ACM ICPC HCMC 2017 Editorial

Overview
Tén bai S6 AC | b6 khé L&i giai nhanh nhat
A - Arranging Wine 1 5 Phat 207
sleep 18000 - The University of Tokyo
B - Barcode 46 2 Phut 27
sleep 18000 - The University of Tokyo
C - Cu Chi Tunnels 124 1 Phat 12
sleep 18000 - The University of Tokyo
D - Dropping Ball 5 4 Phuat 166
Aizu_Dragon - University of Aizu
E - Engaging with Loyal 16 2 Phut 18
Customers Reboom - Peking University
F - Famous Pagoda 18 3 Phut 51
Cxiv - Dxiv - The University of Tokyo
G - Game of Divisibility 3 3 Phuat 163
Cxiv - Dxiv - The University of Tokyo
H - Height Preservation 47 2 Phut 59
Reboom - Peking University
| - ICPC Awards 147 0 Phat 5
Kizza Manau - Universitas Indonesia
J - Joining Network 5 3 Phut 126
unsigned - UET VNU
K - K-rotating 5 3 Phuat 241
DoWF - Korea University
L - Land Inheritance 0 4 N/A
Bo6 dé dwoc chuan bj béi:

a4
e Lang Trung Hiéu

e Pham Van Hanh

e Nguyén Thanh Trung - RR

e Lébbén Khué

e va 1 sb thay gido day & cac trwdng dai hoc, cip 3 trong ca nuéc.


https://open.kattis.com/problems/arrangingwine
https://open.kattis.com/problems/barcode
https://open.kattis.com/problems/cuchitunnels
https://open.kattis.com/problems/droppingball
https://open.kattis.com/problems/engaging
https://open.kattis.com/problems/engaging
https://open.kattis.com/problems/famouspagoda
https://open.kattis.com/problems/gameofdivisibility
https://open.kattis.com/problems/heightpreservation
https://open.kattis.com/problems/icpcawards
https://open.kattis.com/problems/joiningnetwork
https://open.kattis.com/problems/krotating
https://open.kattis.com/problems/landinheritance

L&i giai dwoc déng gop badi:
e Lé Quang Tuéan, Nguyé&n Binh Quang Minh, Pham Cao Nguyén - team VNU - unsigned.
Nguyén Diép Xuan Quang - team HCMUS llluminate
Pham Van Hanh
Nguyén Thanh Trung - RR
Lé Bén Khué
Lang Trung Hiéu

Néu cé thac mac vé 16i gidi, ban cé thé héi &: group VNOI.

Trong cac |&i gidi c6 st dung 1 s6 bai viét trén VNOI wiki:
e Sang sb nguyén tb

Tinh nghich ddo0 modulo

T6i wu hoa QHD

Ki thuat bao 16i

Céac chd dé vé db thi

Céc ban c6 thé nop thtr bai & Kattis.

Code mau:
https://qithub.com/acmicpc-vietham/acmicpc-vietnam.github.io/tree/master/2017/regional

Bang xép hang cubi cung: https://hochiminh17 kattis.com/standings

. First to solve problem Solved problem . Attempted problem Pending judgement

RK TEAM m SLV. TIME A B (= D E F G H I J K L
1 unsigned ° Q 9 1423 452 224 z;a éa 227 610 112 2;6
# Cxiv-Dxiv ‘ij' e 4 9 1618 ;510 311 121 329 1 2:1 2?5
3 sleep 18000 E\!,' & J 8 1034 - 929 513 '»15 254 221
4 Reboom ® @ & | 7 931 312 1;5 113 z?‘/ z 229

[T} 4 1 1 1 2 1
5 DomiNUS e 6 660 34 57 174 158 139 18 H
6 HCMUS-llluminate O ¢ 6 667 7 of W o e
7 semoga ayas Juara 6 6 760 1165 ;g 510 1-2,3 Z?S 115
8 \OAO/ ‘ @ 6 892 gﬁs 217 510 ;;2 7;4 113
9 BK.CS o l.- 6 938 ; 515 912 z; ; 2§o
10 FPT_HAN_ThreeFrogs o 55, 6 940 875 35 ﬂ 1?9 137 ; 2§3


https://www.facebook.com/groups/163215593699283/
http://vnoi.info/wiki/Home
http://vnoi.info/wiki/translate/he/Number-Theory-2
http://vnoi.info/wiki/algo/math/modular-inverse
http://vnoi.info/wiki/algo/dp/Mot-so-ky-thuat-toi-uu-hoa-thuat-toan-Quy-Hoach-Dong
http://vnoi.info/wiki/translate/wcipeg/Convex-Hull-Trick
http://vnoi.info/wiki/algo/graph-theory/everything
https://open.kattis.com/problem-sources/The%202017%20ACM%20-%20ICPC%20Asia%20Ho%20Chi%20Minh%20City%20Regional%20Contest
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/tree/master/2017/regional
https://hochiminh17.kattis.com/standings

A. Arranging Wine (5%)
Téac gia: Lang Trung Hiéu
L&i giai 1: Pham Van Hanh

Thé loai: T6 hop, Inclusion-Exclusion

Nhan xét: Gia sir ta xép cac thung rwou thanh mét hang ngang gém R + W thuing rwou, sau doé
xép cac thung rwou lién tiép cing mau vao mét chéng, ta sé dwoc mot day cac chéng ruou
vang dd trang xen k& (méi chdng chira ding moét loai rwou va hai chéng canh nhau cé ruou
khac mau). Do d6, bai toan cé thé phat biéu lai nhw sau:

Dém sb day nhi phan gém R bit 1 va W bit 0 sao cho cé khéng qué D bit 1 lién tiép.

Ta xép W bit 0 1&én day va lan lwot dat R bit 1 vao dau day, cubi day hodc xen gitra cac bit 0. Bai
toan d6 dwoc chuyén vé bai toan tbng quat sau day:

re Ve re n
Bém so day sO nguyén khdong am (x,,x,,...,x,) €O > x;,=S va 0<x;<k V1<i<n.
=1

Dé giai quyét bai toan nay, ta st dung nguyén ly bao ham loai trir véi muc dich dwa vé bai toan
"dé giai hon" - bai toan khéng co6 rang budc x; < k. Dap s6 bai toan khido la Cz.! | . Phan
chirng minh xin nhwéng lai cho ban doc.

Bai toan sau day ciing c6 |0i gidi don gian, la hé qua cta "bai toan don gian" phia trén: Cho
A C {1,2,..,n},dém sb day (x,,X,,...x,) CO Y x,=Sva 0<x,ViE A , k<x,ViE€E 4.

