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Design of new TAO

Ikuo Takeuchi Yoshiji Amagai Kenichi Yamazaki
NTT Basic Research Laboratories, NTT Software Laboratories

This paper introduces a new Lisp language TAO which is now being designed on a new symbolic processing kernel
machine SILENT. TAO is a concurrent multi-paradigm Lisp which comes out as a refined successor of the TAO, or
TAO/ELIS designed and implemented on the ELIS machine.

This paper first describes an elegant way of fusion of Lisp programming, logic programming and object-oriented
programming paradigms, mainly from the syntactical viewpoint. Then it describes some topics on fundamental data
types of TAO, such as hash tables which will be extensively used in the system internal controls, strings of characters
and numbers, and fast accessible arrays, the design of which is deeply related with the design of the SILENT machine.
Finally, it briefly sketches a few topics on the concurrency which is one of the most emphasized features of TAO.

The TAO on the SILENT machine would have a simpler and more elegant language specification compared with
the TAO/ELIS, and moreover it would achieve more than ten times as good running performance as that. At present,
the estimation of the performance improvement will be a factor of 10 in the list processing and a factor of 20 to 30

in the numerical processing.



1. XLz

Lisp & Common Lisp[1] K X > THHMEIHBE L5
OFMBTH 5. Ll, BULAERT 3 2 ooed
b0, 104, SEOYRISBREINE L w5 EDE
Htdb, b5 1o/, BEB0X4F 3y 7 AREIEE
Ehi w5 AOERTHS. EBRLLTOEELR
BECHLCEPOBEAE LD, bok b, BHOEEE
LEARY, Lisp & 1x, Common LisplcA 7 =2
BAZESBMOANRD Lo 2B A EMNH VT LY,
Lisp OB LGN LRBENBER L LTREA T
%. Scheme ® Eulisp BRE VY EYLTWw30b 20d
b OEIFE YRR 2 T3,

X, WW&EEEHHZ: b h,lisptwnsTu—rk
tHEoECTerSIv oA PR ChELZC L
BHIEHT, BEOBKICOAR-TWS T L BEET
53, ¥iclisp BPEAIIRNWSECL L ELT, BHE
WEREZEFIC LB TRAD RN,

AT TAO 25 £ Lisp % 2TFE-T &
7 (TAO/60[2], TAO/ELIS[3]). T T-C&53 VeE @ TAOt
ZEEHLIS 50Kk, wooBRKCIHLWEEL
BETT 3 T L BEIHEBREL TR ORRBIC L 5 TRAK
KLEZLIHOLTHS.

'mooﬂf&ﬁL(#»kmﬁ%&ﬂmﬁiﬁoﬁb
TH B, &) EEHTEKNEZIIREROEY TH 3.

(1) SILENT 23 HLwT —+7 7 F + OREiES
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(3) x (4) BENLERN
(apply fn argl arg2 --- arglist) (3)
(funcall fn argl arg2 --+) 4)

~ 3~



LEMETH B (Zh b, TAOTHEL L A apply, funcall 32
WRERZERE 2 3). coT, (3) kDB ¥y HigHKE
Bink\w. J X MokcERCES Fy MEER—K
CRIERBRTH 55, TAOTH

(goo . (choki pah))

(goo choki pah)
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7EICFFE LCBAT 525, BUEFlicdE L Ch RRT
H5.

5y (XF) FlRBFFloRa 5t £HT 3 —EoR
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L% str (BOFELRT) oA, HL L EDAER
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WHIEOHRABRE A ENS. AP, COFETRBIT
FHREEET AL VA Z 1 ELI AW, K2 b, Bk
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HC X 2B3EIcH L TRETH 5. :

Z DX 51 TAO DIFFID 3 \»BEUEFI, HEadD
BOBETCnAnA AT L EXHAD I wikitRCcEs X
5IKEoTw3. B4, EBRINTIKD 525, H\-RAMEH
WifFcEXs.

3.4 A%

TAO K SILENT 2 TARAl v v Y 2 iEET 2 C &
Y Do T, PN TAO/ELISLLECE A2 <. &
Ic, BFlicDnTi, 1B A Y CBERAOREILI T8
RX5icT 5. BT BRbATVE XS, B
D7uy 3 LEFIRIEFLCT 202 2 Y 2Th
5z LHMEBADT, CHRBETHSS.

EFIR L, 2, 3RTECR A 7R H 0T OF— 2 H
(vector, matrix, cube) : L, F=v 7 2FA5HETH
IhBEEHIC RSB LS5 LA. SILENT ik, ALU & ¥fF
BWETTBE AREB XD c L b o T, BFIDT 7 %
Z 1t TAO/ELIS @ 10 ~ 30 #41C & 3 AR TH 5.

EHLREDAEI DT FLX (COXS v & iciEH) ©
BRCE ML TAOKKHEU 3. okl F=v27hL
EroIFRICEHTH S, chitLispes v LCRE
BLVAIRETHIN, TFLRRF-TT— 2% 8
EALLER, ZTOT—FOX Y (L 2ESAL b
EFIFAD) HEAECE-TnwAWn e EEZADARES
KFBDT, —E7 =—rt—7CRD 3.

4. AXALII—

t TAO DS mezx4t Mach T 5 XLy FICHNT 3 L BoTX\n,

TAO/ELIS kB3 av it yy— (¥fF7 w753
VYZYRTY 74Tk TR oRETHY, T0bkT
& LLTCOavILyYy—%nAnsERLYS
EVSHEHEECH k. TV 3T 4 TR OMRER
Bl hdokDT, HEBNERVL Lisper v LTl
T hERERRES L.

