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E1TR]BEL SN {E45 E5E CafeOBJ
An Executable Specification Language CafeOBJ
& 2 8\ —

E # ABETIR, EFO50FHRMERRIEGS (IPA) ICTRERRD O, EITTREE
FALHE S 5 CafeOB] DIEE % B/ 5. CafeOBJ %, RFEM LMK RTH 5 OBJIZ,
José Meseguer *Maude EFECIRELATERIBMNEZEAL, WRLAZHETDH 5.
CafeOBJ Tit, TOHEJAFARERVCT, 77V 22 MEANT YA LOBRTOLTY
17 PREFDEMBRIRI BV RFICRBTHIEANTES, 72, CafeOBJITHFEND/¥T X
— BB EE TS, L, NTA—FDEIHELRBET 2 - VDT A= FLERFTIR
WThh, Thickbh, Standard ML T5EIR & T 5 sharing constraint & [7]% % el A57]
BBV D,

Abstract In this paper, a primary view of an executable specification language CafeOB]J, whose
development is in progress at Information-Technology Promotion Agency, Japan(IPA), is described.
CafeOB]J is an extension of OBJ, one of the most marked algebraic specification languages, with
rewriting rules introduced in Maude language of José Meseguer. In CafeOB]J, objects and thier
dynamic behavior in the sense of object-oriented paradigm can be represented explicitly with rewriting
rules. Besides, CafeOBJ provides higher-order parameterization mechanism, which allows
paramaterization of restrictions of parameters and makes it possible to realize sharing constraint
supported by Standard ML.

1. &8 L & i

Edsger Dijkstra® go-to-less 7075 I ¥ V" L83 21k 7053 v /70
BEL, F—70RE (TOREAEERELIER) L2 LoEEL—MELA T~
YRIZET, fIRFT—FBNERELL, HRT— L, F—EIrLT—FIDFE
BEARLHEOERFERZERLAZLOT, HEORIEVIIEAHOBRICL->T
FEOOND, ATV 2y MEFNRTI YA LICBTEF 7V 27 b OBEDL, MRT—
YRINERBLICHDDDEER 5.

RS B E, 1970 D F T, MR TV RERBICERAT L HEEL
TRESN., RERRARETIR, BR7— 78R, 84586, GHESLOEH, W
BHhoERENIZHDHOERXD=2oCEREIND, RELkERBEICETEEL S
Nz R R LR D, REERRREICED ( SELTRABREFE LIFA.

VI MI2T VAT AL CIRERKTEI IS, RERIRIIME 7S EIT
HARICIRA OGN, WMBRF— ¥RV I Y 2T VAT LAOERN LBEDET IV E
FzbhTHh, MBRTF—-yHERFBICRRATHMR8484E, vIbv2T7V A7 4
REICEIAL D AHBO—2E LTLSED LTV S,

REMHCE, $ROALRBCFOSEXNRZELRAL VLI LCERT S, K
ERFENVLo0h D, T, —HRERBIIETREFERTHHIL, £L
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T, SROEDEEBIEEBIZ2FZTWARE V) ETREFA VT, HOEDEEH
HTEDL (ZOZEEHBEPETTRTHLERE) SLTHD, COETTRENEE
EMLT, REABEIEY F - 7O YAV I LB TES,

FRETIE, EFLERLERATEG S (IPA) CTHRERPOETWRRLEAL
W E:E CafeOB]" " DBEE# W4T 5. CafeOBJ i3, REMLABAKSETHS
OB)*™iz—HHOFEWIX 2 HTHFRABUEEAL, HWRLAEHETHS. 20
Wz HAZ AV, CafeOBJ TidA 7Y 27 MERNRSG ¥4 MBI TV
FEFOBM AR BVERBICERT A EATE S, CafeOBJid, REMAHSED
BRI CERL, A7V 7 MEMZERLZ(RY)ANLTHETHHLEER
5.

CafeOB] DK X RUEHND—2IC, BWHEDINT X — "2 H L. TZTVIH
ik, NG A—FIFEEV 22—V IIBVTINRIXA—FDGHELRDET 2 - VDN
FGA=FLEFTILEERT S, OB, SERRKEFOVIINIZT VAT

. ADWFER ST A—F{LETEEICT 2 5D THY, Standard ML®IZ 3B 5 sharing

constraint & XK HMICRED LD TH 5.

CEBOBRILTOE) THE, P28 TREMBRICOVTHEICHEA L 1%,
3% L 4E T CafeOB] DR R L L HELBIELBATS. LT, 58T
CafeOBJ I L 24 7Y 22 MEHIETY ¥ FIZDWTHR-R, 63 TCafeOB] DM/
G A= ZLBIBIZ OV THET 5.

S Gl ]

CafeOBJ IZ B I XA SEOFEEICIIA L 2 vas, AR SEOBI &
Ty b LTELDOT, REMAHESHEL LTRbIS Z EHE V. CafeOBJ 2DV
THRARBHNG, ERMZAHEE LT, REEREREEHIRT (O] C2»TH
BLLY.

F—sHIE, F—IDEE (BES) LZTOLOEELY—HMELIbDTHY, K
FHNIRRBE LTRAOAS, F—yELAKELTRIAL LY, v ) oK
HBRDEELNLREZTHS.

REALERIE, RO=2ICX DRSNS,

-l ohDHEES (support, carrier)
- W OPDBREELOEE
EESNSERSNAEHDBICEY LD, W {D2PDEFEX
FleLT, 27y 7 DfREEREBEEMT LS.
{1#% STACKis
BE4S  Elt, Stack
WE  empty:— Stack
none : — Elt
push : Elt X Stack — Stack
pop : Stack — Stack
top : Stack — Elt
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X Vs:Stack,e:Elt
pop(push(e,s)) =s A
top(push(e,s)) =e A
pop(empty) = empty A
top(empty) = none
HERSTACK I3 Z 2D AEAE & Stack 27D, EtIZR Y v J OEHEDEHETDH
D, Stacki3RA ¥ v 7 DEEAETH S, & 512, STACKIZiHE empty, none, push,
pop, €L TCtop %>, EHIK (domain) M rWHEIIEREERT. LofiTH,
empty & none S3EMTH 5. pushid, Elt & Stack DEFE%* b5 o TStack DEF % 3&
THETHY, popltopid, StackDEFE%E D Lo T, Stack L EtDEHF & EhTh
BIHATHE. £LT, FEDEUDOEFe & Stack DEFsIIH LT, EIRLL
MoDFRA Y LD,
GRS EERELHE T, BIE (signature) &R, MREARRIZ, HiRicERS R
R EWHTHRIELEL TS ROET Y 2 ERT.
T, REMHE, ROZo0%MHkt
1) BHEOEF () 3, EESNEELTLoERINS,
2) ZODHDEREOHMOERIEHINALERNBF,rOHM I SICHEYF
L, 222 DBERRETZONREBEFLERICLS.
T T8k, BRI LAHEOBVERVWT—EICED L LV I HHE
B, Cok)hy— s BRSBTS HEIER.
DESrSbH»s L5, RBEHENET [do] 123,
1) HREET 7T sEOETY
2) HEE»rL—BILETHHMBT—E
DZOoNH 2. FLORBMABTETRIOZOZRAILCRBT 5. fl i, /€
FHRRBMESETHLO0BJICIR, F—7EOETVERTEFY (theory) &
HWRF— 5 EERTFHTI 127 b (object) £\, 2FEHOERENAHS.
HAR SRR SN HOMO%ERE, EA»SHEINOHOBHHAAE Ry Lic
D, ROLHIHDHEDRHEMNTE S,
top(pop(push(e2,push(el,empty))))
— top(push(el,empty))
— el
EOHHBAERCTH ETNU LB/ TELVWHELESRE (normal form) & IEE,
REABHCBITZHOMEE R, HOERBOZ L THY, REMARDOFET L RARC
ERENLEREHORUERM L THOEREEROLZLTHS, BRINE
RICEITEMIROETEITI R %, HEFRZR (rewriting system) &IFA.
RO ED HEHIZ, S5 (equational logic) £V, EXOALIMBEEIC
FOEBICLIVWHE LR ORETHS. BITBERIAROETIZ, FREHHEILEC
HRERMT LB TEDL, JVEEERORBIEICILLFEFRAR LV

o EROZMEMIHATEATLHIEDEY,
o BERMICFTRIL, FoIROKENIE—D0H (category) THL, HMRF—FHIIEFOBOLHMR (initial object) TH 5.
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WMETREFOILLW) ZEOHEBD L, —FRFEREICET (ARICHTRE
AR TR EBEADRIEVES TH A, LR 5.

3. CafeOBJ DEFXIFX
BIET, OBJIII 77— Y EINET ) ¥ RTEBHEM (£4)) LHRT-IHER
FTEBEM (A 7V b)) 2555, LB~_72%, CafeOBJiZiX, EVa1—N
(module) (IFIENS, FOZo%ffe-RRk ) H L. KETIE, CafeOBJDE
Va—VERRT2DILELEIXERICOVTIHAT 5.
31 £EYa-0
K TIX, TOVR M ERTEV2—-VO#RBALER, EV2—-VORBICLEL,
i X FILIS O CafeOB] DX EFZE 2 AT 5.
module LIST is
sorts List Elt .
subsorts Elt < List .
op nil : -> List .
op _,_ : List List -> List .
vars L L' L" : List .
eq (L,L'),L" =L, (L',L") .
eq L,nil = L .
L .

eq nil,L
endm
3.1.1 EV21-)LMDEE
EVa-NOERiEi, FHEmModule THET Y, FHEEendm TiRD 5,
module LIST is

endm
module & is DK ETV 2~ V& HE, isbendanDHIZ, BES, #HE, EX,
FLTERARAZEST 5.
312 v—-IDEE
RBERR T, BEEDOIEEZY— b (sort) LFEE. FHEEsort T HX
T, B TCHwA Y- }F2EST 5.
sorts List Elt .

(LB Tl sorts EEBIEICE o TV EY, THIZ—2OXTCHEHKOYV -+ %
BEETA27:00WXERTHS.) CafeOB] Tid, subsortn T AL TV — FHOD
DERREEETAILNTES.

subsorts Elt < List .
ZOXIF, V- PELtDEENYV - PList DERICEINDLILEZRL TV S,
COXDBPTT, List ETERSNLHEZELtORFICH L THEAT A2 &5
T&5%.
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313 BEDNDEE
TFHE IR DI, HHENESTH 5.
op nil : -> List .
op _,_ : List List -> List .

TH#ES O EEROUNBEET. 20v (:) OKIKEED [B] 28R T5. -
DEIIZFIEDOY — %2, BTV -+ #BT 5. 5OV — FDEBED W
bR, BEHEET. nilidV— P List DEKTH D
FIBE LList DEZREMBLT2HUTH 5.

314 EXNDEE
THFHEeqP LI LT, HOMOHERNEEET 5.
eq (L,L'),L" =L, (L',L") .
eq L,nil = L .

y BT ODList DEFER

eq nil,L = L

LORDZ00%RL, WH_,_FHEEUEIGZL, »oRT I nil THEI L

ERLTVS, FRCHLUIERL, 52 LOFHUFEvar CHIIXTES S
TVRIFRIT R LRV,

vars L L' L" : List .
EVa—VLISTOERBIIROXTEIBI LN,

attr _,_ : [ assoc id: nil ] .

attr 2 HI5E HX T, “HEET O, #AH (associative), T (commutative),
FE (idempotent) &V oZzWK 2O LA, BT (identity) DIEEHTE 3,
EoXiE, WE_,_SHEEANT, nil 2HUTIHEOILEZETLTWA,
CafeOBJ THd, S & DERL, FHEq THIAIXTRATII LN TE S,
cqL=Rif P .

Lo, RMEPFETHIMHELEBERIBELWVWI EERT.
32 BEBAARN
CafeOBJ Tid, FRIERF 2RO B7OOEHARTHE0HF L, TR HA

BRBOENMEERT L7000 TH Y, ERFLERD L 00O HHHA T2 iV,
TRIAAN, FHEALPSIBIAIXTES SRS,
var E : Elt .

rl loss : E,L => L .

anoy (:) OECHHNDR, ZOFWIBAINMFTIONIIAVLTHS (T

BT ETH L), TDloss & FRMFTFERZHANL, Z2THWVWYRME,L
PLIEILTEETEHELTVS,

HFREERRIC, FUFEOFTRIBRIZHEL LI TES,
crl Lbl : L => R if P .

LEOFHEerl POHBT AL, TNV Ll 270, £UEPHETHS L XITED
LEAARICHFIM|MAIAMERL T2,

* HBV-bsEOHEHATEY _V_ : ss > 5 ETDE, _O_MEAM, TR, B, £BOSOEEx, v, z 8T
LT, (xQy) Vz=x9(yVz), xVy=y 9V x9 x Ux = xBENAFUKIIDOZLTH5.
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RBARESEREHB Ty HoBT V2 RTOHL, FRAANOH 2
CafeOBJ EV 2 — it [F— s P LE] DEINZERT. SITVRHIF—FER Y
X, SRAFAERVABSEBLT - Y BIC, FRAANFRTEOBN L
ELEMR b DTH S,

LaL, Sz HAEMLTDd, F—yHLLEOTFPL—RIHET-FHL Y
XNEFTLI LML TV RN, KETIR, LEOLZVR)F—sEEFT— 5D
FERRILEZVWI LTS,

4. CafeOBJ DigiE{LH#HE

HRELEEL L TRRTE 28I, EAETAV 7 72T Y RATLDKR,:
BT 5 EThH, BRLAEOBEANAERLERICBVTD, EERAEATH .
L, KEEHLZVRERLY 7 Y 27 VAT AOHEORRICIXLERTRE
bOTHHEFX LS.

CafeOBJ it, AFEHZ VML Y 7 Y 27 VAT A OEREBRICL R 2 EE
DT ODOEERX L TS, KETIL, CafeOB] DHEHLD/-ODEETHS, €
Ta—VEBALINT A= F BB OV THAT S,

4.1 TV a-N0OHEA

EV2 VORI, BEDES 2 —VEBHAT 0O L HELTETHS.
HMETEAN LY A PRBZCLT, BABROYA M ERTEV2a—VEEV2—0
DALV TRBLTHRES.

HRBERTETV2-0E LT, ROL) LHELIDEERS.

module NAT is :
“sort Nat .
op 0 : -> Nat .
op s_ : Nat -> Nat .

endm

EV2—VINAT T, TO0L1EEE (successor function) DA H HABAHE
sha. FiziE, 0, 1, 2, i, #h¥Fho, s 0, s s 0, ~TXRENDL, ZOF
Ja—VNaTRBALT, BRMOVA N 2K TEV 2 —VERBRT 5.

module NATLIST is
using NAT .
sort List .

subsort Nat < List .

op nil : -> List .
op _,_ : List List -> List .
attr _,_ : [ assoc id: nil 1 .

endm
FOEV 2= VNATLIST I BWT, THEusingPbHBELNT, €Y 2—VNAT

. ERMES T, 7 Fiiocell, B Icell, BRAMAIR2cell 3T, TTTWI F—FBL XX, FRARAERY
7:CafeOB] €V a— W HHTHINOERTH L 7~ ¥ B %, FRIBMIET 2-celiZ X h 2-HEHR (2-categorical
enrichmend) L7z bOTh3, (F—yMIZZRASEL AMERE.)
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PERASNAEZLNEZTENS, NATLISTIZIINAT CES SV — F, HYE, R,
FERABAPTRTEENS.

CafeOBJ i2iZ, using DfllZ, including b W) EV 2 —NVDEHAZESTAH2D
DFHFENDH S". including DFEVHIE, usingDFNEFLTHE. ZDZOD
TFREOBERM L EVIE, using P HRTF— ML LTEV 2 —VOBAXEET S
DIZHF L, including X 77— 7 BOBEFHN L LTET 2 - VOBAXESTLI L
Thb.

4.2 IS5 A —2{LHE

HARDOIMBILEIRT 235 A — LRI, V7 by 27 Y AT ADfRERRIC
EoTHBOTEHELRBETH L. V7 M7 VAT LAQEMNAIR, /55 2 — 1L
BriRE L LCdEERR V., EVa—VOBAD, NTA—7{LBIEZAVWTSBS
3,

INT A — AL, T A—FHFEET2a—, ¥a—, #4t (instantiation)
D=2hbhdb, CO=Z2o%FEBoTHHEL LS.

