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BWEEORDZ w, 20ED, <4 7 v uy 7 A0BRAEHERAKE VW, CORECNLT 3 %
W, v A7arvrIIvI0kbDOERBEOEREVER L ko T OXTEREKEZ/NIO Lisp
THF L, Lisp ORFtEZIED L CaEM &, Lisp ORREXFIH L e~ ue, ~f 7u7
LB AT v —RFCIEL WCS~D 7 v 77 608 0N TAERRE L, 4, COXIE
RIF ELIS 0XEBR R E v 7, VLY REZAYDORNR%, TAO OF — XS KM L 2id5£E T
FZRT OBER A, "~ VUV = T2 2FENCRVECE 5, COERICE->T, KED~A 71
TS LAOFRBHEAREL hoTce HB2HETHIDTERICDOWT HIRRTND,

ELIS TR L « P—FF0F v i 2 ), F— 20BN —F U 27T CKET 5, Tk, SO
ETEHE IR+ T EREEDNN—F V2T » REx v 7%z Do RE v 7 » Vv 7OTF—4%
HBCHHADL VXA ZAICER, 2y 72NBPL VR Z LASKORXTT 7R TE % X 5 niliEs
EHLTWwB, XHIC,64Ey D Lisp 'A% —[AD X VEVECHRLEE LAY, e LK
AVR o T—E2%Z0FFT FLRELTHNAKENTE S L9 CT DAY, VR VVERTEET
DREx OBBERFFOMN AR A Y A v A 72 —R%FEBLTwd, $h, AEY e f Vv ETz—
ZHADL VR E F— EAAZOPKERBELCHHL Y22 L LCcHEHTE 3 X5 CL, inz<, »
A VRN COBERA[REL T2 C LI X o T, WTFHBEL 2 v RANLI N T 0 T T LDDD
WmaNy 77 L LCHHHATEL XS LTS,

S TAO Ti, HASHENEC T 7 28—+ ¥ R F Lk ¥ OHBLIETFRIC B WTRKRD b
N T\wic Lisp DYEREF LOBSRIC C 2 2, E bIC AIFFRRO o OEMEED 7 u 75 3 v VB2 %
BEL W DO EE L LTORER i 2 7 LR OEH % HIE L /2 [11).

BN wrI 3 vIrREOE—0BHREEHEETH L, WHCEBEOKIEZEH L TnT
b, WESBONEAEAEZE L EVWb D L A%, TAO TlE~<—x & % 5% Lisp OEEHAAE
Bk BRIC, 4 v 2 7Y ZIC X BETHRERBRAKCT L C 2 BIRL, 41 v 47 ) 2T H4H%EH
A5 emdth 2 B Lo 20X, ¥F, Al 7025 A1iE, 4 v 2 7Y X AREFTHEDE B
LbTFEIENBCLTHB, ¥4, Al 7 ur o3 vroil REEEPEVETAENA T 0 s S 3
VI e REAANBEL AV ET ) ZOETEER T 0 ST LBEBREOE - - T IV FICKE
KBET 2, b, 7a/ <0 L FITREYRFLABDODETT 2/ v 42 7°) 2%, =
YRATG e R=ZTOTRTIIVIIVFNy 7 EAHERTH B,

AV ETY) ZOEGRIED D, £ v BT Y ZOKIKTH % oval %L U, SEABEE, A A H =
o7 EREHRECEE T 2T RCOBRER~A 7 n 7 u /S5 4Ttk Lk, Thick b, AL
BRoO7ur S 0B8KOYEEIOD 7 =2 v F 23 AL Ao TKIBICHERM LT %, X bic, ELIS
DEHHAN—F Y 2 TERELTA v 2 7Y X OE@ %8R U ibid, £ K& 7z Lisp OCH 7
12 77 LT DECsystem-2060 _|-® MacLisp %4 & D 2 v _4 J ICILET 2R HAER ER U ko %
7c, RG] Lisp = v v Symbolics-3600 DA ¥ % 7Y X DHERER 1L 5 ICBE, 2 v [ F K HE
L9bdbDEt Aok,

chieinz, TAOTR AL v 7 7 I v 7 OERERBERICINZ 27D, 7wl I3 v T« X53KX
ALDOBERY 22— FOHHRKER B ERTELIEEG I 073 v 7 « RIXFALA LD RTLET
2L xHDERBICIEZco NI XALEHRICGERTZ CEBTENRE, 2—FREL NS

2z % NUE: New Unified Environment & 3%,
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BRFEDOARF XFA LICBEERHRIIN D e B8DAELARY, Tu 253 v 70N HECoF DR
BICEBARTHCERTE S,

TAO TR, BEOT w733 v T e "G XA L%, ERAA—FV2T7OTEOD LT, wWHICE)
KIL, 2OHRCHMEEN DD L LTHETLCENTELIIEBR L. FOEHIC—X
& BBRFUAN G X4 L CH B Lisp LER DAL eval % HIE L, Prolog [12] IKfFE X h 5 3REEA
Turg v OBl TH 2T 45— a vy 7 b Ty 7, Smalltalk [13] ICfKFE X
NEAT V=7 MERAIDRIEETATH 5 A v v — VIEEERE & & OREWED %, LFRZO D
W LT &7, ThADbDL, Th b, eval & \» 5 Hi—DFHIidiE D OIS CER
Xh, BEXhTwbd, KR, TAO X, 5 4 ¥HE, Hom i, A v v — VEZEZORID
2T 4 7 ZAEFEOSAERMLTnE, LESCLHTEDL, 2—F, 7ul 46 EVa—
ADLRADHE LT, KDVIAVTINbEREEZTDELC LR TE S, TAOR, chbp7'u
TFI3IVT e RNIEFA LY, <7 w7477 - Xy r—YrXk->TH#HifitFsochii
, BEORLCBATHE LTV,

THLTur I vy e RIZL LOMBCHc>TR, Al 70y 53 v7oFEARE A4S Lisp
DIEAUBEEX RO AV L ICER 2B k. Thbb, NF7 XA LA@ED®IC Lisp BIEDOHARES
BT 53T 5. LaL, TS afRE AP TR TE 2R Y ofRER K VAL, LV HE
BrloTnd, HRTXA LDOR S ERCEER L E 13T T Lisp 0F — %G Hw, <7
KA LB CHEREZERT 2 0B I Ao N7 X4 LBOUE FD4YE A &, ELIS o~A4 7w
277 IVvICBNTRTICEBELEHLEH W, Lisp ~OF —"~y F% AL Lo

BRI T FIv T - NI XA LZFECH, MEINNRTF L LAOMUBEEIC ARG KD 5 C L
BEHE L Ao, NT 54 AMICKE AMREOER BN, ERWICHBEDTE T X 4 LiZ{#ED
hT, RIXA4 22T 3R REDN S, TAOTRAS X4 AlSloMEER B2 &
CERE R, BEVRE, 2 VEB, Bk 237 ur 533 v 70RGE, Lok T
FEIU PR TE 2BEEOETHER L, /- T, 2—¥, HHKIRLTch b e rI Iy
T e NG XL LEELCGBER LS GDE B C LBTE, X554 OB S DbETHSD S
Q77 3Ivy s AXARTBS DHEIT R .

TAO TlEA v 4 7Y 2 O EREZBNTWE R, Yurskavfrdiciicks
T, Y OVEEAETATES XS5k 2iE), Tl 6BED 5D A BRERLELY, V—
Za— F2BERM LAY TBECEHABEC AR S, CORD, A VA TY R EOWNERER LoV
RNRATZHERBILTVD, 2 v L SOHNABREBENAERZ v 7 « <o v %8VET 52— F T,
EFDAVETY <A s uSal T LTERL o

TAO (,Lisp =2 YDA RV —F 4 V7 ¢ L AT LDHDOEAREEED Brdib, wAF 72t
R, TAF2—F JEHDT AR« Y RTFLDHKR— 1 ERThR>TWw5b, fE->T, TAO/ELIS
[ZHi7% % Lisp LR Tl AL, AL LA A Lisp 7 u 7 73 v 7B D DOR—Z L ko
T\b, Lisp Af&DHARE Common Lisp [14] ICHEHLL , £fk & L Tid Common Lisp O R —%—
ty bTH B,

TAO DFkEt « FFE & ELIS O W 0h 0 oBRBHECA— T v 7L TED b, liF ik
—RK e ol AT LE LTRE Lo ELIS THIR X S SEBAIREDE 5 B, & w5 T & 23, TAO
DEFEHE L RO 5BOBAEREHKBOEE LA DDD—DTH oo ¥/, TAO DRBLEL T
ED 9 b, EHOHBMESADDRELIS D N—F V2 TKEMEN Ao <4 7070l 750D
a—F4 vk, e iE, AEY)BRBOGL CHEFRSETHEEAR S, ZofEbEED



HFICHEDADLERD, X ) EEOKAEREAT S, Lo iRE L oTnd, DX S, FHEE
ELIS ¢ 7 u27 5 Iy 7S TAO I, ¥ bDOTEREALMRCH %,

AL DEIETE, TAOKBT B AT V7 MEME ZDERICOWTRR S, HEELLE S
Ry T LR, T el T <R A L CRERR AN B, T2 KRR Y, HREEED LS
WCETMEFT 22 BREICR S, 7V =7 MEROEBIERR ChE Y K— T 2 aEENL T
THY, Lisp 240 L 3207w I3 v T « XFXL LB INE VRIS FLBET %5
B EETar 73 v T « R X A LZEETAO OFRFHCB O TEEAFR, v + THo %k (B
BRI (3) (11) (12) (17))6

F7 V=7 M gAOBEEEIE 1960 440 Simula ICH B & & 23T E % 23, 1980 4E4X 0> Smalltalk-
80 %KL L TAKWIKIFEHEIN D L T A L AR o7o Smalltalk-80 DFfoA T o7 b3, 75 X4,
BES, X y—JImE s o BRI TR Y, BIE M ABA TV 227 MEAIOEZHD
BREALTwS 5% 5, Smalltalk-80 DFBEEE D AN TIHE X B DS Zetalisp [15] DA
TV =7 VgAY =YL LTHEB I N Flavor System T3 % [16], Smalltalk-80 <, #i&
DOIEAL & v 5 (R % B L - BRI AC SEEH X T\ as, Flavors Tk, S OEREIC X 35
TehT— 2R L WIBRETER L ASE#RALE Y A bz, Flavors TiX, T DLERK
KXo THIEL 2® Y 2 — M bOBRERRILT 2 € &L K ERZEEI N TV 5,

TAO 0A 7V = 7 MEFIZ, Flavors % FA : LAROMBEOKREYX N2, BAhD Y7 v =
T e Ny = LTThMEROKEAN A A 7 =X 4L U TSR ICHL AR 7o IR B
3B %, Lisp DERF—ZR3ATVx 7 MERIOEKRTOF 7V 227 v TH B, Hilc, 2—FD
EETDIATV=27 + 3 Lisp 07— 2 EETH B,

TAO %, Lisp S3E & LCOHRERX BEHRL T2, f-T, TAOK Lisp ND 7T 75 3 v
7 e NG XA LR B ICER LTI, HRERHEE® Lisp % M L CHBRETT 2 c 2 it A %
TAO ~0F 7V x 7 MEMO@ME TR, FEROTFRERIAS ¥4 £TH 5 Lisp LT EAZHEE A
HEEEY, SHEOXBLENCORIFL LERETEC L AL, »OHRICIDALT, »
PICHEIC A =N~y FESRYDAND T ERBTEDL XS CERTI»BEEETH ko ZEL
e Ay e— VKXo TH|REI N AY v FEHCOMIRIC I WTHETT 547 V= 7 MEFAOHF
BRELYERT IO, T X e Fhix % 5 3 BRSO 2FERBBEICA B, Hic, REL%
Ay e—VOEHRPOERTREAY v VERIRIIFET ORI TEETH S, chld, Tk
DEECHREINTWT, FODTERENAT — 2 2 BVET 3REELDOTRERMDO NS X4 L& 1T
EMTH Y, BRKBWTRABHTH D, Fi, T XA LRBOYRED M % TS 5318
D, AV v FOETH, LT XA LDOEFT L FFEOHEWAEEZFF o T B BERED 5,

FT V7 VEAOEBRICB VT, Ayt VEERXOFFERE, £V v FoOBEREES), 2
LTAY y FEEROEFTE VS ZODHE[ v v 2853, TAO Tk, ¥, Lisp OBBITFUH LD

30bject: F— AL 2D LOTH X —HIL LD Do A7 V= 7 V AHOEBHLRESM I, A v— P LT
370 b arDBBAHIND, A7V 27 P ONIRIREEZA v 2 X v AZHEFEN SERICHRFE NS, 7T
Z7IBEAye—V%ZETEE, FONRKISLTAY v FEMFEINZNB TR & 25EH X3,

“Class: DA T P27 V2 DA D, HAxDFT V=7 Mk, 792DV RAE Yy RE LTEREN B,
Flavor System Tk, 7 7 X X flavor & W5,

Inheritance: 7 ¥ A #EHT I, FFED 7 7 2% b LIGEN « BES%TAV, Hikh 7 7 22 EET 5T

®Single Inheritance: KICH VT, LD 7 7 2% 1 DR FHT b Do BEEFT b © % ZHEHA (Multiple Inheri-
tance) EIES,
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ReELTRINETRIETH o 7z, car AR CTAWKEFeC A v e —JEZERE LTHIAL,
Lisp 72 75 A0MICHHICRAEX 42 2B TEB L5 Lk BIBITUHL S 2y v— 1B
EAR T e d<0B#HoO LT HECKRIEN, el v 7 LOBREI R ARDT, B
RBOERETOF 7V = 7 VRAOMARERAR DD & A oko COFERAIL Smalltalk X &% 4 L
BRLEC R > TH Y, FifmEE A & owFGHsm _EL o

AV ETY % evalld, A v — VEERFEHNT L, ZEHETHIAT V27 DAY v FO
FrbEEDDDEHERLTCERT 5, TAOTR, = 7u7 a7 L5X34F) « —F
TAY vy FEERZEB Lo COHER Ny va X 3FEHEER Y, Biffic A ) HEBRDEL,
BROEX S, EFHNA T v 7 7 LB THREEE LORBECAD AW E23b ok,

Ay e—VIBORIKTH L AV v FiciX Lisp DB RS2 52 ko o T, EfF LD
FAREEEL Lisp 0B Z Db D L BEFIUTH %, 77V =7 MFFOETRIETHIEHOT
7RRF, Ny v aRAEEEHTEFRILL 2o 2OFER, AHME LT Lisp DFEE 2 T HE
BOAEVEEWREL LB T2 C L8 TE &,

KHEARICH7 v 77 AT, KICK 2 2V v FOEER AV v FROBEKLAEDZDIC A
) OFEFARIBEL LY, Fix ONEF — X 2HERT 2RENMETE AL A %A EOE
HEF2, 22T, AV y FVONBEHOHAILEZH -7 Y, N AEROBEZREL A4 -
TA=RY FCE > TEY T HREBRAL, BB EABEROABLEARHTLMED AWK
SIKTBENI SRR E ok, CHICK ST, a5 LBBROE— Y « TV v PHRERKX R,
R ATHRT 2B TE o 7, ATV OHEBER/MNHATCABEERICH 7 v 7 7 4 DB
RICHW295dbDLT 5 ENEFECHK > o

EIETCRINOLOFMERT DL 2D, Ry Fo— I RLEBOIGHT v 7 4Lk 585
REHEZ T2 v, AT THW LD ZL R L I LT 5,

B3I TRR AT V27 FOBWEREABKCEREGFRTH Y, K47V = 7 M EEFHE L
B LTELT, WTKEBWELA V. LAL, A7 V7 rOHBEREZEONRE, £ 727
F BWFTEWET AT A TV 22 MERIOEFACEBTT 2 C L B THRATH 2, EFE
EICERT 2 BEHOEEHEDISHS T, A7V =7 PR LA 7 v X & BCHEHR
TETAMEETAWEEVIREENREZ 2D 5, KX DE 48T, TAO DA 7Y = 7 FMEHAENICHFT
WMBBOBREX L CHifTA T Y= 7 VBRI 707 7 3 v Z7ICHBR L, HgEu R vy + oK
IS L T2 orfEed: 2 Bat L 7zo

2Ry MIENOSYENAEEERED DL, FEO v I L0 OEEAERENE LY, T2
Far— N L TEMFRCYHEMVE2RE L2V T25HEE X7 4TH 5, PHEEFR D
LEIXERAVET 2R, BRITTBVEROSZHRMIIST T, v Ry FEEBEABRER» O A
BEEIATLERY, ENEHETE Y 7 b2 T AESHADDE A D, FHC, TER Y IR
T2Faz—8REBERILL, TNEMBMALN—F Y = THEREM b HERL CTE o 2D,
Z5 LicHlEY AT HCHIS L 7R AR > 2 7 5 % EH T 2 0 BHREE > T b,

SEEIOREER Ky + OPFFETROEMERRT =) X ok oM oMEC I EAE 2R
TebDHEL, e Ry bAQBIRV AT LELTOT v r 7 I v 7 OBE»bAINIHEEED %
DZ v, 7, — 5T, e Ky MRS VT, 28 - Bafic X 2R8EL » v~ MMER
FEZHETwAFI— Vo LSRRy b e YRATABEHEINTWS A (17, ==Y =z v b
EFESRIKREZRET, V7 Y = T ORBECERZBE VAR E A v, KIFFETHE, iy
F~DVEEBOROHFTDH, wbWBEF T4« OS5I L EENINEET v T T I v I,



With 7V = 7 VEAZEAT 2 X5 HRET 2,

BYVRATALATHLEu Ry MVEERBRT 2 IR, ZOBRERICHIN L eE Y 2 — AR
b & D TVEEEREECUEFIH L R EDBL L, MHECABR S Y 2 7 20 LK BSHICHIETE
5277 P THRY LD EBBETH D, 25 LV a— ik bt ck->T, BE
A A— P 2T hbhdaRy b o o X7 L8, WAHMICERI N ) Gkt v FLEDE A
Thbieh LTh, VEEZTHHEDDDREFELAVIRY, 2k0 7wy 5 03 EE4*Z A
WESKKT BT ENTED, %7, V2 —AEICHFANAZMEEVEH 2 fTAbE, v KXy b OfTE)
RENEEElET 5 L bHIFTE B,

AT, Ry F~OBREVEET w75 I v 7O CHIRL, T OBRERONE Y, T—
Ty PEREHTET V27 FOMATRERHL LT, BICERLHDV AT LS AETAE
2 % (BRI (4) (5) (18) (19) (20)s TEFATH, r Ky FOVEEHFRA TV =2
MERITTEE S W, PEMAERR, RENAF TV 2V LTEREN S, FLT, — RO —
Vv b BVEESRYNCGHIST 2N AL TV 2 2 VEBVET B C it X o T, vE Y Mk
OVEERZEFTEIND, CDXS5AuRy v o Tl v 7DEBLXFL%Y2, TAODF 7V =
7 bCHiff 7 e LCOMBELEZL 0K >TEH LA, CDOEERY x5 4% MARCS
(Multi-Agent Robot Control System) & 45} %,

MARCS Tk, A ¥ 2 7Y 2% ~<—2 & LT, ufy MilHOBWAIEE-EH Lk, 2Ry
M, Do LDRD N LB OEWEATE 205k bT, PERHER 2 LU L 2 4 A 15
ICRBICKHL L DD, ZOREZORECOBEREICD L SWTHB*EET 2 C LA TE A
ThiZhbhwv, Lws KENKEIWAEE 2 ->CTw5%, MARCST®’, 2D X5 Afirxrpx—
Vaxv FOITEV A= ) OB LB EZTT R S DI, TTEIA v AT Y R LR X S ey
FLEHAWEY 7 VU 2 THRIER & 5 7o

T, T— Vv P RVEEBIOE V2 — AL O FIAL, vEy FOf B % BRE ke
LT B2 TFEERRE Lo ThaDD5, YWHNAXFYC v v P FEICRIEEESIN L 2 UE % 04T 5
I—Yxv FOBER, FIC, BE7—F572F ¢ 18| KB wTREI N [EHV ] i3 5%
HrEEI)LT—Vz v FFBATECECE>T, v=Fal— X 2 VET VEERIEE S 2 — 1 %
5z 7o

Fu Ry +TOMARCS I X B HHEER TR, ZREIR e Ky Mk 2B THEEOHER] &
LT/ A DEDARINERFTE S, VEERROTRER R Lico £7, (THIN—RT—Vx v
P CEITHER A VIR £ YV = — A 2B, N S VERE R BRIE XS &XKfrT% 5
T ERHEIL ko

APFRTR, ==V =v V2 HERIZEN AT — X L ATHIET 2tk o Tz — Y= v Ml
HOBAE - HE2EEHL, aRy 23k LTCHIBONBREN R X5 IcT 5 & dEL
TWwd, ML=V a2 L— 2 %2 BET 20O T O~V 2 v b, ZOVEZEHMICHI L 7Zeimhs
DY 2T RSO —V = v PAEHL, BECISU CHRBYERE L < MLOVEEX T —V =
VIMCEERY 5 5 3RICT b, chbDT—Yzy FRMALLTWE DT, Dk 5 AERY
FFouRy M, ke LTRNE, BOBXTT 2VEEOHNE, Bid LT\ 3@ & k)l
DIDLLTEBRLTVEEES T ERNTE D, CDX S ABRER, vfy FOfTE R VEREDS
DEBNCHI L CRIIGHEIL T €5 DDOEARN AR L LAY TH L LELDbN D, KETIH,
COHLAMBEOISHE LTX Y1 v FY k3 xz—Y= v VERRZEBL, 20ARRRL

fC [o}
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BREBEICESETE, KRXEERDELD%2FTAh S5, A7 V=7 MERNE, BHPE 7 w73 v
T e RGEALLDOHTYH, BTV 2a—A{LHiiE LTHBDODTENRL TS, KBTI, Lisp<y v
ELIS #BAR L, #0~A47u7ur 53 v7iCk - CEtféo Lisp QLEER TAO #EH L%k, %
LT, ELIS e %35 mic, TAO OO TH T V= 7 VEARMEL, 7 Y= 7 &AL
FHEA LBEEALRAVOREHRECEEHTCE B %2R Lk EbIC, IWH 27 7 6% M3t
MizfTAS C LIk > TEDOERERETMCRL, BEAMAEZROEBEM DA LACLTW S,
Fic, A7V s MEAICHFER 54 C, EHFRRIERT 20X hBRAETALEREREL, v
Ky MEICISHLCE AR R L o
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Lisp =~ >~ ELIS &< IILF /5454 L55E TAO

2.1 #:H/

WA, BAREENE S T 7 AR— P 27 L% R UD & T 525 CEE AR AN THBEIIE A8 A T
Y, BIICLERR « HIK - B3T3 ABOTF— 2 2o Y, AT A=Y X 6% R85 by
BLY, ERONUEARKRBEL LV T2X5AT w7 v rynfihbhdkosichoke A
THBEDO T w7 T I v 72 BT 5 EEMER L LTk, &< b Lisp VbR T X /&, Lisp
RECKE EOZT 2 Y 2+ O LFFUEICHE L g% ik x, BfoiacE—3hik
ToED LASETH D, ¥, SEBICH e ABRESEA T ZERIC  IER IC 23D B,

Lisp (%, T 5 L7efix OF | 2F oM, MFRE BN L CFLRIBFZERT LAY
o, RRE OEERAEA T v 7SI v 725 ASCERAAETHE LEbN TR %, LAL,
WAEA—F Y 2 THELHERL, Lisp HHOT7 — %7 7 F + 2303 EE LRI s c ek 5
THEE LOREYRET 2 BTEDL LS K Aok %7, HBMLIMN A KER A €Y BATC
¥5X51Ch), REOT— A B2 BELTIEMAvvoEEAT v 7 I v 7 REYERT
LT EHAREL - TE o

HEOE, COXS AR & Lisp B ELIS #BI% L [5] [6] [19] [20], 2o L,
Lisp #_— X & F 230 5 EFEE TAO %2BAZS L [11] [9] [10] [21] [22] [23] [24] [25] [26] [27]o
AT, Lisp =3 v ELIS' &, 20 oS35 TAO o B s L U 2 o E > wTik< 2,

ELIS i, Lisp D% BT 2 — NV 2 TEER*~[f 7w ur 5 LCEHERETS C &
ICE > CEtEREDMEER # BB T 5 C & 2 Ho ko ERMUERO LS KHIZEOHWAKE AL X
FTLE, A= FY 2T ICGEWEwL SAD~< L 7 ur vl I LA CEHEERT 3B, ~—Fv=
TeOEEFE WA LTHED AL 2%, ELISTR, ~47u7urZ5<hbBli 37—
¥7F7F v HBOEMIET 2, o hstcaiIcHILL oo Lisp 8 QN ¥ & 0 8 A
NAN—FUT%#HZDBCLEDD, =470/ vl 7 b0DEXLTIOXBEBOLDCA—F V=T
BEZDOECATWS, = 7 affVeciy, 54 I v 7% &0 - Y v A DfE R~ — ¥ T =
TEVEG R Ve =4 7 v 7 07 T<d, R A 3 N ABRO T — 2 "2 2FH L vwhid X
, VORRBO T — XEEPHEE X HD L L, BBEEIGEWA A=Y T T u s I v 75T
b, LMK E->TRED~AZ7u7urZ 7 I v IRt &Y, v X7 L0EMRHME2{RET 2
CERTE K,

1Electrical Communication Laboratories List Processor % b2 b,

11



12 22 LISP w3 v ELIS & <A 55 X4 L1555 TAO

1HH, Lisp OB ERICRBOBES AL, 77— X ONBREETRICHFIT 5. T D7, ELIS
TRET - T—F77Fx%2FHALCT— 20— F V2T TFTL TS, T/, LispT
BEFOEGFEBELENDOT, REEBED N —FV =7 « X2y 7 k¥HLTCNE Y K- T 5,
2B w7 e by TOF—FRBECHHADL VA A LENRTRE y 70T 7 e ZABNEL I XX EFH
ZEhb XS nBHEEYEEL TS, Lisp D AT —XTHB Y R ML, K4 v ZOXTCTHER X
NEELER—RELTERHINDE LD, TDOT 7 e R 2mEm#lbT 220X, whhAE) « 4
VET7 22— AREOC EBERTH B, ELIS T, 64 ¥y b Lisp tA % —[][D A€ ) #EET
GAEBEETEDL, ¥/, AEY e TFLR LU RALELTHAEY ¢ T—X e LIV REELTH
BRET 2 A= Y PLHL Y 2 X (MGR: Memory General Register) & FESEL ¥ X X 2 HHH X, Fe s
Hl7AHRA VR « F—2%ZDFFTFLRE LTCHUENRICERTEZ X51CF2AE, VR
BEATET B2 — YV =T 2EFHL TS, MGREIF—Z 2P cEEIALTVS
DTHPHHL 2 Z L LCHHHTE, BHHLAERY « F— 2% 2D %% ALUPCOREENE &
FT3CLHBTES, Xbic, N4 MEMTMGR ONEREVEAREE T EA v F v 7 R+ LY RZ
PR, XFF TV RAAR e a—FORDDONy 77 L LTHHEHATEZ LS5 LTS,

<A r7u7ur7<hrbRiELIS OF — 2 "R GHBHEMTH 52, v —F v v 7T
Lbd %5 TliAhve ELISO~=A 7 nfpfid64 €y FOFEBREOKFERCHE 2D~ L 7 uf
VEDZL, =4 7u7u7 I L0BRAHEEKE, ZCC,ELISO7 vy by FEHEE Lo/
Bl Lisp CrESBED TR ERL, < 7 v w7 7<0RE2EE L« [28] [29] [30], oA
rsur7ruar o3 v 7 ER T Lisp O R21EL L T2 E D, Lisp OBE*FIH L Zc=< 2
u, w4 r7urnr I L08NAE T u—FH T WCS ~D 7 v 75 L0HE W NITEEFEHL
7co %7, ELIS OXFMER X % v 7, LY R 2 EZDONE%, TAO 07 — 2 LK - CELBNIcE
AT BEEER A, " — F U = T2 AENCEVET S C 23T %,

=78 TAO DBIFEMIZ, Lisp DHBEZ A EL, X bic AIFED o DEMRED 7 s 73 v 7
IR (2% NUE: New Unified Environment &PEE) [11] #EEE L T DO EELFEHRT
5C2THoko

BEhie7 w77 v 7 RBEOFE-OBRBILEERRETD 5o »RICEKEETD > T HEEIE
OhEARERZEL (&, TAO Tk Lisp & L TOIHAN AKEREREIR L /oo HiIC, £ v
270 2 OHUBEERAKCLT, 2y A A LB THhTOEARCALERERER L, ZTDOHE
MixEFE—ic, Al7uZ 7834 v 27 2AEFEDAPLTEENE CETH D, F
T AL e I v S CRBTHER ARV RTREN AT RS T I v T REAARBE N &
THd, oTAVEATY ZADEFTEERZ 7 w7 7 LHRFRFOE—Y « T7 Vv FIRKEL EE
T 5, B=IC, 7uro<DBRL cETREYRGFLABOEITE2A 427 21, =2v 4
Z e R=ZRTDTRTIFIIVIEDTFNy IV EEFITHEC 2 TH D,

AV ETY ZROERIELDID, FORKTH 5 eval T U0, AR, HAA =X Lk EH
JEVEBEIC BT AFR Y T RCOBfER~ A 7 v w VI ATER Lice CRICX D, WERD S 1
75 LRI LD 7 2 v FHEAL Ao TRKIBIREEXRM LT 5, bk, B —TFvV =
TOFERAK XD, Lisp D+9KE AIH 7 v 7 9 4T DECsystem-2060 @ MacLisp Z® = v 3
A VLT B IREHRER R U 2o F /&, i Lisp = ~ Symbolics-3600 DA ¥ % 7Y % Dk
BEZ XD ICEEEX, a v A JDHIBLY BbD LA -7,

2ENEREREE = = » + (ALU: Arithmetic Logic Unit)



2.1. KEEH 13

chiehz, Al7 w793 v 7OEEABRICIGZ 270D, 70l 53 vy « XX 4 LDE
RE2—FOEBHIEE R LN TELIBE T 0l 733 v Y s RSXALDVATFLET RS
TAO OFLBERBKCIEL 7co THICK T, 2—FREZ bWASHEREDO NI X4 LicBERE]
RENT, ey o3 vy 7oRh HCoOFOBIEERTE 5, TAO Ti’, Lisp 0¥ OFik A
FHEEELL, BRO 7w 93 v 7 e RIXA LB HCEE I, »OHRCEMETE 5%
BXR Lo 2D7DIC, R—R2 2745 Lisp WERDO AR TH % eval # HE L, Lisp AKDOFEKRE
NTE AL LI, Prolog [12] KRREINBFHRBFE T w77 I v 7oNBEEE 22T 4 r— 7
vy 7+ T v 7, Smalltalk (13 IKREINDEF TV =27 MEMOHEEFATHE A v £—
VRS O RE WS R OFOICFEIE X E 7, fE-> T, KEHEIcIE, TAO W, S4%
atH, Horn ffj, A v ¥ —VIEEZ DR ED <Y T 4 7 A% FOS KRt L w3, LS5 ¢
BTED, 2—F(E, 70 T4 s EV2a—ADLADLEAELT, XOoLvArcinbdEES
bEBCEBTES, TAOR, thbD7TuZ73I vy « XFX A ok MiK<7 nBiCS54 7
Y e RNy r—JE->THRET 20TIRAL, EEOBCBATHE LTV 3,

