63

(Susumu Hayashi)

-HCSsBRETT I HIN-
TR K BHE B2 M B 2R PR

[E]

HOHMEREI LA -DTEHE

H

ooooboooao
614 0 19870 63-80

50&&6.%5:1?6%%
o o =By

h#wﬁ%@ﬂiéh

BB&@T&W?%éEb.ﬁ
RE B VB S
5rbu_naﬁbiﬁKBMR
TM%Vﬁé‘%,E%é(

Varela

S B 2 ik
Ry VBOR D RE L
H2UQR | O . Wi
nyJ_%méﬁuxiﬁﬁay
Rasgd | RQ — S@¥ .

KNEXSROrE S I#Kko 2
NN ONK#EHS THOD I <«

2 LEVMHOOR [ SENELN

Fw&w\oh5LHM§§yt&
Kol Hio)lau s ™ (HEN RN
@%ﬁ?ﬁ?&&hh@m%ﬁbﬂ
nru¢mﬁ%>ﬁum7$w7m
MwWM5mmuxmm%ﬁaﬁg
wLevE IR S, fE2AS

E&Wﬁtému%%?ﬁﬁﬁwm
SHHE VR LW %.E7tw
ﬁﬁﬁ@ﬁﬁﬁ“K:§QGM6®
RUREED | OSBRIV S

CREEEL SO T®E . 3
Wm..@ e o& TN W
, [ER . s_AuE,F. om\C oS
APEMEHBES "0, w2
N B e R R TR 4 B
7@@M%ému?x&?méa
N = o%ﬁ*%ﬂ&AanNxﬂ
SIS K 00U o WL
AECEHETHSN 3 S 4

oto-Andrade)

D

g

5
S

SWAX - DT EH

].

MY 5E
0=

T,

-
A

T I7LBRBMANOIEHEME

7S5 LBk
DEEDIPHLHBD L .

A £ BB B
A 5HBIEDLNS. FEWTWE.,

fid 3
57
52
7o

B wQ
b v ©
Haom
Bl Uk
{4 i g B
oo {EH
BN E
K& O IR
QURNK .
| HEY Q%
AR 1w
KEZUH o

KD
VBB f:p1—D2 AEKETH D

EV IR

CPO ThHhBH L &

CPO & HE
& D2 A,

D1

HL5KEG 0. XOLD¥IERF DM

EEOREMESE X L

TE2¥IEF %

EE 1.
(COMPLETE PARTIAL ORDER)T H % L it .
EE 2.
bl > N

150 AN



64

Uﬂm=+¢“>
ﬁmﬁﬁéctﬁﬁéoit.fﬁ B (MONOTONE) & X .
xEy = f(x)Ef(y)
EIBBETH B,
xey Thhi. Lix,y) = yo Lo T LIFx),fly)) = f(LI(x,y)
fy)o HE» T, fF(NEf(y), B, f A EHETHNh . fgzﬁi

5B, F/-.on THOBE f(x1,...,xn) EHTH 3 & &
HLEHLTHASAEES o

)
AT
L @

EN DHS D ADEBTHIEE. x = f(x) £4 5B x &

ODTEHELEE . —HRILWE. TE A ﬁTth “?b%iét@m
bRV, THAD WT EFE COOTRAOHE. BRATHALS
J o ‘ ‘

EW O (S NWAF-—DTHEEME). D% CPO. f # DAB D ADEL
MLl TOF., f OBRNMNTEHAN U™ (L) E->TEHBABH AN B,

AR XDOT LS E-THETHD, 9. LWEBIRLZEAS., LE
f(L) &£ 5b, fix. BRLZDOT

Lo £ 2L E ..

E BB, BL. " 3. tEnfAIARLTHELIBMETHS ., TOHL.
BEEALEHLS UL HHEET S, %7, f(L) PoMEFTSHOB
PERE,. TOHDOENMNERE —HT B, i6-T. f OEKEHELD
"Ly = L™ L))
= fC(LIFMCL))

AN U, fOTHAETHSD. £72. x # f OTHETHN
. 1Ex &9 .

