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H kataskeu  tou gr�fou Shuffle-Exchange

O gr�foc Shuffle-Exchange r-diast�sewn dhmiourgeÐtai p�nw
stouc N = 2r kìmbouc enìc r-di�statou hypercube. Se k�je
kìmbo antistoiqeÐ èna duadikì r-di�nusma (i1, i2, . . . , ir).

DÔo kìmboi en¸nontai apì mÐa exchange akm  an ta
dianÔsmat� touc diafèroun akrib¸c sthn teleutaÐa jèsh.

DÔo kìmboi en¸nontai apì mÐa shuffle akm  an to dianÔsma
jèshc tou enìc eÐnai kuklik  metatìpish tou �llou.
p.q. o kìmboc u1u2 . . . ur−1ur en¸netai me ta uru1 . . . ur−1

kai u2 . . . ur, u1.



O gr�foc Shuffle-Exchange
O gr�foc de Bruijn

Upologistikèc IsodunamÐec

H kataskeu  tou gr�fou
Idiìthtec

Idiìthtec

O r-di�statoc shuffle-exchange gr�foc èqei:

N = 2r kìmbouc

3 · 2r−1 akmèc

di�metro: Θ(logN)

bisection width: Θ(N/logN)

bajmì: 3
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H kataskeu  tou gr�fou de Bruijn

O gr�foc de Bruijn r-diast�sewn èqei N = 2r kìmbouc. Se k�je
kìmbo antistoiqeÐ èna duadikì r-di�nusma (i1, i2, . . . , ir).

Up�rqoun dÔo exerqìmenec akmèc apì k�je kìmbo u1u2 . . . ur

stouc kìmbouc u2 . . . ur0 kai u2 . . . ur1. Sthn pr¸th perÐptwsh h
akm  eÐnai tÔpou 1 kai sthn deÔterh tÔpou 2.

Sunep¸c k�je kìmboc èqei antÐstoiqa kai dÔo eiserqìmenec
akmèc.
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O r-di�statoc de Bruijn gr�foc èqei:

N = 2r kìmbouc

2r+1 kateujunìmenec akmèc

di�metro: Θ(logN)

bisection width: Θ(N/logN)

bajmì: 4 (2 in, 2 out)
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Apì ton Shuffle-Exchange ston de Bruijn gr�fo

O r-di�stato de Bruijn gr�foc mporeÐ na kataskeuasteÐ apì
tonn (r + 1)-di�stato shuffle-exchange gr�fo, sumptÔssontac
ìlec tic exchange akmèc tou teleutaÐou.

Dhlad , oi kìmboi u1 . . . ur0 kai u1 . . . ur1 ja enwjoÔn gia na
apotelèsoun ton kìmbo u1 . . . ur tou gr�fou de Bruijn.
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ExomoÐwsh tou Hypercube

'Estw ènac kanonikìc algìrijmoc A pou termatÐzei se T b mata
se èna hypercube N -kìmbwn.

O algìrijmoc A mporeÐ na exomoiwjeÐ se 2T − 1 b mata se èna
shuffle-exchange gr�fo me N kìmbouc kai

Akìma kalÔtera, se T b mata se èna de Bruijn gr�fo me N/2
kìmbouc.

'Etsi, ìloi oi algìrijmoi pou perigr�fhkan sto deÔtero kef�laio
mporoÔn na ektelestoÔn apì touc gr�fouc autoÔc qwrÐc ap¸leia
upologistik c apotelesmatikìthtac.
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Skiagr�fhsh thc apìdeixhc (shuffle-exchange)

Arqik� prèpei na antistoiqÐsoume tic diergasÐec twn kìmbwn tou
hypercube stouc kìmbouc tou shuffle-exchange gr�fou, ètsi
¸ste to pr¸to b ma na mporeÐ na ektelesteÐ �mesa.

H exomoÐwsh suneqÐzei qrhsimopoi¸ntac diadoqik�

tic shuffle akmèc gia thn topojèthsh twn diergasi¸n stouc
kat�llhlouc kìmbouc,

kai tic exchange akmèc gia thn exomoÐwsh twn upologism¸n
pou ekteloÔntan ston hypercube.

'Ara, ta T b mata exomoi¸nontai se 2T − 1 b mata.
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Skiagr�fhsh thc apìdeixhc (de Bruijn)

H Ðdia exomoÐwsh mporeÐ na ektelesteÐ apì ton de Bruijn gr�fo
me N/2 kìmbouc, qwrÐc thn an�gkh twn exchange akm¸n.

'Ara, T b mata eÐnai arket� gia thn exomoÐwsh tou algorÐjmou A.

ShmeÐwsh: se k�je kìmbo tou gr�fou de Bruijn exomoi¸nontai
dÔo diergasÐec tou hypercube kai ètsi o topikìc upologismìc
pou diex�getai se k�je kìmbo eÐnai dipl�sioc ekeÐnou twn kìmbwn
tou hypercube.
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Omoiìthta me ton gr�fo Butterfly

Apì kataskeuastik c pleur�c, Ôstera apì mia proseqtik 
exètash, diapist¸nei kaneÐc ìti up�rqoun k�poiec omoiìthtec,
wstìso paramènoun ousi¸deic diaforèc.

Apì thn �poyh thc upologistik c ikanìthtac ìmwc,
apodeiknÔetai ìti oi dÔo oikogèneiec diktÔwn eÐnai isodÔnamec.

Telik� ìla ta dÐktua fragmènou bajmoÔ thc morf c tou
hypercube pou perigr�fhkan stic dÔo teleutaÐec enìthtec eÐnai
upologistik� isodÔnama.
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'Ena magikì kìlpo (Persi Diaconis)

O m�goc qrhsimopoieÐ mÐa tr�poula apì 2r qarti� kai r
ejelontèc. K�je ejelont c kìbei mia for� kai telik� paÐrnei apì
èna qartÐ.

O m�goc tìte epiqeireÐ na diab�sei to mualì twn ejelont¸n,
apotrèpetai ìmwc apì k�poia arnhtik  enèrgeia kai zht� na m�jei
toul�qiston to qr¸ma tou qartioÔ tou kajenìc.

Tìte ìla xekajarÐzoun sto mualì tou kai apokalÔptei diadoqik�
ìla ta qarti� twn ejelont¸n.

P¸c gÐnetai?
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H akoloujÐa de Bruijn

MÐa duadik  akoloujÐa m kouc 2r eÐnai de Bruijn, an k�je
upoakoloujÐa m kouc r emfanÐzetai akrib¸c mÐa for�,
sumperilambanomènhc kai thc kuklik c peristrof c. p.q.
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Apì to Eulerian tour tou de Bruijn me 4 kìmbouc:

11 → 10 → 00 → 00 → 01 → 10 → 01 → 11 → 11

Apì to Hamiltonian cycle tou de Bruijn me 8 kìmbouc:

000 → 001 → 010 → 101 → 011 → 111 → 110 → 110 → 000
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