TRT T IVT e RTEL LOBEICERL TIX, Lisp DEARMRELZBDbAVC LICEAYE W
Teo NIEA LA DD —R & B Lisp OUREREIEIC A B C L BB ATRER b AV,
LU, ThHBVEEAEHPCETE 2R ) OBBEX B VAL, 2 VWOLRBE L HTRDE, HFRTHX
A LD S R BEARE X T T Lisp OF — 2 HEE R A7 DT T X4 sfCiER % 24
SNER AL, MBLOBIEREZ 77X b= 2 a7y I 60EENE R AT, Lisp ~0
F—N~y Flidh v,

COXSRBEET T FI vy « RIXLLDZFETH, BEINTT XA sF-LCHEEICR
BERDHECEREE LAV, DL WTFRLDART X[ LADOWEERMD b D & H_TET T,
EDORTEA LAGFEREDIT, XL L@EOFEBE LAV, TAO T, HEMRE, 2+
UHE, A, 2wk 7 w773 v FOBRGE, Lo koS v RO HEY 2EBEE L
TEHE LD LRPEEEDTURE IR * TR > T, 2—¥, BHKILGLTCch b T v s 5 I v
T e RIEA LERFEHGER LHAEHLE B C EHBTE, N9 X4 sHOBRECSDbETHSD T
BT T7IVT e AZANRTET B C LR ERE S BEZ A W,

TAO TlRA v 2 7Y Z DEFILIKEREZFE T VB, Fer S8k a v "AAT B ECE-
T, XV ERAETHTEL L CAZED, 7ul 3 0BKD D5 AV BRERLED, Y —
2Ra—FxBR L7 TECERAMEC AL, CORD, A VAT Y X O EE LY
NATHIHRBLT D, 2y FoHNRERENAZRE v 7 « <2 v R EVET B[] = — 1T,
EDAVET) ZR=AruTr el S LCERL o

%7, TAO R, Lisp =2 v DARVL—F 4 V7 « Y RF LD ODOEKERER PEIED, <L F
T7RER, RAFA—F, HMEADT AN Y AT LDV R— +EERITA- TS, #->T, TAO
REZZSELERTCR AL, ML LR8N A Lsp 7u 793 v 7BEDADOR—R L ko
T\3%, Lisp A&fADHARIE Common Lisp [14] Ic#EHL L, 44 & L TX Common Lisp ® & — 38—
vy FMCAR TS,

TAO DF&&Et « ¥ & ELIS O WL O 2DF OB HABECEE* 52 H->TB Y, MHFE—
e ol y AT L L LTHKE L. TAO 0 Z3EMAE Y BE T 2Bk, ELIS TSRk <28
FRETH 0L D EEBR Lo T/, TAO DEHET 2HEED 5 b, EHOKKNAE S % D Dl
ELIS O~ FY 2 T KKMEho =4 20702 50Da—F4 v 7k kb zlE, 2 2) B
DFF DL CHEKREINE T 2 HE5H X, ZOFFLREORICHEDADEERY, X hEEoMksEriE



14 25 2 # LISP =< v ELIS & <=AF 5 ¥ 4 L 53E TAO

2.1: ELIS —5#%

AT B, btvoic iRkt oTnwd, CHXS5IC, ELIS & TAO i, ¥ bDTEFHEABHRICS %,

2.2 Lisp =< > ELIS

ELIS oI ORVER L, v v FE—FTEy t 27 2D~vfrsnrreyHeray b ¥
TTL fBREE % FH~CclilEX e (B0 2.1) ELIS i, il =av¥a—4%% 7y b1y
FeFbNy 7Ty Fe vy dTHb, M21KBWT, AVEELIS(A) 0B ICH 2 5 D3,
7y bxyv F& LTCHWZDEC #:® PDP11/60 T% %, ELIS {%, et L B U 754 2 %[
WT 7Y v ML T 7 i3 20 EEWE S h, EROEGBTIEFIN TR I i, T bkt ok
HZZ L VLSLF v 7L LCAIE X 1, #9200 BRHM E Lo

2.2.1 ELISO7—%77F+

% 2.11c, ELIS 3Vi— B0t 75T, RALURL Y —4 v HCEy b RF4 2D~ 7T
2ty VEHNT CPU KL, ~4 7 v u7 o 4Cllfl 3. FHiC, eval #2MAIC~<A 7
e7rur 755 REHRELTBY, 47207 ulI7<=DLALLRILZT—F77
Fr 2t T 2582 LoTnD, v v Hf 7% 180nsec L L, THEDNT VY 2D DI
100nsec FEEDT 7 € 2 2 4 LD A Y R LT W54, A ) ORI TADT, 128M ~4
FETOT FLRZEREFFD, REEA ) R FH L Ad oD — F U = 7 RHHMlbIh, A€
YOT 72X 24 L%BMECHE L, ch i Sdhaxa LOWREEROHMricECEMR L c~( 7 =

SRALU: v o242 & ALU #&b¥7b D, Register ALU
tro=vvH S 7 r0FHEHER, 1980 ERFWIOY 2 v + + TTL #f\vwi CPU ¢ LTRE#ENADDTH 5,
#o VLSI filicik CMOS a2l bh, =v v [ 7 A EHEE i,
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15

7 2.1: ELIS #Ve—5# o3

IR~ RIS

IR ¥ 2 &

A= VAL Y& (MGR)
Y —Rfrieh v v 2 (SDO)
ARy TR VAR

32y b

323 (32 € v 1)
A% (64 E v 1)
3 (e )
3 (14 €y 1)

TukwyH | RE v 7 16K (32> + /38
HilEIRC R 16K 35 (64 ¥ + /5l
A 180nsec (AJZ)
il g <A rwrur L
(RALU) (Am2093 x 8)
7 Fr 2R NAFT FLR
A LR 64 € v
7 F v R28E] 227 % 4
AEY RAEEAE SM A
T 7 AEL L 380nsec
YA INANEA N 550nsec
B FTIER S 16 ¥y Ml €y FEDETIE

16K € v + [/ F v 7 ERDOEHE. BRI ek Tlx 128MB % ¢FEETE 5,

a—F 4 v IBaFEL ot H2.2IC, T—EZAR_NZAEHLETET—F 77 F v %/”"F. ELIS®
T—0%77F+ LOREEYETL L, DL ToX5Ch b,

(1) 27« 7T—%77F
2y EOFEOHTIR LMD 1 N4 VEE2 7 TH D, 27K > TRK256 HHETD=
A7a7vnrsL0MERTE S, M2.3IC, # 7 %&t ELIS © Lisp K4 v 2 %753, %%,
F£22C, 27X BHEEERRT .

(2) "—Fv =T «RZv7
2274 v 7 RAM 2HwAKER (32KEE) OEED R X v 7 %D, & vy 7 %BWT 5
FeDWIDDRAR Y 7 o KA VERDB, ZAZv 7 o by 7 OTF—2FHNELIZE LFET
HEXTEBHBTE, push®popld, 1 <> v I A 7ATEFENB, REZv 716D Tuy 7
KHElEh, ey 70BRYBI 3Ry 7 e F—RNgu— 2 TFv¥ru—{F »—FU=x
TTFxzyZ7ENb, TAOTH,ZDXZy 2 EHnTTRANL vF 4 v 7% FHALES %
To, BIRD 7 a € 2 « 24 v FREHIN TS,

SDeep binding: ZEDffi%, 22 v 7 LOBREOMPIE U AR D, BELEF— K LTEET 3, chicxl,
B4 vF 4 v 7 (Shallow binding) i, ZHAICHEET 2D 2 = v | (value cell) %, BE% & —IC LCHERT
5, TAO Tk, 32 X5, W77 w77 3 v oEHRHE2ZRLC, BN, v T4 v 72FHAL T3,
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55 2 # LISP =3 v ELIS & <A F 15 X 4 L83 TAO

% Data Out 64bit or 32bit

Address Bus 31bit

A-Bus  B-Bus 32bit

32bit

*

MGR CAR2 CDR2

CAR3 CDR3

Iﬁi'&n

CARl CDR
SDC2 Sbit

path

? * 1 - <_Er|mt Data

R
e

& MYSRE
J

32bit

~AOQpdwn

Eﬁaﬂm
A

*

path 4

t 1t
I

32bit Y-Bus

} Data In 64bit

B4 2.2: ELIS 5 —Z "=z

71 6] 5143|210

RA V7

L 5 rg—

FT— TIEDH (BIXUZ20MoH®)
b6 — tage (¥ ZILIRE Y I)

b 5 — car-cdr 7 fE—
k4
FO

F— ¥ REHOI- DOV T VI LT - ¥ S

23: Lisp " v &2 & &7
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XK 2.2 27k B4y

& (=E=v7) FK

tag7 ¥y b7 33F v A bIESI,

tag6, tage By b6 DT v h b,

tagh, tagcadbl ¥y | 5234 v & HIX5E,

tag5-0 Ey b 5-0IC X3 64 FHh5rs,

tagh5-0 BHMNL. v M 42F v AL 3IBFHOL 7 €y MRS
tagl5-0 3BHMEHE By FEBA T AL 3ZBEDOF 7€y MRS,
tag4-0 Ey b 4-01C X3 32 Fl4ris,

tagfil Ey b 50 8¥2ThWE X0,

tagnil Ew b 5-08¥eDd X530,

(3) REED WCS
64 &y MEER 64K G0 WCS 240% 25 v 7« A2 MUK XX 7 4 v 7 RAM 2]\
Twb, WCS~p<Af7ururIspu—F4vridrzey by FBHFA5.

(4) CPU- A U[f v 47— R
AEY e A2 T7x2—2 T 64 Ey FONREERD, Lisp OD—DD kA (car & cdr) DFEH
BERIRO AV EVETIITTE S, <P VY HA IABAERI T2 RAD 13 BhOT, A%
VZHEEBL ChbEOT — X 2MERATFIEE L 2 5 £ Collic, A& YBIEL WHIK3 27
TD=A 7 ufSERITTE 5. TAO OFFEBEAEOTTICIZ, T D car # cdr HoHAM A4
AV BHEDOBRECHEITAIREL B A EBEAEZE L L A - o

(5) A=IYPHL Y= A

AEIVRALVYZEZ (MGR) EMELE6AE Y FDOL YR E R 408D, BLUREACEENE
N32Ey rDcar e cAdr WHED %, bk, BEONHL 2L 1LTH, AEY -7
FLReLTZREZLELTH, T, AEY « F—R « LY REELTHHFHTES, 5T,
2 HMBERICD, ROKA V2R T 7 €RT 5L EC, BAMLAAERY « F—Z %7 FL
R o LY Z X ICHERET B BEE A Ve 72, MGR ODEZDO AL MIBR ST C LOTE S A
YFy 7 ALY RESDCRIAD B, SDC EHWS &, MGR # 4 MDD 72 DE
Froval LTHEATZCLRTED, CHICK > TXFIEVESERILX b, $h=
YRANY e a—FVEEFTDILEDa< Y F e Ny 77 LTHMIHTE 3,

(6) A€V « T7RADA—FT 2T ICKBRE
AEYBHBOLE, ZT7ONED, car ® cdr EOEVERTF EINB T — 2 TH B0 E 5 %,
AEVERBIEWITLTREATDIC LA TES, dlcar L cdr RTEA VT — X DESICH,

SWCS 1%, 24%] 16K Z5CH - 7 21 4 150D 64K ZEICHEA & M i
"SDC: Source Destination Counter (¥ —Xff4E# 7 v #), SDC (X, MGR OB E T 2 HDL U2 X &
LTl AV v 2 e LThEWET 3,
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02 ) HVEGHBMICTET SN b, COBBEEA3 &, HEINAY X MUY OBE, 1
B Y /3D~ 7uRTy TRERITE 3,

2.2.2 N—Fyx7 [ 77—L7xT7REEREMIC

ELIS ® X 5 A EE A EVET A H o T, HROADOTEY AL ELTEDES 2D
DEFANDEHE V)T LZ, DEDODEENTH D, »— F vV = TERRECE, »—F v x 7oAk
BROBHIC T 2 BN HOBRZGICTEIZBELRD Y, ~f 7rn 7 vy LBHRRCE, T e/
FIVIXBEBY - NOREREEL A b,

ELIS OpiZ Tk, 7uv bt v FllhbAFMOEKSEL2E > OEERTTAS C & C
X oT, FRCEBBEOTEBEEL2EE T3 L i het% & 5%, ELIS 0flfHCEZM%2 72 v |
v FllcfThbe 3 tick>CELIS B0 — Y = 7288k Cc&% %, 7y bz v Vi
EH L id ELIS 14T - CTHEFE L 72 /NEY Lisp, TAO/60 [31] 3% b, ch kv, ELIS ®»~—
FY =7 [/ 77 =07 =7 OFSSTIEESE 2 7co T OXIBEIEY MIC &5,

L DWH| 7 4 —A FRFFOKERI<A, 7 uTur 5 v/t ROl vwa— KT 3
<A 7 uayv L SoERIERLTCwARVWDOT, MIC TR Y L S%REZCLEET, TEY
75,V hEOHEMA Y —ADOBEN R EEIL L. ¥4, ELISOA— ¥ Y 2 T %EET 2 Y —n
EREL, AT LT — ZANROREY LXFECTI B EEEE R U 7o

MICIKkB<Af 7 u7al I LPiRI4 72 %M24ICRT . YV—ZXT7F7AAD<TAf 7S n
7or@3~wAruT eI EoTCT vy ITAEIN, BEEREAA 7 V27 P EV 2L A
50 A7 0l vhE COFTVr VBV 2a—ADE~<L 7 uHHIC WCS o7 F1L 2%
#HypYcc, WCSu—FEVa—n%Eb, WCSu—FEVa—rjie—FiKk-TWCS I
O—FXh, dZ b hbDa<wy FICk>TETT %,

MIC (124%] TAO/60 CEEEH L 223, ELIS ko TAO o#EEFatA# Ic TAO IcHE L, ELIS BH&
T77—LY 2T DR TA 7%, ELIS HHICIZETCD WCS ##VE3 5BEIX AT, WCS
u— X% 7wy by FRIFCETT 38,

2.2.2.1 ELIS ¢ARX MIBREDS 572 —R

1251, 7y b2y FOKRZ FVEHEBEE ELIS LD f v 2 7 = — RS OERETRT. CD
B, meID k2 MEHEEETH 3 PDP11/60 DBER/RLTWEH, ThEBED AR MCDWTH
KA BRI EFERRTH 5, ELIS OV VX 20X AR DRKRD LB Y TH 5,

(i) WCSADR, WCSDRO ~ WCSDR3(WCS f v X 7 = — R « L ¥R %)
WCS %A EETEODLIZE, AR+ (16 Ev ) & ELIS ® WCS(64 € v ) DFEIR
DEDD, T— Rk % ARCH T TITA 90 TRL R« LIRZEAHOT— % « LV R
EBD Do

SELIS ik +Aabb 7Y v 1 EROicR7ey 2y FRLSI-11 kK& b, TAO/60 DD 5 5 MIC «©
BERIY DB HEB Uk ULISP & w5 /Ml Lisp % LSI-11 _EIc/ERR L <, ELIS »~— F ¥ = 7oA % 5| % #k
%o ¥, VLSIFRO ELIS Cik, 7o v b v FREUNIX ZOV—27 25—y avich ), ULISP 2 C SECEXH
INio '
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- weso—-7+1>9
AR

ELIS
WCS
24: =4 rursar LRI 20
( X METE )

) ! .
< UNIBUS >
N | | Vd

[12%51=3F | 1>27x—3X [123201—F |4>9[71—;q
T T I
4 | [ [ [ ™
DMA CSR
UWORD wes
I YBR ACR
ELIS (F—FI%R) ;I
(sequencer
XEV etc.) \ '
| A
AEY Tty
noheme 1r57:-2[€
L | \
{ X-BUS )
Y N 4 ELIS )

Bg25: ELISA v &7 x—X

19



20 % 2 8 LISP <> v ELIS Lt =AF "7 X4 558 TAO

#£23: CSRa<wv ¥

aw> kK ELIS OEWE
DEVCLR | »— F 7 = 7HIE
ERRCLR | =5 —2707

STOP fg2al (f1 LT viuiX Nop)
DME Ei< A 7 vt SET
USTEP <A 7 afpHDORT v TEF
STEP SHKHM DR T v 7HfT
RUN T (BAED PC 0BFiHb)

(i1) CSRO, CSR1(=a<v ¥ /REEL v R %)
w2 Ml b R 3 ELIS oNEIREER, FAE C D220 L YR 2 CED LI TS, 7,
ELIS Ksd3 2 a< v FEHe<A4 7 u7 a7 L7y (UPC) oFAEL D CSREHT
12 5%,

(iii) YBRO, YBRI(ALU &R U2 %)
ALU ofEEiERR, ~4 7u3 4 7 BICYBR 6 W) 32y bOL YR ZICky FX N3,
YBR %, &2 Mil2biZ 220016 ¥y bdL Y24 YBRO 83X YBR1 & LTHD 5,

(iv) UWORDO ~ UWORD3([E#E~ 4 7 nSfFL ¥ % X )
ELIS i3, WCS 2= 4 7 v % FAH L THET T 520 °hl, &2 MHilhbESXLR
e A 7 b ETTE 5. COBEEER EBEEST (Direct Micro Execution: DME & i§3)
LS, DME #fiA 5 Icid, 2D 4B UWORD v U2 &K< 7 ufipSiE X, it
CSRO EHica~<y FEE5,

2 (i) ~ (iv) DISkIC, ELIS & 2 | & ©Rlicik DMA i€ X 28832 3 X T8, ACR I8
A VN OBEEV VR A ERD B, TR ITNT, *X MEREEOY X TF LN DT FLR%E
HpBThhe, AHI/OLv VP REICAhoTWwD, CSREBHMTELIS Kitbhda~<y Fo—&K
%% 231K

TAO/60 TlE, #num LFEEE Y WD TFT—2BI%T FLREE 722 LT, ®*R DT R
FALANRZREET 7 2T 58 unibus #VE-> %o unibus /I,

(unibus address {data})
EWnSEE L TWw3BY address ZEEVEIF L P XX DT FL R, data 3B X ABLTF—4TH 5,
data #BW3 5 A LEVEC A 5. #num X35 €y EERVERES S unibus %5FHT 5 C
tick by, ELIS ®~— Fv = 7 OVEDR, SEMNICHBD CTRHICTE 5, ELISOA—FU T L
TAO/60 DA v 2 7 = — R X, H Y AH LN, B unibus DATH D, v, 7T v 77, <
A 27wmY v WCS u—%it, TAO/60 X1 TH T TE 7o

{} i, BERS R RDT
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2222 =A4707€2TZ

ELIS o< A4 7 i3 2.61C/~kF X 51 Type 7 4 — A FICJHE U T 4 DRI 1 310,
1#% A€ ) Z2BoR ITENE SDC @R, I BT EH=I v rofitch b,
MICT7.2Y7IClX, V—R7F7AAERT 2y TATEBLET TR, Bithkchx bhvk~A 7
B ET Y TALTCEDA T V27 Vil xVEDC N TED L S5KCL, & v 74 T DME #
BEXFH W7 X v 27 o7% b, WCS OFGEMN ANy F2R[BEA L 9K Lo =4 7 05 %k S
ACHBIL, Lisp CHEHEBWVET 20T, €5 LA T & BIERICASICEIRTE 2,

<A IS ORAE, T4 A FBEEDT 4 — A FICHT2EELERZ I X ML DD
Y2+ CTHb, ELISO=A4 7 viflE7 4 — A FOEBLE e, T7 5 —A FXE VRHDA
UHERER T vy T ICEBIN T2 L L hiC, v~ 7 o ERETAREL Lo T bIC, By PRZXVEL
TRYEPIICHBETHIEFTT L — YV 2 THIRED D 5~4 7 uiysSSE%r, TV 77 TR
HLUTHBRT 2, D~ 7 u7 w70, w207 4 —A ViRt~ 7 vt
CHwbh, =4 7 umpfSe~< 7 uE®, 74—V FVEEZDOT vy 7714+ 3 md o
b, R Clk<Af 7uruZ7LnfE LT, NAF) « ¥—FDOA—T 4 vE/,-T2, MIC D
Ty 7 Ik Lisp TVER L7c7c®d, 7 4 — L FOIEDEFHE % Llsp KRL TR 95 & & oEkkiet
ERDCITRS T EBTE 7o

2.2.2.3 =A4z70Y>Ah
ELIS oy =% v3ik, WCSHAH LT FLRADZEDDY —X & LT,

1) AEBH b DIEEEA N,
2) 4 VRV ECOERI R FoWNHAZ v 7,
3) @H, BT FL Il 2N& ZffsA % UPC3,

B EBLBERT 2, LIMO<A 7 afhcikl) & 2) Olaes, B~ 4 7 e Tt 3) o
BWhER FlvTw i, {EBDIEDDDT ¥ L2, 747 F OR Tfihbh 5,
CDOXSKELIS Dy —4 v v VHEEREEET, <4 7 uimist WCS ofilili A7 F1 X
HDNTBVELEZREABIKA S, ¥, v~ 7 v vl hA0BBE DT, EEEHIICEY 2 —
MELCHHRER2{TA S BERD L, MICTR, <[ 7uT vy 77 CHERBAAF 7V =
ZPEVa—AEFHNL, Vv IRE-TERBDODT FLRRRDDL E WS, BHFOEHEEL <D
Trv 77RO EERH oTko LOLEBBEEL LD v HEERY, =f 7 a7 vl F240

1055 4 ORIHEEATH %,

U7 5 —n } OEDARTR, <1 7 uSOROPERME L & 5, BX Type 7 4 — A FOHE 525, fhd 7 4 —
A FIRENLERBIETE 2HGICE Type 7 4 — A FREWE L c\ve T DI, BIB—FICRELEVWEHETH Type ¥
WETIOREb LW L BEn, MIC TR, BIIEEEhE 7 4 —1 FHrLBRBPETE A T icik, THORICE
Fo0% L THE, TNCESWTT 7+ —A MEZEDIAL, TOZD, % T 74—+ T 3G — V2 HENE
ETE3X5C 7o

VepruaZ903, #7227 MEACBT 22V vy FERDALDDOAAF) « H—FTHWTWS,

BoefrularlSnhy i

BII#DS B, $ 74 —T 4 VIRVGED L & 1T, 2) DRy T OEBER#5 .
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| B4 70&6% (X EUSEE)

63 61 53 50 44 38 32 21 0
LT} t P i E E E
'Y ' , v A- ' B- v Memo '
e ALU : &1 Y-Bus; A-Bus ' B-Bus ! Yo Sequence Control
+ PiOperation | t i destination source : source : Control |
. Ei ¢ h : - : ]
\—Debug
| B = 'f 7 04% (SDCHlIfHE)
63 61 53 50 44 38 32131 21 0
By : P E E {1 Souce
'Y ALU : a: Y-Bus: A-Bus : B-Bus | | Destination :
{ P! Operation: t | destination source | SOUrCe | |  Counter ! Sequence Control
! E} i h ! 5 E {1 Control i

\— Debug \— ALUc (ALU carry control)

B 7065 (EHII v ME)

63 61 53 50 44 38 3433323130 0
LT P E E Rl
' Y v a ‘Y- VA= : M .
' ALU : :Y.Bu's :A Bus AUXS 10 Immediate Data
+ P1 Operation; t destination: gource ! P
' E; th: . ' N

\— Debug ; ALUc (ALU carry control)

Emit (MSB of Immediate Data)
RTS (Return Subroutine)

2.6: <4 7 uipSHEK
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Y — 2 LOMS DI, EFEBIKWCSIkue— FXhik & EDIEFE RAESIE LA V. 20HH
&, o= vr v 7oK ->T, TFVREAVNHTFETD X 5 AHRED 57D TH 5,

(1) I % (UPC # HBIWICA v 2 Y A v v F 3R D<A 7 e@LaSEELTWw 5,
— WCS LoEifFi (L Fehit Ay 2 L) K i 5, IIIBGS T vy 7D
RS SR, TR IIETRTH ZOEREORBICE YT 5. Hib, E@itdsn
Eo MG TD - 7c & & WCS LT BB it n + 1fTH 2, Ak, Tuy 7
ROBBEIEET L v,

(2) n HARHSLDOILSE~ 4 7 nhato
— KEXnD7uy 2 EVNT S, %271, FAI LT 20T, oD 7wy 7
(UTFehEMET 0y 2 LIF.8) OTRBEHIE n OIEHCRITIIER D W,

(38) ¥TA—T 4 ¥V v ¥ T
— kEE2) DR £ v IERFACRF TA—TF 4 VT, ZOGADBEINTNET FL2DRD
TFLRBRIFEELTRAZy 7IKHEEN D, o T, ¥y T Ar—T 4 v P r v IHE LRV E
DS, EHEHICH D AT b 5 B H B,

FRo~Arunrwr 7 A, thbDdIDOREELTHbN S, 2t 2, T BDOEHSDIRD

S BIIE 7 vy 7 DFRIHIC R > TWBIEER, i, Jik 7T vy 72 0REBOT FLACE N

MEBRIBTHLHEE, LK, TRLDOWMALA>TWAEEETH B, N 2.7T06IC 1L, EEE

353~ 7 v (7'\11/a0)<vf 7 aSTIE S D) B ULEIT, ZoRED~<A 7 uimpdy

(7 =N b) DRDEFE DS 4 HFAEAS (7 < branch) O3 7 v v 7 DSEFE (F N yes) Kk -
Tvwb, ChiCz, RS T vy 7 DRKEDO~<A4 7 vigss (7 <4 no) X I BT, ZDRDEHS

PIIEICH D, COBE, KEXII(=3+4+2)DTuy 7305 T, 20T0ELFHOT ¥

VRFBL T 2y 7 OFFAC R > TWBEDT, Fi2 €y F20(HIL 4 DEHRTHLE5ART FL

) >TwhdhiE AR bR v,

MICO<=A 7)) vyH TR, RODEXSAT FLRE VAT TAZY XL%fni,

(1) Fu7J rofilflofh %ML, M28KhiRT 2X5Ah7u—r5 7 %S, Thbb,

Q) TrY7IOWNAT V27 v Of<4 7 umBic, flfloFhEEbT AL v X « 74—
A YEERT B,

(i) D7 wy 7, MIBGEDOT vy 7, FTA—F 4 v % v 7HL%, iz nE L
TE5<A4 7 nmHBERHIEL, R7 FLRAOKRERDPNEZD< A 7 afiF~D KRS v
BEFRAVE « 74— FIKEHIL, IRT FLRDIEED W ML BN OEGESD FAL v
Z o7 4 —AFIRZY —RETORDGH~DEA v 2 2HHT 5o

(i) BB, DT e y 2 H T BIO T vy 7 HEOXJPL, 2OKE X L2387 %,

- M280f1Ti, 4 DORAED B, <4 7 vt LIk 4 HENE, 2~5 1 1 2 boSYET
ny 7, 6 ZHEMO<, 7 uGs, T~ I BGEDT vy 7 TH b, M280FDK
B, A v & « 740 —A FOERERLTWVS,

By A7 FORKXBEHEDERTTAS DT log,n ¥y M2 0THBBERD B,
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2.7:

# 2 % LISP =+ » ELIS & =AF 5 ¥4 LEE TAO

(la ... (immed 13) ...)
( .o+ {(immed -1) )§ nx
(!b ... (immed div) ...)
(lyes
L =
(lerrl

(lerr2

(ino oL (d - -:::::::::==’— Iz

(!branch ... (br cv (yes errl err2 no)))

AFRERGRIEES

T FrLREOAFCHROD 2 T ry 7 5385 1L T 56
(II#- ik 7wy 7 -LIIBORIC A>T 3)

PIRIPIPIT®

(o o]

LALAL B o

28 =Arsururr3rnru—r7 74
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(2) (1) TVEn e 7 7 7 Ofidi (R~ 7 nHSOWTH 2) ik, WCS 7 FL xE )T o
BfTICh 5. IR, HbHTdoEREKICU T T X 5 KEF 20 %,

() MIBHZE VT B X5 Y — XL ATHRINT W EEHE (G40
(i) LT vy 7 2EGHN. KEWTry 7030 EEEBEEL2E5Z 5,

() MIBGEDOT vy 7 THLENE, YT A—T 4 v Vv v IHECHES Tuy 7T°H 5
firie 7Ry 7OREVWIOBREFHAERIENE 52 5,

(iv) H—o~A 7 vipsOHis.

