL) 1B, 7 =9 (AD) e Fitne UCIRRMED Ni &
%, BEEEE LT Co-Ni B, LICEERD>XLLF AR THsS. REBICE,
Bfba s b ZRHOTNS.

%1 ER7127 (BRFA) OBEIESE

Table 1 Disk (coupon) and system parameter

= [y i) .
- JBOES (um) rzryr) | ARE | e |
Fa4 R N 4xM, (H & R) i
Fe-Ni | Co-Cr C #:E | BF | &#H | BEF °
37 — 0.50 | 0.05 250 100 | 0,09 | 0.16 3000 158
$8 — 0.56 | 0.05 300 230 | 0.11 | 0.11 3500 1/
309 — 0.55 | 0.05 840 380 | 0.24 | 0.14 4000 118
$10 0.55 { 0.58 | 0.05 900 400 | 0.30 | 0.10 3400 2B
3L Co-Ni Co-0Ox
0.075 0.12 650 0.80 15000 ok

B O#: e Ly 7 R-T440, BEE 10cm D54 R 7
SEEFEAy F: ¥y v 7B lum, Mn-Zn 7254 be Ay F (6X62-7,
Fyw G 17.78um, FLE 0.25um)
Fr v E lam, BOEBE~ F (7T£—-V, v v iF 3202 4m,
2 b8 0.35um)
SERsefh : 3560 [HIE/4Y, R M5 v 7 iR 4.6cm (BEHy 1700cm/s, 100 ns 234y 14750
BHRIR/ 1 ¥ %)

X B B K

EZERBIBORNC, BHETEF 4+ X7 Eny FEAERFZEIBVORTERLTSEL.
EEZITRTCAVESI b+ ZRE— b« Xy THRTII 7S, T4 X272~y FhgDO
k3 EiFlihot. ~y FAF 1 27 D¥E 4.6cm (1.8") ONEIEELT, &
4 3560 MIEDEETHIES 5. COBANy FET 1 27 OFRG#ERER, # 1700 cm/s
(670 4 Y F/s) 12 3. IMEBEEEZHRMEER, LW A BHERLELT NRZ F5%
ssRd 2. 4RI, IR LE (0.25um) @ Mn-Zn 7= 54 b~y F&, 33708
HWEANy FERAOTRE UL, BEANy FOBA, REBSKSIEREGKERIHHS
iz COH™ICLVEERDBEERGET + 227 (9 3, N CTESERLRE D
ot FARICECHABR A LCEDLBHER M1)T, Mazrsvrsl &, 3
By b e Feg o 298 — O RF 2 &AL, FERM I, Hilbert fIAAELE O 1S
WEAE, HBBEALEOVTRELALD. SHEFEENEICIIREIERPZSE LR,
ARy NG A TFIAFTHAREEZRERL, 75 746 U THERZER L.

AERER &H

M1, BRTROLENBREBTHS. BUNEBRR, S5BOF« 27 (R1) kKX
LT Mn-Zn 7254 F + ~w FBXUHEE~Ny FTRE L. BEIONIV1IET 1
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e DERSTHIEFUILHORRICISE 39

H2REBOF 4RI 254 b« ~y FTRA-KETEGHE L X0EHEE
BHThHE 1 BREZHT «+ X7 084, HERNBERREICEMN TS EELON
% (Co-Cr BOEXIZ, BiZZELV). 2EEEDHT1 A7, BHEETHENNEE
B—FE. BEOEFZERY V7 ~y FLETOREEMA 2T OEETE~ »
FEROWIZb b6 T, BEETOEEEIREERFREET + X7 GL) 209
EH->Tn3. BE~y FERWCEEDREBABOBREME LN TS,

60, T T T T T T T

7-10 | WEFCE T4 A7
L I EFRET1 AT

(B5) HEEHEH

2 4 6 10 12 14 16

8
J&) i (MHz)
2 EREESEEHHEEORMR

(Mn-Zn 7 =54 b « ~y FERH, b5 v o7& 4.6 cm, 3560 [@liR/4):
10 MHz D513 1160 IR Kix/mm jCHH)

Fig. 2 Readback amplitude spectra for recording density assessment

B H b I

BEOREHE~y FERVTE—&HTT, N"—F 7+ 27 LiiBY 3 EFLES
JUOIBE2EOEERGOTGEHAESEZHE L. ToBE, HEHE 2T -EE
8T 4 R OFEH AR, EtED Ni-Co W - &MEFHEE T+ X7 DENEHNRT,
SCOVRIBICRENRLONE. 1 BOREELET + A7 OBA, REAISBEEZH->TH
HEH D EEEBEMSNET 2, NEERIPEL GRS LEAFROEKE~y FTRREAD
HEFEHELENEN, SERIEZENTERLKS. 1BELE2EOEELEHE T+ X7
TREABAERICENSS. FIZR OVAETENR, BRERDEHEE S BREQISEYS
DETERNTHS. RELE T+ A7, EFESACEHNINBEDY v e~y ¥
ZRANTSY, DEEE, BEBEOSVARBIUEREXFEREOET, SHOERED
o XMEFRURT 1+ 7 EAEDEOUESSZ EBOONE. ~N—F - F4R7I1CkB
KRBREEUICEEELTRICEAINS T TR, BMEEAOEYE, |EDEBHLEA
v FOHLOREEB X CESRBEREMICE L TKIBEOHE - kESKETHEH, £0
EERAETHE EADNAB.

5k, AT M- piIgE A 7107 T. Bonn, H. von de Vert, G. Jacoby Bk ¥
C. Lustig O&RICRHM L T 9. F 7 Hilbelt frfASLBRECSWTH WV
R. Schissler Fic & B L% 3
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The High-level Language P 3 in Bussiness Applications

EBIN B x

E B ARTE bhbOUMEBRLL7075I VY /EEPIERNTS. BADVWANWALEH
L e s v SEEORNE, ABRERE v 53 v/ Lo~ KL FEER AR L TN S,
P3 QBEHELHASFTOLRERRO T 05 Y/ EETHD, P3 oS o+ vy it COBOL
TursarERTS TbE P3oniE, BEiC, bR T ARIBTELT L L,
FOEBERPE TS0l 76 5ERTHEHB.

AT, P3DEZHFELEBOELBHRIC OV THRNS.

Abstract This paper describes a high-level programming language named P 3, which we have deve-
lopped. P3 can be used for business applications. P 3 may be a language at the level of speci-
fication, The specification in P 3 is translated into an executable COBOL program automaticaly by
P 3 processor.

Concepts and outlines of P 3 are described in this paper.

1. 3 C & I

Tul 3 vy TOHRLUOMBEEERE (LA REREYus/ 33V, BEA S0
S53vy, A7V BRI BS S vy, EE T3 PROLOG # SMALLTALK
2E), BRVR VAT LAHEBRETOETFT) v/ a2 AV BEOT o —F
OFHER, 7er53 07 REAANVEEAED L LESITHE. Thid, k&S o
75 ADOMOEHSKIBICEE S, bs0id, TERERES 0S5 v IB—H{td5H
Michd, EWnWHEThHB.

7z &%, COBOL »FORTRAN T/ u s 5 2%2fEoRiZiiod, LrbREGE LTS
0/ 5wl FIBRBEELTCOIMRBEOT TR, HBEOERIEI T 0/ 5 LADERK
RADDEEUIAERTH 2 0 HAHENDH B, 22T, EBREROFHEILOVT, »iEDh
HUONTETRVEOTH D, FTLERANWTIREL, HERQCR, 7ns 728040
HETILBBNLORBEN TS,

HRER 0SS I vISREAMB S w5 v BRI TV MRS 5 v
3, &Sl 5 20— KLk DV T—2DFHEERLTNS. T, EFV YIS
o b4 VTS, BIEEEN BREZEHNENIENRD A, PROMERERE S 0
753 v O—~KbOFHERLTNS.

ERTRS 5 VIEEO BR LVWIWNERE, BRORERELS TERDS NI,
Ebé%ﬁﬁf%é&h?C&%ﬁin5b,mﬁ® o Sk R L)
bOTH55. ZOLSHERORTABHANAROEATEE ST, AHVES
i, obhDR I BERTEIZIHETHS. 20D, HRSFICH Uil
EROANG L EMBETHE. Z0IHO—D0HER, HRAFICHT 2HEO/E
PUBEEEFOERELT, EEOMCER L TEBLTLETHS.
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2.

3.

AWTHRNT 2 P33, BHERLBONFIcEY S [EEZdHROT s 53 v/ ) 2H
RUTHF L. 975bb, P3 LREFNETHONZHEORBSOEMEZTRT 2
TeHDERTHY, Zoz 84 53kl » 5 COBOL 7 r 7" 5 A% T

PITF, ROEB >0 THET 3.

) BEHELWEZ2 5 A0

2) BHEWNHEDRDOT 0S5 S EEER

3) HEEROFM

4 P3 EBEOME

5) P3 pum%A

EBLBIOYS ADIEH

P3 st &I 2 EBNEET, ROBME S > T3S,

D ABBbrs vy 7vay (BE) w24 . 774»(@%)?%@ W E
NIV RE » T ANEREETH B,

2) F—A2EBEBEVY, —D0O—D2DF—F AT ENBIRALT, BMTHS.

3 EERENLZOE, ROEEWNETHZ. TbE, VS v¥FsvavE—D>3DH
RATIUIcE %, 20BROBEBEERL « 7571V EDREOHER, BT
=25, FHILOTRE - 7y A VDT —~4 ERERZIES.

4 FoEXWIRBBEIMAT, FAZORDICE CTREEDRE, fFEb 3.

5 Lo 3) & 4) oBMETORDI, 9% F4 - i - IR SO LRDS 5.

BRI, FPIUFIVaVETRE T ANEREELY, AHbAVERBIEL

TEEL, ZORBRIO 2P OEHONE Z — Vi E T35, HEOHENIM Y X
TALATR, T—20EHOFHERNFIZF 4 BHEDT (Liid, MAEBMLLANT
L, TRE T ANBEB T rANTHEDIED, JORBEOF—2N—2XTHd&
), —REHTOOIAZDZTENBHEN, REREMTH 5.

E?ﬁﬁ&ﬂ@f:&b@jﬂ 75 vy nnng;‘:&

Bl R HENI B RO R & Bt FB LT, BEHLBEDDOBE v 5
IVIEBEPHEREREEN TTRLANAERBINTE TS, 2015 OREH ictk
BLTWZ BT &R, EBLEROL 2hORE 2~V ZAHTE 3, LS5 EMicE
BLT, EBEOTICENLD/ S Z—VERBELTVWRCETHE. i, BE #
i, imE, BROL S BEENERENSTE LN >THE. LhL, 2o/ 2 —-ros
LS00, ZONHOERPLEBNICH > bD TR, REBOaY v 7 THidld
DTHZCELEREBLEINERSRL. &/, bABEOWBIF—2oths, HER]
KHROGAENXBOZEVIGBIF— 22k M ed, HBHEFICEILONEIF—20DY X
FEELZZED, BERI->TRES DY v/ TRBEXZ2EBROHDOBH 5. Lk
L, EBLbHEEED I EREGVTH L.

WEOuY y 7 THREUINE NS~V TERBTEIRTTHEY, LI -T/04—
VOLTPHEBERINICNEOHEB LTS LMD %57,



) HREmRERE P34

4, HmEdosE

38T, BHNBONIE Cx — Y EEEERCTHEG TR, HRLRHRO F0s 5
VS IRASIENT EERN. P3 OBBlIc ABRNIC, ERROERFTERDOOTH
~B.

—fR IR EE VS &, BEY, BREAEERTIHE D, RENESIER
UMBED, 1ZTBRN LS CHEELESTTRDTHE0OR, AMBERIC, b0
PFLERTEEHUETHS.

ZT, BUOSEHLHOBMEEZ TAHLE, F—2RBRAEL LY, 207 —2%, &
ZVRF—HETRININEF —2 0BT D CERALMEMSEI NS, &0 KEID
%. 2ORBETE, ANShEF—-Z2ONEEE->T, BROMPF—42Ebh bbb
<k 5. :

UledioT, HBEBOEBMRROEE»SLETHS >N

1) @ANBANT, AHHITH S0

2) WMEAEET AT — 2 OB

3) AHF—Z OHMNHD, MHT—FONEEESES D

CO3HEET, AN, HAOBKREE LT, HERICANINBEF—2p5, EKITTF
— 2 ZHATENBOLARIBRTE 3. T0bD, FHEUELZY—F YV T 0k
ZELTERLEIEVIDTHS (M), ZORELNVOERICK > THIRIZTEH
T2, P37 s 5 sl E2ENELTOADT, YELARVOEREMAS Z &I
5. ¢bb, KOWEA%RMA 4HESHBEEROBRTH 5.