4.2.1 INIA=afFEET 21—

NG A—SFHEETa— i, TV a—AhbEREN LB RETLIIEIZE
>THELNS, HAMREY2—-VTHE. FILIE, MIECHRKROY R F2EBAL
7205, VAPDEFRICBVAVLLOMEZONE, TR EBREDRTHDILIE
BICEDLL, POVAMNORERREDES, BANIRLIEYVAYDET 2 — b
5, BRERTV-PERDEIIIERLT, VAMENGA-SfFEES2a—)LE
LTHE#HRLL).

module TRIV is sort Elt . endm

module LIST[X :: TRIV] is
sort List .

subsort Elt < List .

op nil : -> List .
op _,_ : List List -> List .
attr _,_ : [ assoc id: nil ] .

endm

CCT, TRIVIAY — FELt 22X —D2FDHEFDET2a—VThHD, RRIVOTIC
HEDY, WIA—IFEET2a— VL LTHE#HLALLISTTHS, EVa— Vg
DHIZH S, HR ([]) KHTRZX: :TRIVIE, LISTONRS A— 5 LZ2OHH " %
ET XPNTRA—-5THY, TRIVEZDEHTHS)., ZOLISTICEE 2 -V
EEXBHIEICED, BARBEHEOVA MR TE S 2 - VEEBL I EHTES,

422 E a1 -
CafeOBJ Tid, ¥a— TN bDENLT, EETVa—-ANFTA-F & E

» HBBICE ) L, usingidprotectiong & including & V) TV a—VBAREET A TFHEORKETH LN, SOTODFHEIIL
TR 2RI T V0T, KB TCltusing TH—T 5.
e TUTIFIVIEEEBIAMOLIROOEEITI,
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Ta—Wl52oNMb, NIA—FHFEEV2-MIE5G26NEDE, EV2—LVT
B2 Ea—Thb. Ca—2bEIXLNLERETIC, RFIA—IPEET 2 -
WEERIONS,
Ya—id, NI9A—-y0FHEEET2—VEDOHO, V- LEEORIEEE X
A55DTH5.

view TRIV2NAT from TRIV to NAT is

sort Elt to Nat .

endv
TRIV2NAT (X, LISTD /35 A — ¥ OFIHTRIVIA S NATND Y 2 —THhH b, DY
2—I2k ), TRIVO YV — P EIt ENATD YV — b Nat DSHEFIT S RT3

4.2.3 1t
WNFGA—FIFEET a2V EFILLTEEY 22—V E2ELIZIE, ROLH I 2—
FRATHIE L v,

make NATLIST is LIST[TRIV2NAT] endm
CDEHTTHILT, A1HONATLISTE R LE 2 —bdESL N B,
CafeOBJICi%, RO 2 —LIEEN 2 DD 5. /85 A —F DHIFHI TRIVD
V= b2 L 2ELLVEAICE, EXET2 -2 F0FTERATHLIENT
&5,
make NATLIST is LIST[NAT]} endm
TRIVD Y — FEIt P ONATORMIIET IV~ (T4bbH, Nat) ~OH}E
ETRTE 22— HENESONS, _
NIGRA—FFEET2—VIZEZBEET 2 —HNT A= DHHTERINT
WEHY—-PEEEEZEUHAICH, ALIICEET2-VEFDOTIRATAHIEL
WTE&S., TOBPAITE, ALEARNO Y- LEELHICTIT 5 ¥ 2 — 2 HEIRY Ik
bhs,
ROEHIZ, Ca-DFHrEERATLIILLTES,
make NATLIST is
LIST[view to NAT is sort Elt to Nat . endv]
endm
DG, Ea—0AN LB ERRT 2LEIZ 2,

5. #7117 MEMEFV T

VIMT2TYATADEFMUCBITAA 7V s MEMST ¥4 AOEEEIC
DWTIR, bR>RFTERELLEV., V72T YATAOHBET, A7V =2 MEMH
NITALDERTOF 7V 27 PREDHLIRHIBVERBTEHAY v MIK
&y,

REMFRDED CERRE TR, EFSNLIREEFOF 7V 27 VORI BVE
KHTHILIITEL D572, José Meseguerid, HOE{Lx KT —HEmnE SR
REECHED, HBIHRET  (rewriting logic) XIBIBL TV 5, FRX BRI T,
FREIPFMOFE|R L LTRIASNL, FMAREI, FRBLEURETH
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D, RIEDO LR T SPEHMWI AL V) ETREFOSARHEHORN L TD T THAK
LTWwa, F7:, FRIRETR, FXRETRTELY, 2y -T2 RFTRE
REIICEILEE DA 7V 2 s FOIRABVEMFEICKITE 5. CafeOBI DR
HANZ, José Meseguer B H HDFR X FFEICET R LA EEMaude ¥ ZE1CL
THELRLLDTHE, KRETHNEND CafeOB]JDA 7V 27 P BLIUF 7V x
7 MERY AT ADOBD KRS, MaudeDEREZZEZEICL TV,
51 #7¥xob&ar7q¥ab—-ar
CafeOB] Tz, REFZILT 247727 MIRO X ) RETHRASI RS,

<0id : Class | a, =v, ,",a, =V, >

0ididF 7V 27 FOBHITTHY, Classid 7 FADEHTH D, Ka 3+ 7Y
7 FORUDERITHY, v REOBUDEEZRT. 7V 27 POBITEREY
DIEIZLTHHED RV,

CafeOBJiZi3, €V a—VOET, F7Jx7 boA 7V 2y MMV AT L%t
BT AEBELLLF Y PFABINRTVS®, EClRRAEHIC, A7V 27 M
BIF, 29A%, TLTRE (BHaLE0M) ofU»6%5. 77720 FPOR
BV, ALEZOEHE RO LLEHRES (multi-set) & LTRIASNS,

module MULTI-SET[X :: TRIV] is
sort Set .
subsort Elt < Set .
op empty : -> Set .
op _,_ : Set Set -> Set .
attr : [ assoc comm id: empty ] .
endm

—_—

module ATTRIBUTE is
using (MULTI-SET * (sort Set to Attributes,
op empty to emptyattr))
[TRIV * (sort Elt to Attribute)] .
sorts AttributelId Value .
op (_:_) : AttributeId Value -> Attribute .
endm
Z T, MULTI-SET * (sort Set to Attributes, op empty to emptyattr)
i3, Y2 — VMULTI-SET DV — b RIHLDLEI% set & b Attributes IZ, empty
5 emptyattr KEFNRFNFIFHI LTV 2a—VERT. 7727 PEEBRTS
KL B bEVa— ik, LCEHSNTBUOET %K TEY 2 — )V ATTRIBUTE
rHVWTRD L) RSN D,
module OBJECT is
using ATTRIBUTE .

*» SZTHEMATIONR, AEPSBOLRAMBLITERTEL L), EBEIICaeOBJICHARTNTWAEY 2 - VL HIR/E
FATTALRbDTHAS.
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sorts ObjectId ClassName Object .
subsort ObjectId < Value .
op <_:
endm
CafeOBJ TlX, #7227 MEMIY A TFAEI Y74 F 2V — 3~ (configu-
ration) (ERHIEND, A7V P AV E—UPRETHHTHEENS,
module CONFIGURATION is
using (MULTI-SET * (sort Set to Configuration,

|_> : ObjectId ClassName Attributes -> Object .

op empty to emptyconfig,
op _,_ to __))
[TRIV * (sort Elt to ConfigUnit)] .
using OBJECT .
sort Message .
subsort Object < ConfigUnit .
subsort Message < ConfigUnit .
endm
FTT27 bRy b=V 2FTTEDRBEELIEHHIE, 20714 F2Lb—
Y2 v OBILTEREND,
MM, 0+ 0,— 0 0 M- M
0Bk, FMABANL Y PREICEB SN,
52 #7717 MEREFVIDE
FETI, HEEOBEZ TTMELABIZHMNT 2. BEIC, ¥4 M, FEEE,
R 2» G0 2R TR, RHEZFOBEOT 7V s MIRD LS C#HT 5.
< B-851-028467 : copy | title = Isabelle-A Generic Theorem Prover,
authors = Lawrence C.Paulson,
status = checkedout,
borrower = #H& 5A— >
CopyldF 7TV DI 5 AL THY, title, authors, status, borrower i,
EhEThy A v, FE, R, BHEZRTEEETHS. ToFX 7T 7 M,
B-851-028467 & 9 ID 5>, HEZEEZEHIED T35, Lawrence Paulson A5&E 7
Isabelle-A Generic Theorem Prover &\ 3 B2 K LT 5,
BEF T2 D7 R, MICERLAES2—VOBIECT 2 AT 52 L %
BRE LT, KDL IERBRTES,
sorts Copy Copyld .
sorts Title Authors Status Borrower .
subsort Copy < Object .
subsort Copyld < ObjectId .
subsorts title authors status borrower < Value .
op Copy : -> ClassName .
ops Title Authors Status Borrower : -> Attributeld .
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op <_: Copy | title =, authors = , status =_,borrower = > :

CopyId Title Authors Status Borrower -> Copy -

CafeOBJ i, B3R E LT S AB &0,
class 7 A& (BB LV — FOHOE T )

HEFEOBEED 7 7R, 77 ABIXEZHVWTRDOEIHIICLTRBT S EHTE

5.

class Copy { title : Title,
authors : Authors,
status : Status,

borrower : Borrower }

BEICEINDIAvE—TVELT, THEEHZEXS.

op ._borrows__ :

op _returns_ :

Borrower CopyId -> Message .

Borrower Copyld -> Message .

HEFEOBHFRROLIREV 2 -V TEREND, ZOOTFHRXBANCLY, Av
- VERZTTREBEEMELD 4TV 2 7 FOERIFVHHFEICKIA SR TV,

module COPIES is

using CONFIGURATION .

class Copy { title : Title,
authors : Authors,
status : Status,
borrower : Borrower }
ops available checkedout : -> Status .
op none : -> Borrower .
op _borrows_ :

op _returns_ :

var A : Attributes .
var B : Borrower .
var C : CopyId .

rl (B borrows C) < C : Copy | A, status =

= none > => < C :

=B > .
rl (B returnss C) < C : Copy | A, status
=B > => < C Copy | As, status
= none > .
endm

*

FRTRABA LW, #K (inheritance) 2 ZFB L FABLLH 5.

Copy | As, status

Borrower Copyld -> Message .

Borrower CopyId -> Message .

available, borrower

= chackedout, borrower

= checkedout, borrower

= available, borrower
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6. SE/NT X —a{LiiE
CafeOB) D ET R EFHD—DIZ, BRED/NT A — 5 {LigHEdH 5. CafeOB] T
i, WIRXA=F3DHEFSELNTA-FTHIENTES. KETIE, SRS
A—FBEE TOEEWEZHET 5.
module FUN[X Y :: TRIV] is
op f_ : Elt.X -> Elt.Y .
endm

module MAP[X Y :: TRIV,

L1 :: LIST[X],
L2 :: LIST[Y],
F :: FUN[X,Y]] is

op map_ : List.Ll -> List.L2 .

var E : Elt.X .

var L : List.Ll .

eq map nil = nil .

eq map (E,L) = (£ E), (map L) .
endm

MAP X, VR MDOERREFICEZ ONBHEEHESES, VA Moy TR
BIBEONIA—IHEET2 -V THD. MMPDONT A—F 11, 12, BLUFE
B#HT2EV2 -V EThTANRT A—F{LEh TS, &5i2, L1 L FORIHD
FITNRITA—FXHBREEN, REFOHBOBTNRI A y2fEFEINS,

REBZNTA=FHPFLEWMOY — PRHAZHOEV a2 -V THBEAL TV B
&, EDY - FRERRINIA—FZOBHICL YR ShD., LOFITERIZ,
FUNICHbN DY — PELL.XRELL.YD X ) IZV — FEDEAIIINT A — & 4% 58
3HT, x¥BLTHASINSEY —PEIt LY ZBLTMAESRSE Y — FELL DX
ahs,

MAPE VT, VR MOERERLE2ET S, BHREOV A b Lovy 7TH%kERT
EFEVa-NVefioThi). BARBEZ2ETAHEMBERTEVa— VX, aT%2fo
TRDEHIZHFIT 5. :

module DOUBLE is

using NAT .

op double_ : Nat -> Nat .

var N : Nat .

eq double 0 = 0 .

eq double (s N} = s s (double N) .
endm

MAPDBFILIRRD L HIZL TR END.
make MAP-DOUBLE is

MAP[NAT,NAT, LIST[NAT] ,LIST[NAT],
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view to DOUBLE is op f_ to double_ . endv]
endm )

CCTEELTHRLYOWR, BUDZoOC2—I2kh, NF A=y xBLUNS
A= YEHPHTEZONOTRIVENAT DT, VY — hELt &V — b Nat 25t IGftiT
ONTVBHILTHD, /87 A —F XIXLIST[X] & FUNIX, Y] DRBIT, NFA—Fy
I LIST[Y] & FUNIX, Y] DB TEREREFENRTVWEDT, BEBYD=ZEODE2—T
Elt & Nat 23T 2L Eid v, SD7®, LISTINATINDE 22— TCiIRO Y
2 —AMER, HHEDDOUBLEND Y 2 — TidifiH £ & double % MGt} 3 7513 ¢+
7% > TWAh, MAP-DOUBLE H, BRRMICILRDET 2 — LW,

module MAP-DOUBLE is

using NAT .

using LIST[NAT] .

using DOUBLE .

op map_ : List -> List .

var N : Nat .

var L : List .

eq map nil = nil .

eq map (N,L) = (double N}, (map L)
endm

CIT, ERBMASITWYS, $25WELISTINAT] 2 DOUBLE 2l U THIA ST
Vi NaTRE—HEN5,

CDL) BREEENT A — F BB AR TR L o TRLHOUHATHS. D L,
COBBENZITNIE, MAPIZRD L) 22HDET 2 -V TCETOERBL (XN
5.

module UNARYFUN is
sorts Eltl Elt2 .
op f_ : Eltl -> Elt2 .
endm

module UNARYMAP([F :: UNARYFUN] is
using (LIST * (sort List to Listl,
sort NeList to NeListl,
op nil to nill,
op _,_ to _,1))
[view to F is sort Elt to Eltl . endv]
using (LIST * (sort List to List2,
sort NeList to NeList2,
op nil to nil2,
op _,_ to _,2_))
[view to F is sort Elt to Elt2 . endv]
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op map_ : Listl -> List2 .

var El1 : Eltl .

var L1 : Listl .

eq map nill = nil2 .

eq map (E1 ,1 L1) = (f E1),2(map L1) .
endm

module ENDOFUN is
sort Elt .
op £_ : Elt -> Elt .
endm

module ENDOMAP([F :: ENDOFUN] is
using LIST[F] .
op map_ : Elt -> Elt .
var E : Elt .
var L : List .
eq map nil = nil .
eq map (E,L) = (£ E), (map L) .
endm ‘
EMO_2NDEY 2 — VidE#IE (domain) & fHIE (codomain) »*FRLb~vv S
BBRZETLOOIDTHY, HED_ZODFTa—NVIIEFRIZLEBRFRILTHS
2y THBERTLODLDTH L. BHED/IT X — 5 {Li#EE v Tid Lcwap
CHAT, BRI, RBEPFHALDMR, AHEIELL(ES.

H B

BAEEE O PHERBROETEE L F AR SEE CafeOB] DEEEIZ DWW THH
L7=.

A7V VMBI AEERKRTRESND L) %, HMLBHARRLREOE
Ta—VTHRENLEY I Y27 VAT ARREICE L EAD D, KFETHHL
TEBEDONT A - BIBR DL I BV T V2 T VAT LD E NIRRT
5 ECULBERRELEMATHS.

CafeOBJ i3, HBORIED LF & L ETITRERIOMZ, FMARAMOZEAICLD
A7V 27 MERET) VDX BITELILE, BRI A2 {bEERFOZ
b, ERMLERMRTETHLLELS.

BT XA — BRI EY 2 — VOMEKTHY, V- FHOBERKIE, v—1
DWARTHDESL D, AR TIIBLd o722, CafeOBJ Tit 7 I A DKLV —
FOERTHASNS, ZO2EHOHROBARLRUY G HFEELZ LR, VT T
TXTYRATFLADHBERBD FEROFERICOEDI D, Thid, 5K(DOKRELFEAT
Hhb.
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CafeOB] DERE/¥ 7 X — & (bl % SO G LgEIX, HHIEDT, Martin-
Lof OREER O BHRANBHAATH LB ANT V7 VBB (locally cartesian closed
category) DPFTHO THRICERE NI, REDHBIIHFEMIBELDTI
TRBAN L2V, ZOEBOREIR, ﬁﬁﬁﬁ@ﬁﬁkbwT$ IR EETH Y,
EHDESHOBREHEND—DOTH 5,

CafeOB] SiEMHERAIY, PHEEEL H IPAFEM LY ¥ #B L T—RIZAREINS
FETH 5.

M

CafeOB] DB IE, BFHMAEHIZR (BRM) SEYRAT7AMARICBT
HMRBRICETE, BRI RH M AR AYE (LEERK) LORE
RGHIBROTIC, IPACBI 2 EFTREEAECKSHOMARE 0V 27 ¢ T
HEDLNTVWET,

iDL 7OV s P A=), KEEEOWK, BLU, 7O
Vxy P eWiaE, MXEESS, BRERKCAESBREHBD LTI VIV
TAYIERZOTILT—F Y FRROBERCBHVALIET. £LT, EEOHR
Wt U CHREL ST E AR LT % { 72 & 57, Oxford k¥ Joseph Goguen#i% &
SRIA ~ % —F} 3 a F )b José Meseguer {12 &2 LET.

