Thuat toan bai MINX

Ky hiéu gcd la wéc s6 chung 16m nhat va lem 1a boi s6 chung nhé nhat
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Vita mudn x la s6 nguyén dwong nhd nhat nén ta sé chon x = Icm (gcd(a,b) Tk gcd(aa))

Cong thirc nay c6 thé tinh bang thuit toan Euclid hodc bang cach phan tich a, b, ¢ ra thira sd nguyén t6. Néu dung
cach phan tich thira s6 nguyén t6, cAn sang trudc d€ lwu mot wéc nguyén to cla tit ca cac s6 nguyén duwong < 10°

Do phitc tap O(log max(a, b, ¢)) cho mai test.
Thuat toan bai LAKE

binh ly Pytago (Pythagorean theorem):

Trong mét tam gidc vudng, binh phwong d6 dai canh huyén bang téng binh phwong dd dai hai canh géc vudng.
B6 ba s6 nguyén (a, b, ¢) dwoc goi la bd ba Pytago (Pythagorean triples) néu a? + b% = ¢2. O day a, b c6 thé hoan
vi cho nhau, tirc 1a bd ba (a, b, ¢) cling coi labd ba (b, a, c)

Subtask 1: V&i méi test, ta chi cAn thtmoi cdps6 1 < a < b < p,didt ¢ = p — a — b vakiém ching dinh ly Pytago.
Do phic tap 0(p?)

Subtask 2: Tinh trudc Result[p] véip = 1...5000 l1a két qua véi dir liéu p. Khéi tao mang Result toan 0. Sau do
tathtrmoicips61 < a < b < 5000 vakiémtra c = Va2 + b2 c6 phai s6 nguyén hay khéng. Néu ¢ nguyén, ta tinh
p = a + b + ¢ roi cwc dai hod Result[p] theo %. Cudi cung chi doc tirng dit liéu p va in ra Result[p]
a+b=p-c
a?+b?=c?’

Hé nay quy vé mot phwong trinh bac haivéian a: f(a) = a? + (p — ¢ — a)? = ¢?. C6 thé gidi bang cong thirc hoic

Subtask 3: V&i moi dit liéu p, ta thir moi s6 nguyén dwong ¢ < p. Sau d6 giai hé phwong trinh {

thuat toan tim kiém nhi phan (Trong khoanga =1 ... %, khi a ting f(a) sé giam). Néu hé c6 nghiém nguyén ta

ghi nhin két qua theo az—b

Subtask 4:

Mot bo ba Pytago (a, b, ¢) dwoc goi 1a nguyén thily néu wéc s6 chung 1on nhat clia a, b, ¢ bang 1: gcd(a, b, ¢) = 1.

Dé thiy rang trong bd ba Pytago nguyén thiy (a, b, ¢) thi hai s8 bat ky nguyén t6 cung nhau, b&i néu méot sé

nguyén td p 1a wéc chung cla hai trong s6 ching thi tir hé thirc a? + b? = ¢?, p cling phai 1a wéc cia s6 con lai.

Mot bo ba Pytago bat ky c6 thé thu dwoc tir mot bo ba nguyén thiy bang cach nhan ca ba sé trong bd ba nguyén

thly 1én ciing mot hang s6 nguyén duong.

Trong bd ba nguyén thuy (a, b, ¢) chic chan c 12 s§ 1, va trong hai s6 a, b c6 dting mot s& chan va mot sé 1é:

£ Néu a, b déu chan thi ching khong nguyén t6 cling nhau, trai gia thiét vé bd ba nguyén thay

£ Néua, b déu lé thi a? va b? déu chia 4 du 1, vay c? = a? + b? chia 4 dw 2, v6 1y vi khéng c6 s6 chinh phwong
chia 4 du 2.
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Vay trong hai s6 a, b c6 mot s6 chdn va motsé 1, tir c? = a? + b? 1a s6 1é suy ra c 1a s6 18. Trong cac b ba nguyén
thily sau nay, ta gia thiét a 12 s6 chan con b, c 1a s6 18.

