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BATCHA 27075 A4F3YyAT7A2ERLLEIETEIR. (EXRHETI
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RREMZT7O S ATTHEN RN Z, TORMBR YZAFL00RKENEL
NRZIRBLRNVIZHBIEWHEERT, £WA2EA LT IBORERICEBH
ha, 7ol 547 TRt s0MicRkRRAT I nwWIBBELEEI., Fxi2HEl
REDIEZW,
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:1988), A AIF. KBHMAEZ SO HBIIEBEEH FLLTEZh ZHEED
BEhoHDEHEFZFH>TEHAICHEERT S (R BERICLELT)Y VAT
LELTHRENE, TTETRLHARHEATHSDIWVWHIEEWROPNEEZERL TW 5,
—FH. ARLLTORMEI, FS—IcHMRBLLT. SYyarun@thhokTHm
ThBITBEY, BIUCREARGELTERINZICHREZW, TODEI2E
FIVWTEBEBIREZLEFE HEBIR LIS TYRATFLADADIZE{IESEDTH, ¥ X
TLEB (REH) BRUTEALEZWRITH 3, L LcAHPOMBIEXNIC &
D, ({KHPEBEEIPELTI'SE RENVDEMRBTIRABRABELTILX Y 3,

:5LT\%58WEtmmﬁwmeu,ﬁ%t%%tﬁﬁ“*ﬂﬁa
RMIcEE|2ZLEN B, WNETHL, RBER (FRSVF) EER (FRVA
=) BB ATVME (N ERINWEYITFARZZIZITRECAE R BRI
S1) T, FIRRELFAMEMNBEBETIRRICEEMISh S (XHTIX. KR
ERELEBEROSBAITRENSHRELT. AR ELBKREMIBTERZWEWIM
FTHRHATH), LTANCORMBIE. BHEPDEXOhRTPREBMBRXhT R
Mok, EIT. TZT. COREF#HHE (EARHEIZBETZ3T0 54X
RBfE) KCEERLZHT. ¥ m@mezsBBizon Eicu@icBRZO
MEBHOEMIZLESER 324793, Bgkic, xdNhicHLTEDES R
P70 FERo>TWENEZERBAL, COMBIzdIT I3 0BEEEZBMEL 2w,

2 BErEROFTH

HERAGC., EHoBib 2 EPEETH S, T2hb, ERMNARHK
MAER T MR BREASLYDBLTHEIGh R W, TORBRIE. N¥ER
DEELZANVWTHUTOLIICEDLTZIENTEE2Y, ERIEXRSROKRZ
RBLLT. BEIRBHMOBKI: R">RELTEREIZLD (BiELHHEHLE
ErifunctionT H B3 LICiE®)., ST, RBZEKONBEBL S AL

feHon(R", R) (1)

FHRBMREBEFRX LS (Hom (- , )L - NOE*ADHMEBOREG). ThEFR
GRMMEMBEIMMBMILAEDOLLTERZI LI, AWHRMITL > THEAN
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—HMBEIN ETANHOCHEINIPBAEZTITAHBIL, £0LSCEB=#
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Hom(R, Hoa(R", R)) (2)

NDERELERX N, ARG UYFEFTRVALA I —DEIBMAERWEINIERNE 2
bhad. Tix. X (1) & (2) LREOBIZHFMEBRLMELTWIOTH >
SM? BREDORDEWITEH-»T, RS VPR ARV ALY —JESE OB YN,
HBEEATLES, ChEMBDPIETIEDICH, FF ARG —-T S
ET P VIOV EBOTAHABILIRL & D