R%C, BEAZ=V R () OBRBEL7EIF4 T2y —BEIHEDIETD
FLICRVBHOELETET. COHLDBMT, EELRFELIEIF4 7
Y% —I2T, OBJ & CafeOBJ 2OV TORWDTHEHRE T -2 a3y TERLT
TR EFE LA
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BIETOT S LMESSTRI VY a PRANEEANDET]RFE

A Method of Reversely Converting Communications Program Specifications
into Production Rule Specifications

# W “, @ & B, X B B

B W @E/urIiMBr0ESHo Y s Y s YR ROMBEICOWTIREY
5, Y—EXEGP )R TRBTELMETOY 2 7 a VRIS, BETOT T AL
HMAERS L2 ENTED, 7O0¥ 7 a YHAMEETE, 2y bVI9—2% 75 v 7Ky
JAETHRAUTERTHI EHTE, FHMRICIIAPTEELDTHS. LarL, &
70y Atk Ry P2 NORME AR ELEET S, BEOTOS 7 AMERS LT
0¥ sy a YRAMBAIZERTENTEED 7075 MO BRI AU BT 2. 207
DBEPR-AFHE 70 ABEB OB L HAGHE THEERESTH. Thick, BF
BEY-EAOBAAMIEE L.

Abstract This paper proposes a method of extracting declarative production rule specifications out of
communications program specifications. It is possible to convert the latter which allows the plain
description of services into the former. Production rule specifications consist of the set of rules which
enables the regarding of any communications network as a black box; thereby making them accessible
to even non-experts in communications networks. In the meantime, communications program
specifications call for a good knowledge of networking. The availability of reserve conversion from
exis‘ting program specifications into service specifications helps boost the re-usability of pre-converted
ones. This reverse conversion entails a combination of a case study technique and a process-to-process
communications analysis technique; thus contributing to the increased re-use of existing communi-

cations services.

1. i L &

FTETHEELR, SHET2EMCHLIBEY 7 MY 2 TORRTEIZ—F TS
T 474 OLERIMIERTYD, FOEHD/DHITIE, Ik > THR
%, Rt DITHVERARDRELITHIZETHD.

HREEOEWIOF 7L 3 YHAIEEE L TSTR (State Transition Rule) 2%8% &
nTwa, ZOFEHETIIERG VAT 205 b O BRI R HROIENEILZ 3K
BT A BRRDEETRBTH LA TE DY,

VIFEFTTIE, BERMAETH 5 STRESES S, 7075 A48 TH 5 SDL'~DH
BEREIT> T b, SDLAKIARRKERE L E7 LV E L T TRBREDICER,
Y37 4AANVERBEL, BOERLTWA, LHL, SDLAII V7 by 27T
OEFANIEC, BREICEALERLRC TERIA LT 272125 2MRTFRRAED
ROEPHHIFF L.

77T AMEHED O BERABENDOHERIEIKRS L& TEB Y, SDLAEI L A
=TV =Y AFr—b (MSC) ~DHEW|AH BT, LrL, MSCIZBWTI,

(537 17
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BREOBRBTYBAVICERL2TER ST, ERAHFETCOFFAKICSVCHAE
NELEEZD.

e, VYT TY Y FIBTAEHEMOERIIBVTY, BEOS YT X
YISO EREBEZEHL, HFLWA YT AV PANOEREFoTVEY T, L
L, BEDA V7)) AV oM SN 2EREHIIEEDS V7)) 2 FORE
TERERLTVS,

RETIE, RESEBBREAVCRERINZTOY S LA (SDLAER) »oFE
KA TH S STREBAHET 2L W) YN—-RAZyTV=T ) V725 T5. L
ML, SDLA#ED O STREFRANBEZEIRITIEZOOREN D 5.
SDLAMTIZAMRRBEBRR 2O TRELETEHR LLTAIELZLT, 51T
O—ANVRBABRDOBEVAT LANEDBE L ERTILENH S, STRERKTI,
HAEAC L VRO RBEOBEL RO T I EATE, Yao— ) vEnitic X h5&EiE
VAT LAREOTO P AN EERTLILERENEC. T, REBORRFLIBET
ZLEHLEV. THOE- L b OB HET, SDLAKS b STREARAND
Rz, EEEA>r Mo BERANORMEE - VERL S 7T — 2OV BRI
DRBENFELET 5.

ZEBAL LR EANOREIL—F L OxEEr AV FERHEEL, a—%
WVEBRAP O 70— NV ERBNOREICIINESES 2 BWICEITT 2 2 LIS L DR
o7z

Zhickh, BEOELOBEEY 7 My 2 7% STREHZ BV ERRET T,
FAREBEOLI LN TE S,

FEOMBILTO®) Thb, 2ETRBEY 7 M7 2 7OHRGHEL STREH,
SDLAA DB %R D. 3ETII L Dik% SDLAAR L 51X STRIEHEANERTE 2
PEBRRD. 4BTREEROBSYFHEL, SETIEDELS.

2, @BEV T bz THIEREE
STR-SDLHEIZR I AF A TiE, 7%y ¥ a YHASTREHE» S 7075 L8
EEBANOEBES TR TS, Bl TRT L), EHMRLROSTRIUEMKE 4
BL, 7974V —NVIZTHELEPOBEY—YAONELBEHKELLTw
{. FPNSTRERICFBERIRITEHEDD LWV ) ICKBIREY — NV, HEY — N
bHE-PLTVE, O CERINBEY - AL HET 5 STRILES S,
VAT LAERBETAIWLADOLY T4 T4 DRIBVERBT 27075 AEHA~D
BEIERA 2 Sha, ERENLT7O7 S AHBIIXEL LTOMEEZ DL, 5

{STR&m]_*[gggﬁgggﬁ]_.[soLﬁﬁ]_’[ c E]

SDL, STR
WERD AT L
1 BEVI I TREBBEUERHR

Jatl]
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CEBERETALDOICCEERTHL TS FaNERREND,

70y g ABEREITIER D SR, IZIEIEATE Y, FOFRIREES
M (FSM) % ZEARIC L7 SDLAMATE R &R, £ D70 b 2V A SDLAR
WKTRBREhEEE L TREINTY S,

Zihb, SDLEMTEI N AR 707 5 a8 % STREFICERTE L
12, STREFIIFEEMFEHZEOLD, RF, BREBNMOBFLHEIIKREBINTDH .
A, YN—REyT=TY 7 LTHRET 5 DX SDLAMD b STREIEND
Tt 5.

L L, W% 5540 SDLEE2 & TSTREFICHEEIRT 5 ERATRETD
5, FOROMENRAT v 71 & LTSIRY2SSDLADZERYT 270 b aVvEER
L7:SDLO A% RO R E L,

2.1 7Aa47a HAATHREESTR

STRAAER [BURE], T4 XV b, FRIRE] O=o0B5roERINS. K
B3, BkoKEE, B 2WMKEMOBRTHRIAIND. KB, KBEE?»L
BREsND., 7Y 3IF471], BROBVICIIEHFOLKRE, WRMIEOLZDD
ERERFED. 7Y 374 THBOWEMEDONERICE, 1ERBNbDL, 2
EEPLRLLDONHL. EL5DbNDYG, H—ERICIBERROMKERET
5, EIEBIE, BS—EROBRICEEIRTVS L) BREERT.

A, 2o k)icidlmahs,

ringback (B, A), ringing (A, B) ofthook(A) :
path(4, B), path(B, A)

2 EEY—E X

A B
! ’ ofthook(A)

path ooo
R\
<8 0oo

B

E3 STRiGHEREBBA 21—
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X2 0N [HRADEERBL ST LI TV 28, WRAD offhookd
L, KA, BECEEREISESRTS) SEEHELTVS (K3).
STRHAEDBIREIIBNT, A<V MERAD S STREFAICEB S LTV B
KIS HRANFLET S, ZOLD CmAMOEBEELRRBT S, REXLD D
T I7RBADEFEL TS
STRUHAEHOBIREE A RV F 24 DETINVDEFMT T 7E LTRRTE,
RIRBL TNV DOEHMT T 7ELTRT I EDNTE S,

B2 DOSTRAERICHT A7 T 7RKBER4 \TRT.

KesEn

nnglng ringback path psth

———0:;>®———‘0

4 STREGRICHT 3 T57RE

2.2 STR{t#, SDL{T#0DEAFR

mkﬁﬁtﬂnﬁﬁmﬁ%bxuﬁﬁ SDL ft4% 4> & STRALHA~ DA %
R

BOEARR IO a v VAT ATR—EHEV-VERFETH Y, STRE
BOEBLEMYREoTwD., BALHBEZMRELTVASSE, T4bL, *v |
7— 7 DK (ERELIER) H#STREROBEHLFREZLE L TV HEICSTR
FEIAREE S IKEBEBLSB 2 5. Zhixt L, SDLABTIXERE L SDLAKT
HRENTVIRENELE—FR LTS L EOARBERIMTONE. 20X %
HWEIEA Y EaEA IR, Z2BATIR, EBTIRELETIRELRZTA
R 5R2VOIHL, BA—SEACRUEREHFOALBBTRITLIVEW) X
Vo bAH5b.

i, Ay MU S&EOREBBYEAT A HFEEL IO — VR, FY T
— 7 HOBSW LR REBRLERT A HEL - A VEBERE. FO—/ULEl
CREMAESIIRT 254, BETO P INICETIHBIRETH S, THIH
L, O—#VEROBEIR, BETD I VKT 55, BEMEERY T
I EEORIEE S 12010, B4OREEZ—DKIEDILDIBFEFTORIMY &
T5. CORFTEARESLIFL.

L:AoT, 2y b7 —2DFEHEMRICE-T, 2y M7= &2kl sIl
B/ o—SVERTHSEROEREHENSEbLVEER S,

HEERE L BHEOBAY LRI —HEA L 2e—FEAC, RiEOBA
PO FO—NLVEBET—H VEBICHELL., ERTRAOFHEMAAGLETR
O 4EHODRENELONS. HSICTHHAT 5.
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GE 1(.6,?;"?5;;";3') - G C (Global Complete)

¥

$D S TREANHE

L P (Local Partial) LC (Local Complete)
(HIEBEE) —_—— (S DL BBttt

5 STR, SDLERHE

- GP (Global Partial)
STRHEDZ L 2Bk 5. ZO—NVEBRTHSI—HEHETRET S
B E Lo TS,
- LC (Local Complete)
SDLABD Z L #EH%KT 5. O— AV RRRTHLOEEEMEERL T
5.
+ LP (Local Partial)
O—ANVRRTHRTEROY LS. Tk BALEBEMEE S,
- GC (Global Complete)
7O— " VERTIrOZEEROBEE V). SHOERBETRIFEL
T\,

3. STRHENTIRTE 5 SDLITHDET IV
BEFE D SDLALHE % £ TSTREEMBALRT LR TELR VDT, HRET D
SDLH#E 2 GIRT 5. LLTFDL&B%ii7z LTV ISTREBEHAERTZ 5.

o SDLAKED 7O ADBNE LIBKRDENZH 141 TH B
SDKH# EN 7O L ADE X LHKDEEA 12T 1 THY, ThEhDT
O IREHMTHLIE, TOLRiZidleREISIHET D idle IKENESL Z &
PULETHS. H6IRLTHD L H I, STREFOEBIZI DT AE%R
BEROKREEAFISRITANHLTA XY FEE Y 1T, WROKRE
b LT RMB LTS, STR2HSDLAKMRT 5 70 b avilik
STRHKOEKIDDE X2 b LIt 7O AL ERLTHS. FD7/zi, SDL
LD 7O RO EIISTREHEDERIDDEHE LRI L TRTRIER 6%
v,

® SDLAtkHORESHRI LTS
SDLAHIZERKEBBBRTHLDT, FAFLOBEBERICBEVWTR
BEMNEET S, CORENFOTOLRAZHRLICEERAMS 7 7 TERAT
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1341855

| SEBEMET R

| s gy

NSRS
o
70t X

| S D L HigB{ER

6 SDLEO7OtXEWmAKNEE

E23DTRITNIERL R, fl2IE, B0 A» S pathAiE bR T
‘bHpath (Q0, Q1) &% 5. QUIZHZ7OLAIDTQIIEFUSND 7O
IDOZETHE, Thh, 7TOLAEOBEBRERTOIDET) IT74 7L
A,
o H—MLNBEFTDOE X
SDLA#%II O — A VERTHEDT, AEEFICTHY P T -2 AL ER
L, STRAHICHE Tz F 2 REERE1T.
25y 5345 D SDLA#: AT STR-SDL H Bh B OWNEME S OB ER L 7
Oh I THEANTYS I EDBETHEY, CoT/Ohavbid, 4>
FERROTZORAIITO—- ANV RIRELIER L%, BEOH570ER
~NEREFERETAH. O, SDLAKEDIRREBHRDO 7)) 37 4 THDE
ETH70LADARBETLEETES. AHBEFERE LA 70,
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An Evaluation Method for Software Review Quality by Imposing a Test
on the Reviewers
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Abstract The later bugs are detected in the software being developed, the more it tends to cost to fix
those bugs. That is why each process of general software development requires a review for an early
detection of bugs in the resultant product of each process. The review, however, does not always help
detect all bugs. Besides, the bug-finding rate largely fluctuates depending on reviewers' skill and
experience as well as the amount of their labor required for reviewing, and so there are some cases
where the rate marks an extremely low level. As a result, there arises a need for the development
supervisor to take some precautions by perceiving the possibility of such a fall in the quality of
reviewing. Once bugs are missed, they keep existing till they are detected in a later process. That has
so far caused the difficulty of such perception.

For this reason, the authors joined forces to study an approach by which to grasp, in terms of
quantity, the quality of code reviewing which takes place in the processes of coding, right after or
during a review. This paper proposes a method of quantifying the quality of a code review by imposing
an easy-to-answer test on reviewers immediately after or during their reviewing, and additionally

reports on an experiment for which the proposed approach was adopted.
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A Method for Determining the ' Tangent Lengths of Ferguson Curves
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Ferguson i & X i¥h 5., —oD Ferguson fiffid, t7/ XV MEREL I TORBENY
FVEET D ERE B, SDBE, BRATOBEN, PLORS (B{E) OHHAK
YRETHLENDS.
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Holz. ,
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NBZE%RT. I, HBREY 2 ¥ Foigacik, FElE o BT mi L &k REM
T5 [SHEE] L IBTFECLIIBREREHECIRET 5.

Abstract Known are several methods of creating free-form curves for the geometric modeler of a CAD
system. This paper addresses a method of creating a piecewise cubic polynomial curve by specifying
both the string of points it passes through and the tangent directions of a curve at an individual point.
Each cubic polynomial curve interpolating adjacent points is called a segment, which is represented by
a Ferguson curve. Each Ferguson curve can be determined through the definition of coordinates and
tangent vectors at the end points, and this instance requires the lengths of those tangent vectors
(tangent lengths) to be determined in terms of their degree of freedom.

The traditional, experience-led method handled the tangent length of a Ferguson curve as a chord
length or a circular arc length, but its theoretical background has not been made clear. In fact, the
conventional method could generate a segment with an abnormal swell in its shape.

That is the reason this paper is intended to present an approach, with line segments and circular arcs
being basic shapes, by which to determine the tangent lengths of Ferguson curves as their affine
transformations and linear blendings; thus making available high-quality shapes that satisfy the given
conditions. For circular arc segments especially, this paper proposes a new approach called the “equi-

area method” which optimally approximates the areas enclosed with arcs and chords.
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P OGN PVTyOMF R (=T, /1) KEVLFEEREBIEIEZRHFO0T,
REEQutT5. ZAFQQ.Q, I IEM 0 DZED=AT 2 5. FLORIIZ
| QQm ! = | Q1Qu | =1/(2c0s 9) 4-2
ThH5 (K13).

nn

H13 ARsr-XTOZFEI=AK
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14 HHEWH

T IT, ZAFQQ.Q; % 2K Bezier HRNBIM=MAB LEXTHEL ). -85
2K Bezier #iff C(t) i3
CH=01—1)2Q,+2(1—HtQ,, + t2Q, @4-3)
Lhn, Zhiz, SIHSARICRET 2BWRME 52 Tw5b. (2-9) & Y 3K Bezier
G RHET LA S0ohHEHIEHAP, Pyid, 2QuQu QQ.2%42: 10k
KDY AETHE. TORTHEQ, QITETL &) KELESETHHEHEHMNEZ
B2 L, 3R Bezier HADOFRGBAPHRMA S RBICHMISIEIT VT WL, $4b
b, Hs#0<s<2/3D&HTHEIH LT, 3kBezier iR DL K
CH =01 —1)3Q, +3(1 — )P, + 3(1 — Ht*P, + 3Q,
P, =1-9Qy+sQq @9
P, =1—9Q,+sQ,
%25 (K14). FREFHEP, Pid3iQuQm QQulb2EPLTVWEDT, %
FOBRCHERETOERRZ PVOAMBARETHL I LICERETS. T4, 41
HTHEELASHELS, HsidilQuQum QQaTHELL LS.
COERTHs 25, @-41C X 53 KBezier i OELEHLER L & 1.
—fEic, stk &R L7223 Kk Bezier B4} % Ferguson BiiE XM T5 &, #
BMEIRE-1DEE-DEY

| To |l =1 T, | =3sl/2cos ) (4-5)
Thab, L ICEWGEROEER, s=2/3L )
| To | =1 Ty | =1/(cos 8) (4-6)

E%nh, ROBEHBREBHRIMERZLTUE-ICE VBEBRELRD L GTELER
BT TRl L LU, fERED—DERET.