=1
Vai tro clia tap hop A trong day trén la: véi moi i € 4, ta biét chac chan x,1a "phan tdr xau"
(x,> k). Nguoc lai, néui &€ 4 , x,co thé xau cling co thé tét (co thé x, < khoac x, > k, ta chwa
ro).

Goi f(4) la dap sb cla bai toan trén, véi tap hop A la tAp hop cac phan t&r "chéc chan xau". bé
tim dap s6 cta bai toan ban dau (tim s6 day (x,,x,, ...,x,) khong chira "phan tir xau"), ta nght t&i
y twdng sau: Goi result |a dap sb cla bai toan.

0. DAu tién ta gia st dap sb bai toan la s6 day ma cac phan tlr cé thé "tét hodc xau tuy

y". Sau d6 ta tim cach loai di nhirtng dap an xau.
int result = f(2)

1. DAu tién, ta sé loai bd cac day cé chinh xac mét phan t&r xau, nghia la:

for (int i = 1; 1 <= n; i++)
result -= f({i})

2. Sau budc vira roi, ta thay trong result khdng chiva cac day cé duy nhat moét phan to
xau. Tuy nhién, nhirng day cé chinh xac hai phan t&r xau vira bi trir 2 1an & buéc trén, nghia la
dang bi trtr thira 1 1an, nén gi®& phai cong ngwoc lai:

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


https://open.kattis.com/problems/arrangingwine
http://vnoi.info/wiki/translate/he/Number-Theory-5
http://vnoi.info/wiki/translate/he/Number-Theory-7

for (int j =1 + 1; j <= n; j++)
result += f({i, j})
3. Sau budc vira roi, ta da hoan toan loai bd khdi result nhirng day cé chinh xac moét
ho&c hai phan tlr xau. Gi® ta mudn loai bd khdi result nhirng day cé chinh xac ba phan t
x4u. Hay quan sat nhirng day nay da bj tinh bao nhiéu l4n & result trong ba bwéc trén: O
bwéc 0, mbi day dwoc cong 1 1an. O bwdc 1, mdi day bj trir 3 1an. (M6t day cé ba vi tri xau
x,y,z s& dwoc tinh trong f({x}),/({r}).f({z})). Téi bwdc 2, mbi day lai dwoc cong lai ba lan.
(M6t day co ba vi tri xau x, y,z s& dwoc tinh trong f({x, v}).f({y,z}).f({z,x}) ). Nhw vay, hién tai
méi day c6 chinh xac ba phan t& x4u hién dang dwoc tinh 1 1an trong result. Coéng viéc cla
ta bay gio la triv n6 di:
for (int i = 1; 1 <= n; i++)
for (int j =1 + 1; j <= n; j++)
for (int k = j + 1; k <= n; k++)
result -= f({i, j, k}).

Tiép tuc 1ap luan twong tw, ta di t&i quy tic tinh sau day: Xét moi tap con A clua
{1,2,...n} . Néu A c6 chan phan tr, ta céng thém vao result f(4). Ngwoc lai, néu A cé 1é phan
ter, ta trie di & result f(4) .

Dé th4y gia tri clia f(4) chi phu thudc vao luc lwong clha tap hop A, ta ky hiéu
g(k) = f(4) v&i tap hop A tuy y c6 K phan ttr. Thuat toan chuén cuta bai toan la:

int result = 0;
for (int k = 0; k <= n; k++) {

int tmp = Ckxf(k)

if (k % 2 == @) result += tmp; else result -= tmp;
}

L&i két: Trén day |a phan trinh bay I&i gidi cia minh. Loi gidi nay gianh phan 1én dung
lwong dé giai thich cach st dung nguyén ly bao ham loai trir. V&i nhivng ban da lam quen véi
nguyén ly nay tlr 1au, cac ban chi can doc |&i gidi dén phan "Dém s6 day nhj phan R bit 1..." |a
da. Tuy nhién, cé nhiéu ban & Viét Nam du hoc chuyén tin nhwng lai it hoc toan va méi nghe
qua khai niém nay lan dau, sé cadm thay xa la v&i cach giai nay. Ciing xin néi thém rang, cach
suy luan minh d3 trinh bay & trén mang dam tinh suy luan trwc giac va cé phan thiéu chat ché,
véi muc dich gilp cac ban it tiép xuc v&i toan d& cadm thu hon. DU minh da chirng minh chat
ché dwoc bang toan hoc moi két qua cla bai toan nay, minh xin phép khéng trinh bay tai day.
Hon niva, ngay dau tién hoc nguyén ly bao ham va loai triy, minh da s dung cach suy luan &
trén dé khién nhirng dong suy luan thém phan gan gii.

Loi gidi 2: Nguyén Dinh Quang Minh (team VNU - unsigned)

2 g2

Trwdce hét, vi hai chdéng rwou lién tiép phai khac mau nhau nén ta c6 thé “trai” cac hop ruou
thanh hang ngang. Néi cach khac, méi cu hinh thda man twong dwong véi mot cach xép tat ca
R + W hop rwou thanh hang ngang, sao cho khéng ¢é d hép rwou vang dd lién tiép.



ol HE

Vi khéng co rang budc nao lién quan téi rwou tréng, ta sé xay dwng mét cdu hinh thda man nhw
sau:

+ Dat W hop rwou trang vao trudce, tao thanh W+1 “khodng” dé dat rwou dd vao.

+ D&t R hop rwou dé vao cac khoang, sao cho khéng cé khodng nao chira nhiéu hon d

hop.
N&i cach khac, néu coi (a1, @2, ..., aw+1) |a sb hdp rwou dé ndm trong tirng khoang thi sé cAu
N > ~ . KA > ~ W+1 Jp— R N
hinh thda man la s6 b6 (a1,az,...,aw+1) théa man 2_i=1 @ = 1 ya

0<a;<d¥i=1...W+1,
_ 2 d\W+1 _ ~d(W+1) ; .

Xét dathee f(2) = (L+z+ 22+ + YV =570 2" 5 théy hé s cr chinh 1a

sb cau hinh théda man.

