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K thuat phén tich va thiét ké giai thuat

1 Phuong phap luy thira ma tran
1.1 Tim sé Fibonacci
Xét bai todn “10229 - Modular Fibonacci” trén UVA nhu sau:
Problem A: Modular Fibonacci
The Fibonacci numbers (0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, ...) are defined by the recurrence:
Fo =0
F] =1
F;=F;; + F;, for i>1
Write a program which calculates M, = F, mod 2™ for given pair of nand m. 0 < n <
2147483647 and 0 < m< 20. Note that a mod b gives the remainder when a is divided by b.

Input and Output

Input consists of several lines specifying a pair of n and m. Output should be
corresponding M,,, one per line.

Sample Input

117

116

Sample Output

89

25

Yéu ciu cia bai toan kha don gian 1a tinh F, mod 2™. Ta c6 thé nghi ngay dén mét 10 giai
nhu sau:

- Tinh s6 fibonacci thi n => F,,.

- Chia F, cho 2™ 1y phan du => két qua.

int FO=0, F1 =1, F2;
for (int1=2;1<=n;i++) {

F2=F0+F1;
FO =F1,;
F1 =F2;

}

cout << F2 % (1<<m); // 1<<m=2".

Tuy nhién, néu ban cai dat don gian nhu thé va submit chic chin sé& bi “Time limit exceeded”
®. Vay van d& nam & dau ? Chac chin 1a ¢ chd tinh F,, 161 vi budc 2 chi don gian 1a phép chia
ldy phan du. Phén tich lai doan code trén ta thay thoi gian dé tinh F, 1a O(n) vi vong lap for
chay khoang n 1an. Cé cach nao tinh F, ma tén it vong lap hon khong ? O(logn) chang han ?
C6 mot cach nhu thé !

Ta thtr viét lai cong thirc tinh cac s6 Fibonaccii.

Fn = Fn-l + Fn-Z

Fn+l = Fn + Fn-l

Sép xép lai cac F vao mdt ma tran 2 x 2 ta co:

[Fn+1 108 ] _ [1 1] [ F, Fn—l] (1)
Fn Fn—l 10 Fn—l Fn—z
Thay
F, Fn_l] 11 [Fn_l Fn—Z]
[Fn—l Fn—2 B [1 0] Fn—Z Fn—3 (2)
vao (1) ta dugc:
[Fn+1 Fn ] — [1 1 2 [Fn—l Fn—Z] (3)
Fn Fn—l 10 Fn—Z Fn—3
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K thuat phén tich va thiét ké giai thuat

Tiép tuc trién khai:

[Fn+1 E, ] _ [1 1" [F1 Fy "
B Fha 1 ol [F, F,

n
Vay F, (hang 2 cot 1)= hang cudi clia ma trin H (1)] nhan véi ¢t diu tién cua ma tran
Fl FO 1 _ A 0 o N n ) . 1 1 n
[Fo F—1] hay [0]— phan tir ¢ hang 2 c6t 1 ciia ma tran [1 O] )

Chu y la trong cong thie (4), gia tri cua F, bang bao nhiéu khong quan trong vi ta khong sir
dung dén dé tinh F,,.

n
Tém lai dé tinh F, ta tinh H (1)] va 14y phin tir & hang 2 c6t 1.

n
Nhu the, thay vi tinh F, ta tinh H (1)] . Tinh luy thtra cua ma tran nhu thé nao ? C6 nhanh

hon tinh F, truc tiép khong ?

1.2 Tinh luy thira cha mét sé

Dé phan tich thoi gian tinh luy thira ciia ma tran, ta quay lai bai toan tinh lu¥ thira ctia mot sd
(sé la ma tran 1 hang 1 cot).

Giai thuat don gian dé tinh luy thira ciia mot s6 (x") 13:

mtlt=1;

for (inti=1;1<=n;i++) {
It = 1t*x;

h

return X;

Vong lap for nay van chay n lan => thoi gian chay van 1a O(n). Vay thi ¢6 gi hay hon tinh s
Fibonacci truc tiép ? Co cach ndo tinh x" nhanh hon khong ?
Tinh x" bing cach nhan lién tiép nhu trén ta can n phép nhan. Gia st n 1a s6 chin, ta viét lai:
Xn — Xn/2 * Xn/2
Nhu thé s6 phép nhan s& giam bot gan %. Néu n 1a sb 18, x" = x""*x, x™' s& dugc tinh nhu
truong hop n chan.
Giai thuat dé quy dé tinh x" nhu bén dudi.
int power (int x, int n) {
if (n == 0) return 1;
if (n % 1) return power(x, n-1) * x;
int temp = power (x, n/2);
return temp*temp;

}

Mot tiép can khac dé tinh x" bang phuong phéap lip nhu sau.

Gid st bi.; bia ... by by 1a bi€u dieén nhi phan cua n, ta c6
bk-1bk-2 ... b1 0 b0 2(bk-1bk-2 ... bl b0 bk-1bk-2 ... bl b0
x" = x! ) s 0 — 2 ) %y =(X/\2)( ) % B0

((X/\z)/\z) (bk-l bk-2 ... bZ) % (X/\z) bl % XbO —

(v6i (x72) = x5).
Nhu thé ta thay rang néu b0 = 1 ta nhén két qua véi x. K& tiép, loai bo bit cudi cung di. Sau
cung thay x bang x"2.
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K thuat phén tich va thiét ké giai thuat

Giai thuat 13p tinh x" nhu sau:

int result = 1;

while (n > 0) {
if (n % == 1) result = result * x;
X = X*X;
n >>= 1;

}

1.3 Tinh luy thira cia m6t ma tran vuéng

Ta ¢ thé mo rong giai thuat tinh luy thira bang phuong phap lip cho viéc tinh luy thira mot
ma tran. Viéc mé rong kha don gian. Ta thay 1 bang ma tran don vi, phép nhan bang phép
nhan ma tran.

Matrix result = I; //I la ma trén don vi

while (n > 0) {
if (n % == 1) result = multiply(result, x);
x = multiply(x, X);
n >>= 1;

}

1.4 Giai bai 10229 - Modular Fibonacci
Gi¢ day ta da co du thong tin dé giai bai toan Modular Fibonacci. ’
Biéu dién ma tran: so khé 16n nén dung ki¢u long long hoac (unsigned long long) cho chac an

©

Matrix = [Ccl b]

struct Matrix {
long long a, b, c, d;
b

Tao ma tran don vi

void identity (Matrixé& I)
I.a =1I.d=1;
I.b =1I.c = 0;

Nhéan ma tran

Matrix multiply (Matrix A, Matrix B) {
Matrix C;
C.a = (A.a*B.a + A.b*B.c) % mod;
C.b = (A.a*B.b + A.b*B.d) % mod;
C.c = (A.c*B.a + A.d*B.c) % mod;
cC.d = (A.c*B.b + A.d*B.d) % mod;
return C;

}

Véimod = 2" = (1<<m);
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K thuat phén tich va thiét ké giai thuat

1.5 Bai hoc kinh nghiém
- Tinh luy thira cta 1 s6 hodc 1 ma tran bing phwong phap lip hodc dé quy c6 do phirc
tap thoi gian O(logn). Ta lam duoc dleu nay vi 2 ly do:
o Ta chi can tinh x" ma khong can phai tinh tat ca x', x°, ..., X" nén khong can
phalduyetquatatcacacconsotu],dmln
o Téch bai toan 16n thanh 2 bai toan nhé gidng nhau nén chi can giai 1 bai.
- Dua bai toan tim sd Fibonacci vé bai toan tim luy thira nho vao cach biéu dién ma
tran.

1.6 Cac bai twong ty

- Light Oj (http://lightoj.com): chu dé& Matrix/Matrix Exponentiation
1.7 Ma ngudn cho bai 10229
Gio day ta di c6 du thong tin dé dé bai toan Modular
Nao ta cung submit !!!!
#include <iostream>
using namespace std;
long long mod;
struct Matrix {

long long a, b, c, d;

i

Matrix F;
void identity (M

I.a =1.d = 1;
I.b =1I.c = 0;

}

Matrix multiply (Matrix A, Matrix B) {

Matrix C;

C.a = (A.a*B.a + A.b*B.c) % mod;
C.b = (A.a*B.b + A.b*B.d) % mod;
C.c = (A.c*B.a + A.d*B.c) % mod;
C.d = (A.c*B.b + A.d*B.d) % mod;

return C;

long long process(long long n, int m) {

mod = (1 << m);

Matrix R;

identity (R);

while (n > 0) {
if (n%2) R = multiply (R, F);
F = multiply(F, F);
n >>= 1;

}

return R.c;

}

int main() {
long long n, m;
while (1) {
cin >> n >> m;
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if (cin.fail())
break;
if (n <= 1)
cout << n << endl;
else {
F.a = F.b = F.c =1; F.d = 0;
cout << process(n, m) << endl;
}
}

return 0;

2 Quy hoach dong
2.1 Gidithiéu
Quy hoach dong 1a mot ky thuat duoc ding dé thiét ké cac giai thuat co do phic tap thoi gian
thap (da thirc) bang cach luu trit cac két qua trung gian. Ta c6 thé sir dung k¥ thuat nay bang
2 céch:

- Dung quy hoach dong dé khir dé quy va giam thoi gian thuc hién

- Phan tich tryc tiép bai toan bang quy hoach dong

2.2 Baitoan son nha
1047 - Neighbor House

The people of Mohammadpur have decided to paint each of their houses red, green, or
blue. They've also decided that no two neighboring houses will be painted the same color.
The neighbors of house i are houses i-1 and i+1. The first and last houses are not
neighbors.

You will be given the information of houses. Each house will contain three integers "R G
B" (quotes for clarity only), where R, G and B are the costs of painting the corresponding
house red, green, and blue, respectively. Return the minimal total cost required to perform
the work.

Input
Input starts with an integer T (< 100), denoting the number of test cases.

Each case begins with a blank line and an integer n (1 < n < 20) denoting the number of
houses. Each of the next n lines will contain 3 integers "R G B". These integers will lie in
the range [1, 1000].

Output

For each case of input you have to print the case number and the minimal cost.
Sample Input

2

4
132312
77 36 64
44 89 76
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317845

3

26 40 83

49 60 57

13 89 99

Output for Sample Input
Case 1: 137

Case 2: 96

C6 n cin nha can son. Mdi can nha dugc son bang 1 trong 3 mau R, G, B véi 3 muc gia
twong tng. Phai son 1am sao cho hai cin nha canh nhau khong ciing mau va tong gia it nhat.

Goi r[i], g[i] va b[i] 1a cac gia twong Gng néu son can nha i bang cac mau R, G, B.

Dé phan tich cac bai dang nhu thé nay ta chia bai toan thanh n budc mg véi n can nha. Tai
budc i, ta gia sur cac can nha tur 1 dén (i-1) da duoc son r0i va téng gia tr can 1 dén (i- 1) cling
d3 biét réi. Néu cin nha thir (i-1) son mau R va co6 tong gia tir 1 den (i-1) 1a R(i-1); néu can
nha th (i-1) son mau G ¢6 tong gia 1a G(i-1) va néu son méau B ¢6 tong gia B(i-1) thi:

- Can nha tht i son mau R cé t@ng gia 1a R(i) = min (G(i-1), B(i-1)) + 1[i]
- Can nha thir i son mau G ¢6 téng gia 1a G(i) = min (R(i-1), B(i-1)) + g[i]
- Can nha tht i son mau B c6 tong gié 1a B(i) = min (G(i-1), R(i-1)) + b[i]

Vay gia nho nhat dé son n cin nha 13 = min(R(n), G(n), B(n));
Khéi tao R(0) = G(0) =B(0) = 0;

2.3 Bai hoc kinh nghiém
- Rét nhiéu bai toan c6 thé glal bang k¥ thuat quy hoach dong. Cac bai toan quy hoach
dong thuong lién quan dén viéc tim 10n nhat, nho nhét, tong s6.

- Cach tiép can dé giai 1a chia bai toan thanh nhiéu budc, mdi bude 1a mot bai toan con
“tuong ty nhau”. Tai moi budc ta ¢6 1 s0 sy lya chon.

- O mbi budc, sir dung thong tin di duogce tich luy & cac bude trude d6 dé tinh toan két
qua cho budc hién tai. Luu két qua cia bude hién tai d€ danh cho céc budc sau.

- Cb ging biéu dién thong tin can luu trit tai ting budc sao cho viée tinh toan két qua
tai budc i chi can sir dung cac thong tin téng hop cua cac budc tir 1 dén i-1. Hay nhat
1a dé tinh & budc i ta chi can thong tin ciia bude i-1 (khong phai bai nao cling roi vo
trurong hop nay).

- Néu cac sy lya chon ¢ budc i khong phu thude vao cac sy lya chon cia cic budce
trude do thi day 1a bai toan dé. Néu c6 su rang budc gitra cac lya chon, cd géng biéu
dién sao cho cac sy lya chon ¢ bude i chi nén c6 rang budc vdi cac lya chon ¢ bude i
— 1 ma théi. Néu khong lam dugc nhu vay ta khong thé st dung quy hoach dong
(truong hop nay giéng nhu vét can, phai xet hét tat ca cac truong hO’p) Vi néu c6 str
dung dugc cling khong tiét kiém duoc thoi gian. Trong bai todn coin change, su lua
chon cua budc i khong phu thude vao bt cr su lua chon nao & trude do. Doi véi bai
toan son nha, sy lya chon & budce i chi phu thudc vao su lga chon ¢ budc i-1 ma
khong quan tdm dén su lya chon & cac budce i-2, i-2, ...
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- Ddi véi 1 sb bai toan, biéu dién cac su luya chon 1a mot van dé ta can phai quan tam.
Néu biéu dién khong khéo, so lua chon s€ 1én dén a” hodc n! (xem bai Agent 47 bén
dudi).

2.4 Cac bai tvong tv
- Light Oj: Nhom Divide and conquer/Dynamic programming

1231 — Coin Change (I): tim s cach tao s6 tiéf:n c6 gia tri K bang cach dung cac dong tién co
ménh gid: A1, A2 ... An va mo6i ménh gié c6 s6 lugng C1, C2, ... Cn.

Ta chia bai toan thanh n budc, moi budc ta xét ting loai ménh gia.
O bude 1, ta xét déng tién co ménh gia A[i], ta cac su lya chon sau:

Chon 0 d(f)ng c6 ménh gid A[i]
Chon 1 dong c6 ménh gia A[i]

o O O O

Chgn k cjéng co. ménh gia A[i], k = min(C[i], K/A[i]). Ta chi c6 thé chon
nhiéu nhat 1a k dong.

Véi mdi sy lya chon nhu the vi du chon | dong c6 ménh gia Ali], s tién con lai 1a K —

j*A[i]. Vay sb cach tao ra sb tién c6 gla tri K voi lua chon j dong m¢énh gia A[i] s€ la so
cach tao ra K — j*A[i] v6i i-1 ménh gia con lai. Néu goi F[i][K] 1a sb cach tao ra s tién
c6 gia tri K v6i i ménh gia, thi:

F[i][K] = téng F[i-1][K-j*A[i]] v61j =0, 1, 2, ..., k = min(C[i], K/A[i]).
Khoi tao:
F[i][0] =1, F[O, >0] =

1232 — Coin Change (II): tim s6 cach tao sb tién c6 gia tri K bang cach dung cac dong tién
c6é mé¢nh gia: Al, A2 ... An va moi ménh gia c6 so luong K.

Bai nay twong tu bai 1231, tuy nhién do s6 lugng cho mdi ménh gia 1a K va mdi ménh gia
déu >= 1 nén ta c6 thé xem nhu s0 lugng moi ménh gia 1a khong han ché.