4 ANBICHAREDL S KEBRT B

Sty

ammme———
7t A
a2 Tr4N
T AN LAR= b
[EA]E]

Bl 7740 EARTEY—o vl TRER
Fig. 1 A sequential process with input files and output files in bussiness application
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EDORE

P3 ZEECTEL HBERE S0 54 B, Eo0HNH» 56105, Chbid4FETHR
L7 tkkEim O BHici - T 5. '
1) DATA-FLOW

2) DATA

3) PROCESS-FLOW 3 |

4) PROCESS

5) . IMPLEMENT %

M2, P3 ic&amenitRo—fTHs coFus 5 TTL &, A7 740
mps 47 R-TYPE) Blorva—FERRELT, 2hicaEnsE QTY) o, &
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1 $ID TTL

2 $DATA-FLOW INPUT IN-F

3 OQUTPUT OUT-F

4

5 $DATA SFILE IN-F

6 $RECORD IN-F-R1

7 02 R-TYPE PIC 9.

8 02 PART-NO PIC 9(4).

9 02 avy PIC 9(5).

10

11 $FILE OUT-F

12 $RECORD OQUT-F~R SAME-AS IN-F-R1

13

14 $FILE IM-F

15 SRECORD IM-F-R SAME-AS IN-F-R1

16

17 $PROCESS-FLOW

18 TTL1 DEFINE RECORD-OF IM-F SORTED BY PART-NO

19 ON RECORD-~OF IN-~F;
20 TTL2 DEFINE RECORD-OF OUT-F
21 ON RECORD-GROUP-OF IM-F GROUP-KEY PART-NO
22
23 $PROCESS TTL1
24 $OUTPUT IM-F
25 EDIT IM-F-R ON (R-TYPE OF IN~F-R1 = 1)
26
27 $PROCESS TTL2

28 $OUTPUT OUT-F .
29 EDIT OUT~F-R BY ED-OUT
30 $EDIT ED-OUT

31 R-TYPE OF OUT-F-R = 1;
32 PART-NO OF QUT-F-R = VALUE-OF(PART-NO OF IN-F-R1, FIRST);
33 QTY OF OUT-F~R = SUM-OF(QTY OF IM-F-R);
34
35
36 SIMPLEMENT
37 - $FILE IN-F DISC,ST,10
38 $FILE OUT~-F DISC,ST,10

B 2 P3Ick3imusl
Fig. 2 A sample of the text in P 3

%% (PART-NO) T & 0£EfHEEZRD B3 bDTH 5. 1718 ® SORTED 4§13, il »
A (IM-F) 2R BESOREICY — 582 EE2RT
DER, FEIOWTHEBERRS.
5.1 DATA-FLOW 23
TuTGLDANT 24N, BHT s ANVERRTECERE ST, 70 5 LETO
F—% 70 —%RT.
$DATA-FLOW
INPUT 754 W4
OUTPUT 7 7 4 V%
I-O 7254 10% -
IO W, 7o/ 5 A TANBLORIIOAARES 7 7 4 VERT.
5.2 DATA 3
Tar ek T rANDF— 4R ET S 2L AL COBOL o7 — 2Dk
ZE2M, P3HFEOHBELEENEEINTVS
$DATA
$FILE file-1
$RECORD rec-1
: rec-l @13 — FEE (COBOL miiik)
$FILE file-2



e HRIEREE P3
$RECORD rec-2 SAME-AS rec-1
SAME-AS %, rec-2 A8 rec-1 SRV —FEBTHLCEERTOIMES.
REZOERKIT, ROFEFEMHES.
$FILE file-3
$ REPORT report-1

D L— 13k (COBOL oL #— hEikick3.)

5.3 PROCESS-FLOW £

45

V= vV FaRRCBYEATONBEEMAETRT. D% D TFoHEKX D DEFINE

XT, ANDOEARZEATHIIZIES pETLT 5.
$ PROCESS-FLOW
Futkzx4 DEFINE Hj;y ON AF

felz2iE, A7 740 inf-1l oKL a—Fhid, HA7 74v outf-1 oFLa—F

#EZ7u kR prl BP Ll OXSiKLA.
Bl 1 prl DEFINE
RECORD-OF outf-1
ON RECORD-OF inf-1
RECORD-OF D#EREICEKRTE 5. Lih-T,
prl DEFINE outf-1 ON inf-1
EENTH X

B 2 inf-1 o, +—HE key-l BALELZSDOVI - FHOKEADPOHTI VI —

FEEZEATHENIE, ROoXkSicEL.
prl DEFINE outf-1
ON RECORD-GROUP-OF . inf-1
GROUP-KEY key-1

ON o ofhs, HHEEZIDOATIBEA, T70bb key-1 THELT La—FH

ZRLTHS.

Bl3 —onFuvxd, ZoLEFOBRAT ANV ER L ESHB. TOEER,

DEFINE p#gic& 2 D17 7 4 vEREIE L 0.
prl DEFINE optf-1, outf-2, .- ON inf-1

Bl 4 BEOLNETORSGEZELLS. 2ETRULELIK, P VvHFIvary .. F—
ZECHLTTRE « 77 A NEDREBHRETHS. <wRAHF 7 740% mas-1 &L,
Ba+—%, FrFvHF o varvdeRE - 7r40b key-1l ST hid, €0

feboF oL, RokHicitld 5. REFER aRaeRT C LT3,
prl DEFINE outf-1 ON inf-1
REFER mas-1 BY Key-1

Fl b5 ek ZIF b3 v vay inf-l E=x& 7740 mas-1 EpDG, F—IF
B key-1 OFJEIIER L HF oL a2 —FE2AHLT, key-1 OXTD JHic HIF—4%

ez SKi, ko kS ic DEFINE XZRWTEBT 5.
prl DEFINE outf-1
ON mas-1 AND inf-1
MATCHING-KEY key-1/key-1
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Fil 6 BHEUBVRFLARNWL DO 0S5 LATHERIN, Thold7 4 T
HIhtTtna., g, =270l 5L8BL0BENLOREUEERODICRDES.
ZOEA, 7ol 5 LONTRT - BERMTINTRRWITHACERINE C &5
£ TRV, P3 OFuER 7o —EIcE oM 0T B R EERT S C L
TEBEHCB-TVE. FoRBY—F v Ve 77 A0EHNLTHENS. T
bbb, M3DEIBYRTLTHENIRO LS KB T 3.

Prl ‘@_ P2
Pra ~®

3 Jaex-.-7A—
Fig. 3 Process flow

$ PROCESS-FLOW
prl DEFINE {2, f3 ON f1;
pr2 DEFINE f4 ON f2;
pr3 DEFINE f5 ON {3
Pl Eoftiic DEFINE T3,
D ABB20EHEI7 s A VD3 EE
2y ZTODOANT A OHS
ZHRBRTECEMTEE. FBHEELZ DDAV —FEOEEDO Lhkici3,
F-HHI KA OFESAEI LTINS,
5.4 PROCESS %3
DEFINE X T, HIEED IcDDOATIOBMEZIR LIchs, PROCESS i3
D WaELEME
2y HWHF—20oRE
oW TiER T 3.
5.4.1 HMAO%EEDIEHE
WHEEZ1.ODATIOBAR, AH7 4 00hici@ DR LUENS. BiclixES
DOTHNE, BHEEILEEERTECERHMERNDY, 25 TROEXRBIRER
SRRz SAE=R A4 /AN
7o ZE, 5.3 HioB 1T, Hijva—F outr-1 {3, AXjvra—F inr-1 otjch 3
HE item QENATEL SO LELDOTHIL, ROLBET 3.
$ PROCESS prl
$OUTPUT outf-1
EDIT outr-1 ON item="AY
ZHERT ON oftbbic IF XT,
IF  jtem="A"
EDIT outr-1



gy (hRREmRERE P8 47
ENDIF
L9232LbTX3. EDIT XM ofERERT.
5.4.2 HAHF—-5DOAR
ANF =2 EMHF -2 0BFEERTRYT. RoLZBR3Mhrva—FoEEE, A4
ANva—FOEHEZETH 5.
EDIT outr-1 BY edit-1

$EDIT edit-1
oitem-1=item-1

oitem-2=item-2

H2rg EDIT xxtho BY oigic, ANHEHEEHIEHOEZRRRIM - &20%
RLTWS.

543 B #

WHAEEZ AT OHA A RECORD-GROUP-OF trRrif 3 L a— FEEDIES 6.3
OBI2) icid, HHDELEEDRTZ7:0, H50IE, HAIF—2 OREELRT 272D
I P3OMALBEBAEFES C LiKlits. 20X BEAKOW L >hoflELT, RObD
BH5.

o SUM-OF (item)

AJJva— FRBTO item OEFHH

o VALUE-OF (item, n)

AFHL2—FRPTOnEEDLI—FO item OfE. ¥ n o bic LAST
EThiE, BBEoLra—Fo item Off.

BE¥icidfbic, AN7 rAVEIOBRBRERTbONH 5. oA, REFER (5.3 Hid
Bl4) TlETEeR% « 77 A EDOREKEERT FIND #RzES, MATCHING (5.3
WoOH5) ZiELEXc#ES5 2 LT3 MATCH, UNMATCH RiEX &0 5.

5.5 IMPLEMENT %}
ZZTH, K7 r»4 VOEBROFEEZLRTS. Yo 0AN, BLUOHH7 74
VOMBIHEREROETEET 5.
$ IMPLEMENT
$FILE inf-1 CARD-READER
$FILE outf-1 PRINTER

ZCT, UTOCZERBEETH 5.

IMPLEMENT CEHIFEOESZ ENTNIENT 74 ViE, A7 71V THB.
Thbb, 7ukR s 0 vREHEMET 7 I vER, 1A vE—VHFOA yE—T -
Ny T rTHBL.

6. P3 OUER
P3 a4 543, COBOL Tul e EE ) ey ThE (M)
IMPLEMENT 7, EEFEOLZREZ LBENWEE 7 s A VA v &= « Ny T 7T
BB EBRID, Avk—T e Ny T LB R LRXOEEE, Jackson kBT RS
SIVISEPOS S FI VS 4NV g VORETREL TS,
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DCG PSS URL—Y DEHEEEEBRANDILHA

An Easy Implementation of Definite Clause Grammar
Translator and its Application to Language Analysis

W B R WF

E # BEO UPI0Q 0Lk5/—vFN.. aviao—20REEECET2 BRESFAO

KRRZEZEEDTETHSE. AFTR, 20Fhrs, FAMEHEOEN DCG 5 yAL—420RE L
WRIERZEAL, SHZSAAER~NSE. CCitl~3 DCG 5 YA L—& /8= F b
3V Ea—4 B Micro Prologtd 2 {# - TE N/ b DTH B 45, Pereira & Warren! j£ k<5
NTVWBELBELZEATHS. F/ DCG BHEARATH TV Prolog ~EHBETE, H
REEHLVWRATLEEOBTKISHATE 3.

DCG (Definite Clause Grammar) |3 A. Colmerauer® & R. Kowalski™ jz &k - CTHRE 31
BREE, 5V EBALEELHBCERT 20 RTH->T, XEDz Vo7 IR
EWHEIT S, DCG 5 v R L —413 DCG Tl L X% W 35 Prolog @ TR/ < —
¥ (topdown parser) ~ZE#1d 2 Hiifi’s Prolog 07w/ 54 « €V 2—NTH3E. DCG +35 v
V=2 THERE B Prolog 7w/ 7 443 Prolog MFtHEHIC K > TFRER *—4 & L THEME
954, DCG ZRWTLERE/*—+ (bottom up parser) ZEH C LdT&3. MAPLHF LM
@ BUP o ERAKOT LT, LREF C—9E2ERT 2HHRSISHARAZLR~S.

Abstract We have been making experimental studies on natural language processing in personal

1.

computing environment. This report describes an easy implmentation of a version of DCG (Definite
Clause Grammar) translator in Prolog, which has been proved to be an useful tool for language
analysis in our linguistic experimentation. Whereas the DCG translator is written in Micro Prologt!
for small personal computers, all functions of DCG stated in Pereira and Warren!? are incorporated
into it. The DCG translator can also be easily transplanted onto any Prolog in which DCG is
not available, and thus facilitates language analysis for both natural and artificial languages. DCG
is a clear and powerful descriptive formalism for both natural and artificial languages due to A.
Colmerauer™ and R. Kowalski™ and makes it possible to give a compact description of grammatical
information. The DCG translator is a simple Prolog program module which convert the grammar
file in DCG to the corresponding topdown parser in Prolog.