L) =& M%)

LAL. B3 x CELVLOT. Uf(L)Exo, BB .U &/
DTHETHSDo
CPO LPNAXF-—DTEBETEERN., 7077 LEBW%BICNT., &
BIHABEZhS3»PRRLEI. 77075 L8 0%BICE. 2LONEN
A2, KT S LBENERR. 2ENE®R,. ETNE%RRBRDO=-
UGBS HEEND, (PO X HAVWAZTO 7 L.8%BE. COWN., T
B ok I8 (DENOTATIONAL SEMANTICSY ¢ M IEh B3 LT, N A3y b A
L—-F-0BRA It b Ehhs, E-NEKRBRIE., F-270s s



65

HL 2 cPO DL ELTHIRT S, B, HEbEFEkized. &t
BEWTlEbh BT RXRH iz, #BLE% cPO LT, TOEETE
5 238 Thd, BYPXHEHHEEA LD, BT — 71K,
HHDHX.T S iH RE B (FLAT DOMAIN)Y &N % crpo & R %

B8 vee. S2 5101 2.,
\ |/~
| 1,
B (H TRUE - FALSE
N7
LB

-
rd

FREHZIEERDTEE 2D, BB 1,
ﬁﬁ&w%@fﬁJT$0 1 m
2B OHO T I THhB. TODE

(PARTIAL FUNCTION) %, ﬁ#@ﬁa
FlaE %o, BRETWE. BEWE.
T, . AhicxL. Bi
L. 707 5 L5EBTE. MK
‘a7 S L) EHFESTWVWBHBDT.,
HTWhw, i, 7077
rarse-HAEBERL A
EBOVANCHLTYL., B
5 7. P#ﬁmﬁékh
ﬁ#‘Tu mMOTHEMLEERA

LTOEEREIE. BTk

&

<}

m 2O
SR |
,*

At i -
O oF i B e i A ok
0

CO> M
&

M A

qmoe AR R
IR

-
—
o
=z
~
-
-

F:'A
v ;#4
< NP
C M C oo
W$§®w
T~
oy ¢

LT
“,¢%°xw2n

NAC
8./_1

NHE S T M=
S
02

=
aq(-m
mﬂ

SO MM

N S BE A P nr
mar g N AD

Q-
R+ f
B C
>+ A
o} ¢+
N
3|
F
ﬁcm

JHENAFTEOIEZAREH
6-

R_e
AL WS HES S Y &

S e O F S 4 e i EE 3 3 O m &
)
it
i
&
e
M
>
N
r~

MO I NES
oA WA B

¥ ¥
S 4
(Tps
Jr N
° 4
I
o
=
1
&,
i
op
r\-

- 4
(&}

il EEEh TR VE
V*%ﬁi | AL, B

e

- Th
Y Y
NS O

WO o
o 7

D
B R
¥ B
XL
B O
CHH
B
4o o 2P
Rt s
EHRE
o} 3% O
OQ"E
g
R
o
m

ﬁ-
ﬁ

f(x) = if p(x) then a(x) else r(x)

EEEENZ7O7 5 L0 [OO] . p(x). alx). r(x) @fiﬁf)’é
XD

X WE#ZEEN 3B,
(facx>] it [eco] = true
r(x)] if p(x)]] = false
o] =<[ [ptoT |
L if [eooOl = lg
. error otherwise

CZTCT.error 3. 29— %FXLIHBLETH S,



66

BB T-28% cPO LRI E. T8I T-BAD
EERMBOTEM%E PO L RGIBHFIHEES, THREOHATEIMEB (T
O3 A)bF - 2D —HBERLZITTLENZVWOT. MEOZTMA. &
HOBBBUT —IRERBO CPO THhH EWWIERX. KEHKEANR V.
2L Db EANOIEEME fICXHL

f(x) x ¥ Lo

f(x) =

‘LE x = Lp
LEEENA f BES LA D, E-T. EFEMEBEOAEE LT, &
HOBMBRIINRTEENS, 5. X, BVELXED., Yurs s
L 48 % F (PROGRAM CONSTRUCT) ICBIL T. ELEMB O EMEIML TS
BEAMSsNhTwWb, Chs0EL2S ., HRVTHLZMBMEOAX*E 2570
TSLEBERTE. TEBMETELRZL ., EEBMEO2E2E I hIE+RTH
5.D1 5 D2 NDELBEABOERE. D1 — D21 ¢ B, TODH%.
[m—*m:i@ﬁﬁm\&mﬁumﬁéhéo

fcg iff f(x)E g(x) (for all x D1)

:@?H@Em.Emﬁﬁkhnﬂbftﬁﬁﬁﬁméﬁ&&&?éé
COEWEG.,. FPHHEIFBOELEIEL).,. TRKEEIEXDLDIOTEILRLVWE
FFEBELTBI)D  (CTORODHZENMERBIE., A2y PHRORATHD
5, COMBLA-MRATSAS.,. 7obx . E9MBICEIC ATy b
BAREBRELTVS.