Cong thuc cho bude i co thé viét lai nhu sau:

F[i][K] = tong F[i-1][K-j*A[i]] =
=F[i-1][K - k*A[i]] + F[i-1][K - (k-1)*A[i]] + ... + F[i-1][K - A[i]] + F[i-1][K]
= Fi][K-A[i]] + F[i-1][K];

Nhan xét ndy kha quan trong vi ta khong can phai tinh “tong F[i-1][K-j*A[i]]” (bo bét
duogc 1 vong 1ap).
1004 - Monkey Banana Problem: tim dudng di cho chu khi dé thu duoc nhiéu chudi nhét.
Bat dau 6 trén cung dén 6 dudi cung. Quy tac di: di xuong va chi di dén 1 trong cac 6 cod
chung canh v6i 6 hién tai.
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Dau vao: N va 2*N — 1 hang, mo6i hang chira cac so cua hang do.
Dau ra: tong sO chudi nhi€u nhat.

Néu ta danh s6 cac hang tir trén xudng dudi, bat dau tir 1va canh 18 tat cic cac hang vé bén
trai ta s€ mot hinh nhu thé bén dudi. Goi bang nay 1a A[j, j].

1 2 3 4
1 7
2 6 4
3 2 5 10
4 9 8 12 2
5 2 12 7
6 8 2
7 10

Nhéan xét:

- Tir hang 1 dén hang N-1, s§ phan tir ting dan. Tir hang N dén hang 2N-1 sb phan tir
giam dan.

- Cac hang tir 2 #n N, 6 (i, j) néu j < i thi c6 chung canh véi 6(i-1, j-1) va 6 (i-1, j)
nguoc lai n6 14 phan tir cudi cung, chi chung canh véi 6(i-1, j-1).

- Cac hang tir N+1 dén 2N-1, 6 (i, j) ¢6 chung canh vé6i 6 (i-1, j) va 6 (i-1, j+1).

Ap dung k¥ thuit quy hoach dong:

Ta chia bai toan thanh N budc, mdi budc xét 1 hang O hang i, ta 1an lugc xét cac 6 (i, j) va
tinh xem dé di dén do thi con khi thu dwoc nhiéu nhit bao nhiéu chudi.

Néu goi F[i, j] 1a tong s6 chubi nhiéu nhat ma con khi thu duoc tir hang 1 dén 6 (i, ), ta c6:
FIi, j| = max {F[i-1, k]} + A[, j]

Vi 6 (i-1, k) 1a cac 6 c6 chung canh v6i 0 (i, j). Cac 6 chung canh dugc tinh theo nhan xét
bén trén.

Két qua cudi cung thu duge & F[2N-1][1]

Cac ban thir cai dat va submit nhé !
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1017 - Brush (III): Samir can phai son mot bic tuong dé x04 cac diém bui. Bui nam tai cac
toa do nguyén. Co son c¢o kich thudc w. Néu Samir dt co tai toa do y* (khong quan tam dén
x) thi tat ca diém bui c6 toa d6 y nam trong khoang y* dén y* + w déu dugc xo4. Sau khi dat
co va son xoa bui, Samir lai tiép tuc dat co tai mot vi tri khac va son tiép. Tuy nhién Samir
chi co thé son tbi da k lan. Hay tim tong sb diém buyi 16n nhit ma Samir c6 thé xo4.

ﬂ.._.

Sap xép cac diém bui theo thir ty tung d6 giam dan y[1], y[2], ..., y[n].

Ta chia bai toan thanh n budc, mdi bude xét 1 diém bui. Goi F[i, k] 1a s6 diém bui nhiéu nhét
bj xo04 tinh tir 1 d&én i véi k 14n son. O mdi budc i, ta c6 2 su lua chon:
- B6 qua diém bui i, s6 diém bui bi xo4 nhiéu nhat 1a F[i, k] = F[i-1, k]
- Dit co tai vi tri tung dJ cua i, tat ca cac diém bui tir y[i] dén y[i] — w s& bi x0a hét. S6
1an son chi con lai k — 1. Goi j 13 diém bui c6 tung do vira 16n y[i] — w, s6 diém bui
nhiéu nhit bi xoa v6i lwa chon 1a F[I, k] = F[j, k-1] + (i — ).

Giai thuat quy hoach dong s€ nhu sau:

long long process (int n, int w, int K) {
memset (F, 0, sizeof (F));

for (int i = 1; 1 <= n; 1++) {
F[i][0] = 0O;
for (int k = 1; k <= K; k++) {

int 3 = i;
while (§ >= 1)
if (y[J] <= yl[i] + w)

Jj-=7
else
break;

F[i] [k] = std::max(F[j][k-1]1 + (1 - 3), F[i-1]1[k]);
}
}
return F[n] [K];
}

1169 - Monkeys on Twin Tower

C6 mot toa thap d6i, mdi thap c6 n tang. Tang trét duge danh s 0, tang ké tiép dugc danh sb
1, téng cudi cung dugc danh sb n-1. Mbdi tang co mot 5O trai cdy. Con khi trude biét thot
glan an hét trai cdy ¢ cac ting. Dau tién con khi ¢ tang trét, mdi 1an né co thé nhay lén tang
trén n6 ciia cung 1 toa thap voi thoi gian xem nhu bang khong, hoic di theo ciu thang xoin
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1én tang trén cta toa thap kia voi mot khoang thoi gian t ndo d6. Nhiém vu cua con khi 1a
phai an hét trai cay ctuia dung n tang. Tinh thoi gian it nhat con khi hoan thanh nhiém vu.

Vi du:
Tang | TG an ¢ cac tang | TG 4n & cac ting | TG nhay tir tang i TG nhay tir tang i
bén thap trai bén thép phai cua thap trai sang cua thap phai sang
tang (i+1) thap phai | tang (i+1) thap tréi
L[i] RJi] L2R[i] R2L[i]
3 9 10
2 8 3 3 3
1 6 9 2 4
0 5 7 5 2
Két qua: 26

Ta chia bai toan thanh n budc, mdi bude xét mot ting. O bude i, con khi co thé ¢ toa thap trai
hoic toa thap phai. Vi mdi vi tri & bude i, trude dé & bude i-1 nd co thé ¢ tang trai hodc thap
phai. Goi FL[i] 14 thoi gian nho nhat dé con khi ¢ tang i ciia thap bén trai va FR[i] 1a thoi gian
nho nhit dé con khi ¢ tang i toa thap bén phai, ta co:

FL[i] = min (FL[i-1], FR[i-1] + R2L[i-1]) + L[i]
FR[i] = min (FR[i-1], FL[i-1] + L2R[i-1]) + R[i]

Néu n6 dang & tang i cta toa thap trai, néu trude d6 1 budc no ciing & toa thap trai thi khong
can phai cong thém thoi gian nhay tur phdi sang trai, nguoc lai ta phai cong thém thoi gian
nay. Ly luan tuong tu cho trudng hop no ¢ tang i cta toa thap phai.

Cac ban thir code va submit nhé.
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1037 — Agent 47: Cho n muyc tiéu (1<=n <= 15), mdi muc tiéu c6 chi s6 suc khoé 1a A1, A2,

., An. Nhiém vu cuia Agent 47 1a phai ti€u diét hét tit ca cac muc tiéu. Dau tién Agent duogc
trang bi 1 vii khi c6 kha niang lam tiéu hao 1 don vi strc khoé trén 1 lan ban. Mot muc tiéu s€
bi tiéu diét néu chi sb strc khoé ctia nd <= 0. Mdi khi tiéu diét duoc 1 muc tiéu, agent co thé
thu gom vii khi ciia myc tiéu do dé tiéu diét cac muc tiéu khac. Vil khi cia mot muc tiéu cd
tac dung khac nhau trén ting muc tiéu khac. Goi Cj; 1a kha nang lam tiéu hao strc khoé cua vii
khi (cua muyc tiéu) i trén mot lan ban d6i voi muc tiéu j, 0 <= Cj; <=9. Tim céch cho agent 47
tiéu diét hét tit ca cac myc tiéu voi sb 1an ban it nhat.

Bai nay thudc dang khé. Ta thir phéan tich cac vin dé sau:

- Chia bai toan thanh n budc nhu thé nao ? Mdi budc 1a gi ?
- Su lya chon cho tung budc nhu theé nao ? V6i moi lya chon, dé tinh toan thong tin ta
can thong tin gi ¢ budce i-1.

Néu ta chia bai toan thanh n budc, méi bude chon 1 muc tiéu dé tiéu diét, thi viéc lya chon
muc tiéu & budce i s€ phu thudc vao cac buée trude dé6 muc tiéu nao da dwge chon.

Ky thudt quy hoach dong sé dp dung duoc trong truong hop nay néu so cdach liwa chon
cia tdt ca cdc bude trude doé (thuwong la tich cac sw liwa chon cia cac budc tir 1 dén i-
1) i nhé dé ta c6 thé lwu triv lai dwoe. Néu sé liwa chon ndy qud lom quy hoach dong
trong truong hop ndy sé thdy bai. Hay tim cdich chia budc va biéu dién lai sw hra
chon. Mot trong nhitng cach lam giam sy lya chon cua tat ca cac bude trude dé la:
phi thir tw hod sy lva chon o cdac budc truoce do. Vi du buoc 1 chon a, budc 2 chon b,
budc 3 chon c thi ciing giéng nhw bucce 1 chon b, budc 2 chon ¢, buoce 3 chon a. Chon
cdach ndo thi sau 3 buéce ta ciing ¢é a, b, c. Néu lam dwgc nhu thé ta da giam tw giai
thiva thanh t6 hop | S6 lwong lwa chon sé giam ddang ké dé c6 thé heu trit.

Quay trd lai bai toan, néu da biéu dién 1 myc tiéu da bi tiéu diét 1a 1, va chua bi tiéu diét 1a 0
thi mdi su lwa chon cta cac budce tir 1 dén i-1 c6 thé biéu dién bﬁng 1 chudi nhi phan n bit.
Do n <= 15 nén chudi nhi phan n bit twong ung voi 1 s6 nguyén 15 bit. Do do, ta c6 thé sir
dung 1 s6 nguyén dé biéu dién cac sy lya chon khac nhau cua cac bude tir 1 dén i-1. Néu goi
j 1a s6 nhi phan biéu dién cic sy Iya chon ctia cac bude tir 1 dén i-1, thi & budc i ta co:

- Néu chon muc tiéu k dé ‘tiéu }iiét, thi s@ 14n bén chi pl}u thudc vao j (biéu dién nhitng
muc tiéu da bi tiéu di¢t 61, d€ ta xem lay vii khi nao ban k 1a tot nhat).
- Takhong can quan tdm dén thir tw cac muc tiéu da bi ti€u diét trong j.
Vi thé, néu goi F[i-1][j] la sd 1an ban it nhat dé tiéu diét tit ca cac muyc tiéu diét trong j &
budc i-1 thi s 1an it nhat dé tiéu diét myc tidu <j+k> ¢ bude I la:

F[i][<j+k>] = min (F[i-1][j] + h(j, k)) v&i moi j.
Trong do:

- Stk la phep toan danh diu muc tiéu k di bj tiéu diét trong j, hay dat bit tuong ung
v6i k trong j bang 1. Diédu nay c6 nghia 1a tiéu diét thém ddi tuong k trong j. Di nhién
1a k chua bi ti€u diét trong j.

- h(j, k) = s6 1an ban dbi tugng k voi vii khi tot nhat trong j.

Gidi thuat quy hoach dong cho bai nay nhu sau:

for(int i=1; i<=n; 1i++)
for (int Jj=1; j<=m; J++)
F[i][j] = inf; //inf 1a sb 16n nhdt co6 thé: 9999999

for(int i=1; i <= n; 1i++)
F[1][1 << (i-1)] = a[il; //al[i] 1la chi sb stc khoé cua i
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for(int 1i=2; 1i<=n; 1i++)
for (int j=1; j<=m; J++)
if (F[i-11[3] < inf)
for (int k=1; k<=n; k++)
if (P ((1<<(k-1)) & 3)) {
int h = 1;
for (int 1=1; 1l<=n; 1l++) //tim vl khi tét nhéit
if ((1<<(1-1)) & 7J)
h = max(h, C[1][k];
Fli] [ (1<<(k-1))13] =
min (F[1] [ (1<<(k-1)) 131,
F[i-1][3j] + shot(h, k)):

}

Trong gidi thuét trén,

- infla v6 cung. C6 thé chon inf = téng cac A[i].

- C[l][k] = Cu: strc cong pha cua vii khi 1 d6i v6i muc tiéu k

- shot(h, k): s6 lan ban k v&i sirc cong pha h va bang [k/h].

- hai vong for (j) va for (k) co6 thé dbi chd cho nhau. Tich cta 2 su lua chon chinh 1a su
16ng nhau cua 2 vong lap.

- phép toan <j+k> duoc cai dat bang phép OR trén bit j | (1 <<(k-1)). 1 << (k-1)1a 1 sb
nguyén c6 ding 1 bit 1 ndm & vi tri k (tinh tir phai qua).

- Pé kiém tra muyc tiéu k c6 trong j hay chua ta sir dung phép AND trén bit: 1<<(k-1) &

J- o :
- Lénh if (F[i-1]1[7j] < inf ) duoc dung deé tiét ki€ém thém 1 it thoi gian vi néu
F[i-1][j] = inf thitakhong can cdp nhat F[i] [ (1<<(k-1)) |j] lam gi.

Trong bai nay ta thay rang khong phai quy hoach dong lic nao ciing quy hoach trén sO
nguyén ma con cé thé quy hoach trén tap hop. chi s6 j trong F[i][j] vé mat ban chét chinh la
mot tap hop. Ta xét tiép mot bai twong ty nhur thé.

1021 - Painful Bases: Cho mot co s6 base (2 <= base <= 16), mot 5O nguyén K (1<= K
<=20, K dugc cho trong h¢ thép phan) va mot chu01 ky tu s biéu dién 1 s6 nguyén trong hé
base-phén (nhi phan néu base =2, thap phén neu base = 10, thép luc phan néu base =16, ...).
Cac ky tu trong chudi s déu khac nhau. Tim s6 hoan vi cac phan tir trong s sao cho tao thanh
mot sO trong hé base-phan chia hét cho K.

Vi du:
base =2, K =2, s=10=>két qua 1
base = 10, K =2, s = 5681 =>két qua 12

Tuong tu nhu bai Agent 47, ta chia bai toan thanh n budc, mdi budce lya chon 1 sb trong s dé
ghép vao két qua ctia cac budc trude d6 dé tao thanh mot s6 nguyén. Bude 1 ¢o n cach chon.
V&i mdi cach chon & bude 2 ¢6 n-1 cach chon cho bu’orc 2, ... Vi mbi cach chon cia bude 1,
2,3, ..., (-1), bude i c6 (n-it+1) cach chon. Do do s6 cach chon cho budc n s€ la n! Ta pha1
tim cach biéu dién tt hon.

Gia su ta dang xét ¢ budc i, goi j 1a tap hop cac s6 da dugc chon ¢ cac bude tur 1 dén (i-1).
Can phai cha y la: m01 mét hodn vi trong j lai cho ta mot 5O nguyén khac nhau, vi thé j c6 thir
tu. Piéu nay s€ lam sO lya chon 6 budc i rat 16n. Ta lam mét tinh tha ty cta j nhu sau: vi ta
quan tam dén s6 du cua cac sb duge tao ra tir hoan vi chia cho K, nén ta phan cac hoan vi cua
j vao cac nhom tir 0 dén K-1 twong mg v6i s6 du khi chia K. Nhu thé s6 cac hoan vi cua j 1a
16n nhung ta chi gom lai con c¢6 K truong hop khac nhau. K <= 20 nén c6 thé chip nhan
dugc. Vi nhan xét nay, néu goi F[j][r] 1a s6 cac hoan vi cac s6 trong j chia cho K du r thi:
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F[<j+k>][mod] = tong F[j][r] v6i moi j.