Véi x, v 12 hai s6 nguyén dwong, x > y, thi bo ba (a = 2xy,b = x? — y?,¢ = x? + y?) 1a mot bo ba Pytago. Diéu
nay dé dang kiém chirng.

Nguoc lai véi (a, b, ¢) 1a mot bo ba nguyén thiy, ludn ton tai hai s6 nguyén dwong x,y d€ a = 2xy, b = x? — y?
va ¢ = x? + y2. Piéu ndy chirng minh nhw sau

Véi (a, b, ¢) 1a mdt b ba nguyén thiy, a chan, ti:

a? +b* = P
c+b a
= =
a c—b

L X s A Ny Ns a2 ez a1y c+b . a .
Goi 5 la phan so6 toi gian cé gia tri bang ——cling nhw — taco:
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c+b x c b «x c 1<x+y> c x*+y

=- —+—-== —=—|-+= —=

a y_la a y_ a 2\y «x - a 2xy

c—b y c b y b_l(x y> b x%—vy?

a x a a x a 2\y «x l&‘ 2xy
2,42 2_ .2

Ta chi cin chtrng minh hai phén s6 = " va T 65 gian nira la xong.

2xy 2xy

x2—y?

Vi % t6i gidn nén x va y khong thé cuing chin. Néu x, y cung 18 thi phan s Zx;]

6 tir s& chia hét cho 4 con mau s6

. e A . N . N =2 A ~ by \ b N < < ~ 1) ~ < \
chia hét cho 2 nhwng khong chia hét cho 4. Sau khi t6i gian phan sé nay thanh - thi chac chan b sé la s6 chan va a
12 s8 1&, trai v&i quy wéc a chan va b 18.

2,42 2_.2
x“+y Véx
2xy 2xy

Vay x va y nguyén t6 cling nhau va trong d6 c6 mot sé chan va mot sé 18. Xét hai phan s6 , néu co

mot s6 nguyén td p 1a wéc ciia mau 2xy thi p = 2 hodc p|x hodc p|y,
£ Né&up = 2 thip khong phai 13 wéc s6 cta x? + y?2 vi day lasé 1é.
£ Né&u p|x thip t y nén p ciing khong phai 1a wéc cia x? + y?
£ Né&up|y thip t x nén p ciing khong phai 1a wéc cia x? + y?

¢ x*+y? b _ x*-y? A N AN L N: i1 2 2 2 2
Tu’a= ey V4% = oy , cac phan so6 déu toi gian. Suyraa = 2xy,b = x“ —y“vac=x“+y

Dén day ta thiét ké thuat toan nhw sau: Tinh truwdc Result[p] véip = 1...10° 1a két qua véi dit liéu p:
Khéi tao mang Result toan 0. Duyét moi cap (x,y) ma x? + y? < 10° (C6 < 10° cdp nhw vay). Dita = 2xy,b =
x2 —vy?%c=x%+y?%p=a+b+c.Saudé ghinhan:

Result[p] = max(Result[p]l, a = b / 2);
Chu y rang viéc nay quét hét cac bd ba nguyén thiy va co thé xét thira ra cac bo ba Pytago khong nguyén thiy
nhung khéng van dé gi ca. Néu khong mudn xét thira cin kiém tra ged(x, y) = 1, diéu nay c6 thé 1am tang do phirc
tap tinh toan.
DE cip nhit trén tit ca cac bd ba Pytago, ta chi cin mot phép xir Iy don gian.

for (p = 1; p <= 10°%; ++p)
if (Result[p] # @)
for (k = 2; k = p <= 10°%; ++k) //Nhan bd ba 1én k, dién tich nhan lén k?
Result[k * p] = max(Result[k = p], Result[p] * k?);

Do phitc tap O(maxP In maxP) & day maxP = 10°

Sau khi d tinh trrd'c mang két qua thi mdi truy van chi can in ra output trong thoi gian 0(1)
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Thuat toan bai COUNT

Sap x&p tang dan day A va bg sung thém phan tir a, = 0:
O=agy<ay<a,<--<a,

Vé&i moi chi sé i, tinh f[i] 12 s8 gié tri nguyén dwong < a; ma khong c6 mit trong day A:

fl0] = 0;
Vi=1:
£li] = {f[t: —1],néua; = a;_, )
fli—1]+ (a; —a;_; —1),néua; > a;_;
Gidi thich:

