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Objects in TAO
lkuo Takeuchi Yoshiji Amagai Kenichi Yamazaki Masaharu Yoshida

NTT Basic Research Laboratories, NTT Software Laboratories,
NTT Human Interface Laboratories

This paper describes the object-oriented computing mechanism in the TAO language on the
symbolic processing kernel SILENT. The object-oriented computing mechanism of TAO is de-
signed to be capable of coping with widely diverse types of object-oriented computing paradigms,
since TAO can be deemed as a basis of TAO language family which is partially ordered by the
relation of language extensions. Recently, TAO itself was totally so re-designed to be truly a
machine language for the SILENT machine.

Objects in TAQ are essentially a lexical environment of indefinite extent created by let in
such lexical scoping languages as Scheme, but they are augmented with method table, missing
method handler, etc. and are qualified as first class data.

This paper at first describes the core part of TAO which was re-designed recently and then
describes a small set of less than twenty primitives for object-oriented computation. Finally,
it illustrates several examples of the usage of these primitives to realize various object-oriented

concepts such as class, inheritance, and delegation.
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(cond ((system-defined-selector-p selector)
(attach-method @ selector
(eval (form (get-op@-code selector))) )
(return [@ (_selector . args)]) ))))

PO system-defined-selector-p it, +_COA 7 L= 7
KEBL VAT LRBEAY v ¥ (kb itEXuy Lo
ZEWGIF 2 A Y o F describe: % &) Z¥ET 2T H
3. ¥ 7O get-opQ@-code 1%, * DB R EL D B
|, ek &K, eval CHLTKRD X 5 BRFEF.

(op@ (#:gen000) (eval (form #:gen000)))

eval V5 XYy FRAEWwE, REAY » FAv FIa
EBXh, HEINIC A Y v F eval ¥ BEL, TR EMFEH
3. (return BYERR S b OfiH % BT 5.)
[5] obj-let D& = b & super
RROF T V=7 VRAIBHEICETZ7 5%, ¥R
AV RABEDBRO—DOERWRTES. [ vREY
22 7 ADFERER obj-let DX 2 VeHBECED . s
FRERED D7 FABRD X 5 ICEHT 5.
(7= .
(obj-let 7 5 <Zr¥
(obj-let (template
(obj-let £ > = & v AZEHK
AV YEERY ..
Q))
73ZXAV o FEERE ..
D))
obj-let © 2 = v } DEBFEDFUBER AN OBEECITA D
hd. TOZHREHAMO obj-let 225 template (1 H £
T, 7 FXBBDHIBRL D C L ICEE.
LUF X aSpaceShip @ 7 $ X SpaceShip ofi¢H 3.
(!SpaceShip
(obj-let ((number-of-spaceships 0))
P 7 I REROEE
(obj-let
({(template ; £ v = & v 2 DEIHE

(obj-let ((x 0) (y 0))
(attach-method @ 'distant: ~)
(attach-method @ 'move: ~)

L)
i BFR2 5227 v FoR#E
(attach-method @ 'make:

1 Smalltalk DEHECTOAZ 7 F 21, 7 F X ICHBIC attach-method
TEZOTENHILIHEINT WS,

(op@ (xy)

(114 !number-of-spaceships)

[(obj-copy template) (move: x y)] ))

(attach-method @ ‘defmethod:

(op@ (name closure)

[template (eval ‘(attach-method @
',name ,closure) )]))

(attach-method @ ’get-os-list:

(op@ () (get-os-list template)) )

@)
BA get-os-list tX, BAY slot-list %4 5T, obj-let DEH
HEROWKT 5. & 24, slot-list 23 ((x 3) (y aho)) %
WL T & & i get-os-list 1% ((x '3) (y 'aho)) %i&F.
Chid 2fTEECED MM ABKTH 3.
~FENRD obj-let (X7 7 AERDOEETH D, Hxh
501 DOAMID obj-let DFF V=27 +THB. make:,
defmethod:, get-os-list: X7 I X 2 Y v FiciH7 3.
KD SpaceShip DA ¥ X & v X% —DlE3.
(!aSpaceship [SpaceShip (make: 3 4)])
A7 v ¥ make: % JELS &, obj-copy T template % =
E—33. obj-copy BA TP =7 baThiE+24
ZAEVR (BREMF T P22 V) 2ERT 220, BA—0
A7y ¥R BA—OFREAY vy ¥ Y FF%EBD, XoT
[SpaceShip (defmethod: ’leftp: "(op@ ~)) ]

& THH, SpaceShip 2 bBEICELN T RTDS ¥ %
FYRICH AV v Fleftp: 8BBIND. b bIHA, 5
ERENETRTDL Y RE Y ACHBFELED.
[6] ey F ik
RRICRAey FORERE 27y FORERDS. %
T, Zwy FOREKICDOWTEL 3. SpaceShip ZHEKL
7c DisplayedSpaceShip #1ED e & & 13, e & 2 KD
X533,
(!DisplayedSpaceShip
(eval (form
(obj-let
J(nconc ‘((super ’,SpaceShip))
[SpaceShip get-os-list:]
*((color :red)) )
(attach-method @ 'move:
(op@ (dx dy)
(display-erase x y)
(M4 Ix dx)
(M4 ty dy)
(display-show x y color)
Q)
(attach-missing-method-handler ~)

e
T T TH 7 7 X SpaceShip b ERINEA v RE v X
DRy FDY X+ HEBEBAOT, SpaceShip IL A » & —



¥ get-os-list: #iX->TWn3.