ThEODO. CPO Y AHAVWT.,. PILAX-—ODTHATEHEN., FORBIC
BN 77700, B2 5125»%8ELELS5. UWT. M¥EE7a
TS LD EHBEZIDBLELT. 7u5 0t MEBsR— NI 3, RN T
Q7543 XOBLZRBRMNEEFBEARLLL-TEEZINS 0TS
LOBTH B, ‘

(E1) f(x) = ®Cf,x)

DD f 3. EEINDEINREPEMBTH->-T. 50 f %, ﬁ—:’(%’zf*
XEDO7a7 7L BETFILL-TESNAEZRRTH S, Bl 5. Bk %
HHEITS570757L38XODBICEREN S,

(F1) f(x) = if x=0 then | else x*¥f(x-1)
CORBRLGEXRNETRZZITHBE., " BHCWE—BETEIHZLAELET S,
ERBOTO0 S I LEEORE LRI, COFEEFEAXDODBRORNT E DA
FT. BLDPEOREHRT S, I, g Y EEFERNE2H-T L &

V9 feg EBIRLGW F PE|IHBEINIBEABAZDOTH %,

COINBEN@Bi1%. IINAXF-DOB/PMNTHELULTERTSSIC..



67

SLAZEBEEVWVOBMBORE A ELYEANT S, e H D2 O kit d 5%

WT,. x B D1 DRa*FEhLILEHETHISLE, B Ax.e . D1 25

DQA@NﬁTxtbeQ@%ﬁwéﬁ%bQ%ihﬁoﬁaT 5 A
yEEEHOAIE (E1) &,

(E2) f= Ax,P(f,x)
EECTENEES,

S(f,x) © £ H . EEBEDOERM
& O(E2) DHEA. f,x (CEHICIK
D (f,x) . fICEKICIKAE o
H.BbhitnwEd s, 2Th3d. F
%LT\(Q)%ﬁﬁié*%ﬁ@%
HEOREAFERY . BN
H&hd, CORIZLT. &
5 2585%%.,. BT #h A

-”#

EE S MEAVNI R NTARLTEMET Do M D CPO &L
DIM) = (A | A RETLRZVEARS)
XEY iff X2Y (X, YED(M))
ThbBo - |
BHRIULHLSESWE. "TAFILTER M O DM A CcPO Th 5B %MK
MBI T PTHBHEIETHD, TOBICLTIESN S CPO
D(M) % . TERIECPO (SPATIAL CPOYE E o DIM) DJE & MBIR &
1l =M,
= NX
o DIM) DIEEOMARSTET. BRXKTH
n

a7 3
BDIL Xt,eeeXn OFKTH X1n... M1 Xn.
ChidEGEMEBEE LS, ‘

CPO 21X, A m*e: VO MNHEAAD ., EFICKSELEE L
FLEKEHE*EETIBEIANLSNTVWEY., COMMBENTIANILTT



68

BB, LA L. T cPo ilid,. ARMNMBEFENSARZT VN
IR NDARNWVITNHEIA AL, ARMNBLEE. XOBRZHAESGOEILC
oTHERENB ROV -TH %,

B(UT,...,Un) = (k | kSWUi, Yi.linkéd)
fHL. Ul,...,.Un I M OBFAEATH 5.

=R cPO L. CTORBIC. ZHOD0ERGELRUEINEEEIN
L, TOZO%RMNITZHBIL. xoBZABELtHVWELY .

T-EHEEEE. FRNMAOE®RTOERE.
O-EHMLIE. cPO DEKRTOEK M.

CODFl. ROWBEIRY 3L D,
WHE, DIM) DIEEOHMBMES X . HRHEMHOE®R THNRT 3,
EBA. X 2 DIM) OFBEAELETZE.X & X LOIEZMEE*®E LN
E.0M) 2NHETEMEBAZBE. TOLDODAYy PEFEISNDS, X
*EU. ESOE B(UI,...,un) B 25 L. EELY

VUit € Ukt | kexd
(VUi . 38T b DB X O Klyeooskn dH > T

UUui2 KiAa...n Kn

X B3FEEMEEEPS. D5 X OLH K T KEKIN...NKn &L 5HH»
HBo. K iE BUI,...oln) DILo ->T &2 v b X E UX ICWEKT S,

F.D MM cPO ¢V Kk, f A4 DHS DANOHAL T-EEMET

GEBH. X ¥ D OFEMES L
X-T..UfX) . BFET
kT X, f(X)DWBMBRTH 35 »