While the Prolog program produced by the DCG translator operates as a topdown parser accord-
ing to the computation architecture of Prolog, a bottom up parser can also be written in DCG. A
simple example of bottom-up parser in DCG is described on the same lines with BUP of Matsumoto
and Tanakal®.

i C & I

DCG 13, #WERX% Horn HiicREL—BORBEERA O THRETEISELERT S
—DDOEXKRTHSE. Licd->T, XHEE LTI DCG 13 A, Colmeraver @ # & €7
A VAXTEP R XIRE BRI OB AHR Lic, Wb 522 %24 > XRBHEXET D
3. UL, EFOEHDETIE DCG 13 Chomsky p& 4 70 ERZETHY, 4R
BERICIARER TRV —J, Pereira & Warren™ 28383 X 34z, DCG iZ
Horn fiORVETEBEINLI D, XBEO IV s Babt2 5% 3 & AMic, ok
Prolog EHARKAIEL TS, WX, WYLy V&7 74 HNVIEERICL->T DCG
TR L7 H% Prolog ORIURIT 7 0 /' 5 2icEWMT B &NTE 5. EB, DEC v

49
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Z5 . 10Prolog 0L 3ic, b5 DCG psARATNTN S Prolog 0 EBHRS b
20 Lisl, %l EERIEBVWESS—Y v 3 v Ea—4H Prolog iid DCG
DEAAE TN, F T, Pereira & Warren™ di~2 DCG & H—#iEE &>
S F e TV Ea—s D DCG %W, DCG OXIET 7 4 MERIST 3 Prolog @
TRF S —HicERmTEZ S5 VAL —4% Prolog OS54 EVa—EUTHE
U, EBRCEALE o DCG + 5 v RV —2 BHXERT 07 5 LOEEMELN S
BEOFSOS 5 LTHEM, ZOERBEEELTCCCHMNTS. &6, ¢ DCG 7
VAL —ZREBICEED Prolog ~BHETE3. &<, K L7 Micro Prolog 37
A FEEEHOTO S5, FEEED Prolog & 3 id PiL (Prolog in Lisp)t*! ici3 £ D%
THETES. '

7035, fBi7eB% Winograd®l, 5 k{8 Pereira & Warren™ i & »T, <@ DCG
FS VAR L—ZOERAPIERNS. ¥ Winograd nd & o FlicD 0 T LA -
Y DEROFEH 2R B.

PIFicBWT, Prolog & DCG pa#ziiEd 5. DCG OFMIC DU TIX Pereira &
Warren?! 248 bETRBEI NI, '

2. DCG mEdik
Pereira & Warren™ p DCG &, c cizifi~<3 DCG &iZR—0tEz &2, R L
#z Micro Prolog @i » TEHETF ORI -OHENH 3. =7, HH L7 Micro Prolog
BN TIZE (compound term) & 7 b 4 (atomic formula) T Y 2 FEEEEHVTCERET
3. B¥EEBIURETSIIAELE (prefix notation) LD ) A FDE—FHRELT
FBL EZE, 1ieRd & aic, TH (compound term):

s(x, y)
i3,

(s xy)
EFEEL, Tha:

sentence (s(x,y))
i3,

(sentence (s x y))
Lkind B, FioH (clause) X7 FADY R FTET. FOE—ERMBHOWH (head) T
B, F0 cdr ALK (body) ThB. I7bH, Kowalski DifHE::

A«<By, B, -+, B
i3,

(A B: Bz -+ By)
ERETE. coipkr DCG THRAT 5.

13, Mg DCG o R OWTER AN LEH SN/ Prolog a5 L0 Y 2
F oA RLTVS. PROLOG © Prolog @& v & a3 it A, LOAD DCG © DCG
FSYRL—ZBRT—-FLTW3. Fueryrt & KElfIT,
(sentence (s x y))—(noun-phrase x), (verb-phrase y)

13, % (sentence) 3457 A] (noun-phrase) &H)E 4] (verb-phrase) 578 5%. | &5 DCG
OXHRITHE. FNFhO3EHE xy), x BLU vy BEXKDOY R VREED 571
D5 A BZTHE. COXERN PSR <~ F add(-) TDCG g AL T35, DCG i



> DCG P35 YR U— 2 DRI ERBN~DOIEH 8l

LOAD DCG
&.add({sentence (s x y))->{noun-phrase x),(verb-phrase y))
&.L1ST(sentence)
{(sentence (s
X
Y} 2 x)

{noun-phrase X Z y)

{verb-phrase Y y x})
&.add({noun x)->(ter (x)),{(rootform x y),(is-noun v)})
&.LIST(noun)
({noun X Y 2)

(ter (X) Y 2)

(rootform X x)

(is-noun x))
&.add({category arguments)->{ter {x)),{{cat x srguments)])
&.add({(cat word arguments)})
&.LIST{category)
((category arguments X Y)

(ter (2) X Y)

(cat Z arguments))
&.LIST(cat)
{(cat word arguments))
&.add((date x y)=>(month y), {ter (x)), {(NUH x), (LESS 0 %), (LESS x 32)1})
&.LIST(date)
((date X Y Z x)

(month Y Z y)

(ter (X} y x)

(NUH X)

(LESS 0 X)

(LESS X 32))

1 DCG mieix
Fig. 1 DCG notation

ZOXHEH]% Prolog @ a5 s~Z#rd 3. == F LIST (sentence) T ZE#% O
Prolog v/ 5 2% Y 2 +42% &, Prolog 04" 54

((sentence (s

(verb-phrase Y y x))
NEBmINTVS.
ROBZ, Pereira & Warren™ o 3.3.1 Ficis5 a4 v a {,} oEAkLEIHER
HoRAITHE. TiEbb,
(noun x)—(ter (x)), {(rootform x y), (is-noun y)}
KBNT, (er ®) BY R (x) OFEFE x KBNS (terminals) TH 2 WS HHE *
ELTEBY, vz {,} & Pereira & Warren OFHI R UKEEX >, T bbb,
Ay Az o An 2T b A LT B LEE, DCG OER:
{A1, A2, -+, An}
3, ThraD) R b
(A Az - An)
NEBINSG. Led-T, Ava {,} OhicldEED Prolog 0/ 5 A HATE
%.
1, LIST (noun) TZE##ED (noun) O v 54% Y 2 45L&, Prolog 7*u s’
VA
((noun X Y Z)

(is-noun x))
~EBENTNS.
SEFRHBEERO—BIIE

{category arguments)—(ter (x)), {(cat arguments)}
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% add (°) TAHNT B L, == v F LIST (category) TY X F &h/z Prolog 707 5 4 :
((category arguments X Y)
(ter Z)XY)
(cat Z arguments))
MHESRS. #va {,} k-7, Pereira & Warren'® o 3.3.2 T L R#kic s (extra
conditions) % Prolog TR T X 5. 1 OF % 0BT Pereira & Warren D 3CERI. 3. 3. 2
FOR—0F O DCG XFEXIET S Prolog 0 7 2MALILEDTH 2.
Backus Naur Form &[E#fic, XBERZMROBTEEITICLEETES. LA,
S—NP, VP
5-Q, NP, VP
S—neg, NP, VP
S—Q, neg, NP, VP
% BNF THiEd5 &,
S—(@Q] (), (negl()), NP, VP
F T &, Pereira & Warren DT,
5—(Q; [ 1), (neg; [ 1), NP, VP
LEBETES. cZic~3 DCG TREIERED Micro Prolog Dl %A HubFE OR %
Hnwt, ch%
(S)—(OR ((Q)) ((ter( )))), (OR ((neg)) ((ter( ))), (NP), (VP)
LET. M2icc oo RRAERT.

&.LOAD DCG .
8.add{(8)->(0R ({0)){Cter (})) ), (OR ((neg)) (Lter (})) ), (NP),(VP))
&.LIST(s)
((s X Y)
(OR (((0
X
1)) (((ter
9}
X
)3
(OR {{{neg
z
x))) (((ter
QO
F4
x))))

(NP x )
(vP v Y))

B 2 OR (& ZEHHEORBI
Fig. 2 Use of OR in DCG grammar

LIST (s) TZ#H &N/ Prolog #u 7/ 5 bR UTHS. T Offie, wef o RLH

i, XEoZEMNi,
: nonterminal, terminal

OFREEL LB TEAAELU

735, UUTFic DCG p#H: (Syntax) % BNF OEHETE L5 :
DCG R
(Syntax of Definite Clause Grammars)

1)  <{rule) :: = <head) — > <body)

2) <head):: = {nonterminal)

| {nonterminal), {terminal)
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3) <body) :: == (body>, <body)
|{OR-item) |/ | {nonterminal)
| {terminal) | {condition)
4) <{(nonterminal):: = (Prolog atom)
5) <{terminal):: = (ter {list))
6) (OR-item):: = (OR (list of atom){list of atom})
7) <{condition) :: = {{atoms)}
8) <(atoms):: = (Prolog atom)|<{atoms), {Prolog atom)
9) list of atom):: = ({atoms))
T,
(=T /7 TterT T{1T T3 7T D7 F,1 13 DCG 0B TH 3.
%8, 3= F&LTIE add, convert, load save, delete, kill SR L TH 3.

3. i5HAH 1—GRAMMAR 1
ETHEEHD SBRE. K31 Winograd™ 25 & » 2 XIRE AX 0 #1% DCG T
FLEXE7 rAVTHB. KIHEILEIZ, Pereira & Warren OEEERF T 5.

1: {{{sample of context~free grammer from T.Winograd(1972) )})
2: ( (sentence (S x y)) -> (noun-phrase x), {verb-phrase y) }
3: ( (noun-phrase (NP x y)})}) -> (determiner x), (noun y) )

4: ( {verb~-phrase (VP x y)) -> (trans-verb x), (noun-phrase v) )
5: { (verb~phrase (VP x)) ~-> (intrans-verb x) )

6: ( (determiner (DET x)) -> (ter (x)),{(ia-det x)} )

7: ( (noun (N x)) -> (ter (x)), {(is-noun x)} }

8: ( (intrans-verb (IV x)) -> {(ter (x)}, {{is-intrans x)} )

9: ( (trans-verb {(TV x)) =-> (ter (x)), {(is-trans x}} )

10: {{(is-det the)l})
11: ({{ie~noun giraffe)})

12: ({(is-noun apple)l})
13: ({(is-intrans dreams}})

14: ({(is-trans eats)})

151

186: ({({ter (} X X3})

17t ({{ter (x} (xIX) X)})

X 3 ISAfI1D DCG k7 74/ GRAMMAR 1
Fig. 3 DCG file GRAMMAR 1 of example 1
LDAD DCG

&.convert (GRAMMERT PARSER1)
Converting DCG file GRAMMERT to Praolog file PARSER1
#* % % Conversion completed * x x

&.LDAD PARSER1

&.7{(sentence x {the giraffe dreams) ()) (P x)PP)
(S (NP (DET the) (N giraffe)) (VP (1V dreanms)))

&.?2{{sentence x {the giraffe eats the apple) ()) (P x)PP
(8 (NP (DET the) (N giraffe)) (VP (TV eats) (NP (DET the) (N applel))})

&.2({sentence x (the apple dreams) ()) (P x)PP)
(S (MNP (DET the) (N apple)) (VP (IV dreams))}

&.2((sentence x (the apple eats the giraffe) ()) (P x)PPY
< (S (NP {DET the) (N apple)) (VP (TV eats) (NP {DET the) (N giraffe))}}
8.0T. .

H 4 RS ORTH

Fig. 4 Sample results of example 1
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16, 17 7 B KIBE S D connect D7 0/ 5 A ThHY, METIHRENHE. ZOX
T rANBIFT A X TTF 4 Ay MICHREKRENTHED, GRAMMAR 1 &5 7 71
ZBftg o TS,

MA4ReDT7 74 VOEREERILD Prolog O/¥— itk BHIBFTORKRERLT
WA, a<w v N

convert (GRAMMAR 1 PARSAR 1)
itk »T, DCG @7 40 GRAMMAR 1 (i Prolog ® 7 us 54« 774N
PARSER 1 ~/¥yF « E—FTEBRI N, T4 ArvythicESHENS. H4E
LOAD PARSER 1 ¢, #9182 —FLT, ANXicH L TZOBIAEHIIT2ETH
ZRUTHA.