LRROBEHIEMT, DIV v, Kt iEwI R
obj-let-inherit # E#ThIF, RO XS5 CBL L HTH
X 5. obj-let-inherit ¥ EXIT 3ORBHTHS.

(obj-let-inherit SpaceShip ((color :red))
(attach-method @ 'move: ~)

(attach-missing-method-handler ~)
Q)

[7] 27 v Fofik

AV y YORK, Ltz 7202y YT
E-LTL 3058 b BMTH 525, T THERCHE
UHEhik AV v FED], REAYy FAv FJI-X
YAVF<Y FCab—LTl 3H%ERT. (Tt
Fhit, 22— FHH 5 % method-found-hook 1 XL L
Tk, B¢ 0RliETd5. LarL, Hc
A3OTCCTRIEGRLEV. ¥4, BBAY v FETK
DTS, MREEX Y » FLonT b BIERROME
€k3.)

(attach-missing-method-handler!

(op@ (hook-fn selector . args)

(block (:name kk)
(method-found-hook [super (_selector . args)]
(or hook-fn
(op* (closure)
(attach-method @ selector
[@ (teval (express !closure))]) )
 THREHSRAA » =YK
(exit kk (-closure . args)) ))))))

KA Y v ¥y ¥ o2iERIEh % &, method-found-
hook SPEEND. 2DFE225WBEFIHME N2, &
B 7 v 7 BB hook-fn 1 #f 2 D-C, op+HiCASTHM &
NT, % ORSBH method-found-hook ILFEX 1 3. Kic
super NAIL A v v — Sk EET . XL TAY v YBR
ohBE, FNESIBWC LT v 7BBENUHT. 7 v
BT R, RodokZ7u—-Yrv 2 BRT XA TN
express ICX > TH, B (b DLy -0y DF T V=7
PV —YaveHELCHichsvn- Y kERL, £
Wi BESHEIFIC attach-method 33, Bl ED#E{EIC XY
super DAY v Fif, HYHI~BFEIhk Bk, &
LERR L 7c closure % EEEIRU T 28, #THIC super ~&
WHEEHR AR E A WX 5 IC method-found-hook % exit
T 5.

FEERDI FRICAT » FHihdo LBEOBE
TurIskBoTnicKEiwn. 7y 7BBRREREIC

1 block DEMOZER ¥ —7 — FChE 3 Y % +-C (:name kk) DX
SRS, TR v v EFERIRET, TR AAREMIEN 5K
Th\nr LKL TwS. (-cosure . args) i3, &% (apply closure
args) EWATWAEK L BERLEKTH 5.

— Db BETEV T L L, D exit THRIT S
LERRBPORHEAY vy FAv FSDT vy 7 2 28R
UFBLTWZ 2 EEEIhn,
zTCRBDAY v ¥E SKOMFICE T express, £
WP HAORETCT7 4+ —4bT 5 form, ELTEhESE
BICEHEiT 5 eval BERIKBE DI TV 5.
[8] £z .
SR, SEHRRICET 57 7 RZEH, Flavors Bl
AV VEEE, BIA 7S 22 Y EES, ThEGOTY
IF4ATCERETE LN, SESREAOTEBEI LT
wk#E<{. TAO, 2—¥Hrhb (RhG) EELA
BAH =X LRI, B2 ¥—CTH R>%AE
BBEELYLEITHASS.
bz
A, TAODF 7 =7 rOBBESY 374 7KC
DTN, —BWERF T P = s A EORES D
RO WTR<. TAORF 7 T =7 MEAHE
OBHAENED S5 B, Ay e—UEBOHRELRIENR
L, REFF V=7 VEROHBELER LA, ik
ABCHRETREOEE LBV Uok. LRVoTYH,
SILENT kicsgdéx 13 TAO fIRER (IFcr x—4
k) k4 v 279 2B DAO DfEEIC 2 bV, FfEh
rEVEEODDOLTEITFETHS. Ay e—YikEL
AT = FOBYNER « BEEOHEHER 131 & o
WA REBECRW2E Y, TAO BN ARMN &4
Yz VEERDL, BEHEPOET S X5 2B EA T
Y= 7 MEEECIEIR LT & BRI R o 7.
ATeRavaLvvy, Ayvke—Yera, kigtkh
KowTikfiihhrolk. ThHICDOWTH, EATHD
THEHEL .
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