Trong d6, mod = (s[k]*base(i-1) + r) % K do & budc i, ta chon sb s[k] ghép thém vao bén
trai mot trong cac hoan vi j (ta cling co thé ghép thém vao bén phal lac d6 cong thue tinh
mod s& khéc di 1 chut). Diéu nay c6 nghia 1a néu cac hoan vi cua j tao thanh sO chia cho K du
r thi khi ghép thém s[k] vao bén trai s6 tao ra khi chia cho K du mod (néu ghép vao bén phai
s6 du s& la mod = (r*base + s[k])%K).

Giai thuat quy hoach dong cho bai nay dugc cho nhu bén dudi:

memset(F, 0, sizeof(F));
for (inti=1;1<=n;i++) {

int val = digit[i];

F[1 << (i-1)][val%K] = 1;
}

long long m = (1 <<n) - I;
long long b = 1;
for (int1=2;1<=n; i++) {
b = (b*base)%K; //nguy hiem can than do tran s
for (intr = 0; r <K; r++)
for (long long j = 1; j <= m; j++) {
if (F[j][r] > 0 && num(j) ==i-1) { /nguy hiem: can kiém
for (int k = 1; k <= n; k++) // tra s6 phan tir ctia j
lf('((1 <<(k-1)) &J)) {
int mod = (digit[k]*b + 1)%K;
F[j | (1 << (k-1))][mod] +=
F[jr];

}

return F[m][0];

Khong gidng nhu bai Agent 47, thong tin vé sb bude i dugc luu trong F [i][j] Bai nay ta
khong luu i nén phai kiém tra num(j) == i-1 v6i num(j) 1a s bit 1 ¢o trong j (twong ing 56
phan tir da chon). C6 thé hinh dung k¥ thuat quy hoach dong dugc ap dung nhu sau: dau tién
j chi chira mot phan tir (budce 1), bude 2 chon thém mot phan tir nita ghép vao j, ... dén budc
n, j s& chira n s6 1 ing voi tat ca cac phan tir déu da duoc chon.

3 S6 hoc déng dvw

3.1 Chia hét va chia c6 dw

Chia hét: Cho s6 nguyén a va s6 nguyén dwong b. Ta goi a chia hét cho b néu ton tai sb
nguyén q sao cho a = q*b. q dugc goi la thuong cua phép chia. Trong truong hgp nay ta goi
b 14 wée sé cina a va a 12 bi sé caa b.
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Chia c6 dw: Cho s nguyén a va sé nguyén dwong b. Ta n6i a chia cho b dw r néu ton tai s6
nguyén q sao cho a = q*b + r. r duoc goi 1a s6 du (0 = r <b), q van duoc goi la thuong cua
phép chia.
Chu y:
- S0 durr khong bao gio Am.
- Phép toan chia lay phan du trong cac ngdn ngit 1ap trinh (% trong C/C++, mod trong
PASCAL) khéng quan tdm dén viéc so bi chia la s6 am. Vi thé néu két qua am ta
cong két qua v6i sd chia. Vidu-7 %3 =-1nénsd dula-1+3=2.

Pong du: Cho hai s nguyén a va b, ta goi a va b dong du theo modulo m néu a — b chia hét
cho n. Ki hiéu: a = b (mod n). a va b dong du theo modulo n ciing c6 thé hiéu 1a s du khi
chia a cho n bang vdi s6 du khi chia b cho m.
Mot s6 tinh chat ctia dong du co thé sir dung dé giai cac bai toan. Néu goi % phép chia lay
phén du:

* (a+b)%MOD=a%MOD +b % MOD

* (a-b)% MOD =a % MOD -b % MOD

* (a*b)% MOD =a% MOD *b % MOD

* a" % MOD = (a % MOD)"
Pa s cac bai toan c6 két qua quéa 16n thudng duoc yéu ciu chia cho 1,000,000,007 1y phan
du.

3.2 SO nguyén té
S6 p > 1 duge goi 14 s6 nguyén t6 néu no chi co ding 2 ude sé duong 1a 1 va chinh no, vi dy:
2,3,5, 7,11, ...
Chu y:

-1 Khong phai 12 s6 nguyén to.

- 21a so nguyén to nhé nhat.
Kiém tra mot sé p cé phz”li 12 s6 nguyén té: giai thuat don gidn 1a ta lan luot thfr chiap cho i
chay tir 2 -> sqrt(p). Néu p chia hét cho bat ky 1 so6 nao trong khoang tir 2 dén sqrt(p) thi p
khong phai la s6 nguyén to.

for (int = 2; i <= sqrt(p); i++)
if (p % i == 0)

return false;

return true;

Liét ké cac s0 nguyén to tir 2 dén MAX: C6 thé st dung sang Eratosthenes dé tim cac sb
nguyén t6 trong khoang tir 2 dén MAX. Y tuéng nhu sau:

1. Tao mot danh sach chira céc s6 tir 2 dén MAX.

2. Danh diu tat ca 1a sé nguyén to.

3. Lan luot xét cac sb p tir 2 dén sqrt(MAX), néu nd duoc danh dau 1a sb nguyén t6
(dau tién 13 2, 1an thir 2 12 3, 1an thr 3 14 5, ...), danh d4u xo4 tit ca cac boi sb cua p
trong danh sach.

Keét thuc giai thudt, cac so6 dugc danh dau 1a s6 nguyén to sé 1a sO nguyén to.

int prime[MAX] ;
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for (int 1 =2; 1 <= MAX; i++) {

prime[i] = true;

for (int p = 2; p*p <= MAX; p++)
if (prime[i])
for (int j = p*p; p <MAX; j +=p)

prime[j] = false;

Néu ta di c6 duge cac sb nguyén t6 tir 2 dén sqrt(p), viée klem tra tinh nguyén t5 cta p co thé
thyc hién nhanh hon bing cach thir chia p cho cac s6 nguyén t6 do.

3.3 Baitoan t-prime
Xem chi tiét tai day (http://codeforces.com/problemset/problem/230/B).

Mot sé duoc goi 13 t-prime néu n6 c6 ding 3 udce s6 duong. Mot sé nguyén duong s c6 2
wéc s6 12 1 va chinh nd. Ngoai 1 va chinh né, néu p co thém 1 udc s6 nho hon sqrt(p) thi chic
chin n6 s& c6 1 udc khac. Vi thé p co dung 3 wdc sb néu nhur n6 co 1 ude nguyén to dung
bang sqrt(p).

N6i cach khac, p 1a t-prime néu n6 1a binh phuong cta 1 s nguyén to.

Trong bai toan nay ta phai xét xem s6 x (1 <= x <= 10'%) ¢6 phai 1a t-prime hay khong.

Nhu dé phén tich ¢ trén, x phai = q” va q 1a nguyén t6. Ta can tim tat ca cac s6 nguyeén t6 tir 2
dén sqrt(x). sqrt(x) 16n nhat 1a sqrt(10'%) = 10°, Dung sang Eratosthenes tim cac s6 nguyén to
tir 2 dén 10 Sau d6 ta kiém tra sqrt(x) c6 phai la s6 nguyén khong va sqrt(x) co phai 1a sb
nguyén t6 khong.

#include <iostream>
#include <math.h>

using namespace std;
//230 B t-prime

#define MAXPRIME 1000001
int prime[MAXPRIME];

vold erathosthenes () {

prime[0] = prime[l] = 0;
for (long long 1 = 2; i < MAXPRIME; i++)
prime[i] = 1;

for (long long 1 = 2; i*i < MAXPRIME; i++) {
if (primefi])
for (long long j = i*i; j < MAXPRIME; j += 1)
prime[j] = 0;

}

int main () {
long long n, Xx;
erathosthenes () ;
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cin >> n;

for (int 1 = 0; 1 < n; 1i++) {
cin >> x;
long long g = sgrt(x);

if (g*q == x && prime[q])
cout << "YES" << endl;
else

cout << "NO" << endl;
}

return 0;

3.4 Phén tich mét s6 thanh tich cac thira sd nguyén té

Moi sb nguyén duong n déu c6 thé duge phan tich duy nhat thanh tich cac thira sd nguyén to
n=p™ *p?* % pN voi py, pa, ..., py 1a céc sb nguyén t6, ki, ko, ..., kn 13 céc sb
nguyén >= (.

Vidu: 6=2%3,5=5,12=2%*3

Phan tich 1 so nguyén 16n thanh tich cac thira sO nguyén t6 rat ton thoi gian. Tuy nhién néu ta

da biét cac s6 nguyén t6 tir 2 den sqrt(n) ta co thé nhanh chéng tim ra cac thira sé nguyén t6
ctia n va tir d6 ¢6 thé tim duoc tat ca cac ude sb cua n.

1054 - Efficient Pseudo Code. X¢t bai toan tim téng cac udce s6 ctia n™ nhu sau: cho 2 sO
nguyén c6 dau 32 bitn va m (n>= 1 va m >= 0), tinh tong cac udc cua n". Chia tong so cho
1000,000,007 d¢ lay phan du.
Gia sir n dugc phan tich thanh plkl * p2k2 k¥ kaN, thi:
pft = p KL K2 kg mUkN
Tdong cac wéc ciia n™ sé 1a:
S=(pl+pi' ... ™K (00 pal ™K x K+ pr . pe™ )
Mbi mot phan tir sau khi nhan phan phdi vé phai cia S s& 1a 1 wéc sb ctia n™.
Nhu vay, dé tinh S trude hét ta phai tim cac p; va k;, sau do tinh tich cua céc tong.

Tim p;va k; chinh 14 phan tich n thanh céac thira sb nguyén t6. Gia st cac s6 nguyén td tir 2
dén sqrt(n) dugc luu trong danh sach pp, ta phan tich n nhu sau:

for (int i = 0; i < pp.size(); i++) {

intk=0;
while (n%pp[i] == 0) {
n /= ppli];
k++;
}
if (k > 0)
output (ppl[i], k)
}
if(n>1)

output (n, 1);
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Dong if cudi cing kiém tra xem néu n con sot lai 1 udc nguyén t6 16n hon sqrt(n) khong. Vi
du n = 36, sqrt(36) = 6, vong for i s€ output ra (2, 2). Sau vong for n = 36/2/2 = 9, ta phai
output (9,1).

Vian dé ké tiép 1a tinh tdng S(k) = p° + p' + ... + p") nhu thé nao cho nhanh. Ta c6 thé ap
dung phuong phép tinh luy thtra nhanh vao Vlec tinh tong nay. Bang cach chia bai toan can
tinh thanh 2 bai toan con glong nhau, ta s& tiét kiém duoc thoi gian.

Néu k 1a 56 1¢ thi tong (P’ +p + p*) ¢6 thé chia thanh hai phan mdi phan c6 (k+1)/2 sb
hang: (p° +p' + ... + p*D> 1) n p(k+1)/2(p0 Tl 4Dl

Vay néu k 1a sé 1é thi S(k) = S((k+1)/2 - 1)*(1 + p®™2) = S((k-1)/2)*(1 + p**7).

Néu k 1a so chan, ta bo bdt phan tir cudi cung, phan con lai s€ 1a s6 chan, noi cach khac: néu k
chan,

S(k)=S(k-1)+p*  =p° +S((k-2)2)* (1 +p®?)
=p" +8((k-2)2)* (1 +p*"?)
Trudng hop suy bién, k =0, S(0) = 1.
p* ¢6 thé dugc tinh nhanh bang giai thuat tinh lu§ thira nhanh nhu phan 1.

long long mod power (long long p, long long k) {
long long r = 1;

while (k > 0) {

if (k%2)

r (r*p) sMOD;

return r;

long long sum(long long p, long long k) {
if (!'k) return 1;
long long temp = mod power (p, (k+1)>>1) + 1);
if (k&l) //k 1é, nén (k-1)/2 = k/2
return temp*sum(p, k >> 1)3%MOD;
return (mod power (p, k) +
temp*sum (p, (k-2)>>1))%MOD;
}
Ta ciing co thé cai tién 1 chut dé Vlec tinh toan S = p +p' + ...+ p" nhanh hon. Pé don gian
viéc phan tich ta bo bot phan tir p° ra khoi S dé sé phan tir trong tong = k.

NéudatS1=+p'+ ... +p“thiS=1+SI.

Ta s& phén tich cach tinh S1 bang phuong phap 1ap. Lap luan twong tu nhu trén, néu k 1a s6
chan:
SIk) =@ +p'+ ... +p)+p @ +p'+ ..+ )
=S1(k/2)*(1+p“?)
Néuk la sb 1¢
S1(k) = S1(k-1) + p*

Gid sir ta dang c6 S1(i) thi S1(2i) = SI1()*(1 + p’) va
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S(2i+ 1) = SI(A)*(1 + p') + p* 1 = S1()*(1 + p') + p*(p')"2

Bét dau tir S1(0) = 0, ta tim céch tinh S1(k) bing cach ting k v6i phép *2 hodc *2 va + 1. Vi
dunéuk=6,thitr 0->1->3->6.

Chudi cac phép bién dbi nay chinh 1a chudi nhj phan biéu dién k. Gia sitk = 6 = 110.

Dau tién ta c6 i = 0, gip bit dau tién 1a bit 1 ta ting i = 2*i + 1 = 1. K& tiép gip bit 1 nira ting
1=2%+ 1 =3, bit cudi cung la bit 0, ta tang 1 = 2*i = 6.

Dén day ta da nghi ra cach dé tinh S1(k) tir S1(0) rdi phai khong. Néu chua thi tiép tuc nhé.
Gia str chudi nhi phan biéu dién k 1a by b.; ... by.
Khéi tao: S1=0; pi=1;
for (intj = q; j >= 1;j--) {
S1=S1*(1 + pi);

pi = pi*pi;
if (b[j]==1) {
pi = pi*p;
S1=S1+pi;
}

}

Pé tim chudi bq bg-1 ... bl ta ap dung phuwong phap d6i sé thap phan thanh nhi phan. Toan
bo giai thudt tinh S =p° + p' + ... + p* duoc trinh bay nhu sau:

long long sum(long long p, long long k) {
if ('k)
return 1;
int b[33], g = 0;
long long kk = k;
while (kk > 0) {
b[++g] = kk&l;
kk >>= 1;
}
long long S1 = 0, pi = 1;
for (int J = qg; J >= 1; J--) {

S1 = S1*(1 pi) % MOD;
pi = pi*pi % MOD;
if (b[3]) |
pi = pi*p % MOD;
S1 = (S1 + pi) % MOD;

return (S1 + 1) % MOD;

}
Ta co thé ap dung cach nay dé giai bai 1142 - Summing up Powers (II) trén Light Oj
(http://lightoj.com/volume_showproblem.php?problem=1142).
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Nhu thé ta da du thong tin dé giai bai tong udc sb.

