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'Askhsh 1

'Enac akèraioc arijmìc megalÔteroc tou 1 onom�zetai pr¸toc (prime) ìtan èqei san mìnouc
diairètec to 1 kai ton eautì tou. Gia par�deigma, to 13 eÐnai pr¸toc arijmìc, en¸ to 15 (= 3 × 5)
den eÐnai. Den eÐnai idiaÐtera dÔskolo na gr�youme ènan algìrijmo pou na elègqei an ènac arijmìc
eÐnai pr¸toc, o opoÐoc ja basÐzetai ston orismì gia to pìte ènac arijmìc eÐnai pr¸toc, mìno pou gia
meg�louc arijmoÔc o algìrijmoc autìc ja eÐnai exairetik� dapanhrìc se qrìno. Ja onom�soume èna
tètoio algìrijmo nteterministikì (deterministic), upono¸ntac ìti mporeÐ na apofasÐsei me apìluth
bebaiìthta an ènac arijmìc eÐnai pr¸toc   ìqi.

Apì thn �llh pleur�, up�rqei kai h mèjodoc tou Fermat gia ton èlegqo an ènac arijmìc eÐnai
pr¸toc. SÔmfwna me majhmatikì je¸rhma pou diatÔpwse o Fermat, an ènac arijmìc p eÐnai pr¸toc,
tìte gia k�je akèraio a, tètoio ¸ste 1 ≤ a < p, isqÔei ìti ap−1 mod p = 1 (me mod sumbolÐzoume
to upìloipo diaÐreshc). Opìte, an gia dedomèno p upologÐsoume to ap−1 mod p, gia k�poio jetikì
akèraio a mikrìtero tou p, kai autì den isoÔtai me 1, tìte o p den eÐnai pr¸toc. An isoÔtai me
1, tìte pijan¸c eÐnai pr¸toc. An k�noume autì ton èlegqo gia perissìtera a, kai gia ìla aut�
to ap−1 mod p isoÔtai me 1, tìte h pijanìthta o p na eÐnai pragmatik� pr¸toc eÐnai exairetik�
meg�lh, sqedìn Ðsh me th mon�da. Aut  h mèjodoc pou mìlic perigr�yame den eÐnai tÐpote �llo apì
ènan pijanotikì (probabilistic) algìrijmo gia na elegqjeÐ an ènac arijmìc eÐnai pr¸toc. Up�rqei
endeqìmeno na qarakthrÐsei san pr¸to ènan arijmì p pou den eÐnai pragmatik� (Fermat liar), all�
an ton efarmìsoume arketèc forèc, gia di�fora a, h pijanìthta na sumbeÐ k�ti tètoio eÐnai exairetik�
mikr .

Gr�yte èna prìgramma C (èstw ìti to phgaÐo arqeÐo tou onom�zetai “fermat.c”) to opoÐo
na upologÐzei to pl joc twn pr¸twn arijm¸n pou brÐskontai mèsa se dedomèno di�sthma, tìso
nteterministik�, ìso kai pijanotik�. To di�sthma na kajorÐzetai apì dÔo sumbolikèc stajerèc
MINNUM kai MAXNUM pou ja orÐsete mèsa sto prìgramm� sac. Na orÐsete epÐshc kai mÐa sumbolik 
stajer� MAXTRIES, me tim  Ðsh me to pl joc twn for¸n pou ja ekteleÐ to prìgramm� sac ton
pijanotikì algìrijmo gia k�je arijmì tou dedomènou diast matoc. Thn pr¸th for�, gia k�je
arijmì p pou elègqetai pijanotik� an eÐnai pr¸toc, na epilègetai tuqaÐa mìno èna a mikrìtero tou p,
gia thn efarmog  tou elègqou tou Fermat. Th deÔterh for�, na epilègontai dÔo tuqaÐoi a, gia k�je
arijmì p pou elègqetai, kok. Sunolik�, ja prèpei na gÐnoun MAXTRIES èlegqoi gia k�je arijmì p,
me ton teleutaÐo na epilègei tuqaÐa MAXTRIES arijmoÔc a.

Tìso o nteterministikìc algìrijmoc, ìso kai oi MAXTRIES efarmogèc tou pijanotikoÔ, ja prèpei
na qronometrhjoÔn, o kajènac sunolik� gia ìlouc touc arijmoÔc tou diast matoc pou elègqetai.

Prot�seic/UpodeÐxeic/ApagoreÔseic:

1. Wc timec twn sumbolik¸n stajer¸n MINNUM, MAXNUM kai MAXTRIES na jèsete tic 1990000001,
2000000000 kai 10, antÐstoiqa. Me autèc tic timèc ja elegqjeÐ to prìgramma pou ja para-
d¸sete wc proc thn apodotikìtht� tou.