Bién ddi da thue f:

fla) = (A2

1—=z

Theo khai trién Newton, ta co:

W41
(1- Id—i—l)W—i—l _ Z(_l)i (W + 1>x(d+1)i

1=0

Ap dung céng thirc Taylor:

1 (W +1i\
(1_@%—;( i )x
Nhan vao duwoc:

vgrzl zoo: (W + 1) (W + j) it

=0 j5=0 J

Thay k =di+i+j — j =k —di —itaduoc:

i%*:l <W+1)(W—i—kﬂ;dz’—i>xk

k=0 =0

Vay:

CR_g;(_l)i<Wi+1> <W+Rw;di—z’)


https://www.codecogs.com/eqnedit.php?latex=(a_1%2C%20a_2%2C%20%5Cdots%2C%20a_%7BW%2B1%7D)%0
https://www.codecogs.com/eqnedit.php?latex=%20f(x)%20%3D%20(%5Cfrac%7B1-x%5E%7Bd%2B1%7D%7D%7B1-x%7D)%5E%7BW%2B1%7D%20%0
https://www.codecogs.com/eqnedit.php?latex=%20(1%20-%20x%5E%7Bd%2B1%7D)%5E%7BW%2B1%7D%20%3D%20%5Csum_%7Bi%3D0%7D%5E%7BW%2B1%7D%20(-1)%5E%7Bi%7D%5Cbinom%7BW%2B1%7D%7Bi%7Dx%5E%7B(d%2B1)i%7D%20%0
https://www.codecogs.com/eqnedit.php?latex=%20%5Cfrac%7B1%7D%7B(1-x)%5E%7BW%2B1%7D%7D%20%3D%20%5Csum_%7Bi%3D0%7D%5E%7B%5Cinfty%7D%20%5Cbinom%7BW%2Bi%7D%7Bi%7Dx%5Ei%20%0
https://www.codecogs.com/eqnedit.php?latex=%20f(x)%20%3D%20%5Csum_%7Bi%3D0%7D%5E%7BW%2B1%7D%20%5Csum_%7Bj%3D0%7D%5E%7B%5Cinfty%7D%20(-1)%5Ei%20%5Cbinom%7BW%2B1%7D%7Bi%7D%20%5Cbinom%7BW%2Bj%7D%7Bj%7D%20x%5E%7Bdi%2Bi%2Bj%7D%20%0
https://www.codecogs.com/eqnedit.php?latex=%20k%20%3D%20di%20%2B%20i%20%2B%20j%20%5Cimplies%20j%20%3D%20k%20-%20di%20-%20i%20%0
https://www.codecogs.com/eqnedit.php?latex=%20f(x)%20%3D%20%5Csum_%7Bk%3D0%7D%5E%7B%5Cinfty%7D%20%5Csum_%7Bi%3D0%7D%5E%7BW%2B1%7D%20(-1)%5Ei%20%5Cbinom%7BW%2B1%7D%7Bi%7D%20%5Cbinom%7BW%2Bk-di-i%7D%7BW%7D%20x%5Ek%20%0

Ta c6 thé tinh téng trén trong dd phirc tap O(R+W).



B - Barcode (2%)

Loi gidi: Nguyén Diép Xuan Quang (team HCMUS - llluminate)

Thé loai: T6 hop, Tinh nghich ddo modulo, Sang s nguyén t6

Ta xem mot barcode twong dwong mot xau cé dd dai N gdbm cac ki tw ‘B’ (mau xanh) hodc ‘R’
(mau do).

Goi S, la sb chubi théa man yéu cau thir nhat (sd ki ty ‘B’ béng sb ki tw ‘R’), S, 1a s6 chudi thoa
mé&n yéu cau thr hai (khdng c6 hai ki ty ‘B’ lién tiép), S,, 1a s6 chudi théa man ca hai yéu cau
trén. Dap s baitoan la: S, +S,-S,,

Tinh S;:
Néu N I&, hién nhién S, = 0. Nguoc lai, S, 1a sb cach chon N/2 vj tri dé& gan cho ki ty ‘B’ trong sé
N vi tri ca xau. Noi cach khac, S, = C(N, N/2).

Tinh S,:
Goi dpli][0] 1a sb lwong xau d6 dai i két thic bdi ki tw ‘B’ thda man yéu cau the hai, dp]i][1] 1a s
lwong xau dd dai i két thuc béi ki tw ‘R’ thda man yéu cau th hai, F[i] = dp][i][0]+dpl[i][1].
Ta co:
e dp[i][0] = dp[i-1][1]
e dpli][1] = dp[i-1][0]+dp[i-1][1]
= F[i] = dp[i][0] + dp[i][1]
= dp[i-1][1] + dp[i-1][0] + dpl[i-1][1]
= dp[i-2][0] + dp[i-2][1] + dp[i-1][0] + dp[i-1][1]
= F[i-2] + F[i-1]
Vay FIi] chinh la s Fibonacci thir i = S, chinh la sb Fibonacci thi N.

Tinh S,,:
Néu N 1&, hién nhién S,, = 0. Nguwoc lai, ta nhan xét 1a s& ¢ khdng qua 1 vj tri ¢6 hai ki ty ‘R’
lién tiép nhau. Ta c6 céac trudng hop sau
e “RBRB...RB”
e “‘BRBR...BR”
e “RB...RBRRBR..BR” (c6 n/2 - 1 xau)
Nhw vay, S,, =n/2 + 1

Van dé con lai la tinh C(N, N/2) modulo M.

Ta phan tich C(N, N/2) thanh tich cac thira s6 nguyén tb.

C(N, N/2) = tich(pi * ki), v&i pi la s6 nguyén td trong khoang [1, N].

Xét lan lwot cac sd nguyén tb trong khodng [1, N] (cé thé dung sang dé liét ké cac sd nguyén

t6), dé tinh ki, ta lam nhw sau:
e Datf(N, p) = x, v&i x la lu§ thira I&n nhat cia p ma N! chia hét cho p”x.


https://open.kattis.com/problems/barcode
http://vnoi.info/wiki/translate/he/Number-Theory-5
http://vnoi.info/wiki/algo/math/modular-inverse
http://vnoi.info/wiki/translate/he/Number-Theory-2
http://vnoi.info/wiki/translate/he/Number-Theory-2

o ViC(N, N/2) = NI/ (N/2)! / (N/2)!, nén ki = f(N, p) - f(N/2, p) - f(N/2, p)
e DA tinh f(N, p) ta lan lwot dém sb 1an xuét hién cla p trong khoang [1, N], roéi dém sé 1an
xuét hién clia p”2 trong khoang [1, N].... Ta c6 thé code dé quy rat don gidn nhw sau:

int f(int N, int p) {
if (N < p) return O;
return N / p + f(N/p, p);
}

Vi s6 lvong sb nguyén té trong khodng [1, N] 1a O(N/logN) va dd phirc tap méi lan goi f() 1a
O(logN), nén ta c6 dé phirc tap véi moi test 1a O(N).