//Tim cac sbé nguyén tb6 tu 2 dén sgrt(n) luu vao mang hay
vector pp
// sqgrt (27°31-1) = 46340.95

#define MAXPRIME 46342
int prime [MAXPRIME];
vector<int> pp;

void erathosthenes () {
prime[0] = prime[l] = 0;
for (long long 1 = 2; i < MAXPRIME; i++)
prime[i] = 1;

for (long long 1 = 2; i*i < MAXPRIME; i++) {
if (primel[i])

for (long long I

prime[j] = 0;

i*i; § < MAXPRIME; j += i)

}
for (long long i1 = 2; i < MAXPRIME; i++)

if (primefi])
pp.push back(1i);

//Phan tich n thanh cac sb nguyén td va tinh téng
long long result = 1;

for (int i = 0; 1 < pp.size(); 1i++) {
int k = 0;
while (n%ppl[i] == 0) {
n /= pplil;
k++;
}
if (k > 0)
result = result*sum(ppl[i], k*m) %$MOD;
}
if (n > 1)
result = result*sum(n, m) % MOD;

return result;

Hay ding lai tai ddy va chuan bi dé submit code cuia ban.
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Néu van chua dugc ban co thé tham khao doan code sau:

#include <iostream>
#include <vector>
#include <string.h>
#include <math.h>
using namespace std;

//1054 - Efficient Pseudo Code
#define MAXPRIME 46342
#define MOD 1000000007

char prime [MAXPRIME];
vector<long long> pp;

vold erathosthens () {

for (long long 1 = 2; i < MAXPRIME; i++)

prime[i] = 1;

for (long long i = 2; i*i < MAXPRIME;
if (prime[i]) {

for (long long j = i+i; j < MAXPRIME;

prime[j] = 0;

}
}

i++)

for (long long 1 = 2; i < MAXPRIME; i++)

if (primefi])
pp.push back(1i);
}

long long sum(long long p, long long k)

if ('k)
return 1;

int b[34], g 0;

long long kk = k;

while (kk > 0) {
b[++g] = kk&l;
kk >>= 1;

}
long long S1 = 0, pi = 1;
for (int Jj = q; j >= 1; j--) {
S1 = S1*(1 + pi ;
pi = pi*pi % MOD;
if (b[3]) |
pi = pi*p % MOD;
S1 = (S1 + pi) % MOD;

return (S1 + 1) % MOD;
}

long long process (long n, long long m)
long long result = 1;

{

{

{

J = 1)

{
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for (long long i = 0; 1 < pp.size(); i++) {
long long k = 0;
while (n % ppl[i] == 0) {
k++;
n /= pplil;
}

if (k > 0)
result = result*sum(ppl[i], k*m) % MOD;
}
if (n > 1)
result = result*sum(n, m) % MOD;

return result;

}

int main ()
{
long nCase, n, K, m;
cin >> nCase;
string s;
erathosthens () ;
for (long long no = 1; no <= nCase; no++) {
cin >> n >> m;
cout << "Case " << no << ": "
<< process(n, m) << endl;
}

return 0;

3.5 S6 duw ctia (a/b) % MOD

Trong cac tinh chat trong phan dong du phia trén khong c6 nhic dén (a/b) % MOD. Ta sé&
xem xét van dé nay.

Néu b va MOD nguyén t6 cing nhau (udc sd chung lon nhit cta chung 14 1), s& ton tai 1 s6
nguyén ¢ sao cho b*c % MOD = 1. Ta goi ¢ la s6 nghich dao cta b theo modulo MOD va ky
hiéu b = c. Cho truéc b va MOD ta ¢6 thé 4p dung gidi thust Euclide mé rgng dé tim b
(s€ deé cap dén giai thuat nay sau).

Nhu vay néu b 1 nghich d4o ciia b thi (a/b) % MOD = a*b™' % MOD.

(n)

Pinh Iy Fermat: Néu a va MOD nguyén t6 ctng nhau thi a™ = 1 (mod n), hay a*™ chia n du

1 hay a™ % n=1

Ham q(n) 1 s6 cac sb nguyén duong <=n va nguyén t6 ciing nhau véi n. Vi du ¢(9) = 6 vi
cac sO nguyén to cung nhau voi91a: 1,2, 4,5, 7, 8.

Néu p 1a s6 nguyén t6 thi ¢(p) = p-1.

Nhu vay néu p 13 1 s6 nguyén t6 va a < p thi a nguyén t6 ciing nhau véi p va nghich déo ciia a
theo modulo n 1a a™"' = aP2, Ta s& ung dung tinh chit dé giai cac bai toan.

1067 — Combinations (Light Oj) tinh t6 hop C(n, k) % MOD véi MOD = 1000003 va 0 <=
k <=n <=1000000.
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Bai nay c6 n kha 16n nén ta khong thé ap dung quy hoach dong (theo tam giac PASCAL) dé
tinh C(n, k). Hon nita ta cling khong thé ap dung cach tinh truc ti€p bang cac vong lap for.
Do 1000003 1a s nguyén té nén ta c6 thé d& dang 4p dung cac phép chia.
Ta d3 biét rang:
n!
m—k)!'*k!
Néu dat A = (n-1)! * k! thi A nguyén t6 ciing nhau véi MOD vi MOD la so nguyén to nén

cac s6 nho MOD déu nguyén td cung nhau v6i MOD. A 1a tich cua cac s6 nguyén tb cung
nhau v6i MOD nén A ciing nguyén té ciing nhau véi MOD.

Nhu thé, nghich dao cta A 1a AMOP -2,
Vay C(k, n) % MOD = (n! * AM°P~?) % MOD.
Ap dung két qua nay ta co giai thuat nhu sau:

- Tinh trude cac F[i] = 1! (0 <=1 <= MAX = 1000000)

- Tinh nghich dao cia A 1a A" = AM9P (ap dung giai thuat tinh luy thira nhanh & phan
trén)

- Tinhn! * A" =F[n]*A™.

ck =

Ban thir submit xem sao.
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Néu khong, xem giai thuat & day:

#include <iostream>
using namespace std;

//1067 - Combinations
#define MAX 1000001
#define MOD 1000003
long long F[MAX];

volid fact () {

F[O] = 1;
for (int i = 1; i < MAX; 1i++)
F[i] = F[i-1]*1 % MOD;

}

long long mod power (long long n ,long long p) {
long long r = 1;
while (p > 0) {

if (p&l)

r = r*n % MOD;
p >>= 1;
n = n*n % MOD;

return r;

}

int main ()

{

long nCase, n, k;
cin >> nCase;
fact ()
for (long long no = 1; no <= nCase; no++) {
cin >> n >> k;
long long A = F[n-k]*F[k] % MOD;
long long r = F[n]*mod power (A, MOD - 2) %MOD;
cout << "Case " << no << ": " << r << endl;
}

return 0;
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4 Cay phan doan (Segment Tree/Interval Tree)

4.1 Bai toan tinh trung binh nhanh

Xét bai  toan  “1183 -  Computing Fast Average” trén Light Oj
(http://lightoj.com/volume showproblem.php?problem=1183). Cho 1 mang sb nguyén n
phan tir 1 <n < 10°. Chi s6 mang bat dau tir 0. Dau tién cac phan tir déu co gia tri 0. Ban phai
thue hién q (1 < q <50000) thao tac thude 1 trong 2 phép toan sau day:

1. 1ijv —gan gia tri cic phan tir tir i dén j bang v (0 <v <10000).
2. 2ij —tinh gi4 tri trung binh cta cac phan tir tir i dén j.

Néu 1am nhu théng thudng, ¢6 nghia 1a sir dung vong lap tir i d&én j dé gan hodc cong gié tri,
thi ta s& bi time limit exceeded. Nhiing bai toan dang nay s& duoc giai quyét hiéu qua néu sir
dung mét ciu trac dit lidu phi hop: Intertal Tree.

Y tuéng chinh cia interval tree 1a chia mang dir liéu thanh nhiing doan (interval), va td chuc
cac doan thanh mot cay phan cip. Mdi nat quén 1y mot doan tir chi s6 left dén right. Nut goc
quan 1y toan bo mang, tir chi s tir 0 dén n-1

MBoi khi thyc hién thao tac trén mot doan [i, j], va nat node dang quan ly doan nay, ta chi can
thyc hién luu trit hodc truy van trén niit node ma khong can phai di dén timg phan tir tir i dén

J.

4.2 Caidatinterval tree
Interval c6 thé cai dat kha don gian bang mdt mang cac nat nodes. Quan hé cha-con giira
cac nut va doan quén ly cua tirng nat duge ngam dinh nhu sau:

- Théng tin ctia nat i dugc luu trong phan tir thi i ciia mang cac nat: nodes[i].

- Nut gdc 1a phan tir 1 trong méang nodes.

- Nutico 2 con la nodes[2*1] va nodes[2*1 + 1]

- Nut goc quéan 1y doan tir 0 dén n-1 (hay tir 1 dén n tuy theo mang dir liéu dugc t6 chirc
nhu thé nao. Trong bai toan tinh trung binh ta cho nut gbc quan 1y tir doan 0 dén n- 1)

- Néu nat I quan 1y doan tir left d&én right thi nut con trai 2*i quan 1y doan tir left dén
mid va niit con phai 2*i+1 quan Iy doan tir mid+1 dén right v6i mid = (left+right)/2.

- Nt l4 quan 1y 1 phan tir duy nhat cia méang dit liéu (left =right).

Chu ¥: do da ngdm dinh nhu thé nén ta khong can phai luu trit cac con tré chi dén con trai,
con phai hay nit cha ciia mgt ntt. Ta cling khong can phai luu trtr doan quan 1y ciia mot ntt.

Thoéng tin cia mot nat théng thuong gom 2 thanh phan: théng tin riéng va théng tin tong
hop cuaa ca doan. Khi thao tac trén mét nit, ta luu trlr vao phan thong tin riéng, cap nhét
thong tin téng hop va lan truyén thong tin tong hop 1én niit cha. Thong tin tong hop ciia mot
nat luén phan anh thong tin cuia toan b doan ma nat quan ly.

struct NodeType {
théng tin riéng
théng tin chung
i
NodeType nodes[MAX*4];
//MAX la kich thudc clua mang di 1liéu
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Cac thao tac trén interval tree:

void init tree(int node, int left, int right) {
//khéi tao chung cho 1 nut

if (left == right) {
//khéi tao nut 1la & day
return;

}

//khéi tao nut trong & day

int mid = (left + right)/2

init tree(2*node, left, mid);

init:tree(2*node+l, mid+1, right);

//téng hop théng tin tw 2 nat con & day
}

a. Khoi tao
Dé goi khoi tao cay ta goi: init_tree(1, 0, n-1)
b. Cdp nhdt & truy van

Interval tree hoat dong theo co ché “lazy update” c6 nghia 1a chi cap nhat khi can. Khi cap
nhat n6i dung toan by doan ma nit dang quan ly voi mot gia tri gibng nhau, n6 chi cap nhat
noi dung nay vao phan thong tin riéng ma khong di xudng cap nhét cac nut con cua nd. Pay
chinh 13 mau chét caa viée ting tdc dd cua interval tree. Néu cai dit khong khéo & chd nay,
interval tree con t€ hon stir dung vong 1ap !

Néu ta dung viéc cap nhat ndi dung ciia mdt doan tai nut cha ma khong di xuéng cac nut con,
chau thi khi truy vdn mot doan do nat con quan 1y thi thé nao ? Nut con hoan toan khong hay
biét gi vé& viéc cap nhat nat cha ciia n6 ca. Co ché “lazy update” hoat dong nhu thé nay: Khi
cap nhat ndi dung/truy van thong tin mot nut con ma nit cha ciia né con dang giir thong tin
riéng (chua truyén xudng) thi ta thyc hién viéc lan truyén thong tin xudng, trudc khi cap
nhat/truy van. Vi thé & mdi nat nén c¢6 1 dau hiéu gi d6 dé bao 1a niit d6 dang giir thong tin
chua lan truyén.

4.3 Gidi bai tinh trung binh nhanh

Dé c6 dugc trung binh cua doan, ta can phai c6 tong gia tri cac phan tir trong doan. S6 phan
tir trong mot doan d& dang tinh dugc bang j —i +1. Vi thé théng tin tong hop ciia mot nut 1a
tong cac phan tir trong doan niit quan 1y. Thong tin riéng ciia nit 14 gia tri dwoc gan cho toan
doan ma nat quan ly. Do gia tri v gan cho cac phan tir >= 0, nén ta co thé str dung ludén thong
tin riéng nay dé cho biét 1a niit c6 dang gitr gia tri chua lan truyén xudng hay khong Néu v =
-1 chang han, thi nut khong giit gia tri chua lan truyén, nguoc lai né dang giir gia tri chua lan
truyen.

Khai bao:

#define MAX 100005
struct NodeType {
int value;
int sum;
i
NodeType nodes[MAX*4];
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Khéi tao:
void init tree(int node, int left, int right) {
nodes[node] .value = -1; nodes[node].sum = 0;
if (left == right) {
return;
}
int mid = (left + right)/2;

init tree(2*node, left, mid);
init tree(2*node+l, mid+1l, right);

}

Cap nhat 1 doan [u,v] véi gia tri val:

void update (int node, int left, int right,
int u, int v, 1int wval) {
if (u > right || v < left)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= left && v >= right) {
nodes[node] .value = val;
nodes[node] .sum = (right-left+l)*val;
return;
}
/*Pay la trudong hop cdp nhidt mdt doan con cua doan dang quan
ly. Trudc hét phai lan truyén gid tri chua cdp nhat cua nd
(node) xudbng cac con cua noéd*/
int mid = (left+right)/2;
if (nodes[node] .value != -1) {
int value = nodes[node].value;
nodes[2*node] .value = value;
nodes[2*node] .sum = (mid-left+l)*value;

nodes[2*node+1] .value = value;
nodes[2*node+1l].sum = (right-mid) *value;
nodes [node] .value = -1; //d& lan truyén xong
}
update (2*node, left, mid, u, v, val);
update (2*node+l, mid+1l, right, u, v, wval);
//tdéng hop tdng tu 2 con
nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1] .sum;
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Truy van tong 1 doan [u, v]:

int query (int node, int left, int right,
int u, int v) {
if (u > right || v < left)
return 0; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= left && v >= right)
return nodes[node] .sum;
/*Pay la trudng hop truy van mdt doan con cua doan dang quan
ly. Trudc hét phai lan truyén gid tri chua cdp nhat cua nd
(node) xudbng cac con cua noéd*/

int mid = (left+right)/2;

if (nodes[node].value != -1) {
int value = nodes[node].value;
nodes[2*node] .value = value;
nodes[2*node] .sum = (mid-left+1)*value;
nodes[2*node+1] .value = value;
nodes[2*node+1l] .sum = (right-mid) *value;
nodes[node] .value = -1; //d& lan truyén xong

}
return query (2*node, left, mid, u, v) +
query (2*node+l, mid+1l, right, u, v);

}

Xir Iy két qua:

Néu téng chia hét cho sb phﬁn tir in tong. Néu khong, ta phai rat gon phan sd. Tim wdc sb
chung 16n nhat (USCLN) bang giai thuat Euclide va chia c4 tir va mau cho USCLN. Giai
thuét Euclide tim USCLN dugc cho nhu bén dudi.

int ged(int a, int b) {
while (b) {

int r = a%b;
a = b;
b = r;

}

return a;

}

Nao cac ban thir submit di nhé !
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Néu gip kho khin c6 thé tham khao code mau:

//1183 - Computing Fast Average

#include <stdio.h>
#include <string.h>
#include <math.h>

#define MAX 100005
struct NodeType {
int value;
int sum;
i
NodeType nodes[MAX*4];

void init_tree (int node, int left, int right) ({

nodes[node] .value = -1; nodes[node].sum = 0;
if (left == right) {
return;
}
int mid = (left + right)/2;

init tree(2*node, left, mid);
init tree(2*node+l, mid+1l, right);

}

void update (int node, int left, int right,
int u, int v, int wval) {
if (u > right || v < left)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= left && v >= right) {

nodes[node] .value = val;
nodes[node] .sum = (right-left+l)*val;
return;

}

int mid = (left+right)/2;

if (nodes[node].value != -1) {
int value = nodes[node].value;
nodes[2*node] .value = value;
nodes[2*node] .sum = (mid-left+l)*value;
nodes[2*node+1] .value = value;
nodes[2*node+1l].sum = (right-mid) *value;
nodes [node] .value = -1; //d& lan truyén xong

}

update (2*node, left, mid, u, v, wval);

update (2*node+1, mid+1, right, u, v, wval);

//tdng hop tdng tu 2 con

nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1].sum;

}

int query (int node, int left, int right,
int u, int v) {
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if (u > right || v < left)
return 0; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= left && v >= right)
return nodes[node] .sum;
/*Pay la trudng hop truy van mdét doan con cua doan dang quan
ly. Trudc hét phai lan truyén gid tri chua cédp nhat cua nd
(node) xubng cidc con cua ndéd*/
int mid = (left+right)/2;
if (nodes[node].value != -1) {
int value = nodes[node].value;
nodes[2*node] .value = value;
nodes[2*node] .sum = (mid-left+l)*value;

nodes[2*node+l1] .value = value;
nodes[2*node+1l].sum = (right-mid) *value;
nodes[node] .value = -1; //d& lan truyén xong
}
return query(2*node, left, mid, u, v) +
query (2*node+1, mid+1, right, u, v);

int ged(int a, int b) {

while (b != 0) {
int r = a%b;
a = b;
b = r;

}

return a;

}

int main() {
int nCase, n, g, u, v, type, val;
scanf ("%d", &nCase);
for (int no = 1; no <= nCase; no++) {
scanf ("%d %d", &n, &q);
init tree(l, 0, n-1);
printf ("Case %d:\n", no);

for (int i = 1; 1 <= qg; i++) {
scanf ("%d", &type);
if (type == 1) {

scanf ("%d %d %d", &u, &v, &val);
update (1, 0, n-1, u, v, val);

} else {
scanf ("%d %d", &u, &v);
int r = query(l, 0, n-1, u, v);
int k =v - u + 1;
int g = gcd(r, k);
r /= g;
k /= g;
if (k > 1)
printf ("%d/%d\n", r, k);
else
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printf ("%d\n", r);

Chuy:
- St dung scanf, printf thay cho cin/cout dé ting toc d6 doc/ghi dir liéu. Néu khong
time limit exceeded !