(3) (2) TOU BRI > TEMHICT FLRAZHEOMTTWL, Cot %, GAELOHE Y
Joid7 FL R, Sequence Control 7 4 —A F (III BILIAN) KHIDALRERT FL X,
B X I EIC Inmediate Data 7 4 — A FICGLERHMAEILNTREIDICONWT, T FL
ZENY T IC X o THERE L 7<filids, ZNEFNA Do

T FLREIDMO TR, H£E Y PBEWCSOT FLRKHIET 2y b7 — T A%k HnTZ2%
B % EHET D, DT wy 70DD2 DEOKE X REOREXELL, coF—Fr kT
#num OFpBiH Y TR E v~ v F v 7 CHEERT %,

(4) (1)~ @B)PTFHC X >TEBIC~[ 7 e GHREINTONET FL i, dbeoy—27
277 LADMEDWEPORELBThADDLE AL, FOGEBE CKH YT LD
BHIB LD, TNy VKRB A D 70D, WCS <y 77 7 A A% VES,

WCS 7 FL2BIWNOTRY 7 7 %8 VET % 2%, MIC % Lisp CRGik L 72 T & A3FEH IC A %)
’C*jéo 7}Co

2.2.2.4 24707055 LDF/vS

ELIS &, 7¥y 7 Do — F 7 = THRER Ao TV, ChEk+X MibHHEL, i
GO TNy HEVERT D C LB TE Do W DBORBMA ML —FERVERL, ~—FV =7
DF Ny FECHWE, LHL, TAOD 77—V =2 THETRF Ny IWR T e 7 G605 4
FIv7 e ATy THREL, P—¥RV 7 V=T DYIaLb— XRFREBRENR2—T 4 Y
TAREDZ AV,

ELIS <A 7 vl €y t®DDebug 7 4 —A FH3H 5, ELISIX, F v 7+ £—FT
B, COT4—ANFBFTHDE~A 7 affHeETT 5 L5815, MIC » WCS <y F i
A% Fl G2 ARAIC Debug By FEILTTF I v 7RBEL, 78y 7« B— FCEFEET
FIEL7e L EOF =2 " 2AONEEFRD, L WOIHETT BT I DTNy I hfikoko LO
X5, TRy VTR RRMNE—TLATAEYR VLV RIBICELETF— 4, R & v 7 OBBELZDE
WERECT 2 FEBAETH Y, ThbE, X 77— 2 A%, ERCEFT 38R cx v 7+
LEMin—T 1 VT 4 BRIERTH > 7%,

BI2.91C, xR Fr2bDa<wy FILXoTELISOL YR 222Xy 7 BXUREERBONE % T
RTCVEETFEHIRT D, T—ERZORNREHEZ 2~ FiE, EC1RFy T e TRy T
KXo TWEo e~ A4 7 vt %, DME OfREX FHVWTEfTL, ZORR%¥FRL T 5,
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# 2% LISP <=+ v ELIS <A F x5 X4 nSEE

TAO

[25 528105 LU 25512 YBRIZHT

EBIUNETT—F 2 FERT 5,

Fep> mov spl

4——/’77| 57k

dnil 32239 (#76757) (25 v 70omErR 2, |

Fep> stkins #76757 5 -

addr data ; msb tage tag ptr
#76757 #0 dnil 0 GCY—7¥E v}, tage, ¥ 7
#76760 #0 dnil 0 T BrorsyrgEIRER
#76761 #3140077132 stkpt#40077132 H2odtWBRATETT S,
#76762 #3100477051 ; stkpt #477051
#76763 #0 dnil 0
Fep> frmmgr - [ MorROMZE % F7T 2., |
car0= dnil 0 (#0)
cdr0= dnil 512 (#1000)
carl= cell 3125574 (#4013730506)
cdrl= dnil 0 (#0)
car2= udo 36051 (#3200106323)
cdr2= dnil 142074 (#425372)
car3= #75 65543 (#7500200007)
cdr3= tage quoted 8373746 ($14437742762) —
Fep> dump 36051 3 & |2V ONEEY Y 7T b,
addr tag car tag cdr

36051 vector 38133 1 shtnum 64 4104 V9 7 FL A% b DidDEIRIZ
36052 vector 37743 id 4104 EH B0y TT5h, VAT AR,
36053 tage shtnum 17 id 4107 | dDONEEEICD EOWTHRIZZ R
Fep> dump-id 4104 -es— b XFFNEREFERT 5, TOBIT
offset = 3, length =7 iXpackage X V¥ 9 idTH B,
addr

84203 #141 #153 #143 #141 #160 #145 #143 #0 ; akcapec. ; .cepacka

84204 #165 #164 #141 #164 #163 #145 #147 #0 ; utatseq. ; .gestatu
Fep>

29: 7uv +r v Fab ELISOAA—FY = TR 3
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2.3 <AFNSHFALEFETAO

AETTHR, v 77 3 v 7558 TAO OfE %k ~, mABROEREN: & B/ oEfF=2 2 + & %0H
Wwe LT, ELIS Lic D X 51 L< TAO gt X vk hlicowTh~< 3,

BROT T FI v T e RIXL LT T ur I 5 %2EBELEE, NxDOZFETER LKL
TADT T L « EVa—A%FEELEDVTIIN, BBEATwT F7I V0 « XTXL4 LPRME
INEHE—D7T a7 I v 7SRRI BRI, LEL, 25 LASHER, TEFEHTX
n, S FVEHEHERE LW TWATIE, RK K poBERoBE AT 75 I v 7% Bnwbh b
LAY BB TH D,

BRICTRT IV e RSGXL LEF ) AN BBRICE, BB ODWTOERBEETH %,
BERTEA LK, EPDRTEALEERCGETEZD AT RBERLTE DT DL ok
BHEOBERED LR OLIE, ZDRT XL LEZBEIDRNTEL LLOFMBE AL WS T 2ICh S,
TAO oF%EtT i,

(1) B#icHFEMo Lt hic@e*Ers e, XU,

(2) MEDEDICEDAT X4 BICHLCTHBEE b A bIRNT &,

KEEYEVWTWS,

TAO CTRFHEEE, SREBRE, 4702 MEME I A -+ T 2HEHANAAL 7w s 5 v 735
FHELTVSE, L= X[ LDV THE, W DDV F<—2F X MCxfL, %
7 XA LEOETHREHEEORE 1 L2 FTORKD L C L2 HEL Lk, ThiX, T.3
2 LIGEWC 38 Lngs, BRI Lo b, cofIFRZLABESTH 5 LML
7eo —fRIC, HBEDO KR C OREOHPHIC HIIT, = — ¥, B o REHRERTICT 3 C & &
I HERTu TSI vy « RIFALERBINTEDL LELDNS, COCT LR, BETwr T3
VI e RTELLZECBIIRIEREAEDO—DTH S,

TAO OFEUL, L FD X 5 KHZFEFT BT L 23TE b,

(1) A v 279 2O¥RERER L7 Lisp AR 2 AR L +5, TAO [Z\vAH WA AT ZetaLisp
ICHEIL, Common Lisp iICxf LTI LI E#TH 5, TAO OFEEEHEIL L D20 T
AR Common Lisp tHAZDT, 25 LARETEZIav—3Ya vdfihA->TWw3,
TAO (% 1000 DL LA #5023, 2D 5 bD¥E ek <4 7 va— kL ko

(2) 27 %IEHL, fho Lisp BaEICEAoh A vy — 28 & 2 BEET 2B 2 2 T\ 5,
el 2, KREOATHERETSE Y X+ &b, ARGBONT & ASCIL OXFRRELEZTELDIC
WL XFH DT — 2 BVE053H %,

(3) SR, XV Z oBEH*FHHLHE L X5 KEI TS,

(4) fho Lisp SEEIC BT 3 setf WAL 72, — L S W RABIER 150, Chid<=7 nERT
B, A v27 Y FTEHEETLT S,
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(5) Homn i, 2 =747 —vav, Ny 7+ 79y 72 R—RC LicimBBl7 w77 I v 72 dF—
V3, ThEHWT, 31D X\ Prolog BlOSENRA S IC TAO oKl AN 5, ==
T4 —a v tBEOBEFUH LBE AN FOBEICA->TWTh kv, 2274
r—va vy eEYHEIN 2GR, BE0Y X MR A wCEBCEETE 5,

(6) AFLEE 3T TH LA B3 & 5, ZetaLisp @ Flavors I LA 7Y = 7 MERIAN T X
A L%FFD, LHL, Flavors LiEH-T, T RTCOERTF—FRB ATV =227 v TH DB, %,
Smalltalk D A v € —VIRED Y Y X v 7 2%k 5L Twd, I bic, ¥ 7V =7 MEMALH
HRIONRT XA LE@ELTWS [32],

(N WFF7ero93Iv7i<AFa—FEFR—FLTWwb, 7ot 2, JbfilfHs L7
ot R Y ABDLDDTY I 574 THD D5,

(8) ELISO A=V HOFER AT V27 P LTRSS C X ST, 7T FLRF—ZBIZHHBIAL
TWw3, chick b, Fortran 3 & C BFEED, = I A LOFHEAAIRETS 5,

'w)ﬁs%bﬁﬁﬁ@v—ﬁ-X4—7ﬁﬁfbéocn%v47n7uf7A@%ﬁénJmm
2516 AHNA T DAY REHL VD LETH, DTFP2~3WrrdX0TH 5, ED
D7 v R EWHINCTE B SRR IRDbBEVEE e,

2.3.1 A7V 5nDER

TAO OHBHIC B TRFAFT REER, A VXTI EA By "L FIBETE 2 WS HTH B,
Lisp DA v 2 7Y 2, L TFo=20@8 8 » b KNEWEEN 2L Ex bbb,

e 7TV —Say
Alo7wer s3I v 7k, ZLOBETRKENCA » 2 7Y 2NAEEITEEHR S 5. k& X
X, L7 ZR— b Y RFLAOHICE, A=A DAY RL TR, 2—FOER LT BT T 4
BAVETY) ZTCEFTFINDE DD B\,

e NS5 VSIRE
AV ETY ZCOEFTR, 2 v~ L FTOETICHERTREREE . X T v "L F 4 X,
Fv—F, 2T —« T 7BBESI3A v 2 7Y & « R— 2 TR OACEEET 5,

o 73y P
Bb AR s Lisp 7 RS FADT Ny HO—DBEA VR TV ZCTHDEER Do AV ET I &
i, 7u77<0BR L ETREYRIFE LT TETT 20T, 2—FRL>THRDIARSLT
Bﬂﬁg& b4 ‘_ﬂ/’éé 60

T5 LkBlrd b, TAO CREEDA v £ 7Y 2%, BICEHEOEEZL TR, xD v -1
LEDIRME Lo 4 v 2 7Y ZOEEZEL T 5 X5 AhEL, HOMIC L * v A hfEi#E D
FOREBEL TS X5 AL TAO CTREMAL AP > %, Thid, Common Lisp ¥ Com-
monLoops DFFEIHét AN D L CATH B, ¥ 7, ELIS DWEEZ D L, eval £IKDIT D>,
BARFGEALCBTZEREANEEZTRC7 7 -5 2TIELTA v 2 7Y 2 0E# b %N - 7o
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coXoic, TAOTREA V2 7Y 2 CEARED w7y anEmRCEL LSCTHC e %E
e Lo LAL, av AT B2, E->TTuZ7L05H% ) X MEBEOERICT 7 2
DERIE BTN DT, A v 2 7Y X L OWNHHER L ez v "4 FHEH L& [33] [34], = v
RARENTe 7w 770 SROEFEDO T w7 AbRMAELCELEBC LERTE, Ty 7iEH
b, IVARAN L DCKIBEARRTEE NS CEAAVISCHEINT VDS, 2 v Tk
BB ANA b a—F e <o vOBBEE 7w 7 745N, che~A7un7u 56k b4
Y27 X BERETT 5o

2.3.2 S57OFBETF—5E

TAO Tk, 2 7 %2FIH L CEHe AT — 2 RISk x K SaBRER EH L e Th b7 — 2 RE,
S LTa—FIHLZDIDENKC, = 7u7al T4 « LIATOHRHERTVE LD
Z\o AHEITH, TAO IKHT 2 2 7OFMER R L, BiEOBKAE L WHEZ FER T 2 b DX 5
BT — ZREFEE L ekl 5,

TAO D2 71k, 7 — 2 DFEKDOMNCDOWT W HEFLRES TR AL, ZREHFET R v X Ofl
KDONTWVWEKRA VR « 2T THbD, M23MCRL7LS5IC, 8y YDA TDS5H, F6E Y b+
BV 7 b 2T c ZTENR, F—2RIOEICH . BY 2y LS bR ENOE Y F TR
TIHOA, Ey F6ldtage By FEFEL, V7 MY 2T« X ZOKBEIGEACH 516, tage iT,
FEORECEDE VRO A, T—2 D/ X AHERFH L2V T 50T, &z
X, TAO TR, BV X v TH 3 () &, REMNAMBEZEWT % nil & %, tage £ v FEHWTXHI
LTw3Y, chb AHRNBKRAX NS 2T, EHE8Eo EcrIKME A v, \

Lisp 77— Z2 OFRITIX, 57— % 3% car % cdr DIVETETH 3 B OHIEREETH %,
V7T 2T ZTDREMNE Y N (Ey M) RchEEDL, F—2RIckd 3 2 7 0E 4T
b, COFANC X > THA27%ko TOE Yy ME, AEVEVEON—F T = THEESHBL, K v X
LLTCoFMEF =y 73 5,

TAO KB 2 2 7OFIRER, L TF0Xko5CFE Db 5T B,

L. F—2ROXRE &, N AT — 2 BOEH,
2. A v 27 ) 2ok e A Y HBOHIR.
3. S Ko nfEedEDME Lo

4. FILEIE AT X4 2O,

241, TAO KB 2 LB A% FOFIfHEE 7 — 2 K% R T,

27O AEFIIIECA VES T « RAVERBDH B, A YETT A« KL v RIE, 2—Fh
bRAAAVCRLERLZ) X ' EOlHEOT7 — A BECRIF T FRTH S, f vEV T« K4
V2RO THRMEEREL, A v 2 7Y 2 2&mEIL LY, el aof5iseTE2MET S
ARY, xOBHWTHHALTWwS, #ilé LT, car * EX¥#12 3 evaledr ic X 3~ 7 v B ic>

18tag extension DFIKT tage L HEHT 3
TAO i, nil o v RATRAL, F— ABO—FTH bo
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R BT
|

| o—F—

b4
Y
mf u

BB

-—te

2.10: evaledr I Xk 5~ 7 v [EBH

WTER3%, w7 vii—HEHINS L, b L DORD car 73X 7 evaledr ##FD Lisp &4 v 4T
BEWZOND, TOFRAL VR, car 23b & DEAD car DNER*FFH, cdr 23< 7 v EBfTlE
ONZFL VWK EFOLO &, Ficher 5T, eval (Tevaledr % B2 2 HEICEDKRA v 2D
cdr fllO A% FHET N EX L A AT k& 27,

(defmacro mf (x) ‘(list ,x))
(defun fn (u) (mf u))

S ko, Bftn 25, 7 umf CRAINZAKEFED LT 5, 2101, <7 v BEhiIk
D fn Kk U X MEEBEOEEE IR T

WHED Lisp Y 27 4TH, =7 v BT A3 —HEHI W B &b L olrkbh, 7vnr 7
Le7XFRMEREHEDLSTLE S, LrL, TAO TREFBOXD L4 b FTREEFTOXD A
VEVTA e KA VEERAVTHEELTREDT, Ty 7 EVEFICE B,

2.3.3 ZEH

TAO OZEHIT Lisp B & HRBLE RO —BHECHEI NS, B 2=T 47— a vk
BRI T B DT ICEA L b T, Lisp B8 BEORABRE SR A 5, Lisp 25 7 4
EoenNAvTFsv7Eiciisetqd & d BRARC L > TEEZREI NS, REEH~DORAR
22T 4 r—vavitXoTfthbhd, BRI, U E L< IRE3E] 2EXb7 undef &
WORBAREED, —Ba=7 7 &Nk, Ny 7 7 v 71K > T undef K BFRRICEK F R X
N7V, B untrail 2FHWCBICEERINAL VT3, —7, tBEZHE Lisp L4 L, RAK
KX oTHHEZHRETE D, et 2, 2=7 4 —vaviCXoTCimER x &t y», —H1 &
IR o TnhtT b, CDEE,
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31

E24: FE2EBIUFAL vEY T - KL v &

T—2BIF 1k
AVvEY TN KLV E

A

nil
shortnum
bignum
ratio
float
complex
id

keyid
sysid
logic
char

str
fatstr
vector
applobj
cell
namcell
bra
nambra
quoted
backq
eval

icar

icdr
splvar
evalvar
evallogic
evalinst
evalcdr
shadow
comment

nil & () &, HeF 20 XFlEh 5,

24 ¥y b OBH,

IR BB

W, 2 & 2132/3

FEE NBUS K

CE

VR,

F—T—=F e rvERa,

gk v R,

MRS v 7T 3 v 7DD DB

M Foo

XFHo

7+ ¥ HME#RD & OXFF,

_7 X,

A7 =7 ko

1,

ZHifHE DL %

Ty b Av— ERICHE,

ZRIDEDT 7 v bo

7F— to ’foo(d, (quote foo) THA L, *foo HIIX N %,
Ny 7 7F—+b =7 wBBTo

Ny 77k —trROav<Eld, =7 47— a YRiOFHM,
EAD car FANDA Y ET T e KA v X (A D edr TR.Z B V),
EAD cdr FADA VY ET T« KL v X (wrAD car FRZ Ao
ARy VR E Tl 7 v — X FEH,

ATALEE X N7 ZE o, —FED icar,

BIALER X I 7 BEZE S, —HMi o icar,

AL X e v R X v REH, —FBD icar,

<7 a BRI N, —FHD icar,

BIALEE X I let, prog DR DX, —FE®D icar,

TR b AVET TN e KAV R ELTHMEINS, —FED icdr,

* table(i j k) O CAHII T B2, NiEEX (table i j k) ¢FTC Y R b
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(setq x (+ y)) ¥ ('x (+ y 2))
KEXoT, xDEIRX3CAD, ¥,

(untrail x _y)
KXoT, xt yDfEiXundef KRS, ThEHW3 LRBEIDEIRL 7 v 7 T ARHGHEICE
I3, CHEMEARBERAS X4 LAOBS b RBETTAVED 252, LispHZL#HlAadbdk
TAFRTEL LDOBEIDEL LEFASETCH 5, b, A7 V7 Y EFRITHWS A v X £
v RERIL, Lisp EHoO—FETH 5,

TAO ClR<AF TRt R <A F2—FREZ VK- LTnwb DT, EHILER O Lisp SEE
L RELER D, <A FOBEETR, Bx AHEKERBIREFFOEH D Vv e XL — ¥R, Fl—
DTRTITLEHFLVER vRARFE LDV T 5, CORD, BANA vT 4 v I TlR=
YT 7 AV D BZDMEREL Ao CEHAMTAVEEZIDNS, /4, A VY EY TV« K[V
2% AT RIS RET 252 AVIE, BN, v T4 v I TR VT4 v TR
HOREEREOND, €5 LEBH»D, TAODA v 42 7Y 2Tk, BRON, vF 4 v 7 HRE
LCEWNAL vF 4 v 7 %EHL %o ‘

Lisp Z81Cit, BFER, ARV vILER, 23 50—LER, 70— nNLEERDH, Za—
7HCDETAEL b —2DO 7 rERICK L, B—DREZ v 7 LONEHALY v — L OB CHH
OEERXFRHT 2, Axo71r—siciE, Ra—T7DOUNHTHEHRa—-7TBRTHDE 2, AE
DREMBREND BEBAZy 7Dy bR ML HECEREND L X, HFINRAIDOR 2 —
TERLEZ 7L — L THERDE— FHEED S, COBRO7LV—LICGET S E TR, TTOE
BUIESMHCT 7 e R A[BETH 5, COHPETHRO» 2 EHBR/ERTH 5. COBHREEZX S
&, XK

(special-variables var ...)
KEoTARL v A THELEZEINTWEIEROADBERI NS,

BAlOZ a2 —FER 7L -2 BELE, ThEO 7L —o%WUBHIIKK, B LEDOTL—A4
BAY y FOZV—ALTHIBHCE2—FEEF TV =7 VEBOHFDA v R Z v ZAEHHBERKRE
N3, 2X vy 70X LRHETH, 7 v+ X[ECHA X3 5 interprocess closure & \» 5 7 v —
Py ORHEAEL T B AJREER D B,

2Ry 7ORCERBER OO ETNE, ¥ 7 u— "ABEPERIN D, €I 7T u—~"1ZE
BRI vt 2FBl—DoDXRZ7ZLLTEEDLLN, 7R e X7 V27 FCRFEINTR S,
DERR 7 Z BRERELDT FLATEIXI, N[ F) « 3—FCHEREND, €I T n—r"ZgE
Bk, 7uexp5 Yy FEINTHIZ0EEFRFEINDIOT, e [FHEFHWI A7 a—x
AERE LTHATE %,

€I u—NATHHORLAETNE, 2L v AAD T v — AL LTOET 41—
FRFERLI, b LEZENBEZFFF> T I EDEBE IS,

Z2a—7 XYL TH DL S 2R, BROEECXET 5, ThZhoERrELRT 5~
supfEEINnb, ¥/, TAOTIR 7 u—Y»®2VED &, v AFHIRIC splvar & w5 X 7% 5D

(value . wvar)

EVIOITBDT—EHBARYa—e e LTEDND, CHIEBEBED TAODF—XTHBHDT, X

187ser Defined Object: B4 LT udo &\ %5, & 3ETHL ik~ B,
PFunction Closure: Bi¥k & EfTEHE# fEdHEo b D,
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Ry e VEREBEH 7 v — Y v OFEAUAD L 2 BT BB TH S, Common Lisp TlE R~
VA AERE 7 u— VK URAD B ERHFLTAR WS, T v 2 EeES A IE Ll
Brfrhocdicid, AV vy AEHRY 7 u—XF5EREETH 5, LFID interprocess clo-
sure AV &, FFEDOWFT 7 v v ABTEREF LA L T v ABERE T4 5 C & 25N A&
b, ZOEE, ZRETRTHO7e 2 CRATLE I D, Hr0 7 v 2CELCEFNIC K 3 H
DnFRHICE>TLE S,

2.3.4 KA

AR L, TAO O D—>TH %, TAO Tlk, ZHOES, U X b D car % cdr, FH|D
BRYE, G EiS3T 20 DTELT— 2% T 7R Licd Z ik rpr, 1pf EMFIEH BNEL ¥
2200, ZOEHOEREYRET 5. rpr HZ2DEPIOAEY LT FL %, rpf R Z20EFHO
YEHE (car, cdr ZotEHR) #EbFo rpr, ipf B EINATF— XKkt L<id, TAO K1) 32—
WERATH B

(! assignee new-value)
BARECTH b0 CORIL, setf DX S~ 7 v TEBAINZDTRAL, A v & 7Y 2 icilrirE
IR L > THERIN TS, =7 e BFACREBSRERRAIKD 5> BRET D, %
&z,
(' (cond (flag (car x)) (t (cadr x))) new-value)
LV oS RADFAIGETH 5,
¥, HERAL WOSRABEY D5, chid, 2&42d,
(M'fn ... (gn ... 'assignee ...) ...)
LWHBE LTS, TORUZL, assignee THRE X N7 rpr & rpf BEWERAE CHF I N A VR D,
(Yassignee (fn ...(gn ...assignee ...) ...))
LETH B2, CORI D IR X o BFE L assignee T EFHET 3 235, HORAKXTEH—
JEUDRHIE L 72 o assignee DFHEIASELHIDA v 7 v 7 R DFHHGE RS HHFICIIAE REH
s, 7ur77 Iv7@RiICk s L, coHECRARR, 7 u7 7 L0F5APT & LEROMAT,
D TERITH - 7o

2.3.5 77/ ns>3r4

TAO T, A F 7 vt X | v A Fa—FEREYHEETIWTI w7 v 7% 3 K- LT
w3, TutXDIREER 7 7 X process DA Y 2R X Y 2R FWCTEHEL, 128 o7 vt x5
HAEL Y 2% BT v Rk, Ay 7NOHEET LR Xy 7 « Tuy 27%H YO D, B
ZAy 7 REEBIEE N, 7o X RE->ThAVEERBEATIRAY vy 7T FERS 378,
T ZAOEFTHREHERBERE v 7 FKFEL TS, Wi w7 7 3 v 7 ooy dsitic<

202 L F N, replace register, replace flag # &3 %,

N7uv ROWRIERF 7 V=7 MBI TwE R, 7o 20EFHERST 7 V= 7 MEROBEeETLTY
bbb TRE V. KRXOEARETKR, WiT7 v s3I v 77 V=7 VMEAZEA S DY Y R F ACDONWTRR
Twnb,
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A7ua—YEEhTeh, EfTERoMRERE W, SIFThR, ¥ w77 3 v 7EH FEOELD
g < O?b%ﬁ“%’f 50

(1) 233 TRRZXH5IC, BHO R~y T4 7 A% EE LT, o7 vnexCcr s 0%
T B DICENL v F 4 v 7 %EEFH L, interprocess closure % T2 Xy v L%
T ey, e XEEEERPEL TV,

(2) =AF 7 ATR TR IBELOAX— "~y FOHBREEAFL v bTH%, TAO
T, e 2PV B2 OEFEILDOLD, Ve 2OREEWREAR Y BPMELTw5, L
2, RBER T 0 s Sy SOBBERE—DRE v 7 TEEI TS,

B) WiF7m7 7 v 7 DkdCHLBETHAET) IT 4 TEBEAEL TS, e XEHE
YUHESRO O DEBEDF 2 — %ot T7 4 ¢ A— ARy 72085 Y, £ udo
TEHEINTVD, Ei, B0 ARMERISET I & F 5 process-interrupt & \» 5B %,
HOAEN BT w20 D LTHRITT 5 7 v 2E Y IALKRER X %o

@)4y57§5%ﬁyx4»r-:aF-4y5795®ﬁﬂ&ﬁﬁfﬁbﬁ#%ﬁmtfm
5, HAZBHIR~A 7 un s vr 5 a0LBHIAWTERIEL, REHABER 2\

(5) 7' m&X[ET return-from % go x AW ZHHOZTE L2 & 5H S5 »BREETH 5253, T5
U 7 A 2 HSEEES I R oRE 2 # b A L € 2 BIER TR AV ®, TAO TR h % 2E
kL Tw3,

(6) 7ukR[ETIX, 7u— AR A~DODRALNICD, putprop  defun %, KM AR T #F
OERAEVERELET 5, THEEZT 32 v KD symbol-package &, BIEO 7 vt 2D
Ry r—VoE MM F vy 2735, CEo>T, 25 LAGHRo—iXE&#ETE %235, HE
DFRTHEFRL T L b TR AV,

(7) =AF2—FORETRE, YvRADRyr—V « Y RXFAREKHE» OREBET 5, Ny
TV ENT v T T ARERO 2 —FRERDO T e e A THATE DL, 25 1L T v
4L, BATEEA2— F e a2—FEKGFEOTFT— 2 L2 T BERD L, HLATREAR
Ry & — I ~D use-package BEIX, TN EN D2 —FICFFEDOIREFRED 7 DI b 2D
FHIWERE% T2 BB RIS, T, ANy =Y, HELDE-> T EEAPICH FIOFHEDL
EEHT 5B B, b La—HFh logout Lich, 2D2—FILFPHLIh T BT
D v v FATREIIC unintern X h, AEMICZBIREN B LKA S, LAL, logout L
TLEoka2—FBER LY vEAD S bO—H, BrDOEChhbIEINTNnE L&KL,
ZFH5 L YERARE IR oD DD, s kERE->TWwS,

2.4 TAO OEEMEE

TAO &, ELIS ®~— F v = THBEE L MAEREH Lo O TRICE D, f v 2 7Y 2B NT
B TEWEEHAE Y R L TVwb, £ 2.5, RvF~—7ic k3 TAO OREWREY, B Lisp <
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7+ 2.5 NvF<w— 7 DR

benchmark TAO Symbolics
AvETYIE A EZTY)EY avfF52

Tarai-5 1.00 44.9 0.17
Tak-18-12-6 1.00 41.8 0.15
List-tarai-4 1.00 36.8 2.52
String-tarai-4 1.00 26.0 3.50
Bignum-tarai-4 1.00 40.8 2.48
Flonum-tarai-4 1.00 30.3 0.26
Bit-A-6 1.00 214 0.69
TPU-3 1.00 21.4 1.20
TPU-4 1.00 21.0 1.32
Boyer 1.00 33.8 0.28

1 Release 5.0 without Instruction Fetch Unit
2 Release 6.0 with Instruction Fetch Unit and scheduler off

v v Symbolics-36002% & Wi HITE L =558 % CPU BBl T3 [35)e EhbHLAA X 5 I,
A v 2 7Y 2ALTid TAO BEFEIPVCERTH Y, 4 v 2 7Y X EpRlbd 5 2002 ATtk
DA% HEFRTE b, Symbolics Dzt Xf 7 TAO DA v 2 7Y XOHBETI, v F~<—
IR ES>THAEIVFMBRCERED Y, wFhBEENEDE L AV,

TAO RIREABEEEL Fi> TV E DT, LD X 5 AHKOBIEIHAED T —8TH B, A7V =
7 VAN T XA AT B HEBER S 3T CTIER Do AFRSTREE T B4, T X 4 ABTOHE
JEVEREHL OB L Lic 1 ~2 1, WS O»OMBHIERRIC X Y, BIEEREh T3 [36], %7,
BB AR TR RD X 5 ARy R F LA TR~AF I et R | v A Fa—FEIE-COERED E
Wi, MADZ—F231login LT20~30 D7 2 ARHFAEL TV BEUTYH, MR L
T ARERAESHERD b TV 5,

2.5 f&&Ew

AZETIE, Lisp = v ELIS &, 20 LOEEFE TAO oFH B S X UM 2 0o EB ol E it

~7zo ELIS T, Lisp DB BT 2 — FV 2 TEER~ A 7 v vy o LCHEHEEET S
Click o CTEMBEDIMBER 2 ERT 2 2 Hotko 2Dk, =f 7 uTur<hbR 1%
T—F77Fx%HHIEL, VR MLUED R OOERNAREVEER A~ — F Y =TT 5 & & b iIcEig
ED=Arn7ur S vIEBREERLT, KED~A 7 uru 75 L0 K— L
7eo ELIS OXAREEL, X 7% A—F V2T CHRE— ML E, KEBDOA—FY T + X v
7L WCS Zffizxecé, BXUKY XA MR XBT 2N AEAE) A v 272 —RBEBHLT
W3k, AETH 5,

2E3& 8MB, % ¥, Symbolics-3600 (%, Instruction Fetch Unit(IFU) 237\~ &, 30 ~ 40% FEEHEL 7% %0
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<wArsururSIvryHERTR, Vvyhicks WCS 7 FLxoHEE D A ERERRFICH
%féoko9—7VVVf&7FDZ%DHH&®%%#6,%ﬂ%&ﬂ@@ﬁnkam—E
ELZES5TH, 7 FLREDANT ERFERED > T WCS _LIcEMICEIET 5 ¢ & 2RNaJBET

5, Lo kBEEEEAET D, 4 7 vty @ﬁbﬁﬁ&&%mcébk”b@ﬁméaﬁmL
itk ->T, TAO ok A~ 7wy 3 v 7k -k,

TAO OEFEHREC BT 2 HEABHE, 2 — BT KON T, Zdbd FEILFTETH Y,
2—FOEEAERICEED LT RETH S, L D DTholke EETRTII VT
RS ZA LI, TAO TEZ P DOOHETH DB, LHL, CCTHZTAO X, HENASEE
HEEERT D DT AV, B, TAO Ot & EH R FERNE TIICTT AV, RO R CHEBERIC
R B L EEHEPNBCED S, E ol T EBFECEL 2o HiL WSERREALECR
hiE, 2hBBGFOREECHES L ANDIDOTAVRY, EH Lo L AREEZEE L DD Y
A TE o COBERT, TAO 3455 bEILEHT 2EETH %,

TAO TREFAMAZLDY AT L » T ul 30T 75—y a vHBBERINTWEE, 20
ZLIRETAODOF 7V =7 VEAINTI XA LT WS, A7 V=7 VBRI, 5O RHEE
mrar I kR, ZLTHRVLT LT IOLRARTH 5, TAOR T r 53 v 7« R
FA LD —DOZFEOR IR L BN ATFETH 555, BUED & C HAFmBIAT X4
LOMAGRBT LI TS TEL, hoR"FF 4 0L ofETclEbhTwddoidbhv, LAL,
TerIIv/eB T LEHAEOREIR, HET v TSI I v T c RNIX AL LOFIEREMNT T
Wéo1:747—V57%,ﬁﬁﬁﬂﬂV'VV?%&Lfﬁmbﬂfméo@ﬁ®7nf§i

VT e RIEA LFMET HHERSBRITRRETD Y, SFBECEDLS AT XA LR EDX
5&¥ﬁ&<ﬂAbfm<#ﬁ.ﬁEDTMTt%&%% G FLAARVIEETH 52, TAO X C
S LR DDIEZE L2 TWnD,

TAO DY AT L e 7V Su2T 7Y r—va v 3RO —FEEE (MRAICIZ3 ~5 21—
H) TE- T B3, FHEHEICKTT 32— 0 b ORHIEFE L & o 2] DECsystem-2060 £
MacLisp TEE X W KBEEAFHSER o X 7 473 ZetaLisp KBHi X I, ZDH TAO A v &7
YEA KB NR, Z2ORER, TRODIRTLIDED, DPEL LIBERNREZFEETDH
3., COBEHE, ¥ X7 LERBEROES, &V DUIFRE T TOAHTIBEE & LYV
<A 7Ba—FTE>TVWELEREDEELZDOND, AV E 7Y ZICENWT, XF X4 LROH
EH MO EE L LA RGHCRERE > T Y, CoEWTd TAO OFREMEE Lo HERIE
BERIhTWS,



£ 3E

TAO ZHTDFTo 7 MERIEFDER

3.1 #E:

e’ LOBRCBATR, BT —F T 7 F 7wl I v IESERY, VAT LD
T LB TRCEbETRIXNEEET AL, ZOETFTAD L TH: 2 DEERTAS C & IC
Yo THEDNE R #EDZ, ROKSEER EFALFT 2ENAFED—D L LTH TV =2 v
M OEEE 23 X M, Smalltalk-80 [13] % Flavors [15] [16] %0y 27 Aic k > TEKILX T X
7zo

7V 7 MEAK X 5T AMALOREUIL, IR & T IRECNAET 2R SERiC B E
T oM B, ATV MEAITIR, T2 ENICHTAEEE R —oDF L E D & L TR
Z, ENBHENEEEAZT2EEK(ChE2F TV P EeER)THDEEEL D, e 2, B
BE1eHh2 L7 —2TH?3 LREKC, MECREALOBEEXFOA TV 27 v TH B, £
TV x 7 FOFOBEEREHTBICIE, 20F TV VA YE—SRED, F TV 27 VB
TOHER, —HOF TV bEAy e—Vk2 D L DT EBTETEINS,

F 7Y 7 VEROE—OFIN, HEERHEE <y E v 7T 3BRICFITE 32T S L
TOHRI L ZFDEV 2 —AHICH B, AT V=27 Vi, THEKOEBILEL BB L, A v
-Vl SR Lt aNDRICEEINEA v E 72— 2% E42 3, LS ABEERCL->TT
Ry Iv 7 EERTREGHEHEL, ©Va— AR EoctickoT, TuZ3<0Hh%
BIRT DB TE D, 7, BEOAT P27 V227 9250 L, @B % — oS HT 51K
ZEo7rurI I v 7R XY, T e 7T L OB RSELSA ET B,

AKETE, TAOKBIZ2EET 933 vy « RFIXALD—DDFEE LTH T V=7 MERA
TED AR, Lisp 2B L T2 T 0757 I v 7 « XSF L LEDMEX - PR ICO VTR
3% [37] [38] [39] [40] [41]o ALl 7 w2753 v /VBRECBWCEEHOAE AT V= 7 MEAY
WHIC S FLEY AN S 2 iE, TAO O BWTHBDTEEAKRL ¥ FTH o %o

TAO TiZ, Zetalisp DF 7V = 7 MEFISN Yy 77—V TH 3 Flavors #FAR L LA bIHEH D
BEZMNA, BADY 7T xT « Xy =YL LT TALNMAROERERE L<H TV =7 V5
FEMRAALZ . ABIROERE, Lisp OSFEEAINET 2T, 20 2ot bt 7
V7 MEMEZBEL, KR IR L CAHEAISHCHA 2> 274 & LTHRE L 2 MicH
50 T, Ry F=— 7 LEBROMHRERZE U T, 2 OEHETFE L HRERFHE L .