Ff, W5 AENs Prolog 7740 PARSER 1 @Y R +TH 5. ARRHEHMAT
b5

1: ((is-trans eats))
2: ((is-intrans dreams))
3: ((is-noun giraffe))
4: {{is-noun apple))
5: ((ie-det the))
6: ((ter (3 X X))
7 ((ter (X) (XlY) Y))
8: ((intrans-verb (IV
9: X) Y 2)
10: {ter (X3 Y 2)
11: {is-intrans X))}
12: ((trans-verb (TV
13: X) ¥ 2).
14: (ter (X) Y 2)
15: (is-trans X))
16: f{(noun (N
178 X) Y 2)
18: {ter (X) Y 2)
19: (is-noun X))
20: ((determiner (DET
21: X) Y 2)
22: (ter (X) Y )
23: (ie-det X))
24: ((verb-phrase (VP
252 X
26 Y) Z x)
27: {(trans-verb X Z y)
28: (noun-phrase Y y x))
29: ((verb-phrase (VP
30: X) Y 7)
31: (intrans-verb X Y Z))
32: ((noun-phrase (NP
33: X
34: Y) 2 x) )
35: (determiner X Z y)
36: {noun Y v xJ})
37: {{sentence (S
38: X
39: Y) Z x)
40: {noun-phrase X Z vy)
41 (verb-phrase Y vy xJ)
42: ({sample of context-free grammer from T . Winograd (1972)))
43: {(dict sample))
44: ((dict sentence))
45: ({(dict noun-phrase))
46: {((dict verb-phrase))
47: ({dict determiner))
48: ((dict noun))
49: ((dict intrans-verb))
50: ((dict trans=verb))
59: ((dict is-det))
52: ({diet is-noun))
53: ((dict ies-intrans))
54: ((dict ie-trans))
55: ({dict ter))

® 5 Hh&Eihiz Prolog 771), PARSER 1
Fig. 5 Prolog file PARSER 1 of example 1
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4. [GH#E 2-——GRAMMAR 2
Pereira & Warren™ 2o & - 72817, FEELBREFBORO BT 2 XRKKFRFRL
S ATTHER ) GRAMMAR 2 ©&h 5. Bl¥ z 12 singular. & 23 plural 2 & § 57
SARTHA.
X 6z DCG 7 » 4 » GRAMMAR 2 %Z/R9.

SRS
W -

O WO NN U W -

AN S o m e o
D W ND U e RN

({(Context dependency rules in DCG, in Pereira & Warren(1980))1})
( (sentence (s x y))->(noun-phrase 2z x),(verb-phrase 2 y) )
({noun-phrase z {(np x1 x2 x3))->(determiner z x1), (noun z x2},
(rel-clause z x3})
((noun~phrase singular {np x))->(name x))
({verb-phrase z (vp x y})->
{trans-verb z x),(noun-phrase 21 y))
((verb-phrase z (vp x))->
(intrans-verb z x))
({rel-clause z (rel (that x)})->(ter(that)), (verb-phrase z x))
({rel-clause z {rel (()} })->(ter()) )
({determiner 2z (det x))->(ter(x)),{(is-determiner x 2)} )
((determiner plural (det (()) })->(ter ()) )
({noun 2 (n x))->(ter(y)),{(is-noun vy 2z x)})
((name (name y))->(ter(y)),{((is-name y)}})
({trans-verb 2z {tv x))->{ter(y)),{{is-trans v 2z x}1})
(Cintrans-verb z (iv x))->(ter(y)),{(is-intrans y 2 x)})
({(ter x v 2),(append x 2z y)})}
{(append () x x)})
(append (xIX) ¥ (x12)), (append X ¥ 2)1})
(is-determiner every singular)})
(is-determiner all plural)})
(is-determiner that singular)})
(is-noun men plural man)})
(is~noun man singular man)})
(is-noun pianos pltural piano)})
(is-noun tunes plural tune)})
(is~name Mary)})
(is~trans likes singular like)})
(is-intrans lives singular live)})
(is-trans like plural like)})
(is-trans whistles singular whistle)})
(is-trans tunes singutar tune)})
(is-intrans whistles singular whistle)})
(is-intrans live plural live)l})

(
el
o
1
{
({
&
&
({
{
({
of
ol
(1
(f
!
({

X 6 [SHH20 DCG 774 GRAMMAR 2
Fig. 6 DCG file GRAMMAR 2 of example 2

M7 s Es 1 & ERkic GRAMMAR 2 /8 PARSER 2 ANy F « £—F QD &E#
&, PARSER 2 it L3RBT OERZRL TS, COFITIE, [tunes] & [whistles]
ORFRED Prolog /Ny 7« My F S TREINTVSAIEEI L. HA
Atz PARSER 2 07 » A VIZEWOTHEET 3.

LOAD DCG

&.convert (GRAMHER2 PARSER2)

Converting DCG file GRAHNMER2 to Prolog file PARSER2
* % % Conversion completed * % x

&.0QT.

A>LOAD PARSER2

&.2((sentence x (every man that lives likes Hary) ()) (PP x)PP)
(s .

(np {det

every) (n

man) (rel

{that (vp

(iv live)))))

(ve {tv

tike) (np

(name Maryl)}))
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&.2?({sentence x (every man likes Mary) ()) (P x)PP)
(e (np (det every) (n man) (rel ((}))) &vp (tv like) (np (name Haryl})))

&.?2{(sentence x (every man that likes Mary lives) {()}) (PP x)PP)
(s
(np (det
every) (n
man) (rel
(that (vp
(tv like)
(np (name
Hary})))))
(vp {iv
live)))

&.?2{(sentence x (that man that whistles tunes pianos) (}) (PP x)PP)
(s
(np (det
that) (n
man} (rel
(that (vp
(iv whistle)))))
(vp (tv
tune} (np
(det (()))
{n piano)

(el (0N

Si.?((sentence x (that man that whistles tunes likes pianos) ()) (PP x)PP)
8
(np (det
that) (n
man} (rel
(that (vp
(tv whistle)
(np (det
()Y (n
tune) (rel
(11N
(vp (tv
like) (np
(det (()))
(n piana)

(rel ((3))))

&.2({sentence x (every man that whistles whistles tunes) ()) (PP x)PP)
(s
(np (det
every) (n
man) (rel
{that (vp
(iv whistle)))))
(vp (tv
whistle) (np
{det {()))}
(n tune)
(rel {0))))))

&.2((sentence x (every man that tunes tunes whistles) (}) (PP x)PP)
(s
(np (det
every) (n
man) (rel
(that (vp
{tv tune)
(np (det
(0))) (n
tune) (rel
(01)))))
(vp {iv
whistle)))

B 7 WERS20ETE
Fig. 7 Sample results of example 2
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. -
({{The DCG Proper for the ATN example from Woods, ibid{1980))1})
({sentence x)-> .

(ter (y)),{(asux-verb y x1 x2)}},

(houn-phrase x3),

{reat-sentence q x3 x1 x2 x))}

((sentence x)=->
{noun-phrase x3),

{ter (y)),{{verb y x1 x2)1,
(rest-sentance dct x3 x1 x2 x})

{((rest-sentence X x3 x1 x2 (s X Y (tns x21) 2Z))->
(rest-verb x! x2 x11 x21),

{{verbtype xi11 21)},
(complement 21 xi1 x3 Y 2))

{(rest~verb have x2 x1 (x2 perfect))->
(ter(y)), l(past-participle ¥y x1)})

({rest-verb x1 x2 x1 x2}->(ter()))

((complement copula be Xt X2 (vp (v X3) X4))->
(ter{y)),{{past-participte v X3),(transitive X3)},
(rest-object X1 X3 X4},

{agent X2})

({complement transitive X1 X2 X2 f(vp (v Xi) X3)}->
(noun-phrase y),

(rest-object vy Xt X3))

({complement intransitive X1 X2 X2 (vp (v X1)))->{ter{(}))}

({rest-object x y 2)~2
{(s-trensitive y)},

(terf{to v1)),{{infinitive y1}1},
{rest~sentence dcl x y1 present =z})

({rest-object x y x)=->(ter()})

((agent x)~>(ter{by)),(noun-phrase x))

({agent (np (pro someonel}))=>{ter(})})

({noun-phrase (np x1 (adj x2)} (n x3)))->
fter(x1})),{{(determiner xi}}, ’

(adjectives x2}),
(ter(x3)),{(noun x3)1})

((noun-phrase (np (npr x)))->(ter(x)),{{proper-noun x}1)

({adjectives (xIX))-»>
(ter(x)), {{adjective x)1,

(adjectives X))

({adjectives {(})=->(ter()))

({{ter x y 2),{append x 2z y)})

({{append {} x x}})

({{eppond (xIX} ¥ (x12)), (append X Y 2)})

({(aux-verb x y 2),(verb x y 2), (auxiliary y)})

({(auxiliary bel})}

({{verb is be present)l)

({{verb shot shoot past)})

{{{verb was be past)})

({(verb told tell past)})

({(proper-noun John)})

{{(proper-noun Dave)})

{{{proper-noun Fred)))

{{(proper-noun Maryl}})

({(determiner the)l)

({{adjective nicel)})

{{{noun book)})

({{verbtype be copulall))

(f(verbtype x transitive), {trensitive x)})}

({(verbtype x intransitive),{intransitive x)}1})

({(transitive shoot)})

{{(transitive buy)})

({(transitive like)l})

({(transitive tell)})

({(transitive believe)l)

({(intransitive sleep)l})

{({(s-transitive believel)}?

{({{s-transitive tell)})

({{infinitive be}})

{({(infinitive have)!})

({(infinitive tell)))

({{infinitive buyll})

({(infinitive shoot)]})

{{(past-participle been bel)})

({(past-participle liked like)})

({(past-participle told tell)}l)

({(paat-participle shot shoot)}) .

({(past-participle believed believe)})

8 JoH# 3 DCG 774 GRAMMAR 3
Fig. 8 DCG file GRAMMAR 3 of example 3

57
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5. SH#H] 3—GRAMMAR 3
Woods 0 ATNU2 L DCG A9 % HBY T, Pereira & Warren™ HZ2R L72HIT

5.

K8 izzmn DCG 7 4 GRAMMAR 3 #/R7. M9 i FoicHA & FEE i
GRAMMAR 3 %5 PARSER 3 ~®/Sy F - &— FOZHd, PARSER 3 ik 2HX
BRI OBRDBRLTHS. PARSER 3 ~dD A S Pereira & Warren OB TH 5.

BB OES FABRIBELETIEETH » T, BRE FAIL ZHWT2E D O#

XKEHALTNE., T18bE,
?((sentence x (John was belived to have been shot by Fred) ( )) (PP x) PP FAIL)

KE>TIRTCOEXARERDTVEE, ZDOOHIABESNTH S,
#1 oK,

Someone believed. Fred has shot John.

é:ﬁgy?[thér'—;KWTZB Ds ﬁ?Z a)ﬁ%jz7k&i:

Fred believed someone has shot John
LB LI — 2 TH 5.
1%, E#iFo PARSER 3 7 > A VR EVWOTERKT 3.

LOAD DCG

&.convert (GRAMHERS PARSER3)

Converting DCG file GRAMMER3 to Prolog file PARSER3
* % % Conversion completed * % x

4.0T. .

A>LOAD PARSER3
&.2((sentence x (Fred shot John) ()}) (P x)PP)
(e dcl {np {npr Fred)) (tns past) (vp (v shoot) {(np {npr John)}})

&.%2{(sentence x (Hary was liked by John) (}) (P x)PP)
(s del (np (npr John)) (tns past) (vp (v like) (np (npr MHary))})

&.7((sentence x (Fred told Hary to shoot John} ()} (PP x)PP)
(s
detl
{np (npr
Fred))
{tne past)
(vp (v
tell) (s
del
(np (npr
Hary))
(tns present)
(vp (v
shoot) {ap
{npr John))))))

&.%2((sentence x (John was believed to have been shot by Fred) (}) (PP x)PP FAIL
(s .
del
(np (pro
someone) )
{tns past)
{ve (v
belisve) (s
del
(np (nor
Fred)) -
(tns (present
perfect))
{vp (v
shoot) (np
(npr John)))J})
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(s
del
(np (npr
Fred))
(tns past)
(vp (v
believe) (s
decl
(np {pro
sameone))
{(tns (present
perfect))
(vp (v
shoot) {np
{npr John)))) )}

&.2{{sentence x (was Dave believed to hav§ told Mary to tell Fred to buy

3. the book by John) ()) (PP x)PP)
(s

q
(np (npr
John}}
(tns past)
{vp (v
believe) (s
del
(np (npr
Dave))
(tns (present
perfect))
(ve (v
tell} (s
del
{(np (npr
Hary)d)
(tns present)
(vp (v
tell) (s
del
(np {(npr
Fred)}
(tns present)
{ve (v
buy) (np
the
(adj ())
(n book))))))))))

=9 [=HFI3 0XET
Fig. 9 Sample results of example 3

6. SHA# 4——GRAMMAR 4

FROSEAL E2RNT, ERBASA-YEZERUEATHS. EREB -V EERT S
iR, BYBIEIC K » TR (root) IKRITIEHREZBE T L 51 LTE (leaves) 2 EZ» o4
~ resolve THIT L. Febb, MAELEHP SO BUP (bottom up parsing) OJHEE &
RiRkic, SCER: ’

(cat 1 param 1)—>(cat 2 param 2), (cat 3 param 3), -+, (cat N param N)
%,

(cat 2 Z param 2 X)—(goal cat3 param 3), -+, (goal cat N param N),

(cat 1 Z param 1 X) ’

A, MR
' (cati parami)—(ter (a))
%,

({(cat cati parami (a]X) X)})
~NEZD. ThERAERIT,
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({(bottom~up parser for sample grammer from T. Winograd(1972))})
({noun-phrase Z x X)->(goal verb-phrase y),(sentence Z {§ x y) X))
({determiner Z x X)->{goal noun y), (noun-phrase Z (NP x y) X))
((trans-verb Z x X)~>(goal noun-phrase y), (verb-phrase Z (VP x vy} X))
((intrans-verb Z x X)->(verb-phrase Z (VP x) X)

({(cat determiner (DET the) (thelX) X)})
({(cat noun (N giraffe) (giraffelX) X)})
({(cat noun (N apple) (applelX) X)1})

({(cat intrans-verb (IV dream) (dreams|X) X)})
({(cat trans-verb (TV eat) (eatsIX) X)})

(goal X ¥ x 2),(cat Z Yt x y),{evall(Z X Y1 Y y 2})}}}
{evsl x),x})

o~

({(sentence sentence x x y v)})
({(noun-phrase noun-phrase x x vy y)
({(verb-phrase verb-phrase x x y y)
({(determiner determiner x x y v)})
({(noun noun x x y y)})

{

(&

> =k mh e o oeh o e
COXNDANEWNLO@RNDN L DN —

21 (intrans-verb intrans-verb x x vy v}}}
22 (trans-verb trans-verb x x y y)})
X 10 SR 4
Fig. 10 GRAMMAR of example 4
LoAap DCG

&.convert (GRAMNMERA PARSER4)

Converting DCG file GRAMMER4A to Prolog file PARSER4
* % X Conversion completed *x x x

$.0T.

