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This paper describes new parameter passing mechanisms adopted in the Lisp part of the TAO
language on the symbolic process kernel SILENT.

First, it proposes yet another way to handle with rest arguments. Rest arguments in a function
call have been handled with in various ways by various Lisp dialects. Though the rest variable of
Common Lisp is becoming widely accepted as a standard, it is still problematic in the viewpoint
of semantic clarity and memory efficiency. We come up with a simple and efficient rest argument
mechanism in TAO by giving up having the rest variable receive the cons'ed list of rest arguments.

Second, it proposes the concept of splicer which enables multiple values to be received and spliced
in any position of argument list of a Lisp function. Splicer is only a slight extension of the multiple
value concept of Common Lisp. However, it provides an easy and elegant means to save memory in
so-called full-word data computation such as double-float, rational, and string.

Both of our rest argument mechanism and splicer can be transferrable to any Lisp dialect, since
they can also be easily implemented on stock hardware.
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nlambda, EuLisp{!9 & multiple-argument-object!?, S
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skplEdic, DAO IKt~T Mhichokl 2% ) THNKEo]
LWSEHRENIEATWE.

12 BAL Fé =AY I ORERRERTHCH 2.
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Bo5 I (UTTRERG LX) 2) A bCLTR
UELS LT 2ELFHBERTDS.
TNEEES &, REEOSEE Y X P C LTETBIK
list KD X 5 KB BT 5.
(defun list (&rest x) x)
(define list (lambda x x))
LaL, HEEIEE VX P eLAGhiEAbavwT &
RULAENTHS. il REfEOFIEE LK
KO EHEREBUIC R LA D 228, cihudd

(defun + (x &resty) ...)
EMFLBYREIN, XIFEBIERILTRE L,
(+al123bec)

EvS kS RHERT 3 AVK 3 Ho AR AL CHE
ANndciickhs. KO Lisp DAIEFR REROSE{E
KEoTZ5nS LE]RWwTwS, LhL, 2—¥3
TheERAERTRET 3 LRETOX S REHELD
WhroNhTLES.

ki, TA®av 7wy 3~ (memory conscious
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%L DPEERD D, EAEECE>TLES B

ThidEEafEo LS KRA 28, Rk lisp BOd
WETECEBREYFATELLDTH o k. COHEER
Common Lisp v == 782 02 0 77 ~78p & 232
~236p KFE L BRbIh TS FRETHE66~TIp &
201 ~ 205p). FERKOZDICEETE L 5.
(1) apply THHEEIHO I X R FIW o & ¥, REE
BEH LY X P 2EBRENT Thbd, FHER
HATVEI R L 2BHELThIw2? HLEFLVIR
FEBTVED R b, £HGIBOMONHOERETH, 1L
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; Common Lisp
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(defun list (&rest x) x)
BB A — %5 8T,
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COnTR, 2~V OEEES TERL 2 L THINHSE
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hl, TROOREXREFOEMNR & LCHFEE 2L
CLREHALHTHS.

TAO x24%], &rest IKINZ T, &more & \» 5 FHIEET,
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1.2 TAO ICHIT5RE5 (K
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TEME?) L SRBREBEICTS. AF, -7 —FE
Wik,

B OO LI, KD & 5 2B X > CEHL
3.

(fn farg ...] [ rest-args])

Rest-args RF5 183K (rest argument specifier)
LR, T oA, Common Lisp DFH OBIMFEUH L
A &, funcall, apply ZT_RCTHELTWw3S. LI TrHz
AT, T, x=(345), porm = (#+ #-) 553

(+123)=6 ; BEOMUTHL

(+12.x)= 15 i (apply #'+ 1 2 x) ICHHH
;i x BRFEG IBHERTH B,

(+12. (cdrx)) = 12
i (apply #'+ 1 2 (¢dr x)) IC3E24
i (cdr x) BRFEIFFRTH 3.
; TAO REBBEI N Fy + i TERM
i Fo bl ELTEBIRVWT5. 2%,
;TR (+12cdrx) LREREBZRTHS.