7V 27 MEROFEBICH e > TR =E2DMEER D 5 7co FFE—IC, 2—FWEERL S
SHRBET, WHICHAIK Lisp KA I NREL LTA T V2 7 MEFRIZREET 202 w5 ]

37
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HTHD, B, FEdBcEs1oN0TRAL, T2 ,¢ZEBEAv -T2k
ETDEnS, FEBOANT XA L L BIRAWICEZ 25 Y, BIffo Lisp IKBBD W
BEC, 2D Lisp OMRERE & X FTICAIE T2 BERD 5, B2, 77 2EEAR EDEL ONEE
WEBEPHBIUEL, 2FRo w73 v I7BEL LT HShAE—v « TV v FREERT
Ehdhidhbhv,

TAO T, Lisp X & LTRAE E LTHRENTWie car BB TCAWEDOS RE A v £ —
DR LTEAL, Lisp 7’v 7 5 20ICHHAICEAETE 3 X 51C Lk, T DORAYL Smalltalk
REAAD Ry v— VEERICE L, HifiHE A o BRUE 2 AlfEic LC 7 v 7 7 A 0WGEH:
HRFE Lo Lisp DEART— 2R3 A7 V=27 VMEFRIOBEWRTD A 7V 227 VYV CH D, T, 2—
FOEETEIF T V=27 v 2EDLTF— S LispDdTF—2 2DbDTH %, L LEAEFS
HLE Ay = VERERR T 7 I<0E#O L CHECXFITE %, 7urJ 3 v 7 B EFNK
BFEE AL, SEOEFCOXF T V=7 VMEHOMESIEEARTH %,

* 7Y x 7 MERIOREHREICE, A v e — VREOETIRRE, AV v FPOERKRLES), £ 1L TA
Vo FAKOEFTF & w5 Zo0EHEH 5, TAO ¢, Lisp OROBEFEHEOhIc~f 7 v
7SRk B Ay e— VEEROHEFIBE L IRDALKY, A V2 7Y 2E Lisp 7’ v 7 7 LDHIC
BAET 2 Ay v— VEERZBIILCTA v t— POFHIEHE LR T3, ZEA TV ey
=V DBHAOAY v FEERT 20, TAOTE~A A 7uraeZ 5 Ak 3EEDA~L F
Y e b—F %A Lo TbIC, 2V v FAKDEFTC DD IEROT 7 e AL~y v 2R
LhFACEFIL L, #EHE L A % Lisp B8 & HRTHBEERD A WEFHUH LB L .

TAO TR EHEHAEZ BEH L, HEREC 2200b 23 TRENWIC 7 T RPETE %3l 2 LE i & % FB )
WO BEBER L ok TORD, KREERIGH w7 76T}, B KICLD XY v FOEESRA
7y FREOEREZR X >TAE) OEFHIKBEL LY, BxORNPT— 2 2R T 570D
HESEECE AL A2 EOBENSET 3. 22T, AV vy FORNBEB oA ILEB->%Y, N
WHRBRIPMEL2d Y « T4 =Y FRX > THET 2 X2 AL, BCBREAERD B 2345%
EARAECLMEDNAVWES K LAe CRICXST, a7 6RO —Y - 77T Fis
RELGEEI N, 2L BRT 2 L83 TE o T/, A€ OHE D KIBICHIK T ¥ %,

CDXSKARYZTF LTI, Lisp <> v —Fv = THAEEZ2ERIC, KEEARISH w7 7 4
DEARIC DT A 5 DHWREEFFOA 7V = 7 MEM%Z Lisp KlG L, G w7733 v 7« "X
A LOFEBWEEERABEZHALIIC Lk AETRCNLDFMERTIL LI, RvF—7I R
EROIH T v 7 7 A X 2RENAFHTE 2 fThv, DbETAH T V=7 MEFIKC BT 2RIERD
&% d %,

3.2 TAOIZHIBF T =7 MEM

3.21 #7v=xo b

TAODF 7 V=7 Mk, BERLXFHNALEDE S AMART —2DF 7TV 7 Vb, 2—FEH
7Yz 7+ udo?D 2R D 5, udo BNERELZEDL T —HOLE» b HEELF Do
HARF— 2%, ZBHE LCORTBREZEE A vo 22 28, BEA TV =7 FREHE: LTORN

Ynfix notation
2User Defined Object
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R F R wd TV 22 v CH D, 7V 27 ek, —HDOLRIN X DTkt & 3T 3o
COFRMEDLLEAY Y FEMEE, TAOXT Y27 DAY v Fi, Lisp ORI & R ICE%
BT o Bl 7 2 X5, BEPBWESILEAA 7 V=7 FOBEARR, 772X nS#RTELDDL
Nbo BF7 V27 P wTFhhAD7 FRCBL, 202 FZ2ADL YR X EMEEN %, udo
DOPIRIRIEE R % M4 > Ry > AEHK L FEL,

3.2.2 AXyt—
3.2.2.1 Xyt—ofmE

ATV MERIETATE, A7V 27 FPBEEWR Ay 2—T%2h &) LAROGHEVERS
P LICE o> TCHENERTT 2. A7V227 VEAy e —VRFTMBCEHTE, ¥4, HSH
DAYy FREFTIHECHOFT T V=7 Ve Ay e—PREBTLETES, Avie—VD
EBER, X v Et—IEERXR AN IEHOLEFHET 2 LIk >TiTA S TAOD A v &—
VIEER R, —RCROBE L T35,

[receiver-object message-name argument . ..]

T TT, recewer-object iy, DA v v — TV RFZETREX 7 =27 I, message-name (I T DX v
= VOHATTH D0 Ay ¥—TVERET DL L, RUTFTA 7V x7 b message-name THEI N
eAY y YEEDDAY v FOLA— 1+ Y 2o @R CEEIFT 2, COFKT, Ay t—IHDLC
bEBRLIGEDBIFEE, AV FICBRFIEELEET230DH 5, argument ... 1k, CDX 54k
AV y FOIDDFIETH D, ThE Ay - VD5 HE DN 77V =7 3SR Ui
I 242 72— 2B Ay =TV DOLR=}IRFTHD, £ v R E v RERE L ONHIREER,
BHECRF 7V =27 bONELLIERREL RV

3.2.2.2 Xyt—ImEXDOFEME

Ay e—VRERNG, [ 1 2HWSKXTH%, [1@F—4%& L <Tld Lisp D@EHEDY 2+ &
EFEILTHE0, bral S X 7B ->TED, eval BINE A vt — VEERE LTHRT 3
EVSHETER R %, eval f, COXERD X 5 KFHII T 5, 3 car #D receiver-object %
TS %50 ZDMEDRA TV 27 + AR DI cadr #D message-name 1L 7 2 L A A L, Wbt 3
Ay Puid#T 5%, ¥ v 7 Z3FHE L A Ve arqument I FRZDAY v FET. Avte—¥
fmERE Lisp 7' v 7 7 aICHHKE DN, 2V v FOEBEDEE Xy ¥ — V@l ofE e &
%o

Ay e—VREAL, [ 1 TR () ZHWTEL C L dEFEIN D, ETRICH car 25888T X
W ehbAyt—UBERATHECERDLLIILTH B3, XKL, COEE, FRAT»bIT
ENRRA Y e —RERTHINE SPROLONT, 2 v A A Lt FCIRA A 2 — PR
TE&h b,

L7 ZREFERFHEI A VWE, ChEFHGLAVWEE 3P 5, cnXkshet Xk, A yvt&—
VEERICBWTEL 7 ZCh =220 5%, Thbb,

[receiver-object ,message-name argument . ..]

32y —VEEARC DRV A AVEEIRTZS —ICAh2E, CoBed TREEBER) 07 —Clih v,
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EFBE, kL7 ARFHEE N B, % 7z, Flavors & [HlEE, Bt send IC X 5 X v & — Vi3 AJRE
THb, Thbb,

(send receiver-object message-name argument . ..)
¥ 7cl¥ apply KHINT 5 d DL LT,
(apply-send receiver-object selector-argment-list)

VST DD 5,

3.2.2.3 rhEEE

Ay e—VEERDO Y V2 vy 7 21, BRAHBROLEIHICK S Lisp ORTERLE L BEA D, T
RELICHIST 2L 7 Z B FHICKE S Smalltalk-80 HFATH 5, car EEHTHEWRITRESE
D LispTRTI— & LTHRINTWwEZ, TAO TR, REEDIEY A Lisp ORXICA LEFE 22
FTRCORIC Ay t— Ve LTOEKRYGZ, LispD 7 w750k 7 V=7 MERZEAL
Teo ¥ C DRI, BEOIMERTEE %, [x + y1 ° [x * y] Lt o ePEEETEL T 2R
2, TAOD ORI, =7 uho7rwy 7 A58 k> Lisp DXCEX#Z b5 DT
AL, BB RFLD<xf7u7 a7 LCEREFINDI LW EABEETH L, b,
BHOBAFEC OV [x + 7y + 2 + ul LS ARED~A 7 v s vl I L CEHERRER
ENd, COBER, BUIDO [x + y]1 2—oD A v v —VEERE LTETL, 20oBRCIbLIC
+ 203N D, Lok RS, #oT, ko, [[[x + y] + z] + u] LEiTH 3
B, AWTREER R D TA v £ 7Y 2 TORPGEE 133\,

323 77X

BUA VvREZ Yy Z2ERD vy Y 2855, AILAy =YV CRIGNTE 3F—DBEHEOF 7V 2 7 b
DHEEE I FAEMLE, FlavorsZ L EA Y, TAO TREHLLTINE o AT — 481 7 5
2 TH b0 DBD7FRCBEFTBHEA2DAT P27 v, EDI FADA VYRR VYR TH B, 4 VR
Ay ZAERLFOFHULDFHE, BEVEAY v YOERE, £ v RE v AREAET2ERIZ 2 7
2T b, TAOTH, 7 7 AEKIE A7V 27 v Cld A<, Smalltalk-80 KH B L5 A X7 T
2 OBEL L e L~L, Smalltalk-80 15 % X 5 52 5 RERAED 5,

3.23.1 ZS>XADESHE

TAODF 7V =7 vgAICE TSI vk, 79X EREIT LM% 5, 77X
DEFTRCE>T, [ YREVRERD Yy " AYF TV 27 bOF— 428 LCOBERRET
%5, udo ® 7 7 R} defclass ¥ 7 uTEFHKI NS, defclass I,

(defclass class-name
class-variable-list

instance-variable-list 1]
{superclass-list}
defclass-option . ..)
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EnSTBDO= 7 uTHbY class-namelt, 7 9 ARG EDbT L v R ATH 2B, class-variable-list
& instance-variable-list Ik, ThEN 7 T REH, f v RZ V2B D Y R FTH D, superclass-
listid, COI7FADA—R=—FZRELDY RV TH B, A—N—7 F 2L DT RELRT 2, &
o defclass-option lZ, CD 7 FZADWALWAEEZ T L a VIERERIEET Do

3.2.3.2 25 ADEE&HE

BHE w57 TR, XV —BWARTHIEIHE w5 7 7 XOWPESTH Y, M, HEHK
VS I TRARRRIEL DD EEZ LIRS, TOXHIC, D7 5 R MBILORBE C X 248
EBELTVwS, —7, BEZ 7 ZADEOWHED 5 bD L Do, AR 5 2O b3% 0k
WEDIDEWSHEBTES, 2F D, BHE, FEHOWEYERE LTHFoTnwd EELSLC
EBTED, COKOIC, AT V27 FOBBRIMEILOBECLIBBTHE Lo H L, B
AREREL & AR L S BBRICK BREfE L 5 HF D, B AIBETH B,

BFD7 72 % LI LT, BEREBMN - BESORENL, Bich s 7 2% EHT D LRT
5. HclCERT D7 7R L, DI TRADA Y REAVZERRAY v FAERZ I, C
hEBRL I, Fhr7 o2, D7 7R EDEDSDOHRTERTE, 7V =7 boiEo
B —THICE T 20 E o> T, EVa—AMOE T2l I v 72 HEEE & Bo

TAOTH, bLWCADBITABAR—IN—F S5, DOAICEBINLI FR%2H T IS5 A LT
Lo RA—RN—7 F2AREHED >TH Lo ThEZSE#RK LTS, TAO ORI 2 HEE
Smalltalk-80 IC 7% b - T % 23, BBEIL Flavors D 2 ICiive, 3 RTDZ 7L, F74+—A F
T vanilla-class & \» 5 7 7 X%k 3 3, vanilla-class IciZ, H oW 3B 7 S RiIcig@in Ay v
FREZEIN TS,

3.2.3.3 ZZZADIEFS

A== T2 oDEHEMAT 2 L &, BRECHEASECICLEHD, T T, 7T R
RO BDIF 2527 ), ZOFH RN L7 VT2 C e BB EIKCA S, TAOTHE, 772D
B —Eor—rcillb X >S5, COIEFR, R EAB 7T ABDR——
7 I ACED- T, BEABRT, ELLEDIFETH 2, kb 2E, =207 FZa, b, ctSIRDL S
KERINTWD T 5,

(defclass a () (x) (b <))
(defclass b () (y) ()
(defclass ¢ () (y) ()
COBITE, 792 adiimd Y77 72 llKH b, cchbBEEkr 7 ROIEFER,
a — b — ¢ — vanilla-class
k%%, vanilla-class (37 7 XA bDR—N—2 532 THHLDTEAED DIRICELRETH B
23, vanilla-class ICfR > CTF_TCD 7 F RDpHIClL, Ak, R—N—27F72DFy b7 =21k

H I T ONASIBEREES I (T E 358 °h B L &, ... 13, ZORNICEL N D BATRT 1B (B
KA RGBT L DT R P CRTWBEI) THEC Lk, ThEhEDT. TN IBEERS 1B (BT 54
ROhiERbARWs ) Td 5,

Sdefclass CHEINAZX—R—7 52D Y R } ECOLEN LA,



42 #E3FTAO KBV =7 V5A & ZFDFEHR

AEECRZ b TR ANDT, WHMARIEL ErbGEivwillbCclRF—07 5 RICET S
CEb BB, COBE, —Eilloks dRFMULENE S K LTEELHT %,

3.24 ZTH

AV v Fix Lisp OBEBICE L, ZOHRTREFIERPL A Ry v VEHED bW 5 Lisp £ & E
AT 2, A7V 7 VWEEOERICIEA VAR Y RBEE 7 FRAEHBED B, 4 v RE YV REE
Bt AY v PR CHHKZBBE W, AV vy FOETRERHRET 5. 77 2AERIE 7 7 2EHD
F—& e Z2uy +THb, L, COERILGEEOBEKRTOER T AL, EHOEHM cvar %
WTBHT 3, cvar B AV v FOHRTORENTH S, 4 VAX VY RERERRY, 77 XER
BRI NEVE, 2O TR EEFDF T2 FTRADAY v FOFLLERBRTE 5, BHDO7 7R
DYDTHNI FRAERZBR LI ¥, LD s 7 2~7 7 APEE% > THEET %o

AVREVZER AT V27 VNEHOBBTELLO5CT 5720, ZROOERESH
FTEAVy FPRBICEHET IBRERD B, defclass w7 udit /> a v:gettable {2, CH % H
BT A 90 Z2DRL 7 R T, A VREVAERSLTH S, b2, 77X ADA VY RE VR
ZEH x hi:gettable TH B LEEZIND L ADAVREZVZA1 LT, [1 x] &vwH AyE—
CIEENTREL A D, HE LT v R A v 2ZEH x DEPEI NS,

3.2.5 A LARIADER

7 5 R class-name BT 54 v X X v Z{I make-instance o <7 uinHnTHERIN S,
make-instance (&, IRD X 5 A TN %,
(make-instance class-name init-option ...)
T T, init-option (X, £ ¥ R X v ZZERCHER 52 57 DDEHRT, 4 v R 2 v RERL LY
HEOZRY X FCTH Do 4 v RE v AL defclass HICES XN BREBHMLTVEON S, &
%L, integer % vector 4 ¢, udo UAND A 7V = 7 t 1 read BEL EHOARKEI S IC X - THE
i, make-instance Tl X N Am e

3.2.6 AYvyF
3.2.6.1 XYy FOEE

Ay FOEFEE, defmethod =7 B 2 HWTITA Y. AV vy FX 7 FRCEGIN, [ v R X
VANDRAy — VIGEREC ok ECiEBIX b, defmethod [ZIRD X 5 AEX kK-> Tw»
%,

(defmethod (class-name {method-type} selector)
argument-list _— 2]
form ... )

z T, class-namel, CDOAY vy FORBT 27 7ZREZTH D, {method-type} 1, AV v FiGa
DEECBBINDIERT, AL T X ve AV y FETCDWTRERIBT %o selectorid, C
DAYy FOELZ ZTH Do argument-list 351D Y X +C, BRERDF LK« J R+ L
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BROBEIZ 2o FIHY 2 T ORIRICIXHEIIC self & \» 5 BEEHAMINE h, KtkoFEfTic
ABRICRTDFAT V=7 VEAFKCHBEI NS, form ... 3 AV v FOT & Ak, Lisp B o
KL BIEFETH Y, FRIEROR a— 73 v AA LT w35, £ v 22 v 2BHIER
#Ho LAMEHE LB TE 5,

3.2.6.2 AV s

R=N—=FFRADAY y FHB¥ 77 7 2RI D & &, FILLRTEZFRD A Y v FEEEUE
H5L, ZDENEM B 2R ET 20BED S, TAOTR, COXIABEDAY v F
OHVEEZ XY v FREGLTFEHRTHAGHLE, TN 2 HchThix L L<HW3, defmethod
TERINEAY vy FEVDRETREOEMNTHY, AV y FEGC > TARIN TR &2 |
Ay e—VRED &L FICHEBICEBINDE A Y v FiLhd, AV v FIEBEOHEZ WD WEH 5
2, A FTClRTF 75— b THWwS :daemon & w5 2V v FHESICDWTHE~< 3,

AV v FiX, defmethod =7 B CHE X Nic X 7 v ¥ DAY (method-type) %FF D, method-type
DIEEEMEEND & primary & WHRIZHEEINLDDERARINDE, AV v FiEECLICE
DREGICBIMT 2 A7 v FORUIED b T WD, ¢ 2 daemon FEFICEINT % DU :primary,
:after, :before D=D2TH 5%, :daemon G T, 7 7 AEE M- TIHFE ST b AL 7 T X
DAYy P&, ZOBRICISUTRD X 5 IKiE#Xn b,

1. 75 RBEER T 7 7 2 b 2 —"—27 5 2UI~DIBIC Y, ZHFHD 7 5 2D :before
Ay FERIBRETT 5,

2. 772 WH CBWTRMICHDH» % :primary XV v FHEFTT 5,
3. :after AV v %, :before & XHDIHICETT 5,

4. :primary A Y v FORTHELE, fEENc AV v FZObDODORTEICA S,

rafter ¥ :before AFFIEL & \» & & (X Smalltalk-80 DYFFEDOREA & FREIC A D, 37 7 5 ZAlD
Ay FBERT, A== 2D AV v FREERC A 58,

3.2.7T R—is— - X yt—Ji5E

BBAYVy FORDb, HFDR—N—7 FRCHBHEEDAY v YEEBT I L8 TE 3,
AR, 77R2aDAYy FLBNT, aDA—N—I FRSTEHINTVEAY v ¥ n kil
BLiwneT b, Z2D%DICE super & \» 5B {# - T,

(super S.n argument ...) - 3]
EVSIKERVE, SnldXFEBVITAZDSEAV y FOELZ X n %k “7 2EACHE
BLTEsev vy BT, FHlid L Ah Ve argument ... &, AV v FniciEX W B35|8TH 5,
super DIEWEIL, H7ch b self 23, HEBBIL T EDR—R—2 52D v RAEZ Vv RCE Y b o
TeD XS BBVEC R D, AV v FIEEd, TDR—R"—27 7 X SEIEEE LTITARS,

6Smalltalk-80 TE 5 override,
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3.2.8 no-method-found /~>> F >

EoNk Ay =DV 7 2R, ZEFTV=27 VORFERAAY v FRICEGINLTVWAW
844, no-method-found & w5 T 7 — %4 %, Smalltalk-80 Tk, ROobb Aoty —¥
*E|H L 7 % doesNotUnderstand: &9 A v t— VR BUXIEZECESD, b LLZOZEHRA
Y v ¥ doesNotUnderstand: #§f-> CWHIXHS T I — LR TE 5,

TAO TlZ, detach/attach #AE' DEH D /¥ IC, no-method-found » ¥ F 7 2 EAL %o C
NZFHEARBIC doesNotUnderstand: L[FUTH %, no-method-found ~¥ F 7,

(defmethod (class) (sel &rest args) form ...)
DESC, ZWMLDOAY vy FELTERINS, 518U, RobbhhokelL 74E, bEDAy
v — VOB DY 2 +THB, no-method-found N ¥ FINBERINT VLI FRADEFT V=7
P25, DL R— I AV L 7 2RO Ay € —VEZITHS &, T D no-method-found »
v ¥ 7 EEX NS,

329 YRF-AytE—Y

defmethod ¥ 7 B DR, 2] KBWT, selector L LTI R 2525 eB8TES, ThEI R
Fe Ay —VERER, UR L+ Ay t—Tik, TAODOREAEI 0y 7 I v 7DD~
BTdH 5 Hclauses® & LT, 7 72 CFHIHL L TG I N clbdB L 2%, & 2,
(defmethod (c a) bl b2 ...bn)
X, 7 9 X c CBWTEE I N7IBEET, EBRAMIC Prolog
A :- B1, B2, ..., Bn
LREILCH B, CORBFERI TR CDFT V27 MCAy =V %EDC LICK>TEEITE 5,
e 21,
(defmethod (man (How old are you?)) [self agel)
LS EERTAbhWALL TS, CDE %, 77 A man OF 7Yz 7 + Einstein iICxfL,
(== _answer ,[Einstein (How _question are you?)])
LS REEHET 2 &, FF~v D27 47— 3 vILBWTEREZE S _question 75 0ld I
AvREYyyT— FPENTRIIL, B TAK [self age]l 23FKfrEh b, CCTHFT V=7 b
Einstein 231 v £ — ¥ age #Z M- T, 2 L 2 (XE 76 %R T &£ F 5 &, Zh i _answer ICA v
2Ry T— AN, BEE == t(2=7 47— 3 YREOE) 2K L CROFHIHHKD Do
BB, VR L Aye—IV, EROBRE 0L S ICHY AL A& w5 Rl & D20
EEEBGATWEDT, €L 7Z e LCid2HV23 7 V=7 MERIRERIT v 77 I v 7 b
WHEE X e [32].

Ta— YK E loginty v a v ERHBICER L VIV EEL 72 b 3 21856
8Horn ffiicHibd %,
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class 12
symbol message vector version number
list message vector symbol backpointer
super symbol message vector | super list message vector
class variables property list
defclass skeleton make-instance skeleton
(not used) instance variable hash

3.1 7 ARZ X

3.3 F7vz2 MemDOER

3.3.1 /7 S>SxONEEXRIE

33.1.1 725&a~RZ4H

7T A&7 7 AT Z LIS vector® ¥ FIWTEBE L (3.1)e 7T ZX<7 Xt class L\ )
ZA Y AEFFDOV A X 12 O vector T, 7 7 ADEROFEE #IRFLY, 7524 %hbbT v
RADFFD class & \» 9 @M (property) & LTINS, AKX L, O vector 3 7 E & @M
YR MeFEORY, BED vector L RBVRER LMD L, AB, integer R id k EOFAF —
FoeFTV27 DI T AT 2, WHEOEBILDD, T 5 7 724y v EAroBik) X
FHDRGTHEL, RE vy 7 OFEERE»D bIEINTWS,

3.3.1.2 defclass OEHE

defclass w7 % 5Ef73 5L 7 7 ARIEAWELND, T TCIAELT VS 7 7 X2 BEHRT
5L, NI TREEDYT I FADI FART ZE 7 R4y v RAD class B bREX
Ndo ZLC, 77 XROMRBESRE LT INB R TART ZRBT FRELEL vy B D
class BH:IC DA BN S, X bic, ik 5 component-of-what @ ¥ HWTCHWS 5 2~ 27 X
DYT 772 %MWY, ARINCVIEREEICT 2 LAFCZEA LI LT 7 7 ROFEE
EFEROMEE %17 5 o

COBVEC X T, B2 J RBEBR Z OPEEREERR-> e $58%. w7 IR BT 24 v
ARZVYAZBEDI TARZ ZADKRAL Y EEFS>TWBE R, w27 7 2Cxt L C make-instance
i 5 L3 TE AR\ vo Hicl make-instance LA b DIRFL VI SR BT EL v 2 & v &
ELTHREINDS, COLSIC, H\nr 7 RERBIE, 2A—"—7 720 ER X > T iR EN
2X5CHBEL, HEWKH D7 F2EEE A>T, 7 7 2ROHERBKC M ->TRC VS B, v REY
2 OWEE EOFERF AT w3,

vector X & 1 b (vtitle LFER) & 44 X (vsize &PRE) k~v X &3 3 Lisp ¥ — X O—RKTRHITH 5,
OREAICY AR 20KV I OBFAE DG %o
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3.3.1.3 component-of-what

B 5 24y v EAL component-of-what &\ 5 BHER DL, HOREDZ FRADR—R—7
SRTHLPEIEFBLTVE, Thbb, A== F3ZXhbH 77 7 2A~AH5 T &PEEREE
DY v REAHTERHT %0 AKX LD v 7k, <A Fa2—F %D TAO 0BTy 7 —
CIOWCEPOREREEAT RS kD, Ry r—V ¥ B oABRBEL L&) v 7
PELAEWC EC LAY, TDRD, DLV RTLDIZ 7ACMLIOEELMZ bITYH, 2—F
ez ZznBEBbbh v WO EIRAEET 2, LAL, d & XY Flavors fiidd 7Y = 7 Mg
EFEEO 7 FRAEFLDEVEIREACDOT, 2D L5 A7 0l 7 LT 5 BEIT/NE v,

3.3.2 F7TxZ bELTORRTF—F

HIIVCERTF—Z ATV 7 DI 7RAD—ERRT CNDOOFT V=27 VEAVAREY
2B F 7T, make-instance TA Y RA VI X— b F52213TE&AVv, 77 2A0EMEL
Tt abstract-class?iCA>TWn3, ¥/, TNHLD 7 F R bas DXy 7 — JICH > T export
INTWVB, ChbDZ FRIGHTLTAY v FRERKT D & FICHFECLBBETH 5,

3.3.3 FF7o 7 PORERXRIR

2—FEFF 7V =7 b+ (udo) &, M 3.2IRT X 5 Pk vector TH %, udo (X TAO O
HARTF — 2 RDO—DT, [ YRRV RAERL ZDEDR vy POOBEES» LA S, udo T~X7
AEDSDTRAEVE, vector DF — X RIEFHAL T 5O Tnthv & & ORHOGIHICZ Y 5
2, LD, udodC tFudo X7 X LIFELRTC L BB B, udo lEvtitle Db HiIL7 7 AN
2 RER~DERAL v E %D, make-instance w7 u{l, D7 FRAKK L THIDTA VRAEZ VA%
Ve & &iIC, $F27 9 ABERIW- THEKT RER—R—7 FRDA v R X v 2EHOEREY L
WERF— 2 %VED, 2% 7 T 2 <7 XD make-instance skeleton 2z vy MCEET 5, LA
Z20bENEBBLAMD udo ¥AERKL, 204 v R 2 v RZEHEVIIUET 5,

udo DHTDA v 22 v ZZEROIEFRFRINICIE 7 7 20l Y OIFEFICHE>T W55, 18H
2—FhbHCEBEER O OC LAV, LAL—HD<A 7 ua— FTit, BFELoxdic
YRRV REROWNEHANBEBICRELTwE30bH 5,

1135 2a—FREFONR -V, AL EITALWS 7T RAREREL, TDRA—R—7 F7RLLTIRTO2—F
BEEFTIDHELRATLDOIFRASHES LA ET S, 5L, SO component-of-what IC{X, ADZX—~"—77
ZCHBCEERTIVINTER, LTHR, Cox—FHlogout Lkt EBPICcD2—~F DNy F—VDL vFE
ATH?5 a% S D component-of-what 2L AE VD, S ® component-of-what (X, d XLHEL K2 —FD
Ry r—UhRWAIBIBCLIChS, THE, AICB#IT 37 ur 7 627 — 2 3ERENT, 2] 2 ARG CES
F 2, LiL, a—Fdtlogout TEAULRLEDRy r—VDY Vv EARI FANE S BTANT, EDA—"—-7 7 R
5 (hdLhhn) Y XFLDZ T XD component-of-what 72V ¥ 7 ZH Y R DBREVWAHETH %,

BAVvREVABERT LB TER NI T X,

1Bgys:with-privilege t 5 <7 vk fl\nd,
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231 HERF—F e F TV 75X

7724 | N TAO 7 — 21
id VRN id

codnum | = FF 4 codnum

integer | #&# shortnum bignum
ratio Y SBLiE ratio

real FEY NSO B shortfloat float bigfloat
string pad char string
vector X7 X vector

applobj | PHEH applobj

cell YR} cell

dolamb | THZX 744 dolamb

locbit lochit B4l locbit
64builoc | 64 ¥ v TS5 A& LES | 64builoc

64bsiloc | 64 ¥ v 50 X5 | 64bsiloc

64bfloc | 64 ¥ v 7IFE)/NEL 64bfloc

dnil nil 7 — % dnil

class-vector 2n (udo size)
value 1 instance variable 1
value n instance variable n

4 3.2: 2—¥EHA 7 V=27 b (udo) OHEHE

47
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3.3.4 XYy FEXYYIFR
3.34.1 AYwF

AV v Vi, F5kE b O%BT applobj kw5 F— X B IS, applobj i, 5l
B 2 M IcBIT B EHe, RE v 7 - 7L — L0HRRICEET i, ETAKE E R0, EfTA
tRix, 4 v 279 2 CHEIBUE S K, = v S A XN 7BEIE memblk &5 F— 2 FIEE A
TELINZA[f ba—FKhoTwb,

3.3.4.2 XYy IFDEE

defmethod Tlt, A Y v FiEE DML & 5 applobj DEEAVELN S, AV v FIGEGORER
T%5FRE b applobj TH T, 77 ZX~<7 ZDOHOD id-message-vector 2 2y FCH B A
Vo FRICEREING, AV vy FEBRELZXDT FLARKES>TY—FEN, AV y FiEELZ
AEF—LLTN[FY «F—FINd,

defmethod FFIC, % ® 7 5 273 id-message-vector % ¥ Z¥f->Twhih vk bd, id-message-
vector DR uy MCRAIDEELZ AL, 77 A7 Z DD defclass-skeleton & \»H X v |
CZDAY v FDEVL 7 £ e SKORKPBBEINDIZTTH S, CORKTEETARARAY v
F o applobj A&k EVEO L AV, b LEDZ 7 2T TIC id-message-vector BZFEEL TS
BoIE, 207 7 ARZEHEE LTA—R=27 7 2DUWY 2f7h WV, GrbhictL 7 ZDHh% A
Yy FfEE L, B b7 applobj # id-message-vector IC&$T %, IRIC, defmethod 23f 172D
NB379RDFTRTOY T 27 7 2IKxfL, b LENA id-message-vector ZFfo Tk b, £D
Foxicd % applobj # AV v FHERVERTH B C 2 RTH I —DIR D 7F— 2P FE X %o

LN T YT LBEREIET D, AV y FREBORETHER LYBMLAY TE
X5 Lo AV vy YRR ITFARIZOHOERDZT—2ADT, TREBEIETHETTEZD
IIRADAY vy FOLA— Y 33D B, §TREDZ 7 ATHEREI N udo B, ZTHEBERAK
Xnbudo bELIF LAY v FEEXBRLTA v v — V@ 2dHl S 5.