Lwuy

C6 rat nhiéu team lam sai bai nay, do tang tang 16p I16p cac bay ma ngudi ra dé dat ra:

e Né&u “mét nhanh hon nd0” ma nhin vao test vi du, ta rat dé& 1am twéng dap an l1a sb
Fibonacci thir n. Diéu nay chi ding va&i n 1é (va vé tinh dung véi n = 2).

e Trong qua trinh tinh C(n, n/2) = thi cAn chu y |4 ta khong thé ap dung cong thirc a™' =
a"2 (mod M) (hé qué ctia Dinh |i Euler) dwoc, do véi gidi han M dé bai cho thi (n/2)! Va
M c6 thé khong nguyén té cung nhau. Nguwdi ra dé& con cd tinh cho di kién M 1a sb
nguyén té nham gai bay cac thi sinh khéng hiéu ré ban chat cta dinh i Euler.

o Nhirng ban nao bij sai 16i nay hay doc lai bai viét trén VNOI 10 Ian: Tinh nghich
dao modulo.


https://vi.wikipedia.org/wiki/%C4%90%E1%BB%8Bnh_l%C3%BD_Euler
http://vnoi.info/wiki/algo/math/modular-inverse
http://vnoi.info/wiki/algo/math/modular-inverse

C - Cu Chi Tunnel (1%)

Tac gia: Lé Bon Khué
Loi gidi: Nguyén Diép Xuan Quang (team HCMUS - llluminate)

Thé loai: D thi, Tham lam

Ta sé tién hanh gén céac dinh vao cay theo thir ty tlr 2 dén N. Khi do, véi dinh thi i, ta cé thé
gan né vao bét ki dinh nao bé hon i ma chwa du bac. Néu tat ca cac dinh déu da dd bac thi cau
tra 1&i 1a “NO”. Cubi cung, néu da gan xong dinh N ma van con dinh khéng dl béc thi cling in ra
“NO”.

Vi du:
8
32211311

Dinh 2: gan v&i dinh 1. Mang bac hién tai la: {1, 1,0, 0, 0, 0, 0, 0}
Dinh 3: gan v&i dinh 1. Mang bac hién tai la: {2, 1, 1, 0, 0, 0, 0, 0}
Dinh 4: gan v&i dinh 1. Mang bac hién tai la: {3, 1, 1,1, 0, 0, 0, 0}
Dinh 5: gan v&i dinh 2. Mang bac hién tai la: {3, 2, 1,1, 1, 0, 0, 0}
Dinh 6: gan v&i dinh 3. Mang bac hién tai la: {3,2, 2,1, 1, 1, 0, 0}
Dinh 7: gan v&i dinh 6. Mang bac hién tai la: {3, 2,2, 1,1, 2, 1, 0}
Dinh 8: gan v&i dinh 6. Mang bac hién tai la: {3,2,2,1,1, 3,1, 1}

Ta c6 thuat toan do phirc tap O(NA2), da dé AC bai nay. Nhwng ta cé thé cai tién thém bang
cach nhan xét rang ta chi cAn quan tam dén tdng bac con thiéu cta cac dinh da dwoc gan vao
cay ma khéng can quan tdm dén bac con thiéu cla tirng dinh. Do d6, trong qua trinh duyét, ta
chi can lwu mét bién cnt 1a tdng bac con thiéu hién tai. D6 phirc tap: O(N).


https://open.kattis.com/problems/cuchitunnels
http://vnoi.info/wiki/algo/graph-theory/everything
http://vnoi.info/wiki/translate/topcoder/Greedy-is-Good

D - Dropping Ball (4*
Tac gia: Nguyén Thanh Trung (RR)
L&i gidi: L& Quang Tuén (team VNU - unsigned)

Tém tat dé bai: Cho mét bang N x M véi mbi 6 trong bang c6 mét trong 2 loai thanh ‘7’ hodc V'
Ta ¢6 Q truy van:
- Dbi tworng clia mot 6 (iy)).
- H6i xem néu thd mot qua bong vao cot i, thi qua bong coé thé xudng hang cubi cung roi
ra khéi bang khéng?

L&i gidi trau :

Dé giai dwoc toan bd bai nay, trudc tién ta phai nghi ra mét 16i giai trau nao dé réi tim cach cai
tién néu c6 thé, tuy vao I&i gidi trau nhw ndo ma cai tién khac nhau.

C6 thé coi mét 6 (i,j) bang 2 nlra : nlra trén va nira dwdi. Coi mdi mot nira 1a mot dinh trén doé
thi. C6 thé dé dang nhan thay méi mét dinh nay chi cé moét dinh ra duy nhat tuy vao loai thanh
cta cac 6 xung quanh. Néu Ia nlra dwéi thi né chi cé canh di xudng dwdi, con néu la nira trén,
thi né chi cé canh di sang mét trong 2 6 bén canh cung hang né.

Vay véi l&i gidi nay, chi can bfs lai toan bang méi khi cé truy van hai qua béng di dau.

L&i giai toi wu
LAy y twéng bai http://codeforces.com/problemset/problem/13/E, cung véi viéc nhan ra N x
M <= 100 000. Minh d3 c6 y twéng chia bang thanh nhirng block cac hang lién tiép nhau , mi
block chira xap xi sqrt(N x M) 6. V&i méi block, ta lwu lai dwoc néu tha qua bong vao cot j & dau
block, thi d&n cudi block, qua béng sé & cot nao, str dung Ioi gidi trau & trén.
Do vay:
- Truy vén loai update, ta thwc hién lai I&i gidi trau voi tat ca cac 6 thudc block chira 6 (ij)
can update, thwc hién lai viéc bfs trén bang. B phtrc tap thyc hién cong viéc nay la
O(sb 6 cla block) = O(sqrt(N x M)). Sau khi update, v&i méi block, ta cé mang nxt[j] = 6
ma qua béng sé roi xubng & cubi block, néu qua béng duoc tha & cot j cha block.
- Truy vén loai yéu cau tra 16i: Di tir block 1, nhdy dén hang dau tién cla block 2 st dung
théng tin trong block 1, tiép tuc... cho dén hét bang. Dé phirc tap (N x M/ (d8 I&n méi
block)) = O(sqgrt(N x M)).

Thé nhwng véi trudng hop sb hang rat it, sd cot rat to, ta khdng thé chia lam cac block sao cho
mdi block c6 it hon sqrt(N x M) phan ti&r dwoc. Do vay véi treorng hop N <= sqrt(N x M), ta phai
gidi trau, tire 1a di tir trén xudng dwdi, méi truy van mét dpt O(N).

Thuat toan nay bon minh cdm thay rat dé code. Vé&i sw tinh t& ctia Nguyén, team Unsigned da
hoan thanh viéc code trong chi 15 phuat, nop phat AC ludn trong sw thang hoa cua team.


https://open.kattis.com/problems/droppingball
http://codeforces.com/problemset/problem/13/E

E - Engaging with Loyal Customers (2*)

Thé loai: Do thi. Cap ghép

L&i giai:
Day la bai toan cap ghép co trong sb cuc dai.