((car porm)12) = 3
; (funcall (car porm) 1 2) K324
; BIEGROBHIC - %00 3 LFHEE NS,

(Lcar porm) 1. x) = 13
; (apply (car porm) 1 x) ICHE24.
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(rest-args-null rest)
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ENB X5, TORBBZTHFCE N KFEBEHY
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(foo 123 4) DFE (foo 123 . kk) DA

end-mark —
4 given-list|
3 3
y 2 y 2
X 1 X 1
z —t1 z —

food7v—2 foon7v—n

T TTfoo 1k (defun foo (x y . 2) ...) TEEIhTW
Br¥5. %k kk=(567) LT 5. k¥, £ CCREE
ez ORBXFEFBEY ICh o TwANWT L ICHE.

E1 REEHOEXEHZR

2. 7544 (Splicer)

275 A4 41k Common Lisp DEE D { MM 4 k3%
TH5. Lal, TOMRICK W EL DL XK cons 59
03X5Kkok. LITFCH, 538X 774 3 OaH
BHEIC KR o, TAO OREHABRRIRVES L Thh
OEEAL X 5.

2.1 BAREISHF 5 L7 cons

TAO ki i@do Lisp LEHE, wbWwB AV — FRY
DF—EPRF DD, b 4iE, EEER (double-
fixnum), fERIZBNEAIK (double-float), AR, Bk
B, XFF, WAXFIIRETHE. chbEbrs ¥l
A XY RS (B82). zo5 b, TAO K

AOREAXFII L WS F-4BTHAHS5. UTOHHA
TREE DT, TRICOWTHBIGR<TEL.

tag tag
8bit 32bit 8bit 32bit

‘car . cdr

double-fixnum, double-float
£ 64bit THIE R FEBL. X 7¥iT fixnum
KhoTwn3h,

rational car ¥, cdr DT - HFF

complex car 3§, cdr O - B2

string car ¥, cdr FCXFH - XFF| oA
substring car I, cdr ICEPS TR - BXFs)

B2 FRIAD—FRF—5

TAO THRICFFIDIAFIRE Y - HAFE R, XF
FloAtk (0% ), XFEORF) &= €—Fic, BoX
FFD (85) AL TRT 1 tADAE X ORERTF (~v
¥) #EBKDTHE. BBEROR, BRTFAEOFE
FlokthoNBE: E#EE LRTOTHEL, BoXFFl
~vy XEHT, BoYlomErELRTCETHE (K
3. THTBCLickY, LFFIAMGEIELTCVEXFE
Fl~y ¥Ba=—s kY, XFFIRED A Y EHEH
BHlins. K S{OERRET, Tk A
Y T uy 7 RBICY XF LICGEHIT S T L MEREC &
b, SERE GC DEHEA KB E N D

Substring

Ll ® [ex] [ |
16bit  16bit

String ' /
B8R E) |

T TR S, @2 THRE, BALFIIIR “is” %
£bi.

B3 $HAXEFIEXFF



AT, Thb7Ay—FYEF—Z L, TAO D&
MEhb, RO XS AEEEFE C L8R o &
(1) BEFEOFPERRIC L 2 2 X e BBY, D
EdbAEavSe il L &
LA,

(+(xab) (+cd))

LS EREHOHE TR L, (rab) & (xcd) &
v SR CHAI Rt A BB ICREIR R >T
LES. BREEL LT TAOTH, TH5 5 —@to+
AOEBYERTE S X 5k & O HEE TR L
T\,

(2) ALK, XFFIHAOPEERCX 5 L X il
BEBERL V. b il XFFOHESHE TR
0,

(string= stry stry)

En ) BN R L et T3 L, BHTI0HERK
<

(string= (substring stry start end) stra)

t Vo kBEEHC LA, T TT, substring E3XFF1
(33 EEHILFFH) 26, FrABHILFIIEED B
FTRBTHS. Lil, chTl, EHT3a0XdicE
AEEBTEC L E>TLES. Common Lisp TH
COMERERT 5 20K, string= %

(string= str; stry :startl :endl :start2 :end2)

S &= — VB ¥ OBIICLT 3. Chid%h
Kok Lidvi, SEHREO EE) Kzlbhve
RelELSD. (BHBEL-XLHTLwIELTLRD
25b LA vS, XFIFMHETY I 74 THCOFEK
L, 2D L a—¥ RS BT T SCFFIRIEEE b i
FBrofckoTLES. [E0F08H BET) TH
3.)