ARYY—=T SOV FRFUFEIRVALAY—DEMNETHALZ WE
BMABEERULE —Ric, BRI 7 - LR ICSHETH 3N R IcHORS
ZHRBBEHENZWEAZZ ZHh T W3 EhRBEDOEROEBEZBBLTWE W,
iz, ANHMORINTATHSIRIIS6HREL, RXEBICBET3Y Y92 2%
RIEKBELVTERL, ¥ YT 1722 RBERTEELE (2 TORRER
BRCOBBENOGHMMBEENDZ), YUY IXATERANIGHIT, T TRARR
o TELISEAXIcHE_Z SN B, HPTEIHGHIIBEEHTH I LEEL.
FEGHEERZESTRL, BEHERMOMHAAERLALONEY YT A IR TH
3. TOF. YUY IRATHRMEhIMERSLENRSE2ENESF. x6ic®
NELETYTAVADERERL YA BT 3. CTOEIBEIYF AT RE
YUY IADRBANBBE, —RIEBEHREIRETCEZVWGHORELEZ T L 12
%, TOESBEAEEIR BIBHIODIARLTEWNWEEZELHIFN 3, LhL.
FRANERBERNIPOIRIERBBR I YT A 2RV Y Y I R0BRANKI
ERZRETCEZVWHEOREXH THITRZW, BAOABTERTXN 22
S5O0HFER POIEABETARORSTEIRAWTERTE I LT SE2N. B
RERHMEOHRLATNITHI DI, TNEEFLX 358, TOBND
T. HOEBEBEREWEBL23 (BAECFBEED).

ARYY—=-T 539 VOHMENEARI. UTO2EHKTHBLILIIRRT
B0 B, RAORRMREHINSGHEEONEDINT. BHEREIBZLWSH#H
FFEABEBICBVWTWALARIE, BX3L WO BELENZIhELOLEMLEL
THRELXBIEZEBIZIVWLWSATH S, TZT. HABZHMLELTOR NN, XK
ABZELTEEMAIGNIRWLABALTHISLAHEMTILIE. FAETH
2H, WAZHBNELTORYR. RAERLFIET IR TCHITESLTET
B2 W, ZThAPHCFBO—-KNBATH S, H_Ic. BEFELHMTHHNT
BEWIOIHEN, ~RICHERIhI IS, HIRIEHABTHMEBEATWIEI DT
2w, BOLXAALTDHDULULAFBHERERBLENAZWOTSED, BRHELELE
WFED, ERTEZWHHBEARMERBEOT S 5,

B—OERIZ ¥x3{Ta2802ToRANwiERIcBET 5, # - T
AR EEBMEAXETITIBALRMBEALL BUMAs A LELD ST, AR
CHSFENEERNEETH 3. & T. Yy UIHNBHLUEEEIRLETSY
'R, WA RBENTERIhEERUELONTERL, 2N EHE
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), p,ae {0, 1N ERTIMH. KU T3), MERSA FEONEAMEHIcET
WRLELE IMOBHRERIOGKIELYTF 42, FRIZHBETEIIYVSY
TAAWBRTHIEN,. HOBMTH27=, L, QLI EXMEENTR
LELZAT, ¥RB_08AICHMINIETHND. TR ENARYY—=-7
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LHFB, hige)l - - b2 PUVDERTH B, CITARYY —-T 57 Y
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RT. ¥2A3REAIBSTERBMNITITWEDTH B, DEDARYY —-T 57
Vid, FOLOSRZLHNBHENIICETELZWI LT, IMNERICHRTRETIRZ W
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IEENEZZLZE S (2) OERSEFBRHMBELEEL TH, 22 1 H5
Ttk THBRMBI O ZWHOLELHEMT. ¢ THRFAITSNI-EABEELY
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M. REOMBEROBEELIZ. RODVDONSA—FEANVWTH
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BAMIZTEBNo>TWB, —H, BREMOBHRIELRVIC, BEIcL3EKHME
BIEMYT B, B> TH» T, BEOTMUMBA R EMELEORMEEKRL TH

4



RT&E339¥THs, LML, TCIcHMHBEOBRITIYN S B, BEINES SHEIL.
COFMUPBICLEDEIIIEEHLNDTHEIIN? LLAMLRZIBOETHE S S L.
FThRBEEFNPLGT7IVBALHRITIBOBNE, LT, BEAESHEMAEIZH,
MBHMBAEERICYHL, LREEIZ30TH 3. DFEN. AMHMEEITTVWBEIENDS
ctl} oD, —HATHEHIDZEREMEN, MATIHELXVERKETL,
BT HLHBILWHIIL2OTHB (Fig. 1), 2k chizaROMEHN
DERLER B,