Dé Iam dwoc bai nay cac ban can ndm virtng Cép ghép cdé trong sb trong sach thay L& Minh

Hoang (link).

Cai dat thuat toan Hungary dé gidi Cap ghép cé trong sb: code

M6t thuat toan khac ciing c6 thé dung dé giai cap ghép c6 trong sbé la ludng mincost (code), tuy
nhién khong thé chay di nhanh vi d6 thi bai nay cé 106 canh.


https://open.kattis.com/problems/engaging
http://vnoi.info/wiki/algo/graph-theory/everything
http://vnoi.info/wiki/algo/basic/Tai-Lieu-Thuat-Toan
http://vnoi.info/wiki/algo/basic/Tai-Lieu-Thuat-Toan
https://github.com/ngthanhtrung23/ACM_Notebook_new/blob/master/Graph/Matching/HungarianLMH.h
https://github.com/ngthanhtrung23/ACM_Notebook_new/blob/master/Graph/MaxFlow/MinCostMaxFlowSPFA.h

F - Famous Pagoda (3%)

L&i gidi: Nguyén Thanh Trung - RR

Thé loai: T6i wu hoa Quy hoach déng - Chia dé tri.

Daét cost(i, j) 1a chi phi dé& xay ciu thang tv diém i dén j.
D4t f(k, i) = chi phi nhd nhat d& k nhom tho xay tat ca ciu thang tir 1 dén i. Ta cé cong thire
QHD:

e f(k, i) = min( f(k-1, j) + cost(j+1, i), v&ij = 1..i-1).
Két qua clia bai toan chinh 1a f(G, N).

C6 2 diém méu chét cla bai nay:
e Tinh cost(i, j)
e Tinh nhanh bang f(k, i). Néu tinh tryc tiép theo cong thirc trén, ta mat dé phirc tap
O(G*N*2), khoéng du dé AC bai nay.

1. Tinh cost(i, j)

V&ik=1:
e Khik =1, diém v chinh |a median cta day A(i)..A(j).
e Do day A da dwoc sap xép tang dan, v=Afi+ (j-i+ 1) /2]
e V&iméi (i, j), ta c6 thé tinh nhanh cost(i, j) trong O(1) bAng mang céng don.

Vi k =2:
e DatL =sb phan tlr ctia doan A(i)..A() =j-i+1
e cost(i, j) =sum( (a(s) - v)*2)
o =sum(a(s)*2)+ L*v"2 + 2*sum( a(s) )*v
e D&tB =2*sum(a(s) ), C = sum( a(s)*2 ). Ta tinh dwogc B va C trong O(1) bang mang
cong don.

e cost(i, j) = L*v*2 + B*v + C, la mét ham bac 2 cla v. Do d6 diém v dé lam cost(i, j) nhd
nhat chinh la v =-B /L. Tuy nhién (-B / L) c6 thé Ia sb thwc, con trong bai toan nay v
phai la sb nguyén, nén ta can xét 2 sb nguyén v gan nhat vai (-B / L) bi vi d6 thi ham
s6 16i

2. Tinh f(k, i)

Dé tinh f(k, i), ta can dung ki thuat QHD chia dé tri.

Ban c6 thé doc ly thuyét & VNOI wiki va code & day. Trong I&i gidi nay minh chi tp trung vao
viéc chirng minh tinh ding dan cua thuat toan.

Nh&c lai, ta c6 thé sir dung dwoc QHD chia dé tri néu:


https://open.kattis.com/problems/famouspagoda
http://vnoi.info/wiki/algo/dp/Mot-so-ky-thuat-toi-uu-hoa-thuat-toan-Quy-Hoach-Dong#2-chia-%C4%91%E1%BB%83-tr%E1%BB%8B
http://vnoi.info/wiki/algo/data-structures/data-structures-overview#2-ctdl-truy-v%E1%BA%A5n_2-1-m%E1%BA%A3ng-c%E1%BB%99ng-d%E1%BB%93n-prefix-sum
http://vnoi.info/wiki/algo/data-structures/data-structures-overview#2-ctdl-truy-v%E1%BA%A5n_2-1-m%E1%BA%A3ng-c%E1%BB%99ng-d%E1%BB%93n-prefix-sum
http://vnoi.info/wiki/algo/data-structures/data-structures-overview#2-ctdl-truy-v%E1%BA%A5n_2-1-m%E1%BA%A3ng-c%E1%BB%99ng-d%E1%BB%93n-prefix-sum
http://vnoi.info/wiki/algo/dp/Mot-so-ky-thuat-toi-uu-hoa-thuat-toan-Quy-Hoach-Dong#2-chia-%C4%91%E1%BB%83-tr%E1%BB%8B
http://vnoi.info/wiki/algo/dp/Mot-so-ky-thuat-toi-uu-hoa-thuat-toan-Quy-Hoach-Dong#2-chia-%C4%91%E1%BB%83-tr%E1%BB%8B
https://github.com/ngthanhtrung23/ACM_Notebook_new/blob/master/DP/divide_conquer.cpp

e cost(a, d) + cost(b, c) >= cost(a, c) + cost(b, d) véimgia<b <c<d

f(i, j, v) = (sum (Ja(s) - v|*k) v&i s =i..j)
v_opt(a, b) = v dé f(a, b, v) dat gia tri nhé nhét
cost(a, b) =f(a, b, v_opt(a, b)) <=f(a, b, v) v&i moi v.

Khéng lam mét tinh téng quat, gid st v_opt(b, c) <= v_opt(a, d). Ngoai ra ta ciing biét rang
v_opt(b, c) nam trong khoang [b, c].

d b C d
[ | ] | | n
| | | | | | | | | "
v_opt(b,c) v_opt(a, d)
Ta co:
cost(a, d)

=f(a, d, v_opt(a, d))
=f(a, b-1, v_opt(a, d)) + f(b, d, v_opt(a, d))
>=f(a, b-1, v_opt(a, d)) + cost(b, d)

Mat khac, do tat c& doan [a, b-1] & bén trai v_opt(b, c) va v_opt(b, c) < v_opt(a, d) nén:
f(a, b-1, v_opt(a, d)) + cost(b, c)
>=f(a, b-1, v_opt(b, c)) + cost(b, c)
=f(a, b-1, v_opt(b, c)) + f(b, c, v_opt(b, c))
=f(a, c, v_opt(b, ¢))
>= cost(a, c)

Két hop 2 bat dang thirc trén:
cost(a, d) + cost(b, c)
>=f(a, b-1, v_opt(a, d)) + cost(b, d) + cost(b, c)
=f(a, b-1, v_opt(a, d)) + cost(b, c) + cost(b, d)
>= cost(a, c) + cost(b, d)

Ching minh hoan tat. Két luan ta c6 thé dung QHD chia dé tri dé giai bai toan véi do phirc tap
O(G*N*log(G))



G - Game of Divisibility (3*
Tac gia: thay Hiéu (Hwng Yén) + Lang Trung Hiéu

L&i giai: Bai Ca bi Hoc
Gia sir nguwoi di trwde 1a A, nguoi di sau 1a B. Goi s[i] 1a sb lwong sb chia k dw i (0<i<k). X |a s
lwong giatriicéd s _ilé.