3.3.4.3 XYy FROER

AV oy FEE, FO7 FZADA VARV ZACHDTA Yy t— VRENRC oL EICAHY « T4
<Y FCVEb o AV v FEXERLIS & Lk ¥, 207 7 X iC id-message-vector 2347
IZEL AW, construct-id-message-vector & \» 5 NIBIMEEBEIL T A Y v FERES, LA
LAYV vy FEOABREHEVELDTIE AL, KAV v Fapplobj ik, 20t dckbhic Ay
= CICHHINT BT EVESL, COMEX, IFTRBRE=DDRF v bk b,
B—RTv T Ay FROBOVER
AVREVRC Ay —VELI, TD 7 TAD I T A7 20D id-message-vector 2 & v b
RPRD, COAy = VIBERED T TADA VYRR Y ZANDRYIDA v 2 — VIEZE R bIXZD
Z2uy Minil TH3, T, B construct-id-message-vector ¥&EHIT 5, T DEIRIIIK
D X5 CEET 5,

4applobj & i, BEMO X 5 iCapply TE B AT =27 b, L WS FEKTH 3, TAO OO EkE applobj T
H5,
Bopr £ w5 2 7%FD {opr}0 L5 T —F2 T3,
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(1) 207 7R ELHICRA == T 2%, KT REAY v F e w7 2 %EDLY X b %
VEd. Tt %, defmethod TEFKIN TR X Z1FTh{, :gettable ¥ :settable, 7 7
A REH Iz b FIRRICHEAS 5o

(2) ZTOI R PLELZZDT FLR®TY — FENAE% vector THES, T d vector ICZ,
:gottable, :settable HF X U7 7 R EHIC T B2 + VIZIEL { HoAE %23, applobj
FROAV vy FREZVELRTE LT, {opr}0 KA ->TWw3, ThiL, B applobj iC
BERIONIRETHEC L 2EDT I I 7 TH 5,

(3) (2) TVEo 7 vector % X Y v F& (id-message-vector) & LT7 7 A~ X IC&EFT %,

F=XF 7 applobj OERL

(4) &E)F <% 2 v Fapplobj 3RFA Y v FEICHFLELET, {opr}0 CA>TWn3, % T,
COEHIDTED XY v ¥ applobj ZJ %2137,

B=RTv 7 EE
(5) WHTHEA Y v ¥ applobj % &E#T 5%,

LF, £A 7y FEFIHDTFREN DB ED (4), (5) DI E$ 2, A, 2V v FEL ap-
plobj DFHDOF = v 7 li~A 707 vl 7 ADEZEHKIC L > Tiihbh, Fokl A —r~y
FIC % DA\,

CDXS5IC, AV vy VEREE, ZDIFRADA VRARZVRACHDOTAy e — JIRERRLC o7 & &
KEHYv e T 4= Y TEDN, 2Oy VI THD AV v ¥ applobj HAD, ZnBFFEEN i &
ECHOTHEDN DS, CHLARBMELF Y » T4~ FARXEFRAL 20, KEAIWH w7
FZLICBNT, AV y P —BIVEL HRCTREOVERICE T 2R EINEHTE A VA DTDH 5,
B, PO T T CD applob] # % L D TVEo Tk, AV vy FOBRREBETCRLE
G FBREBOAX—FICh ), TNy ZFOBRRBEIL L T ThRL, $o%FRENAW A
Yy FAYRBINVEONTARY RREBETLCLBREE hoke v« F4<=v FHAROEAT,
AV oy VROBERREOZ A LT AV HEBEDZBLAEE I N,

7u7 7 AORRRICE, R—R—27 7 2UITH AV v FOBERLENA & 2ERCTTADR
50 ZOERRZY 77 7 AlIcBx b, BgEDOA 7TV =27 F OBWECKIE LS, 2D & X ICHE
CBAYy PROBER AL 2—FrbldR i A v, $, 2DEED AV v ¥ applobj
DEREF Y « T4 =y VHRTH 270, FECBEFREMITADT, LB H,

YdDx 7% &0% 32y Y OF—2%fvd, TAODT IHEHTRY v RALDT FLREBIEL AV,

oo xoplc, 75 XE LDV v ¥ applobj #8%, AV v FREAIC X 5> TVERR L % Bi% % applobj T,
AV v YERDIET % {opr}0 *BEE#i% 3,

Byrbb, Rodbok Ay vy ¥t {opt}0 A biE
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A B

a-m-primary b-m-after

C
c-m-before
c-m-after

Y7772 — - X—7 T 2|

B13.3: 7 7RBEEL AY v F(AY v VPR, 20K ETER)

3.3.4.4 XYy FESDOEIRZE

AV vy FiEETR, A== 93 ADLAY v FRED LN FFECREIT2oTRAL, %
NOoDAY vy FEEBHICHAEDbE T > Flo A Y v ¥ (applob)) %VE- T, #f&T 2D
BAEDAY v FELUTESET S, KX AEAY vy FiE, A=t —3 N TTMiD 7 7 X1
BbhrEhs, chick ), EFRO 7 I WY DF—~"~y Fldhv, &KX 1 applobj 23
:daemon XV v FfEGKBWTED XS Kb s 2 %2FITRT e 77 ABHI3ITRLEES &
PEE D, AV v FBRROELHSIWERINTnwBE LT 5,

(defmethod (a m) () ’a-m-primary)
(defmethod (b :after m) () ’b-m-after)
(defmethod (c :before m) () ’c-m-before)
(defmethod (c :after m) () ’c-m-after)

279ZADAY vy Fmik, :daemon fEEIC X - T,

c-m-before — a-m-primary — c-m-after — b-m-after
DIFCEFFTL T a-m-primary DE%2R T X 5 WROIBICERK S, Fiekm AV v ¥ applobj & L
TADRAYy FRICESEIND,

(progi

(funcall c-m-before ® A Y v } applobj)
(funcall a-m-primary ® X Y v F applobj)
(funcall c-m-after ® X ¥ v I applobj)
(funcall b-m-after ® £/ v | applobj)

~

progi {3 progn DHEIRI T, progn L IZEFEETH 525, HE LT “ ” o2 bhicA DR %
BFo. AP, funcall CEBXN 2 ENFHD applobj (Z TAO DR a2 — 7 HBRBMZ X v 7 « 7
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L—LDd ETRHliEh b, Xa2—FORY DI, #EEINEAY vy YO, +/Abb progi %4
A& L<Hio applobj ofllic 2%, cn kS5t 3 &, kX7 applobj ®HA b D exit
BISIC X 2R L2, f5EBDAY v FRLORUH LICA S T & #FEET 2,

CDESBRAY Yy FiEEOHRRE, AKX N TL 3 applobj oM % =mH 5, AV v FiE
DREEDORBRLLT, YR SKENFEED append T2 & W HED H B, FEER, 24%)
BFZOEFERIC X > Twico COHEICE S &, applobj LB+ X +&F, EfTAE#ck by,
22— 7 ORE b BFIC & % 23, &3 % applobj [EC, BIMOLRTIEFc—HX AT E AL A
{720 COHEFHARINTL A vy FOMMHIMERZD XY v FDa vy {1 —va vic
#ENRDH D, funcall O FHXICEH L 7z,

% ¥, :after ¥ :before 4 & @ applobj 234 \» & ¥ (X funcall O % 558 B BEH L v,
CDL &L :primary @ applobj Db DAY v FERICEEFI NS,

3.3.4.5 XY F applobj Ot

AR LZAY vy YEHDBEHED I 7RO AV v FRECED L, AV v FERBUAXLLEHT S
Clichd, TNOLRMENIEREREARZDTREWICHID A Y v FTH 35, FEICIRELF
LEERTHoTHEDLAEVWDIDOREE N, ZCT, AV v FE~D AV v FOBEFIC, EfTALD
SKEF*—,T o v v v 7ZEHv, TCIORBEADOMD 2 Y v ¥ & IHAAREA applobj Atk
FTRCHEFT L5, coOBFRSKDAY v FORALT, av"frihdorcwd L <dEHT
5, ik, KED applobj #VEZICHY 2 7 AR BWT, A€V HBEOBIRICERNTH 5,

3.3.5 ZTHOT7I/EREHE

AVREYZERELVF VAN CEZSENER TR A DT, 2OBBHRR A Y v FOEST
ﬁﬁ,Umfﬁif9;7F%ﬁf%#hk7n77A@&ﬁKﬁ%ﬁw%%%iéo%C1,4
YETYRLCBNWTAAy Y aREMAn, 4 v RE V2R % udo DETHLLDOAF 7€y M THIR
FT3L5CLCEFEIEER>%o TDy v 2K, make-instance BHDTfiAhbhic & ¥, 7
TZART ZOHINEDN D, Bd, 2V L TTE, 4 v R & v 2T udo D THOF 7 v +
Bay AR« a— FhcErhTE b, ZHMIBOCTERTH B,

77 AERIE, 75 ART ZOHPIC, BRALBELORThbAh 5 vector & LTINS,
7 7 22Ut TAO OFEF OFEMRTOER TR A DT, eval WEOZLH T 7 & A CIHIER X
v,

7 GRAERRCA VARV RERET 7t A Lkt &, %/ :gettable DA v X X v REHBI A
Yy FThrpr, ipf BFEI N D, o T, k& 2id:gettable DIFTEI N v R & v LM x
BRFOA 7V 2 7 MR L KHREIh T3 ET 3L,

('[i x] value)

CXoTA VY RE Y ZAEROEERAIREIC A2 B, settable DIFEALTH A v R X ¥ REHD
EEPURETH 2720, AV v FEERTELAVWEWSFAED D 3,
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3.3.6 AXvtE—JIRmEDAHZAXL
3.3.6.1 udo DX yE—UIRE
udo ~D Ay t— VEFECHUTOX 5 AUEZTTR 5,
(1) udo DET B 7 FADI FTARIEDAY v FEERFIR D,
(2) BLAY v FERERREDIE, 3343 THRALX51C, A » FEEMED,

(3) HabhiAD cadr(FTAbbeL 7 X)2F—L LT, AV y FEENAFTY « F—FF 5,
AV FPEOZY FI AV v ¥ applobj A 4FidD 2, Fxv PV cxisdT 2BWVEREFL
KRR 3,

() A v REAVRERBEAY » ¥
:gettable #°:settable CTHEIN I EDN e, f VRAEX VY AEHET 7 22T 5%DD
AV oy Fo ZOFRKBEFRAZ 719D 7T, £ v 2 X v 2D udo R 7 FNT
DA77y b EDT, CORPBEALE gettable KL 2B AY v Vi, ALK
:settable KX BRAA Y v FEZNZENEDL, EIERA 7Y +TH B, N[ F
Jep—FTChDTY FIIGELALEEZX, udo DXFIET A4 v RE Vv RAERET 7 %
23 %, BFEHERHO 7 v — L BVEL ARV,

(i) A v ¥ applobj
defmethod TiEF X I, MK ERTA Y v FiEEIEH® applobj, B3.41Cr3 X5 %,
AV y FRFHEFRCTH L L 2RTREy 7 « 7L —0%Ed, COT7LV—AaCE, B
BEMoTwnwa W 2Rk d 77 7%, BEROERCBWTRa—7%Rbc L ®2RxT 7
ST RINT S FIBBIERFHEE N, & v 7IKEENTA Y v FPAKREFTEI N S,

(i) AV vy FBARVERCTH B LR RT T T
defmethod TEEINTWTH FAEEI XA e AATIE, applobj Db bhic %
DCEERTTITVARBA>T VDS, CDEEE, AV v ¥ applobj 2{E->TAY v ¥
FICFEAL, L25Db (i) 0BG L FAEOLERTA S,

(iv) 2hLAH
79 REREBBRLTELCEDEEZE T 77 ZAERE XECER L RIRNHREAY ¥
FTH 5,

OB BWCBEABAOF = v 713, ELIS O~ f 7 a7 w75 LD OZENIFC L >
THSHIWICTAbh, A=~y Flid A\,

Ay & — VRER Z Tl T 2 865%, Lisp o & 0l e 2 Y v FOBERLMNE, Lisp DX D
i & AR L TH B, Lid ZOEROESOMIREE D E Y REL A, TDT L,
TAO OF 7 V= 7 MEAAEOEAMZRITT DD LA o> Twd, [ BIC, 2y t— ViRE
ROTHUBICH Db b eval D4 7 u 7?7 A0FXELARNOWS 2K EH LD DERTS

Vempty & \»5 £ 7% @A L 7o
Nudo DA v A X v AERE—HD L T4 v IS TH B,
213.3.4.2-Ch <% opr,
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o rtn ... CDT7 y —LZFFAIA—T 4 v (= 7aTar

7 b)) ~DR Y FeFE i,

¢ message passing form .... FYliF O (£ v & — IREX)

last arg e applobj for the method .... 2D A Y » F® applobj
ﬁ‘” o of IRETL—AL(T7R«FzfV)DI V7, TO
1st arg HAVEICHE, COTV—LpBHE<7 Z (Fhb D udo)
self EFoTnB T L&D T edICtage ¥y ML THH

tf 5,
. ef otf ... by T eTL—A(avir—neFfV)DY ¥
applobj for the method ”

message passing form

o self ... DRy v—VDZUIFFT 27 o EH self
CHEBX LT3,

o firstarg .... DAY v FOBE—F[¥. YT, FZ, 5=,
L OIHCR 2y 7 KA BT b b ZEROMEEZ, ap-
plobj IKE T\ B,

rtn

34: 2V v FEFOEDD 7 L —LOKELE

3.3.6.2 EERF—F -ATTzo tADXAYyE—Y

3223 TR k5, Ay v— VEELFFIH L cEMmiE 2 hEIIEciIii T3 c L 8T
3, Xlx +ylid, x5 b ORD cadr © + #RC, c ORXBHEIEECEINALRLE
THL LT B0 b LxBHTEL, et xudo Thok e FBEXDAY v FEEERL,
+EVS L7 ZCTEAY Y Vi (D LENKE) EHT 5, FTEEoRENED X 5 2R
AT AR A CTIEL, 2V v FRERH LAV, COBA, ¥ L7 2 TH 5 +2D i) L
DT FL2hbEMAL 7€y MEHECEBERE 2 WCS EO7 FU R, EAY vy Fo<q 7
BA—F 4 Y~DARKZE>TVD, JIHEOETAEKDL Lisp DX (+ x y) ODZFh ILFTH %,
ARy 7 e 7L —L3VEL AR WS,

BEBLOIAT = E A7 V2 7 ML TH, X v 2= VIRELEFIALCE & X% AR
Blro el 2@, ELISOAEYD13E (64 B v ) ICKEx DFEE 474 5 locative + 7V = 7
DI TABB L. ChiL, ELISOF7 FURZEBCREST 57— 2 B<H %, ZD—, ELIS
DEER 64 ¥ v  OFFS A LB L 27T 64builoc 13, 72 & 213,

(unsigned-integer-locatives x)
Lok TlEbh b, coORE, ELISOH 37T FL 2 %53 64builoc 0F— 2% —> ¢t b,
Hx KRAT %, 64builoc ~ DAL, Avt—V<-%2HnE, cDL %, <- OF|HEHE—
7Y FREICERE N, <4 2 R 707 I ACEPNABEH AR X » 7 « <o v iIC X > THIRE
fr&dnsd, & xi3,

R oBeg, sysid & v 5 &R0 id,
3% 7% 1L, send % apply-send CEBXNAHBSICIE A Y v FEXBHTIF@EDOA Y v FiEHNRET 3. Thb
B, AV y FERZ, + - GEDX5 R Ay FIBEINTVE, COBBRAEZ Y7 « 7L —L%E3,
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[x <- (x + 1)]
s AR, BHIED (x + 1)

(sys:64pol x x 1 {opr}0)
ICZEHLX I, sys:64pol L VHRER KX v 7 e =2 v DY I 2 L— 2RI X > THEfTE b,
ORI DOE—F BT D locative, 5 IBUER AL O A — T v FEHEDOKTH 5, {opr}0
X, opr & 5 X VR EFOEBRART, BREXZ2 vy 7 LDy 7D 2 00BROME %174 STRE
Trahkihd, COFFRELISOAE) LOFEETF2a L —F2 L LTHEHATSCLICEST
FhrbhdoT, 64y + ¥ TOHEALE bignum ODFEED X 5 AL OHEBIEC TR
B, DX 5K, locative ¥ FHHWAFHI, 7 FL R LS L PRERECEES TR TS
W 5 ZEC Fortran 2 2 A A D EREIC AR > Tn5,

3.3.7 a4 >

AT VERAIO T v YT ATR, ERAEOMIT VI AT V27 FHEATH B HETHR
CKLDPRDONAEVED, ZOa vy [ L—La v R REBEICT 5D, BEEBRLEARAV, L
2L, BEEALTHELLEWET 22 v A ABREMNNT 570, EffgEc= v [ 7O/
I—FE2XI—DdDRLTBAYDOERBER L oo 4 v RE v RERIBIHB T LBHEHKT
BY, 77 2ADOFEBHEEREET 2 E TR v A A BERERIPIBON AV, Zh® X, 2V
RAANEEECHMICE B DOLUNEL I —D AL ba—FRavy"fardd, Zoa— Fit, FEE
KAy e— VERRC > TRYICAY v FVEVEDL LEKIELWIDTEELZ DN S,

Ay e—VEERTE, EBC Ayt —VBELNEE, TREZTRL A7 V=7 b T
HEBL ST X, MBCREFTLTHBEZEThrbAV, ezl [x + y] 2wikiE, Wb
POEEREVIRD, TR x B THE2HE S DEHE AV, xF, +EnS5 LI X EFFOLR
Yy FPOEHEINAZ FZD udo 22b LAV, - T, BT REFREPROONT, 2 v A
ARBTERNVCECA S, 20T, Ay tv—VRERE, HEDD G2 v 4 ARHCTRE
ERbhoTLES DOLUNG, ¥ v E—JmEETDa—Ficarf 33, Thbb, —H
KRRO XS h=a—Ficayiardd,

o [A Bl p¥DORX
compile A
push const B
send-unary-msg

e [A B C] gD
compile A
push const B
compile C
send-binary-msg

e [ABCD ... 2] DEDOR (—H)

compile A
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push const B
compile C
compile D

compile Z

send-general-msg n ; n X5 |IHOMBEE (C b Z FTHOEYX)

EFCic B W T, send-unary-msg, send-binary-msg, send-general-msg (X, ZNEI X v &t —
BEXDFHED 7D, 2V v FOBER, XZ v 7 « 7L — LORES, AIKDEFT, & v —Hoh
HETARS ST, 5 IoOBECHS LT 3MEAZE I TwE,

3.4 TAO #F7ox7 MEmDMEE

3.4.1 XV FIEROEE

AV FOBRCAy v a2 w4 F Y « F—F 2 HGE 5, 5 ko EEE*
R —D20EBELFBRTH S, TAOTHE, AV v FEARIKCERZINBED vy v 2RO
VLAE) EARORE T2 WoZc b &, EmEDNAFY « H—FBELISO~f 7 urnrs
IVIRE->TERTELZCLDZODEMBOLANAF) o 3—FHREFA L co N4 F T »
V—Fefiho~frunrnr I Lpr—7 40 0% WNEBIC, LEIOT FL REECEETHRL U
KRS 6 <A 7 aXFy TONL—T%FFoT b, BiR+23X5c, BEHAFSRICLEZ L, AV Y ¥
BREAI TV 27 MERIOWARERFAL TYL X & v,

3.4.2 AR AEHDINy A

335 TR v ATV RCBIDZL VREYRERO Ny v 2 BOEYBHT 2, LIFO
TR MCR, 10004 v 2R X Vv RBERRFEFO 7 FREBERL, FDT FRIC, 4 v RE v RER%
10000 [HIZMF 2 2T ORIEZRFFO A Y v FRER L CEOHEZAE L. 7 7 205E% T,

(defclass a ()

(x1 x2 x3 ..... x49 x50 x51 .... x98 x99 x100) ())
DESKAR>TEY, AV vy FiX
(defmethod (a test) (x) (for i (index 1 10000) (null nil))) (1)
(defmethod (a test) (x) (for i (index 1 10000) (null x1))) (2)
(defmethod (a test) (x) (for i (index 1 10000) (null x50))) (3)
(defmethod (a test) (x) (for i (index 1 10000) (null x100))) (4)

EFEINENERELTVDEI®, Ay t—VOFEF TV AWK Y v —~AZEE instance 1T/
AL, RoOA % BB CH 7z,

MRV O ELIS TR 1 =4 7 B X7 » 7% 180nsec THBDT, COA— 7% 1[AED BT & ¥ lusec 25> Bo
CORER, NfEDOx Y 2 Y %FO 2V v YEOERKIX, F logN usec 222,

BELEVZ ETAY v FRERL, AV v VERBEROEEYRILIKLTYw3, AF, 2v 4 501, for XHO
BROZBSHBEYFERT 22—V 2HNT 20T, £33 — ¢ LTl null #FFA LTV 3,
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# 3.2: [ v R E v RERB B (usec)

AVETY A ER Y
R | ~yvadb | ~yvakl | (v 2 XEER)
1 7.4 5.5 2.4
50 7.4 55.6 2.4
100 7.4 106.7 2.4

(speed [(value ’instance) test 1])

BES speed I, Bl E LTEL b AREFEFTL, ZRICEL % CPUKE%IET . <0 (2)(3)(4)
DEEE» D (1) OBEE% 5%, 24 % 10000 TH - fERZNENA v R & v AZEHBRICET 5
BRS¢ H B, % 3.2IC, £ DIEMKIFE%/RT

CORERPO, A VETYRZCBATAHAy L aBBRIARLEDA v 2 X2 v REROT 7 & A KH]
H—ETH3%, "y aXDohnltEigdudoNEEY =7 « 3—FFT 50T, [ ¥R Z ¥ ZEH
D udo N THONBICL >TT 7 e ZADHERREA L, RO T w7 LTl udo DF [ X3
10 CEEDDEBHLDT, A VAR Y RERD» Ny v 2 G CERNTH 5. 4 v R E v ZER
OESHS 2 HL AL LIERINEVE EICE, »~y v 22 HOARWHBEERTDH 55, £0#E
diEx 20% FBETH - TR AV, Ak, 2 v FTE, 4 v 2 F v 2ZHE udo DT
DA77y PRIV NI e a— FHRECEINTE D, BRIEBOTEHETDH 5,

A v RE v ZEROSERIE % Mo Lisp ZROSERE & M T 240, ROXS5BAY v F
P EE L CHEORIE.RTT A - o

(defmethod (a test) (x) (for i (index 1 10000) (null x))) (5)
(defmethod (a test) (x) (for i (index 1 10000) (null y))) (6)

zeT, (6) DEHy R, 7Fu—NAERDOL % (6-1), AV A AEHD L X (6-2), BLTFEIS
R—NAZEHD L E (6-3) DENTHICDOWTHE Lo T ODEHIE, X2 v 7 DEE VHIC
INCTBBOEENEILT 50T, flEscHe LTTAODEED + v 7L ~<AT

Tao>('y 1)
Tao>(speed [(value ’instance) test 1]) (6-1) oflE
Tao>(let (y) (declare (special y)) (6-2) DY

(speed [(value ’instance) test 1]) )
Tao> (semi-globals y)
Tao>(speed [(value ’instance) test 1]) (6-3) DfHlIE

S Lo IZB—NARY A X60 DAL FIERT, y IIREOHRE L LTHOH» S, AERMRD
LZe2DANK (1) OF5E %51 %, [E%X 10000 TH| - 7 fH% % 3.310R T

AVEATY RCR, A VARV RAERDON y ¥ aBRBEFHET DDEBBTAY v FOHLDLD AR
VY NEBOBBEENRED b, 4 v R Z Y AERBRFERORCEREIN DT, b Ly

By v oDl y MUSLTCOERSDEIT 258, ¢ OMERERCE—EC A>T 5,
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K 3.3: A ¥ 2 7Y XA TCOLBERO BRI (BT psec)

EROWER | ~vvahl | ~yvabh
(5) Tocal 1.68 1.69
(6-1) special 120.07 20.12
(6-2) | semi-global 120.08 20.12
(6-3) global 120.47 20.47
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VaRBHENEZRRY » AEROBERICE VT D udo OF R IELICHERT 2 ¢ L Kk > TEDE
KB ADY, LAL, ~Nyvafhdd il v ARV RERTH L 0BIAELCHI Y, FE
7 udo NOERIRE»N B,
AV RE Y ZAEROBERDBETREREL Lk, 2DT 7 A RBO CTEZETH b, Lisp DZE
BLUHBLCBBERELDIWEENL L Aok TOCT LR, ATV VAL DT Y
IV OERME GO LCTERAERNTHL LSS5 LHETE B,

3.43 MBEARIOSSLIZES Lisp 7RSS LEDFEELLE:

AT, fibonacc BH % FHET BB 7w 7 72w, Lisp & A7 V= 7 MEAEIDBAE
W Z T - i % /R T o BAB fibonacci DEFKIL,

(defun fibonacci (n)
(if (¢n2)1
(+ (fibonacci (1- n))
(fibonacci (- n 2)) )))

3B, A7 V=7 MEFRTH, integer ® 7 7 2 fibonacci FF R EEF B AV v F’EE%L
DA VAR Y ZTHIBEICA v v — V%D, AV v FOEHRE,

(defmethod (integer fibonacci) ()
(if [self < 2] 1
[[[self - 1] fibonacci]
+ [[self - 2] fibomaccill ))

£F %o self iICi, CDRAy e—VOZUFBRAINT VD, HREE34EHK35RT,
CRODHETHE, AV vy FEDOI A X% 30 B X1100 & 1L, fibonacci D A Y v FREHED
BELLTHOP 2L LTHE, EDOHAX30 & 100 &, LEID A Y » FERICOWT 2
E5y DA — T ORHEIZEET 5 0T, Wi T 2usec DZEIC A %, fibonacci DFHRKEI T,
B3 19 o & ¥ (& 13529 [A], 20 ¢ 21819 [, 22 ¢l 57313 [, 25 Tit 242785 [EFHIE L B0 W4
i<, 2V v FROI 4 XOEI X 5 EFHEOZER, 2 Fh 2Tmsec, 44msec, 115msec, 486msec
ChY, BIERRL I —HLTwd, Tk, 2 v L AMRTHE, 28 n ¥ %E self | fixnum T

MEAEREE AR T L 5T B ¥,
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HIFTAORBIZAT V=7 VA& TOEH

#£34: f &2 7Y 2Kk % fibonacci DEFTEE

(HAf msec)

Lisp version

Object-oriented version

(Method table size)

n 30 100
19 521.8 583.5 612.8
20 844.4 944.3 991.6
22 2210.7 | 24723 2596.0
25 9363.5 | 10472.1 10997.5

% 3.5: av 4 7K X % fibonacci DEFTIHRE

(BAfiZ msec)

Lisp version

Object-oriented version

(Method table size)

n 30 100
19 143.2 | 384.2 413.9
20 231.7 | 621.7 669.8
22 606.5 | 1627.7 1753.3
25 2569.1 | 6894.9 7427 .4
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% 3.6: [ 7 v 7 J A k B EHf

zen net jpro
7a 7T LOPE (FT8) 18386 12654 7199
AV v FEEZED 7 9 208K 24 11 12
Ay FROKRW (MR 7 7 2R Y) 7 7 208K 13 10 3
A v ¥ applobj O#$ (opr #&1r) 5569 667 330
FEBRICEB S N A Y v ¥ ORE (HLIE) 750 (13%) | 218 (33%) | 30 (9%)
7' 7 Z LMD defmethod DS 453 154 204
MAECTYELIZ AV v ¥ applobj O#% 5516 513 126
A Yy PRk 0.92 0.77 0.38

HELELEEHELTHD, A v 2 7Y AT, Lisp & F 7P = 7 MEAEIOHEE DX 20% LIN
THb, 24 F7TH, Lisp ROFH 2 ~3EEHETH B, Chid, Lisp CRREIRE % 438
BRI Yy RANT EHOEFE2FTA>TndDicL, A7 Y= 7 MEAIRIE A Y v FEER
DAy X—VRFCT Yy NANINTWT, BED & CARBEILE T TRAVWADTH b,

3.4.4 R4S Ll-kBERHM

ISR 7 w7 2 BB ED LS IKVEbN TV B 2EST 5 C &)}, v 27 LOFHIiCx A
TH%, TR, A7 V=7 MENMIC X > TEDL emacs BD L7 4 & zen [42], zen ICHHIA
ENHAFEATI Y X7 £CTH 3 jpro [43], TAO Lt TCP/IP %% F— +F 3 net [44] D=
DT R 7 I 6% L) BIF T OBDF— 2 %KL, TAO &7V = 7 MEHOREH 4 SHii
ER2Do ¥, CCTHWAISHY w7 7 5k wFRDER L CERi SR, FEFICEL off
MEEDD 2 70 s 1Th B2,

3.44.1 XYy FROYVAXEAY v FOREIEND T

BYAEFEHEHDOD LT, FISHETw 76303 2V v FEOFEEHWAKRE X % F7%2,

FI6ILBNWT, AV v FREARIL, &7 7 XICH T defmethod IC Lk » TEFXEI e b D¥D
R fEf &, 4 id-message-vector DT applobj ¥ it opriCh>Tw3 b ODRK E DHT
HBb. COMER, MEKEINTVERAY v FBZWEE LKL AR d. AV v FREEARKE, 3.44.2T
WMRDBA v AR v AEHRIAR L L i, EDOFIHE R 22 DORETH 5,

BARLOVERT b, AJJICH zen & jpro #H L, net %4 LT UNIX < v v ICHERE U CLE L 72 (B4 ATRX
cX3),

