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int s_banpei(int datal[l,int next[],int prevlI],
int *tops,int key)
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int f 0;
while (datal[*tops] != key) {
int x data[*tops];

spop (data,next ,prev,tops ,&x);

}
if (xtops
f

1= 0){

*tops;

}

return f;
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local int x = ¢

T[] int x = c; |= push(x, g)
delocal int x = 0
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- TTs1]
if (en) push(l, g)
T 51 = else
else
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push(1, g)

from top(g) =
Tl[sl]
push(0, g)

until !7Tes]

. 1 loop
while (ep)
s

push(1, g)
from top(g) =
T[Sl]
i+=1
push(0, g)
until !7es)

TH for (i = 0; eg; i++)
S1

1 loop
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procedure spush(int datal[],int next[],int prev
[1,int tops,int x)

local int i = tops+1
datal[i] "= x
next [i] "= -1
prev[i] "= tops
next [tops] "= -1
next [tops] "= i
tops “= prevl[i]
tops "= i
delocal int i = tops
O 4.2 push
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1 procedure s_banpei_r(int datal[],int next[],int
prev[],int tops,int key,int f,stack g)
push(1l,g)
from top(g) = 1 loop
local int x = datal[tops]
call spop(data,next,prev,tops,x)
push(x,g)
delocal int x = 0
push (0, g)
until datal[tops]
if tops != 0 then
push(f,g)
tops
push(1l,g)
else
push (0, g)
fi top(g) =1
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procedure s_banpei_b(int datal[],int next[],int
prev[],int tops,int key,int f)
local stack g = nil
0 local int ff = 0
1 call s_banpei_r(data,next,prev,tops,key,
ff,g)
f ~= ff
uncall s_banpei_r (data,next,prev,tops,key
,Ef,8)
delocal int ff = 0

4
5 delocal stack g = nil
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procedure s_banpei(int datal[]l,int next[],int
prev[],int tops,int key,int f)
local int ctops = tops
from ctops = tops loop
local int x = datalctops]
call spop(data,next,prev,ctops,x)
datalctops+1] "= x
delocal int x = datal[ctops+1]
until datalctops] = key
if ctops != 0 then
f "= ctops
fi ctops != 0
delocal int ctops = f

044 DOODOOOOOOOOOODOO

0 4400000000000 00DOOODOO
00 gOdO0ODO data,next,prev,tops,key,f 00O
ooooo00oo0 3800oooooooooooo
key=datalctops]UO DO OODOOOOO ctops=tops O
gogobooobooobobooobbooobboon
oooooooOoOoOooooOoOoooooOosoOO
call spop(data,next,prev,ctops,x) 00000 0O0O
O000oooo0ooo9-1100ifo00ooooon
ctops!=00000000 3000000000000
gogobooobbooobooobbooobboob
00000 £0 ctopsODOODOODO

041 000000000 DOOOOODODOOO

oood oooo
ooooo 14M + 45 + 8 6M+S+1
ooooooog | 3n+2M+S+2 3n+4
oooo 3n+2 3n+2

04100000000000000CO00000O0OO
gooooooooocoooooooooogifogon
goboooobooooooooooooooooooooo
ooooooooOoooooooooooMOODOD 14
o0e000O0D0O0O0OOOOCOOCOOOOODOOOOOOC
ooooMOOO0OO0 200 0000000000000
goooooogoooooobooooooooooobooo
oo0ooooo0oooooooooo0ooDo0 MOO
goooooo

042000000000000000000000AO
oooo0oOo0oooooo0o000oD 420000000
oooooooOoooOoooooooooooooMO
gooooo

043000000000000000000000O0
gobooobooooooooooooooooooooo

042 0000000 O0ODOOOO

gooo oooo
goooo 14n+45+22 5n+S+5
ooooooog | 3n+S+5 n+3
gooao n-+2 n+2

043 ODO0OO0OODOOODOOODOODOOO

gooo oooo
gooon S8M+45+32 3M+25+8
0oo0o0pooo0 | n4+M+S+7 n+3
gooo n+2 n+ 2

oobooooobooooboooooooobbooooooobooo
oooooooooooobooooooooopooooM
0000800 30000000000000000O0
oooooooooMODbDOO 10D 00000000
ooo

5 O4OoOono

000000000 (000ooooooooDoooo
DDDDDDDDDDDDDD)DDDDDDDDDDD
dodb0DoOoocCcUbodoOooOooOoooooooog
O00000000Bennett 00000 JanusO OO OO
d000oO0UoooooDoooooooOoUooooooo
Oodo0oooboooobooooooooobooooo
dodooooooooboooooboooobooooo
d000d0odUoUooooooooooUooUooooooo
OO0 CUOO0OJanusOO0OOUODOOOOOOOOOOCOOO
ooooo

gooo

[1] Knuth, D.E.O “The Art of Computer Programming
Volume 3 Sorting and Searching Second Edition O
ooor,00o0o KADOKAWA(2015).

Landauar, R.: Information is physical. Physics To-
day, 25(1991).

Bennett, C.H.: Logical reversibility of computation.
IBM Journal of Research and Development, 18(6):
pp-525-532(1973).

Axelsen, H.B., Yokoyama ,T.: Programming Tech-
niques for Reversible Comparison Sorts. Program-
ming Languages and Systems. Lecture Notes in Com-
puter Science, Vol.9458, pp.407-426(2015).

[5] Yokoyama, T.: Reversible Computation and Re-
versible Programming Languages. Electronic Notes
in Theoretical Science 253, pp.71-81(2010).