A>LOAD PARSERA
&.7({gcal sentence x (the giraffe dreams) ()) (P x}PP)
(S (NP (DET the) (N giraffe)) (VP (IV dream)))

&.7((goal sentence x (the giraffe eats the apple) ()) (P x)PP)
(S (NP (DET the) (N giraffe)) (VP (TV eat) (NP (DET the) (N apple))))

E 11 SR 4 0EST
Fig. 11 Sample results of example 4

{(goal X Y x z), (cat Z Y1 x y), (eval Z X Y1 Y y 2z))
{(eval x), x} @&
&, T_TD cat {£HONT,
{(cat cat x x y y)}
ZRmIhR L. oS, KIHLS D connect 7’1 7 5 L 5T,
GRAMMAR 1 Az Mk 5 ic# &7 & X 10 0 GRAMMAR4 2251 3.
X 11z GRAMMAR4 /5 PARSER 4 ~o%#a: PARSER Y j¢ & 2 U © =
R
B 1213 DCG ic &k » TEHEN/z Prolog D7 w7 54 PARSERA DY R +TH 5.
¥7z, K131, M
the apple dreams
O LRI OBREDOBES (Trace) 2R LT3, EEicid, EREB —4id DCG
TEPZOT, ZLADOFF YAV —22H0EH, FHLIZOVTIRZ T TRBAEL.

() A2ZFHxE2HFHALTHS.
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((eval X)
X}
((cat determiner (DET
the) (thelX) X))
{{cat noun (N
giraffe) (giraffelX) X))
((cat noun (N
apple) (applelX) X))
9: ((cat intrans-verb (IV

WO U W

10: dream} (dreamsiX) X))
t1: ((cat trans-verb (TV

12: eat) f(eats|X) X))

13: ((intrans-verb X Y Z x v)
14: (verb-phrase X (VP

15: Y} Z x y))

16: ((intrans-verb intrans-verb X X Y Y))
17: ((trans~verb X Y Z x v}

18: (goal noun-phrase z x X1)
19: {verb-phrase X (VP

20: Y

21: 2) 7 X1 y))

22: ((trans-verb trans-verb X X Y Y))
23: ((noun noun X X Y Y))
24: ((determiner X Y Z x y)

26: (goal noun 2z x X1}
26 {noun-phrase X (NP
27: Y

28: 2} Z X1 v))

29: ((determiner determiner X X Y Y))
30: ((sentence sentence X X Y Y))

31: ((verb-phrase verb-phrase X X Y Y))
32: ({goal X Y Z x)

33: (cat y 2z Z X1)

34: (eval (y

39: X

36: z

37: Y

38: X1

39: x)))

40: ((noun-phrase X Y Z x ¥)
41: {goal verb-phrase 2z x X1)
42: (sentence X (§

43: Y

44: z) Z X1 y))

45: ((noun-phrsse noun-phrase X X Y Y)) )
46: ((bottom-up parser for sample grammer from T . Winograd (1972))}
47: ({(dict bettom-up)) :
48: ((dict noun-phrasel)

49: ((dict determiner))

50: ((dict trans-verb})

§1: ((dict intrans-verb))

52: ((dict cat))

53: {{dict goal))

54: ((dict eval))

§6: ((dict sentence))

56: ((dict verb-phrase))

§7: ({dict noun))

E 12 j5EBI4 D Prolog7’ n4'S 4 PARSER 4
Fig. 12 Prolog file PARSER 4 of example 4

&.LOAD TRACE

&.77((goal sentence x (the apple dreams) () ))
ENTER (goal sentence X {(the apple dreams) (}}.
ENTER (cat X Y (the apple dreams) Z}.

.C

FINISH (cat determiner (DET the) {(the apple dreams) (apple dreams)):
ENTER {eval (determiner sentence (DET the) X (apple dreams) ())).C
ENTER (determiner sentence (DET the) X f(apple dreams) ()}):C

ENTER (goal noun X (apple dreams) Y).C

ENTER (cat X Y (apple dreams) Z).C

FINISH (cst noun (N appte) (apple dreams) (dreams})

ENTER (eval {noun noun {N apple) X (dreams) Y)).C

ENTER (noun noun (N apple) X (dreams) Y).C

FINISH (noun noun (N apple) {N apple) (dreams) (dresms))

FINISH (eval (noun noun (N apple) (N apple) (dreams) (dreams)))
FINISH (goal noun (N apple) (apple dreams) (dreams))

ENTER (noun-phrase sentance (NP (DET the) (N apple)) X {dreams) ()).C
ENTER {(goal verb-phrase X (dreams) Y).C

ENTER (cat X Y (dreams) Z).C

FINISH (cet intrans-verb (IV dream) (dreams) (})

c
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ENTER (eval (intrans-verb verb-phrase (IV dream) X ()} Y)).C

ENTER (intrans-verb verb-phrase (IV dream) X () Y).C

ENTER {(verb-phrase verb-phrase (VP (IV dream)) .X () Y).C

FINISH (verb-phrase verb-phrase (VP (IV dream)) (VP (IV dream}) () {))

FINISH (intrans-verb verb-phrase (!V dream) (VP (IV dream)) ()} ())

FINISH (eval (intrans-verb verb-phrase (IV dream) (VP (I1V dream)) () ()))
FINISH (goal verb-phrase (VP (IV dream)) (dreams) {())

ENTER (sentence sentence (S (NP (DET the) (N apple)) (VP (IV dream))) X () ()).C
FINISH (sentence sentence (S (NP (DET the) (N apple)) (VP (IV dream))) (S (NP (D
ET the) (N apple)) (VP (IV dream))) () ()

FINISH (noun-phrase sentence (NP {DET the) (N apple)) (S (NP (DET the) (N apple)
) (VP (1V dream))) (dreams) ())

FINISH (determiner sentence (DET the) (S (NP {DET the) (N apple)) (VP (IV dreanm)
}) (apple dreams) ())

FINISH (eval (determiner sentence (DET the) (S (NP (DET the) (N apple))} (VP (1V
dream))) (apple dreams) (}))

FINISH (goal sentence (S (NP (DET the) (N apple)) (VP (IV dream))) (the apple dr
eams) ())

&.0T.

K 13 PARSER{ (o) 2 ESTMEIF
Fig. 13 Bottom up parsing example by PARSER 4

7. DCG PSYRL—FDUR}
BHEOFEEDKDIL, DCG bSvAL—%2 s 2V 2a—D Y R 2R 4 iITRYT. b7
VAV —Z2DHNNITr S5 A (translate) TH B, 8T~ 64FTD7 1l 5 L1032 HilcaR
~Nfe DCG ORI EIE LT 5. I~5fT& 654 THIR EV 2 -V OHERTH 5.
6~27F7HIZ o~ v FILETH 5.

DCG-translator
(add convert load save delete kill)
(dict -> {3} , >0 , {1
((definite clsuse grammer translator version 1.02))
({written by S. Yamada 16-May-1982 )}
({add x)
(NUH x} /(R y) (add1l x y})
({add vy)
(add1 32767 y}}
((add1 x y)
(transtate y ((y1iy2)ly3)) (declare yi)(aDDCL ({v1iy2)1y3) x3)
((convert {x y)) (P Converting DCG file x to Prolog file y)PP
(OPEN x) (process x) (CLOSE x} (SAVE y))
{({process x}
153 (READ x =z) {add z) (process x})
16: {(process x) {P % % % Conversion completed * % %)PP)
17: ((load x) (LOARD x))
18: {((save x) (SAVE x)
19: ((delete (xiy})/

O DWW N U BN -

PUNIN Y
aw

20 (translate (xly) z)

21 {OR ((DELCL 2)) ((PP Na such rule}) 1}

22: ((delete x)

28%: (CON x) (R y) (IF (DELCL x y)} () ((PP No such rulte)) J)

24: ((kill x){PELCL x 1) (kill x))
25: ((kill x) (P Rule x deleted)PP)
26: ({dectare x)

27: (OR ((CL ((dict x)) )Y ({ADDCL ((dict x}} )} })
28: ((transtate (x? , x2~>Ix3) (y1lv2))

29: {heads x1 x2 X1 X y1)(body x3 Xt X y2})

30: ((translate (x1 =>Ix2) (ylly2) )

31: {head x1 X1 X y1){body x2 X1 X y2))

32: ({translate ( {[x) y)

33: (cond-tail x X1 X ¥})

34: ((translate (x1 , x2 ->{Ix3) (y1ly2) )

35: (heads x1 x2 X1 X y1){cond-tail x3 X1 X y2))
36: ((translate (x1 =>(1x2) (ytly2) )

37: (head x1 X1 X v1) {cond-tail x2 Xt X y2})

38: ({heads x1 (ter x2) X1 X y)

39: (append x2 X z) (append x1 (X1 2) ¥))

40: ((head x1 X1 X y1){append x1 (X1 X} y1}}
41: ((body (} X X (3 })

421 ((body (x1 ,Ix2) X1 X (y1ly2) )

43: (item x1 X1 X2 yi){body x2 X2 X y2))
447 ((body (x110}} XU X (y110)) )

45: (item x1 X1 X y1))
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46: ((body ({lx) X1 X y)

47: (cond-tail x X1 X y))

48: ({body (xt ,{Ix2) X1 X (y1ly2)) .
49: (item x1 Xt X2 yi)(cond~tail x2 X2 X y2))
50: ({cond-tail (x1 ,Ix2) X1 X (x1ly2)} )}

S1: (cond~tail x2 X1 X y2))

52: ((cond-tsil (x1 } ,1x2) X1 X (x1]y2})

53: C(body x2 X1 X y2))

54: ((cond-tail (xt },1x2) X1 X (x1]y2))

55: (body x2 X1 X y2))

§6: ((cond-tail (x1 }) X X (x1) 1))

57: ((item (DR x1 x2) X1 X2 y1)

58: (body x1 X1 X2 z1) (bady x2 X1 X2 z2) (append (OR) ((z1)(22)) y1))
59: ((item (x11x2) Xt X2 y1) )
60: (CON x1) (append (x1lIx2) (X1 X2) y1))

61: ({item / X X /)7)

62: ((append () x x))

63: ((append (xI|X) Y (xiZ))

64: (append X Y 2))

65: CLNOD

14 DCG bPSVAV=H - EVa—Ib
Fig. 14 DCG translator module

& b b I

=Y Fue T VEL—ZONABRBICEIZHRAEENROEBRORD S, FRER
»oh5d DCG 2y LFTHA Lic. EBRHPSRBEZOMOL OrOREREHLICLST
X279, CCTRENERANED -T2, C i ~R{z DCG FEMFERL, FE L=V
FN AV Ea—F 4 VS OBESHEEIND C LEBBD. BRI, vel 20H
Bros s v/ BREE~NOHEFELHE T 0/ 5 3 v OERICEE O 72720 72 LIF]
BERICE#HT 3.
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RiIREE7nI S5 L HLE

Hidden Line Elimination Program

T H %

E # HLE (Hidden Line Elimination Program) I3, ERE o v 2 HIERINBRENEES

a5 ATHB.

HHITEE DI L CHEARE OBIRSHBMER Sy, F—2RBREE#EEE LD AR,
S oI IRILEMANOEEEREEOMBERAER T 5 PREDICATE 7— 2 2Nl /.
WML, A, FTRIPOESELTERINGY, MEARMADS, MESAK, B
ORfFF xZ A, WIBAKLZZAT LORMIE L SHRNCNHETE .
BRERTEREMTET SN, EXTENT i, PREDICATE F—2 it kb, RKIISHS D
I RARPEEETRLATNIZAHE, TR OMETE RGBT 5B 0.
FIRANT -2 OERERE KT 21D, EAERLORECIYRETZHISOTW, X
OB WM THREL TS, MR, PER (BTHE), S —H0 EHEEE) &L
THHIENh 3.