P TELEMARE) LD, 20T vy AOBHENREEESBIEL TV BREET, 2 w) BEDEKTH B,
b EF ok, ERNAGEAREICGEL L X1, BRIEC CCOMERBICEL AoTwd e E2 bbb, Ek, FiEh
AV FORERE D, KL ZRLCALKEA>Tnhv, Chid, HIERE*BECHiz 2B CE B Y AR
AERED B LEB A RVD, VAT AOREIRILAGEIEER OREEICH 3 & LB X n 3 Mo _Ec, 22445555
PR Bbhd L ECHIEL, BAEHA XS L LALDTH B,

OVpLoDwL 7 2% 1AL, b 21X after % :before A ERXE EOTIEDE B AT,
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E 3.7 4 v RE v AEROREAK

zen net jpro

7 5 2D 37 21 15
AV RRE Y ZRERBELVEODN TR VD,

abstract-class TH 5 7 7 & 13 10 3

AVvREYZADFEEY L X 112 51 27

A v 2R v R R 1294/1457=0.89 | 440/508=0.87 | 6/81=0.07

3.4.4.2 udo ML H & udo DFEHYRAKE S

udo DKREXX, R—~—2 72D bEKINTELA v R Z v ZREHDSMb %7, 2 —%H
HBHREZDULDDDC R D, 4 ¥ RZ VY ALEROPAD K 5 FTHFHARDREL LT, f v R XY
REBRER L EHET B0 [ v R E v RAEBREARIE, £7 7 2D A4 v 2 & v REROEH LG
L, 205 bR—R—27 520K LTE b DOBEEAEDHATH 5. COERMEIE
S ENVEEO, FTRTCDOAVREVZERHIEA L DD THDLE, DFVEDDI 7 XA TEEL
A VARV RAERBEL At X1 thDb,

F£3.7C, ZODIHHY RAFLTDA Y 2R X v ZAEROMACEFT 27— %R do f v RE Y
2EFRAAR L, 7 7 ZAOBREEZBEBNCH>TwEInE S0P DORETH 5, Z—
R— 7 F2EWMERRTA TV =7 MEATR, s bI T 3R ECOfHD 1
W BB LELbNS. A VREVZAERODES L Th%BVET 5 AV v FOER L LEFF—
DY IR ADNEDOT, 48R, 3441 TR AV v VKR L CCTERE LA VRAE VR
R R D EC ZHEEER D %o

AVvREVADIARZ T T FI Vv IZDREAACKILLTELDERED L LEZL DN, #if
KOBEXBECREREL ABEAED L LRHALITH S, LiL, EffRICS VXXV X%
KREICHRLAVERY, HxDf v 22 v 2094 Xk F hREICEZ AR LRV,

MAOFIFHE I, AEOYAEKAED N O NWTH oV 2 —MEDBEDIRBML TN LEXDL
hd, COBHT, 77222V v FOWMEEZ B EIRL TWEbhiczen KB WT, AV v Filk
KL A Vv RE Y REHRIARE R L ICEL B> TWnB T &k, ZUARKRTH D LEX %o

3.4.4.3 XYy FRIEEFRXOHE

Ay FERVERT 5 HRICDO WX, BHARRICE S SEELD oo BYIDEETHE, &¥)
DAy e— VIEERIC, D7 FRADAY v FROTRTOF— X %E>Twio LAL, A7
ur I LAOHERKELED, AV vy FOEEPHEL TL % &, id-message-vector Z{E5 DiC
FERRESEECE A VEEIC Aok & & 21, zen T, id-message-vector DYERLIC 3 53 LA
ErprXochnl, TNy 7O FREICK > ko 2 DWNREPBITL 2FER, CoREHoOX}
X, AV v FA{AD applobj #VE3HETH B C L b o o

¥ e, RUIOEETE, A—"—27 7 ZAPEHD I FRATAY v YOBEHELEMR & OLEHR
BHBEAY v PEREEL, TNUERORIID A v £ — VSERICHBRL T, AV v PRI
NAFY o H—FTEBLX550C/—rEhikvector THEHhb, ZDITREEZDTRTOYT
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77ADA) vy FREMEZ AL B2 bTHB, AV v VER, kok—HBD AV v FOFEHT
DHERINDI L ICARD, COTRF, AV v FEBPEL, ZOVEREREIABECTE 2BED
ISR v 7o ATREBECELARVE, AV v FERKEL £oTL 3 LMERFHIELT 2,
AVIYRAYERMCAY vy YRBMT2X5A 7T vl 7 AR X AACREANARIE L B b, F
7e, Y v F® applobj iKRICZ ), EECR—EIEHINLANC I 2p2bOTF A ¥ HHE
T2LWOMEDET B, FHE, F36IKRLAXSIC, zen ICBWT, 5500 L ED A Y v FD 5
b, EEHTEH I TWwE AY v Fid, T50BETH B, COHMHIL, zen (3FRD CHEE A REES
RELTEY, BROMHTRZOT —HMOBAE L MEBIZh AV L &, R—N—2 F2hb
AREREAY y FEIPKLTECnDI 2B EELLNS,

CHLAMERRRT 570, 3.343CHREX 51, AV v FOBEHRLCENMOBOAY v F
E~DFELR/MNBICL EOT MRD | BE* ARTEE, HICBBEIC A7 L XFCBELD DL
JEEKT 5 L5 HRCEFT Lo %%, defmethod DBWED , IRD X 5 IKEE L 72,

(1) ¥F, 7 7 2~x7 2 oo defclass-skeleton iC, defmethod DR % FH D ¥ T2} (H B \»
BRZERE) T 5%,

(2) 207 7 27%id-message-vector %
(2-1)FoTwAhnEEEZD 7 7 2 LTS LA o
(2-2) FFo TV b Z D7 F AICHWT bas:update-method(ik) 2174 5o

(38) 207 ZRADFRTOHT 7 7RI, b LEDZ F ZXpiid-message-vector %
(3-1) FoTnARIThEMD LA,
(3-2) Ffo TV b 2D 7 5 2L BWT applobj % {opr}0 IcZ% %,

COIPEETHW b 5 B8 bas :update-method /L, IRD X 5 ABIWER T 53,

(1) 207 7 2A%ERELTRA=—RN—2 F2%MD, Bz bRl Z 20H% AV v FiEST
5, TH LT b7 applobj % A &4 3,

(2) 207 7 20 id-message-vector(C(E nil TR W) IC, BFw 1L 7 X 2O AV v F23
(2-1) #EEFT 2 ADE, ZDAY vy FEATEEDLZ %,
(2-2) FLEEL AvA bIE, A % id-message-vector ICHIAT 3,
(2, veons & sort %#WH TV BT LA D, )

COHADEBENZREL LT, defmethod # —DFDfTA S LUK A v v — JEER T3, L \n»
5CeEBYVET L, 2DV id-message-vector @ veons & sort L b, AL <
Bl RDe AVy FOTZ 7 AN ER AN OESHICHER L EITEEVRT ISR L2 KEA T
R 7LTHARYE, CHO LT LBRECAZ WD DB, cOX5ATnrS5Iv s« 2
ZANGBEAIHTH A5,

defmethod RFIC A Y v FRERICEVELAVC LI LiER, AV v FOEERIL, FBEoBs
BHFICSE T3 %0 & bIC, HRICHIMFIENRAVCKED A Y v FIVELRTL % 5 &\ 5[5 D iRk

lr oBIfU, 3.34.3 CRRATHEE OE BN L IR B,
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T3, %L, COBEEIR 2 7 XBEBOMD 2ELDT, BESETNEERNEY, ¥ XY v P
EHEHETINEDLIEREE D,

#£ 3.6 b, defmethod XN A YV v N2, EEICIX 10% 2 b 0% BELHMFEbLILTniAWnC
bbb, COTERIY e FARY FTDAY vy FVEROA*EMN T T3, #KICK -
THEEDIDODZESTAVIDOL I T 7 TR VAEND 2D, 5 LT e ET B EER
b bo zen KDOWT, COHRXTHIITE 2HMA 2 ) ORBEEZHHT 5 &, 74300 fHD ap-
plobj icxt LT, %& applobj(4 ®2) 25, O THH A 4 ¥ArHDRAY v VRK LR LK
ELTH B L Z 280K ~4 bich A 3%, applobj# A4y « Fa<v FTERT AR, €5 L
THEEL Y R F LARTFEHLAVWE SICTE3FERE hoke ¥h—TF, 7 7 ZAPEEORETIC B THE
AP HETEL X A AN =X LDBA*ER T IRAMED 2 C L HTRRL TR D,

3.44.4 XYy FEEaOER=E

SEMATE, 77 ABEBOR I LELEY 77 7 2Allco AV v FiEE 2T & &t
DR LB L CRITHER Y RBAL I NG, £, TuZ I 20WHAKISELTAY v FREG O]
BEAVNANAEDBD S5 3, COEDICWDADRAY v FIEEEIRELL 225, BRI Ihi, 3
BRF7x—2A+r®D:daemon AT, HEVEDITAV,

»OHECORIETIE, zen TR AY v FEICTTIOEHFIN TS 750 o applobj D 5
Ay FIEAGTVELNAZDDEAIED oo DT RTH daemon i TH b, FEKDT — X %
net COWTHS &, EBEWCFEEN AV v V218D S b AEE AV » FiEETVEL T,
jpro TIX A Y v P& d b oo zen ® net i, HEAEZHL TWB 25, AV v VGG O
BEL, b TWwTd  :daemon FEETH %,

AV FIESEDPEVFEDIAVWEHRO—DE LT, M&BEEEDE Vb 2T K AL, B
HIICVELNB AV v FOIRER T u 7 <R ERTI08HL N, LW EBEL bILD, defmethod
CEGEARERT DI LER, 2OTHRERE I WO BEOWMCADI P2 TFHLC=—FT 1 v 7T
O e T, Flavors idA 7 ¥ = 7 MEAIKKBWT, A7 Y= 7 b E-LOREEMN LT
LW TE DY, PABIRICDH 3 7 7 ZETIEE > 2 EHERBTE TRV OTH S, COE
KT, AV v FiIEGOMEREE*ZATEY, SBROTERETH 2 L ELAThE R LR,

3.4.4.5 XYV FXR{EDOHEFE

3.345TR~7, v ¥ 2k fi\nic applobj OB OFRE/RT . £F zen & net I3 LU jpro
COWT, BUAHBEBRB L 2D EERTROLRT LD RAY vy FREMNR, ERICFER T A
7 v Fo applobj %3 _XTHMY M Lo 2L T, ZROLDOFTAY v FAKBTZRCFRLTH S
b DOBREOFED 5 1 E TR Db, 2AKD applobj 0¥ L, ThbhbEBEEFREL TH- 7%
applobj Ot & # K7, MERE K 3SICRT, EBRICHIK X Wiz applobj DFZA v £ 7Y £
TA0R%FEE, 2 v "L T TI0% ~40% TH b, 2 v AAINIAY v FiE, b &OAEH SK
LLCRLTHoTH, BAD 27 I RICKEKS N & BICEA v R 2 v AEHBBOL 7% v M
SBBRBOTEARBLSA ra—Fehy, WHERE TS, LiL, COMREDL, 27 v ¥ ap-
plobj DIHDER LR T 5 L1 TE B,

324300%8*8=275200, EEBICIZ 4 LD AV v PR L W C L @D Y 2B vdb, COBE» b HECh %,
S3EEM eq THEL Tt LA S B D,
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F 38 AV vy VIAX

Av 27y % av LT
zen net jpro zen net jpro
MEhic AV v FORE 769 250 96 722 218 89

3.5 &R

AFETE, TAOKLBU2EE T vl 73 v Y « RSXA LD—D20RTHEF 7 V=27 M
DHERE & Z OEBIRICDOWTHR{U 2o TAO TIZ, Flavors % FA L LA b OBEE* N4, AL
BROEARNBR AN =X 6L LTHT V= 7 MEAER#APIAS, Lisp DS HEHRER INET 2T,
BOXOWRERIRDFTICA T V= 7 MEAEBME L, EBE R TR LU CABEARISHICi L 3+ X
74 & LTREEL 72,

SRR ETR, SKOBEREHELAL T Ay £ —VEER% Lisp ' v 7 5 A0HICHIDALK, ¢
DANFIHA & & OFPEECHE% Lisp O CHIBEIC LZco Lisp DFEERT — 2% 47V =27 F &L
THS—T5, 2=V EEDOF T V27 % Lisp DF — X CTEB Lo Lisp OBBIFEURHIL & 47
Va7 MEADO Ay 2 —VEERD T w7 I v 7 LOBERARED D E BT

TAODF 7V = 7 MEFIL, BEHEEL WO HTI—IDRIILTVwE EELbNE, X7V
7 MREIOHBER, (1) A v & — VIREROMRE, () £V v FOER L&D, (i) 2 Y v KAk
ETHO =D OBRNTRE 5, TAO Tit, EHFIHBKELIS D~f 7 e w5 v 7 ck-T,
(1) XOEFE % eval OFFICHEIDAL, (i) A Y v FEEREANAF Y « 35— F CEB Lo 20
R, AV v VARKCELZ I TCOWRDORT » 7 BSEERILTE eo (7, (ill) A Y v FOEFTEKR
AVRE Y ZEROBIBIN, BBOEITEEF o A—ThH2d, 2V y FEEDA—~~y
Fdxwve 4 v R2 v ZEHRE A Ny Vv a B Lo TE#IbT B e 3 CTE Ak, ThbiICXY, 4V
27 25 TAO OF 7V = 7 MEFAEEER, Lisp e KB L CBEOAVD D & &> Ko

TAO TiE, YREIC 2222 b 2ERFCTOBIN 2 7 5 ZAFETEIN b BT 2 EBER & 572 0T, K
HEZICH7 v 77 A CHENE A€ ) IRBEUL Lk 22T, 2V v FORNBFERO AL
BELALY « TAS VY FRXEZNET -2 DR TTA oo TCDFY » T o=y FHRRZAE
YHEBZZELLHIBL, 2V v FROBERE KB ICEHT 3 D ICBD TRIRED - %o TAO
DF T Yz VMEATEINET v T LR, T AAREPbu— FEINTHLEEICIE AT TN
KHREMBEONTEDL T, BICHBR At ECBBIL A D DETEVEON S, CDOHA
B, 7a7 7 LBRROE— « T59 Y FEREPR L CRFE2REEL, TAO 047 Y= 7 MaH
DEMNPD ETCHEHEABKRYFOC L & Ao o

COXSICARY AT LTR, Lisp = vo— ¥y = 7THAEERERIC, KEEZIGH w7 7 A
DPAFICHTRZ 5 DYRERIFOA TV = 7 MEAZ Lisp KB L, HE 7793 v 7 « RS X
A L OEGIYE & ERMEHH O 2 C L 7o

TAO DA 7 V= 7 MEAIRFEICAK B WTEZFIHEh, ZOAMEDEFBIN 328, +

EEBRE®RD A Y v PR | 446 (58%) | 144 (58%) | 95 (99%) | 642 (89%) | 137 (63%) | 87 (98%)
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Tz 7 VERAIK B 2R o PIcE, TAO TEHALL D D &0 TR TR EEI LD
BB Tl i, MEKEEREAAY v VIEEHR T v 7 7 a0 THRERHELTCVWLHED ZD—D
Th b, BEHEREIELS 77 AOAT V27 MEITRERINL TS A, #KERICHSE 7 7R
BIclRFEEERENAV. BED 7 7 AR ELTHES L E R ZDA v T I AvTF—vavE
HoThwhdhEabS, 759y 7Ky 7 2,EZILBZCLETER, COT LR, 70T TLD
AN B A DLTTF Ny FHCD, T uZ i<y REYRE L L hb, EE AV Y ¥
EEOEREEBSNICSR I N TR X OBVERIC T 7 —BREL B E, 2007w s 7 4 -
BT AVEIREDAY v FTHokDhEnS e, bbbt Ahk>TLE %

¥, A7V 7 VEAMNEEFAEDR DR T I D, Turi~vkIEL W rY FAKL—FIC
B HOTHAEL, BRCEHET 2R TEAV, A7 V=7 b eELDIpEVIETAE
~D¥E R, v AT LARAREAR D RMT B C &, HEEW AL AT ATRIBHIL TWIRETH
55, COBWHTR, 79RF4ATFVRFELLY, ZREEHALY 2L AXEREHEH L.
D+ EEOHAREETH 5, \

TAO ®F 7 ¥ = 7 ME[IL, 2D & ICHA > T3 Flavors, Smalltalk-80 72 & D ¥ X7 4Lk, 7
5 2 DIEEREFCELT 2 X5 AT AA 7P = 7 MERIV R 7 253 K CEBT 5 0
Lvo 5 LZEMICE, HIOERE*EZ2ATNEALRVTH A5, FiIC, EfTRiIcELLT 5

EIC LT, 20 C L 2BiRE Lz v S FARDOHRGBBETH S, COHLEAT V=7
FMEB OB OEREERCH L WERBEOEIER D ¥ 5B OBETDH 5o



F4A4E

T4 7oz 2 MEmEEDOKR Y FMEINDOER

4.1 &

HET TSI v T e RIXLLZFETAO TIE, Lisp 3 R— R & LA 7V = 7 VB ZER
Lico TOF TV x 7 MaHAIR, IEAWICEREFTRONRG X4 LTH B, chickt L, BEDE
STl A7 V=7 bEMPSL L7272 RCEFAMERT A VA WES b B\, FRIcSEH
HERECRBET 270, ¥t 7 V=27 Wik 298 FR0ELTHRL ) EKRTH B,

Aiicit, TAO 0% 7 Y = 7 MEFNCIHFTIEIOBRER AL, S0BE 2 K v + Ok EHEC IR
FHMEEZY L5, vy MEENEHAWENAFKEER L, KO v 35 bOSEEA R
BB Y, T7F ax—2 %N L CEEFRICH BRIV RIE L 29 T 338K 2 7 4 TH
5o YIMIR L DA B A v 2 7 2 — ZLEITTBVFEDOEZHHECIL U T, Ry MEFEARER
FERDPOBRDIERL AT LE R D, fFIC, v v T 7 Fax— 2 ED~— P = TRERE 23
FLTEZD, ZRORHAALE a Ry VICVERERBOR L2 VRHRCHEIBI LA V22 25 4%
KB s BEHNHE > T D,

BEL AT LTHDIuy MVEERBORT 5 1C1E, ZOBRERICHIG LA T Y 2 — A iERIC
b & DT, VEEBUSEC MBI BIICEE L, REEE A TR v X 7 A DZLIC b &5 ICHI
TELXSBRGHBIDY 7 VY = THBRE LD ENHETH S, 7, 25 LA®T 2 —EER
LB liIcXoT, BV —ABICHTENAEEVER 2 A bY, vy FOTEREN* BRI
FTHCLbWHFETE D, COXIRTurlI0DERER L5k D, v 2T LADESHAE
KRt FEOFAICH L TH, EEZRTHEZ DD DELEELAVIED, ko 7w rs
LAEER ST EVES T B LRTE B,

DHEIOMAER X v + OPFFECTRIHEEMRIRT A=) X LA ¥R OREIC A B vk
HERBZ AINTE o T, D - HFC L 2HBEL s "X MER 2 BT L F=—
VavbeuRy PrRFLERBINRTVS (17 LAL, 2Ry bADBERIAFLELTD
TRr ISR ORINIMERADENS A, Tk, ATV =7 MEREREL T
773y 7EREORRD TPACHEHE R T Aok, BBV AT LATH b uRy IS OHE
REWGO LICRBREND R, Tur I v 73ERENCLCT Phy s Khih, Y7 v =T
BREEDILE D D DR ENTH 5, ABIETR, v Ry M ~OVELHROTFTH, wbW BT
74y e TurIIvIeRERBEES v I v, WiTFA TV 2 2 M EAIREAT 5
AERET 20 AFAOBHEE, TAO DA 7 V= 7 M EHfT7/ we R b LTHABL, rEy + 7
R7ZIVZCHALTEY 2 7 — b L HRULD 72D D H IS 0 % EIMICI TR - 51D B o
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Multi-Agent

Communication/ ;* Environment

Cooperation %

)

\ / \
TTr—
3 /

%nomglmmo

Robot's Task Environment
(Object-Oriented Description)

4.1: MARCS oiff&

AP TRELAHRTHE, v Ry V~OBRR2 7wy 7 I v 7ORECHML, TOBRER
DRER, T—Fz v b XEWTHT V=7 OHLF IR LTERLEVATIE %
EFARELD [45] [46] [47) [48]c coEFA TR, M4lkc#f&%RT L5, vKy + Oyt
RixA 7V =7 VEACTERI N, VEESRYCSHET 2 BN AFREREN AT 7V =7 b L
LCitRE b, 2LC, —HOoZ— V= v bSRUICHIGT 247V =27 P REBET S C LI
roT, vy FROVEERZEITENE, =— V= v M, BEEMER O AFRBNEKRTD
5o Thofrmic, »ORECLUTHECRB LA b, Y AT LRI NALEZHEL
CTHRICUIFF 2, BrxOx—Y 2y M, DT IVERCISL 7fT8I% L 2007w s 7 L%,
FNEFNHTOT B ZADH ETETT B, T—V v ML, BROFEER Ay - VOREAY
CEoT, B hlER 2o VIEBVE2EE LDV T2, Hrox—V v ORENG, 78
LR— b ) R ERCEEIET 3784 TV I LA X T ur 7 ac X > CHillfliEh 5,

CO51LkuRy v ITu7I3Ivr0ERZFLY, TAOODF 7V 27 bicHfifi7ver e L
COMME G2 S C LiIck > TEEL, MARCS' 2 450 %2, MARCS Tif, v+ Fx—Y =¥
BR—RELT, BEEO LRy Vw2 T v Z7OERERERED DIC,

o PHHFBEEERCHILT 2mBEEAKLTRL B C L,
o BN TR ARENTE D C &,

IMulti-Agent Robot Control System
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o f V7 YAV EINLKEBRFENARETH B C &,

REEZRRRE Lo YWHESRA~OREAMINE, 7 V=7 MEAWT w793 v ZICE5 T,
BOTEEREND, T, v Ry M OWERLBBAREN R 5O C & 1k, EFBRCE W
T, Y2 0 DL AEHRICRBICTLL TV L CEETH 2, uky I, FOHORD LR
et BYDEWERTE 2044 0T, ZOMAZOHETOEERTEICD L SwCFB3EET 2
CEHTERTNERLR, LI KENCENAWE 2> T, ¥, A v 2V Av i
ICVERRLR 2 NS 5 C L O TE ZBEERN A T v 7 7 3 v VB cRcEETH Y, ¥ 7,
ChicX->TuRy FOEEAOBRREM LA EEHET L8 TE 3,

MARCS S5y 2 7 £ % v Zlffic =Y 2 L — 2 IC X 2HIHEBR R, ~/ [ DDA
KT ETEZOEMMER R Lo COHT, T— Pz v M HVEERIED E Y 2 —A{LD 2D ICH|
AL, e Ry + OfTEI% BFEMICHAEL T 2L BE Lo Thb b, BENATEY L€ v 3
DT EHER—XT—V x> bOED, FiC, AT — %77 F+ [18] KB 21718hic
ST B HEEFFOTEIR—RL—Pz Y b2 BATECEICE ST, v = aL— 2 ¥ ET 3
VRIS E Y 2 — A2 B X 7co COT—V 2 v b RAWTHRITEEERN A VESRIE % 5230 L, Ry
PHOVEERBHIE IS KITTEDICLRIR LAk, T b, COFERHTrE Y % BEEMIC

LT 27 DDBEEY /R LTco CDO—BDERI L, MARCS IC X > TE Y 2 — OB WX
FLR2SFIBETH B ¢ & ZHERR L % [49)o

e, T—V =V Ve HEIEZEHNAT - X L RTEBET S c kot — Y v MEEDE:
e fEEEBEL, vRy B2k LTHEIBONBBEN 2oL 5T 2 C B LTW
50 ML=t a L — 2 %8BT 2 0O T —V = v b, ZOVEEHMICH] L 2B o
WEaTRINoT— Yy b2EHL, BEICS U CRESZZE L C FIOEEZEFI— Yo v b
WCEER L2 5 2BRICT 5, ChbDz—V=z v FEHNLLTWEDT, vRy Fotke LTE
hiX, BEO0ETT 5VEER, B LT3 TEo@E# e Blod 0 LTESLTw3 itk
Do COXS AL, v Ry + OffEIR VERREOZBNCH] L CRICHIEX & 3 b oAk
HaERE LA TH 2 EL b D, KETIE, T3 LAKEREDISHE LTX Y1 v FYiC
L5 —V=v FOBHEMAERREZFERL, ZoENMEHERL 2o

4.2 T—zrbF-EFIL

4.2.1 FI7vx2 MEMIZKBHRIDE

vRy bR SII TR, kv al— X, [NEHE ENFD X ¥ X ¥ AYENE
RDE D, v Ry b OFTEIRHIHT 2 2D ICEHEAERZ I L < W BERD 2, WHEEAR
MELCEBTEDIHNRETHL e NRB VDT, A7 V=7 VERAK X Z2FEER L Bt 47
Va7 PEX-TERINZLDDE, 7wl I3 v 7 LOMPEKRE L2, & iiE, 68D
- by, YHPICB I EIE AL v TV AvF—vavnd b b 55 MARCS o4 7
Va7 b LTR, IO ayz KEHRIOKSY £x, £y, fz, KAV OE— A > b mx, my, mz & w5
6EDA v 22V REREFFOXT V27 P LTHRRERZWS, 7 V=2 biciE, [ v %
2 ZAEROBRCERE, 5T OEOMAEHE N bRD b BVELERIT LOSMA & %3
HI2FHERAY vy FELTEHEI NS,
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422 IT—vxrb

F7Vx 7 L OBT, BEFHORERED, BAOF T V7 VR BRET SREEN ANE 2
DPDET—Vxv b EFFES, T—Yx v I, behavior EWHKFHID A Y v FEEFFD, TDA
Yy ¥, 2=V v b8, Bz bR ERR L, ZhICHE L T8 % & 5 2 ORE - Z il
W32, CORAYy FEFTEA V9TV 5 LS

YEREKICHIET 54 7V 2 7 FOZLREZBNTH > C, MohDT—V =¥ ML TE
FAXND, CHLAAT 27 bDAVRRE Y ZERE, hox—Y = v + BVEEETDO D DONE
WELTBRT 2, e 2, H- M2 v F e F T V227 VDA v RE V2RI, Thzk
BWIFsxz—Vzv kot IhbFhdEhn, EFINd, -V v MR, PEE
Ryt 247 V7 VoFREETE, HET -V VOFEIM v 47 ) 2%, 2—F DL
27Tl I ARBREFL, o —C 2 v+ O X - THEERZETT %o

T—Vzv DAYy FOEGEER, BHNCT—2 & LTBHTE S, fT8f v 2 7Y 21k
T—Vzv NCERMIT, HxDx— Yz v b ORENCIE U AFRM A ICH D AL T L 55T
X2, k7, fTHIA VATV X 2D 0% F—£ & LTS C L X o T, SN2 b OfTBIOEE
®, T— Yz v bRILORR - filtlR &3 s bo

423 IT—>=xrhbETOEX

WFCEFINE T v 7 L0 MY Tak R LIEL, MARCS KB —Y =y Mk, 7'nm
2 2DONEET BTV VTH L cHOT R, MET I Vv bV OFEIM v 2T Y X
YEFT 2. ThAbb, TV v bBERINBEE, 20—V 2y VOfTEIf v 2T Y ZRE
T35 7aexBEREh, EHEh s,

Iz rOBIA v 2 7Y 2%, VEEKIEUCHED A Y v PREB) L, EfreilEs 5,
ZORR, FNOLDOAY vy PR, T— V=V FfIBET S 7 ue X LCEZ T LiIChR DS, T— V=
YTz, AV y FOBERDOD LT, BECILLTBOT -V vt 7w LFEH%
Lo DBELEYT D, i, HIVARC X -, iGHIRICEHAED NI % T L, Bl % EfT
FT2C23Hb, XblIK, 2=V DAV v FiE, ZOEFOEFETH T V=7 + & LTOH
SEHCMOF TP =7 B EVET B,

4.2.4 T—o =z MEIDOBERHR
4.2.4.1 Avt—o

I—VIVFH,th—gmlofmwl—ylybaﬁéiéogl—ylykﬁ’4yx
& v 2R in-coming-mailbox HIC A —A Ky 7 AR WL DhFFDe A—A Ry 7 AEF 2—T
B, MAXINA Ay v VHBEEIECOABZNDE, Ay e—Vi, ZEAlz—Yzv D A-1
Ry 7 RACEATECLICE-TEEIND, Ay — VOROERRE, EZEFT M-V v
MEOFEIA v 2 7Y 2 OED BRIRIC X > TIRE B,

FE4 v 270 23, B8 LA vy e — PRIECEB W EFTUET 5, A ve—VOZER, =—
Tz v b BITERFAT B D OBEDO—DIC A D Ay e—VEERETEI Vv M, &EE
fllz—Yzyv MCE > TORFETH DL L\,

Ay - VO%EE-FiICk, BTo X5, A/ R L %E | ZE855 [50)
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(1) FHLEETR, EEH R, ZEHFRECOA v e — V2 ZET 2 ETHoT 5, ZEHR, KE
RONTEC, ZELZZEDO A vy = VR EELATRIER DAV,

(2) FEAWBEE TR, REBRC DAy t—VR% D >R LICT 2 20T, ZOREICITERD
TH 5o

(3) FHIEETR, RIEHRXZEB L 2d & 5 hofEHE TR, Ay t— Y ONEER* IR
ST LEMET o EREMR, Ay - VORERNTT 1Y 7 LTW3 0T, ZEAILLE
FRZEELAThEA DAV,

(4) FERIZIE T, (3) & [FkE, REFRNIREOKER L TV 52, 2 v +— JDEER
RTE 7T vy 787, SERPECHEC K S FCHONEY LTwd,

T—VxV MaD Ay 2=V, WOIEBICHIHINE L EELAV, 2y v— V%20 AR
2208 5 hOFEELEGII TR ZENCH 3, 2 v v— PoEER, BCZFFL—V v |
DA—NAKy ZRCRAy ¥—TV52FATEIETTHS, ZTUF—V2v FOFHAL v 2 7Y £
X, ZDXy t— VRZEEHZHA LT LM LA E XiIC, ZRE2AFET 2, d L
DRONE, 20Xy e —VONBRIER I N 2T REHX S,

4.2.4.2 A x>}

TV AL, Ay - VIS THEBRET 5180, 4 X2 MU BEE TR 5o
ANV, 2=V v F OWRICRET 2RIV AELZTH S, /1 <v ML, BCER¥EYT
53—V M E>TT u— N hERIKICKER FEh, T EfF-o>Twbdz—Yxviick-
TRHENZ, ARV M, ZRODZ— Vv L OTEIL v X 7Y X *EMLT 2B S 2 5 &
D, ITIEBHDOL— V= v OB EILI 2L o VT 2, KT~V xv NI, 4
Y PEHDOXRTHRT 20 el 2, N- b7 v 3 ZEHELTWEII—Yx v b28, 7
DBHORMEETX e C EBARVIPELTER VLA T2, T5E, 2228 uRfy FOT—4
DEHE T 5TV ML, ZOANY M &S CEBOE— ¥R EL . £7, o
T—VzV ML, 2—FDOTF 4 RT VAL « =X, F1- VA7 OMREEEIL R F LT B, £ =V b
B, Ave—YIXDBEOL S AHTR2EMLAECREL, BRI ZURL b b A
v, NFEZECST 2T F 7 v 2 TH B,