4.4 Bai hoc kinh nghiém
- Dé ap dung duoc ky thuat interval tree, ta phai mé hinh bai toan vé dang cap nhat/truy
van trén mot doan.
- Phan biét thong tin riéng cta nut va thong tin tong hop.
- Xéc dinh cach tinh thong tin tong hgp ciia 1 nut tir thong tin tong hop cua cac nat con
- Chua ¥ co ché “lazy update”™: dimg thao tac sém nhét co thé, han ché di xubng cac
doan con khong can thiét.
- St dung céc ham doc/ghi dit li¢u nhanh.
4.5 Cacbaituong ty
- 1082 - Array Queries (Light Oj)
- 1135 - Count the Multiples of 3 (Light Oj)
- 1164 - Horrible Queries (Light Oj)
4.6 Cacbainang cao
C6 kha nhiéu bai can phai phan tich that k§ méi co thé mé hinh hoa vé Interval Tree. Ta lan
luot xem 1 s6 dang bai nhu thé.

1120 - Rectangle Union (Light Oj )
http://lightoj.com/volume showproblem.php?problem=1120)

Cho mdt s6 hinh chit nhat c¢6 canh song song voi cac truc toa do, ta can tim téng dién tich bi
cac hinh chit nhat che phu. Trong vi du hinh bén dudi, tong dién tich bi che phu 1a 31 6.

M3di hinh chir nhat duoc mé ta bang 4 s6 nguyén x1, y1, x2, y2 trong d6 (x1, y1) 1a goc dudi
trai con (x2, y2) 1a goc trén phai. Trong hinh trén hinh chitr nhat vang c6 goc dudi trai la (0,
2), goc trén phai la (3, 6).

Dau vao: n hinh chit nhét (1 < n < 30000), mdi hinh 14 4 s nguyén x,, y1, X2, y2 (0 < Xy, y1,
X2, y2 < 10°, X1 < X2, y1 < y2).
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Pau ra: tong dién tich bi phi.

Bai nay khong thé ap dung ngay interval tree dugc ma phai phan tich va mé hinh hoa n6 vé
cac thao tac trén doan.

Dé tim dién tich bi cac hinh chit nhat bao phi ta chia khong gian bang cac canh ding ciia cac
hinh chit nhat va tinh tong phan bi bao phii duoc ngin cach bang cac canh ding. Goi xi, x»,
., Xan 14 céc toa do cta cac canh hinh chit nhat da duoc sip xép ting dan. Tong dién tich bi
phi1 = dién tich bi phu tir x; dén x, + dién tich bi phu tir x, d&én x3 + ... + dién tich bi phu tir
X1 dén x,,. DO rong phan bi gidi han boi x; va X 13 (Xi+1 — x;). Néu ¢ thém duoc tong
chidu cao ciia cac viing bi phu (trong 1 phan c6 thé ¢ 1 hodc nhiéu ving bj phit), ta nhan véi
do rong s€ co dugc dién tich ciia vung.
1 1
I
I
1

Néu g0i ymin 12 toa d6 clia canh thap nhit va yna 12 toa d6 canh ngang cao nhat trong tit ca
cac hinh chir nhat. Ta s& quan 1y tong chiéu cao cua cac vung bi bao phu trong ting phan bi
chia cach bang cac canh dimg. Vi du, trong hinh trén, phan dau tién co tong chiéu cao bi bao
phu =4 (chleu cao cua hinh chir nhat vang), phan thir hai ¢6 tong chidu cao = 5, phan thir 3
co tong chidu cao = 6, ... Ta thdy rang tong chiéu cao trong timg phan vung s€ thay doi. Su
thay doi nay la do khi chuyen vung, ta bat dau 1 hinh chit nhat mai, hodc két thiic mét hinh
chit nhat cii. Néu ta gap mdt canh la canh béat dau (canh trai) cua hinh chir nhat, toan bd chiéu
cao tur yl dén y2 s€ bi hinh chir nhat dang xét bao phu. Nguoc lai, néu ta gdp mot canh phai
ctia hinh chir nhat, tong chiéu cao bi bao phu c¢6 thé bi giam ciing c6 thé khong (do méot 6 ¢6
thé bi nhiéu hinh chit nhat bao phu).

Pén day, ban dd doan ra cach dung interval tree dé quan 1y viéc bao phi nay chua?

Ta s& dung mot interval tree dé quan 1y mot doan tif Yimin dén ymax (thuc té ta nén quan 1y cac
O tlr Yimin dén ymax-1, thay quan ly vi cac toa do). Dau tién tit ca cac 6 déu khong bi bao phu
nén c6 gia tri bang 0.

Sau khi sép xép cac canh ding theo thu tu ting dan, ta 1an luot duyét qua céc canh, mdi khi
gidp mot canh bat ddu ta ting gia tri cta cac 6 tir y1 dén y2 1én 1. Mbi khi gap 1 canh két thuc,
ta ta giam gia tri cua cac 0 tu yl dén y2 di 1. Sau mdi thao tac tang hay giam ta phai cap nhat
s6 0 bi phu (co gia tri > 0) cta cac nut trong interval tree. Dé dém s0 0 bi phu ta truy van
trong doan tur Ymin dén ymax c6 bao nhiéu 6 bi phu. Doan nay do nuit gbc quan 1y, nén ta chi
can iy thong tin tong hop ctia nut gbc 1a di.

Tém lai bai toan nay s€ dugc mo hinh hoa vé céac thao tac trén interval tree nhu sau:

- Khoi tao, cac 0 tr ymin d€n ymax c6 gid tri 0.
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- Tang hodc giam gia tri cua céc 6 trong mot doan.
O mdi nat, thong tin riéng 1a gia tri ting hay giam (+1/-1), thong tin tong hop 1 sb cac 6 co
gia tri > 0.
Khai bdo
//10"9
#define MAX 10000000001
struct NodeType {

int value;
int sum;

i
NodeType nodes[MAX*4];

Khoi tao:
value =0; sum =0

Téng 1 doan:

void increase (int node, int left, int right,
int u, int v) {
if (u > right || v < left)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= left && v >= right) {
nodes [node] .value++;
nodes[node] .sum = left - right + 1;
return;
}
increase (2*node, left, mid, u, v);
increase (2*node+1, mid+1, right, u, v);
//tdng hop tdng tu 2 con
nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1] .sum;
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Giam 1 doan:

void decrease (int node, int left, int right,
int u, int v) {
if (u > right || v < left)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= left && v >= right) {
nodes [node] .value--; //1 doan chi cé thé >= 0
if (nodes[node] .value == 0)
if (left != right)
nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1] .sum;
else
nodes[node] .sum = 0;
return;
}
//khéng can lan truyén
decrease (2*node, left, mid, u, v);
decrease (2*node+1, mid+1l, right, u, v);

//tdéng hop tdng tu 2 con
nodes[node] .sum = nodes[2*node].sum +
nodes[2*node+1] .sum;

}

Tuy nhién do (0 <Xy, y1, X2, ¥2 < 10°) nén néu quan ly truc tiép timg 0 tU Yimin dén Yinay, & ton
kha nhiéu bd nhd va thoi gian. Ta c6 thé giam s 6 trong doan tir 10° xudng con 30,000%2 =
60,000 khoang théi (s6 hinh chit nhat n < 30,000 nén c6 2*n canh ngang => s6 khoang = 2*n
- 1). Mbi khoang dugc gi6i han bang 2 gia tri ymin va ymax. Trong vi du bén dudi, ta c6 3
hinh chit nhat nén c6 6 canh ngang va tao thanh 5 khoang. Mdi khoang bay gio dong vai tro

nhu 1 phan tir trong mang dir liéu trong bai toan “Fast Average”.

Phuong phap nay goi 1 roi rac hoa dir lidu. bPé quan 1y cac khoang ta chi cAn mot mang luu
cac cao do ting dan, horizontals. Trong vi du trén, néu tinh dir dudi 1én ta luu: 1, 2, 3, 4, 6 va

7 twong (mg v6i 5 khoang. Interval tree dé quan 1y doan tir ymin dén ymax nhu sau:

A

A

W
A

—_
A
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Khai bao:

//2*30000
#define MAX 60001
struct NodeType {

int value;

long long sum;

long long ymin, ymax;

i
NodeType nodes[MAX*4];
long long height [MAX];

struct Rectangle {
long long x1, vyl1, x2, y2;
i

//Danh sé&ch céc hinh ch@ nhit
Rectangle rects[30000];

struct Vert {
long long x;
bool begin;
int id;

}s

//Cé4c canh dung
Vert verticals[MAX];
long long horizontals[MAX];

Khoi tao:

Véi mdi nit ta luu lai khoang ymin va ymax ma né quan ly. Chii y khodng [ymin, ymax]
tuong ung voi mdt doan dit liu nao do6 trong mang dir liu. Trong bai gidi nay, horizontal c6
chi so tinh tir 0, chi s nut trén interval tree tinh tir 1 nén khoang i c6 ymin = horizontal[left-
1] va ymax = horizontal[left].

void init tree(int node, int left, int right) {

nodes[node] .value = 0; nodes[node].sum = 0;

if (left == right) {
nodes[node] .ymin = horizontals[left-1];
nodes[node] .ymax = horizontals[left];
return;

}

int mid = (left + right)/2;

init tree(2*node, left, mid);

init tree(2*node+l, mid+1l, right);

nodes[node] .ymin = nodes[2*node] .ymin;
nodes[node] .ymax = nodes[2*node+1].ymax;
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Téng 1 doan:

Trong cac ham ting/giam, ta sitr dung ymin, ymax dé xac dinh khoang quan 1y nut thay vi
doan trong mang dir liéu. Khi tang mét doan bao phu hoan toan khoang cua mot nut, chic
chian khoang nay bi phu it nhat 1 hinh chit nhat nén ta khong can di xudng cac niit con ctia
n6. Cac con ciia n6 s& duge cap nhat dwa vao co ché “lazy update” nghia 1a chi cap nhat khi
ta c4p nhat/truy vin con/chau ciia no.

void increase (int node, int left, int right, int u, int v) {

if (u >= nodes[node].ymax || v <= nodes[node].ymin)
return; //[u,v] ndm ngodi doan quan 1y cua node

if (u <= nodes[node].ymin && v >= nodes[node].ymax) {
nodes [node] .value++;
nodes[node] .sum = nodes[node].ymax - nodes[node].ymin;
return;

}

int mid = (left + right)/2;

increase (2*node, left, mid, u, v);

increase (2*node+1, mid+1, right, u, v);

//tdéng hop tdng tu 2 con
if (nodes[node] .value == 0)
nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1].sum;

}

Giam 1 doan:
Khi gia tri cia mot doan bi gidm vé 0, sO 0 bi phu cia khoang nay phu thudc vao 2 khoang
cua 2 con cua n6. Néu no6 1a nuat 14, s6 6 bi phu chac chan sé€ 1a 0.

void decrease (int node, int left, int right, int u, int v) {
if (u >= nodes[node].ymax || v <= nodes|[node].ymin)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= nodes[node].ymin && v >= nodes[node].ymax) {

nodes [node] .value--; //value cua 1 doan chi cé thé >= 0
if (nodes[node].value == 0) {
if (left != right)

nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1].sum;
else
nodes[node] .sum = 0;

}

return;
}
int mid = (left +right)/2;
decrease (2*node, left, mid, u, v);
decrease (2*node+1, mid+1, right, u, v);

//tdéng hop tdng tu 2 con
if (nodes[node] .value == 0)
nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1].sum;
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Bai toan nay c6 2 tinh chat dic biét lam né dé:

- Gia tri ciia mot niit khong bao gio am vi ta ludn ting 1 doan (khi gip canh bt dau ctia
1 hinh chir nhat) trudc khi giam gia tri ciia n6 (khi gip canh két thac ciia cing hinh
chir nhat)

- 16 chicanbj phu it nhat boi 1 hinh chir nhat 13 duge tinh. Trong mat s6 bai toan m&
rong khac, ta can phai dém sb 6 bi phu it nhét k hinh chit nhat nhu trong bai “1204 -
Weird Advertisement”. D6i v6i cic bai nhu thé, mdi khi ting/giam mot doan ta
khong thé dimg ngay duge ma phai tiép tuc di xuéng dé tong hop sd 6 bi phi trong
cac con cua no.

Nhiém vu con lai ciia chiing ta sip xép cac canh dimg theo thir tu ting dan va tao cac khoang
tir cdc canh ngang.