AR T HLE 07— 2%, 713 ) XLA0MEELRNE.

Abstract HLE is a hidden line elimination program developed for high-precision plotters.

1L

For very complicated structures, HLE adopts hierarchical data type and also introduces PREDICATE
data which describe mutual location of components in three dimensional space, so that extreme increase
in computation time can be prevented.

Objects are a set of poly-line segments and polygons which include convex polygons, concave
polygons, polygons with several holes. Figures on a polygon can be processed efficiently.

Hidden line elimination is performed in canonical space. HLE makes use of EXTENTs and
PREDICATE data to reduce number of pairs of polygons and poly-lines whose visibility should be
determined.

And this program internally performed cutting of a line segment and generation of intersecting
line segments by intersection of a polygon with the other one to simplify pre-processing.

Plane figures (parallel projection) or perspective figures (perspective projection) are created through
execution of this program.

This paper shows the outlines of data structure and algorithms which are employed in HLE,

I L ®» I

SIRTENOBEE T 5T 4 v » T4 RFVUA, 3300wy 25680 LUTER
L&D ETaLE HEFAPORTHOTBRL » TRBINTHIRPEENRET 2
B, avPa—2 LR REOTTS, BOEBNLEOO—DTHD, I TRES
OREBBEINNE T 0/ 5 2 bERALINTNS.

ELIC, BFEaAaVEL—20IBELLALEL, FERkic CAD/ICAM 438~ @Bl A3
WEBHT, aVPa—gBRIREI—REERIEZHLT, BR (@) BEIhTo
BTONEENFT 5 C LERTRERED. 0> D bBE (@) HER, BRERLND
O BEMENZ 5.

BMEEZHRMSERIN TV EESR (70 FEER) ©fF 5 OR—RICEETHE
<, WEEBRICK - THAEER, EH GH) BER H30VIR3RKRTR7 ) — v EE

65
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2,

BRAE#BmUTLETI080RNTH 5. 20K, FTHEERET HIIEERLE D
N, BEREELRETHUEBEER (—2K) BEOH5. RABEREHEET S &0E
BIWILEE DD —fRICIS, SOCEEERETSY. T1hbb, HAZERRCEEL
T (BHEEROEA) WHMEPEMREY (-1, y<1, 05251, EFEER) ~K#d
3. ZOZERTHE, SN BEFET LD, BEREETORACEBTS 2 HOLEK
DAHT, EBoBHBICENLERETESEVIFIELD 5.

EHEB BT 2REEEOT VT Y X ad, B 3RTHAEREBRT 2EE—D2TD
WY, HOHEICE > TRINIZHEIDERELTOLFEREELS.

—F, BBl 57490 « FARTVARRNEEL LU TCHATEr —ABHEKRT 5
SNT, SWMILAY ) —VEERCBITZEREEGRALNLRY, —HTRINN—FY =T
CHARAENTNESDEEHE. 57497« F4 AT VAR B 2 ERHEE O BE
i, "—FY 2 TOMEED EOBEEREL LIZNED, B2 lhH i T R 4% 8EAe
OT NI ) XAREREEILEETHS. EEZE, DITRTDES it DT, BND
EEREZAEERETSETTA Ny Ty« 7T ) X4, @A« RAGEOHENT
E3%T, U4V FUEHELTOL Warnock 7T ) X4, @AF4 Y T4 VICE
BL, A48« RE[{EOUENEREL EE TRAFP VAV ERNVIDEL T AL
Watkins 0 7= ) XA, REQEBKRENT VT Y XLHNH5S.

ERTIE, SHETHCKHERLUCERERE 07 5 A KHOVTRENSE. A7 vnJ 7 A
i, BRESo v 2~OWHEENET S, FHEMICSOTRBEEEETT .

B K #

7 —v FEERTREBS WicR e EREMAMEERT 5. SRS, KEIL
TETHEERESEAEERD 2EERD 205, HEERTIINRILS DA TEHZEM
NOEBRBITE - 1o AFKEBBEELTRETH .

BT OERICIZ, ACM SIGGAPH B8 OENHS 5 7 4+ w7 « Y25 & CORE
ICHEML L7 VIEW VOLUME #—2 %2 AU THHAT 5.

VIEW VOLUME 3, View-Reference-Point (VRP), Center-Of-Projection (COP), View-

4
/
/
y
Projector
//1
=
4
7 s BCP e
VRD // S ’,—” N\ View-Plane
COPl e FCP .
yo- Projector
A

1 VIEW VOLUME & IE#R=ER)

Fig. 1 View volume and canonical view volume
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Plane-Normal (VPN), View-Plane-Distance (VPD), View-Up-Vector (VUP), Window,
Front-Clipping-Plane-Distance (FCPD), Back-Clipping-Plane-Distance (BCPD) %> & iR S 1
30, INCEREMAELRT ZHMIRE @ (M1).

VIEW VOLUME 57— X D ER I e EEBTIIc L -~ T, ARSI NRBORE
BF—22EZHBLTHL. ARCESHOER~N7 bVvHEHE LT, HASEFNEm<E
(BFH) FLEP OB, COERICID, BAMN —co KEHIN, BB 28 &ET
IS B BEE EOH & E DR AT 2 HHRERE, WED 2z BEE LB 2220 T
HETE S,

. F— S HEE
3.1 #—4H
AFw7 7L, SRLEMNOYERERKNICAEY Ty (BAK L8Y 54 @F
niR) ORALLTREALTVS. FF—2cBBEREL b8, 3SRITEMNOY
FHEONERRLHET S F -2 5fnshs.

WORLD=TITLE . COORDINATE . {CLUSTER)
CLUSTER=ID « TEXTURE . (OBJECT>
SHAPE (CLUSTER)=OUC (SHAPE (OBJECT))
(=]

OBJECT=ID  TEXTURE . PLANE-FORM | LINE-FORM
INDEPENDENT OBJECT=PLANE-FORM | LINE-FORM
NOT ON PLANE-FORM
DEPENDENT OBJECT=LINE-FORM ON PLANE-FORM
PLANE-FORM= VISIBILITY - OUTER-BOUNDARY . (INNER-BOUNDARY)
SHAPE (PLANE-FORM)=SHAPE (OUTER-BOUNDARY)
OUTER-BOUNDARY == CONCAVITY - LINE-FORM
INNER-BOUNDARY =CONCAVITY . LINE-FORM
SHAPE (LINE-FORM)=POLY-LINE
(P &> TEDOBRERE, | FER, > BEREROESIS CEERT).
% o AR - WEHBEAREBRTIEAREALTHEC &,
¢ PLANE-FORM % #K 9 2 BRIE, I~NTRH—FEmELcEET B &,
o FIRBERIL, AR OMRICERE LS.
s MR FLRE NI E LN &.

LIRS 7 — 2 B2 FIcy e 3.

D 3RLZEMAOEERY (WORLD) %, e - #EEH» O HHMEOTHES (CLUS
TER) 14384 3. S5k, &40 CLUSTER %##R4 3£4% (LT PLANE-
FORM), #nis (LTt LINE-FORM) 2t OBJECT & LTEHINS.

CLUSTER, OBJECT & W3 =2 0MBRAT 2 LIk T, B—BEOF— 4
BELONBYOEERESICROEZ 2. %7, PREDICATE ¥— 4 - OHHT,
Fus g L0nBHERSPETS.

2) ZAKTR, EBORMFx4FSN, 2AKEOHAEE OUTER-BOUNDARY, /X

- D BR% INNER-BOUNDARY LA TG, QENRICE, - MoLARES
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. MU CONCAVITY & LT F—2icff53h, SARELIEROREFER
ETHEREINS. ‘

3) OBJECT %#REd 24itsid LT, INDEPENDENT OBJECT & DEPENDENT

OBJECT o 2% 4% 5. DERENDENT OBJECT R A Lo Thh, &

ORI ELRETE S, '
4) AN, ZAFOAFICH LT, TE - R (VISIBILITY) 28T 5.
5) {EROBEOBEHRE LT, BOXS, B, AL E0REME (TEXTURE)ZIEETE 3.
3.2 PREDICATE

BEEEEDRNCNET SR, TRELIHED > BEKICTHE « RTEOBRE

~FHAl OBJECT o¥%ETE2 KD T308k. 20k), 3RTLEMAK

B % CLUSTER, OBJECT #HEDNBERMBRED O UHMHEIC LTEL C EBEE &

1B, CONBE/FRIE, HEIE2444% CLUSTER, OBJECT &5 BEBHERE IC Sl
L71, PIF® PREDICATE it k- CHEET 5.

1) NOT HIDDEN (oand ©)
@ SOP1 (=SET-OF-POINTS) o SOP 2
— Any points of SOP 1 is not hidden by SOP 2
® C1 (=CLUSTER) © C2
— SHAPE (C 1) o SHAPE (C2)
Clid C2 itk TRSNIL.
2) HIDDEN (? and @)
® A1 (=OBJECT | CLUSTER) ? A2
— NOT. (EXTENT (SHAPE (A 1)) o EXTENT (SHAPE (A 2)))
Al B ALk - TRINZTEMNSS.
@ C1 (=CLUSTER) @ C2
— (SHAPE (C 1) o SHAPE (C2)) .AND. (C1 HIDES C 2 in the same plane)
Clit C2 LA—FHLIHY, C2 iKk->TEBSNIL. ‘
3) ORDER (<)
A1 (=CLUSTER | OBJECT) <A 2
— A 1<A 2 in the lexicographic order of (min (x), min (y), min (z)) of EXTENTSs
~ of shapes
EXTENT 0&/MEDIEFT, A1<A2 OBFFERD 5.
4) INTERSECTION (x)
A1l (=CLUSTER | OBJECT) x A2
—~ (A1 ? A2 .AND. (A2 2 A1)
Al r A2 i3, BRAHPIE-TEINITRENERES.
5) INCLUSION (IN and ON)
® LF (=LINE-FORM) on PF (=PLANE-FORM)
— SHAPE (LF) be inside of SHAPE (PF)
® O (=OBJECT) IN C (=CLUSTER)

— O is an element in C
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x

2 ZAREET EXTENT
Fig. 2 EXTENT for a polygon

Pl PREDICATE o5+ (©, @, ON) g5\ CiE, PREDICATE #—% & LT
BEF—&fmnsh, AJIEhs.

ERiCERAEERELT IO, (7, @, xX) © PREDICATE ¢ @M i & ik
OBJECT 0D HTH 5.

© o PREDICATE ¥—%ickb, & & U ¥ CLUSTER FtoR#H - RejiEE&
%, %70 PREDICATE 7—gzickb, F—FE Lo CLUSTER B LTHH - R
AHOBEEITH T LMNTES.

3.3 EXTENT

3 ILZEEAT, & CLUSTER, OBJECT o 5873l 0EBEERDTHL T &3,
ShERp IR E 32 L TEETH 5.

EXTENT {3, CLUSTER, OBJECT 4B/ NOBEAGE/KE LTERINS. Ak
OFLE R, BESEEICETTHS. '

EXTENT & LT, A2OEHMD S B, (min (z), min (), min (2)) & (max (),
max(y), max (2)) OF—FBEFEIH, FHINE Z2).

WA » 5 AT CLUSTER, OBJECT FREOEROMBEL, Zo#HE, BEEED
WBBAELERORIRIL, % EXTENT 0ERDICE > TS, FTRXENMH, 748 .
ARAEREOEET, BAOELTAMOXLAHESKLELTSEY, 56 L EXTENT
ik, KADEULBVWEESZHRLTEL DML,

PITic, PREDICATE, EXTENT A{H L AN T AT Y Xa%RT

for each C (=CLUSTER) do
for each C1 (=CLUSTER) SUCH THAT
(C<C1) .AND.
((C1 2 C) .AND. .NOT. (C1 © C)) .OR.
(C 2 C1) .AND. .NOT. (C ©® C1))) .OR.
(CE C1) OR. (C1@E C) do
ESTABLISH HIDDEN RELATION BETWEEN
INDEPENDENT OBJECTS IN C AND THOSE IN C1
if (C1 2 C) .AND. .NOT. (C1 © C) .AND.
(C 2 C1) .AND. .NOT. (C © C1)



70

then for each PF (=PLANE-FORM) IN C
AND PF1 IN C1 SUCH THAT
(PF ? PF1). AND. (PF1 ? PF) do
CUT LINE SEGMENTS OF EACH PLANE-FORM
AND GENERATE INTERSECTING LINES
end
end
end
for each C(=CLUSTER) do
for each O(=INDEPENDENT OBJECT) deo
for each PF1(=PLANE-FORM) SUCH THAT
(O 2 PF1) de
DIVIDE EACH LINE SEGMENT OF SHAPE
OF O OR EACH LINE-FORM ON O
INTO SUBSEGMENTS HIDDEN OR NOT
HIDDEN BY PF1
end
CREATE THE IMAGE-OF-OBJECT FOR O
end
end

4. RIS LDOER
Tus s AeROEREDTIRRNT.
Step 1
AN7r 40k, AgyoOEESs—4, VIEW VOLUME 5— %, PREDICATE
F— A R2EAHUNERF— 7T VEERT 2. Z20BET VIEW VOLUME ¥ —4
Do REERTIEER LT, BEF— 4% 3 IRTERZEM~ZL#3 2. CLUSTER,
OBJECT 5 —7wiZ, EXTENT o0& /ME%E +— (key) it LTHEEI N 3.
Step 2 .
VAT OB TELZDSBEL, BRELREHXKER OBJECT OMAERBUHT.
0K, B#lic EXTENT ¢ PREDICATE #—%# 5 CLUSTER FE-1t-m@Ra
Fbh, >X¥FiET 2 OBJECT [F-Ls EXTENT fic k b@ight, OVERLAP
F=TNCBEINS.
iz, BOWRHEFLZBITEROD ZHCH>OVTRZTZONEB N, KRERSIT
WO DU, TRORRISTHNS.
Step 3
BRAF w7 TR LIz OVERLAP F—7n%2d ik, ERDOEULIAHEEDS
ZHMOLRBEELELSEIN, & OBJECT 2B 2800 FH « KAy H
HEING.
MEERIE, BERLO2RLEFT—4HHE - ROE7 v /B EINE A7 7
A~EERATHS.