ARV PORERFFOI -V =V M, (1) ZDOA Ry b BRETEETECTT R Y 235, (i)
TDOARY MBEREL L B, BB 2REED A v v —VRELITL 3 C &2 PHFT 3, (iii)
ZDAXRY I BRELZ L ZFCHDD 7 0 RCE D ALBRET S, Ly =204 <V b
E-FOVTNIEBELTARY MELEES T %, AV MERR VY ENBE, 2O4 <y |
EREOTWETRTOI—V v M LTA XY bOREREEIN D,

4.2.5 ITEMM 47V 4%

I—Vs Y OFTBA I TVIR, 20—V v v, hox—Y = v 2B & OMENE
Kb L SwTHBDAY v FEAEDYE, EFT502EHT 2L CE->T, 20—V
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v FEFOFBOHRER®D 32, fTEIA v 2 7Y 2 AV v FOEBZHET 25, thEHHD
behavior L \VWH ZDWED A Y v FTH b, > T, defmethod ¥ 7 R iC X o T —¥FHREHER
T&3, LL, UTFCR, =— Y= v FOBBHATERRL LT, 774+ —A P TEZTW ST
A v ATV RCOWTRRBC L L, BEDOBERBEAVWE TR T BT, v 47 ) X
EIEE,

F7 4= FOITEIA v 2 7Y & & LT, ABOVEEZEMBITASLE Y e v M ic, HENARILE
(A—F4vT—2) &, BEHREUEFCEGTTRILBELEXFILTETTE L5423 0%E
2B COFTMAVETY 21, EBERE(BDLIPRE)A—T 4 v T =7 2L FLO2THTWEHE,
Ay e—VRBE LAY, MorDA <y "RRELEYVTEE, =T 4 ¥ T — 7 2FBILTE
NCHIET 22T 5, K S FCETEF I 4EHEE, FHlY s 7L, Cofh
Hit, FL Loz — Pz v VM ELDEBEO Ay e —VEFEF LA LEC, A—T 4 VT =%
—E L CETF T B A—T A4 YT — 2 LN s TORFNE, T I v LOBEED D
DHEDTH b, ERCT— V2V V=27l 33 v rkfihoChde, A—T4 VT —7
BHAEHBELYEROY a TR TELOBEFITH D A—T AV T =7 %FFOT -V =V b
F, WbWBEF—v P —NALEFEN S 7 v XICHREL T %,

N—F AT =T —TzV rD—DDAY v FTH b, EDAY Yy FBA—T 4 VYV =7
TH DL, £ v R XY R routine-work THRE I N B, fTE)M v 2 7Y 2%, PFF &AL
OHIBHRAETNEC DA v R E VY AERRABHLT, A—T 4 vV =27 2FT7T %o

4.2.6 HFlEoWMELELTOT—S 2}

I—Vxzv VIEABTF—2THHB0OT, HOHHT, DRI hTvnianERTdh
BN, NEEEE BB LA VEEL 2V T3 e TE D, =— V= v bOEWEKET 518
HO—L AV v FOLA— Y AR EVETREA T — X TH b, o T, 05 LT — X2 BE
FTHEZDI—Vz v FOIEBA*ETETZCLNTE DL, COXSAHCEHE, 5 vikfhr—
Tz v hbOBBLHIE L v o A ZBIWEOKEER, v 2T LR HTER L b MR & BsiE
LAYV T 2DCENTH2, cnt %k, BRI MO -V b iE, BODO7 v XD FTEZD
BREWER TR 50 BBl — Vv b7 v 23 Z0BBICEEML AV, T, £
23, A CHEZEY LT TNE» b 2D AOREZTL € LKt 5, 2V v FLE 0T
B 2SO b BENRIC A D DT, [TEIf v & TV 2R —F 4 v T — I R ZEE L
D, 7 ZX~0HEYAKC X > TAUBEBAKEBEIHIC—FHFIE LAYV TS LD, =—Y v}
WETHTARS T LHBTE D,

ARBECEATE, A7 V27 b2V YV MOHLTAZF T V27 bR A XA VR TY
AR EOBEYHARCSEARBCIRIANSEG T Fu—73H 5 5125, cCTR, A VAT I EZD
FEABAERT — X & LTEVETE 3, L oI EEDTVE, A XOBEEE—ICbh» L3
A, BEOHCKBWAREDED, vnky VFur I3 v/ CHCERT 28R ER2HEY &
WEEL b THD, LL, AX7ur73Iv7ORENEEKRIEETH %,

2eNFA VAT Y R EERDR, BEOT e I RZEDA v ETY AR, ANIRAR EREYERLCGHR L »
SIEEBARIEHNT B L AbDTFud—T, CO7er LR, ZELELAy t— VPLPBEINCRERRL Tx—
Cxv tDEENPHIT R L WSEKT, — B v 2TV 4 THELELILDRECLICK S,
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4.3 ATV AFTF—> a3

MARCS 03E5%% %, TAO/ELIS FicEH L%z, TAO i, =rF7vex%3K—FLTHY,
Lisp DU RATT v v R EHGICRS C L5 TE S (23], 8 X7 4T, ELIS /RO
Ry PEEBL, ITAIAVENLCeRY MCa<wy Fi¥Eok D, ufy FOREERE
BLZbT 5,

4.3.1 HIT7aERET—S 2 FOEXRE

TAOTH, v A T V7 P RERL, TNICHHIEHE 208 I8) 2 + %5232 &1
KoT, BHrD7rwR L LB CHFITREL TR 745 —2F BB TES, HT—Vxy
FMCEREN—DD TAO DT v X% HE D 24C, ZOWWEES & UTHBIA v % 7Y 2 2 EH)T
DEMELEA 50 HoT, BT~V x v M, ML AT vt 2D & CHITEWMET 3, TAO
7wt 2{E, ELIS Eo A€ ) 23tA L, SEBOL A AL ILERE A% %5, MARCS K3
YRR ERFR T 24 7 V= 7 M3, T e e XBETHA I N 3 KBESRICHEE R, TRTO
IT—VzV BB AING, Vv ML, B TAOA 7V = 2 FCEBEIN, FD 7 T
Alxagent L\nH R—N—7 F2EFFD, T—V v I, 4B, behavior ¥ L33 TAO © 7
BER, T—Vx v VMEREBEDDD A —NEy 7 %R,

TAODF 7 V=7 MEME~AF T ut RBHEOEAETH D, 7V =7 FREE WD S
2R E LTCTEES DI TRAV, 22T, TAOOZBKRTO A v t— % TAO A v &—T &
M5, TAO Ay -V 7 e XBo@ETRA V. ChicktlL, MARCSCEBIT 3 x—Jx v
FEID Ay =Pk, 7u e XBhBETH B, T— Vv MAEDO Ay t—Ch T -V P Ay
-V EMEL, Bk, TAOD Y vt RiE, H—0E A E Y & LT A2 LcBiVed 2 0T,
TrEREVWS X DEFAL Y FICiiv,

T—=VxzY DAYy FRBERITEA v 27 ) 2ick>CREX N 225, ZHEH TAO 7
V7 2DAV y FThHB50b, TAO 2y e —VTIEHTEC LB TE D, COEE, DA
Yy PR, 2=V bCHET ST e v R L BBIHR AL, Ay e —VEERRTMH LTS T
EADY LTETEND, ThEAVDIE, 2—J2V DAYy Pk, M7 uv2ThBELSD
TREADYETT RNy IV THCeHTEL, COT LR, Tul o LB HEOTEYTH 2,

4.3.2 TEA 97V

IT—VxV MR, T74—A FTERE A2 RT X 5 R84 » X 7Y XD behavior
DR b, R loop TENAEENT 2 WIWEI MO v v 2557 5 — 27 X 5,

COFEA v 2T ) A, A=Ky 72 ALFEAINDE Xy t— VCEREI N AL 2 ED A
Yy VERERL, ZOEGEH 2 F =2 v 7 L ECTETTZ, AV y FAKIETAO DT w75 4
TH50, TAODTF— 22 LTOF 7 V=7 VPEREBECE, HOPBRIADZI—C2 Y b O
WEBRIRRERCTTENA v 2 7 ) 2 ORFPREEZER L 2V EF LAV T2 L 3CX 3,

HERERO TV v b IA—F 4 vV — 27 T, in-coming-mailbox IC[RIFL TV B A —
ARy 7 ADHLREIC A D, V=T 4 v — 7 R2FET B, 4 v R & v ZZE routine-work
I, ZDL—VxV FORDAY v FEDENDLERAL, —F 4 vV — 7 OEIIIKIEA v & —
VEhkiKDo
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Is
in-coming-mailbox

filled?
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routine-work?

Yes
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Is
the message
acceptable?

Y
Reject or es

Postpone
the Job

) Pick the Job
routine-work and Execute it

] Y

4.2: T8N v 42 7D X

behavior *BEHRLTF 74— b ThWA V27 ) 2k 5N, FFEARE-2 35—
SV W REBX LB CENTED, e xE, fTEA v 2T 2L LCHiRT vy Vv EER, A
EVESER I — L OB R b et hiE, r—A_—ZXTEWEF BT — V=¥ b Ch D, ¥, B
1E®D behavior ¥ EBE L THIOFTEIfA v ZA T Y 22 FETDC LD, AV v YEEBVET D A v & —
¥ change-behavior IC X > CHIRETH %, & & 24,

(send-async taro ’change-behavior ’superman)
X, =— Y= v I taro DBAIED behavior AV v V%, FNEIEBFOFF>TWw 5 superman A
vy FICEET %, £ FTOD behavior 2 Y v Vi, superman IC% %,

I—VavtoTurZIIv7eBEnT, BOEHFIC Ay e — VR RET I LBBEICARSLC
LD D, ek i E, BIRIATCEDAY vy FEEE VL ELCS LT ERBL S, LAL,
WiTAT P27 YDAy v — I TCRABEBETD 3, HoHIC, HFEALORBEFFOZLDICT
RERBETEY 7 LTLESE— FO Ay —VREE%, BOBHKES L LRTEANV

fT8)4 ~ % 7 U X behavior CHR BT 340, HOHF~DA vy e — VEEF TR Ay £—
Ted T2l VR A—ARy 7 RACEAT S, L \wH T LEET, behavior HHICA Y v F4 L
B & %54 C, behavior ZFRNCFUHT X 5T 2, Thbb, w7

(defmacro self-exec
(message-name message-args)
‘ (apply-send self ’behavior
(list ,message-name ,message-args) ))

OEFH L%, BOHSE~DA v 2— PEEDRAL T 2%

Sehnik, BROVAREE S LR, BCHYHFOY TA—F 4 v « a—A% T ERGT, 72T ny 7
TR LORVEREA TV 27 VOFRA vy -V L BBEBRRLHATH 5,
4% ¥, behavior ¥FHEFTAO 2 vy t—JSTHHDDAY v FREETEZH, £5FT5LEDT—V= }O




4.4, SEE 73

E Multi-Agent SysteE
MARCS on (j
TAO/ELIS
Logical bjects O

RS232C

Ethernet ¢
SUN4 /’;-I<
Robot Hand

Vision System

Commands

force-sensor

pole
disk . a b €
Robot

B 4.3: ~J £ DI X 5ERR

4.4 3B

4.4.1 /N A D¥E

ZEEO v Ry b2V BEAMPICREORE L LT, XSHEbRAARIALTHEZ )
ADEEIY LT3, CORIATRE, FRCRDDWARKEIOELZMB%, =00 F— [
TBET 5, KL OoGPielBOMBELZRM L AR LORYBEIT 2008 Ry F OVEETH
%0 Th%, MARCS D= Fx— Y=y OB % HCEEIIRD E ¥ 2 — b0V
DAY 7Y AV ENRERE - GRBHLD 20D 7w 75 3 v 7ERY TV, EBCe Ry F%H)
L7 B4.31C, 2 DEBRZORER %7,

COHBRFZTE, SADR—A (a, b, c £T3)D2RTHAMBT—42%, CCD HAF &7 —
AT =V a v LOBGIIE Y X7 LApbh 2B R CHRIET 3, FIHREECIX, B4.31C
ARTESK, 7l 2l alC SMOMBRKE XDIHCHEAENRNTH S, vy M, coMB% 1
BIFOHDOE—r BT, DL E, RPTHABERONIEBOAE XDIEXNUEL XA bA
o COVEEWR, PEFR—-AXDO—FLKDZMABEHNOFR—1LY CBTFEEE (move-disk &

behavior ICL % A v v — VD~ 5 4 7 ARHHFCE R R D, & 2, behavior DEBEFICH B A v & —
VORBRHDT = v 7 B ERET I AR B D i, HSHHFOHCHRNICAIE Y50 T3, fio X v £ —
DIHE E %2 (ADTRCITADbARWHE Y ) fThi R A3,
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4.4: ~J) 4 D

T23) T, XLHbWFRNT v 7 7 ATHIRTE 2, FBRTH N/ A DEOEH%
Bl4.41C T o 7, CORTRER Yy F BWHEEBICVEES LTV REET (2B 451K T,

PIFTid, move-disk IiFH L, COTFThiZ %3 LT b0 move-disk ¥ Xf13 57T,
HerHid, SKOR—1% EhLDLHBAL, T LONMED 2 RoTIEH (¢ BEEE L v BEE) ZHUS
T30 Fie, UMD z BAEZ, v Ry VEHERT L5205 ) EFCEALTVE, ~v FOIEN
KB <, FEICIRIHT oA - b A7 e v 3R ERIEORNERAMFT 22 k5T
IR P 38

Tt % move-disk X, LFD X 5 IKFlbT % %,

(1) ~v FEHFER—2 X OB LICFF->TK %,

(2) F L oOMBICGETZETH Y FETFHFTWL,
(3) 7V v %P,

(4) ~v ¥k, HBOEIS T T 5o

(5) 7V v ~%PAL 3 (HBE D2 )0

(6) ~v Fh LR X4, Wl% K- X b &H 5,
(1) »v F#EER—1Y OB EICF->TK %,

(8) »v FEAR—1Y O ELOHBAEICET 2 LT T 2 (fiA)o
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4.5: ~J A DEDVERE

(9) 79 v~ %FL (HBEHET)o

(10) »v FZ& LIcEn L TR—1 Y i,

4.4.2 /) A O¥YEHMRDOIKIR

5, PR OYAE TAO 0 7V = 7 Ttk T %0 e & 2 @R -, 2 KT ARCHE &

X RO,

(defclass pole () (x y height) () :gettable )
LV 77 RATERT Do FEIC, KF—ralwst7v=2 raES I,

(make-object a (make-instance ’pole))
3 %0 K—nb,cd,FAETH %, <7 1 make-object (X, + 7 V= 7 + R HHIR & LTRSS
T3, BEFEINAF T V27 v E, BT —V 2V rDRAY vy FORCTHRITERBTE S, ufy b
DFHICWOMTbNTI - P A7y 3L, 6 DDA v R X v ZZEH % 5 force-sensor + 7
Va7 PELTERIND, v Ry FAKDA TV 27 v CTHB, #7272 | robot (3, BV
<V FRREOBWEDLEICHIET 2 —HD TAO 2 v v — %% D025, vufy ez~
YFOTAO Ay €—V%kb L, ==Fal — X RBERCGEH R T,

4.4.3 BWER—RT—T x>}

CNODAT V27 VR LEDD, 2T LRERT 2 v 327 — LDEREIR A & 0 &1
BECHInd 3, ROX S5 hx—Y v FEERHERT 3,
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o Y I |agen] pole-monitor € RoborObiect. -
Y (OFE——
Agent ‘e ‘
user-interface { Agent| ? eTor Y
(2 arm-mover X eCE g
Agent ‘ e o lllllIIllllllllllllllllllllllllllll) @

—>» Information Flow
" Neighborhood Relationship

Agent| force-checker force-monitor | Agent

X 4.6: )‘/40)%VC}3”57]'7¢‘717 fex—Yv VB

e force-monitor (X, - 'AZ7 v v HEREHL, A7 Y= 7 + force-sensor DA Y A X v X
EREEHT 5,

e force-checker (I, force-sensor & 7 ¥ = 7 F DH%EHE L, excess-threshold & \» 5 A
Ry VORESREBEF v 7T 5, FUBRIL L7 ZDA XY b EKRR T B,

e pole-monitor (X, R—ADNVELXFREHL, X 7V=7 ta, b, cOEZFEHT 5. V—7
2F— 3 v EOBERIEY 27 4L Lk TCP/IP v F 2 ATEET %,

e arm-mover {¥, + 7 ¥ = 7 | robot ¥ HEHET 2, cHoT—Y v b X, ~ 4 OERR
BRI LRFRL, vy r~0a<wy FHlEER L L, 7Y =227 } robot iC
TAO 2y &—Y ¢ LTEHT %,

e user-interface (I, AfjDz—¥ <A Fx—T 2 v bR EDEZIHNT 5o

cnbDI—Yx v b, TOEEER A7V VEEN46ICRT, NV FER—AOEL
B DT 5 7 DICERB I3 pole + 7 ¥ x 7 + OF5#IE pole-monitor IC X - THEFEH &
NTw3, %7, arm-mover (X, D 2z HHIDMNEZHID DICH Y FE THEEFICEHALTWDS
[&], excess-threshold f X ¥ F 2k L Tw3, d LENBBRHEIN S &, arm-mover {F, ¥
FRELr ki3 ERoOUBRICGELZC E2H-T, A"V FOBIZ %2105, vRy bR TI—%
BT EORFERERIEE L & & % ICld, arm-mover (X user-interface L iHE% 14\, AfH]
DaA—HFIC, FOLS KT REbEFTNLYTE, THL, 2—FiE, cox—V=v PN LTRE
FRELODFHTRIMT L ok LB TE S, T—V =V MRMILTHY, & Afhox—
v " EBWERCH o THEH L AVBEERI AV T B LB TE S, ot 21E, force-checker
OREDSGH AR EE v Ry rOBVERREF L2V T 5 LB TE S,
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CCTERBLAT-Vz v NI, ZhZhdiu Ry  OEMEBECHIET 2, Wb W 2185~ —
ALV CTHD, BEER—RATZ— Vv V2 EHETZC L, vky FOYWHERAEY 2 —
NEL—TV v b EDRICHB L WD, P XA TFLDEFAEOFESE LT EHATH 3,

IT—Vxv bOBWKHN AT v T A% arm-mover IC DO WTHI;RT B, arm-mover (I agent O
BT I2ELT,

(defclass arm-mover ()
((force-sensor (object ’force-semsor)))
(agent manipulator-commander-mixin)
:gettable )

DESKEREEINDE, CHOT—Vx v M,

(make-agent arm-mover)
THEREICHK TN, T e RS W THEEPRIEIC A %0 /A DED + v TLADEFT I 1
TT L, AV v FESE

(defmethod (arm-mover hanoi) (n a b ¢)
(cond ([n = 1] (self-exec move-disk a b))
(t (self-exec hanoi [n - 1] a ¢ b)
(self-exec move-disk a b)
(self-exec hanoi [n - 1] ¢ b a) )))

THS, CCT, n ZHBOKE, a, b, clEA—A%R2FEDLTFHT V27 +CTHB, TDOAY v Fid,
FIC B~ 7 self-exec IC X Z2THRM A v ¥ — VEREDHIIC A >TvB, AV v Fhanoi lE, X b
HERED A Y v ¥ TH 5 get-disk ¥ X If put-disk %5 move-disk

(defmethod (arm-mover move-disk) (polel pole2)
(self-exec get-disk polel)
(self exec put-disk pole2) )

KX oTiREN TS, get-disk & put-disk i, e ¥ % E=%F 3 force-monitor T —
VeV MOUKBELCEEDAS <y FEED COBOBE 274 5. chbit, arm-mover T— Y x
YEFDAY Y FTHDB, put-disk AV v F (HM4.7) B ZHEAT 3T X ©, Bflic v P %
BEFXETWwE, FRIGEL AT &% force-monitor DT 54 <y M k of%ﬁfﬂ'ﬁ'%ﬂ‘/f —
ThIv T T LTH D,

4.4.4 TPX—XT—o x>}

N ADEBOHFECB T, M4T0X 5 hFIA—Th7 a7 ACREE Y VORBERR
DG, HBE A — A icifAT 2 C L BAEREEC A 5, EB, COERZCERER € v I 0l
2 Lsmm BETH 201Kk, vy FONBROBED EnEn Ilmm BETH 2, COX
O, PROBAR, HBOROBEL K- DR LOED 7 )T T v ZHVNE » (SZBRTIX 0.8mm) £
G, AR N BT K-> TEfTT 5 c & i}, FAEAAIREIC & B, [ 4.81C, FRIFAR O v
L%%@ﬁﬁ%ﬁﬁMKT?o
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;33 put-disk AV v FiZ, vRy b v F2F-TW3 L2, BER—1IC
i3 AT, ol &, HAEROKTR, X—rOFiRICH Y FREELE
i35 LEDORNOFBETHWT 5,
(defmethod (arm-mover put-disk) (pole)
; 29, HEFA—AOE LAY FEFH->TL %o
(self-exec move-above pole ’close)
; Ric, ROBHoOBERED Y, BEDII€ ¥ (y#Ebh O
; BE— AV bmy) OMIHEDORENRICTF = v 7T B,
(let ((x [force-sensor myl))
(loop (send-async force-monitor ’update-data)
(sleep 0.1)
(:while (eq x [force-sensor myl)) ))
s =2 x—Yx v | force-monitor IWEHHDBREZIKIET 5,
(send-sync force-monitor
’set-routine-work
’simple-thresh-check
t
(list (- [force-sensor my] 30)) )
; KN%REH Lo v P2 FF, HBEZHAT 5.
[self with-event-accept
*force
’move-hand-downward ]
s 70 v N THRZR .
(self-exec command ’go)
(send-async force-monitor ’suspend-routine-work)
(self-exec move-vert 20)
(self-exec move-above pole ’open)
(inc [pole disks]) )

4.7: put-disk AV v F
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B4 4.8: BAVEER BT 5 v FES OB

(IIIIIII

COXSREGCABDOL 28I BERT 2L, HBONRER—AL D LDE e woffBICE R,
NIk w3 CHBRERHAICE 2> L <, RATEANANESDE2R2 308 @ TH S, 2C
T, ChEFERORER Ry PICHERAT 2. COBIKEG, RD2200EMN Z20EHKLE LT
BLEEILLNS,

(1) HE%E A& CB»E5 2T 2EM, X
(2) % 7Y 7Y 2B LTHhE S LT 25N

(1) &, AL WS VERHNZ N > & b AL T 523, (2) 1%, 25 LAHWA b3 L
hTwnd, (2) 0EMICX 2118, (1) 0BEMOHIET B2 XTI 3 2D ICBEL L34
L7 bhd, Chb 2 DOBRERICH & 3LT8%, 2 FH MARCS KBlJ 32—V =
Y IDITERICBE LA X b,

T, HEoT7 - LkB T HE%HS> T — Y = v | move-down ¥ A L T put-disk D7 —
LRETH R EERZ 5. move-down (3, fERDICKL L TR HFE L 72 b F& AW+ 2,
R, KIORHIC X > T move-down 237 — A DET# Wi LA b, Fhicfbo>TT — L% RfT
ERRNICE) L, EL VWA —ADMEEZHERT L9 —C 2 v | joggle #BAT 2, thb
DEL—Yx v ME, arm-mover ) put-disk DFEfT% TSI D, MEROBEEARARE LTV EEE
T, B L CHBOARI O 7 D ICTEENT 50

Brooks i, T8I VWO BE AL X R 7 2 HIT 2 BBT—F T 7 F +° L O BIREHRER L

SSubsumption Architecture: ¥ % HDANCH L CTHEBREENICHE T XN 2 KNNATEIE Y = — A
ODEIBEELLTrRy OB R T LARERT BT —F77F vo FRIOELVADORHEY 2 —2 1L, FOX
VRBEREY 2 — A ICEHE (subsume) Ehdo HEERTEFTAL /K-> THOLT, EFAERD DD+ v S5
®, WbW b Al WARTTERETEZ L\ B0 T, RELKHE, BE L HMTH 5, Brooks ik, 2T A 77 2 HEkHE D
AlICHFT 2T vF5F—¥ L LT, BEw Ry NCBATEREL .o
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Intention for
Moving the ® o
Arm Down move-down

Agent

Start

A

— i
= Reaction Reaction ,:
: time
E Unable to Possible to
E continue restart
* Moving down Moving down
E Restart

Y

%

joggle Agent intention for Making
Trial and Error

4.9: frEIX—RAx—Y z v }: move-down & joggle

Tw3 (18], FEEOMBIHAZ R 7B 200x—Vx v FORENR, BT —F727F T
S5THORECRIEHIELTWw5, move-down & joggle (X, 1- FA 27 & v HICX B NIA X
YEIEREANE LTEECe Ry FOFEIE T2 i8IR— Rz -V FTHD, M49 I, T
NoDT—Vxzv } EZ20BVER FTo BTV v FOBRENL, FLBRKRDOLBYVTH B,

o joggle (X, FOTEIE LT, u®Ry b Y FR 7Y 7 VB LDOT 3, Thik, VEXH
B EEC KB L A WEKHN AT T 5, B LHOBEARCEIER TR AL, »oi
BIERR—AICR 5 L2 BIFCE ZHAT, Vv o<tk -TExbh S, ¥, £
BLFTFEIC X > Tk E S B,

e move-down (X, [V fFEhE LT, uRy FOVEEHMNERFH > T3, LAMEoRNPERHX
NAEVED, COT—Y =2 METFHMD joggle T—V = v FOBE2ELEL T, »rEy +O
NV PR TEEICE»ES T 5,

thb2o0x—Yz v FAEERECAS &, HBEZFKCLrRy +iE, %7 move-down IC
X oThi% FeBih Lihd b, ZDE, joggle b a Ry b~d <y FHIIE, move-down (CH]l
XT3, b LHBER—ADERICS 2 > T LA E DR NEBH X2 & move-down (T H
Soa<y FHI%I1ED, joggle DHI I %] 3 %, move-down 7> b DL ML joggle
i, vy b~na<Y FEHALT, ~v F2ER LEYD S, EBRCcicodEB)E LT, KFHMA
DR OB E 2 5 X 7co COEBOM], T—o 2, - b7 2y FICHRET BN aTcbHIC
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4.10: Joggle IC X % 3AfTEEER

£oT, = LOBESHDOKNBT —LiChB ) DTHFTnDd, COLE, 7% kBN
ER—ADNER—FFT 2 L, HREDTACRK—rDhICAY, L& DK DBERET 2, 20
fili F move-down 237G E) % FPH L C joggle 2L, =~ v FEH* D 3. € 5 LT move-down
I~y P2 FE & s L, BREOCB%2F AT 5, ¢ o, K11 force-checker IC & »Ch
&, joggle & move-down & DD FEMED I (T, force-checker 23K X F 434 <y FiC
KoTlilffixh 5o [44.10 1, T OMBKIC X > T joggle 37 — & % RITEEMICEN A L, B
MEROFRAT B X 5T E25RT,

move-down & joggle DIF AL, ¥ & D arm-mover Dff- T \r7z put-disk 2 YV v FO ¥ o
—HEBEERL27Z0THY, TRUNOBEHFO T v 7 5 2B MOEE S v, ChiE, 47
VAVEIART w77 Iv7CE>TuRy OB %HEHLT 2 BRAARITH B,

B14.11 i, SEEROVEEBEE OB (HM 2 MoVEE L L) TH B, HevFHA(KHE LTy
f[El ) OF— A v b RERT 2) OKEEEO/NE (1 7)) & & DEAE/MEOREE &, fT8~— =
T—Vax v FOWEWALR R E R T £ Y FHIJI-80 FETEBH L T3 =208 joggle IC & 2
A THEROWEITH 20 Zh b OWIE DD TR IIHZEF) L, joggle & move-down [E-C o it
BRI E AR T 2 BHE B H b % 28, move-down 2 1EHER & 3 & K sl AT 2 DT,
it joggle HHEMEX WKL TWB, 77 7 DRYINT \» 2 ESME, force-monitor 23K I
LTwaHETH 5,

FERIC Ry bR LR, COfTBIR—RT— Yz MECE>TT R Y L X NART
3, BRI e Ry b« T LOffR T RBERE AL TH, FEICX>TH—1D
WEZRFER I, BEEE CHBEIFATE ko ¥, COVEETIE, SAFFREEE X b — g%
FlET b0 2 2, ALK L7ed L % FICES LT @HT, R E— LIt wD
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(Move-disk A C) el (Move-disk A B) | (Move-disk C B) Jmm

Reaction (Moment my )
3

;a; :
130 A 60 éle @Time@lso A

* MM M k%

SCC

— Maximum of the time interval @ joggle activated *  Disk height sensed
== Mininum of the time interval (M) move-down activated ~ ** Futting disk completed

[ 4.11: ~J 4 DED X 2 7 OEITBEOHI(2 OB EY K—r A hbH—1 B ~BT)

ERECFTCEBD L, COBFCH LATORNBBRE X, joggle =— ¥ = v b AEHEL X
NTT7—2%8hL, BROE 2 EHT %, :
COEERCR, AL TVEECTHEYVTH 2 EAT BN CEUET —F7 7 F v 2L 7o =
ZEalL—2%2AET7 %7 7F +» CHlflT+ 382 1%K 005 5 [52] [53] 25, T T TD move-down
& joggle ® X 5 7%, MAFIr TV co Ao HIICRHIRMICHBIEDH X Y R, 7,
HEWVERE 20 DOLHERIEZ B E AT — Pz v PCX > THNL L THE L bR TS HEABE
BHCHb, Thbb, T—Vxzv MK ZVEERIEDE Y2 —Afkld, A7 V= 7 MERIOFH L »

IR > TWwE EES T LRTE %,

4.5 T—o x> FPOEE - HIE

426 THRR%2X 51, MARCS TR~V v V2 A2 AT V=7 FERTEDAVRE VR
EREBRBLY, TV =V FOFTEIOLERBMTHE AV v VENBLLBELYV TS L
BTE b, TAODO S 2t 2H VAR & catch-throw 2T, =—Y =z v t D7 v T LETD
FNENELOHBET 2 L IRHTH 5o

VRFLAEERRED L S REHERECH IR Y TAZAL LTEGRL, BECISUTCEREZELE
Lz BEIEL A VBEEF LAYV T3 e BEBKfTAZBC LR, Tur v reuRy POk
VEBEE L LTBODCARITH 3, wAFT— Vv FOPHARA T, v Ry FOEFECE v
OH*FI 2 T —Y 2y b %, oz —Y v b CERGIBT LK oTTH LT L EE
BHo¥s, chiz, vy r otk LTRRE-FBOANBREN L 3 S 4, BEtthomWHiEe X v
FCBWCEETH L C EAEHIN TS [54], B4.12ic, MARCS KB % v v b O3
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& 2 DETRIOERR OB E R L o

4.5.1 TPR—RT—o x> MEOBEBEIEH

4A4TERZTHR— 2z — V= v VEOHEVERA%EB T 3 2»ic, MARCS T, HED
EHEE T L5125 a<vy FPEHALTwE Vv 12 Bl0ox—Cx v FBEHEL, Z2C
TEF7 oy 7 LTHIOITBIZEC X5, L voeitr vk, A7 -7+, CCTT
—DODI—Vzv b LTERLATENL, w250 AFSMCOFEEIC X - TERR X 1, FTEHRS
DHEEVEIE, AFSM By CoMIfl L EHROTEAL LI X > TEHI LTS [55], chicxtL,
MARCS Ti&, f7804 v 2 7Y 2 pBEfTT 5 7 0 7 7 L OEBREOBEELETOME O —H %,
N — Vv 2 bEVET 2t ICE > THEVER%TTA>TWw3, ~/ [ OBICET 57T
B—2x—Vxv M N, B ueRy bada<wy FARTE 25 E S kit 7 5 7S5
FoTsYy, COBRE ioT—C v Y 23052 HEET 3,

