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Nonlinear computing with switching map systems !
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Dynamical systems based computational theory is studied. We demonstrate the ability of
simple switching map systems to solve non-trivial computational problems. There exists a
switching map system with two types of baker’s map to emulate any Turing machines. Here
the baker’s maps are corresponding to elementary process for computing (‘cffective procedure’)
such as left/right shift and read/write symbols in the view of Tuirng machines. Taking other
nonlinear mappings as elementary process, the dynamical system can solve various problems
in different ways than classical Turing machines. We call this kind of computing ‘non-linear

computing’ and analyze its computational power on a point of view of dynamical systems.

1 Baker’s map networks & Turing machines

EE GBI EET )V TH % Turing machine & ZKITR 3B ER (Generalized shifts) &
MEMTH DI EM C. Moore IZKVRENT=N [5], COFEREL TIITRYUDEXERR
(Switcing Map System) Z AWM ETTINEEZ 5. UOEBEXERRLITIUTOLD
BHDOTHB[9]. (i, fu)ZzeR" O MEOERDHLT 5.
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F.(z)=(g(n), filz)) xr€ Xy (n=1...N,i=1...M)

DETUEZDIAI L INETEHEZSNTWAYEBAERREZUERBZAERRELR.
ZTNIZF ORE, g(n) 3EKR Fy,) N\OSNVTH 5.
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& <IZEAFD 2 DD baker’s map DA f; = Bi(i = 0,1), B&L z = § TOMEMD
LBYVEZ g(n) ERRE, ZOYDEXEER S(By, B) & Turing Machine & %fi72 505 #
EREBIZES. 3

~ (Z,2y) y€[0,4)
By(z,y) = { (3—‘2*1-,2,1/ -1) ye [%’i)
(2z, ‘y;—l) z € [0, %)

By(z,y) = {(21,_1,.1%) z€[3,1)

gn) = { m TE [?’ %) (ng,n1ld 1...N ®SB50nThh)

ny x€[51)
ZZTHROBRERZE KRB ELRZ IR ST, #1213 Henon map DX D7z HEka EEH{HE HN
5T EEFE, ZOIREINLY) DB EHRIE, ERHIC X o TERICE A Turing Machine
DREN%E LEIZEEENERD I LR 3 [8]. ZOHEIIERER (F121F [1)[7) WTRIL T&
WILONEETHS. FLARNZEEY, EREGHERICE-ZLHEE2EX DL, 28OHEE
2BOMEFRIUFRHITHETESIERELD, ZOH#RII NP T2MEE ZHEARMTH Z
EMTELZENDMNS. ERITIIZ O & ZEA 2N % Henon map DEIEZE n-bit DR ETHEE
T 24 DIZHETL baker’s map O n iU THEEMITHWAT 5 ENFREIND 2], £h&
RN 723 TR, ROEBBONA ABEDGFEAR AR T LK D ELME (halting
problem) DESNEFHBELZ TV O DITHIREI NS [3].

2 Examples

PATIZ Chomsky FEBICHINL 1= EEDORHER % S(By, B1) THRIRL7ZFE5X 5.

Parity checker (RG):

Parity check iIZANFNCEN S 1 OBOBAHOHEZ THHETHS. ZOSEBITERSE
(regular language) T3 VK 1ED K 572 FSA(finite state automaton) TRETES. —RICH
BRA— < ko RAHEICDHE< Turing machine & ZHli72 0T, Y10 X EHKFR S(By'. B1)
THERR T & % Parity checker |3 x FEERD 2 ERBHIC 1 NMEFEERN S & (0,0) 17, FHERN S
L (0,1) DAL EEEHICHIET S, CONEROUMEMSZODOHET T NI Npg = 1, £
Lyapnov {883 Agg = log2 TH 5.