Ry BEEESess3s HLE 7

5. ¥ # & B
Z-o>@ OBJECT BHEHTFLEITHEDDH 2 BAOBREHERILES —FEHATDH
3.
A0S 5 ATE, BRLBIELDREDOTWREEDOS ZMICONT, HIlIKHIDOL
W, ZRMOAREEEL T3,

RELHEICBNT, BAEPHLTHYD 2 XDBA I LTBIIE, 2ABICLOES
BEINEHESIDOHEDKE, XE1AIKET3 2z HILELEDT, BoLEREARD
A2 0BIFCHINERETE L. XELHT LESATLOTNT BT & ICRIBEF
ELUTHOMESEAEI .

22U, HUOEAOKRBRICKD, BEF—-2 8N UTANROEBRICNATET,
ENEEIEFERICTHD T, BA VR TF A=V 72T INRENRSD. TDDREET—
2 D3 U HIBRICEAEY T, B 7005 A RBHERIOBRETHD.

E5iT, BAERLORETCITRBRLETIHAOEETH .

RTEICXZHSOUM ETHOARE, Z>ONTEORE L DEHET 2 (X 3).

1,______.._-74
i

3 TEILK BRI O &TIROBIRK

Fig. 3 Line-cutting and line-generation by intersection

Mg AR, B2 (1-2) & @G-4) 2, A a c TUKWINE. Zo#HE FEAEDIN
DiIcEMT 5. BEER T a0 bRKICIING. —F, 5 (b-o) 2%, THLLT
AR A NG, COBAEFL%, —F oMk Eos (LINE-FORM ON PLANE-FORM)
ELTREINS.

2O EMAERLZT S UTRES LB LRI (K4).

/

4 FTEOLEH

Fig. 4 Example of intersection
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6. W - FAREH0RE

BRAEORGEARLEZHER, 1EOSARKID LEAOBANREN, BADE
DEAMBTAREILD, EOEABRTARELZDERETECLETH 3.

KA ST &S ORI TEIET 2 (X5).

MBI, AEERENEERE DALY T ROMATHR SN, BMR—EN
SEHHRT O3, BOALSADHD EORAHEI LD, 4EOXANRES.
BIESOMEMIB~DOHANBEINS.

Ixh>0  ZfHaT 1 RIOBKAS. (EFBER
IxL<0 ZADT 1 3PIEs5H5.
FIRAE, BEF -2 TRUEBAADNT 2 2L UTHRBEINS (B0, &A1),

1 4
5 6 d_—
Cl e
a —b—/
—"
1- 8 7
2 Bl3

5 BHOFR - FAR
Fig. 5 Visibility of line segment

Pa Py P Py «— T A FH

_ a

+ | =+ | - -~ 1 x 7

H6 K525 .-7—=Th
Fig. 6 Parameter table

~ PARAMETER 7 —7icid, SHISNI ¢ X SEEERHTAOMT BEEH S N 3
- (X6).

REOS 5 LIBT3 2 HELB LT, B0 O I b i 2 kil
L2y, BrEFicbhid, LoF—71kb, BHADS B (a-b) R &L (c-d) KGH
RABEHET 2.

T B #® & =

1{#d OBJECT (Poly-line, Polygon) Z#mK 4 240 &, £hEBE T HE®D b 2
OBJECT (Polygon) @R CRARMENTHN, KB LT PARAMETER 5—7 1
BIER NG, £hE2&b¥T, %5 OBJECT ¢ VISIBILITY #—7vifEdbh 3 (X
7).

OBJECT ZHkd 2 BAM (R S 0BARNBEREET), BAEHEK T 280K,
MO DREE, ZOBRIKEFSTAZBETE - REUHT 5 » bkl

BImtetkod 5 OBJECT ZJEFICHY L1, % 3 PARAMETER 5 —7 v % fEiK
U, ZDfREEE- T VISIBILITY F— 7 A2EH LT L.
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HRE
R 1 RERT AR
W1 D3ERM
0.0
0%kl
P,
0%kl
P,
0FkiF1
B 20X AH

7 HE - FEARF-TN
Fig. 7 Visibility table

B Y 54 OBJECT oW THUEMKRT 35 &, VISIBILITY F—7 D87 4 4 1E
BEEF—2ERLT, TH - AAHRT S v IS B2AMLT7 7 A VicIIT 5.

8 & H 0 [
BB ICEERO B ERT (K8).

l % %% 72 C} t

1 ¥

Z / LA, LE
i 1 v V.ra'

%7 %4 7 X { “a M
AT = Dt R f
Y isiy Z/ABIPN { )i

o T A . .
/] ) V4 L u
é v a ; s :f?
) VAN 1
Z. 4 !
g aindy ey agllizmy
¢ ¢ 4
A ¢ 44
o 72 N VO i %

8 [EEULEDERE

Fig. 8 Example of hidden line elimination

BETTORAT, AYNEETEECE LT oBEAKMER, RFHRT&HER
PELNTHAS.

EREOT 0l 7 LBRICYI-TR, RAFFCBI2HERE, FTo0E, =z HKC
X 2HBHEOR, FEEANTER~HTIEAOMNEEE, Yo 5 I v/ RN
WEbSh- o &M TEL.

AF vl 5 ARICY - T, EHERETEMS ntﬂlliiﬂﬁﬁ‘c% BT 5HRE
b, BERESBEMLE A RO A TRRRERICE BB L7

gExE [1] LoEdk TRELETE] BTTHEERG 1981
[2] I.D. Foley, A. V. Dam, Foundamentals of Interactive Computer Graphics, Addison-

Wesley, 1982,
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ROBEROEENE L ZORITE

Elastostatics of Shallow Curved Plate and Its Analytical Methods

B B §a

E % ARBEOBMERICONT, ZoREIRNERLEEY sXEFRERERD, Z0FR

BEH BN IR ARBEEMEC K BFEIC OV THIREZT - 2 bDTH 5.

Abstract This paper is concerned with a study of governing equation which describe the elastostatical

1.

behaviour of shallow curved plate and its analytical method by the finite element method (FEM)
and the finite difference method (FDM) with arbitraly distributed nodes.

i L ® 2

— R EBOTRE S SHTRICDONT, = ORM: IRNAEE TR T 5 X TEXZ
kb2 EREEBTHS. LArLEBOHERIKC OV TERZOMEINNSNT E, 4805
EERICENC TR U GIRAicEE FBERNEBATE L ENTES. COEINT
FVESICH, B — 2 ¥V P OPERERE DL BT ERIFEICEMBTRIZBLLPTVD,
BB Green BAMic & B T xA v FEZA VI, HBHNESICCOANZET S L
LNTES, THNICE, BOMEROEBEORY X v MIEDOX 5 ICEEFH O
H5H, EERICRECHER, TR0 BEEMRO e VEBERITSEKROMREZLL L
BEN. LhscBEOHERICDVTE, Z0RETEREMILT S ERIFRHICRET
$5b. 7EAE, BETROLS CHESERHREERCLVARINTVEIHEARE
ORY TR, EEBROMERICOVTRIZEAERTRECENERLIEDNS.

L E2DhD—RICECHEREE L OLERE L RBOHMEROE £ D & LTEFVAS

N, ZORHEFESFOI TS, Co&&FHELD bHEROEE D TEF VLTSS
REROBEESURIEMNOBIFTH L. DX S IBNHMERIC DN TE ORI A
WAEET S &, SORFHEOEN—BROY = VIEERITOD DML LTHE
EThb.
1nH, AR THOAHABRUTOEEDTHS.
E=¥27%® (kgem™?), E*=E/(1+v)(1-2p)
G=E/[2(1+v)=Rik=R (kg cm™)
v=®RTYv v, a=(1-1)2, B=(1+»)/2
A=(1-2v)[2, BERHEWE
h=1KE (cm)
B*=E*h, k=Eh/(1—1?), K =Gh=ak (kgcm™)
D*=E*h3/12, D=Eh[12(1—2?%), D'=Gr3[12=aD (kg cm)
faz, fay, foy=HF (cm™)
0z2=1/fzz, P2y=1/fzy, Pyy=1/Fyy=HIR¥pEE (cm)
s, ¢, n=PHNHREERE
i, J, k=s, t, n HEADOHEN~N7 P
g1, g2, gs=s, ¢, n DREREK
75
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2. RUVHEROMIEA
SIRTER] z-y-= BHERICEHNT, HWiEN
, 2= (2, ) @-1)
KEDEBINTVZdDETE. CCT 2y MICHTIHADEE f2=0//0z, fy=
0ff0y OREINLICHNTHLBO/NINESE, COMEZEBEOHE SR L LTS,
DEWROHERIC OV TZORMSTBEREZEATE0D, 92 OB ZER
DNTERT 3. .
2.1 [IENXT M
BOMELOFEFEAEHBNE~N2 Fvid, Klickd
ro=ivx+Joy+ koz (2-2)
E5ZoNB. 2 ln,Jo ke 1T x,y,z2 FIAOEA NI v Vv THBE. MNENZ bVD
#orERk @-3) kb HEALNS.

To kuz

Joy

0 iox

1 frE~Y b

Fig. 1 Position vector

dri=idz+jody+kodz=(Gv+ felo)dzx+ (Jo+ fylko)dy=ids+jd¢ (2-3)
272U, s, ¢ BHTER 2,y T EOMBREBEETH D, 4,7 & s, ¢t FROHEA~R

7 b WTH 5.
s, t BIREEORERE  g=V1+18 ge=VI1+ [y 2-4)
s, ¢ FHBAL~NS b i=(io+ fzko)lg1, J=(Jo-+fyko)lg:  (2-5)
s, t FR/INESR ds=gidz, dt=gdy (2-6)

WEICLD gug: B1TTEOVRTHS. 9,02 ZEBELT
G1=1+0.5f "+, ga=140.5f 7+
B2EAE. UkdoT, fz, fv OREINO1IDOEELLOIE, 0u,0: D1 5033 0.005

OBRETH 3.
DE BT b L WEZLT, BEXZ v k EEDS.
gsk=(g12) X (g20) =(do+ [ cko) X (Jo+ fvko)=— fao— fyJo+ ko 2-7
gs=V1+ fo7+ fy? (2~8)

o, HmEEETHIRN -0 2hmEE U, BANS MVHRICHREE » %2 B8
T2&E& HMERLO—DOEOKE~NZ b
r=rot+nk (2-9)
dr=ids+jdt+kdn (2-10)
KE-TEDONS.