Sap xép canh ding va tao cac khoang tir cac canh ngang. Cac canh c6 tung do bang nhau chi
gilr lai 1 gia tri.

bool my compare (const Verté& a, const Vertd& b)
return a.x < b.x;

}

int create interval (int n) {
//Canh ngang <y, id-rect> chi s cua hinh ch nhat
//dung d& cdp nhat tu toa dd sang chi sb khoang
static long long ys[MAX];

for (int i = 0; 1 < n; 1++) {
verticals[2*1].x = rects[i].x1;
verticals[2*i] .begin = true;

verticals[2*1].id = 1i;

verticals[2*1i+1l].x = rects[i].x2;
verticals[2*i+1] .begin = false;
verticals[2*1i+1].1d = 1i;

ys[2*1] = rects[i].vyl;
ys[2*i+1] = rects[i].y2;
}

sort (verticals, verticals + 2*n, my compare);
sort (ys, ys + 2*n);

//unique
int k = 0; int y = -1;
for (int i = 0; 1 < 2*n; i++) {
if (y !'= ysl[i]) |
horizontals[k] = ys[i];
y = yslil;
k++;

}
}

return k-1;
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Chuong trinh mau:

//1120 - Rectangle Union

#include <stdio.h>
#include <string.h>
#include <math.h>
#include <algorithm>
#include <iostream>
#include <map>

using namespace std;

//2*30000
#define MAX 60001
struct NodeType {

int value;

long long sum;

long long ymin, ymax;
i
NodeType nodes[MAX*4];
long long height [MAX];

struct Rectangle {
long long x1, vyl1, x2, y2;
i

//Danh sé&ch cédc hinh ch@ nhit
Rectangle rects[30000];

struct Vert {
long long x;
bool begin;
int id;

}s

//Cé&c canh dung
Vert verticals[MAX];
long long horizontals[MAX];

bool my compare (const Verté& a, const Vertd& b)
return a.x < b.x;

}

int create interval (int n) {
//Canh ngang <y, id-rect> chi sb cua hinh ch nhat
//dung d& cdp nhat tu toa dd sang chi sb khoang
static long long ys[MAX];

for (int 1 = 0; 1 < n; 1i++) {
verticals([2*i].x = rects[i].x1;
verticals[2*i] .begin = true;
verticals([2*i].id = i;

37/61



K thuat phén tich va thiét ké giai thuat

verticals[2*1i+1l].x = rects[i].x2;
verticals[2*i+1] .begin = false;
verticals[2*1i+4+1].1d = 1i;

ys[2*1] = rects[i].vyl;
ys[2*i+1] = rects[i].y2;
}

sort (verticals, verticals + 2*n, my compare);
sort (ys, ys + 2*n);

//unique
int k = 0; int y = -1;
for (int i = 0; 1 < 2*n; 1i++) {
if (y !'= yslil]) {
horizontals[k] = ys[i];
y = yslil;
k++;

}
}

return k-1;

}

void init tree(int node, int left, int right) {

nodes[node] .value = 0; nodes[node].sum = 0;

if (left == right) {
nodes[node] .ymin = horizontals[left-1];
nodes[node] .ymax = horizontals[left];
return;

}

int mid = (left + right)/2;

init tree(2*node, left, mid);

init tree(2*node+l, mid+1l, right);

nodes[node] .ymin = nodes[2*node] .ymin;
nodes[node] .ymax = nodes[2*node+1].ymax;

}

void increase (int node, int left, int right, int u, int v) {

if (u >= nodes[node].ymax || v <= nodes[node].ymin)
return; //[u,v] ndm ngodi doan quan 1y cua node

if (u <= nodes[node].ymin && v >= nodes[node].ymax) {
nodes [node] .value++;
nodes[node] .sum = nodes[node].ymax - nodes[node].ymin;
return;

}

int mid = (left + right)/2;

increase (2*node, left, mid, u, Vv);

increase (2*node+1, mid+1, right, u, v);

//tdng hop tdng tu 2 con
if (nodes[node].value == 0)
nodes[node] .sum = nodes[2*node].sum +
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nodes[2*node+1] .sum;

}

void decrease (int node, int left, int right, int u, int v) {
if (u >= nodes[node].ymax || v <= nodes[node].ymin)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= nodes[node].ymin && v >= nodes[node].ymax) {
nodes [node] .value--; //value cua 1 doan chi cé thé >= 0
if (nodes[node].value == 0) {
if (left != right)
nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1] .sum;
else
nodes[node] .sum = 0;
}
return;
}
int mid = (left +right)/2;
decrease (2*node, left, mid, u, v);
decrease (2*node+1, mid+1, right, u, v);

//tdéng hop tdng tu 2 con
if (nodes[node] .value == 0)
nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1].sum;

}

int main () {
int nCase, n;
scanf ("%d", &nCase);

for (int no = 1; no <= nCase; no++) {
scanf ("%d", &n);
for (int 1 = 0; 1 < n; 1i++)

scanf ("%$11d %11d %11d %11d",
&rects[i].x1, &rects[i].vyl,
&rects([i].x2, &rects[i].y2);

int k = create interval (n);
//cout << "k = " << k << endl;

init tree(l, 1, k);
long long result = 011;
for (int i = 0; 1 < 2*n - 1; 1i++) {
int id = verticals[i].id;
if (verticals[i].begin) {
increase (1, 1, k, rectsl[id].yl, rects[id].y2);
} else {
decrease (1, 1, k, rects[id].yl, rects[id].y2);
}
result += nodes[1].sum*
(verticals[i+l].x - verticals[i].x);

39/61



K thuat phén tich va thiét ké giai thuat

printf ("Case %d: %$11d\n", no, result);

}

return 0;

Ban ciing c6 thé ap dung cach twong tu dé giai bai 1204 - Weird Advertisement (Light Oj).

1204 - Weird Advertisement (Light Oj)

2DPlaneLand is a land just like a huge 2D plane. The range of X axis is 0 to 10° and the
range of Y axis is also 0 to 10°. People built houses only in integer co-ordinates and there
is exactly one house in each integer co-ordinate.

Now UseAndSmile Soap Company is launching a new soap. That's why they want to
advertise this product as much as possible. So, they selected n persons for this task. Each
person will be given a rectangular region. He will advertise the product to all the houses
that lie in his region. Each rectangular region is identified by 4 integers xi, y1, X2 and ya.
That means this person will advertise in all the houses whose x co-ordinate is between x;
and x; (inclusive) and y co-ordinate is between y; and y (inclusive).

Now after a while they realized that some houses are being advertised by more than one
person. So, they want to find the number of houses that are advertised by at least k
persons. Since you are one of the best programmers in the city; they asked you to solve
this problem.

Input

Input starts with an integer T (< 13), denoting the number of test cases.

Each case starts with a line containing two integers n (1 < n < 30000), k (1 < k < 10).
Each of the next n lines will contain four integers X1, y1, X2, y2 (0 < X1, Y1, X2, Y2 < 109, X1
< X2, y1 <Y2) denoting a rectangular region for a person.

Output
For each case, print the case number and the total number of houses that are advertised by
at least k people.

Sample Input Output for Sample Input

2 Case 1: 27
21 Case 2: 8
0044
1125
22

0044
1125

Note
Dataset is huge. Use faster i/o methods.

Bai nay khéc véi bai Rectangle Union ¢ 2 diém chinh:

- Céch tinh sb nha trong mot vung chir nhat khac véi dién tich cta hinh chir nhat.
- Taphai dém so nha dugc quang cdo it nhat k 1an. k c¢6 thé 16n hon 1.
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Diém khéc biét dau tién co6 thé giai quyet bang cach di chuyén cac can nha tur giao diém dén
tam cda cac 0 va ndi rong hinh chir nhat thém 1 don vi cho ca chiéu rdng va chiéu cao.

---------------------------------------------------

-------------------------------------------------------

D6i voi diém khac biét thir hai, khi mot doan bi phu bang mot hinh chit nhat néu sé lugng
hinh chir nhat bi phii con nhé hon K, ta khong thé tinh téng s6 6 bi phii ngay ma phai di
xudng tim céc 6 bi phu tir cac nit con cua né. Qua trinh di xudng nay sé& dimg lai khi gap 1
nut 14 hodc mot doan bi phu nhiéu hon k hinh chit nhét.

Ting mot doan: ta phai truyén thém 1 tham s parent dé cho biét tong s hinh chit nhat da
phu Ién doan nay (tinh tir nut goc)

void increase (int node, int left, int right,
int u, int v, int parent) {
if (u >= nodes[node].ymax || v <= nodes[node].ymin)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= nodes[node].ymin && v >= nodes[node].ymax) {
nodes [node] .value++;
//Pém sbé nha va két thuc
count (node, left, right, parent);
return;
}
int mid = (left + right)/2;
increase (2*node, left, mid, u, v,
parent + nodes[node] .value);
increase (2*node+1, mid+1, right, u, v,
parent + nodes[node] .value);

//tdéng hop tdng tu 2 con
if (parent + nodes[node] .value < k)
nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1] .sum;

41/61



K thuat phén tich va thiét ké giai thuat

Giim m¢t doan:

void decrease (int node, int left, int right,
int u, int v, int parent) {
if (u >= nodes[node].ymax || v <= nodes[node].ymin)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= nodes[node].ymin && v >= nodes[node].ymax) {
nodes [node] .value--;
//Pém sbé nha va két thuc
count (node, left, right, parent);
return;
}
int mid = (left + right)/2;
decrease (2*node, left, mid, u, v,
parent + nodes[node] .value);
decrease (2*node+1, mid+1, right, u, v,
parent + nodes[node] .value);

//tdéng hop tdng tu 2 con
if (parent + nodes[node] .value < k)
nodes[node] .sum = nodes[Z2*node] .sum +
nodes[2*node+1] .sum;

}

DPém s0 nha ctiia m¢t doan va cip nhat vao bién tong hgp sum:

void count (int node, int left, int right, int parent) {
if (parent + nodes[node] .value >= k) {
nodes[node] .sum = nodes[node].ymax - nodes[node].ymin;

return;

}

if (left == right) {
nodes[node] .sum = 0;
return;

}

int mid = (left + right)/2;

//tdéng hop tdng tu 2 con
count (2*node, left, mid, parent + nodes[node].value);
count (2*node+1, mid+1, right,
parent + nodes[node] .value);
nodes[node] .sum = nodes[2*node] .sum +
nodes[2*node+1] .sum;

Bai ké tiép theo dy st dung interval tree dé ting tdc cho k¥ thuat quy hoach dong.
1415 - Save the Trees (Light Oj)

1 hang cdy duoc danh sb tir 1 dén n (n = 2%10°). mdi cay thudc vé 1 loai type[i] va c6 1 chiéu
cao height[i]. Dé tinh gia tri ciia toan bd hang cay trudc hét ta gom cic cdy canh nhau dé
thanh cac nhom. Loai cua céc cdy trong cung nhom phai khac nhau. Gié tri cuia mét nhom
bang chiéu cao ciia cdy cao nhét. Gia tri cia hang cdy bang tong gid tri cua cac nhom. Vi
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mdi cach gom nhém khac nhau, ta c6 tong gia tri cia hang cay ciing khac nhau. Nhiém vu
cua ban la tim gia thap nhat.

Vi du: hang 5 ciy nhu bén dudi c6 gia thip nhat 13 26.

11
13
12
9

13

W N E DN WL

Vi du: hang 5 ciy nhu bén dudi c6 gia thip nhat 1a 26.

Trudc hét, ta thir st dung k¥ thuat quy hoach dong dé phan tich bai nay. Ta chia bai toan
thanh n budc, mdi budc ta xét 1 cay. Néu goi F[j] 1a gia thip nhét cua cac cay tir 1 dén j, &
budc i, ta xem xét cdy th i. Ta co thé gom cdy i vao mét trong cac nhém (j, j+1, ..., 1). Goi
Left[i] 1a cAy xa nhat vé phia trai ma ta c6 thé gom né vao ciing nhém véi cy i, ta co:

F[i] = min{F[j-1] + max-height(j, i)}
v6i j chay tir Left[i] dén i va max-height(j, i) 1a chidu cao cua cdy cao nhét tir j dén i.

Giai thuat quy hoach dong cho bai nay kha don gian:

for (int i1 = 1; 1 <= n; 1++) {
F[i] = inf; int h = 0;
for (int J = left[i]; J <= 1i; J++) {
h = max(h, height[j]);
F[i] = min(F[i], F[3-1]1 + h);
}
}

Pé tinh Left[i], ta co thé sir dung k¥ thuat quy hoach dong.

Left[i] 1a vi tri gén i nhit trong 2 vi tri: Left[i-1] va vi tri cta cdy sau cing c6 cing loai voi
cay 1 hay:

Left[i] = max(Left[i-1] + loc[type[i]] +1);

trong d6 loc[type[i]] 1a vi tri cua cdy sau cung c6 cung loai vdi 1.

void compute left(int n) {
static int loc[MAX];

for (int 1 = 0; 1 <= n; 1i++)
loc[i] = 0;

Left[0] = 1;

for (int i = 1; 1 <= n; 1++) {
Left([i] = max(Left[i-1], loc[typelill]l):
loc[typelil] = 1i;

}

Tuy nhién ta khong thé dung ky thuét quy hoach dong dé giai bai ndy vi n qua 16n (n =
2%10%) va c6 dén 2 vong lap 16ng nhau. Sir dung interval tree dd c6 thé lam giam thoi gian
tinh toan cua vong lap j.

Mb hinh hoa bai toan nay vé interval twong ddi phirc tap. Ta thir phan tich nhé. Cong thirc
tinh F[i] la:
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F[i] = min{F[j-1] + max-height(j, i)}
bat {[j] = F[j-1] va h[j] = max-height(j, 1), ta co:
F[i] = min {f[j] + h[j]} v&i moi left[i] <) < 1.
Ta sur dung 1 interval tree dé quan 1y 1 doan tur 1 dén n.’MSi Phﬁn tir j luu f[j] + h[j]. Pé tim
F[i] ta truy van khoang tur left[i] dén 1 d¢ lay gia thap nhat. M6i khi thém mét cay mdi, ta dua
1 vao interval tree va cép nhét h[j] cua tat ca cac phan tir c6 h[j] height[i]. Poan cac phan tir

can cap nhat h[j] 13 tir before[i] d&én i v6i before[i] 14 vi tri ngay sau ciy co chiéu cao cao
hon i.

Nut node trong interval tree quan 1y cac cdy tir left dén right, thong tin riéng cua nat hj].
Thong tin tong hgp bao gdom min_fh luu gia tri nhd nhat cta f[j] + h[j] voi tat ca cac j trong
doan node quan ly va min_f luu gia tri nhé nhat cua fJj].