Dyck langage recognizer (CFG):

Dyck language \ZANFNZHEND (& ) OBEHEZHETLHETDH 5. ZOSHERIXIRE
H 538 (context free language) TH DK 15D K 578 PDA(pushdown automaton) TRETZ 5.
PDA R —7 O QR I AR (A5 v 7)) &0, ANFIZARERSIC I D
X B4R S(By, B1) THRTZ%. Dyck langage recognizer |3 x BEED 2 ERBAFR D0 & 12

3 Appendix B8,
YHEING A—%—O Henon map (3 E I REBEIIEDT S(Bo, B,) TREHETES.
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FOBERTESENENTNSE X (0,0)I12, TDTRVEE (0,1) DAREBERICEILTS. A
A OBIERZAS 7 NEES T INEWIITBHELAEDIDT, ATOESZE n, ANWFIHD
0 D% mEBEXT ML Nepg ~ 2, 8 Lyapnov 58I Zlog2 < Acpe < log2 = Apg
k25,

1: Parity checker (2£B4) & Dyck language recognizer (FK). #IHREBIZZEN, )0 EXH
EERIZ 01 THEATH S,

Primarity checker (CSG):

Primarity check IZAAFNZEHNS 1 ORORBEOHEER THMETH 5. Z DO E BT XUREK
%5t (regular language) TdH DK 3D & 578 LBA(lincar bounded automaton) TZHETE 5.
LBA 37— 0 EMC AR B 2B E, ANFI+ AL S 2 AERIIC ENE D BX 5/
% S(By,B,) THRTE%. r BED 2 #ERN 110%11 TEX 5N 2 HAH#EIZKHL T, Primarity
checker 1« MBERDF S (0,0) 17, BREOH L 4p + 2 AHGUEICPERT % (K2). 2T Tpid
(2B EIRNDOEREBKTH 5.

Prime(7) Prime(9)

B 2: Primarity checker DEHET OV A 72 AN L 2HE (K, (0,0) IZPORL TEZERBIZA
%) L 9EANLIERE (AKX, Bl 14 OFREAWIMR). REIERICHFEETDIOTIDAFER
WARERBOARRERAMNBEZ DS, TLIEFMEERBORNYBZANICHL THEAMBEZ HD.
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3: Primarity checker

Minsky’s universal Turing machiene (TM):

771 Turing machine YD EZX BHRFR S(By, B1) THRTEZ 5. K43 M. Minsky iIZ&> T
EZo5NTeH A ZD/NIWTRE Turing R TH 5. Z O FERISEREAIREREED 2 KouhE#h
FROBRINZEBTES. F4OYVEIERZOBEINHHEO —HICHDAEND Z &I
3%.
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3 Discussion : Non-linear computing

SHROBHALIFGHETRRBOEEIIOVTERT 5.

Non-linear procedure:

STHE O FEiBEZ baker’'s map UADERIZT B EMANEI B2 50?7 2 HITHK >z Parity
checker 1T 2 RDOIEBRBIMEEFDOEREHAIAATH S E baker’'s map ZHNWEHEERRY, &
BBRICBVTHEDOREN R 58 machine DWERREBO BN EE TS (K3). £270)
T LADEEIZH EHNEL XEOBEBRNEEIT/Z>TNS I ENHN D [6].

X 5: Primarity checker DEHE T O+ X Parity checker O PERIREE (£X) & Henon map Z2E &
AT AIA AT non-lincar parity checker O#IERNEKEE (A1), 4 DONERREZ AR
JU T/RLUTWA. Non-lincar parity checker IZIZHLUEDIRENASND.

Non-determinicity:

VAT (TM #BTRT—7 0H bit BLE) 2RELZAV ¢ RTH X 5 EROFERITFLH
ENTHE S FENC K D IERERNT2 D FERIE—RRITHEL TWL. 20X S REERRIIIFRE
£ Turing machine & XL TE, BIETREBEB ORI HERILD.

