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Isomorph-free exhaustive generation of permutations on the hypercube
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abstract

We consider the problem of generating all permutations on the hypercube without repeating isomorphs.

We show that, with an appropriate definition of the canonical forms of partial permutations, the set of

all canonical partial permutations forms a tree in which canonical permutations are placed on the leaves.

Our generation algorithm simply performs a depth first search on this tree. The generation speed of the
algorithm depends heavily on the efficiency of the algorithm that decides if a given partial permutation
is canonical. We develop techniques for efficiently deciding canonicality and experimentally show that an

improvement by a factor of nearly 11 is achieved for the 4-dimensional cube over the naive method.
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procedure ezxtend(m,k)
/¥ m 3L 72 k ROERBESNES] */
if k = 24 then
output 7;
else
for £veVy\ m(V}) do
if 7 U (k — v) 25EEH#F then
extend(m U (k = v), k + 1);
endif
endfor
endif
endprocedure
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procedure canonimal0(r)
[* mAZERNET */
for Vp € A do
T=p"lnp;
if 7 < 7 then
return 7 IZERBTEH W
endif
endfor
return 7 X EHEF
endprocedure

u,v € Vy OF DN I 7 BB dist(u,v) TH
L. m e I§ ot LTy 7 DB/NEESE min dist(r) %
min_dist(7) = min{dist(v,7(v)) | v € dom(n)} I
LVERT B, BED Y M RT1THY A
0CTHBLILHEY MI% 1, LET, BHELT
Al &, 1, =20-1Th 2,

E w2 V,ORBO2THAL TH 5, p(u) =
0,p(v) = Luist(uw) THBE I % p € Ay BT
5o (FEHARE)

2 WANEF r DEHFE #+ £ T2 &, #(0) =
lmin_dist(r) T %0

AEFRIr € TS 2 EE L. (1)TNTO7 € [r] ISh LT
7(0) 2 Luinaise(m) THEZE. BLU ()57 e
[7!'] T 7’(0) = 1min..dist(7r) 2] i) 0)753‘3;)6 Zk %7—1"\'“@'@
EVia (1) BRT 220120 7(0) < Ly ies(n) T B
L)% e [r] BBof LRET S & dist(0, 7(0) <
mindist(r) TH %, px 1=p~np THD LI %
H; DHEREBER LT 5 L, dist(p(0), 7(p(0))) =
dist(p(O),p(r(O))) = dist(0,7(0)) < min.dist(r)
&% o T, mindist DEHICFET S,

RIZ(2) 7R Fo v # dist(v, 7(v)) = min_dist(r)
THLEILHRETHE, HEL LY, pe Ay
# p(0) = 0,0(7(0) = Lmipaiogmy E% 5 &£ 12
BREILNTES, 7= prp~! EBIFIE, 7(0) =
Lmin_dist(r) £ 2 %0 B

WE2 LD, 5ok r OFEHERHEICONT
ROZENERD,

1. dist(0, w(0)) > min_dist(r) % 5F. 7 ITFHE




HThwv L HEICHETE 2,

2.dist(0,7(0)) =  mindist(m) % 5.
dist(v,7(v)) = mindist(r) TH5 L )%
v I LT p(0) = v, p(lmin_diss(r)) = 7(0) T
H2EIBp DOV TDH, p~lap & m OFF
HFRIEFOLE T2 ZITTHTH b,

FIT, Buwe Vi il LT, Agu,v] ={p€
Aa | p(0) = u, p(Laist(uv)) = v} EBEL ROT W
TYALEHBS,
procedure canonimall(m)

(if) dist(0,7(0)) > min_dist(m) then

return 7 ZIERF TEW
for Vv € dom(x) : dist(v,m(v)) = min_dist(r)
do

for Vp € A4fv,n(d)] do

T=pTinp;
if 7 < 7 then

return 7 EERF TV
endif

endfor

endfor
return 7 IZIEHFE
endprocedure
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procedure canonical2(r, k)
J¥ o id E ROFE T o 2ESNES */
(if) dist(0,7(0)) > min_dist(w) then
return 7 IFEFEL TRV
endif
for Yo € dom(n) : dist(v,n(v)) = min_dist(7)
do
T := Aglv, n(d)};
i:=0;v:=0;7:=0;
while j < |T| do
if i = k then
/* T[] & DECEBZ O TER */
i:=0; j = jumpr(j,v);
else
p=Tl;
if w < 7(i) then
return 7 XEHRAF TRV

w = p~imp(i);

else
if i > v thenv :=14;
endif
if w=m() theni:=1+1;
else i := 0;j := jumpr(j,v);
endif
endif
endif
endwhile
endfor
return 7 ZEHRETH S
endprocedure
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cano0, | canol | cano2

] 9,729 | 4,311 886
FHERERE | 1,313 | 2,964 | 14,426
BRERERE | 1,521 | 16,059 | 48,179
RAMEREE | 380 761 | 5,333
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