4.3.2 AR ERE

Ferguson Mi# CO\= & 2 MO E L CoAtd (Bl ECmY) w&#prhTw
ZHBEE, NTATt=1205CA2)NHROPRLEAT 5 &) ICHRRERD
2HETHE, ThEARTE [MRPRERE] & &8 (K15). COHFETES
BRI

[Tl =1T, | =2I/Q+cos 0) -7
s,
INESEREROBE,OEZDE, @-D)EE-NPLFHsIE
s=(4cos 8)/(3(1 + cos 8)) 4-8)

&b,



Ferguson AR D EMBERED—FE (671 51

AP L
Fergusong i

ma

@15 MRPREEE
433 @ H E &K
PESR D PRI D REE LA lAR & PPl & DR KEENIEREICIER LTw7oas, B
ShEZRTIRBN B, O, WREZTHINIFROEHEMRELTH
FNLEHOERICHKDELTH2EVIRIELIRFT2IET2EE LS (H16).

thiR&sz
DEr3MFEOHEIES
( \\\\ )EB

A&z
BlEnatdo
Tiise (/777 )88

H16 mEiREIR 1-S/Sc

T, MEROLE LT, ROKIIXERT 5.
1= (81 & B TH T h 2 FIRO WA/ (MR E 3 TH ¥ 12 FIRD H)

AT, ThAERKEL L8, IFLSEVIEEIREARCGEDL T B L #

5.

3K Bezier HiR D% HZTH(U-4) I2 0V T 4« DIRHEIEI R L, %lts LB 0

(V7 Y) OBKE LTELAARYKRTHS GEHIIFH2TELS).

FTHEB (Ml —X TOERBIRARK)
3K Bezier AR DF AT (4-4) OWHHELRET X
I=(3/10)s(4 —s)(tan ¢ sin @)/ (0 —sin @ cos §)
TEz60D

Al — R 2D WT, FEREIIC X D) Ferguson MG DBBRE RO IHE, BT
53R Bezier il # AR EEX, FOHLLERBELRDIERD L IR

5.
1) BhRE
FH s=2/3
EREIEIE © 1=(2/3)(tan 4 sin? 8)/(6 —sin 6 cos 6)
2 R
=3 A s=(2/3)cos @

TAEIEE . 1=(2/15)(6—cos 8 )(sin® 8)/(8 —sin 6 cos 8)
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3) MR
-3 A s=(2/3)(0 cos 6)/(sin §)
HRIRE © I=(2/15) (89 sin 0) (6sin 8§ — @ cos 8)/(6 —sin 8 cos 8)
4) e @A E
e s =(4cos 6)/(3(1 + cos 8))
MAEEE © 1=(8/15)(sin® ) (3 + 2cos 6 )/((1 + cos )2(8 — sin 8 cos 6))
COXH s EERIBEIRISFERICAE 0 ORBICR 5.
0< 0L n 20EHTOZEBDO IS 7, H V7)) v /EOE*HITICT LD B,
ChERDE, HlhAEAEY, LOMFEIICHLTOIRELTI=1 (BUNER
F1EhkEW) 252 TBY, #REOFTIHAANOEPEIRRETHD Z LS
bhrb,
434 F @ | &
LIADVHBIEELVIHLVWEBETEZ L L, BHICI=1%252 2% EE
T5.

FEC (ERBIEE 1ICT5EROFEN)
32k Bezier Mi# D F T @-4) O hICHFEIRIESD
VIR B2ERSHHEET S, ChIRTHEZILNAB,
s=2(1—Q—1(6)"?)
Iz, (0o DB THY
1(0)=(5/6)(8 —sin 6 cos #)/(tan 8 sin? §)
Thab. I, (VIEDOEHFBEERT

FHECOIEHIIIEITEL L., HHsZ0DEBLLTT I 7R LADI K18
ThHa. PP EEBEOEREED 7T 7 (H17) EDTUTWE Z Lishh
5,

CCTCRENTERPHLU-S)TEREYROLIFHEY [FEEE] LRI LI
15, SEMAEE, THEECESY S, Ml S@EE iz 55K EOMIEE
FETH A,

4.3.5 MAMllYT —ZX TOBFEOFME

Ml — R DREERE L BB AN PV ES 2T, £FETHE SN2 Ferguson
MOTREREL 220219 TH 5.

Mol Sl & FERECBY 2 ERRES A TwAI EbR s, CD2FE
B oPREVE ZIHROENREL, FEBEDOHFAMBIKIGE. 7221, B
EIZELBNB 00 (KELTH /37T 7 =60KI12L) TidMlr SRk
THRFTH5.

5. —fr—ZADEBRERTEE
51 —B5—ZADEH
 EREEREL, EXr-RLER LAV - A% [T —A) LIRE —#&
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Ferguson D ERRREN —FiE

(6573) 53

7
== x x RIDWE
R 6l oumix
R et €3
. ~\ o M s,
NN 5| OmMdARERE
N
SN 4
-‘\\
x WA ‘ }\ 3
O3fik N
emm AL TN 2
DR+ ARiB% 3
"\
K
. \‘QD ! e S
Fh s < mati 1
02 04 06 08 1.0 12 14 16 0 02 04 06 08 10 12 14 16
8 M3
;4 YTy | KWK % R Ao EE | &A%
1 0.017453 1. 000061 0.999939 0.999980 1.000000
15| 0.261799] 1.014131| 0.986251 | 0.995404 1. 000009
30 0,523599 1.062250 0.944585 0.981292 1.000142
45| 0.785398| 1,167959| 0,874250| 0, 956684 1,000771
60 1.047198 1.410040 0.775522 0.919927 1.002695
75 1,308997 2,192043 0.651443 0,868683 1,007534
89 1.553343 24, 859588 0.3519117 0.805187 1.017551
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Bt 45 [ 3

ste 4t —
st P yEyr—
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i

FmRk 45° Ml mlaB ik & SERE  85°
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T—=AERDI Ty — A ZFHINS.
1) HEEmsr—x (X20)
ROIEHEHITHETHD.
@ HQeQ, EHEANY MVT,, Ty F—FHLEICHS.
@ BT PVT,, Ti29%QeQ, L Tl 2 m <.
® 0<8,+6,<n/2
@ L ), Ferguson MARIIFHMMTH L. T2QLY, HHIIEQQ,NE
BE2%5c L CEEERETH L. TOr—A% [HEKr—2] & XEEfI
522MHDBERTHLPIIR S,
2) FESFHHI—2 (K21)

To

Qo Q

21 FESTFHRT—I

KO25MEHTHETHD.

D HQuQ, LEHNZ M VT, TyHEA—FHLEIZH.

@ BN PUT, TyDQeQ B LTHE—f%mL,

HHVIE, —HDOERNRY PV EFTTH 5.
@ L Y, FergusonMiiiz FHE M TH L. T2QL Y, MBI SFEFIEE
LRSS, 2T, ZO7r—A% [FESFHMRI—X] L LA,
3) ZERfy— 2 (XM22)

..........

Qo

F22 ZREERs—2

FQoQ, LEMANZ P VT, TyME—FHLICEWT—AThb. ZOHRE, #5
N % Ferguson Hi#IE T _RCEMMBRIC RS, £ZT, O —A% [ZERBRr —
S IR

5.2 15AKY — 2 DR

5.2.1 M —ZANDIFE
¥y — AT, £HEOQOM 5, MM Qo LHEHEMRNY PV Ty HFAICED
BABEME, BEQ POREEHY VT, DM HR (—T,HM) ICEVFER
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ENRBEFODHIRT — X EEBORBTH L. ZOXREEQ,ET 5.

ZI LTEAEQQ.Q RO ND Y, £H@DLOMINr—X LR ) %0
ZARCRRZO R, EZAH, AR QYKL QQ, K FTICRHLTQ, L L,
ZARQuQn' QP ZHL=ZAT (Z1QuQ,, QD) b L HICTES
(23).

K23 tAMRr—ZADNEZH

COEFBPHREDNT 74 YERAZIVERINRL, ZOT7 714 YEHRAR
AQ)=Q, AQY=Q;, AQY=Q, 6-1)
NP SZE S IYECY (%
ZHEDEAR QQLQNELVEADHEEZ LT E,
cot 8 =(cot § o+tcotd )/2 . (5-2)
DR DD, ThoZHFD=ZAPA~OEHOERHIIfFF4 TS X 5. \
CHLT, AEIOMNRy —RREENOT, By —A0ORELERT 5.
FEEE (b2VIRMANFEEEE) XV SEhs2kRd, AREZEMNT 53K

Bezier 143 ‘ .
CH)=(1—1)'Q,+3(1 —t)tP,'+ 3(1 —t)t2P,'+ °Q,
P' =(1-95)Q,+sQ,' (5-3)

Py =(1-9Q,+sQ,'
XB5. T74VERAOHERA-L (BT 74 YR 2B G-3)ICHLT,
HARCH=ANCO)CET L, 774 YERIFEEEDOI L, B XU Beziertfin
T 74 CARERER-13)IcLE Y,
CH=Q1—1)3Q,+3(1 —)2tP, + 3(1 — Ht?P, + 3Q,
P, =(1-9Q,+sQ, G-4
P, =(1-9)Q;+5Q,
/D, 2221, Pi=A1(P,)"), P,=A"1(P,)&T 3.
FHsMPREESNDL I EEETS.
3R Bezier AR (5-4) IZ¥F 53 % Ferguson HI#iASSRO 2 b D Tdh 5.
5.2.2 FEOMKMENER
ERU7=F3Z, 774 YEBRCHY — 2FE &8, MILEBE LT 7 4
YERTLIDTHE., TIT, RERRTHLIMMEAITCHT 74 VB RT B E
XML ZAT QuQuQ BT AHMALFE SRS, LdoT, HMiG-4)i34s
MDA A S5 X Twd I itk b, Kr—2% [HAMr—2] & X EDI3,



Ferguson B DR ERED—F ik (577 57
ZDDTHAS,
5.2.3 fREEDHE
0o=n/3 (60E), 0,=x/6 (B0F) DPEI, FEHEELTHVTERLERDT
BonspiRE, #kE (BiRe, BED:, MHES, FHHMEE) LoRiKkk
BEM24128T5. SEAEFEREICEBHLERLE L (A LTws05tb
5,
B, FERBECLIBEREESDREICETOBREDO Y -2 2o T 5, BRI,
COBEOEMBIRTH MMM RIS (HFBEAL) MEafhEicd57:0T
55,

RARE ERE

|| gy

AUMEE EHANMKEE.
%

24 HART - TOFEHER
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5.3 FHESFehiRsr — X DFE
5.3.1 AM4Yy—XHD3WVEAMWMT —XIADIRE

T, CHELOBHNZ PV QQ, L FATTRVHE TR .

BN PVTo 2 QoQ LTI VEL XY P vE U, FRICT, %3ICH
LTI EL7RY MR U kT3, 22T, 240 Ferguson B Co®), C,0%K
DEHICEFHT S (K25).

Co®)=H, o®Qo+ H,, ,)Q, +H, ,®T,+H, ,®U, ]
C,)=H,, ,®Qo+H, ,®)Q, +H,, (U, +H, T, (5-5)

SHEUIEWICARITH Y, Ay —A2HERy — Xk 3, £2°C, FHAE
(HHVIIARFEEBE) L2 RELSEHs2EDLIIEHTE L (Ailldbo W
IIASFEROE L), CHICEVERE [T, =1 U l, U | =T, | ¥ RE
Sha.

%72, 2B D 2k Bezier FIH=ARIIARATH Y GLICEL T DELOBRIER),
DL T3k Bezier AR DOHHEYHRFE 29 6,

Uy—To— U, —TP=0 (6-6)
PHOLT 5. EHOFMIIFES TS5 X 5.
o THEADS, 2HECoH), C,ODIKRTL > FHZCOIRBRNZ F VT,

T, % ¥ Ferguson Hi#}
COH=H, ,0Q+H, ,0Q,+H, (OT,+H, 0T, 6-7
E—FTAH. TIHILT, ELHDENZ PV LEPATTLRVEES FH#HBT —AD

RE R EMEFRE SN,

25 FTESFHRT—ANDERS

5.3.2 ART—XERDT—ZXDIRE
RIC—HOEAENRY VDI QQ, L FATOH &K . TITiE, T\ LLD%
THEQ ,D0DBEELERD. Ty LORTAKE O HODGHELFEKTH 2.
WEERTAEODERNR PVEEZ Uk T 5. RERTHE DEHRRT PV
I L TT, ¥z & ) U, &3 5. 24D Ferguson Bi#R Co(t), C, () ZRD &
JICEETH (X26).
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y
~

ol

26 <FESFHHR: —HDIENXT PSR EFT

Co®=H, ,()Qo+H, ,Q, +H, ()T, +H, ,OU, ]
C,H= Ho, o(t)Qo + Ho, 1(t)Q1 + Hx, o®OUp + Hx. 1OT, (5-8

B Co®) XMy — AD&MB %G/ 30T, FEHE (55 \VIZHNP SEEE)
WCEORBLEFHsEZEDT, BRR | T | =10, | 2RET 5.

B C, OIS r—ATHD2, HMBMC,NDELsIZ0<s<2/3D&HAIZH D,
0<Bs/2)<1.h6, A2 THBELIHI T —ATOENY PNVEROAEREHA
L, X CERNCHBIERBGs/2Q2HITT, 11U, | =Ty | =@s/2)1i2k hiEH
RERETS.

ZDXIIT2HIEC,M), C,ODHERERD S &,

Up—To)—(U,—T)=0 6-9
PEILT 5. SEHOFEMIIFHSTER 5.

Lzd o THEADS, 2B C,H), CLONLXRTL ¥ FHBCHIZHEHR~NT My
T,, T, % ¥O Ferguson #ii#

C(t)=H,, o) Qo+ Hy, :(DQ, + H;, ()To +H,, ;(OT, (6-10)
E=HTH. THLT, —HDERY MHRLEFTOREORBERERRIRE S
-,

5.3.3 ERELDHR

FHEHSFHES — A2 T, LEFETHERRZROIGEL, RE (ZRE,
MR, PHMMEDR) L OBRLERER27124E1 5.

5.4 ZREBIEr —XDRZE
54.1 MRS —X - AR — A DIBHE

RDEHICETEEDD.
PL, :@3Q,Q, LM~y MU T % &4FHE,
PL,* : PLo®J B QuQ, #BERE L, #A~Y MV T I UL,
PL,~ : PLo® 9 b PLy* & Rl D 4-Fim,
PL, :9%QoQ, & #M~Z MVT, % &L FiH,
PL,* : PL,®J b QuQ ¥R E L, M~y M AT, I EVLFHE,
PL,~ : PL,® b PL,* & ORI OF-FE.
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¥R % MR i

\

\Wwﬂh&

PIHABEE FEHE

27 FESTFHIRT— X TOFELR

28 ZHEHRT —XDELE

ZMMR Yy —ADEHICL Y, 2FEPL, PLIZA—FH TR,

3T, %QQ, kHiEE L L, FFWPL,* % FHEHPL, " ICETREET, #HEHY
FVT kAL DERY VUL T 5. RIS, 55Q,Q, ¥ HEiEte L, FF
HPL,* % ¥ FHPL,- WKEJEET, #HRXZ PVT, ZHEELZDDEXRZ PV U,
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E¥5, ThH VT, 28D Ferguson i Cot), C,OERDE I IZEHT S
(x28).
- Co®=H,, ()Qo + H,, ,(HQ, + H,, (T, +H,, ,(HU,
C,0=H,, o®Qo+Hy, ;0Q, + H, (®Uy+H, ,OT, G-11)
2HBMIZBEVICERTH Y, Ay —2R b, AR, -2 5, £2°C, FEM
B (5P ERE) KX RS2 EDL I EXNTEL (HlH S
WIHELOMEEAR) . SHICE DR [ To | =1 Up |, U | =] T, | ¥
EI3ND,
T 72, 2D 2R Bezier HIA=ABIEMHTH Y G2 .02 LA EIEEOBR),
HEDF T3 K Bezier MR DI mARE B0 5,
Uo—To)— U, —TpY=0 (6-12)
PEILT 5. EHOFMIFERS TSR 5.
LMo THEAP S, 2HBCo®), CODIRTL ¥ FHFCOEE[~S bV
T, Ty % 32 Ferguson #if{
CH)=H, ,0)Qo+H, ,(HQ, + H, (T, +H, ,OT, (6-13)

5% e it M & &

FE MO & & & o

29 ZREERS - X TOFERE
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=T 5. 29 LT, ZRHMBr - A0RBELERESRESNL.
5.4.2 PHEREELDLH

EBETICHNLEMEHY — A 22oWT, LEFETEEEZRDGEL, 1€
ki (KRR, MEE, PHLRE) LoRREBEEZR29EBITS. EROK
BTN A Y MRROBRSAIFEREICHAREBR ML TwDE 2 EAT
bhhrs, ‘

5.5 —MI—ANELH .

DED—fr —ADBERXTLOL L, BEEHNAI M T LR EDLRTHEE,,
REIEHANZ MVT EREDLTAE 6, BRINEZLANE, BHEREANE
LTHETELIEPFDRS. ‘

0o 0,LDIOTHRVEEX, (0,=0,DEFEbEDT) HART — 2ADOFE
YAWT, G-2THEIZRD (0,=0,D5830=0,=0,), ‘

| Ty | =3sl(tan 6)/(2sin 8 o) ]
| T, | =3sl(tan 6)/(2sin 0 ) - (5-19)
KL hEREEHRONEI Y (0<0<7/210EE). 22T, si3AE IO —
ATHOERREICL 2SR THD (BHCO).
0 ,=0DFEX, WA r— A, REMCAE 0 , Oy —A2ERLT
| To | =@s/2)I ]
| T, | =(3s/2)l/(cos 6 ) (5-15)
b, ZIT, siAE O, TCOMMYy — ADERMEICL 2% THE (EHCO).
0 ,=0DHEX, HERICAK DMy — R, #EAIHRTr—AZEALT
| To | =@Bs/2)l/(cos 6 o) ]
| T, | =@s/2)I (5-16)
b, TIT, sIZAE , TCORMYy —ADEEBREICLI2ELTHD (BHC).

