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Structured Data and Undefined Value in TAO

KENICHI YAMAZAKI,* MASAHARU Y OSHIDA,? YOSHIJI AMAGAI'
and IKuO TAKEUCHI

Lisp can have much expressive power by incorporating logic-programming facilities. In this
paper, we discuss implementation issues of this incorporation, especially for internal data
representation such as undefined value (‘UNDEF’) and reference (‘REF’). We designed two
Lisp-based multi-paradigm programming languages, TAO86 and TAO, to solve these issues.
In TAO86, UNDEF is a first-class immediate value, and REF is dereferenced by the system
automatically. This solution is quite simple but did not have enough power to handle the
whole set of data so that TAO86 provides some adhoc builtin functions. TAO, a thoroughly
redesigned successor of TAOS86, has new features such as functional predicates and pattern-
matching mechanism that give an elegant solution of TAOS86 issues. This paper also describes
the implementation of internal data representation and data handling mechanisms in detail.
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OOUNDEFOOOOOOO TAOOOOOOOOO
O000O00O0TAOSODOD 60000000

(defpred eq ((_x _x) (:guard #t)))

(let (x) {eq —_x _x}) - #t

(let (x) (eq x %)) - #t

(let (x y) {eq —x _y}) - #f

(let (x y) (eq x y)) — #t

4.3 J0000O0OO0ODOOO

O0o000O0000000O00o0O0 TAODOODO
0000000000000 0TAOS860 peelinvO
0000 TAOODODOOOOOOO deref 000
OD0000000mMO0 deref 0000 derefO 00O
ooo

{deref 3} - 3

{deref ()} - (a)
(let (x) {deref _x}) - UNDEF

00000 TAOUOUDOOOOoOoooooooooo 7

deref U0 peelinvOUO0O0O0OO0 3000000
0000000 deref 000000000 O0O0ODOO
oobo0o0oooooooero0ooooon

(et (x y)

{! _x _y}
(1{deref _x} ’a)
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gobooooooobooboi10oboooooooo
al0000000 peelinvdO00O0O0O0OOOODOO
000000000000 OpeelinvdO00OOOODO
0000 invsO0O0O0O0O deref OO0 OOOOOO
00000 peelinvO0O0OO0OODODOODOOO

go00oobobOoOoooO0oOoooDoboooogogoo
000000 globalize D O OO
(defpred globalize

((x) (:guard #t) x) )
0000000000000 00 invsOOOODOO
O0000C00O000O000O0 deref0d00oooOonO
goobooooooboooooboooooooboo
g0ooOoooOoboOoooO UNDEFODDODDOO
OoO000obOoO0bD UNDEFOODODOODOO
O UNDEFOO invmOO0000 invmdO0OO0D00O
000000000000 WAMOO globalize 0 O
000MO000O00 UNDEFOODOOOOOOOO
0000000 0DO0ODOOO0O0OoOOoO UNDEFO
Lisp00OO0O0O000OO0OOOODODODOOD 4000
gooooood

(let (x y 2)
{' x _y}
(1z {globalize _y})
{! x a}
z)

- a

3000 globalizeO0 OO O invm O deref 00 00O
z00O0O00O04000000000000 invmO
0000 UNDEFOOOOOOD z000 a000OO
4.4 00O00OO0ODOOOO
TAOOOOOOOOODOOOOOOOO0OO00O0O0
000o00o0ooO0o0o0o0000oo0o0oo0ooooonn
0000000000000%Y0000000000

9 TAOODTAO86 00 0DDODODODOOODNODDOOODDOO
gooOooooo0ooOOooOOO0oOO0oDoOOODOOOO
pgoooOO0o0oOoO0oOoboOoOobOoOoOooOoOoogoooooo
pOo0oDoOOoOO0ODOODODoOoDooo

(! (cdr list) (cddr list))
joo00oo0o0ooO0ooOoooOoUOooOoOoOooooO TAO
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OO0 xOnewval OOOOOOO0OO0O0OOC0OCOOO
x0O REFOOOO0OO0O0000000O00O0O0DC0DOO
obooocoooooooo

ogooo ('oldval x)
(!'x newval)
godood  (!'x oldval)

O00x0 REFOOOODOOOOOODOOO derefd
ooooooococoooobooo

oooo ('oldval {deref _x})

('{deref _x} newval)

goodood  ('{deref _x} oldval)
goooooo

U000 newval 0 REFOUODOOOOODOOOO
0000000 deref 00000 OO0OODOOOO
goooooooo20bo0oooooooooon
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4.5 O

uooooooboooooboooooooooon
gooooboooboboooobooooboOooOooon
UNDEFOOOO0O00000O0O0O00O0O00000O0
000000 REFOOODOOO UNDEFOOOOO
goooogo
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O0Do0o0O0ooooooooooooogo TAO
oboooooooooooooboooooom

(defun copy (x)
(cond ((atom? x) x)
((cons? x)
(cons (copy (car x))
(copy (cdr x))))))

00000000 UNDEFOOOOOOOOO0O0OO
0000000 car0 cdr 00000 globalizeO OO

(defun copy (x)
(cond

((atom? x) x)

((undef? x) x)

((cons? x)

(cons
(copy {globalize _(car x)})
(copy {globalize _(cdr x)})))))

carJ000000000O0OOO0OO0OCOOOO
gboo0ooO0oobbbceard00OO0OO0OO0DOOODO
oo
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(defpred car (((_x . -)) (:guard #t) x)