\
( I—-J1x2 bA I— x> hB
( ) FAVEFL—Y b YRAVEHRL-Y b
= 1744 = y
behavior ESr behavior e
method / BT method /
ﬁUﬁﬂ ..... -~ e e -
) e T s e I I
ARy b vbo oy method i [ - L method j [
.................... - ] -
..... -— R REEELEEEL cenee -t
..... Bt 7
method n (kv vyl | method m
Y .
_ ] I-virrAaoToez I-Y12BOTAER
MR S -
N _J

I—-Jzxr bhOHR

B4.12: =—V v MCkdxT—Y =y F OBE « Hi

4.5.2 X 94 FY-kBREERR

TV P BRI IV rORIDISHE LT, X V4 v FYEHvia—¥f v
Tx—RDY AT LLDNWTHRSE, COIHTHE, v Ry MWEERZET T3V v VRS
HL, TOREEERTEIX VA VY FIYDIFIAT Y bV Lk COZ 4T FESD T —
Yz ¥ b (x-manager LPELR) TH D, x-manager (X, X V4 ¥ FUDF —~"aFEFT 240 X
DAXRY FeBDAATIEL, =— Vv FORERCH T V= 7 rOREERFERT E s
LEN—T 4V T—72,LTVwDh, ¥/, XV 4 VY FUERN L2 —Fhboa<vy Fickb, &

6Augmented Finite State Machine D,
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TPz Ay =V kEo VEIVAALZY LT, =— V= v FoEREHHT 5, cOX
2947 vt TAOD FCEB I WA T V=7 VEAKREIBX 7747V s 79475 YT
% NueX [56] % FivC\ 3%, [J4.13IC, x-manager I X B <A FT— Yz v FROEER - HilfH

DR E R

arm-mover

move-down
(Agents) Joggle
X-manager
LogicalWorld { 4
(MARCS)
Force-Torque
(Logical Objects) Sensor Object
)
Real World
. . Task Performing
(Physical Objects) Environment

Programming/Monitoring/
Control

X 4.13: X W4 v FYRHGWAT— Yz v FROER « S5

B4 4.141C, ") A DEDE X7 BEFTL TS & ¥D, x-manager K X % X 7 1 ¥ ¥V OXRRHI
5T X4 Y FvoH+—»%2 UNIXV—272XF—3a v cidiL, TAO/ELIS LCi&E3
% MARCS OREERRLTWS, CORKRLZEY 4 v FV I, A7V =27 rOREECT— TV =
v OBWEREEX Y TAEAL LATERLTVwS, MARCS <A F 7 w753 v IRETHED
T, V¥ bRFT V=7 PORBAEHEECT S 2}, 2P L ¥ RT L& OFEHHIC
EbOTHMTH %,

x-manager (¥, T— Yz v 'K EE= X LABDL X OF—NCEREERF T 5 C Ltk
BRETH B0 o T, DTV 2V v b Ay e—V%FETICLRANVIDLTECLD
TE¥ %, COBEE, BIGRR A —T 4 v — 7 BBHEDITEA v 27 ) ZOEED D & TH
fi+ 3D THh{, change-behavior KX » T, TNHHEZFTEf v 2 SV XL L TLES T &AT
%5,

4.6 ¥R

AECIY, EMFEERT 2270 LT, TAODA T V=7 MelifF 7 vt R & LCOMKE
B2l 2—Vxzv =R, FBuRy v Tl I v IR RE Lk, ¥, ZOFEBRIRT
LEAWTEEffiv=Y a2l — 2 KX 2VEERFT R o IR E B~ %o

2Ry + OHBML R FEELERROPFCTHEEADHTH S5, vky  BESBO TESRIA
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command
lizt
ottom

command
output-al lowed =

3 b
cli sk
{9,H)]

arm-mo
movedown:

osato console Mar 26 14:29

osato ttypd  Mar 26 14:30  (unix:0,0}
osatolargol[41]: xud -out xwin
osatolargol42]):

[11 Done tum
osatoRargol42]1:

osatoRargol421:

tum &

xwd —out xwind

B14.14: X 7 4 v FUic X 380
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Y RFLTH D OBEREMOTIRICEARBIN, HHFOY 7+ v = THINEEAL TV AT A
SEREHET DTRIEISL BN T IERD 5. BKFFER, A7 V=7 bERNfT 7w 71 v 7
PEALT, vy FORFBEEE T 77 I v 7 OREIDLTEL LS LT DTS B,

IAFI—Vxv b kBT eI vIEREPELC, uky tOHFEEWIIT TV 7 M iE
Mo RF L L CERT 2 LBARNTH S C MR TEe T—Vx v biCkD Ry FOVEE
TursIvrsR, z—Vxv boMiEck3E V2 7 —HoFE L, -V v FOHEVEH
Ik BEVEROEEILE WS o0 Flfi ko T\ vd, TuZi<id, vy MWeEoHELS
L, 2R E2EH0oz— V= v ' BARESETIHEBEL LTERT 5, =— V= v MEOREEZH
BEDENWLATCITAS R E->TRIERZHZ, v Ry MEERTV AT LDOEHNVEY 2 —
A E R R HERT 2 C 2 B TE B, ABIETHE, vy b OVEEMF oM~ 0EROKREY:
REFT IBAER— R TV v VA THN—R V= v P2 BAL, Fr3~EVEESE
WA BT ICONTH AT — Vv P REEREFRRTEOCEAETNS, L i AR 5L
Feo COHFRICEoTrEy MR AR X % X &, AL CHEOBEEHIE & L
TEFEOE WEERfTE L 7o

Xbic, T—Vx v VEHEKERHAZZSEHNALT 7 V=27 P ERTEEL, =Y v VHEOE
BBHETARS CEERE Lk, ThICH EDWT, T—V= v FROBWEREEZ X V1 v F
YEMLCE LT B VR TL%BEL, TOBEREER L, 2Ry PR TLBHBENTH D L
E15%HIciE, vy EFICHCOFTEIZFHE L &2 28078 T ¥ 2HE0Mi D o T 5 BEAH
Hb, 5Ly EHFONBRENCHAT IBIER, V7 v TOUESEFTH Y 717
va v oM cBLARE R TEB Y, IFEEORGESE Y L ->TE TS, vy MTH,
TR ERVEEEEEE LOEBHLE L LTEATW CLRBETHE LELDND, YAF T —
Vv MCkByRT ARG, v Ry VABICHLET 2L AT -V 2 v FOHEVERERHV
ok AHCHAEEN ¥ o Ry P EERLLTWHHATH B,

9ok, FFTT DVERSEEILT o, v Ry FEZHEA— FER, V7 VEROESIAKC
BETHHY, T LABEBEAY X7 L%HBRA»O>EFHCHBET 21Ick, ZhiKs 7w 77
SV VVRTARBETHY, eAF -V v OBER, Z0ODOBEMTHR NI RETALLL
THENITH 5,

AL CERH LT AT L, BINWEEN 2B LA v 2 7Y 2RO R T LTH 578, L
B LORERD b, C TR, T— Vv FAHENEROBEEAEIES € &2 BE L, LEEE
AEPEICRIEIC & 2451 <A OB HEBAL R HDOA— F T 2T » £V 2 — L & o> THEIK
T2 RAIHICECT, 1 TAXL shicEYER % D58 >Twb, EE, Miow=tar—
2R EOEHBENCH LTI, BRYZFLCBEWTHEEORERIALE mve LAL, JTAZ
A LOBERE 7T v AT LRI AR TH 5,

R CTIRR 7 ERR L, HAEY 2FO<ALF 7 uvxD Lisp ¥ X7 4 TH % TAO/ELIS
LR L 2T v+ 24 7TH B 5, AROBRCEBEOM LAY, Sy 27 L0ROFNE
HEF 51, BEOa R VAEEAER L 25 X5 AYENADBEECHRL T BERD
5, CNBREROUIFERETD 5,
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R

ABFFETHE NI RR & SBROTFRRER £ L 9 5,

B2ETR, KRXLOFDLT —<THEF TV MEHIDR—R & Ko7 Lisp v+ v ELIS &
St TAO ko, AR « BB « HAEO#IE #38~%, ELIS I, SHEAES % LW
<A77 u7ur7 7 LACEHRBLTCEHAA AV T2+ 2 ick b, EbERELER L ko »~—
FYzTIRiLw=A7ar vy 7 L CTHEEOESENER % EE0R+ 2 WML wIRT % %«
W, ELIS ClR~A7un7vnrI=nbRi2T7—*%727F+» 2 WML L, %4, Elen~4 7
Ta s LRERIEREFVER L ce CORR T, Vv itk 3 WCS 7 F Lo EHBhE bR
BRERFICERITH 57c0 7, ELIS O — ¥V 2 72N CHEIT 2883 TAO KB 3
KRB A~ 707 a5 LDFNy KB TCHHTH - 7o

TAO DUEZRDEBCH e >Tlk, BT v s S 3 v VBSOS —OFEEHEYRETH 3
EVSHEED»D Lisp LER E LTOMBEREW Lk 20—, 4 7u7uZ 5k 298
L, Lisp OHBEZBIEIC L A WHPAIC BT TE 2R ) ORER R DAL, L W HKREE & 57,
Y7, EfTRICD 70 7 7 AOFHEDERY CE LA T 3 b0, Ty Kb ERTH Y,
Tar I v/ LCEETHLLWOIBEDLL, A v 2T Y ZOURECEE B Wi,

TAO oERIbICE, "= FV 27 CHR— VI NAXIZRIFEHLLCZE, "~ FY 2T « 24y
K-> CEEMPICES EHE 2T Ao, BXUY X VS TBT 2N A AEY »
AVvET7 2 —2ERKELERL %o

TAO Ti, 2 —FOZHEABRICEHED 7SI RETH B, L WIS EABELIEZ, Tr
FIVT o RTETLLDFER Y 22— FOHHIEE L LR TELL AT LA Lk, Thb
b, EALV~ADERTur I Iv T « X X4 LZEOER Y HIE L, Lisp KROFEREIA S X
A LIC, GRER, ATV 27 MEAE Vo Ze"T XA bk, WHROBOIMH TN v 2 L@
Lico TR X->T7 e 77 I v Z7OEHHERBOTKEL AV, Bx AEANAINH 27 5 4
23 TAO ECTEHI Nk, TAO KRBT BEET Y 5 I v T « X5 X4 LD I AR
TELTENT O TRD BRI DY, BREKEDIS AT vTFIv T e RIXL LR ED
X9 AEBETHMEL T ORI A, BIEO TAO T ABRE Tt it v, &
BOTwTI3Ivy e RNIXALR@ET LHER, 5BITIEHETFAREcH 3, TAO 12
DX BHRDDDIBEEZTED, ¥ F0EEDEEIL T3,

TAO DA v 27 ) 2 OEBHEER, ELIS O~ — F 7 = THEEA YR L LT, ho v R F LD
YARATIERT Bo i, BT QT TI VT e RIFA LDV RTLE LTCEHER, X754
LEOBREO TS 7, f v 2TV A B ATHYHEL L HREFHICNE>Twd, 251
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e BT, TAO OFEEHAE Lo BERZIZIEER S Nico

w3, TAORBY2HHE T rZ 33 vy « RIXA LD—DDKTH ATV =7 M
BIOMBE L 2 OEBEH R~z TAO TiE, Lisp DEFEEERIE L, MMEROBEAKE L LT
F7V s VEAERE L, EEHER TR TCAHBEAICHKRA 2 v 274 2 LTRHL 7o

¥ FEEBHEOT TR, A v t— JEER% Lisp 7' v 7 7 LA 0HICEDAR, Lisp DHAT — X
ATz LTS —F, 2—FEROA T V=7 + & Lisp DF — X TRE L co BWEME:
genBE TR, (1) A v e— VEEXOMHE, (1) AV v FOEKR L E&EE), (1) A Y v FARKDORE
FHO=o>0BEREH S, TAOT, ELISO~Af7u7wr 73 v 7Kk ->T, (i) XOMHRIE%
eval DHICHEDAR, (i) AV v FERE AL FY « $—F TEB Lo ZOMER, 2V v FAK
CELECOMRORT v T HREFRILTE e ¥7, () A Y v FOEFEEKEA v 22 v 2L
OBUN, BOETL ¥ o2 A—TH5%H, AV vy FIEFDF— "N~y FldAv, {1 ¥R
2V RERE Ny Y 2 FC X > CEEILT 5 C LB TE e TR ODTHEDIERER L 7 HERE%
WMhRvF<— 2 #HWCEHEL, £ v 27V 2 BT TAO OF 7V = 7 bEMIAS, Lisp & M
L CEEOENDIDTH B &R L.

TAO Tk, HEEC H b 3 TcOBIM A 7 7 ZPEEW D 2T 2Bk L o%ko Th
IS KBERISH Y w7 aTco 22 ) FHAMROBILAUHET 270, 2V v FOREERED
HHILSPBE LAy » T4 =¥ FRXZNET— 2 DMREFTA 5 7co ZDRER, VAT L1
EE/NROMIERE & A= VEHARCHET2X5CA Y, Tur 7 LBRROX—Y «TI7 7V
FuETOEHACHLBLACTECLHBTER, Tk, T5 LAERFBEOREH:*EROIGH Y
v 7o L% FAWTEHl L 7o

co X5, Aprgecit, Lisp<yvon— ¥y = THRERHRIC, KREAINHZ w7 T 40
BARIC BTt 2 5 DHERER D2 AF 7T V=7 VEAI%Z Lisp KA L, i 7a s3I vy« "5 X4
L DG ERERIALICL 7o

UL, TAO CEEA LW DhOMAE, 2 & 203, KB T 25RO BA*HT 2B L
LTOAY vy FIEEHBBTLIE LT AL, T ur 7 a0 THEREEET S A Y, HAKEED
Refito U Zeodicid, 55B0OFE L LTRRTREUED D 5, BEHFO7 7 X 28an e LTHES
LE FDAVIY AVvF—vaviHloTwAThEALAVED T vy J L0fkEteT Ny 7
KBl E AR b,

¥ 7, TAO OBEEOEBIETR, 7 7 ZOBESETRCELT 2 X5 28BN AX T V=7 ME
MY RTF LRI CEET 0B L. BIMAT 7Y = 7 MEAR, SBRETEHSHT LEX
LB, 5 LcHWICE, JlosRE2Z2AThEAbLANTDS 5, 5 LEoEYS
R L WISRE DR b $ e 4B OETH 5,

Ba#EClk, TAO DA 7Yz 7 MEMICHTEOERER AL, FBEe R v b ORKHIEIICIS
AT AMEYSER Lo 2Ry NI, WEHR L DX EIEAA v E 72— 22X TTEEDS
BB U T, BEARERI DR ZEF VAT LEARD, EREHET LY 7 v v 2 7T HHES
BAEDDLAED. AFRTE, vy WEER T v 27 I v 7ORETHRL, ZOBREROM
B, 2—Yxv XS AT R YT I v 7 LORBAEROM YT REREH & LT, BICE
BLHEVBTCER LI AET AR5 270

TAFI—Jz BT v IERYELC, v Ry POEFEERTA TV 7 MR
My 27 L ECERTBCENERTHEC %R LAk T—Vxv bCXkbuRy bOVEET R
79 3Iv 7}, €Y7 —HoEmX L ETVEEOBEELSOREAED 5, KPFFETIL, HEE<—
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AL—VzV MCMATHHR—R -V v FR2EAL, v Ry FOFRFTT N EVEL RN %
T ONTH ATV Y BENEFRTEEDIEAINRS, L woVA 254 700 T
DHAIC X oTrKRy CHTHRMAB R % X ¢, BHEAHI I CHEOHE 2 FIE L L </EH
DR WESEEIT R EBL L 7o

e, =V FEXNAT 7V 7 P ERTEBEL, =Yz v VMEEOER - Hl 21T
BOTEERE Lo Ry VO RTABFABENTH S LEL D0, vfy FEHSFIEHTD
TR Ml L AR OB CE 2REIBHD > TV B RERD B, uRy i, ChEVELEEm:
M LOEBOREE LTELTW CERBRETH B, v A F -V v MOk DY 27 LRERRLEE
&, Ry VWICAFET ML ALY v FOMHEVER 2T o X 5 AACIHMERE % B
ouRy PEEHALLT WA TH D, KPIETE, 8- 2 x—V2 v FOEHPT -V
VIRERER - ERT B AT L0FEBOFIRCOEZ R L, FOAMER R L 2o
APFFRCTHE L e v 27 40, BIWBEN2BEIR L v 2 7Y 2RO X7 LTH D700, HLE
HEEOREZED D, ufy FOX S KAEWICY TAZ A4 LOHBERTERXNS > X 7 4CER
LD S5, EL 0 EHHEPHEEEL D ZOTCTNTCYAF I~V v OB TS
R7TIVIRITEITEDTE 22 A7 L ETERNATIIEEETH b0 %7, K TR AR
%1%, Hi—® TAO/ELIS i EBRINZHBF A IRD<=AF T u 2% -2 L LTWE D,
HOBWRTONH Y AT L TR AV, BED2 X ' BEEABERLAZA Y V22D XS A
SHERBEIC Y 27 LB HBR LT W T & PRI X N ABFRIECH 5,
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AT

AKX EFE LDDICHID, Bl wCIHERZBDL Y, BIHTE L ETH W e KBUA 25 T 2250
WEERON ME—BIRCOHLEHB L E T 7, AECHER2H ZRABH TSR O%E
ERIEIR, GRERSEIR, RIAEIES AL € v & — ORHBIEBI CEMR L £ 3,

FEHCAFRLE T LD L2 BEDTFEY, ¥ 208 BELTH o, BEOBEILAZEA
FHALEP ORAETCH 5, ZHRKPETEROIRAIEFIEEE, AP T2 0 HIH 2 502 ek
L%3,

ABFFED TAO/ELIS 7' v ¥ = 7 bk, BAREBESAHR BT ESEETDT, BB,
HEREBEXUBETIRR, ¥ 7 b v 2 TIPS KB wCiThbh ¥ Lk, COE, ~— Fv =7 ELIS
DBFFE « P&, ALEESEmEPARIT AR (BR) 0 H HEFHER O CHlEo b & KiFabh, %
7Y 7 + 7 =T TAO OB « BFE, NTT AR OVTNARIE 7 v — 7 ) — X oo b &
KiThbh g Lico HEFR, TRENROEM L 2 TS CAREY T4 5 B2 %% Lk,
CTICRSEMBLE T £/, COTAO/ELIS YuP= 2 VM B5T[EEE BB ICIE, 2DOA—VICE
T, BEREERZEDOMRMENHE—BIE 235 X N e ISR E 0, WD & WHIFeEEE 25 -
Te T L2 fFeft L, ABPSEE D bR 1 £ 3

HEEER & & DICELISPR O A D, BEC D WACEREVANIT b a—< 2 4
v 27 x— APRFTOREBFSCRENFER, X5, TAO OBF% « BIRIC B ~THRY — X & & 3
ICHEE & CHRETE W 7 NTT JEPFET 0 BRI B i Bdih v e U $ 3. HFic, By LM
FHIE, TAOF 7V x 7 MEAOHREN LB L CEEASTUE E Ao e, R X v 7 4 — FARA
ik CEIATCOY 7 v 7 2 TRBHECER L CARMICE Y BDCH e h WO ST £ Lk,

TAOA 7 V= 7 MERAIICDWTH, L OHACHE->THE, BEACERAEDY ¥ L,
NTT ZBEFIET OF _LE—ERE(THIER, KRB EAEREE oMK, 2hEfhity PV —7
YART L, IEN 2574 2OBRBCA 7V = 7 MREARHEAL TR &, " THLLHBO DO
BE%2HZ % Uik, FILBE-BERER, 7Y 7 MEAYRER L @S+ 24E 54D
NEL7co ¥, Ea—= v v 27z — APRFTOMBHEBTHRHTREZ, &+ 7V =7 A%
BUTAO D= v 4 F%ERINE L,

TAO/ELIS # vy F OfilfliciiflT 3092 cid, NIT b 2 —~< v 4 v X 7 = — ZPISCFERE
2Ry MR OGEILICEREEE IR L CEHLA S0 BB 2HE E L. & Vb1, KES—T
EFRHICKRZESHEEC R D % Lo % 7, NTT ZBEPTI00T o S HBEARFZE (L ik, TAO Lo
XYA4VYFEY e 2947 b7 s 0% FibdcHEE Lk,

AR e ELDBICHc>THR, ta—<v [ vE T z— XPEFERET Ry MFRHOPEHE
TR, IAMEIN -7 ) —F R LD LT ERNOD e WC R THE £ Lo

TAO/ELIS B4 « BAFIL, 7V v FR— Fic Xk 33A0VE5 O B = 3 ¥ ¢, NTT, (#§)NTT
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7 5 AR 4 DNEEE

(1) version number

CD77ADHRESZRT. 7 7ADOMREFEZZ, 0000 E-C, D7 I ABFEEFX
haZdicl Fo#1Twnl,

(2) id-message-vector
CDITROF TV 27 bBZFTDHEAve—V e 2L 72L, FRICHIETEAY v FD
ETHbo NAFY o+ —FHBTEBLIS, XL ZEZDT FLATY — FEXNTnb, TD
Zlk, TV RACHEBCERINLAY v FORELT, R—N—7 3 2h bk L CTE %k
AV vy FHBATWES,

(3) symbol backpointer

CDZI7ADERREDLT I VYRR, CD7TFRART AL, CD v EAD class & \» 5 @M
@f[ﬁK&o“C‘an

(4) list message vector
YZRV YD HE LAy t—T « v 7 X2 K4 3 Helauses #5453 3,

(5) super symbol message vector
3.2.7 TRR7BHE super BT B AV v FE,

(6) property list
77 AR ZEREERFOCLBTE, TORBI R MY R T ARNBRICHEH LTV
2, BEK X o T2 —F2MS & dTE B, TAO OFEMMLIFRIS putprop < remprop
(%, vtitle i class THEX 7 X %L CCoBUE2EVET 3, 7 FxoEHIE, v 27
AT RTTLCENT, DEVRELRLEL LT — 2 25553 3 HWTHwT w3,

(7) class variables
77 AERDORT Zo BB A v ZAEA v REBEBLTH 3. 7 7 REHUE, TAO OFED
BWRToZER TR AL, HAOBEKTH 3 cvar FHWTT 7€ 2%+ 3,

(8) make-instance skeleton
AVREIVABEREND L ECBMINBERT, WKL ADDODELA v 22 v 2REHL
DY A b, FPAED Y R+, OIS 5 XE R RO,
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98 53 A 7 9 27 X ONTREE

(9) defclass-skeleton
77 A% EHT D defclass v 7 n DL, 1IE X0 E ERFET 20

(10) instance variable hash
3.3 5T~ v RE YV RERDN v v 2F,



5% B

HARE X v E—ImERDA2a7A5S5S LD M L—X

Utro7re77 46, udo ~D Xy v — VEERFTA SR ETHE T2~ 7 w7 w7 s solfHo
ANV e AP )LDV —ZETD ML —RERLEDDTH S, FHli B (form) %

[obj msg args ...]

35, AV FTRINDOEEEHCT VG, COT vy 7LD ANTOERMR, HH D oval
THBEDb, RE v 7D by THIROFIC > Tnd,

<sp> => form
<sp+l1> => return address

; eval DA, CCiR Ay 2—VBEERDOAALT, TXCORXOFHHOAOTH 5,
(!'eval (and <sp>+ gmc carO)

(boc car0 mdri) ; form % mdrl K5tds,
(br nhap (evi ev)) ) s BIVABRSGHEOF =y 7
(t'ev  (br tagh-0 eval-disp) ; form 7 — X BI-CAHYIE
(com sysmode) ) ; evalhook DF = v 7
(.case !eval-disp dtyp#
((1ist bra nambra) ; formiE [1 TH 3,
(mov car0 -<sp>) ; formZRFFLT. ..

(br y6 (hmessage message)) ))

;s kD eval DX 7 v 7 C, A v t—VEERXTHBC &N,
; AT, FFformDcar #—FFHi L T, ZhiludoTHB L %
5 %I“/yjﬁéo

(! 'message

(mov cdrl -<sp>)) ; form @ cdr R4 %o
( (mov mi -<sp>)) ; obj ZFHMT 5 DR hEih
( (and carl gmc car0) (boc car0 mdril) ; ml 2R ET 5%,

(br nhap (evi ev)) ) ; obj OFHMD 72 eval ~,
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100 5% B IR A A v e — VIEER D~ 7w w /7450 L —2X

('mi (and <sp>+ gmc r1) ; AHERSR T vl ~
(brc tagh-0 evaled-receiver) ) i FOTFT — ZRICHIEL,
(.case evaled-receiver dtyp# ; LT TlobjliudoTHore
((1ist udo) . rF B,
(mov <sp>+ r0) (goto objudo) )) ; form ® cdr % r0 ~,

; obj OFHWAFMKT L, ZNdSudo TH BT &AFMEN7co LFTiE udo I
T B Ay e— VEERE LT form ® cdr DIRER < 5,

(Y!'objudo
(mov r1 car0) (bo car0 mdr2) ) ; udo DFHIS% mdr2 ~
; car2 IC class-vector
; cdr2 Cudo ¥ A4 X
( (mov r0) (jsrc tagh5-0 delinv)) ; form @ cdr % delinv
( (mov r0 car0) (bo car0 mdrO) ; (msg args ...) % mdr0 ~
(br tagcadbl (ul objud)) ) ;
(!''objud(and car0 gmc r0)) ; ¥O = msg
( (mov cdr0 -<sp>) ; args ¥ 2 X v 7 IR Fo
(jsr tagh5-0 delinv) ) ; msg % delinv 3 5%,
( (mov car2 r5) ; class-vector % r5 -~
(br tagcadbl (u-id u-list)) ) ; msg DEIFF = v 7, 1id D7
('u-id (+ car2 1 car0O) 24tc (bo car0 mdril)) ; class-vector DFE¥% mdrl ~
; carl KA Y v ¥,
( (- 0 :&)) ; instance fact DF <= v 7
( (br neq (u-id& u-id’)) )
(tu-id’ (+ carl 1 r6) 24bwt (bo carl mdr0)) i AV v FEDOIEE % mdro ~
; AV v YEOSGIHEH% r6 ~
( (- r6 1 r2) (br tagnil (u-id0 u-idi’)))

('u-id0 (mov cdr0 cdr0) 24tc sra)

; msg % ¥ —IC LT id-message-vector ¥ XA F U « y—FF 5, XA FV « ¥—F
i g Cl IKRTEHIC bins EVH ALAER DD T A—T 4 v TH D,

(' tu-id0’ (+ cdr0 r2 r2) 24tc (jsr no bins)) ; AV vy FROFEREME r2 ~
; 0B F—IC, NAFY e HF—F
( (mov carl) 24bw i AV PR &R
(br tag7 (u-id00 u-ido1)) ) ; carliczpx v Y,
('u-id00(mov carl) 24bw ; TV b Y OBITHIE,
(br tagh-0 what-method) )
(.case !what-method 64 i Hodhok AV v FiX

(applobj ; applobj £ 7o
pp1obJ J



(mov
(bo ¢

<sp>+ car0)
arl mdr2) (goto appl) ))

; applobj @ vtitle % car2 -~

; UFtlk, Hodo7c AV v VN applobj DNFICHILT 2R Z v 7 » 7L — L%

; VEBo AV v Fapplobj 7L —4lk, Ra—70fR%¥3 2L LdiCudo )
;s WEER T wADThEALE VN, ThAbL, —HONY 2— -« e ALOBEEEH,
;s CARZ7a—VxDE5hdbDTHDE, 71— LDBEERAIPICERL %o

(appl (mov
( (mov
( (mov
('appl2 (mov
(.case applc
(#!expr-simp

(+ carl 2 carl) 24tc (bo carl mdr2)

carl -<sp>))

ef -<sp>))

car2))

tf -<sp>) (br y3-0 applc))
16

le

(goto appl5) ))
('appls (+ sp
“(+ (getsym ’tagstkpt)
#22000001)
tf ))
( (mov r1 -<sp>))

; applobj %{Rffo
; of F o A4 y%{%ﬁo

; tf ?)_-I/f y%{%ﬁo
; applobj OFEEH (5 I¥DEED)

T, expr-simple & - 7o

; FIBOEEE cdr2 I

; tf IC applobj DEMH:E T,

JSPTERANA TR =0
REizv—4 757
Za—7HRE v b

; self(udo) % EREE vector &
; LTRE v 7 IR L%

;s D ETAY v YD /DDA v 7 « 7L —LBVER I NI CODE, AV v ¥
; applobj OEREBM L Alib, args... ZIEKEHEL, XX v 7 ickits.

( (- cdr2 1 r2) htf)

( (mov

(tap7  (br tagcadbl (apl ap2)))
(tap2  (jsr no bothd))
( (mov cdrl -<sp>))
( (- r2 1 -<sp>))
( (mov ap3 -<sp>))
( (and caril gmc car0) (boc car0O mdri)
(br nhap evi) )
(tap3 (and <sp>+ gmc r0))
( (mov <sp>+ r2) 24bw)
( (mov <sp>+ car0) (br z (ap4 ap5)))
(tapd (mov r0 -<sp>) (br tagcadbl (apl ap2)))
(taps  (+ tf 1 sp2) (br tagcadbl (apl0 apii)))

('ap10

car0) (br z (ap7 ap8)))

(+ <sp2> 2 car1l) (bo carl mdr2))

; args...
; args. ..

s SIBoOEEE A v & r2C

; BROEBEF = v 7

% mdrl K3,
DB % AT

Bz b eval AT
IEREHit 3 5 o

; CCETHRHfioOAL— 7,

; sp2 73 applobj %53,
; applobj OAIK% car2 iC,
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102 8 B MBI A 2 v e — VEmER D~ f 7u v/ 53L0 L —2R
( (mov r0 -<sp>)) ; MBOBIEET Y =,

i LETAY v FOEFERENE > 72o LT, applobj OAAAD S A TH 5 7> memblk
; THBED (v AAATRT B ) WU T seq (Bl seq DIEFTALK) KRS

; 7 enter-lap(=r ¥ XA L F o 22— FOETARK) KREHTHEEICAY v F %

; 1T 50

(tap5’ (mov exit-frame -<sp>)) ;. ROFHEROR b Fhh,

( (mov car2))

(Y1app13(mov tf ef) (br tagb-0 ap-disp)) ; applobj AAKDFEIHTHrIK.

(.case ap-disp 64

(cell (mov car2 -<sp>) (call seq)) AV FRSETH B,

(memblk (+ car2 1 car0O) 24tc (bo car0 mdr3) s AV vy FRavy_"fadxin
(goto msglap) )) ;. CTwnb,

('msglap (+ tf 1 sp3) (goto enter-lap))
}



f¥g% C

INAFY e Y—FDO=A 7Y TIL—FT4 >~

; binary search for id-message

; r6 = head position of the current table
; r2 = tail position of it

; car0 = position to be examined

; O = key

; all relevant addresses are nilnum!

; returns carl = corresponding method if not nil
; acrobatic version with nVv and z

(''bins (+ r6 r2 car0) sra (bo car0 mdri))
('1p (- r2 r6))

( (- car0 1 r3) (br n (cont not-found)))

(‘cont (- cdril r0)) ; no care for gm

( (+ car0 1 r4) ; note id’s are sorted as 32bit
(br gel (big found small)) ) ; number (with tag, id/sysid)

(tfound (and carl R17777777777 carl) rts)

(‘big (+ r6 r3 car0) sra (bo car0 mdr1))
( (mov r3 r2) (goto 1p))

('small (+ r4 r2 car0) sra (bo car0 mdri))
( ~ (mov r4 r6) (goto 1p))

('not-found
(mov #20000000000) rts) ; gemark tarari(not-found code)
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