T5¢,. t PEHBPLZDOT (x) bEMES.
6‘U,UHHM ThTh.,. FRRUEOE
5. f O T-HHEBHELID (U = X))o

COHRDHIE. —BRICERD LB v, A, XKD %. 15
BRI L5BEBIE. 0 EBZEN T-ERTE TV,
M a€x
fF(X) =

(a) otherwise

BL. a BRMATHLH LT D, thiZ, KOHENIBRBZHES RS,



63

LM, =M M A5 =R DM NBIET S, BB . F A M
AH M ANOELEEBRTH L. M#anbw7 a3 P DOT X

AL, DM OELZHIE FX) b ) Tdhb, £-T.
F¥(X) = F(X)

. DM A5 DM ~DEHME F'YEExh3, H
;O\Fciréﬁfﬁé F7. FFXERZELS . 0-E
DT EAL. KOBENTEHTE B,

. veeesFN B LM B

1. E L. F1,. :
EE BT BRBEEFEDO.

M E228%7 b e ANILT ERM
DEFHHEB LIS, TOHK. XO

7

>
n

FICXOU... U Fn(X) (XS M)
T/ BAXRE. ETHR 0wy b RETH S,

AL M. a7 bTHBL S, EEO X ITHULT,. Fi(X) =
Fi(X) &%, T+ DM ODFBER ‘

x = F10Gon ...0 Fn* (x)

ODBRNIEHARODLINEBRBETH S,

-7y FERMLELOHTCHUREGWE. TOEEHNF . FHELER
TEIBRKMELSD, BIAE, 29 FMBE .M 2FE&h.0LET5E
LU, :

1/3 -2/3
F1(x) = ) +

0 1/3 0

1/6 - 3/6 -1/6
F2(x) = ) x + ( )

376 176 0

176 3/6 1/6
F3(x) = X + (

-3/6 176 0

173 0 2/3
F4(x) = ( ) X +

0 1/3 0

ELLLEDBRRKMTH S,

COBRKAKBE. YIINVAX-DTHAEZLS. XOB G HEMY ORE
FR(KBEETITH %,



70

M2 FMIM2FXMD ...2NF M) = B KH#R
MAHTHIAE*HALT. HERNWL-F U 2RBMOCHTEZST L
k0., oMM E. 3L - TR IENTES, (THEL
T . Apple LaserWriter T/~ W% & . BASIC TEH Nh -, O/

FLEFMITITHZ)

FH 1. "y F UV UHIIE MBI LB ROEHD CcPO MR
)

EtEEZHNS5,
EE 2. M * ElREHMTM L ﬁ£oﬂn fn%‘M#BMA®ﬁ¢
EffEdT s E. XD ﬁt%it WrdETtra 7 VEEN., TE—
’)ﬁ&?%o

COEHIE . MOETHIVIIRI PEEN. NYAFII 7568k
k- T,. EWMIEMEERICAZD . HIE X = FIXO)OU...UFn(X) A%,
ZOREMICELY. BURBNDEBRE LB HNAITHIE. N+ v O T 8
SEHORBETHSD, COEHE2, 2OEBELBET I LEIORIIA
%,

Ny FUCBOER HrDEM

7= il 5¢ U BB A 75 R EUHEMER (cPO)

B B fFRNF R E £ BB

T84 INF oy N TILAX -~

MELI-2Yy FEMETD L, —BHEBREEE 2 LEE 1
DHAELDBEETT o (— %ﬁuomfi>wo®ﬁﬁﬁ.+ﬁﬁﬁé
23T W TE3H. K¥BET 5, [Hyl%k %Sﬁfét‘cl;o) Fl,oeesFn %
-7 Yy FEMOBNMNEKRET D Fi OV T Y 9 VERE Li v T
hEE Pi 9B, £/, P1 L Pi OBE Di T3, 05Li<]
ThdHhH.,. HbDHEEFER E VDT,

Li*(E+Di)*Di<E (i=l,...>n)
ERBoME. AL P FREERODHKLETDHLE. FIMOEN TH
5, £oT. EH 1 #. TOM & Fl,....Fn il AThIEER 2 O
ﬁ&@%%ﬁﬁméh% XOBZEAFERI. EAX NN A F N T
T, EETLVOT., B TEMICLST7 70 - F T, —BMILHA
‘:}\6&”0