Khai bao:

#define MAX 200001
struct NodeType {
int h;
long min_ fh;
long min_ f;
i
NodeType nodes[MAX*4];

Khdi tao:
void init tree(int node, int left, int right) {
nodes[node] .h = 0; nodes[node].min fh = 0;
min £ = 0;
if (left == right) {
return;
}
int mid = (left + right)/2;

init tree(2*node, left, mid);
init tree(2*node+l, mid+1l, right);
}

Lantruyén

void propage (int node) {
if (nodes[node].h > 0) {
int mid = (left+right)/2;
int h = nodes[node].h;
nodes[2*node] .h = h;
nodes[2*node] .min fh = nodes[2*node].min f + h;

nodes[2*node+!].h = h;

nodes[2*node+1] .min_ fh =
nodes[2*node+1] .min £ + h;

nodes[node] .h= 0; //da lan truyén xong

Téng hop
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void synthesize (int node) {

nodes[node] .min fh = min(nodes[2*node]. min_ fh,
nodes[2*node+1]. min fh);
nodes[node] .min f = min(nodes[2*node].min f,

nodes[2*node+1] .min_ f);
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Thém cay i vao interval tree

void insert(int node, int left, int right, int i) {

if (u > right || v < left)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (left == right) {
nodes[node] .h = height[i];
nodes[node] .min fh = height[i];
nodes[node] .min £ = F[i-1];
return;

}
propagate (node) ;
int mid = (left+right)/2;
if (1 <= mid)
insert (2*node, left, mid, i);
else
insert (2*node+1, mid+1l, right, 1i);
//tdng hop tdng tu 2 con
synthesize (node) ;

}

Cap nhét h[j] cia doan [u, v]

Do ta luon cap nhét cac doan c6 h[j] nhé hon gia tri cap nhat h nén ta chi can gan h[j] =h cho
ca 1 doan.

void update (int node, int left, int right,
int u, int v, 1int h) {
if (u > right || v < left)
return; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= left && v >= right) {
nodes[node] .h = h;
nodes[node] .min_ fh = nodes[node].min £ + h;
return;
}
propagate (node) ;
int mid = (left+right)/2;
update (2*node, left, mid, u, v, h);
update (2*node+l, mid+1l, right, u, v, h);
//tdéng hop tdng tu 2 con
synthesize (node) ;

46/61



K thuat phén tich va thiét ké giai thuat

Truy van tong 1 doan [u, v]:

long long query (int node, int left, int right,
int u, int v) {

if (u > right || v < left)

return 0; //[u,v] ndm ngodi doan quan 1y cua node
if (u <= left && v >= right)

return nodes[node].min fh;
propagate (node) ;
int mid = (left+right)/2;
return query (2*node, left, mid, u, v) +

query (2*node+l, mid+l, right, u, v);

}

Tinh toan before|i]

Dé tinh before[i] ta sir dung 1 stack luu vi tri clia cac cdy. Vi mdi cay i, ta 1an luot loai bo
cac phan ti trén dinh stack c6 chiéu cao thap hon chi€u cao cua i. before[i] = vi tri cua cay
trén dinh stack + 1.

void compute before (int n) ({
static int stack[MAX];
int top = 0;
stack[top++] = 0;
for (int i1 = 1; 1 <= n; 1++) {
while (top > 0 && height[top] <= height[i])

top—--;
before[i] = stack[top] + 1;
stack[++top] = 1i;
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Ham main()

int main () {
int nCase, n;
scanf ("%d", &nCase);

for (int no = 1; no <= nCase; no++) {
scanf ("%d", &n);
for (int 1 = 1; 1 <= n; 1++)

scanf ("%d %d", &typeli], &height[i]);
init tree(l, 1, n);
compute left (n);
compute before (n);
F[O0] = 0;
for (int 1 = 1; 1 <= n; 1++) {
insert (1, 1, n, 1);
update (1, 1, n, Before[i], i, height[i]);
F[i] = query(l, 1, n, Left[i], 1i);
}
printf ("Case %d: %11d\n", no, F[n]);
}

return 0;

}

Nao ta cung submit.

5 Giai tich va hinh hoc

C6 rét nhiéu bai toan thay vi giai bang cach 1ap va tim kiém, ta c6 thé giai dugc nod bang cach
ap dung cac két qua cua toan.

5.1 Baitodn khoadng cach ngan nhat

Xét bai toan 1146 - Closest Distance (Light Oj) nhu sau: mot ngudi di tir A dén B va nguoi
kia di tir C dén D. Téc d6 di chuyén cua hai nguoi ti 16 thuan véi chiéu dai cua doan dudng
ctia ho. Tinh khoang cach ngin nhat giita 2 ngudi trén dudng di.

B C

—‘i

D

Bai nay duoc xép trong nhém tim kiém tam phén (Ternary Search), tuy nhién ta c6 thé giai
bai niy bang cach tim cuc tri cia mot ham 1 bién. Dé tim cyec tri ta ldy dao ham va giai
phuong trinh dao ham = 0. So sanh gia tri cta ham tai 2 diém cuc bién va gié tri tai diém co
dao ham = 0.
Goi XA, yA, xB, yB, xC, yC, xD,yDlatoadocuacacdwnlA,B CvaD. Ta c6 phuong
trinh chuyén dong ctia ngudi thir nhit theo thoi gian t nhu sau:

x = (xB —xA)t + xA

y=0B—-ydt+yA

Twong tu phuong trinh chuyén dong ctia nguoi thi 2 1a:
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x = (xD —xC)t + xC

y =D —-yC)t+yC
Binh phuong khoang cach gitra hai nguoi theo t:

d(t) = (xB — xA)t + xA — (xD — xC)t — xC)?
+ (yB —yA)t+ yA— (yD —yCO)t — yC)?
Dé tim khoang cach nho nhét ta dao ham d(t) theo t va giai phuong trinh d’(t) = 0 ta tim dugc
t*. Sau d6 so sanh 3 khoang cach (A, C), (B, D) va d(t*) dé tim khoang cach 16n nhét.
Code chwong trinh miu:
#include <iostream>
#include <string.h>
#include <math.h>
using namespace std;
double xA, xB, xC, xD, vA, yB, yC, yD;
double powZ (double x) {
return x*x;

}

double process () {
double deltaX = xB - xA - xD + xC;
double deltaY = yB - yA - yD + yC;
double dx = xA - xC;
double dy = yA - yC;

double distl = sqgrt(pow2 (xA - xC) + pow2(yA - yC));
double dist?2 sqrt (pow2 (xB - xD) + pow2(yB - yD));
double distO0;

if (deltaX*deltaX + delta¥Y*deltaY == 0)

dist0 = -1;
else {
double t = -(deltaX * dx + deltaY * dy)/
(deltaX*deltaX + delta¥Y*deltaY):
if (¢t <0 |] £t >1)
dist0 = -1;
else
dist0 = sqgrt (pow2 (deltaX*t + dx) +

pow?2 (deltaY*t + dy)):
}
if (dist0 < 0)
return std::min(distl, dist2);

return std::min(distl, std::min(dist2, distO0));
}
int main() {

int nCase, n;

cin >> nCase;

cout.precision(12);

for (int no = 1; no <= nCase; no++) {
cin >> xA >> yA >> xB >> yB >> xC >> yC >> xD >> yD;
cout << "Case " << no << ": " << process() << endl;

}

return 0;
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5.2 Baituwongtw
- 1240 - Point Segment Distance (3D)

5.3 Olympics (1056 Light Oj)

length

width

Geometric Mode!

‘k‘ual View

San van dong ciia mot dot thé van hoi c6 hinh dang 1a hinh chit va hai cung tron thudce cung 1
dudng tron (xem hinh). Tinh chiéu dai (length) va chiéu rong cua hinh chit nhat trén néu biét
1i 16 gitta chiéu dai va chiéu rong va chu vi ciia san vin déng la 400m.

Vi du:

Sample Input Output for Sample Input

2 Case 1: 117.1858168 78.12387792
3 : 2 Case 2: 107.29095604 85.8327648
5 : 4

Bai nay duoc xép nam trong nhém tim kiém nhi phan. Tuy nhién ta c6 thé bai ndy mot cach
nhanh chéng bang cach 4p dung cac kién thure vé hinh hoc va lugng giéc.

Néu goi goc ACB = a, 4p dung tong cta 3 goc trong tam giac bang 180°, ta d& dang suy ra
g6c AOB = 2q.
Ntra chu vi cta san van dong = AD + OA* 2a. = AD + AC*a.
Mait khac AC = BD/cos(a) = AD/cos(at). Thay vao trén ta dug

AD + AD*a/cos(a) =400/2 =200
Suy ra:

Chiéu dai = AD = 200(1 + a/cos(at))
Chiéu rong = chiu dai/ti 16
Pé tim o, ta xét:
tan(ot) = chiéu rong/chiéu dai

=> o = atan(chiéu rong/chiéu dai).
Dén day thi xem nhu bai toan da giai xong.
Nao cac ban cung submit nh¢!
Code mau:
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//1056 - Olympics
#include <iostream>
#include <math.h>
using namespace std;

volid solve(int 1, int w) {
double alpha = atan2(w, 1);
double length = 200.0/(1.0 + alpha/cos(alpha));
double width = length*w/1;
cout << length << ' ' << width << endl;
}

int main() {

int nCase, w, 1;

char c;

cin >> nCase;

cout.precision(9);

for (int no = 1; no <= nCase; no++) {
cin >> 1;
cin >> c; //bd qua dau
cin >> w;

cout << "Case " << no << ": ";
solve(l, w);
}

return 0;
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6 Gidi thuat trén dé thi

6.1 Giai thuat Dijkstra tim dwong di ngan nhat

Cho db thi (c6 hudng hodc v hudng déu dugc), tim dudng di ngin nhat tir s dén tit ca cac
dinh con lai.

Y tuéng chinh cta giai thuat 1a bat dau tir dinh s (danh dau s duoc xét 1di), ta tim dinh ¢
khoang cach ngin nhit tir s &én no, dat s 1a dinh méi ndy. Xét cac dinh c6 cung ndi truc tiép
véi s va cap nhat lai khoang cach maoi néu duong di cli dai hon. Panh dau s d3 duoc xét. Tiép
tuc qué trinh ndy cho dén khi tit ca cac dinh déu duogc xét.

Gidi thuat Dijstra

#define MAX 501
#define Inf 50000
int M[MAX] [MAX];
int check[MAX];
int d[MAX];

void Dijkstra (int n, int t) {
//1. Khéi tao chua dinh nao duogc xét, d[i] = vd cung
memset (check, 0, sizeof (check));

for (int 1 = 0; 1 < n; 1i++)
d[i] = Inf;

int s = t;

dis] = 0;

for (int j = 0; J < n; Jj++)
if (M[s][J] < Inf)

dfj] = M[s][J];
check[s] = 1;
for (int i = 1; 1 < n; 1++) {

//2. tim phadn t& nhé nhit
int MIN = Inf;
s = -1;
for (int k = 0; k < n; k++)
if (!check[k] && d[k] < MIN) {
MIN = d[k];

s = k;
}
if (s == -1)
break;
//3. cap nhat d[j] cua cac con cua s
for (int 3 = 0; jJ < n; J++) {
int newcost = d[s] + M[s][3];
if (!check[j] && M[s][]Jj] < Inf && d[J] > newcost)
d[j] = newcost;
}
check[s] = 1;

}

1019 - Brush (V): tim dudng di ngan nhat tir dinh 1 dén dinh n trong d5 thi
Ap dung tryuc tiép giai thuat Dijsktra dé giai bai nay.
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Bién thé ciia Dijstra: Xét bai 1002 - Country Roads

I am going to my home. There are many cities and many bi-directional roads between
them. The cities are numbered from 0 to n-1 and each road has a cost. There are m roads.
You are given the number of my city t where I belong. Now from each city you have to
find the minimum cost to go to my city. The cost is defined by the cost of the maximum
road you have used to go to my city.

For example, in the above picture, if we want to go from 0 to 4, then we can choose

1) 0-1-4which costs 8, as 8 (1 - 4) is the maximum road we used
2)  0-2-4which costs 9, as 9 (0 - 2) is the maximum road we used
3) 0-3-4which costs 7, as 7 (3 - 4) is the maximum road we used

So, our result is 7, as we canuse 0 - 3 - 4.
Input
Input starts with an integer T (< 20), denoting the number of test cases.

Each case starts with a blank line and two integers n (1 £ n < 500) and m (0 < m <
16000). The next m lines, each will contain three integers u, v, w (0 <u,v<n,u#v, 1<
w < 20000) indicating that there is a road between u and v with cost w. Then there will be
a single integer t (0 < t < n). There can be multiple roads between two cities.

Output

For each case, print the case number first. Then for all the cities (from 0 to n-1) you have
to print the cost. If there is no such path, print 'Impossible’.

Sample Input | Output for Sample Input
2 Case 1:

56
015
014
213
307
346
318
1

ase 2:

WOoORANIWO A

Impossible
54 Impossible
015
014
213
347
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Tim duong di ngén tir cac thanh phd dén thanh phd t. Do cac duong ndi 1a duong hai chiéu
nén bai toan twong ung voi tim duong di ngan nhat tir t dén cac thanh phd khac. Chi phi cta

duong di dugc tinh bang do dai cung dai nhat trén duong di.

Tim dudng c6 chi phi nho nhét véi chi phi cia duong di dugce tinh bang chi phi ctia cung 16n

nhét trén dudng di.

Vi bai toan nay ta chi cin déu chinh 1 chut & phan cép nhat chi phi duong di. Néu d[i] 1a chi
phlduongdlursdenl va c[1][j] 1a chi phi cua cung (1, j) thi ta s€ cdp nhét chi phi cua duong

di tir s dén j, d[j] = max(d[i], c[i][j]) néu chi phi m&i nay tbt hon chi phi cii d[j].

Can chu y giira hai dinh co thé ¢6 nhiéu cung. Ta chi can giit lai cung c6 chi phi nho nhat.

Nao, cac ban thir submit nhé !

//1002 -
#include
#include
#include
#include

Country Roads
<stdio.h>
<string.h>
<math.h>
<algorithm>
#include <iostream>
#include <map>

using namespace std;

#define MAX 501
#define Inf 50000
int M[MAX] [MAX], check[MAX],

void Dijkstra(int n,

d[MAX];

int t) {

memset (check, 0, sizeof (check));
for (int 1 = 0; 1 < n; 1i++)

d[i] = Inf;
int s = t;
dis] = 0;
for (int j = 0; J < n; Jj++)

if (M[s][J] < Inf)

d(j] = M[s][J];

check[s] = 1;
for (int 1 = 1; i < n; 1i++) {

//tim phan t@ nhdé nhit
int MIN = Inf;

s = -1;
for (int k = 0; k < n; k++)
if (!check[k] && d[k] < MIN) {
MIN = d[k];
s = k;
}
if (s == -1)
break;
for (int j = 0; J < n; Jj++) {
int newcost = max(d[s], M[s][3]):
if (!check[j] && M[s][j] < Inf &&
d[j] = newcost;

dlj]

> newcost)
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check[s] = 1;
}
for (int 1 = 0; 1 < n; 1i++)
if (d[i] < Inf)
printf ("$d\n", d[i]);
else
printf ("Impossible\n") ;

}

int main() {
int nCase, n, m, t, u, v, C;
scanf ("%d", &nCase);

for (int no = 1; no <= nCase; no++)
scanf ("%d %d", &n, &m);
for (int 1 = 0; 1 < n; 1i++)
for (int j = 0; J < n; Jj++)
M[1][J] = Inf;
for (int 1 = 0; 1 < m; 1++) {
scanf ("%d %d %d", &u, &v, &c);
if (M[u]l([v] > <)
M[u] [v] = M[v][u] = c;

scanf ("%d", &t);

printf ("Case %d:\n", no);
Dijkstra(n, t);
}

return 0;

{

Chu y: giai thuat Dijsktra chay duoc 1a nho vao mot gia thiét sau day:

- Trong qua trinh thyc hién giai thuat, chiéu dai duong di ngan nhét tir dinh bat dau dén
mot dinh bt ky s& giam dén. Tai moi thoi diém, néu duong di tir dinh bt dau di dén 1
dinh v 1 ngén nhét so v6i cac dinh con lai thi duong di nay la dwong di ngin nhat
Gia thiét nay chi diing khi dd thi khong chtra cung c6 trong sd am. Néu trong s céac
cung 1a dwong thi khong thé nao ta c6 mot dinh nao d6 c6 d[u] > v ma sao d6 di tir u

vé v lai nhé hon d[v] duoc.

~
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6.2 Giai thuat Kruskal tim cay khung cé trong sé nhé nhat
Cho d6 thi v6 hudng G, cdy T duogc goi cdy khung cua do thi t néu:

- T gdm céc dinh cia G
- T lién thong
- T khong chtra chu trinh

Cay khung ctia mot d thi n dinh c6 ding n-1 canh.

Trong s6 ciia mot cdy khung bang tong trong s6 cac cung trén cdy.

Cay khung nho nhat 14 cdy c6 trong s6 nho nhat.

C6 2 giai thuat tim kiém cay khung nho nhat ctia mot d thi vo hudng: giai thuat Prim (thao
tac theo dinh) va giai thuat Kruskal thao tac theo canh.

Y tudng cua giai thuat nhu sau:

- Sép xép cac canh theo thir ti ting dan

- Kho tao cay T khong c6 canh nao ca

- Lén luot xét timg canh (da sip xép) xem c6 thé dua vao ciy T khong. Ta s& dwa mot
canh ¢ vao cdy T néu sau khi thém né T khong chira chu trinh.