(defun copy (x)
(cond ((atom? x) x)
((undef? x) x)
((cons? x)
(cons (copy {car _x})
(copy {cdr -x})))))

gooooooooooooooboobooon

(defpred copy
((=x) (:guard (atom? x)) x)
((—x) (:guard (undef? x)) x)
(((ccar . _cdr)) (:guard #t)
{cons _{copy _car} _{copy _cdr}}))

ooboobooooobooooobobooooooboooboo
O UNDEFOOOOOOODODOO

5. TAOOOO

5.1 0000000

OD000TAOOOOODO SILENT' 0ooOo
00000000000 TAOS DOO DD OO0
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0000000000000 000000000000
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000000000000 00 A1MO0Ooon
000000000 0000000000D00000
00000 300CARDOOONODOOOODOOOD
000000000000 000000000000
00000000100 S00 1000000000
0000001~ 18- 70300000 CARODO
000000 300000000000000000
000000000000D0000bec 00 MOOO
CAR/CDROOOO0ODOODODOOO0O0 sptagease O
0000000D0000D00000 REFOOOOD
0001 - 10 - 29 - delinve 000000 - 30 -
...0000000D

5.2 00000

0000000000 000000ooooon®™®
0000000000000 D00000000000
000000000000000000000000
0000000000000 00D00D0000000

{! 00000000 00000003}
0000000000000

{foo _{bar}}
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(, (dyte-code ’car)
(mov <sp> car0)
(boc <sp> mdrl)

ldrpr

(bsr sptagcase car-case))
( (mov carl <sp>)

(dytej hap laphap))

0 ~N OO WN -

; 000000 car-cased 00O
9: (.case !car-case 3

00000 TAOUOUDOOOOoOoooooooooo 79

car 00 00000O00COOCO

<sp>d caro 00 QOO0

YBROOOOOOOOOOOO mdr1 O

000 YBROOODOOODODOOOOOODO
000000000000 rpr (ODDOOOO0) ODODOOO
car-case OO0 OO0O00OO00O0OO

car1 00 000 <sp>0

goooooooooooooo

3gooooood
REFOOOOOOOO

rpf 00000000
000 invs,invm O OO 000O*4 0

goooooooooooooo

CAR/CDR OODOOODO
rpf 00 O0O0OOO0O
ooooooooooooo

10: (0

11: (mov car0)

12: clrrpf

13: (j taginv *4))

14: 1 ooooo
15: (mov usrmode)

16: clrrpf

17: (br tagnempty *1)) ooooooo
18: (2

19: (setrpf cell-car)

20: rts)

21: ) end of case

22: (.case *1 2

23: (0 (empty carl)

24: (br mode-car-empty-error *3))
25: (1 000o0o)y )

26: (.case *3 2

27: (0 rts)

28: (1 00000))

29: (!'*4 (bsr taginvc delinvc))

30: ( (mov car0)

31: (boc car0O mdr1)

32: ldrpr

33: (br tagcase car-case))

200000000
cariJ000D0D0OO0OOODOODOO
usrmode 10 O O0O0OOOODOO
goooooooooog
200000000

Joood CARO OK
Jooood CAROOOO

deref 00O 0O0ODODOO0O

deref 00 00000O0O0O0O0O0OO

03 0U0ooooooooooon
Fig.3 A sample microprogram.
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(lisp-value LOGVAR FORM
&optional MODE)
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000 OMercury 'Y 00000000 Collector O O
000000000000000000000000
00000000000000DO00D0000O000
00000000 OCollector 00000000000
0000000000000000000000000
000000000000000000000000
000000000TAOOODODOOODOOOOO
000000000000000000000000
000000000000000000000000
000000TAODOOODOOOOO Mercury O
000 bagof 00000000000 DO0O

7. 0000

LispO0O0000000O0O0O0DODOOOODODODO
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Fig.4 Internal data representation of TAO.

04 special #t 00O

05 stkptd stack pointer[

06 empty OO OOOO cqueue
07 keyword

ocOUdbO0OO0O1WOoOOOOOO0OOOOO0OO000O0d

08 doublefixnum

09 doubleflonum

0A complex

0B bignum

0C O 00 rational? or other type number or string ]
0D str
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10 vector

11 matrix
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15 package
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17 object
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18 wrapper

19 form
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1C fnskelll function skeleton
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20 undef undefinedO

21 lazy

22 invm] invisible pointer to memory [

23 invsl invisible pointer to stack

24 [reserved for logic paradigm)]

25 elem] array element0 00 OO 0000 OOO
oooooooo

26 free

27 mark

o0O0OOCOSBKODOCO IMDOOOCOOODODOO

ooooooo

28 buddyl buddy 00O OO OOOO

29 pkghash] package 0 0O O hash tableD 0O OO
ooooooo

2A macroskelll macro skeletonl]

2B objcore
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2D rpftag

2E gcbt
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o000 eOODOOOOOOOOOO
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32 mailbox
33 process
34 eventbox
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37 stack

oJ0O00O0 7000000 cadableO
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39 pconsl predicate consO0 00O {p _x}

3A mconsl message consO0 0 0O [x (msg: y)]

3B uconsO unification consO0O0 O {! _x _y}

3C hatcons hat consO
00 (Cif ~“test (car 7))

3D assignll] assign consO0 00 (!'x y)
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