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Janus DLk : BLHI D EN T 1T/ BRI ZE LI
WX DYRIR s =20 lald o=

e then s else s fi e |
from e do s loop s until e |
push(z,z) | pop(z,z) |
[focalfz=€¢ s delocalf{x=e}l— Jlocaltzx =€ | delocal tz =¢e |
call ¢g(z, ... ,z) | uncall g(z, ... ,z) |
skip | s s

B X E R R D P 5k

x ¢ dom(o)

OFempr €1 = V1 0 Fegpr €2 = V2

hocal 0 Fstmt Llocal t xley] [eo] = {{0}} =
z ¢ dom(o) (B (< (FHRBNR AL D
Del I o I_eacpr €1 = U1 o l_emp'r €2 = U2 Eﬁﬂﬂhﬁﬂ‘g)

o[z [01[0] 0] [x[v1] [va] + 0]
Fstmt delocal t xle;] [ex] = {{0}} = 0o
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t[4] [4]

t[6][6]

local int t2[6][6] =
call swap(t,t2)

{{0}}

delocal int t[4][4]

local int t[6][6] =

= {{0}}
{{0}}

call swap(t,t2)
delocal int t2[6][6]

BEHI D HR K
= {{0}}
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procedure CA(int t_end, int conf[]J[], int rule[][]) rocedure gmap(int ci1[][], int rule([][])
iterate int t = 0 to t_end local int c2[size(cl) + 2][size(c1l) + 2] = {{0}},
Icall gmap (conf, rule) int u = 0, int 1 = 0, int r = 0, int d = 0

end 4**50)%*5 call table_expand(cl)

iterate int y = 0 to size(c2) - 1
5 2D-RPCA P, D2 ) — Vi Ialb—:

iterate int x = 0 to size(c2) - 1
call get_ulrd(u,l,r,d,cl,x,y)
local int t = O

[call lmap(t, u, 1, r, d, rule) |

t <> 21T mmsma g

delocal int t = O

procedure table_expand(int t[]1[])
local int t2[size(t)+2][size(t)+2] = {{0}}

call move(t, t2) // zero clear t ensnd

delocal int tlsize(t2)-2][size(t2)-2] = {{0}} call swap(c2, c1) // zero clear c2

local int t[size(t2)][size(t2)] = {{0}} delocal int c2[size(c1)][size(c1)] = {{0}}, int u =
call swap(t2, t) // zero clear t2 FRH|DILEK 0, int 1 = 0, int r = 0, int d = 0

delocal int t2[size(t)][size(t)] = {{0}}

6 2D-RPCA P, O KIRBIEK
7 ESIDIEK

EITRFEIZEEHIL 1=
AEVFERE = EHE 17




[R#,KZFE18]DHLhaR DEEIZFITT

®|=r | =1 U =y
FH¥a, FHa, N[

] Exty ¢
K¥Fa,’ S EE &¥a,)

@ . JHER[ W ET E [Bennett89]% it
2 P £HE | 2 1.OTa oo T3 %55
#FHa, Fxa, 2. é:ll: —+%

. 3. @'Coz Moo LT3 %G5

(g?fl?é‘i;ffft) ZHH |4 @@E’Ca &:1 Moo 55

' 522D o {—19( d’%;
FKHa,’ S A FHa, 6. @@i"ﬁ'@a (LTS b o ZH/D

i

M




HX
o [(FLMIC

o Hm, HEE , BBY-3RRE
o AW RNE|t)LA— I*'?I*/(1D RPCA, 2D-RPCA)
o AIWEEICLSHEIH

o RHEDEREFEDIIZEIE
o HHYIC

o {Eim, SERDEE, SE XM

=

19



i
o 2D-RPCAMT[#FEFELTHER
o EFED2RITERREDRIADIEE
o JanusDIBEX LB ARERADILIEK:
AT ENRI SR, BT/ AR DL
o 2RITTIKHEDRIEDESTHIEFDIRE
o r-Turing5E &M HIlEEAA
o FENDAHBRMEDEINNZRAW -EERIAFIZEE

20



2% 3k

[1] Moriyama, K.: Reversible Cellular Automata from a Programming Language Perspective,
Master’s thesis, DIKU, University of Copenhagen (2010).

[2] BRI FE ARV -A#EIL A —r b DY) =R 2a b — 3y,
LUK ZF2013FEZEE /X (2014).

[B] KM ZX, KiEHRE 1 Rua#t/L-F— bbb DY)—2a#s2al—2 30 DER,
B UK 52017 4 B2 K5/ 3 (2018).

[4] Lutz, C.: Janus: A time-reversible language, Letter to R. Landauer (1986).

[5] Yokoyama, T., Axelsen, H.B. and Gluck, R.: Principles of a Reversible Programming Language,
Proc.CF, ACM Press, pp.43-54 (2008).

[6] ZEE—: ¥ E, A AEFEL (2012).

[7] Bennett, C.H.: Time/space trade-offs for reversible computation, Vol.18, No.4, pp.766—776 (1989).

[8] Morita, K., Harao, M.: Computation Universality of one-dimensional reversible (injective) celluar
automata, Trans. IEICE Japan, E72:758-762 (1989).

21