£* Né&ua; = a;_4 thi nhitng gia tri nguyén dwong < a; cling la nhitrng gia tri nguyén dwong < a;_;
£+ Néua; > a;_ thi f[i] dwoc dém bang:

# Nhirng gia tri nguyén dwong < a;_; ma khong c6 mat trong A: f[i — 1]

# Nhirng gia tri nguyén dwong nam trong khodng tir a;_, + 1 téi a; — 1 cling khong c6 mat trong A: a; —
a1 +1

V&imoi truy van k, tim a; 16n nhat < k. Khi d6 s6 gia tri nguyén dwong < k ma khong c6 mit trong day A sé duoc

tinh bang:

¥ S0 gia tri nguyén dwong < a; ma khéng c6 mat trong day A: f[i]

£+ COng vdi sO gia tri nguyén dwong nam trong khodng tira; + 1téik — 1: bangk —a; — 1

Do phitc tap O((m + n) logn)

C6 nhitng cach khac c6 thé chdp nhan: Thay vi sdp x€p day A ta c6 thé sap x&p diy k, hoic sap xé&p ca hai day A va

k réi dung 2 con tro....

Thuat toan bai CELLFILL

Vi chi dwoc ghi dé s6 16n hon 1én s6 bé hon, ta sé thuc hién cac 1énh Fill(i, j, v) theo thi tw tir v nhé tédi v 16m.
Bang mot quan sat don gian, ta thiy rang chi can xac dinh cac vi tri i ma tai d6 ta phai thwc hién 1énh Fill(i, ..., a;)
la xong.

V&i mot vitrii co a; > 0, tim vi tri k drng trudce, gn i nhat ma a; < a;.

Néu tim dwoc a;, nhw vy ma a, = a;, chic chan ta khong cin thwc hién 1énh Fill bat dau tir vi tri i vi 1énh nay c6
thé bo di, thay thé bang cach “kéo dai” 1énh Fill tir vi tri k cho téi qua vi tri i. Nhw hinh bén trai duéi diy ta khong
can thwc hién l1énh Fill(8, ...,2) vi dé dién s6 2 vao vi tri 8, ta c6 thé dién tir vi tri 3 tr¢ di.

Né&u khong tim dwoc a, nhw vay hodc tim thdy ma a;, < a;, chic chan ta phai thuc hién 1énh Fill bat dau tir vi tri
i.Lydolaalk +1..i— 1] déu> a;, c6 dién gia tri a; vao nhirng 6 nay ciing vé nghia. Ngoai ra ta lai khong dworc
dién gia tri a; vao vi tri k. Nhw hinh bén phai duéi day, bat budc ta phai thuc hién 1énh Fill(3, ...,2) va Fill(4, ...,3)
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V&i Vi, dé xac dinh vi tri k dirng truéce, gan i nhit ma a; < q; ta c6 thé dung mot stack S chira cac chi s6: Xét lan
lwot cac chiséi = 1,2,...,n: Loai b6 cac chi s6 & dinh stack néu chi s6 d6 ang véi al.] > a;, chi s6 con lai trong
stack chinh la chi s6 k dirng trwdc, gan i nhit ma a;, < a;, cudi cung ta diy chi s6 i vao stack.

stack<int> S;

Result = 0;
for (int 1 = 1; i <= n; ++i)
{

while (!S.empty() && S.top() > a[i]) S.pop(); //Vit bd céc chi so cla phan ti > a[i] & dinh stack
if (a[i] > 0 && (S.empty() Il S.top() < a[il))
++Result; //Phai thuc hién lénh Fill t0r vi tri i
S.push(alil);
}
Output « Result;

Do phirc tap O(n) c6 thé danh gia qua s6 1an thwe hién 1énh S. pop(): C6 tong cdng n 1an S.push(.) nén cé t6i dan
lan S. pop (). Panh gia chat hon thi c6 téi dan — 11an S. pop() do chi s6 n khéng bao gic bi 1ay ra.
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