X=0: Tran d4u hoa. Ca A va B déu c6 chién lwgc dé minh khéng thé thua. Do d6 tran
dau hoa.

X = 1: Néu nguoi lay s6 dw 18 ra (t) thang thi A ludn 1a ngudi lay dwoc. Néu nguoi 1ay
phan dw |8 ra thua thi B luén bat A phai l4y phan dé. Do d6 A luén la ngudi lay phan sé dw 1&
ra. S6 dw A nhan duoc la (t+(sum-t)/2), s6 dw B nhan duoc 1a (sum-t)/2.

X=2: s6 duv 18 2 14 p,q.A dwoc quyén quyét dinh 14y s6 dw p hodc q 1. Sau dé tré vé
trang thai X=1 nhuw trén. B sé& bat budc lay s6 dw con lai. Trong trwdng hop nay, A chon 1 trong
2, A sé& chon sb duw c6 kha néng thang. O trwdng hop nay néu ca 2 déu khéng c6 kha ndng
thdng, A s& chon sb du dé& hoa. (Chac chan khong thua).

X=3: Sau khi chon 1 sé dw I&, sé vé trang thai X=2. Nguwoi nhan trang thai nay, khéng
bao gi®» thua. N&n ngudi & trang thai X=3 cling cé quyén tw quyét chon dé& nguoi & trang thai
X=2 khéng thé thang. Do d6 X=3 |4 trang thai 2 ngu®i khéng thé thua. HOA.

Twong tw cac trwdng hop X>2 tat ca sé déu hoa.

Ghi chu:

Day la bai toan 3* cwc kho chir khdng dé nhw sau khi nhin lwét qua, I&i gidi trén chi danh cho
nhirng ban da cuc ky xuét sic vé dang nay, muén hiéu rd thém ban can doc doan giai thich,
lwu y 1a c6 thé doc xong gidi thich cang khé hiéu thém.

Bai B v&i bai J ¢ chira nhiéu trap nhwng ban than bai G lai la mét cai trap cwe lon, cac di kién
nhw n <= 1000, k <= 32 chi mang tinh chat hoa my khoéng lién quan gi dén |&i gidi dac biét Ia ali]
<= 2131 |am ti 18 WA téng |&n dang ké&. Chinh vi thé dé giai dwoc bai nay cac ban can phai tw
duy thuan tuy manh mé ch khéng dwoc bam theo 16i mon suy nghi nhw kiéu c6 thé nhin dwoc
cong thirc hay dung gi¢i han dé doan thuat toan.

Giai thich:

X =0, cdAva B déu cé thé c6 chién lvgc dé bang diém dbdi phwong. Dbi véi B chi can chon sb
c6 sd dw gidng A vira chon. Ddi v&i A c6 thé start bang sé bat ky xong choi gibng hét B, néu
khéng tén tai s6 c6 sb duw bang sb B vira chon thi lai chon s6 b4t ky dén hét. Ta thdy sau méi
lwot A choi thi déu chi cé téi da 1 tap s dw c6 18 sb.

V&i X =1, néu sb dw 18 ra 6 loi cho A, A sé chon sé déy réi choi chién thuat chon giéng B. Con
nguoc lai B s& chon chién lwoc chon gidbng A ép A phai chon hon B 1 1an chinh 1a s6 dw 1& ra
d6. Cac ban c6 thé dung suy nghi nhw vay dé ap dung véi X >= 2 va nhirng bai toan twong tw
lién quan dén trd choi gitra hai ngudi va sb du.


https://open.kattis.com/problems/gameofdivisibility

H - Height Preservation (2*)

L&i gidi: Nguyén Diép Xuan Quang (team HCMUS - llluminate)
Thé loai: D6 thi. Topo sort.

Trwdc hét, ta sé gop cac 6 cé gia tri gidbng nhau & cung mét dong hoac cung mét cot vao mot
thanh phan lién théng (ta goi la siéu dinh). Viéc tim cac cap 6 dé gop cé thé thuc hién bang
cach duyét tirng dong, sép xép cac 6 trén tirng dong theo thir tw tdng dan, va thém canh gitra
hai 6 trén cot j va cot j+1 cla dong hién tai néu sé trén hai 6 nay bang nhau (Vi tirng cot cling
lam twong tw). Viéc gop 6 c6 thé 1am bang DSU hoac DFS.

Sau do, ta duyét tirng dong, sap xép cac 6 trén dong theo thir tw tdng dan, réi thém canh mot
chiéu nédi tr siéu dinh chra 6 trén cot j dén siéu dinh chira 6 trén cot j+1 ctia dong hién tai néu
sb trén cot j nhd hon sb trén co6t j+1. Ta lam twong tw nhw vay véi tirng cot.

Cudi cuing, ta s& duwoc mot DAG trén cac siéu dinh. Dap sb can tim chinh 1a sb dinh trén dwéng
di dai nhéat cia DAG nay. Bai toan tim do dai dwéng di dai nhéat trén DAG 1a mét bai toan quy

hoach déng kinh dién, co thé giai dwoc trong O(N+M) (v&i N Ia sé dinh trong DAG, M 1a sé canh
trong DAG).

D06 phtre tap: O(N*M*log(N+M)).


https://open.kattis.com/problems/heightpreservation
http://vnoi.info/wiki/algo/graph-theory/everything

| - ICPC Awards (0%)

Tac gia: Lé Bon Khué

Bai nay dwoc ra véi muc dich tat ca cac doi tham gia cudc thi déu gidi dwoc it nhat 1 bai. Bang
tiéc 1a van con mot doi khéng giai dugc.

Bai toan nay chi doi hdi biét s& dung C++ STL.


https://open.kattis.com/problems/icpcawards

J - Joining Networks (3*)

Téac gia: Lang Trung Hiéu

L&i giai: Pham Cao Nguyén (team VNU - unsigned)

Thé loai: Quy hoach déng bao 16i.

Tém tat dé bai
Cho 2 cay <= 50000 dinh, tim cach ndi 1 canh gitra 2 cay dé téng binh phwong khoang cach
gitra moi cap dinh la nhd nhét.