6. SHDRA

EAREZMLE bW r —2E, AETRIRE L e o2d, RE SO FL0
FREE LW BA» SR, RASHHENTERLRYLVESIEE LV, EBE, A{T
DEREROEXF 2 F0EIHBTELr—XAOHEET S ([30). T, HHE
BEEATELVY, LA ERERERLZ LCGRUBBREROOND T -3 55
(31, 145%6). LaL, REEHRY VVORTHAEIBEREE MM I5E
(M32) IKi%, HLVBEPLOFTRELZETLIERbIE, ThHoDEZHAL, B
OB EIET 508, SHRIKRSNEIORETHS.

Frz, FRTIE, 7 AV FTEICHMTICZOBRBREEEZZERE LN, B
LAY DA, BEES AV EOBRTHOMELREIRELONDL Z EXH
5. ERb0%®IT5 L,

1) #EERELEGEME - BET A Y FORE I THlFEIERICE D L)

kA Y MR ERET B84, 3K Bezier iR
. . HHOBHFIH AT S D0,
2 AT—NVEDLEEE - ZoL Ot 2 v FEHBHEMERE LTH



Ferguson B DEMBRED—F &

8sf A

ford QP\\:\

Qo EE RN
774 0TRT
ARy — ALIRE

30 EXMEEERL-ITVHIEALITFT—Z

To

He

Keée~2 My —~-=x

Tl
y

H31 ¥MH5—-2A

To

Qo /01

T1

H32 - BREDHADT -

(583) 63
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HEEZ 8K T 55HTIE, BETL L7 AV okt

EETOMBET A2 FOBBEOR (Ar—nk X

&) ZBHOMALE CHBIZT HLEND D,
ZEDHD. BRET AV M LOHEEEMNFBEOND L, EHET XY FOER
RERBICRODLZEDTELRL LS (FREROHPLIEZABTLEY). HEt
TAYFCRETIWMESGT CORBRREBROELIKRINIH2O0RETDH
5.

COLHIEKFTIRR L7 70— 5, BHBBORRKEEME (S5I10128H

HMIOFRRENE) ~OWRHEICBEL V., §HEIFTRELHEE - RRSIETVLTF
ETH5.

7. & b W

ABETHONLHT LVERITROE) TH 5.

@ Ferguson Bi##iZ X 2 5 LViENFE: (SHEEE) 2RLAZE (BH
C),

@ ZFOLOICERER, EREELVIRSEIRRLZE (EEB),

@ #HEIREDD LT, —#&D Ferguson Hif D EH ERERED, 771 YK
E1LR7VY FEICIDERF—ARETEDLIEERLATE,

® HHROEPFEEZRLIZE,

® 2& D Ferguson Bz X 51k 7V > Filliggds, BU Ferguson Bi#RiZ% 5 7
DOFEGEIR LI E (HEA),

® FHLVFEICLIESHIMBEERLIERETOBRELBEL, £OBEUEE
HohicLi-Z L,

B, FHTEE L KIZPDS (Public Domain Software) @ ghostscript 2.41],

gnuplot3.2, X U'KwikDrawl.21 % BV CTHERE L 7.

SENR [1] WOEksk, BRWETE (1], BRIRHFHE, 1982
[2] WOgEtR, BRQEIF (0], BRTEHRFML, 1982
[3] GFarin¥, WO ZHER, CAGD DO MR - WA, MR, 1991

(15211 HHEA DA
1R7V Y FHMBOERED O,
CH=0-9-Co®+t-C,(®
=Hy, ¢ Qo+ H, 1()-Q, +H,, (@ (1 —0-To+t-Uy)
+H, ,®-(Q—1-U,+t-Ty)
=7, COOEHEN,S,
C.®=Hy, o) Qo+ Hy, ()-Q, +H, o® - To+H, (T,
W% SHLT, 3XHermite MK OEHAQC-DEHV S L
CH—-C.0=H, (® t-Up—T+ H, ,®-QA—1) (U, —T)
‘ =t =1t (U~ T~ (1 - 1)U, —T)
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BlEizky
SCH—-C=0 -2 t2 (U —Te— U, —T)
SEEARR Db Y

[f15%2] EIEB DI
BQuQuOHEEFESO, BOFEIIxl, FR0 55 MMoh i) Fricy
3 (ftH1). T OEERT2RBezier RO HIH UL
Q,(—1/2,0)
Q,( /2,0
Q.( 0 ,(tan 6)/2)
ERGERREND. s TOSERERA-4 45T % Ferguson Mi#i %
CH=&O,y®) A
LG FERT B L, 3:kBezier 4l & Ferguson M DMFEEC-1) 2 5
C=H, (()Q,+H, ;(hQ, +H,, ,()-3s(Qy— Qo)+ H;, ,(0-3s(Q; — Qw)
DT, EARBOEN
X®O=(0/2)(— 483+ 6t2— 1+ 3s(23 —3t2+ 1))
y®=(/2)(3s-tan 6)t(1 — 1)
PELND,
AR L CHE M EROERSIRSEBoER/MIC LY

t=1/2
S= Z'J- y(©® (dx/dt)dt

THREIND., WAHELETTLL
S$=(3/40)s(4 —s)(tan 6 )12
Lizh.
T/, MlEETHE A EBOMMES, T
S.=(6 —sin @ cos 0)I%/(4sin? )
THHrIb, HREEREIZ
I =5/S,
=(3/10)s(4 —s)(tan 6 sin® §)/(6 — sin 6 cos )

y
A
Qa

Qo 10PN

X1 EEB O
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“Integrating” and the Corporate Organization
—Dynamism of Heterogeneousness

b B IE X

B B A, “HEL EZEEBOREICOVWTHRLZDIDTHE. “HEelL” nERE
LT, REZEFOHAEGDLRICL o T, MAULEIRAAL, LIEROFKE—HEEZWVL
EREBET A2TEE1E] tBAL, C¥HARORRAEY 6RBOEILA T T L LT
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M, RS L UBSHER, REED, SREALEII3TEIL L.
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BLTW BENRAT—VEMBIITTESL., A7 —V1 (M —-HEER) IERKE
DEWTHY), I TRHREENZEHEKINCI A22FIAY IERASND. 27—
T3 (HAM-REET) R—2o0MENFtoerkte LB TH), FHM, FEA
PHREBEEROBA»S, HE2I) F CRBOTCHEE L T {EMHEIr TS, X7
— U6 (MM —REEE) BHEEILOREEMETD ), WEHORT e MESHEER A v b
-7 BERT S, £ITR, BHRGABIHELRAL, TOHEOEHDOHH L ED
YVarvzflEL, ¥Va YERICHITITHEST5. HBELOMREFZLLT, EVFAD
iy - B, BEEER, EVARATOEX, Hll, BESHEL LY, S40RE»LERT
—VOREEHAL TV,

CEAMBOKEILD 7O LR, BEDFTEIILDZNFRDONT T LDLREDRY A
BRI B LVREDOEEAND /T ¥ A LEROBFIETH ), MBOEKE U THRE R
5%y M7 — 7 HABAOGRPBZOEFHOREE - TS, XA7—T6 (FRAR R
£iE) RAMOTE L L TRKEILDRRDLELIRL TV EA, EROEERAZDKSILD
TOERE#EDLZ L3V, RIREALE L IR LR L Dw TR EEROEETSHY,
HBOPICHEICRE T RAAR, BRELOMFBEOPPLHLDOE Y a3 YV EEZEL TR
EHENDERTH 5.

Abstract This paper is intended to discuss relationships between “integrating” and the growth of the
business organization. By citing a definition of “integrating” as “a process of action for creating a
higher-level united body or whole with novelty woven in by combining heterogeneous elements,” this
paper divides the growth processes of the corporate organization into six different development stages,
and addresses the noticeable points of each stage and transitions from stage to stage. Assuming that
the basic dimensions that separate those stages are an expanded scope of integration and an increased
positiveness toward an external environment, the author separates the stages into three levels that are
each éalled ‘intra-department,’ ‘inter-department,” and ‘inter-organization’ or ‘adherence to the past
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environment,” ‘adaptation to the current environment’ and ‘creation of a future environment.’

Out of the six stages, the ones that are particularly important are stage 1 (intra-department —
adherence to the past), stage 3 (inter-department —adaptation to the present) and stage 6 (inter-
organization —creation of the future). The other stages can be positioned as transient stages the
organization works its way through for growth. Stage 1 represents a not-yet integrated level featured by
management based on bureaucratic control and regulations. Stage 3 stands for the phase in which one
organization has been wholly integrated, depicting how each department and individuals are reacting to
changes in an environment around them from an aspect of the organization as a whole. Stage 6 is
synonymous with the final phase of integration that sees a composed inter-organizational network
linking heterogeneous organizations. At this final stage, those heterogeneous organizations can now
recognize each other, so that they can form common visions out of their chain of knowledge and join
hands to get to work on the visions. As the elements involved in such integration, the author focuses on
the mission/strategy of business, business resources, business processes, organization and business
administration so the characteristics of each stage can be described from each of these aspects.

The integration process for the corporate organization is the process of shifting paradigms from the
past work efficiency supported by the division of labor to the creation of a new environment with
heterogeneousness brought in. The key factor in implementing this process is the transformation of an
organizational style from a hierarchical structure to a networked organization. Stage 6 shows the
ultimate form of integrated organization, but the actual process of corporate organization integration
never sees the curtain falling. As a process of perpetual interaction between environment and
organization, the creation of a new environment is a constant incorporation _of heterogeneousness into
the organization——a continued evolutionary process of changing an organization’s own visions
through the exchange of dialogs with environments.
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The Implementation of OSI-TP Software for Three Computer Models
(the 2200, U6000 and A Series)
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E # OSI-TPIZX/Open DDTPEFWICHBLI=FH P Y ¥ 7 2 a VRB VAT LATH
A, BBV vH 2 avBTI) = avH0SIH A NWIETCP/IPA Y b7 — 2D
MOT TV r—a v eBETAIELTRICILTYS, FRETIZ2200CEE LAY 7 b
v T EU000B L TAY ) — ANFEH L RFORRBERE, EEHE, HREEHRTS.
Abstract OSI-TP is a distributed transaction processing system which conforms to the distributed
transaction processing reference (DTP) model designed by X/Open. It allows distributed transaction
processing applications to communicate with others that are processed by other systems via the OSI or
TCP/IP network.
This paper gives a rundown on the milestones of development and the way of implementation
involved in the accomplished effort to newly port OSI-TP software already embedded in the 2200 Series
onto the U6000 and A Series products in addition to the resultant effects.
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B Z B2 THENEEL TS, BEREMNICEIT 2 EMAEETNS I, PV
FryavRBoOBEXELTBY, FIUH s a YREHOOSIERARLE
DTP (Distributed Transaction Processing : 7 F T %27 ¥ a Y ALE)~DHFFIT K &
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TP S AF A

SQUISAM :; Structured Query Language /indexed Sequential Access Method
XATMI/TxRPC : X/Open Application-Transaction Manager Interfface/TxRPC
ACSE: 77V or—vavHBY—EYRER

XAP-TP : ACSE/Presentation : Transaction Processing API

XAP : ACSE/Presentation Service API,

XTI : XYOpen Transport Interface

PR : 7vEvTF—vavB, SEB:tYvavB TR : b7 /2R—L+B

X1 X/Open DTPEFINESA 271 —X

X/Open DTPEFIViX, ST ¥ o v a YRBIZELTT Y r—v3>y -7
oyS5uL@P), FFVHS T ay - ik~ v (M Transaction Manager), JyV—2A
<% — ¥ % (RM ; Resource Manager), " ¥ — A< %— ¥ ¥ (CRM : Communication
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4.1.4
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An XTPA System for Muoti-user Sites
meE R 2

E ¥ XTPABM 2 AV 2/ =¥ VYT AF A, EROFFITIIEMOMLGERATETH
o7, BERFERTOXTPA Y A7 4Tl HHR LT O XTPARAT TIAIS T & &R
BYRET 5.

FAMBERZFICTHE, THETREEY %) O, XTPALZHBRT 5 RKEEHK
BORZX MICHRET > EATEL, BERSMTHRA Y74 ¥ 217356, BEER
272K A PARE LAEFEIMIME S R F A EICIRo TV B D, Fhb Oﬂaﬂlﬁﬂﬂﬂ%"
IVENDHL. BUERIIL, XTPADI 74 74 125 2 MAEHET 5 RAMTITO B
BEis,

ik, * ¥ 54 Y HSFOXTPAEREMT, FICHMA VI VicBis8EREavE
21— ERTLREE R DBEIIDOVTRNS,

Abstract “No-down” systems adopting XTPA (eXtended Transaction Processing Architecture) have so
far been operated at single, independent computer user sites. In the case of an XTPA system linking
multi-user sites, there occur problems that cannot be handled with conventional XTPA technology for
single-site use. To take host computer faults as an example, it has been possible to limit the range of
fault recovery efforts only to the running XTPA host computer. With a distributed, on-line XTPA system
for multi-site use, data from the host, when it breaks down, keep staying on systems installed at other
sites; thus bringing about the need to invalidate those data. In other.words, that does require XTPA
medium recovery between all linked independent system user sites.

This paper discusses on-line XTPA application techniques, especially focusing on the functions
needed for multi-site computer operation in the distributed, on-line system environment.
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A Profile of the Nihon Unisys Back-up Center for
Shinkin (Credit Association) Banking Systems
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Abstract Recent moves in the financial market toward deregulation and globalization have triggered an
increasing difficulty of the business environment in the financial industry —specifically in the shinkin
(credit association) banking sector and also boosted loads in computerization efforts. As computer uses
at financial institutions are expanding to meet needs for linking with other systems outside, it has
become more and more important to ensure the safety of those systems with the growth of their social
responsibility.

The Nihon Unisys Shinkin Back-up Center was set up in order to guarantee the security of computer
systems for shinkin banking institutions at a low cost.

With the aim of helping shinkin users get a good picture of and make more effective use of the
Center, this paper is intended to present the background of its new creation, its objectives and the
details of its operations as well as its future perspectives.
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BEamit 212833 IND - IEDEH
An Application of the IND-IE System at a Food Distribution Center
T H B X

E ¥ MSOEBBMOEr S [EEER] MHHEER0F—T7—FLioTHY, Eif
BEBEMEZHEES R TAILY, MEECLoTEARYDEGE L >TSS, WD
MBALA, FELOBEREL LTIY EiFs HTA LYY, HEEOEMEHEEICEE S
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Wb,

KBTI, FEDRA—N—<—F v bFx—¥ LOMiIc & 2 BRBECR" (Efficient
Consumer Response) D EH # Big L - ARPIE LY ¥ DY A7 AL Z BT 5.

Abstract Changes in the recent consumer movement have given birth to the buzzword “price
destruction” in the wholesale and retail business communities. It has become requisite for the
survival of retailers to offer low-priced products and goods to consumers. It has been long since the
higher efficiency of commodities distribution was taken up as a new challenge for individual
wholesale/retail businesses, and in order to react to consumer’s preference for lower prices, efforts are
under way not only for a distribution reform by each company alone but for an integrated distribution
innovation that covers all the aspects ranging from uppermost stream to lowest.

This paper presents an instance where a food distribution center has been computerized in
cooperation with a certain supermarket chain group with the aim of letting the system provide

Japanese-style efficient consumer response (ECR).
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UNISYS TECHNOLOGY REVIEW %485, FEB. 1996
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Harmonics Problems with Computer Power Sources and Actions Taken

< S S
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Abstract Increasingly prevailing is electronic equipment with semiconductor devices loaded, like
personal computers, which operates on a low-voltage DC power source. Harmonics; that is,“power line
harmonics” are induced by power supplies that convert commercial 100/200V AC into low-voltage DC
required for semiconductor devices. Harmonics cause problems by flowing reversely from electronic
cquipment through its power lines. The author and others at Nihon Unisys have already experienced
some harmonics-caused machine trouble. There was an accident that went into headlines. To prevent
such hazards, the guidelines have also been drawn up to restrict the magnitude of equipment-inducing
harmonics. All these, combined, have developed into a problem that cannot be bypassed by us at Nihon
Unisys, which specializes in marketing computers, and offering related services and maintenance.
Based on several instances where support was rendered by Nihon Unisys Technical Support Operations
and with some specific cases cited, this paper describes how harmonics are generated, what problems
really happened, how to measure harmonics, and how to react as well as the related regulations.
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CEREEEZDY, NROEEZOOERICHITITEZLD ZLRARFLET L LT
Bicaro, (MRS Z L2 X B2 HROEIH L Tid 2 DOxd5k LA A DI
W, BVLANIFELNTAFALTIAPVEELRERZED. WL LTHA
26EN, BEhibBANERLZABICANZT R L2 LTHE, —HUT
AVEERTHHHEICE, WEHFOHEERL, FFR7IAC k)2 F ATk >
DT HEIENHD. FEOERRERLFL 2V, EAERS SR ITRITHRIIY
BENLZVPLTHE, NELXEIHE, HFC Lo TRAE-LHOThERST
LESTLDHIDT, VFAKRLINRTHLIE#FTIMETEL LRV, BT
Rkplz2, 3, 41087, HEOZHHERBREN (200W), EE (200Vrms) i&—%E

Date/Time run: 05}64/94 14:14:48 Temperature: 27.0
g 300Vy 5 4.0Ay--es-occsmssecs mcosesccesesssesaeceaeocaooan. .-
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-300v

60ms 70ms
@ evin) [Z] = 1(RD

BE L BHROMAE—BL TS, [UHZId0, A1 THS.