- Giai thuat két thac khi: T ¢6 du n-1 canh (nla s6 dinh) hoac tat ca cac canh d3 xem
x€t.

- Néu sau khi két thuc T khong cé @i n-1 canh c6 nghia 1a d6 thi ban dau khong lién
thong.

Mau chét ctia giai thuat Krusskal nim & chd xét xem T c¢6 chu trinh néu thém canh ¢ vio
khong. C6 moét canh khéa don gian nhung hiéu qua dé giai quyéet van dé nay nhu sau:

Ta xem T nhu mét rimg (gdm nhiéu cy). Khi khéi tao T gdm n ciy, mdi cay chi c¢6 1 nut.
Khi thém mot canh ¢ vao, néu canh nay c6 2 dinh/ntt nam & 2 cay khac nhau thi chic chén
khong tao nén chu trinh, ngugc lai thi thém ¢ vao T s€ chira chu trinh.

Dé cai dat ta su dung mdt mang p luu cha cua mot dinh. Béng cach nay ta s€ luu duoc cac
cay trong rung T.

Khoi tao, p[i] =i (hodc = -1 ciing duoc, dé cho biét i 1a nit gbe cua cay).

Khi thém canh ¢ = (u, v) vao cdy ta s& tim gbc ciia u va gdc ctia v. Néu u va v c6 chung gdc,
c6 nghia la n6 cung chung 1 cdy, nguoc lai nd nam ¢ 2 cay khac nhau.

Giai thuat tim gbc cua 1 nit v kha don glan ta lan ngugc én cha cia n6 (dwa vao mang p)

dlg:qc plvl, plp[v]l, ... cho den khi p[i] =1 thi i 1a gbc. Sau khi dd tim dwgc gbe cua v 13 i. Dé
tiet kiém cho céac lan tim gbc sau ta gan p[v] =i ludn.

Gidi thuat Kruskal:
int findRoot (int v) {
int node = v;
//Trong khi node chua phai 1a gbc, 1ldn l1lén cha cua né
while (p[node] != node)

node = p[node];
//Két thuc vong ldp node 1la nut gbc

//Gan p[v] = node 1ludn, dé lan sau tim gbc cua v cho
//nhanh, chi can lan 1lén mdt budc.
plv] = node;

return pl[v];
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int Kruskal (int n, int m) {
//1. Khéi tao n nat géc cia n cdy trong rung T
for (int 1 = 1; 1 <= n; 1++)
pli] = 1i;

//2. S8p xép cac canh theo trong sé tidng dén
sort (edges, edges + m, compare);

int sum = 0, cnt = 0;

//3. Duyét qua tung canh

for (int 1 = 0; 1 < m && nb _edges < n-1; i++) {
int rx = findRoot (edges[i].x);
int ry = findRoot (edges[i].vVy):

//3.1 néu chung géc => bd qua
if (rx == ry)
continue;
//3.2 néu khac géc, gom 2 cay thanh 1
plryl = rx;
sum += edges[i].c;
//3.2 tidng sé canh trong T
nb edges++;
}
//4. tra vé trong sbé cua cay
return sum;

}

1040 - Donation: quyén gop cap Ethernet

Ban c6 n cidn phong, danh sé tir 1 dén n. Giita cac can phong c6 thé dugc ndi v6i nhau bang 1
sgi cap co chicu dai c. Viéc két ndi gilta cac can phong dugc md td bang 1 ma tran nhu bén
dudi:

0 10 10 ©
00 1 1
00 0 2
00 0 5

Phan tir (i, j) cho biét chicu dai ciia day cap ndi giita phong i va phong j. Ban chi mubn giir lai
cac soi cap can thiét dé hai phong bat ky luén duoc két noi (truc tlep hoidc thong qua mot sd
phong khac). Cac s¢i cap thira ban dung Qe quyén gop. Hay tinh tong chiéu dai dai nhit ctia
cac doan cap ma ban co6 thé quyén gop. Néu ban dau c6 2 phong khong dugce két n6i voi nhau
tra vé -1.
Trong vi dy trén, ban c6 thé quyén gop nhiéu nhat 1a: 10 + 2 + 5 = 17. Cac phong van con
duoc két noi: (1, 2) (2, 3) (3, 4).
Dé giai bai nay ta co thé ap dung truc tiép giai thuat Kruskal.

- Sap xép cac canh theo thir tur tang dan.

- Lan luot xét ting canh, véi mdi canh néu thém dwoc vao rimg T ta ting sd cung st

dung lgn 1. Panh diu n6 da duoc st dung. Giai thuat dung lai khi da xét hét cac canh
hodc s0 canh st dung = n-1.
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- Neéu s0 canh su dung < n-1 tra v€ -1, nguoc lai ta tinh tong chiéu dai cac doan cap
khong str dung va tra ve tong nay.

Ban thir code va submit thir di nhé!
1059 - Air Ports: xay cac sin bay va cac con dudng ndi giita cac thanh phd.

Cho n thanh phd, ta can phai xdy dung 1 s6 san bay & tai 1 s6 thanh phd va xay nhiéu nhat 1a
m con dudng ndi tir thanh phd nay dén thanh phd khac. Muyc tiéu 1a tir bt ctr thanh phd nao
hoic 12 né ¢ san bay hodc 1a co dudng dé ta di dén 1 thanh phé khac c6 san bay. Xay dung
con dudng ndi 2 thanh phd x, y ton 1 chi phi la c. Xay 1 san bay tén 1 chi phi 1a A. Hiy tim
cach xady céc san bay va con duong sao cho tong chi phi thap nhit. Néu co 2 phuong an ¢6
chi phi bang nhau ta chon phuwong an ¢ nhiéu san bay nhat. Cha ¥: ta chi ¢6 thé xdy nhiéu
nhit m con dudng.

Day 1a mot bién thé ciia bai toan ciy khung nho nhét. Ta nhan xét:

- Néuco duong di tir thanh phd X dén thanh phd y (truc tiép hay gian tiép thong qua cac
thanh phd khéc) thi ta khong can phai xdy thém duong x dén y. Va ta ciing chi can 1
san bay la di chox vay.

- Néu x d3 c6 san bay va y 1a mot thanh phd thi ta c¢6 2 giai phap: hodc 1a xay thém 1
san bay tai y hay xay thém 1 con dudng dén 1 thanh phd ndo d6 lién thong voi x. Ta
s& chon giai phap co chi phi thap nhat.

Vi nhan xét nay ta cd giai thuat gidi bai toan nay nhu sau:

- Khéi tao, rimg T ¢6 n gbe, s6 san bay can phai xdy =n

- Sép xép cac con dudng theo thi ty ting dan theo chi phi

- Lén lugc xét cac con duong, néu chi phi xay dung né 16n hon chi phi xay bay ta dimg
giai thuat. Vi xdy con dudng diac hon xdy san bay. Cac con dudng sau no s& co chi phi
16n hon n6 (cac con dudng da sip xép).

- Néu chi phi ctia con duong nho hon chi phi xay sén bay, ta s& thém né vao rung T néu

hai diu mut ctia n6 ndm & hai ciy khac nhau, giam s0 san bay can phai xay di 1 (gom
2 cay khac nhau lai thanh 1 cdy thi chi can 1 san bay). Nguoc lai ta bo qua.

Khi giai thuat két thic, ta c6 tong chi phi cua cac con dudng va sb san bay can phai xdy. In
két qua nay ra.

Nao, cac ban thir submit nhé !

//1059 - Air Ports
#include <stdio.h>
#include <string.h>
#include <math.h>
#include <algorithm>
#include <iostream>
#include <map>

using namespace std;

#define MAX 100001
struct Edge {
int x, vy, c;

}s

Edge edges[MAX];
int p[100017];
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bool compare (const Edge& a, const Edge& b) {
return a.c < b.c;

}

int findRoot (int v) {
int node = v;
while (p[node] != node)
node = p[node];
plv] = node;
return pl[v];

}

volid Kruskal (int n, int m, int a) {

for (int 1 = 1; 1 <= n; 1i++)
pli] = 1;

int sum = 0, nb tree = n;

sort (edges, edges + m, compare);

for (int 1 = 0; 1 < m && edges[i].c < a; i++) {
int px = findRoot (edges[i].x);

int py = findRoot (edges[i].vVy)
if (px == py)
continue;

plpyl = px;
sum += edges[i].c;
nb_tree--;

}

printf ("%d %d\n", sum + a*nb tree, nb tree);
}
int main() {

int nCase, n, m, a, u, v, C;
scanf ("%d", &nCase);

for (int no = 1; no <= nCase; no++) {
scanf ("%d %d %d", &n, &m, &a);
for (int i = 0; 1 < m; 1++) {

scanf ("%$d %d %d", &edges[i].x,
&edges[i] .y, &edges[i].c);
}

printf ("Case %d: ", no);
Kruskal (n, m, a);
}

return 0;

Tim cdy khung c6 trong s 16n nhit:

Dé tim cay khung c6 trong s6 16n nhat, ta chi can doi thir tu sap xép tir ting dan thanh giam
dan. Ban c6 thé 4p dung de giai bai 1029 - Civil and Evil Engineer.
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7 Phan d6i va tim kiém nhj phan (Bisection and Binary search)
bay la mot ky thuat dugc dung dé dung hoa gitra bo nh¢ va thoi gian tim kiém cia 1 phuong
phép tim kiém: tim kiém tuan ty va tim kiém nhi phan.

Xét bai toan don gian nhu sau: cho tap N gdm n s6 nguyén, va 1 s6 nguyén k hdy tim xem k
c6 trong N khong ?

- Néu diung tim kiém tudn ty ta s& lan luot xét tung phén tir xem n6 c6 bang k khong.
Giai phap nay ton trung binh khoang n/2 lan lap de c6 két qua.

- Néu st dung tim kiém nhi phan, trudc hét ta sap xép cac so nay theo thur tu tang/giam
dan, sau do ap dung chién lugc tim kiém nhi phan. Néu khong ké thoi gian sap xép
diy s, ta ton log(n) lan lap dé co két qua.

Nhan xét:

- R rang, tim kiém nhi phén tét hon. Tuy nhién ca hai giai phap déu phai tén bo nhé
luu trit 14 n 6 nhé dé luu n phan tir. DSi véi mot sd bai toan co n 16n, ca hai phuong
phap déu khong thé ap dung duoc.

Tuy nhién, néu n s6 nguyén ciia N ¢6 thé duoc tao ra bang cach to hop (cong 2 phan tur) tur 2
tap s6 nguyén L va R c6 kich thuée ny, ny (n;*n; =n, trong nhiéu truong hop ta c6 thé chon

n, = n, = /n), ta s& c6 mot giai phap dé tim k trong n sb mot cach hiéu qua:

- Giir nguyén tap L va sap xep tap R
- De tim xem k c6 trong n s6 nguyén nay khong, ta 1an lugt xét timg phan tir L[i], néu k
L[i], thi ta tim xem phan con lai k — L[i] c6 trong tap R khong. Néu c6 thi k co mat
trong n s6 nguyén. Néu sau khi da duyét qua tat c4 cac phan tir cia L ma van khong
tim thdy thi k khong c6 trong n s6 nguyén.

Bing cach nay ta chi cin ton nl + n2 6 nhd (néu n1=n2, ta chi ton 2v/n 6 nhg). Thoi gian tim
kiém s€ bang n;*log(ny).

Nhu thé y tuong chinh ciia ky thuat nay ¢ thé tom tit thong qua 3 budc sau ddy:

(1) Tao 2 tap L, R sao cho viéc t6 hop L va R sé tao ra n phan tir cia tip N

(2) Sap x€p tap R

(3) Lan luot xét ting phan tir ciia L, véi mdi phan tir L[i], thuc hién tim kiém f(k, L[i])
trong tap R véi f(k, L[i]) 12 mot ham nao d6 phu thudc viée to hop 2 tap hop. Vi du:
néu phép toan t6 hop 1a +, thi f(k, L[i]) = k — L[i].

Buéc (1) 1a quan trong nhit !

1235 - Coin Change (IV): bai toan ddi tién quen thudc !

Cho n loai déng xu mé¢nh gia twong ung 1a Al, A2, ..., An. Tim xem cO géch nao tao ra sb
tién c6 gia tri k sau cho moi loai ménh gia ta chi dugc dung t6i da 2 1an. Néu dugce trd vé Yes
néu khong tra vé No. Céc rang budc (1 <n < 18) va (1 <k < 10”)

Vi du: cho 2 loai ddng xu ménh gia 1 va 2. Néu k = 5 ta co tao ra duoc vi 5 = 1*1 + 2*2 (1
dong 1 xu va 2 dong 2 xu).

Ta khong thé ding quy hoach dong dé giai bai nay vi k c6 gia tri qua 16n.

RO rang néu liét ké tat ca cac sd tién co thé duoc tao ra tir cic ménh gia trén thi s6 phan tur s€
1a 3" (m&i dong xu ta ¢6 3 cach chon: 0, 1, 2 va ta ¢6 nhiéu nhat 1a 18 dong xu). Con s nay

qua 16n, khong thé luu trir. Ta s€ tim 2 tap hop khac sao cho t6 hop hai tap nay thi s& duoc
3' phan tir theo yéu cau.
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Duéi ddy 1a mot phuong phap phan doi ding dé tao ra 2 tip hop thoa mén yéu cau:

Tach cac dong xu thanh 2 nhom:

o nhom 1 gém Al Ao, ..., An

o nhom 2 gom: Am+1, Am+2, oy Ap (VO m =1n/2).
Tao tap hop L chura cac sb tién c6 the duogc tao ra tir ddng xu trong nhém 1, mdi dong
xu sir dung nhiéu nhit 14 13 2 1an
Tao tap hop R chira cac sb tién ¢ thé dugc tao ra tir dong xu trong nhém 2, mdi dong
xu sir dung nhiéu nhit 1 13 2 1an
RO rang néu to hop L va R ta s€ c6 dugc cac s6 tién duoc tao ra tir n loai déng Xu.

S6 phan tir ciia L va R nhiéu nhét 1a 3° =19683 ta thé luu trit d& dang.

Van dé cudi cung 1a tao tap L va R nhu thé nao. Bai toan toan nay tuong tng voi viée liét ké
cac (chudi) sé tam phan c6 chiu dai m. Néu ta d3 quen véi cach liét ké sé nhi phan ta co thé
ap dung/mé rong cach do cho viée liét ké. Néu khong, ta c6 thé st dung 1 phwong phap ciing
hiéu qua khong kém dudi day:

néu m = 0, (chudi) s6 tam phén 14 rdng, tong cac phan tir c6 gid tri 0.

Néum > 1, goi L[1], L[2], ....L[cnt] 1a cac phan tir co chleu dai m-1, ta tao cac phan

tr co chleu dai m bang cach lan luot thém 0, 1, 2 vao cudi cac phan tir trén.

Giai thuat sinh ra céc s6 tién tir cic dong tién tir A1 dén Am nhu sau:

}

L[0] = 0;
cnt = 1;
for (int 1 = 1; 1 <= m; 1++) {
N1 = cnt;
for (int j = 0; j < N1; J++)
Licnt++] = L[j] + A[i]; //dung A[i] 1 lé&n
Licnt++] = L[j] + 2*A[i]; //dung A[i] 2 lé&n

//cac phédn t& L[0] -> L[N1-1] la cac sbé tién
//dugc tao ra ma khéng dung A[i]

Lam tuong tu dé sinh ra tap R tur céac d@)ng XU Am+1, Ams2, ..., Ap.

Nao, cac ban thir submit nhé !

Bai twong tu:
1127 — Funny Knapsack
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