X = FICXNAAI U F2(XNA2),

F1(s) = 1+bx(s-a), F2(s) = bx(s-a) (0<a<l1, 0<b<1),

'S



11

Al = [0,a1, A2 = [a,1]
1
b¥(1-a)

1-a%*b

LTAN, TOHENIE cPO D E kT
&

BICBD, —MRIZ. XOKRABE
B ol%kE. JILAF-DOF 1 ‘

» 585,

gf

EE 3. M #3282 by AN VAl, . AD B, ETHR WL
AR VEAET MOBELLED L T35, £/, Fi (i=1,.0.,-0)
LA S S ADEEMEEETEZ, OB, XOEAHFERE. BX
MEfDo.

re Het
=

X = FILXNAD V... UFn(XNAR)

B % m«u=z—a (n=2,3,...) DV aYT7THSE J(a)
(“filted-in" Julia set) L. Z I A ¥ — ®T§b5t2‘16$/}‘tﬂ‘f5°
VaYTEAEIE.

Jla) = (z | tim g (z)* =)
tmﬁéh%# M A FEFEFHELEDE BO, | a | +1) & L. F(X) = &
(X) 9B L. F 3. DM) ODLOESGEMEABELZD ., J(a) . TD¥

WAXF-DT#HEWLBD. BHEBEEB J4(z2) O, $MABOEEEIN
. Ja) . EH® 3 OfITLH 5,

F/.u, v EEHELTHLEL

M= (u,v) | Tul<lvl+s, Ivls=2),
flu,v) = (ur+v,v)
F=f"

T EHLE FIIEKELAZD ., TOINAXF—DTEhda® Ao tdhiE. u
BB OWE (u | (u,x)YeEA) W, VaYTEAE J(a) . v B
SHHE (a | (0,a)em X, o7 I T o-E45Lh5, $72. 4
CX[-1/4,21 . = F I 70— O “"draped sculpture* ([M] B187)
E b,



72

3. AR/ EL 7T 770
EBCE. BIHOBREEMALAL b -yt -5 -0

AR ECEB 7577710 nS. Ty LT EY T UFITFT
DT ATTISVI%R, BENICER-OIT S,
| $T. oL LOFBEOREASBEHL). BE a £, TOH
4 58 B

true X& a

a(x) = {

false xé¢ a
ERI—HWIhiE xe€a (ia(x)t‘%x.bth%')o F/-. A E

(x | R(x)»
3. B RxXx) T ODHEHHBE*XRDLIRHALEEZINE., BIEDOT LFE
EEFEST. Ax.R(x) ERFETES, ->T. BF 7 2HIEEDH
EEE~AOBMBLEINE. 79yt ILDEA R=(a | 7Tacar &.
Xxa.(7a(a)) LEH B EEBLAS NS, COBMBEY r L9 5L r(r)
NEEORBALLB, §bb

(Xa.(7aa)))r = 7r(r)

-
~
-
[
"

.
-0

7xr$6m OEHBAIE. TFEWEX K. AOZH
¥ 0E LD r(r) A, ?ﬂﬁu
EihdE. 9l A

: B DT 8 &
it

4""&

v

:=3

L e
S N F
SFFURS
T O e
B3O~
A NA

AR\
e A

e

]

~A

Nk

N,

e

H

Xt
?ﬁm%g

L2 LR
gt

%
X %o Bt

v £ DA
ﬁﬁ&@f
R
2 %
t

I’f*:mnr

@—
i€
D

S REAR
kel

NGy &
ol BN O N R

B
¥
(8

-

A
ke &

= 3
S
N

~E

<

Tt %

\) = (H.B.CURRY) X .
GIOVIIZHBWT., 8
n‘i“tn'}"lih%)ﬁ(f& o TN % . #A

— F (A, CHURCH)D T L %" %fii (LAMBDA CALCULU
LE e

[R]

g&aeﬂmawm
- ol BRI

Y2 (COMBINATORY
HY - DFEH
Fox

BA

b O NE YR H

KO B e
s CRY
J4n
T EFEACUR
m%*ﬁﬁ’”EA
o B> JmOp 3\

MRS
O R
ﬁ»ﬂ#~»8

#O -

BIEMa
megﬁT%

@

CEVWTWVWSD
. IXRTHE
N s

V4

A B

1] s e 0

;Se
(2

g aNp
Rl > 5
Ny C IE R
e
N A B
MWe 7T
AR B -
ASABRSES
BRSO
N\ X i
o NEEAW

NA° S

P Sl

B 8 Ip R

o B b

= 0)