2 ERATOEEBRIER
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Dote/Time run: 08/04/94 14:14:48 Temperature: 27.0
g 300Vy o, 4.0AT----- - R iR S LT EE TR e RS R e 1
f : v s
V . INDUCTIVE LCARD H
i v
. \
200v H e ;
E Irms=1 41 H
'
2 OQJ: E
'
E P=200H |
100V : o H
1 '
| 1
H 1
‘ 1
! :
ov ond i
: .
: E
1 '
i \
-100v v ’
H '
) H
-2.0n4 :
) '
' '
-200v H ]
: i
. 1
1 '
i 1
3 : - . . :
~300v4  -4.08 L e Cann TR B Pommmmmeenoeceoaae yemeessemmmecnenaan 4
60ms 70ms 80ms 90ms 100ms
[ ova [@ s 1R
Time
BROMNHEMPBERNATVIHITHS, HEIR+071THL.
M3 FBHAFOIETRER
Date/Time run: 08/04/94 14:14:48 Temperature: 27.0
g S00vq o 4.08 -.--------------"---:--------- --"----j ------------------ 1
: i
.NON-LINEAR LOAD H
v
200v e e .
Iras=1 618
2.0a
100V . Pr2004
oV
=100V
=200V
b24
~300v-

AVF Y AN TR RO,
MHIR TN T2 VATHEEIOTATYES, HERI2062THS.
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ZLTH5.

3. 714—NFH—EXICHEVWTRERL -RHA
TTIRRAEIE, IV 2 - RBARORLEETH L. BRAKBEINT 2
PEIL AT o7, HWETRERR L IRERKOERASKELMETH L. Hillik
DREFTHDLIAV Y a— I FEABEOHELSITLILIRITEAL RV, BE7D
AR —= Y F N A a—F, T RAF—YaVRENREBEINLIZIELEL
(Bl ot LODBEN—BOEAEHEVDYIEIY LY POBENEV. C
D L) BRETCHMEBEPEELL TV,

3.1 E—VBENET—ANTEBRT2BHL THEBVEELEED
P AR A MR Ln L 28, BROBBOTCANEEBRT2RHB LEIELZS
A5 LDNME. FAY—, DMM (FYZVTVFRA—¥) R ETEREEZHl>TH
THARY ZHIZPE > TV 5,
VPV ADBERRRERTIR, EEOE—20AHHTS. COFETIRS
HOBEDHEBICLY, H506D LI ICEENOE -7 MR VMONERIIR->T
Wi 233V Y — 7 2 FOERIkIZ 165V EEHH SN D, a v 7Yy ANRIBHTFHE
Bzt o TIR82%IET LA EICE D, BRTPHEEORZEN+FLERFETAD
BERTARBENbDTHL. L LFAY—HD5WIEDMM TIRFHE, FEZ
i ERRVORTEY E— 27 EDET 2 WHICRETE 2V, ZITRREOY -7
EEET LTV 7o %8ELE:, TREAVTEERERHIET A2 LICL ), BER

Date/Time run: 08/15/94 16:38:57 Temperature: 27.0

Vp=282v"

Vp=233V

60ms 65ms 70ms TSms 80ms 8Sms 90ms 95ms 100ms
o V(1) o V(5)

E¥L2EBERICRTLTHS.
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TUBBRLBEZEEOBVWEERKICB LY, AWEERS T CTERICEENEY
FIATE VI Ik % L.
3.2 SHEEROXA—HRRERIALF UV ICREERI RN

BERADE—IF VI 5= BFEDLR TV AEREND S, NERED-DIEIA
AVFVHPEDRTVD, ZOIVFUHI, OB TRELLBRENEEE
e LTHNAR, TL—=Adb ) v T L1

TVFUVHIHNABREZUE L2 TAHAEEMEDEREL ot BHRIEELZER
L2 ZAR6D L) ICHEEINLEELTWT, S0HZOEHMHIEEALBRTEL
WIRETH A,

HRBOEEE DS L0 -DITRIEHEFFT 774 ¥ CHtt LR, X
TO LS IC50Hz DEREOBREERIHNTE Y, ThLPERMBEZEMIETY
ZIEMghol. ALBRICERENTVIERZT 4 v 7 4 V)N—% DBEFHERH
RETHEAEN, EHI V7Y ERICA DAL I EDPFREATH L I LG 1o,
11, 13, 23, 25, 35, 37TROBHREMPEHL>TWE, RA¥ T4 v 24 /NR—FDA
—NDOFATIE, AND3IMAEGHZ 1I2ZHEHRL TVWIDOT12n+ 1DFHMEAKE L
5, FXCENHIATEMIV Py HEBREZYIRT I LT,

#3x RO211B FFT SERVO ANALYZER #orx

50.0 AUTU ARH
A ] | T T
LC 12.500uns2C -41.021 A
C— 11.5625msec -4,4425 A
AT o ATl
Mk T |
1 1
Hi L i
Xa ‘ il
; [k \ '
| | |
HIE L i
‘ | W ) I
i | I
-50.2
0.0 TIME sec §0.0m
AVGLSUMY s 0/0
FUNC RANGE | SENS | INPUT [ TRIGC | NEEHGIE) |  NEXT

6 AR LFLHICHIDIEROBR

3.3 BIEEHDHER—-HEOEI
HEEN (W) ICHTEMEED (V- A) PREL L) BIERBICRAST REFEN
PLRERD, BELI>TRE—ERIDZRL LT RIET LR, 2212100V T
HEREH200WOHESEIDH 5. EXEIIIZEA, E—-2EBRIZIATH S, HFiL
0.53T& 4. UPS (Uniinterruptible Power Supply, B EEREB) * BT 554 %

» FFT : Fast Fourier Transform (R5#7—V x%4%) OB, FHHEBEMTEIFFTTIbRADTFFT7 +7 4 ¥d— kL koTw
5.
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x¢x RI211B FFT SERVO ANALYZER ¥k X FIXED
10.0 CENTER
T
A ¢ | 50.0000 Hz 6.63125 A
C—= 1.85000kHz 7.29147 & X EIXED
RIGHT
X FIXED
LEFT
Gaa X FIXED
Lnrg UIDTH
0'2 Il I .||| .' nl il (l.lll.lnl.xll 1.1..1[
3.1 FREQUENCY Hz 5.0k
AVG(SUM:  0/0
[SiL § |[ mervaL] xnkr | [ EEESR | FIXY [ NKR REF |

HERIE6.6AIIH LTI7TREREITIAD 5,
7 EHALFHIIHANITROBERBES T

FZXE). AR 12 L200VAOEFEFHNITHL O, HENEV2DIZ530VA
DEEBFVLETHS. LPLIBADE -2 BHICHIET 220101313 +/2=9.2
(Arms) TbbLR0VADEENLEL 2D (A4 v F Y7 BFERL LTEMEDS
BREFTE—2BRINIELUPSHH2). M2 ENERICEHLETCERDORR
bAL LFhids Hev, 200WIsxd LC920VA % HE L 2 idk b v & i3 H
272D TH5,
3.4 3MHABNDZ 21— FSIBEDBAER
BRI =2— F IVBBAROT Y NT Y AGOBRHTEND 232 DT, iR
KHSTRASZBREEEICSEVEEDATYS, LaL, 3SHABROBHEHD
Za— bR, HBOVBEOEESTERD (M8). =a— I VBORERSR
Roa—FINVBNOEEE LT, A4 v F U VERYERL-ULOMBEET
Za—bINBREEBTAFCN' B &2 L d b o/,
3.5 BEEREOEHCHT 3HHOMEFOREDL S5 DER

19944E3H 24 H, GHBICBVTELDSBRBEND Y T2 FVOBRYED o712,
FTHRELREBIGEROHIOPFTT, V727 PVOBECEERH 2 CSRKkEERSE
DEMHPRELE:., COBCELI-—¥FLL, Btoar ¥a—y OFREMEICH
THRMRICOWTHEMZ2ZF-30TH 5, TOFBEIIODVWTRKEIVEa—5D
I—HThHY, CVCF2{EoTWVAEDT, avy¥a— Y ORETLEMREIICVCFT
35, BERENICVCFOANROBREVREEL 25, BHtoava—4iC
BRI CIHRBEADOREIYD L. BHOARY F CREFEOVTARIISBUT EH

* FCN : Field Change Notice, "— F = 70X - XB O DOEEET.
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r@;{)*“l ::z”ﬁ >

NEUTRAR\

A FIARORRHRINTOC R IRAEZBNFED LS TR YD
BANBVOTEDM & LT/IEDOTH AL,

E8 3#H4KBUCEI IHRVAR

FENTVES, BEZRFICEEBESDLDIECVCFE 22 W CHATE+ EEH

CoTVRBERYAVEEDETARA MM THLI 2 LEHALL.

£ F &

HMICLoCTRIZET S (EET5) bOFRLRS. 7ok 2d, FHE, EWE €
—JERETHD. EHEEE>TEVIREIC > TR ENTELVOT, B
IS L THET A EIlh D, SICREAKREDERE L TCa Yy F 4 AN
BRFHOAREREEL TS, RERERECET2ETOWUEI 1 ETTE EF
LRIER (REAFTV—740EREA—%) DHREINEDTWES, EHETHE
SRERICOVTHISEOLDORETHBL. BARKNERIHA - bOTREZWD
TLTFLOREERE ALV,

4.1 FVR5-3, 7a-7

REDOEKZTLHI L E, WERICANTESLEE - BEHRIERT 5720 I1EH
T5., BIEICIRRF YAV Ty RAT7 4 —7, BiIZIZZ 7770 —7HERT
H5b.

R L7:b 02 fM% 50/60Hz DEE O BIFRIER 2245, 10KHZ 2K F THidas
BUTWE, BRAEVFERTHS ZLORED, SWERETORELRE 7 TV
2=TAVIORABLRTIERE NP h ol RFVIXVFTVRAT 4 —
< :Bi{B9303, 77 r77u—7:HB{E908, 7NI—-Y8101, 77 F1A6302% &
MHoH, HCEBEBEEOR 2R,

42 ¥ 3 1{&

FA%—, DMM (FUVZNVTVFA—%) RETHET L. 7V—-HOEGE,
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5.0
dBEU

<Hab>
dBg 1

-5.0
4BEV [
20.5 FREGUENCY Hz 20.0k

5.0
dBEU

<Hab>
dBMg

5.0
gBEU

20.5 FRAEGUENCY Hz 200k

LIRFYVXNVEFI VAT —<THES
F:r9>77u—7HEWS

9 Jo-—-JOREBIEE

BROFEER R CEWETERT IO TEPEORENLEIC LS. HOEMWHE
(True rms) ZHPETEL LOWNLETH 5. HREOBEBEER T CRABRER D
BTV BEHDOTRITRIZE SRV, 77— 7 8060A, 7V— 28Tk EDNDH A,
43 ¥ — 7 {&
MR (2 V7V ANBBEHEHEORAT) OfE LTEREROE -
MPHIG N TES %22 (R588). ThREREABIRHOE-20A%2FHLT
WHIZEIZL BN, BEEGIIE - MEL 2B L}, FRBAWTICL > TANE
EFBETLAZEIKEERD, BELLIoTREEMES 25 ECEMEL 2B L
MhHaH, BEOEEETH-THIE—-2DETRIA2 LWV, E—2BEOFENT
ELBEREFHIBVLONROPL B WO TRPSI085* T [BIRY -2 BEERET ¥ 7
¥ ] kot
4.4 &

<

Fvura—-7, HILUBEEORLRFEERELLZME). BREZBUTAZ &I
FERRADLODREFHRFETH L. BFRIFTPOLVERIIE Y HITEBLE
WLTHBIEZEDS. DMMZ ED L5 ITTRICTHRFLEATH ) biFicidw
v, BEMOETE S, FFTREIMTWAREL H50%B T 5 & ) KD
T4 Tid v, HP54502A, HE8830% LHidh 5.

45 & h, h ®

BN TCHET S, FELZTAERL2VORNROFFTTH S, HEX1LUT

(05~09) THENEVNIEEZRLTVIMWFFIEHII ko) —Ilko/) T 5,

» RPS:Request for Product Support, 70 ¥ = 7 P MALIZEZSORE T2 BETHITONLES. HFORYD OHEL

4
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HFEEREDEDRMMBOTNTHRPET I2HEZTTHS. FEHEOVTAIC
LBANFROEI L TRFFTREREFL L2V, LENESOMEL, FoHEdR
PHFELRTHEDTLROERIE S,

F1E8 = U3 AL Distortion Factor) X i 4844k (Displacement Factor)
FERVWHLTHE Y, MHOTRICE ZHFEOEIOHEONFKIT, BHOEN
(+) g 7, BHOEAR (=) K3V 72 P ARTUEYHEY
IRV, BEOVTAICLANEOENIH LTEE s EEKRTH S,

NEREEHIGHE, VTFAKLZ00PMMICE 23002 bALETRVE, M

2
=
%é
(a) 8Yv MRMEETOFFTHR
.40.0
dsy
<Gaa>
dBMg
LA AT LA
K v | h
1.2 FREGUENCY Hz 1.0k

(b) 16¥Y v FREEETOFFTHR

10 Ev MEOBWICEISREEDE (@EIE—88Y 107 XIL),
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VAN /[

/ / \

-2.(’1
0.0 f1pD TIME sec 40.0m
RELTLIVEI RVTA
(a) ZEiER
0.0
a8
Gaa
dBMg
ir B I
oy WV
(1 I ! b L _J
2.5 f1pD FREQUENCY Hz 2.0k

SEABVTARIT44%. HHR—HBED 07UV TH2,
(b) ' aDEWHEFFT 7+ 54 ¥ T LAbD

BMERLEEITRRRELTILEVEIBVTLTD, FFI7F514T
BHRTHESHEI B3 L& br 3,

11 U F&ROF

FREMERZTZI LD, EEEDY VAT 230 Ea— s DBE, DEOE
BBOFRICEDDDEZEZ TELI I 2V, ITLHEROEMEL LT, O FAER
KERETHIETELZPEELRTRE RS 2w, BE3IN 2 ENSHS.

4.6 SHERRAR
FFT7 74 ¥ THZET 5. EROBAENOKE S, B, OFAELE2H2
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CENTED, FIUIATU7F VDA - TRHEHEBEBEL LICH, FFTHES
Folb Db odh, FREMBEVIEENEV., LEXT8YY FTFUIAXT S
E1Y¥y FOSREEIZ1/256=04% & 2B, 72 LERREHBERTINVAI—LO
FAFLHVIRLEZDNEVE VDY, FREEEIX1% (—407~0) kEh
%5, HI0DFD LI, BHKEOFENBREORIBEIATLE > THEVYICE
LR, 7 RANYF X FR21IB %L EH5H 5.

4.7 EBREVTHE

ERPBEIAINT —-OERBEOZAINF—IIT2EE5L LTERSINE, BEFEO
UTHESAEENRRTHETH S, OFAEHESERO LT AEED H D,
FFT7 554 FICh DT ARUEREN D520 TEREZHEZIT I V. DT AREI
—t Y FUTIRZ2E, H1I1DEHCF DR a—-FTHEEZR TS, UFATY
B E9IZRRR V. FFTT7F 74 ¥ CRARSTE L), OFAFErETRIT
FEEMICIBIBT 2 LM TES,

5

TTICHR LA o BRI U OSSR E T Z E 3R ICEETHS. av 77U
ANBEFROFIZF LT, TI/T4A TRRB7ANVIVENERTHS., LI LEGR
BEZE(EEL LB L2VOT, BEOAAL v F V 7ERICHILAMTE5H0T
37w, UPS, AVR(Automatic Voltage Regulator, HE)ZEERE & L2MfEbhTw
DA, BABHREADVDEMH) ZLIC Lo THRESEELTWZ
BT B ENTES, FRIIRET L XINIREADLDEEET 5O R
Ths)H. SBRECHHT 2HEIHE T 2 UINCRFTENBBFICOVTIE, BREH
BOMRIZMS TR, BREL T 2 ZMCHE2FmERE X2V, KRR
BELRVIED S EBM LIRS ERE LS. KBEBOLIICCVCFRET Y Ea—
FTROBRAEFERMARBELTWLEIATR, av¥a—F0RETIEAKR
CVCF T LN LD TEERKENDHEIEZ LTV,

5.1 BEEZHZ K

1) TI2747FBTANLY ,
K12 &5 i, BEHREREFHEEBOMIZ, LETIICEZATFy STy 72
YIN=FRRT, A v F YV TEROFHNPEZRKICES 25 &) CHIHT 5.
NEEIFIZIICTHIEHNTES, HHCBWTR, BREREOHHOBN X
i, NELYBLTCEFOATELERTZ (FILEFFELZS L VS DA
%D EMNTEDL) BMWT, SYSTEMI11, 2200/100-5007% & C3 TiziRA
ENTVS, NV BEOHHEEH360~380VERVDOYRFHTHS.
2) Fa—r ANEBEREER
D L PR REROBICRREEF s — 2 #AT A2 EICL D, SRAEOR
BERaryFrHANEICHBEL AR RN, BROKE(EEDES( LD
ThEVHVENLRY, FLELAAL v F U 7EBEMBTE LB, K&K
TELABMZELEDRTHLE NS Y AZHRTIONBHNTHo /2.
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@5— ‘ U e
%E;;?D

BEAL v Fr I/ THI L W EROTHMEE ERHEIHGTIT 5.