2. Gia na dhmiourgeÐte tuqaÐouc arijmoÔc a sto di�sthma [1, p − 1], na qrhsimopoi sete th gen-
n tria tuqaÐwn arijm¸n thc C, mèsw thc sun�rthshc rand. H genn tria na arqikopoihjeÐ
mèsw thc sun�rthshc srand me fÔtro ton trèqonta qrìno, ìpwc epideiknÔetai sto prìgram-
ma http://www.di.uoa.gr/~ip/cprogs/gcdlcm.c, stic selÐdec 44�45 twn diafanei¸n tou
maj matoc, sto http://www.di.uoa.gr/~ip/K04.pdf. Leptomèreiec gia th qr sh twn su-
nart sewn srand kai rand mporeÐte na m�jete dÐnontac sta mhqan mata Linux tou Tm matoc



“man 3 srand”   “man 3 rand” (pijanìtata, se �lla sust mata Unix, na qrei�zetai “man
srand”   “man rand”).

3. H qronomètrhsh twn algorÐjmwn na gÐnetai mèsw thc sun�rthsh clock. Perissìterec le-
ptomèreiec gia th qr sh thc sun�rthshc aut c mporeÐte na p�rete mèsw thc entol c “man
3 clock” sta mhqan mata Linux tou Tm matoc,   na deÐte th qr sh thc sto prìgramma
http://www.di.uoa.gr/~ip/cprogs/sorting.c, stic selÐdec 167�169 twn diafanei¸n tou
maj matoc.

4. EÐnai profanèc ìti an dokim�sete na upologÐsete to ap−1 mod p gia meg�la p kai a upologÐ-
zontac pr¸ta to ap−1, to apotèlesma den ja eÐnai swstì lìgw uperqeÐlishc. Gia na lÔsete
autì to prìblhma, skefteÐte ìti isqÔoun ta ex c:1

x2n+1 mod m = (x · (x2n mod m)) mod m

x2n mod m = (x2 mod m)n mod m

5. Gia na mporèsete na efarmìsete ton pijanotikì algìrijmo gia touc arijmoÔc tou diast matoc
pou orÐzetai apì tic timèc twn sumbolik¸n stajer¸n pou proteÐnontai, ja qreiasteÐte, tou-
l�qiston se k�poiec endi�mesec pr�xeic, na qrhsimopoi sete akeraÐouc twn 8 bytes, k�ti pou
sth C sac exasfalÐzei mìno h qr sh tou tÔpou long long.

6. Sthn �skhsh aut  apagoreÔetai austhr� h qr sh pin�kwn.

MÐa endeiktik  ektèlesh2 tou progr�mmatoc faÐnetai sth sunèqeia:

linux29$ ./fermat

Checking range [1990000001,2000000000] for primes

Deterministic algorithm: Found 466646 primes in 90.07 secs

Trying Fermat test with seed 1414258936

Probabilistic algorithm: Found 466668 primes in 11.58 secs (tries = 1)

Probabilistic algorithm: Found 466648 primes in 12.13 secs (tries = 2)

Probabilistic algorithm: Found 466647 primes in 12.66 secs (tries = 3)

Probabilistic algorithm: Found 466647 primes in 13.19 secs (tries = 4)

Probabilistic algorithm: Found 466647 primes in 13.73 secs (tries = 5)

Probabilistic algorithm: Found 466646 primes in 14.27 secs (tries = 6)

Probabilistic algorithm: Found 466646 primes in 14.79 secs (tries = 7)

Probabilistic algorithm: Found 466647 primes in 15.34 secs (tries = 8)

Probabilistic algorithm: Found 466646 primes in 15.84 secs (tries = 9)

Probabilistic algorithm: Found 466646 primes in 16.38 secs (tries =10)

linux29$

H par�dosh thc �skhshc aut c sunÐstatai sthn upobol  tou phgaÐou arqeÐou fermat.c me diadikasÐa
pou ja anakoinwjeÐ sÔntoma.

1Δείτε και το http://en.wikipedia.org/wiki/Modular exponentiation#Right-to-left binary method
2Η συγκεκριμένη εκτέλεση έγινε σε μηχάνημα Linux του Τμήματος. Σε άλλες πλατϕόρμες (π.χ. PC/Dev-C++)

τα αποτελέσματα ενδέχεται να διαϕέρουν, διότι η γεννήτρια τυχαίων αριθμών μπορεί να παράγει διαϕορετική ακολουθία
αριθμών, ακόμα και με το ίδιο “ϕύτρο”.