TAC oFEr ML, TERSIEY t v An=XL%k
A& L., Common Lisp @ dynamic eztent celliH 5
BYOEREBELLS &Lk, Lil, BESEBICED
Trl, A—FCARKBIT B L V2T LY VICD
RS BEAM S Y RIS B TIRHER B B T L 1D
& L7%. ¥7, Common Lisp @ string= OB E 4§

1 TAO v splicing-unquote ¥ @ TR* <, , 2H<.
I COXBCRIEERA SN bLAK S, bebe Fy FLisp
OXFOPCREI I VRBABTWE L IR TER.

MTdieHe, -7 V5RO EPLEEL,
(string= stry :begin :end stry :begin :end)

tvnsBRicdsctbELL Thbb, F-U—F
DEDNIEFTHELCLESREELC, $—-7—
FE e G IROD KL bBF 2L 5KFT 2T T
% (F—7—FSEEERL T DR bBH4TH
3). 25T 3 LABOF Y — FREHLTHLS. T
T startl & start2 KBS LS KIFBI REHTE
3. 4P, ¥V VOREFERALT (T 220K, T
A77y MEKTB L wSav_viavy®fi5. L
L, Thb BB RMET 2 L W EXHHO B
ETHF—Y— VR ED b e AT LAY, BY
kB EE 7.

22 RSSFAYOEHREER

277 4 Y& backquote I I3tF 3 splicing-unquote @
a2 —RtLAdDTHB. ik Common Lisp
DEMBEIRE L BRTH 5. b latent consing i
10, BALFFICHBROMHA ¥ IC K 5 e L ORE
kBhiET 2 C &N TES. ‘

RTIAYR

form
End v v A bh, BEOSIHONECDHEL
TEMFFEND. ThiX

(splicer form)
tnSHDY vy RAw I ELTI W &P, Fy b
¢ form OBICEREZBICTRVWT AW formiCik
By aCHESEEOXSBIHFEN D (TAO K rBIR,
BEERX, Ay e—- VK AEHBD D).

T4 YR, form BEMERE LA L E, EDOFTRT
OEEZIHFCEROS HE LTEHET 3. form O
ZEThWE ¥, 2754 3 ikHic

form
LENADLRILTHS.

BRI HZ{E R KT IC I, values B % i values-fn &
5 BEREEES . '

(values Vy V5 ...)

(values-fn fn Vy V2 ...)
Ebbd, Vi, Vo, .. ¥B{HE LTET. values TH{H
ZERLEDK, ZOMRZR T I TCRWEESR, D



BYIoM VW, (El) ordshd. ks Vi dbhd
NITREBEME - PEEN 3. values-In TEHEEL &
ok, ZFOHRRTILHThvBER, fnCV, Vs
L EBE LTEHEATETLAREROEREERD (fn
DHFTE 7 values-in DEZEZ C & dHDE2).

Blo=>, +hbb, 27544 .form & B val-
ues, values-fn B7 Y 37 4 7 TH 3. 2754 VDEE
BR4y 7<=y v CRSMERIUERCR S v 7 KL
ROTHY, TTEIHRYTH 2. ARRXT54 9
5 h0HER, HEZ0HS L CHDOR Y B (REE)
K1Ey b7 3 7BdRETDTHS.

KRICR T F 4 4 DFERAECICAKRDWTIRR 3.

(1) Common Lisp DE{EDER

Common Lisp DZEOERHE®RT. Ths TAO
KEDEEAB L WHIERTHAW. X&¥F, ChiCH
values-fn AT TH 3.

(values-list list) = (values . list)

(multiple-value-list form) = (list . form)

(multiple-value-call fn form; forms ...)

= (fn .form; .forms ...)

(multiple-value-progl form form; formg ...)
= ((op* #:x0 form; forma ... (values . #:x0))
form)
F ETTHSED Y R rfEbnTwhEWE E
JEE. 1ERBMEoC L.
(multiple-value-bind (var ...) values-form form ...)
= ((op* (:option var ... . #:x0) form ...)
values-form )
; ioption & RFER #:x0 HFEHEDL AW
i L E DI HOXE

(multiple-value-setq (var; var, ...) form)
= ((op* #x:0
(tvar; (rest-args-pop #:x0))f
(lvary (rest-args-pop #:x0)) ...)
form)

(2) string= B8 2 BEOFR
RapBENIC [FEE] LERL T string= 1%
(string= stry beginy width; stry beging widths)
E\n5 65 IMOBRETB. FFUHR, ok 4K,
(string= .(string "abcd") .(substring s b w))
¢¥3. T
(string "abed”) = (values "abed” 0 )

T (xy) it (setf x y) 2BIBLTIV.