12 79517 FRB71M2

5.2 {RIBERS AR
B4 V= 5 HRO UPS THAE CRAER—-RAOER L To TV EDT,
BRENOBHRES LR (1R\) EDS I ik, UPSHED 1 kE0EHTE
BERCEARLRIWSATORIE, UPSL ) EHTHEFREORERZ V.
BEREVIEDALZELRD, JAXA v S VR (1R2REDMERZTTRL
BARK 4 XbMHET2) OB ICREEEERLET 282 /ORI DS L. BRI
DIANTELTHLS. BB/ AZXAy F - b IV AABANOBEERRERO
BITHsH. 22k0 (AHH) OBHRIZCTATVES, 1XRABEZRICEVDDIC
BEH SR TS, UPS, AVR, /A XAy b+ FS VAR EDEBRHICEET S
&I, BREERERETLIONL V. BREBILZITOEND 0
LI, TAFRPRBAR—ZADHETHEANRD S,
53 BEEFHEIRLTHEEHELS

EREE LTRRL L DEBOTALZR 2 AHbh ) 2d v, BEREOY -2
PEL kB E, E—2 %FHT 23 Y PO ANBEBERIIE o Tid, ANBED
BFLAZECRDEEL R 25, RERKIERSETANE ) I(OETEE
EXoTHELRITILILNTES, fliTax oo hEE LTHEDR
TW3, $7, MBEES>THBELTBL ERLTE S, HXTAAENTORES
OBEREIZ100%£10%TH 5. ¥— 27 HEAF12TVUTF CHRITEEI R o T
BALLRW, BE%5E— 2 HI2TVIZEZEICRET IOV, +hbbary
VY ANBFRERKIC L > TiE, 100VO—10%BEFEREE»6THS, 9> ¥a
— Y DERRE SIEEETEET 5ENIH 54, BREBEERTREEREF>T
VABBOSEERELE LAY TS, Y- BEIMIETE 2EBEIHNITMELHRD
2PV, FYORI-TRETHEBEEINLTL LS SHOBHTTHET 5 2134
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TLMOVEXYHOY L Ly LAYV TTAL
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54

Bk,
FLL 714 EDHE

BRIA VY 2EDLo T B/ AXEIETH20I2, F4 V74V EbRTw
5. TDFTAYT7ANVIHETELRVDOY, BREIETHE. 5471 VIDE
BB A ZOBHNH LT 270D LD TH Y HARTIZVCCI ([FHRNEEES
BRI EH ERMGRES) T, 150KHz EOFEHKIcoVWTHE S hTws, 54
YT7ANIBEZHEDEZDRBIBROMUTTVELDT, 10KHz2H7:) »5Th b,
50/60Hz DEIFRE L 10KHZ AT D DKM TH Y, 47407 RELHRIC
LTz,

&l
P8 1 A 1 BALHHRE - BFEIEBL - BOBECTHRHSMGE SN,
CADLREFESNBHEMI L THRED P SRS, BESHEIKREICRILT
WS e SR D, BREVREROBERRL I TV ES o TR THS .
Lx ) CRERIC—HBORE CHBERNOBRAMEE ok, HAFF42EN
R&LFFTENLY, RESRZY) LTBY, BHICHET 3283 RFOMRER
RTETLEVEFOH .

6.1 1= AMOEHM

(4000 — 0010, 4000 —0028) " ICEBEEHIc OV THORBHH 5. BEIRET 2
(BBUEERELVTEEE) ARV TAE, BETERTIEENOLEH
BUOTAEFICTRES%BUTE LTS, BEEEBOVTFAIAGA v ¥—F Y
ADOTRVERICH LTOTARERIFEN D DICEL L. BEOLELHIEE
RICHETS., BB LTREREOLAHIBEIATVS, BENIVEa—50
REFRCBLTIRIFIOHRZ L2 CTLBEERO VD FARIZIZL ALS5%LTT
H5. BRBEA—I LB L TRETE 2,

6.2 SHAKMBAYEMEAS

BEANSHTRERBRC L 2ENRMOBEIN L [HAKRMARMEES] 231
TREZERTVS. REAOETRSIILBBEINESR, X[ vF v 7V EEFED
NLEILIIVERBEORENS  holz. MATAV AV R EHRERETOLE
R, 273>, e—%—, BHEBBELEDL UN—5bick ), SEkIEmo—
FlloTWwa, BRBVERELRONIZHE (REDHE, avF 3 /Y727 v
DFEE - PR, €2 —X0BEWL L) ML TV 5, AZELOHREE LT,
FREIC L 2BELHIET 5O CRERICBY ABREBEEVTARIISBUUT, 45
BRCBTABREEEVTARIEIIBUTICTAZ L2 EELALVELTYS, S5
BAMGIIRAT A K4 VHEORBE LTHIAS T2, 443H24H, 4HE
TRERISENVDOZERMBO VT 7 VBRI HEEREIEROSEHIE L Sh, F
HTbHE s N,

6.3 I1EC-1000

IEC-1000-3-2"'& L THEHEE T L T o7z, HL BT IRBRRERAEOR
i?ﬁb(ﬂﬁ?%:tu;of,%%&UT&$%ﬁﬁﬁﬁL;5t75§®f$
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S, BINTIZ19964E 1 A 1 H2 S HBID T 5. ARTD 19964 F 7213 19974 LU %
CHET A F RGP OBEHENLIFEIC Lo TV, AKOERIZE>Tr XA
PO/ FADETRASHEINS. BROSHEEZREITLICHRET 2. 3 105H
BREICH T A8 THL, A4 v F Y 7BERMLIO}EE LV EREGZ 2 Y
TTERWV, TO/TATHEETANY WL HREERAS v F v VBELBG
FHED RO TS, THIZHEH099 & BRKOREIED ToHEV., EH0F &
LTIHBEBEN200W TEEL TWA AL v F ¥ VY EEOERIE T % IECEE DR
fEEFICK141TRT.

xxx 100V 50Hz CURRENT (200H) xxx

2.0
A it o 19,8550
n 39370khz J00-478pk
) 3.77902
K zo.z '
ba nimhtumﬂg_
R
%2" ) m_“
0 TIHE sec 80.0a
R
K. |
N
0.0 T
A 3 Hr‘k‘ A A A A ALA A
6.2 FREQUENCY Hz 3.0k

ANSOBPIZEREE, HNAULIEC OB,

14 HEBH200WDX A v 7 JRENSHED T

6.4 HA1KF1>
BRICBVWTHEAKMEEMERESOBE LTSI THA FIA4 U HBRITFENT:.
AVE2— Y ORETHIERAEOHNEET 200 LTUTOL 05D 5. st
TYTIRASORMICOVTREE/RELHE LTV LAk, ARTHAELS
BTE5 L) EENMENRTVS, BATH —BOBBICOVTIERIMET 7.

B PR O R IRE CEESLETH S,

[RE - NRRBEREIEET A F94 7 DR IZIEC-1000 12 HEHL L TV 3.
HARTAVEER, 4 FI4 VAR ZREREOE % RO AT
KERTDHI LI oTW S,

X [(BEERIEECRET 2 FEROBREIMEET 4 F5 4 vicon
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Instantaneous Visual Acuity on the 8003 Graphics Subsystem

& 4 &

B ¥ 800375774y - HTVATLAOHMMERR, RV TFrF -2V TY Y

EEBMMES YN - SATERL, SbICY2—F4 VY, 72AF v -wv¥r 7k
MELMM AN —Fy 2 7RBL T 2L THE. CHRERTCRIDRARATH .

RAZEBT B7:01213, HEOEL VHEREELEUTVI) ALPLETHS. EX
TVINVXAELTANY 778 (TvF - ZY Ty 7RERE) MMREASKh, Yu—#
MEIV Ty TERILIBFIZAF ¥ - ¥V Plasdbans, EEEREZERTS
2012, T XLIT4FEDASIC (Application Specific Integrated Circuit) & L TER &
N7z, £07:DCVHDLOEA % H.0 T 2 HFOKRBIEASICERBM AR S Nz,
BHEARRIIRY) IV 70 F - ) T v 7L 2 KRG ENAD HIRR % F 2z & WiE B E %
VIVTNWNRATIFALSERE—ORGTH S, T, EEEEICEHLTD 100~20075~X2
FV/ERRIE CIEGPCPIBR Y F v — 7 TH AR EHEMELRL TW5,

TNI) XLDASICIC L 5ERIE InstaCUITY 7 7 / u T L BfHF bh, BXRETHF
WEIAHE S/,

Abstract The technical objective of the 8003 Graphic Subsystem was to implement in high-speed

1.

hardware a single-pass rendering of polygon anti-aliasing, random Z alpha blending, shading and
texture mapping. To achieve this objective, the A buffer method was used to maintain the depth of each
pixel fragment for proper blending of anti-aliasing and alpha. Combined with it were Gouraud
interpolation and Mipmap-based high-speed texture mapping. In order to achieve the performance
required, this algorithm was implemented into four new ASICs, using the latest giant-scale ASICs and
VHDL technology.

The 8003 Graphic Subsystem is the first and only product in the world market which is equipped
with this hardware accelerator to render both polygon anti-aliasing and random Z alpha blending in a
single pass. It is also the fastest, in items of GPC PLB benchmarks, of 1 to 2 million vectors/sec
graphics systems.

The ASIC implementation of this algorithm has been named InstaCUITY (Instantaneous Visual
Acuity) and is patented in the USA, Britain and Japan.

i UL & £
BARL=RIE, AGS30007 57427 - ¥—3IFIVOEEkRESE LT, 80037
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TNVF -4V FORE, IVAT—H—T =R LYYV TDERIIEZS D

* UNKXi, X/OpenZ1 ¥ /3=—Y 37y FH#I4 £V ALTWAREL L FIZBOEIC B 5 BEARETH 5.
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AADY I 2 L—FFHERRICT 7Y o — 3 a VERRAD 5 AE L oh0iE
ERDLNBMET — S 2 ERL, FYISTAV P - YR ER14ELE. ZOBE
HMYOMBERB LU E SRR L 5ETHRNS,

S 4%
BEDVY#) Y 7ERi, 8003128V THh—Fy = PHIEL LTERES .
RIENLDFEREZ T LT XLADERE & b I2h~<3,
4.1 8003 NiBK
%%@é%ﬁ&%EMKﬁT.%%X%u&v-&470ﬂﬁ%¢féb,&n
SPARC Station? S-Bus 120 v |} % 543 % Workstation Interface Board (WIB) &
HTHRAMERSND, EANICIZRDIRDOUIFE— FARRHSATS h, IGB X
DEFF - r— VBB T OB E= Y IZER SR D,
" M Graphics Interface Board (GIB)
S-Bus ) 8003 fIt%1E. WIB &3Fici ), FA MM Ebo - BAIREEXHEL S
P (I
M PEX Geometry Board (PGB)
CSS (741 AFVA - YAF) A EAHEL, FSN—20H, X525 4
T4 YT, BREER, 2y T hEDwbOL T 2 P )Y AEETS .
M Imaging and Graphics Board (IGB)
AXYVTAVER, 2TV Y, Er RS, UFHEREREL YD
WhWHL YY) VIR ETT .
PGB, IGBE b IZ/SF LIV - N4 754 UHERTH DD, BIEHIEDISE0~ A 2
B TRy LBV 7 92T (77—4%27) RETHLOIHL, #HEik
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ETASICEHLETEN—FY27 0¥ v Thb, AETHATHL YY) >
T, @ TIGBIZBWTERINTEY, DEHEYUK— FIZonTHR~RS,
4.2 IGBDIERK
803DV ¥ ¥ ¥ /EERERT A DI, KDL %, FhERETFS— b
DA A Y L1S] (ASIC) AF4FEFHARICHAR SN, FH20EEESH, LY yY >
TNWRGVUN - A TS5 EEHRLTWS,
B Setup ASIC
2, B, ZABETIITATELTERITEY, Ry TocERL, BT
— YOS (BOMEE, & FBE - 77 AF v EEORLER) GHE2TS.
TIOAFXY Yo ¥VIDIDDE T L VERM/T 7 e VERMIERE (3v 7
v LRLV) OFEEELETITS.
M Slicer/Dicer ASIC
RYTYERTIIFITAVVIRET D, 797 AV DAY=V - EZEL
ANV —=TVEBOERETEEZIT). &5, Y—u@liz ey, FEAF—¥
DBEHEEBI R\, 75720 - F—7 %KD B,
M Blender ASIC
ATV =Y - EZENIIHIETETIT AL - VA RERT S, 2V
77N VIS TANE, IS TYF YTV Y, EB, TIATF
Y - IXVEVIOLDOGERE (FLYF) MEZTVWE 7 L VOBIELRE
T5.
Il Mixer ASIC
e VDEEEZETFAEFIIERT 2. h -V VESORESDERTV,
EBZVIIERT S, N —F7z7 - TV 7y R—-1+T5.
HI3FICDOWT, UTOETE L ICHMISR<S,. Mixer ASICIZDOWTIdEI &+
5. ‘
4.2.1 Setup ASIC
LIYFNLT - NRAT54 YORPMDASICTH S, 2HTHETUEN NS,
) AHVYRS
PGB LD, =, &, ZAROIEO TS IF1+72%2FE 5 (F11). Th¥
nl, 2, SEOHATF—% (P) 2F>. HAT~ Y OABRKRDLDTH A,
TRTEEPMEAERATH S, BYE - NS oH: (1 mioRT.
P !x,v, z ---]EE@X?‘)-—-?/F}H% [x, yiX11.8, zi30.24]

r, g, bn ......... THEf [8.4]
t, oo THEORERR (1-E8%) [1.8]
u, v, e TAEOT 7 AF v EE (0.0~1.0) [9.15]

THEDRA ) —VERER, €EFVYY - Ca—4 78R, 7))y 7TREE R
R1:bDTHD, HEBITHSERNZ PV SA7 4 v 758 % L TR
bhIebDTHB., T, T7I/AFYEERTF 7 AF Y REHEZHELTRDS
N72bDTHL. WFRSPGBTUE IR TS, EHICHEICIIY A X, IS
RIBERAR L O TV,
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2) F)IVOEWBLUTHED V — b
B, BTV IF470, EYHIOBY, Thehd 4 X, BIBHERE AV
TIEST, MERY TYANERENRD. HE8003DOL Y FY ¥ - N4 T 54
YT, TRTHIHEEZHFOFY IV L LTHbRS., KoK TV OKEM
BEAxMliZF260%P EL, EEY (CCW) ICERE ) ICARBL SRS,
3) TE7—5OHHEE
KiZ, ETOHHT =220 T, FATHOEE (5 »KRHLAB, Zh
HIZLARE, Slicer/Dicer ASICIZBIF B 757 A MEIRERIZ, 797 A b - 5
— Y ZROLL-OOHFHHMEIC B 2 FEHBROBE L LTHWLRS,

Po
P3
.AA»@?
4 X ) : PP
P P2

P1

= R ZAE E7¥# g =AE

THARIRD X EERObDEPR L,
EEYCEREICARBRIOSRD

11 IGBOEXTVIF« TERUITLADOETH

4.2.2 Slicer/Dicer ASIC
Setup ASIC 5K TYDTHMT— ¥ WG F—F 25T LY, 79727 g
RefT, 7972V - 7= %RDBI0OTH S, SETEHEFICREE N2,
1) RGALVT/TAL 0T
Slicer/Dicer ASIC 23 Slicer €V 2 — )V ¢ DicertEV a— Vb bh, #heFh
EHAMTORAITA YV T LREFATOTA Y7 (M12) (47w, 757
AV IDEZ L - ANV TJEBERD, T (a) MEHE SRS (X13).
2) 755 AVE - F—yDEM
z, 1, g b, t, u, VOTHEDOF—ZIZEAL, HETF— 27 LV BEHMETT S
AV F=oAFROONL. HHICEHMOTEHRFENSHVORE, &
DEREILSetup ASICIC X DETD o TRD LN TS, 4B, TZIKBVWTALE
Nar, g, b DWEMMIE, FY—oHBEZ0bDOTH D,
HIHTRDA7 7727 VEHE (a) i, 20FI I CHRBECLZTVF - 297
VUYTZIERTELN, EAFKRESR TV L&, REBRtLOEN KDL
3. '
a=a-t
PR, 7>F - 27V 7 EBRIKESATILY FRE SRS,
4.2.3 Blender ASIC
Blender ASIC i3 Slicer/Dicer Z & IZ 2T oHEENTE Y, T 10EOEFE &
2%5. —20OBlender CEHEAM_2DE 7 LV 2 FABICBAT L0,
Slicer/Dicer - Blender B —EOB{ETAE - BESX4F20 LI LV FDR S Y —
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AGALA FAR(IFT A D
EXA/L— k)

