Tai li&u nang cao MTCT - Phan Thanh Hung - THCS Nguy&n Gia Thiéu

Chuyén dé nang cao:
Tim wé'c cia mot s6 bang k§ thuat tim kiém nhj phan

Tac gid: Phan Thanh Hung (PTNK, DHQG TP. HCM)

Gidi thiéu
Cho bai toan sau:
“Cho mét s6 E, héy xdc dinh mét wéc s6 D cia E saocho1 < D < E”

- Lwuy:
o Nhitng s6 x thda min 1 < x < E va E chia hét cho x dwoc goi |a wéc khéng
tam thudong (non-trivial divisor).

Chu thich

Do phirc tap thoi gian

Do phrc tap thoi gian, dwoc viét dudi dang Big-0. DAy 1a thudc do téc dd cla thuit toan.
NG cho biét khi s6 cang 1&n thi may tinh sé mat thém bao nhiéu buwdc tinh toan dé ra két
qua. Ky hiéu 0(...) gitp ta phan loai thuat todn nao “nhanh” hay “cham”.

C6 thé néi, 0(f(n)) nghia 14 s6 vong I3p s& ti 18 thuan véi f(n). Khi biéu dién, ta c6 thé
lwgc bd cac hang s6 va cac thanh phan bac thap khéng dang ké.. Vidu: 0(3n + 2) = 0(n),
0(mn? +n) = 0(n?),...

Thuat toan

. Thuat toan vét can

Ta c6 thé thir [an lwot bang tay cac s6 nguyéntd: 2, 3, 5,7, 11,... va kiém tra xem E c¢é chia
hét hay khong. Tuy nhién, cach nay rat chdm va néu wdc nguyén t6 clia s6 d6 la mot so rat
|&n thi chac chdn khéng thé nao thir hét dworc.

Con mét cach khac la dung tinh ndng FACT trong may tinh, tuy nhién néu wdc nguyén té
nhd nhat cda s6 do lai qua I&n thi mdy tinh cling chiu thua va phai tra ra két qua trong
ngodc don. Vi duy, khi ban c6 thr phan tich 4056187 (= 2011 X 2017) thi may tinh sé&

trdra|(4056187)|, hoan toan bat luc <

. Thuat toan tdi wu

a. Tan dung ham tdng va tich

Trang 1




Tai li&u nang cao MTCT - Phan Thanh Hung - THCS Nguy&n Gia Thiéu

Vi mbi wdc déu phai di véi cdp: p X g = E nén ta ¢ min(p, q) < VE, nghia la néu E
la hop s6, thi ludn ton tai mot wéc khong tam thuong < VE. Ta ¢6 thé dung mot ham
sigma (tong) dé duyét x tir 2 dén VE va kiém tra xem, néu tdi gia tri x dau tién la wdc
cla E thi x 1a wéc cla E, va phan du E khi chia cho x ltic ndy bang 0, nén ta cé thé c6
tinh thuc hién mét phép chia cho phan du d6 dé tao ra Math ERROR va dirng vong
|&p. Ta c6 thé thyc hién nhu sau:

Int(VE)

Z (E - xln(‘z(E + x))

xX=2
N&u biéu thirc bao 16i Math ERROR, nghia la trong doan [2;VE] tn tai it nhat mot
wdc khéng tam thuwdng (can tim). Tuy nhién, ta con cé thé sir dung ham tich dé tra ra

k&t qud ma khong can béo 16i nhu sau:
Int(VE)

1_[ (1_Int(E—x-Int(1E+x)+1)>

xX=2

Néu biéu thirc tra ra 1, trong doan [2; \/E] ton tai it nhat mot wdc, ngwoc lai néu biéu
thire trd ra 0. Nguyén ly hoat déng cla né dua trén tinh chat cia phép AND tuong
duong véi phép nhan trén céc gia tri 0/1. Mot biéu thirc |a tich cta cac gia tri 0 hodc
1 tra ra k&t qua 1 chi khi tat cd cac thira s trong biéu thirc d6 déu 1a 1. Chi can cdé it
nhat moét gia tri tra ra 0 thi két qua cla biéu thirc sé |a 0 ngay 1ap tirc. Didu do gidng
V@i viéc, chi can tim ra dugc it nhat mét sé x 13 wdc cta E trong doan [2; \/F] thi két
qua s& 13 0 ngay, con nguoc lai, moi s6 déu khdng phai 13 wdc thi két qua 1a 1. Do vdy,
néu E mod x > 0, nghia I x khdng phai udc cla E, ta gdn cho nd gid tri 1a 1. Nguwoc
lai, néu phan duw dé 1a 0, ta gén cho nd gia tri 0. Nhiém vu cta ham tich & day la nhan
hét céc gia tri d6 lai, ta s& dwoc két qua ta can.