- RERAEERELCLHEREIND.
TH 3. (substring s b w) HX7 54 3L b DT
HUTH, BYXFFEET (ert—205) 24 X7
T4 T LOFFUH LT, (valuess bw) KEILTH 3
(cons LAW). BE&MICH, substring D2 b D& Dl
2

(values-fn #'make-substring-header str begin width)
KioTndbdThHd. b b54, Lot

(string= "abed” 0 _s b w)

BT LAWY, LOBEHOES HBHERIN T
5.
(3) BERBDFHE

TAO D LicVEL N B EEE (7 & 41, TAO,) 2%, Tl
RICX VIR T — 2 BRFELT RS b0 THENE, #
BEEE LT TAO Bt hicHIs L a ik o e d 0k
BEDoTBLENRDS.

(defun discrim-2 (a b ¢) (= (* b b) (* 4 a c)))

R-ERHEXOHFIRN T AT 3 HOBR TS 3. ¢
NICREBHTHIIEEAAEEELTH I, Thic,
V¥ double-float ¥ 5272 & L X 5. 75 &{H D double-
float IC % 5 2%, HHELORAT, (+ b b), (+ 4 a c) 2
DOLXRELERHEBRT S ERRIKDRREYTH
5.

v, discrim-2 D5 | D FRT LK TR F{H 5 double-
float TH 3 L35 (EECEMERT) broTnBEL
5. F3L64¥y bOFBYNIAERE 21032
MR (fixnum) OFCEBEL T, KD X 5 2Bt 3
ZrRELLND. EEE CThi<y vy LA ToEE
XL TW 3.

(defun df-discrim-2 (al a2 bl b2 cl ¢2)
(values-fn #'make-double-float-header
(df— (df+ bl b2 b b2)
(dfx .(df 4) al a2 ¢l c2)) ))

z T, df-, dfx R & 2N B fixnum ¥ 3Z0H Y,
1% N {HD double-float & BoCH| XK, MOELFT
B\, 2754 FICEERD double-float b3 218
D fixnum 3B L, 2754 LK+ A & cons L
7c double-float %R+ 7V I 7 4 7TH5. dfrZon
fixnum CTHEE X 17 double-float ~DEW T Y I F 4 7
TH5E. AP, wHETHRNT LAH, fixnum ORI
Ttk cons BB b A\, df-discrim-2 DIEU A I



(df-discrim-2 .(df a) .(df b) .(df c))

Lo kU THBS (RFTAFTRLTHXN).
COXShBEFRIATY T v I LNTEL
whrdh Lhkwni, a—FrR2AVWIS 2B 28ED
HIMERTIBECH 5 5. BEAZ LR 774 43 EHH)
{LOEREELTNECLTHS.

LD X5tz 7T 44k Common Lisp @ multiple-
value-call # ZEDOERI Lic X 5 b DX, B
BEoOSIBMBICET 3 LT b L, values-fn IK X > THE
OFTEY HFTERTERXEETE S L 5T, Common
Lisp DA & ) AEMICHRENE . £ L THEER ED
bhcEEOREI R XL,

3. BbUIC

AR CIRUAHER, —REAEZC X5 THEH
Lisp DBISFFUH LA A<w v F 4 7 2CMlbo
w3,

Lisp IL B8 3 REBOT IHOBD |1k, 5 O¥S
IR EVSESTr—R 2 FRF—FLLTRAD L
WA ATHOSOFHERMEE L VIR TH B (MEEI
Borrbd, MBIEECSIEI 48B3 LnHEDR)
LaLl, x0ohE R, a—¥FRERNLC ALl
A DBEBICORHRS. AMO 1 ETR<AHEE L
*E#HTIHOTH .

MBRIEEL LCLlisp 2 RALE, F—2DEVa—
AtEr, TBIBDEY a—ath] HEZRL—FHLTW
ZredEEND. 2FE TR L 5 IC, MILFFO
ERFRF—Z L LTOES 2 —A¥Ek D D, WL
FHOITREEEFIRE LCEES L L EICAEY
HBROLY, DI AERERATIBEREEEL2ON
Ehoh{hd AR77{VRCOTKBEEHFELE
XURPG bR VBB L L WA S,

BIC b R, KB TRRATAFTRA v 7
N FY 2T Eo—RBH%E Lisp iK1 LA K2 0% £EA
TRETH 5. HiL\» Lisp OWE B L TR BE LK
3THH5.
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