LA

AN
)
=1

AN
g

Py I API

/

Y
>

» ARGV a4

12 RYILDRS12LT/445>

3

"
h
”_*_ area2 r; areal=H - W- (- w2
E*ﬁ (ﬂ) i area = (h“+hl2)/2 ¢ W

=H- W-(h - w2 * <——>'W ! E% (a) = areal - area2

13 7374 FEBOSEE

2D Triangle in screen space

Fo : X0, Yor 20 To» 80» Boy g Ugs Vo

-

General form: Ax + By + Cz+ D=0
SolveforZ:z=A'x + B'y +D’
Substitute constants: z = dz/dx(x-xq) + dz/dy(y-yo) + zo

Solve for R: r = dr/dx(x-xg) + dr/dy(y-yg) + o
Solve for G: g = dg/dx(x-xg) + dg/dy(y-yo) + g9
Solve for B: b = db/dx(x-xg) + db/dy(y-yo) + by
Solve for T: t = dt/dx(x-xo) + dt/dy(y-yo) +to
Solve for U: u = dw/dx(x-xg) + du/dy(y-yo) + ug
Solve for V: v = dv/dx(x-xg) + dv/dy(y-yo) + vo

14 FPEAFERICLZTIFZTAL b« F— 2 OBHHE
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VEBEHETAIEICED, TL—A N TP AEYVRIOBNTA Y S YY) —TF
STV, 2082 VICHLAREITZEESAADIRTH), BriTorE))E

ERHABEEE LIFTWS,
1) AALIRY
Blender i1 Slicer/Dicer X W RD 757 AV b« F—% (F) 2%i7L 5,
F:
X, ¥, 2 79T A NDRY ) — U ERE
r, g b 7572V 0 (- OHilER)
O romssaneneee 757X MEf (EERBREA)
U, v TITAY DT 7 AF v BEE

2 77X YRR
FI3TAYE -JAMIZU—L - RN 77 10— 2827 )— - YR IT
HY, A—~R7) =V - ErLNIITORED TS TAV N - F— I HREL
BRCBRET 2 ([15). ERICHRV XA MORERICRZDFTCIFTAV L - F
=BT HAIENTEL. BEOBMERETII7 57 2 v FOFRITEY
14TH B0, 12 r—ORBEOEZEKRDOIVA LTS,
Blenderid7 7 A+ - =4 %52 bk, 22 Fzv 2 L, Ik
B5E)ICEELBERMBICTFATS., FRLLTEHEFIRAEZVOREICY — &

VA Zar NWAS A& 4

BETRETIST AV b

o) | zrgb, o zrgb, o zrgb,
T73TA b 73T7A b TI3TAV b
TOP BOTTOM
Zmin Zmax

TSGTAVE  YRP

15 7572 b« U LORE

VA2l SVAS AV i g

T73TAYE 75T AV E PR

TOP TITAYE - YRE BOTTOM
C=HREE;

for (I =BOTTOM — TOP ){
C=za-[1g,blij+(1-a;):C;

}
[na,b(ZL—L-/XyT7)=C;

‘ 16 &0RE
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N AMERS,
3) BORE
BORER, ZOEEIHETAIETDTIITAY - F—yBERTH, —7F
WfTbhd, VAMD LYy 7OBFEOaDfEXF v 7L, TTII10 (LI
AZ) = - ErbEFHN=) LT, FDr, g, bEETIV—4 XV 77
WEEAL, CRIEZAEDZNy 7 7)) V7B LEMTH L. aDEH1.01
Wt &, 10IGETEFETYVALIN .22, ofEDEISTr, g, bEDM
BREZIT). ThPBRORE (FLYF) Tdb (H16). #RE L CHEE
WKENTYF - )TV EREOERRTEIIHE BEERICEL VS o7
EBWEDOHEE %135,
424 FIXFy 2Ty
TIAF X -2y Y TUEYL, 43 T35 ASIC DMFE D B CREBRIC
EFENDLD, RELZ ST B70FEHERITTHHET .
1) 527 AF v EEDOEMN
T2 AFYEBEHb - TIy 7wy 7RSSR, IGBOXE) ZHEMEINT
Wi, Iy vy 7BEAOT L) XLzonTiE, HiBT 50, NX—AEED
RARMREELS512X5127 7k L, TNEBORET 7 LV EIPLF T VT
V7AW BERICEAHEFYE L TLENDO—D2DF 7 LV EZ RO B NE%
TV, RIREE1/2X1/20EEZ R T A E2BYEL, MI7TO LS A A—
TEFIVFELABDTHE, HBERELTET Iy FOZLNLidwidth=
height = 2> D E % 0.
N—AEREFDLDL 74N ) Y IRBTROLNL 2D, FRHEVHET
L BEERIZIEFEIZS12 X 512 #TH 5 L EITH,
2) SetupASICIZBITAEI v Ty 7 - ULRXILVDOEH
T ¥ Setup ASICIZBWT, ER)VITYDAL ) —> - €2 LVEERTOE
M (A) L7 7BVEERTOER (A) FROLN, TOTMLL) IV
<y 7 L~y (MLF) #8Hish 5 (K18). MLF b #HE - M %R0
BENMUERHATH 5.

level 0

height \ /width
For each level :
width = height = 2%1evel

M17 Iy TeyTL A=Y -5y K
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3) BlenderASICIZBITAF 7 ENVBDRE
Slicer/Dicer ASICIZBWT, THEF— ¥ L W BFMEHICLY, A7)V —-VED

BEZENIIHIETBIFT AV - F—% (x,y, 2z, 1,8 b, a, u, v) of

RKOLN DB Z ERABNCBRRAD, ST, FOT7S5T7 A VIHTETF 7 AF

Y vV IR R L BROOFIRE RS,

@® Setup ASICTR®D/zI v F<v 7 - L~y (MLF, BE/MEE) & hagE
EFo3Iv 7=y 7 Ly (MLH, MLL) %587 5. 7/, MLFO/NL
I (MLFRAC) %Ro 5.

MLL (T, &\ #EE) = tranc (MLF)
MLH (L, SV EE) =MIL+1
MLFRAC = MLF — MLL
Thbhb, MLF=364Dk %, #1L#¥h, MLL=3, MLH=4,
MLFRAC =064 &7 5,

AY
-
U
\(
XY X uyv uv;
- v U Ve
Y7 VEESR 57 VEESR

vy 1200 ~ 10 OEREETH D, EEOTF 7 LIVEE
(U 1. 10,10 TORKT 7 VB U, Vi £ D,
U=ty * Unm
Vo =Vp* Vim

ER(RAZ) =Y - €2 ER) D24 2A4y = abs( x9(y1-¥2) + X1 (¥2-Yo) + Xo(yo¥) )
W (EREFFRAFYR) D245 2A,, = abs( ug(vy-v9) + vy (v2-vg) + Ua(vg-vy) )
7O AFv&ET 7 VER: A=Ugp* Va

IvTvy T bR MLEF = ((logy(Ayy) + logy(Ay)) - logy(A4y))2

18 3977wy 7« LXIDOEH

19 v 7wy 7 LAXNEOBRIAER
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@ 797A7bF-F—%u, vk, MLH, MLL'CU)T7+_'}D EAEMH (u

U, V.
u, v) &RD, ENEFRORIET BT 7 LVET, (u, v,), T (u, v) %
RET 5.

u,=u-U_ (MLH), v,=v-V_ (MLH)

,=u-U_ (MLL), v,=v-V_ (MLL)

® Zoon7stNE (T, T) OM% MLFRACIC & ’)i‘iﬁ/?ﬁfﬁLT’\’/t/
TIRETF I ENVE (T) 2RDS (12119)

Raw Texture Sampled Mip-Map Level

’——> X u
- y | ‘
S led
Y17 Pixel Sample v FRAY
M y e n | Matix T(ON0)|  [294evel
’ Inverse Mapping [~
K (1Y | 00
v r\\ Raw Pixel
| < o] R&xy) |"_‘—>{
N 29-1evel

Sampling Procedure
xp = (x0-w), yp=(y0-h), T(uO,v0) = 0
while (7, < Y+ 0 y)
i
while (xp <X + 0 ,)
I
T(u0,v0) = T(uO,v0) + p(xp ,¥p) x Rxp . ¥p)
Xp = Xp + 1
!
Yp = Yp +1

D)

Y

0}
X-0; X X+oy

Cross Seconds of Bivariate Gaussian Density Function

- 2 -
1 1 x-X y=Y
plxy) = exp [(-——-) + (=) - (z=X) (y- Y)]
2ncx'cy.jl-p2 { 2(1-p2) ox ay av’ay
where
o x '= standard deviation of x > 0 -1<p<l1
¢ y = standard deviation of y >0

20 102U TIEBIvTIvT - ESIy FOER
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T= (-MLFRAC) - T+ (MLFRAC)

(T iEr, g, b, aBEFEHFD.)

@ T757A2F F—FDr, g, b, ailKDLF I EIE (T) 2008by

5.
lcxlurtd= F ‘ T

(F, Tir, g, b, aBHESTHE>.)
4) Mip map DER

HHEDURT 225, RBICI v I~o 7 - ¥5 3y FOERERR<S. Iy
Tev T ¥ Iy FER, BICBRAEBY, R—A 277 AFvEEL
D, 74V FBEBIC X VMEEEL/2, 1/4, 1/8--DEHEEHIDL > TE-THL D
DTHY, EEDTIAF % - vy ¥V FRIZEBHO RS 74V 5 ) ¥ TLE
2O TELR, BEETIAF Y - vV TR ERTLIENTE S,

CDTANZY P TEHTIADGHEABEFIILTEY, WEPRHEZRY &8
CEMEEDNT 7 AF YEERZEVHTIONOTHS, R20ICRBOFMEERT.

TN T IV IADKERE, BALNTIAFYEIEOKER L
IRy T LRVORIEDHICEWREEIND, T/, FIADSHEK
DIFERE (o) ZEETHILICENEI v I7y 7 LAVHOBE(DX

L—XEHNHEEND,

5. &F i

5.1 # AE

BWECBIL T, BIZFTEOREYER L. BEARKRE) TV 7 5 - 1)
Ty 7l e AMEEIROFIRE FL L VERHRKRE Y Y VWS ATIT 2 b ERMH
—DEmMTH5. BEOLOMHBEBOERRAE*BATEERINDEB Y TH S,

VYTNWNATUEBLIN G5 BEELT, 77 AF v - vy EV T EEERK
HMROASEOMEEZ HIT2TNIETL LBV, TOZODHREELHALEDY
5120, TIO/RFx -y EVTER () CHEEKSRERS () 2MELLT

®1 BFHOLL T TIBREERBERR

- T,

h

NRyF— H-BTUF 7 F EWRER  Yx—-F4vS FIRFx

CIYTYY CINTIrT A
Att O A (1) A (E2) A (HE4) O
Bit o} X A (33) A (3E4) ¢
cit o x PN A (E4) o
D#t @] A (D A (F2) A (iE4) O
Ett o} x A (E3) A (ik4) X
HAZZY 2 0 e} 0 A (1£4) 0

ELER Sy 77 R ERR WBR 7T r—varTHETS)
E2 V= FZUAMEREH#E RBR7 TV r—2a TRETS)
TE3  HEMC L 2REARELFIECT

Ha4:747 - V2 =FAVIDON—FO 2 TERERL
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NI ORWVY, YU 7ANRADE03 TIIRETHASDE S 2B EVLY,
E R RAGE BoTLE .

EUVWES:(Kd: Le- cos 8 - Oc): Te+(Ks- Lc- (cos ¢)°° - Os)
8003 MDBG: ((Kd - Lc- cos 6 - Oc)+(Ks+ Lc- (cos ¢)% - Os))« Tc
5451 J5HE (PGB). ¥—-OHEIOESR

(AR OB
=72 0L,
OcATV19 hOEBE  KdHBRHEN 6 ASHORE
Le ke Ks $AERH R ¢ EREFAEBESADRE
Os BERHOE Oe BERH DL+ DS
TCTF I XFvDEE

ZOBOTVL Y FRIEX AT 21213, Blender ASICIZ IV FISAL ¥
TV Y IRIEOBEZBMT 200 WBKETH S, BER, YHOMAEELLTT
TVr—a v COMBFERIRRTZICELTFo TS,

5.2 # BE

HEMRICBELTY, IZIZEEXER L7, BERESIX100~2005 X% b v/
BB TIIGPCPLBR Y 7 — 7 CHARBEEMERL T3, InstaCUITY 17
FITAY P2 YALPTHDZEIZLDIIUD TSR o225, 757X k- YA
FARIMEEEDTY A FRICEKFET 5. 800313332 TRRALEICEH YA ER
14l LTEHREENA., BY TUVIBEE 2z 7 7 on THESND 28, TYIF4
THRELoTWVREZ vVidA LY Y7 BB VD, 145832 L3
EAERG, L LAY PVOBAIR, F— 7 ERTRREBICL o CIIEHY v 7 Bt
2020 %, HENTRZVWI—A3d5. 25 LBEZRL, 8003 TiE79 7 2
YEZYAMIET, BIREBAZY -V - XEYIZTL Y FLTWLE E— F A
LTHb. SOOI RTVLYFTLRY MUOBSRBESEIXIILALED 2,
LPLERTL 7L Y FREO IR Madhrb76, X7 MU CHTSEETE D ®
DNORTE)RBEDER Y VHIFE—bIIRTA V-7 L—LFRE L TOER
B2V AT—IZ 80030 7 M EEEIX TR W, 4B, HMHBEFOTYF - YT Uiz
BoNBEIRAIV—V XAEYETVLYFLEY (WEOBTEELT ) Ml
BIMIAOBHL, HESELHELD) 2, LROLIREFHEL) 2 hWnsr—
ATLDOEEN RV, BELTW 2N,

CHLIER TV Y FE- FE2RABEEB 2 Aozl VI ET, YUV
MEVY YY) Y7L LTO InstaCUITY 13L& ITIEBEILTwhWw, LaL,
TIVr—2avF—yTRYVBELYIab—Ya >y BEEFH T2 bbb,
ERERIES, TV 75— a Y CE—HIGEVEERIE 2 75 7 4 v 7 24
EPoT0E, BEDTT 74y 7 ABRIIR A F O HEIEVIERICHERT 2
EHEFIBABECLLEIZLDONELRAZTONZI LY E2 2L, ABRDOTF
NITF—=TD—DThb,
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6. &

sEXR

b (I

FRaIT1993E6 4 L D FERBLRABLCY, ZOREREICH L TEVEEEY
B, RETBICEBSNTVE S 574 v 7 ARBT, TRETOEERHD, =
DESPHTVSHDIIMBIC AWV ERBL TV S,

ARG TERTERP o ALBELLTR 74> - Y 2=F4 v (Ih=Fy 27K
ET I AFx « Ry KV TRRNOFERFONIMA LT O NS,

RENIV YY) Y7 LOERERRHEE LTI, % (shadow casting) LB hAA
DEENH D, WINOEREHEN—FYI 27 - TrElb—Ya vidkift & h
Xk ok,

Tz, L-VAAIED, BEREEFLTCOREMAEALT EOFLREV, KIS
THRALASICIC X BEBETFHETIE, (NTUMMEHFETILICLY) HEEZELTHE
MRERAETHILIRTELN, HERELE%L T, BEIrOEMLRATAET 2
ZERTERWV. b —DD5HDOBRETH 5.

BRI, A7 7/ 0V 0EBUCR { L7z Megatek # Advanced Rendering Group ®
AADxL YV =7, Roman Kuchkuda, John Rigg, Manny Enriguez, Jim Henson,
Curt Stehley ICBREZEKL, 3612, XRROME - /ECHBHVAEF v,
Megatek/ S REDLE S DF A IZEL BILEHLHITT, ABEZHALLZ L ET 2.

[1] %555, AGS50007° 5742 - FAATVA - VAT LORR, 2= AHR
2451990, pp.3~17.

[2] J.Trueblood/M.Mizuno, An Efficient Anti-Aliasing Software Algorithm, SID 86 DIGEST, )
pp.348 ~ 351.

[3] WBHEH, 25 - AF ¥y VEFI AT VIRADERNT VF - YT v 7 AR
DWT, 2=V AFH 2451990, pp.18 ~ 30.

[ 41 P.Haeberly, The Accumulation Buffer: Hardware Support for A High-Quality Rendering,
ACM Computer Graphics, Vol.24 No.4 1990, pp.309 ~ 318.

[ 51 J.Neider/T.Davis/M.Woo, OpenGL Programming Guide, Addison-Wesley, 1993.

[6] L.Carpenter, The A Buffer and Anti-Aliased Hidden Surface Method, ACM Computer
Graphics, Vol.18 No.3 1984, pp.103 ~ 108.

[ 7] H.Gouraud, Continuous Shading of Curved Surface, IEEE Transactions on Computer, C-
20(6) 1971, pp.623 ~ 628.

[ 8] Bui-Tuong, Phong, Nlumination for Computer-Generated Pictures, Comm.ACM, Vol.18
No.6 1975, pp.311 ~ 317.

[9] M.Newell/R.Newell/T.Sancha, A New Approach to the Shaded Picture Problem, Proc.
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