Loi gidi
Day la mét bai thudc loai cb dién, viét ki cong thire réi tinh tirng phan mot.

Kién thirc can biét: Quy hoach déng trén cay, Bao 16i dwdng thang, Kién tri pha ngodc

Phan tich céng thirc

Ta dinh nghia (T, a, b) la khoang cach gitra 2 nit a va b trén cay T.
Xét 2 cay A (N nat) va B (M nat), khi ndi dinh u ctia cay A véi dinh v clia cay B, ta c6 khoang
cach giltra moi cap dinh nhw sau:

N i—-1 M i-1 N

M
C= X XfAi)?+3T T fB, i)+ X T (A u i)+ fB,v,j) + 17

i=1j=1 i=1j=1 i=1j=1
2 tébng dau tién kha dé hiéu: chung chi Ia téng binh phwong gitra moi cap dinh trong cay. N6
khéng qua khé tinh (ghd trén cay co ban théi), va khéng ddi véi moi cach chon u, v nén ta tam
thoi b ra khéi phuwong trinh. Phan con lai, ta phan tich sé ra

Af(f(/l, u, i) + f(B, v, ) + 1)?
=1

e

= S S ) MA Y SBv. )2 NN« M4 [, i)s M+ Y (B, v, j)* N+
=1 =1 =1 =1

i= j= i= j=

N M
X fid i)+ X f(B, v, )
i= j=

Goi S(T, u) la téng khoang cach tir dinh u dén tat ca cac nat con lai ctia cay T, Sq(T, u) 1a tbng
binh phwong khodng cach tir dinh u dén tat ca cac nut con lai cla cay T. Ta cé thé viét lai cong
thre thanh:

M xSq(4, u) + N % Sq(B, v) + 2(M * S(4, u) + N = S(B, v) + S(4, u) * S(B, v))

Gom lai cac phan doc lap theo u, v cho dé nhin, ta co:

M % Sq(d, u) + 2M * S(4, u) + N * Sq(B, v) + 2N * S(B, v) + 25(4, u) * S(B, v)


https://open.kattis.com/problems/joiningnetwork
http://vnoi.info/wiki/translate/wcipeg/Convex-Hull-Trick
http://vnoi.info/wiki/translate/wcipeg/Convex-Hull-Trick

Nhuw vay, chi cé phan 2S(A, u)*S(B, v) Ia phu thudc vao ca 2 dai lwong u va v. Tuy nhién, khéng
khé dé nhin ra day la dai lwgng tuyén tinh, nén khi ta coi S(A, u) 1a hdng sbé, S(B, v) la bién,
cong thirc tré thanh cong thire dworng thang. Ddi véi cac ban da quen thudc véi viéc st dung
tha thuat bao 16i trong quy hoach déng, day la mét dang twong tw: Ta sé& dwng bao 16i cac
dwong thdng cla u, sau do truy van v trén bao 16i d6.
Tém lai, cac phan can tinh bao gém:

- S(A, u)va S(B, v) cho moi u, v

- Sq(A, u) va Sq(B, v) cho moi u, v

Tinh S(A, u)
Trwdce tién, vi 2 cay la doc 1ap, nén trong phan nay ta sé goi S(A, u) 1a S(u) cho ngan gon.

Day la bai toan ghd co ban, da xuét hién trong 1 sb bai tap trén VNOI
(http://vnoi.info/problems/show/NTTREE/). Cach lam nhw sau:

- PAu tién, tinh size[v] Ia sb dinh trong cay con gbc v.
- Thuc hién ghd trén cay dé tinh down[u]: tdng khodng cach gitra u va cac dinh trong cay
con gbc u. Cong thirc 1a down[u] = Y child[v] + size[v]. N6ém na |4, vi tat ca
v & child[u]
khoang céach tir u dén cac cac dinh thudc cay con gbc v déu hon 1 so véi khodng cach
t v, nén téng cla chung sé cong thém mot lwong 1a sb dinh trong cay con gbéc v. Ta cé
thé tinh cac gia tri size[v] bang 1 1an dfs.
- Gio ta sé tinh up[u]: tdng khodng céach tr u dén cac dinh khéng ndm trong cay con goc
u. Khéng khé dé nhin thay up[u] gébm 2 phéan:
- Céc dinh khong thudc cay con gbc parent(u). Phan nay duoc tinh béng
up[parent(u)] + (N -size[parent(u)]).
- Céc dinh thudc cay con gbc parent(u) nhwng khoéng thudc cay con gbc u. Phan
nay dwoc tinh bang down[parent(u)] + size[parent(u)] - (down[u] - size[u]).
- Tbng lai, ta c6 up[u] = up[parent(u)] + down[parent(u)] - down[u] + (N - size[u]).
- Phan nay ciing c6 thé duwoc tinh bdng mét phép dfs. Méac dinh, néu 1 1a gbc, ta
cé up[1]=0.
- Hién nhién, S[u] = down[u] + up[u], theo dinh nghia. Ta tinh thanh céng S[u] trong O(n).

Tinh Sq(A, u)

Twong tw phan trén, ta goi Sq(A, u) 1a Sq(u) cho don gian.
Viéc tinh Sq(A, u) yéu cau cé cac gia tri size[u], down[u], up[u] da tinh & trén.
Ta thwe hién nhuv sau:

- Dau tién, ciing nhw bai trén, ta tinh downsq[u] la téng binh phwong khoang cach tir u
dén céac dinh thudc cay con gbc u. Vay véi mébi v 1a con clia u, downsq[u] tdng thém bao
nhiéu? Ta c6 downsq[v] = tdng cac d(v, i)*2 vé&i i thudc cay con gbc v. Vay downsq[u] +=
tbng (d(v, i) + 1)*2, hay downsq[u] += téng d(v, i)*2 + 2 * téng d(v, i) + size[v] =
downsq[v] + 2 * down[v] + size[v]. Viéc tinh downsq[u], van c6 thé tinh bang 1 lan dfs.

- Tiép tuc tinh upsq[u]. V&i cach phan tich twong tw, ta sé co:

- Phéan khéng thudc cay con gbc parent(u):
upsq[parent(u)] + 2*up[parent(u)] + (N - size[parent(u)]).


http://vnoi.info/problems/show/NTTREE/

- Phan thudc cay con gbc parent(u):
downsq[parent(u)] - (downsq[u] + 2 * down[u] + size[u]) + 2 * (down[parent(u)] -
(downl[u] + size[u])) + (size[parent(u)] - size[u]).
- upsq[u] sé& la tdng cla 2 gia tri trén.
- Sq[u] = downsq[u] + upsqu].
Nhw vay viéc tinh Sq(A, u) cling c6 thé thuc hién trong O(N).