-
o O

ey -

\t
o

w' N
o o
§;-
RNy
> < pd
MANE-
AS &
AN\
CA>
N
ST
NI TR
a
®
M
H
N
L
©N
he
~A
S
N
°



73

TLTERKTH S,

el(e2)% & Ffl (APPLICATION) & B UF.,

Aa, % (ABSTRACTION) & nf:
Sto BHA el(e2) (X, el ERBKEABL.,
#—

%
ThiCAT1 e2 85 272 ¢
E A

e

*OEERDT. WH Lace . THUAL 2 &R

a — e
LEOHMBESABHMBERRT B, #>T. N- S EH#
(%) (Aa.el)(e2) = elle2/al |

AWM D. (elle2/al X, el ® all e2 I CA L2 EZRDHLT )

DXR—- Y HEBEFEDODTI VAT v T ERELZL. 05N 0OK%E
it B (LAMBDA CALCULUSYE M S, Z DD el & e2 HAXN—-%
ENOSETHUMITONDEF. el & e2 &, R-FNRT B L
= e2 LEL, D Etﬁ&)fﬁﬂaﬁ-?@qﬂ‘éo BARK.

947%)*2%51311 ’J\ :hb(D.h'("
“t'c’i%iﬂ

-
x

o H

S = il Y R
eI NIV N1

K S
AN
\

-1

AN

n

S

w

[::Tn‘t; /\
»
o
"

vaw

Jr
A
© ﬂﬁwaq w[?nmg “
[

A S >
s

»e

F
N~
m s

&H'

;ﬁ

J A
A A
&=
3|
I
o
F}Ef\'
3(\’0"
R
g

~A1°

h
5
A

<%
N O
o Ny
x}u—"*

TR AV
E&f
n¥

N R
\Jv%
CE

#
oA

“EERDEDLT v ELNDOFE
/—l:Jl/@#ﬁuﬁ EOMHM HY -

Y »at

EA AL
b =
I

S

e

e
~A o e
&S
NAF
|
Bt re
S
=5
o
€
\u%

AR 1% HhYy -
a%%%%ﬁb'@"ﬁﬁtﬁJ\o a%ﬁAav‘%ﬁ&ﬁio

ac€caliaen@BETH5B, aa) 3T 5T hH B,
TIXREBEEBEFTH 5, f OS5 LSV TEH LY L,

7a€ aldtm@E@TH 5, fata)) X7 L%yRTH B,

R=(a |l 7acaid w = la,f(atanid
®ATH5, TLYRTH S,
RERZAETH 5. W(OIET LTRTH B,
aelx | P - Pla/x172 % 5 N—-FHB|ITED
RE€ R =7RE R | w‘(w)=>f(w(w))
F & | w(w)ld f OT# &

//



74

w(w) O f FEHICHHERL
Y = Xf.(la.fla(a))(Xa.flala))))
EHY - DFERATFHLIVIREI vV BAT LV . EHLD
Y(F) = fCY(F))
THD VY RITHAELY*HEITLIEETH S,
" BRLEERAT v L. ata) R
E%uﬁménﬁ&&7A7K
F (SELF APPLICATION) & W
REFERENTIAL DOMAIN) &
ﬁu&0$ﬁ£#ﬁri
H 7 T.

%

e
9
6

0
I I
m
M
ERAASNC IR E
Rﬁ'
%o

herdl o Il
»

W So ¥ ©
o m S

OFVUGCHTZ BEHBA P

%

»4

F
um &l

()

e on | WiEN O

SBOSTBUOMwZOFEIMR
¢ G I 3] S

P o
cu
Py RO \®
d,wmm>§M&e
C T RO NN
O ONME BN
”N
N

)
‘%.