RO BOHEROMENEEZORRE T

2 higEELLUICHENY ML

Fig. 2 Curvilinear coordinate and unit vector

2.2 B~ MLOFEN
BT P VOEBRBRD L HICIES.

(71i 1 fa: o gazio (]22 “‘fa:fy —'fz gli
g2 d = 1 fyl{dop Fhid {g¥op=|—Ffzfv @ —fy[jo2d
gak ‘—fa: '—‘fy 1 ko gazko fa: fy 1 gak

(2-11)
w8, BT b i J BREASETTREL.
i-j=(io+ fzko)+ (Jo+ fvko)grg2= [z fulg1g2= = fv=0 - (2-12)
2.3 REFRBOHS
REEROMME, R C-13) oLH>ERIh 3.
A= fo( fezdz+ foydy), dge=fo(faydz+ fyydy)
dgs=(faf szt fufz)dz+(fafey+ fofo)dy
2.4 BARINY P OTS
BRI~ b vo#R, X C-14) kSR s.
g201di =(f zzd z+ f2ydy) { F=(gr1— 1)+ f 92 J + g3k}
05%02dj =(faydx+ fyydv) { fagui+ fo(g2—1)j+gsk}
98’ dk={—(frzdz+ fzydv)ge* +(fovdz + fyydy) fof v} il (2-14)
+{(fredz+ fovdy) fafyv—(favdz+ fyudy)gtged
F[—{(fofzet fofa)dx+(Fafzy+ fufyv)du}gs
+(Fradz+ foydy) fot (Foydx+ Lovdy) fvlosk
R (2-149) B/NIRFEZEK LT, ROXSIKEMNTE 2.
di=(fzzdzx~+ fzydy)k
di=(f zydz~+ fuydylke (2-15)
dk=—{(fredx+ fzydy)i+(f evdz+ fyydy)i}
BE, foo fou Fov GHEOHE, 20OFH 0z0=1/f 2z, P2y =1/0zv, pyv=1/Ff vy T
MERAEET. XD, BAROKEIZHMETB7D, fo fv DRESE Of), HHFAE
BOKEXX%E O) £95. 13, z-y WhHHOMBREHE—HIT L EF far=0T
H5.

(2-13)
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3. RUOHEROERE, =, I5hH ‘
BOEHERD @, t(J), nlk) FAEMBRSEZNEN w4, v, w LU, ThHHEEDK
sst,n OBBEL, KOV TROLIKREEINIEDETS.
, u(s, t, n)=u(s, t)+nw'(s, t)+n%" (s, £)+ -
v(s, ¢, n)=v(s, t)+nv'(s, t)+n’"(s, )4+ 3-D
w(s, t, n)=w(s, t)+nw'(s, t)+ntw"(s, £)+ -
3.1 ERRI MV ESTICZOMS
u(s, t, n)=tu(s, t, n)+Jjo(s, t, n)+ kw(s, ¢, n) (3-2)
du(s, t, n)=i{usds+wudet+uw'dn+n{us'ds+u’de+2u" dn)+ -}
+j{vsds+vidt +v'dn+n(vs'ds +ve' de + 20" dn)+ -}
+k{wsds+widt+w' dn+n(ws'ds+w' dt+ 2w dn)+ -}
+ @A+ ) fozdz+ favdy)k
+(w+nv'+ ) faydx+ fopdy)k
—(wtnw'+ M fredzx+ faydyYi+ (feydx+ Fyydy)i} (3-3)
ERid O oFEEEBRTECLiIckD s, 6,n & x,y,2 TESMZ AT ENTE, K
DESICEMINS.
au(s, ¢, n)=ilusdx+uydy+u'dz—w(f zzdx+ f zydy)
+n{us'dx+uy'dy+2u"dz—w' (f zadx+ fzydy)} +---]
+J[vedx+vydy+v'dz—w(fzydx+ fyydy)
+r{ve'dz+vy'dy+2v"dz—w'(faydx+ fyydy)} + -]
+Eklwzdx+wydy+w' dz+u( fzzdz+ f2ydy)
+o(feydx+ fyydy) +n{w'dx+wy' dy+2w"dz

+u/(fredx+ faydy)+ ' (foydz+ fuydy)} +-] G-4

K G &dn %k de WBEHWALK 2-10) kD, TROEF VY NVEBATEC
EWTED.

€ss =tz — [ zzw Ess' =uz' — fraw’

€1t =vy— fyyw €t =v'y— Fyyw!

Ean=1w’ (3-5) Enn! =2w" (3-6)

€st =ty+vz—2fzyw est! =uy' vz’ —2 f ayw!

Esn =waz+ fazti+ fayv+u’ €sn' =wa'+ faatt! + fayv’+ 20"

Ein =wy+ faytit fyyv+o' En’ =wy + fayrt! + fyyv' + 20"

s—t-n EERBENICE -y BERELARCEREERTH 05, vz BERK
FABRFBER 0T BRI 2 EMTFENAE.

Jss 1—p )] Ess
Ot vy 1—p » €t
Onn — vy v l—p Enn -7
st A Est
Osn A Esn
Otn A Etn

Olmn DO TCTHRABTH 3.

4. RUOHEROESRE, BHEAHER
LB ERIDBOHERICOWTE, I5IkDdoh, D¥icih~23 Green



GRO BOHMEROMENE L COBTE 79

S X OESFEE, BERAKER, BMEFERERATICLENTES. COXIBzxN
FREICLIEHRREIR7 brkick 3 L 0RDOPTL, BOZBLTREREDE.
4.1 \EARH, BRALLVCARPT RV F
W2 nFZU LT B E, 2OESRIRDEHIICELONS.

h/2 , ,
6U=Ssss_h/2(amn+na s ) (BEm+ 70 mn & ) sdtdn

=SS {Nss(@—fzzaw) +Ntt(g6—v-—fyy5'w) + Nanbw'
s O0x oy

+Nst(aa‘3“+%ﬁ’ -2 fzz,aw) +Nsn(ag + fzadtt faoybo+Ou! )
+N:n(aaw+ FevBut fyyﬁv—}-av’)

+Mss(a§“ — Faadw! )+M”(ag:/— f,,yﬁw’) +2M b
+Ms,(ag” +aaﬂ —2 f ayd ) JrMs,,(aa‘f’Z | Fesbul + FayB0! +zau”)
+Mm(a%w + faybul+ fwavurzav”) ]dxdy

=S (N 5D+ N 00+ N pdwo -+ Msdu' +Mido! + Maduw! +-)ds

—SSS(L;6u+L;6v+Ln6w+Ls’6u’+L¢’6v’+Ln’6w’+-~-)dxdy (4-1)

72 LENT, =X Y MREROXSICE 5.

N _Sm Gsedz= k*{(l »)(—— f 'w) +»(a—”— f 'w) +Dw’} (4-2)
s w2 ss rx ay yy
h/2 u v
NH S Uttdﬂ—k*{ (——‘fa:a:w) -+ (1 —'U) (‘——‘ —'fyy'CU) + Dw’] (4—3)
/2 0x oy
Sh/z Gundn= k*{ ( Ou_ ¢ w)+u(a—”—f w)+(1—»)w'] (4-4)
bz 9z 7 o0y v
h/2
No={" audn_kf("’%"’—”—szw) (4-5)
k2 0
12
=S h/zo'sndn k/( +fa:a:u+fa:1/'v+u ) (4-6)
12
Nia =S Oindn= k/(‘——fzyu-l'fm/'v-l"v (4"'7)
12
12
M= S h/z(fssnzdn D*{(l D)(———fnw’)+v(——fww )—I—Zuw”} (4-8)
h/2 ou v
S Gentdn= D*{ (—— fnw’)+(1-—v)(-—- fww’)+2vw”] (4-9)
h/2 ox oy
12
w={ Gunidn= D*{ (a—“'— f“w')+»(a—”'- fww/)+2(1—»)w"] (4-10)
k2 d oy
1/2
Mo={"" suntdn= ( L ) (4-11)
h/2 dy  Ox
h/2 0w
Msn—S h/ZO'snﬂzdn D/(—“-I'fxzu— +f1'1/'v’+2u”) (4-12)
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h/2 '
Mtn=S zdtnnzdn=D/(a—g;‘+fxyu/+fyy'vl+2'0”)

Ufedi» T, BANTBLUE—2 VI,
' Ns=IzNss+IyNs:, Ni=lzNsi+1yNe, Na=1zNsn+1yNin
Ms=1zMss+1yMs:, Mi=1zMsi+1yMee, Muo=1oMsn+1yM:n
E12B. 12RU Iz ly BEBRICBIBAFEROFHRKLT

dy dzx

lx=$=sm a, l-,,=—3?=—cos 0
kT (H3).
S
ds &y
4
"\ dy dx
g
dn= —
n =ds p dx
n

H 3 BERICRTIHEROFARK

Fig. 3 Direction cosine of outward normal at boundary

BRABLIUCE—2 Y McETIHIRNBRDOL S50 5.

Le= aé\; “+%— FaeNsa—feyNin

L,=%+3N Y FeyNen—fyyNin

L= O St feeNu A 2f culork Syl
Ls’=%+%— FaaMsn— FayMin—Nisn
L;’:aé\i st —"j—la‘ﬁfﬁ— FaryMsn— FyuMin—Nn
L',,=ala‘/i s 624 4 FoeMest2FesMsit fyyMe—Noun

X Bie, WETALFICHTERAREKAOEBDTHD.
U= ] 0§~ Foete) + (2= F) + )
0

(4-13)

(4-14)

(4-15)

(4-16)

(4-17)

(4-18)

(4-19)

(4-20)

(4-21)

+2D{(%—fzzw) (%—fww) + (%—fxxw)w’+(%—fyyw)w’}
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+1——2u{(6u dv

—+=—2F w)2+(a—w+f u+ f +u’)2
2 ay 2z zy Az zz zy?

0w 2
-+ —+fx1/u+f'y'y'l)+'l)/ Fee dxdy

o
A Aot
+m{Fi—J}ﬂWM%§—fww»+2@£~fmm”uw+4%§—fwwqw4
+J”;2”{(%2 & 2f;yuﬂ)-+(%§i-+f;xu-+f;,v-+2uﬂ)2
-%%ﬂ+fwu+fwv+%ﬂ1+mPﬂw (4-22)

4.2 AV RIVE
N, T—xv b, HEROBERLED CKEATIERTIERICIAESTT, &
i, EABSHRISNTOSEE BHER) BR o &, A0, -2 Y IBERLTY
BHM (H¥H) BRETS. S5 —RNSHEERIREER S5, coTi

WMo Fbignc EET 5.
BR&EHRIT (@-23) 0oTHS.
u=1i, V=7, w=w, w'=a, v =9, w!'=w'--- (51 )

— — — — — — 4-23
Ns=Ns,Nt=Nt,Nn:Nn, M:=MS,MI=Mt,Mn=Mn"‘ (52 J:) ( )

ﬁﬁS@Wﬁﬂf@i S, t,n jjﬁlﬂbcﬁlj\]jj S;T)N ﬁ@—’:—Fﬁ”Cﬁjj P‘u)Psl)Ptu:Ptl}P"u)
Pt BIERTEHDETE.

n p"" N
&——>Psu ( . P S
| R Mts ?
— = {s [————— 5 g
Ps Pe
pa

4 EHESUIIRERND

Fig. 4 Internal, upper and lower surface force

ChOARCLBAHIANVFRROL S KEINS.

W=S (Nsu+Nw+ Nuw+Msw! +Mew' +Maw' +++-)ds
$2

+SSS(fsu+ft"0+fnw+fs'u’+ft"v’+fn’w’+---)dxdy (4-24)

722 L,
Fs=S+pstpst,  Fo' =(h[2)(ps*—psh)
Fe=T+pt+pi,  Fo=R/2)(pe~pit) (4-25)
Fa=N+pa+pal,  fo! =(B2)(pn*— pa’)
4.3 THEELSVICEESRER
R @-1) BLU (@-25) 1ckoT, EHEE (4-26) pERIT B
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S {(Ns— No)ou-+(Ni— Ndo-+(Nu— Nn)ow
(M s—Ms)ou!' +(M:—M )00 + (M n—Ma)dw'}ds
] (Lot 90 (Lt £ 80+ Lt fr00

+(L's+ £s0u! +(Li! + £ )00 +(La' + f")0w'} dxdy
o =6U —8W =0 (4-26)
ERickb, BAEEAR 4-23) B5PcPEHER @-27) NEBAINS.
L4 fs=0, Lid f+=0, Lu++ fa=0, Ls'+ f5'=0, L'+ £/ =0, Lo/ + f4' =0 (4-27)
choOESBEHIIERERBIC X 2 BERFcCHA SN, BREGERBXUEELTE

CRRESE X IRERTCREIhS.
&2 CWE h=—5 O&%, THEHFER @-27) RTROLS cBRINE.

0*u 1 200% _ 1-- 2u 9 1 0% 1-— 2u
(1— ) T2 o (fee?+ foPut— % 20y fay(faat fyn)v
(3 —4p

Fot 0|32 =S =2 fr G = (L) Foset oo

1= 2”(fuu +fzyv’)+u*—+£*‘ 0 (4-28)

1 0% 1 1~ 2Dav v 1-—2p
761‘82/ fxll(f-‘l:z"l‘f‘.l/’.‘/) U+—— —+( )8—5_

(fae®+ for®)v
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Fig. 5 Internal and external surface force which act to elementary part of curved plate
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a¥=ud, a2? =uldz, as? =uy?, asd =uzz9, as? =uzy?, as? =uyy?
T An® BZORETH .
BB Mc o TR, ETHRCHAT S &5 ICHBETFREREL, ZORTFRICHR
i RNET S, HiA BV THAITBEROEMEET S OB REBREEDS. T
CTRUAFEROBEHIZ, T NT2THE2H O 6 HA2ROMBELTE.

Y

B 6 ZEAREHAEE
Fig. 6 Node distribution of differential family
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