Parallel interference computation:

COFRTRAUFGHEIERTH2E/ROBATILICLOEREINS. LT OB ARENF
BLHOEORUEFTHHBEOETIVEHBRL, ZOLIRROMBIL (FH) TOWTOEEE
FPRIIZE AT,

Computational flow:

Generalized shift @ & 5 72 R4 HRBBOTERIIBEIC L > TERITOBE S MR ER N F R
CHDADZ ENTES 5] BEEL TH AL 2 BiTHRZ UTM % Poincare section IZFFD XK D
73 flow ZHRL , TONFRHOEEERNTITFETHS.

FHRBEFRROBMAEZERL LY, BRATHERZERA BN LEVATRN. SHORE
L TRBEORSPCHFGE T Ot AOFHE Vo W EH BB AN L ZFRLED A
B X LERHL, FHIC X588/ 2 SHEICBNWT, non-trivial Z2EHEEEN 2 H DERITD flow
ERER, RITTHTETH 5.

S(5] TIREFD L 572 flow DHEENRINT N D4, BAKICHRL 2 flIXE .
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Appendix: S(Bj, B;) & Turing machine & DXiG

2 25 Turing machine D F—7 2 MHER D 2 LB EHLL, Ny RLX D EROESF
Z oo RO 2 #EH, EHOEENE y BEQ 22 ERMEATT—7 %25 (,y) € [0,1) x [0,1)
WWRIREH® S, ZDOEE By & B 3T F4 machine DET T b, BEUEI 7 hitBEE
WADBECHYTS (K 6,7). A7 MI Byl = BjoByoB), £ 7 M+t BEEHRAIT
Bi' = ByoByo By TRAN, z = 1 TOMEMOLEN L 2ELHEE~Y R FTORLE {0,1}
DFTAWOITHINT %. PAEIC halting BEICH ST HESER [ 22D THRSNZYOEAE
#% %13 Turing machine DS ERIEERITTZ 5.

=>
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Lol T [oTefrEefof 1o e o] T ] To T To T FBT o[+ ToT o o+ ]

B 6: By & TMDETT b

- =

[el [T+ Jof+JrEaToT o e o[+ ] T LT o B ol ToT ool T+]

7B ETMOEY T b+t B EEHRZ
HEF

b EE CRAER), it BALA (BREBT), 1% &2 (CRL), #&4 # (JAIST), liO #AZ (4t
RE), WA H=2 (AR, Bk JAES (JLKHE), &k ## (RIKEN) RICEH#HL £7.



e &M

SE

(1] L. Blum, M. Shub, S. Smale, “On a theory of computation and complexity over the real
numbers: NP-completeness, recursive functions and universal machines,” Bull. Amer. Math.

Soc., 21, pp. 1-46 (1990).

[2] J. P. Crutchfield, K. Young, “Computation at the onset of chaos,” Complezity, Entropy
and the Physics of information, Addison Wesley, pp. 223-269 (1990).

[3] P. Grim, “Philosofical computers,” MIT press (1999).
[4] M. Minsky, “Computation: Finite and Infinite Machines,” Prentice-Hall (1967).

[5] C. Moore, “Generalized shifts: Unpredictability and undecidability in dynamical systems,”
Nonlinearity, 4, pp. 199-230 (1991).

[6] J. B. Pollack,“The induction of dynamical recognizers,” Machine Learning, 7, pp. 227-
252 (1991).

[7] M. B. Pour-El J. L. Richards. “Computability in Analysis and Physics,” Springer-Verlag
Berlin (1989).

[8] H. T. Sicgelmann, Eduardo D. Sontag, “Analog computation via neural networks,” Theo-

retical Computer Science, 131, pp. 331-360 (1994).

[9] I. Tsuda, “Chaotic itinerancy as a dynamical basis of hermeneutics in brain and mind,”

World Futures, 32, pp. 167 (1991).

[10] A. M. Turing, “On computable numbers, with an application to the enentscheidungsprob-

lem,” Proc. London Math. Soc. 2-42, pp. 230-265 (1936).