..t
EL
G
H
%
e
#*
3
*

”~~
o
~
-~

zZ
w
-
=
c
(@]
pr
O
Z
N
~A°
3t
)
(<]

NEZTOwHTAONY
\z{-—l

CETRNEYDR

o
5
ﬁ
S
e <k
J

-
HMEL., L%
4 F —(cC. STRACHEY)Q)7°
D BIRER TH S, BEm
(m]mn _;Tu A 3
EREL Tk m%k%méo

. =

El*l‘.
S E W >~ 2

<
-

»”.
2

¥

>
3

th

v ~

CROBHU T SLERN

FESFTRSSEN S
B UA
mOENC MW ~-
ess%%m%w;%

SU BEAABUWLBIANDHEYS
[u 3

NE TRNEF

N HE

EEED cPO LB KLk, TOKR. CPOODEDODY AT
FET 5, '

> A
AN
S
% -
I I
o

n
]

D Do (D, = Dl jei = id, iej C id
j

w DAIERIBELZOTT LT ER
&f@ommmthMﬂodm
%iehéo

3
o
8
e
A
S
b
S

B
R
)
bt
J=H
o
Cd

N oot st S,
P!
R
g
S
o
e
H
pYt
N g
I &=,

B
88@@7ﬁw§8

g

9

at

N

=

2%

(i
=8
T

Q
ifﬁw
0o T3
WwE O
A

PSRN B, 8
HO+m vHINTZOC

NFHONUSO g
BES BHA

S0 B
ﬂ'ﬁra ii‘?"* Y
P

i R RS IN I
|

Mt

M o 3w
R E N o
o;og
NS
X

3

™

-

M

_+

oS

J

B

¥

)

NN

e

o

WELBABNPTEHEN. HhY-D3hH
MIV—= (D, PARKIIC K> TR &ENT
m@éﬁ%&f@?ﬁ

T = iofoj 43¢, J(.L =1

A

&
NG |

AGE®S SHor°8 SOV
R“
o
8
S

S TTND NFR
=cmm
of

op e

Ao
56 4
N
SENES
Ao |

o N B
;oW

Ny
Nk

/2



75

&9

)
0

y = f7e j(L

A
jof"(_L
! D

D)

£l

K- T DER LD

K- T,

LH"QLD)=jHJ?WLQ3)

A

JCY e

CPO DB AEAVZINLAF -DOTHETHY . HDEERED

e H
i e
|| =
i L
s
20
NEY
Q
oD
mm
w2
ot T
ﬂﬂ?
PRRNN
T?
Ne
D
te
~ e
£Jo
i
E N
o O g
Y
dn:
>
Y
o e
2P
BE AU
v EH
#Om
Mo
Bl 4155 4
R

R UHT SR
e O EE Y O E
M LS H LK Q o

A1 AR

MU L UEDOHEY
PEARNCE ' Sl 1. - BV E
U R DR K
W . Q0 mw
HEELBERR L E
SIS P E L IR
M) oHvo B »M-lulhu .
RPN QN
R e AR . L3 1
THhrvLog2BED
ﬂ%ht#b&a‘a
Po#ﬁbﬁ7ﬁeb
\/Z&lu.mvm oﬂz?ﬁ@#»ﬁ
7%%%wﬁ7$§ﬂ
AR GRS
LB{INLSIURO
Nk QB O ¥ T K 0
URNOEL BN
NSIERMYEIR

7 7 &

J

7

£57

ANENE R S
FREILIBRISDEH

DREGEEOVH v
RETREREEINW
HOKEEIVUK S

XEEROESEL N

REEMUat) L
Wit JHE o
HHEOEMu®D S

S ONHBEONRE S

LRV
(B TEVEGE: - BN
BEIE S N0
W o3 FdUee
YWY oK
SHERUME N
MEER QKN
LHe S SN
WL IReyv
PRV T B S I o
W e 0
DL IR
T oSttt o
oy . ¢
BEHrWHYRD
, AU R i
MHNER QW
DR IBRPYVIN
L*LEIYIVIL oM
DEHYWO I
I NTORVE S SRR e
LR Lo
KU HESLN
W NSHURS

b s=Abu—-ATFELESHFT I LD

X ik

Its Syntax and

The Lambda Calculus,

Semantics, North-Holland, Amsterdam,

[B]l Barentregt, H.P.:

1981

Indiana

Fractals and Self-similarity,

[Hul Hutchinson, J.E.:

1981

Math. J., 30, pp.T713-747,

Univ.

On Some Properties of Set-dynamical! Systems,

[Ht] Hata, M.:

{3



16

Proc. Japan Acad., 61, Ser. A., pp.99-102, 1985

(Hyl Hayashi, S.: Self-similar Sets as Tarski’s Fixed Points,
Publ. RIMS, Kyoto Univ., 21, pp.1059-1066, 1985

[M] Mandelbrot, B.B.: The Fractal Geometry of Nature, Freeman,
San Francsisco, 1982

[S] Scott, D.: Logic and Programming Languages; CACM, 20, 1977
[SV] Soto-Andrade, J. & Varela, F.J.: Self-Reference and Fixed

Points: A Discussion and an Extension of Lawvere’s Theorem, Acta
Applicandae Mathematicae, 2, pp.1-1V9, 1984.