TR FIAIEHMRMBEEHORM (FIRVLAY—) X EHFY
YNIBERRAA9FLLTAWTWE, BREFDXAAv FiE. B FOIEKME
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AR TETTIRMICH->T. RIRMTRMEBERNZLZARLELS LT 3 L.
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ALLLARYY =TSy vORELEMBEZOT S 5,
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IFROBHRTOBRBRELZEMIASRALDILTITRIE. BHITEWT
DLULABHOTA2W, ABPOREBY BMETEINBZELIA2D0ETFVERICEE S
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OME)e TOAXAILANORBRBFTREELZ EFNVEBRUVRLVICHERET IR
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Frxik. CO. HIEFMIcH-- 28Rt 2 #ELSKRADEH
MEREL, RENLBEAOBHMERELWS_>OFKHBHAAWT. UToR
ERET AT, ZHO0RHABMEBEBSFICEI-2TIDLT. FHIMNXER B, Fhid. —
DOFHEMEICHETIMD. RETHEAE (RHFRHMIZA--2HERENEBEOFE) %
MHELBLZW, THALTARYY—-TIovDTRBTIRMEE. #BE>EKE X
¥Xo>REOWMENOGHES” BRE” oKL LTOABER X B,

1R LEICHAZEERIEEZEZX, BRORBIZ1IN0OTHSERET S
(Q={0,1}), HEAIX (4) tALERA 23, RV BEKBENROA LH
HEM T 3. BRLbHRELBAEFE R L D

0 R={

R,=

£:Q3>Q}
{te R: £(0,0,0)=0, f(a,b,c)=f(c,b,a)}

I T

EEMSEBEAORMH: [:Q3->Q (FAHOEHEHRER)
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YAFLDEH: R={{}OHTESA R,
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BT 3. —BOEFILTI 1E2EFHRTILN. ZOFMBERLERT 5=
ETHN, Ehd ROWNEIEI6Y. AEBZHEEBIAMIhIEHE L L
THREhIS, HEXOETFNTIR. 2—5ickD. lic@kbrWwWiREHHIERR
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Boxit, OMNGA4MMETOXNEBBoxkHBH, TENLS5216MDBox%MET ST
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’& O &
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WMAFHL e dQu={0,1B 2V e Qu={0,112BEZLTH 2

min min du(B'’(B2 (2 UEIUE’), UE) (10)
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E'D) EBRATBLEVIHPOEIR, UTE2WET 5 2R R LTH 3,
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Summary

A living system contains a dynamical hierarchical structure in
which operand(substrate) and operator(e.g. enzymatic switch)
cannot be separately defined between any pairs of upper(non-
local) and lower(local) dynamics. Hence we regard it as an
unprogrammable system resulted from self-reference. When we
define it by a sequential machine, unprogrammable system is
replaced by a system whose next-state map is one-to-many type

g
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mapping. One-to-many means indeterminancy a priori, however a
value of output is decided a posteriori. The problem arises from
how .to talk about indeterminancy. In order to express this
attitude, both forward- and backward-dynamics are prepared in our
model. However local next-state rule can be defined by a map, we
find one-to-many type mapping of a local rule in a aggregate.
Therefore we utilize non-local backward-dynamics by many-to-one
type mapping in order to express what do not obey a universal
local rule. This is first attempt to formalize a living system
as unprogrammable system.

Cellular level A —————e. B

YN
et .

Protein level € —————— Hom(A,B)

enzyme switch

Fig. 1. Schematic diagram of biological system which is expressed by an
autopoietic hierarchial system. Note that operators of the upper level
dynamics cannot be independent of operands of the lower level one, and
that all levels proceed synchronously. See also Conrad(1984).

Bi 7

Pig. 2. How to construct flow diagram for reverse automata. (@ ,8.Y)—>
d represents a transition rule in Rs. a,8.,Y and d are elements of
{0,1}
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tr-r90

[e] o]
QO

Fig. 3. Flow diagram of reverse automaton corresponding
., rule (R90). Each Box represents the state
ai(t+1), ai+ (t+l)
a:(t), ar+ (L) .
‘Note that each box has two next boxes.

to a sujective

~

A ‘o

P

___.,;____
O

Fig. 4. Sdhelatic diagram for the evoliton of autonomously emerging
boundary model. External observers recognize the transition from C: to
Ci.+ as the time evolution. f represents the transition rule of

elementary cellular automata and G represents time-reverse automata with
Micro and Macroscopic PD.
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