Pat §;(x) = (Emod x) + 1,ta cd §g(x) = 1.
Pat f(y) =1—Int (i), chinh 13 phan biéu thirc chinh trong ham tich.

N&u 8 (x) = 1, nghia la x Ia wéc cla E. Ta ¢6 f(8z(x)) = 1 — Int (5 1(x)) = 0.
E

" . s 1 A 4 10\
Néu 6g(x) > 1,nghiala 0 < e < 1nén f(&E(x)) =1-—Int (8E(x)) = 1.

D& thay, f(85(x)) chinh la biéu thitc bidu dién danh cho mdi x, néu x 1a wéc cla E thi

né s& mang gia tri 0, va nguoc lai thi né mang gia tri 1. Ta chi cdn dung ham tich dé
nhan cac gia tri lai véi nhau va ra dwoc két qua can tim.

b. Tim ravi tri cha wéc
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Tir muc trén, ta c6 biéu thirc kiém tra xem trong doan [M; VE] c6 ton tai it nhat mot
uwdc nao cua E khong.
Int(VE) 1
A,(M) = 1_[ 1-1 t( )
£ (M) ( n E—x-Int(E+x)+1

xX=M
Bi€u thirc trén tra ra 0 néu ton tai it nhat mét wdc cla E va 1 néu khdng ton tai.

D& thdy, A;(M) 1a ham don diéu, vi néu trong doan [M;VE] ton tai it nhat mot uérc,

thitrong doan [M —-1; \/F] chic chan cling phai ton tai it nhat mot wéc nhu vay, nghia
13 néu Az (M) = 0thi ;(M — 1) = 0. Tuong tw, néu Az(M) = 1thi 1;(M + 1) = 1.
Gia tri cia Az (VM) sé& tréng nhu sau: ...,0,0,0,0, ...,0,0, 1,1, ...,1,1,1,1, ...

ton tai wéc khong ton tai wéc

Ldc nay, ta hoan toan cé thé tim kiém nhj phan dé tim M 1&n nhat ma A;(M) = 0,
nghfa I3 gia tri M thda Az (M) = 0va A;(M + 1) = 1. N&u trong doan [M; VE] ton tai
it nhat mot wdc cda E, ma doan [M + 1;\/5] lai khéng ton tai bat ki wdc nao cla E,
thi budc M phai la wdc cta E, chinh 3 wéc ta can tim.

THUAT TOAN CHiNH
Dua vao ly thuyét trén, ta dé dang hinh dung duoc thuat todn nhu sau:

% Khditao hai gia tri mién 4 va B ban d4u [an lwot mang gia tri 2 va VE.
A+B+1)

+ Tim gid tri gitta: M = Int(
£ NEuAz(M) = 0tagén A := M (nham thu hep mién gid tri 1&n). Nguoc lai, néu
Ag(M) = 1,tagan B := M — 1 (thu hep mién gia trj xuéng).
Lap lai cho t&i khinao A > B.
Néu E khdng chia hét cho A thi E |a mot s6 nguyén t6 va khdng tai wdc khéng tam
thuwong. Con néu A 13 uwdc cha E ludn thi uwdc khdng tdm thuwong (két qua can tim)
chinh la A.
S8 lwgng [an dé tim kiém nhj phan 13 0(log, VE), lvgng vong l3p cta A 1a O(VE).
Do vay, do phtrc tap thuat toan la 0(\/Flog2 \/F)
- v Lwu y rang, thuat todn vét can bang ham tich chi déng vai tro

la mot “b6 cdm bién” phat hién su ton tai cha wdc s6 trén
mot pham vi rdng. D& xac dinh vi tri cla mot wdc cu thé, ta
phai st dung thuat todn tim kiém nhj phan. Ban chat cda tim
ki€m nhi phan & day khdng phai la dé thay thé phép duyét
vét can, ma |a céng cu dé xac dinh vi tri dua trén két qua tir
phép nhan dé.

> Cai dat vao CASIO

Tan dung ham RanInt#(4, B) bao 16i néu A > B, ta c6 thé dung né dé dirng ty dong.
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Cai dat thuat toan hoan chinh vao may tinh Casio fx-580 VN X:

A = 0AEMBD x RanInt#(4,Int(B)) + DA + (1 — D)M:

B=(1-D)B+DM —1):

A+B+1
= (A2,
2
Int(VE)
S (B ——
B n E—x-Int(E+x)+1
x=M

Gid tri ban dau: A = 0, E = dirliéu dau vao,M = 2,B = VE,D = 0.
Cach dung: L3p da cau |énh tdi khi gdp Argument ERROR thi dirng. Kiém tra lai thém
mot budc: néu E chia hét cho A, két qua trong bién A. Néu khéng, E 13 s6 nguyén t6.
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