TAOCREDEBREENIL, 7YV IF47%XbiIC)
774 vL, EhER B 3 M CRE R ED . ThD
L, Bt e avhv vy —2RCHET I0TCHRE
{, Br_ueavhLyy—%ECREdTs Erx
AeaVALYV—RENIELDNEIISCTHR
HCEBPHLTHE.,

4.1 FaEREXLYE

TAOTH, Futxt 2Ly FOBKEYDHET 5. 2
vy PREFREX X v 7 L—H—KHB LSt
3. e (BH0) Avy YOXBEORE % 255
<53 . TAO/ELIS CRMEH—#It LT3, Unix
D7rERADX S KEL 2L, ThEEEIZ VBN
HW 3 light weight process CH-o%. TAOTREN%
THIRECLES LS DUTHS (Rvy FOLERR
B 10ps LFOFE). &P, Tuexd XLy Fh
udo (3.2) ¢H 3.

1202y FREDICECHDEROTFRVY FE
Bt LHETE S (5).

process

M5 Foex}rzxLy ¥

2D, REEOR 2 vy 7R VEB T ERTED. KL,
ABEERROED, FRAvy Fcavin—a KRS e
%, TRTOFRVvy FREBLAGhER AW, &
b, FAVy FPOLERRIK, 1 20FZ2Lvy FALED
BDokl ECB~RZ ORBETH 25, +RToF

~T ~



Avy Fhbavire—aABRocd cgHTH~ES
AND i CH I h b okl TH5 K 5T 3.

SILENTRRAZ v 7 « F—NR—T u—EAHRDDHD
REy 7Y Iy VORER 1EHATY 7 FICTAL
30T, XZ¥ vy 7{EHOEHY ELIS cHRTX Y ¥4
PITARZS. TORBE, Rvy FEEK1,024 % CH
BRlcEDLE B C L A3TTREIC A%, ¥, 10D ueX
DAV y FORKEE (KGR £y 7 DER
DR ETCOFAREE) 1k 128KFETH 3. XXy 27
BOEBRCOWT I CTCRFLLBRAWSE, XLy ¥
EZ2vy F (o7 eex0RLy FCHoTHENn) D
FORL vy FRB pus BECR I FETH 3.

4.2 ¥

IVAVYI—DLTACERRRT 5ORFRCA
L350b Lhkvni, ERHCTRTOF—2%[ (&
XU, Lisp hpT, vy s a2efl]) RiET S C L EE
RBECLavILyy—2EHTHEE, 7ot
vy FER—D Y Y FA2ERE LTET 2 H0H
BRREPHELLTEhAWnE, ERENA v 6 %2E3
& &k E REEESES S [5).

TAO/ELIS CoZERHE* P LEHL T, TAOTRE
BE:RBEARbORb, KENEbOET, RDXS5 K5
-

RETER
A v RE v 2ER
JEEETER
Ry FER | 7 uw2EH /
a A VER [ Ry - CER
RV FERE, B let & EOEREED L ¢ 5 CH)
clebh 3FRBHERTD Y, Yok 7 v/ 7 LT
BT T3 LIHRT 3, WwhbiZx& vy 7 LOEHTH 3.
T REREEO TR B bER AT RTORL Y
FicdsBoZEHcd Y, Yo Xudo CHEEL AT nE
EE OVekiiETH 3. w4 VvERER—w 24 v
OFEHZ T rvx ! CHBOEHKCHY, v /[ vE
Fb udo KHBET 3. Nor—UBHRE, vYELIKR
EREEEE O W ERTH 3.
HRFERBTRCERSNI VT4 v 7 2P EN 5%
ACHRE RS (I26).

lock

value

B6 NAVFivy _
kST, NAVF 4T XD ORIKFRE

T F— 2 ZRRRE LicwrFa—F w5 o, AilZEoRELH
FECREH D IcF 50T, TAO/SILENT % —ks~varF2—FHliiic L
Tel.

k3. T5LAGE, EH~OBERALICT Y 7350
Hh3TeHBdd. CoHRET7+TREHESDE
BLENDT, R4 vFiv7HS ey 7B AR
3. R6DcdrIPHK, ALy FBASLLEZDXVY ¥
DN car B2 BERAD AW, BEFABSILLL
by FREY—V =  FCAS.
5. &bVYIC

FHEE L, TAO OFETER, B2 RPREEL o
THERDBDTH Y, R - 2 SBHBHRICOWT
BricboTREZC. FLALESLET vy FORE
L FEET LT 3 EAEEOREOME ERIcDwT
HLABRRZCcLBTCE Al e, —BEECHLN
teArp<wfrzua—F, Thbb A—FV=TeEV 7
Y 2T OEREREOREThHo T LR, HLEY
BirocrrhnnrtES.

SILENT ko TAO i1, #2-5aL#c TAO/ELIS ©%y10
£, BUEMLIEC 20 ~ 30 fEDEERER HoTW 3. SEIEIC
R & N HEREIC D T ISR T T TIET 5.

HE

SILENT 07— %57 7 F+ % RE L, TOF v 745
RLC- 2 EHBBE, $XTCOT vV M EXR
LT T v 3 BRI S 3.

SEIR .
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