14



77

T8 ZILAX-DOF#HALLTDI v HHRKR

T8 1.

PE QW T
HE HEHRIw
LE L QivEM
BH SEsw#
® L EE
QI PR
a/n.mllcg o,z_
Elv . O0ENE

N JEY Lo

CNREQOHE SN

HeEMRVLS

o B g B D

.m.AﬁA o 1< M

PN SN RE
HavnviRyN
LOg oW S ¥
RRNMNNIwwL
- AV~ RSB TCE. o
HEDINDNMSPR
LN MBBRK
b oo <,
M KowwH
YN 3= ¥
Mh%mﬁﬁQK
L3, &N SED
xﬂ%uvmua

@@ﬁﬁxﬁu.

HMct\t&
RN R TR
VEE S S wBK

Radious? 1
Depth? 1
Depth? 2
Depth?
EIiITH

t
9=
I 1

e



18

0 *‘Initialtize

0 DIM K(20).SN(100).SR(100).SX(100).5Y(100).DEPTH(100)

10 P1=3.14159263#:C060=CO0S(P1/3):S160=SIN(P1/3)

)0 'Input request

30 INPUT"Radius" i:RAD

0 FOR I=1 TO 100

10 INPUT"Depth" :DEPTH(1):1F DEPTH(I11)<=0 THEN 100

)0 NEXT 1

.00 READ SON

10 FOR I=1 TO SON

|20 X=0:Y=0

130 ON [ GOSuB 1100,1200,1300,1400,1500.1600.1700.1800
140 X0=X1:Y0=Y1:X=1:Y=0

|50 ON 1 GosuB 1100,1200.1300,1400,1500.1600.1700,1800
160 K(I)=SQR((X1-X0)%(X1-X0)+(YI-Y0)%(YI-YO))

|70 NEXT | :

00 'Begin drawing

210 CONSOLE .,0:SCREEN 3,1:WINDOW(-1.61,-1.01)-(1.61.1.01):CLS 3
220 COLOR=(0.0):COLOR=(1.1):COLOR=(2.6):COLOR=(3.3)

230 COLOR=(4.5):COLOR=(5,2):COLOR=(6.4):COLOR=(7.7)

300 'Main Loop

310 FOR I=1 TO 100

320 IF DEPTH(1)<=0 THEN 380

330 COL=1 MOD 6+1:DEP=DEPTH(I)

3140 ‘Call Root

350 SP=0:D=1:R=RAD:X=0:Y=0

360 GOTO 500

370 NEXT 1

380 END

100 °'Draw circle

110 CIRCLE(X,-Y),R. 7

420 PAINT(X.-Y).COL,7

430 CIRCLE(X.-Y),R,COL -

440 IF D=1 THEN 370 ELSE 580

500 °'Recursion

510 1F D=DEP THEN 400

520 *Call Sons

530 : SN(SP)=] :
540 ON SN(SP) GOSUB 1100,1200,1300.1400,1500,1600,1700,1800
350 ~ SR(SP)=R:SX(SP)=X:SY(SP)=Y

560 D=D+1:R=R*¥K(SN(SP)):X=X1:Y=Y1:5P=SP+1

5370 GOTO 500

580 D=D-1:SP=SP-1:R=SR(SP) :X=SX(SP):Y=SY(SP)
590 IF SN(SP)<{SON THEN SN(SP)=SN(SP)+1:GOTO 540

500 IF D=1 THEN 370 ELSE 580 '

1000 ‘'Son

1010 DATA 4

1100 'TI1

1110 X1=X/3-2/3:Y1=Y/3

1120 RETURN

1200 ‘T2

1210 X1=X/3+2/3:Y1=Y/3

1220 RETURN

1300 'T3

1310 X1=X/3%C060-Y/3%S160-1/6:Y1=Y/3%C060+X/3%S160+1.7320508%/6
1320 RETURN

1400 ‘T4

1410 X1=X/3%CO60+Y/3%S160+1/6:Y1=Y/3%C0O60-X/3%5160+1.7320508#/6
1420 RETURN

/6
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