Dwng bao 16i

Con lai chi la viéc dwng bao 16i va tinh gia tri nhd nhét.

Theo nhw céng thire trén, dinh u sé dwoc biéu dién dwéi dang dwong thdng c6 a = 2S(A, u), b =
M =Sq4, u) + 2M = S(4, u).

Khi truy van dinh v, ta truy van toa dé x = S(B, v), va cong thém N = Sq(B, v) + 2N * S(B, v)
dé ra gia tri t6i wu khi chon dinh v.

Dap sb sé la min cla cac gia tri dbi véi cac lwa chon v.

Dé y ta hoan toan cé thé thém tat ca dwong thang vao trudc khi truy van, nén ta nén sort lai cac
dinh u theo slope (a = 2S(A, u)) gidam dan dé dé dang dwng bao 15i.

Ta ciing khéng can thue hién truy van theo dung the tw: sort lai cac truy van theo toa do tang
dan dé khoéng can chét nhi phan khi truy van trén bao 16i, giam thoi gian cai dat.

Viéc dwng bao 16i c6 thé tham khao trén http:/vnoi.info/wiki/translate/wcipea/Convex-Hull-Trick

Do phirc tap cla ca bai toan la O(N log N).

Lwu y!

- Khi so sanh 2 dwdng thang trén bao 16i, khdng thé dung phép nhan chéo vi sé bj tran sb.
St dung chia béng long double di qua.

- Pap sb6 16n hon 1e18, hay st dung hang sb vé tan I1&n hon.

- Céb kha nhiéu doi @& N, M la kiéu int nén bj tran sé khi tinh tich N * M.


http://vnoi.info/wiki/translate/wcipeg/Convex-Hull-Trick

K - K-rotating (3*
L&i gidi: Lé Quang Tuan (team VNU - unsigned)

Tom tat dé bai:
Cho N ¢ gido va N 1&p, mbi cd gido day & moét Iép. Ban dau cb gido thir i day cho 16p thir j. Va

moi tudn cé thé cd mot s6 sw thay ddi & vi tri clia cac cd gido (Iwu y 1a sb sw thay d6i mdi tuan
<=10).

C6 2 loai truy van :
- Thém mét sy thay dbi vé I&p clia cac cb gido.
- H6i xem & tuan tht x, sau khi da thwc hién xong viéc thay déi & tuan thir x, thi cd gido
th&r y day & I6p nao ??7?

Lo giai
V&i bai nay, minh nght dén ngay phai chia c&n, lai phai nhdy nhay nhw bai D. Thé nhuwng chia
can nhw nao, tinh nhw nao thi méi chia cdn dwoc méi la van dé.

Dé nghi ra moét |&i gidi trau thi khong khd, thé nhwng nghi ra moét |&i gidi trau dé chia can dwoc
thi lai rat kho. O bai nay, |&i giai trdu nhu sau:

- Tinh ham f[x][y] : dwoc trd vé & ngay x, cd gido thir y dang day I&p cla cbd gido nao
trong tuan x - 1. Ttrc la f[x][y] trd vé k, c6 nghia la |&p cla c6 gido k & tudn x - 1s& dwoc
chuyén thanh c6 1&p cla cb gido y & tuan x.

- Tinh ham f[x][y] nhw ndo ? Ban dau f[x][y] = y. Néu & tuan x, ta phai swap I6p ctia 2 cd p
va c0 q. thi ta cling swap ludn f[x][p] va f[x][q].

- Khi cé ham f réi, dé truy van ta chi can di tt tuan x vé tuan 1,y = f[x][y]. Thi d&n cudi
cung y sé 1a 1&p can tim !

Theo minh thay, thi nhirng I&i gidi trau di tr tuan 1 dén tuan x déu khong kha thi cho viéc chia
can, chi co cach di tir tuan x vé tuan 1 1a kha thi !

Gi® phai chia cin nhw nao ? Tat nhién la chia lam sqrt(M) block, méi block gém xap xi sqrt(M)
tuan. V&i mbi block, ta lwu lai fly] la & tuan cudi ctia block, cé gido y sé day I&p cla cbd gido nao
& dau block !
- Update : V&i mbi truy van update, tinh lai toan bé ham f[] ctia block. D6 phirc tap
O(sqrt(M) * 10). Do t6i ta chi c6 10 phép swap méi tuan.
- Truy van : Di tru tir tuan x vé cudi ctia mét block, rdi sau d6 dung ham f[] cia méi block
dé nhay vé block trwdc nhw thuat trau chi & trén. Dpt (sqrt(M) * 10) .

B6 nhé O(sqrt(M) * N) vi méi block ta phai lwu lai mang f[] gdm N phan ti.
Pé tdi wu cac ban nén chia I&n hon sqrt(M) block va méi block c6 do dai nhd hon sqrt(M).


https://open.kattis.com/problems/krotating

L - Land Inheritance (4*)
Téac gia: Lang Trung Hiéu

Loi gidi: Nguyén Thanh Trung - RR

Dat P 1a manh dat.

Buwéc 1:
Dung dwéng thang d cat P thanh 2 phan A va B.
Ban cé thé tham khao cai dat & Notebook cia RR.

Buwéc 2:
DPat A' 1a déi xtrng cla A qua duéng thang d (mau xanh 1).


https://open.kattis.com/problems/landinheritance
https://github.com/ngthanhtrung23/ACM_Notebook_new/blob/master/Geometry/polygon.h#L136

Ban c6 thé tham khao cai dat & Notebook cla RR.

Bwéc 3:
Dé th4y két qua bai toan chinh la dién tich ctia phan giao cia A' va B (mau xanh da troi).



https://github.com/ngthanhtrung23/ACM_Notebook_new/blob/master/Geometry/basic.h#L145

Do A' va B khéng phai da giac 16i, nén viéc tim phan giao ctia A' va B rat kho, tuy nhién néu chi
mubn tinh dién tich thi don gian hon rét nhiéu.

Trwdc hét, ta hay xem cach tinh dién tich c6 dau clia mét da giac béat ky:
e Dat O la mot diém bét ky trén mat phéng (thong thwdng ta lay O |a gbc toa dd dé cai dat
don gian).
e Dién tich c6 d4u cla da giacA=AA,...A = tbng dién tich c6 diu cla n tam giac
OAA. Tacoi A,y = A,
e Day chinh 13 Iy do ta c6 thé tinh dién tich da giac bat ky theo cong thirc 0.5 * tbng
(AG)XAGH).y - A1) XA().y).Z

Vi du:
e Dién tich cé dau tlr giac ABCD (mau dd)
e = (Dién tich OAB) + (Dién tich OBC) + (Dién tich OCD) + (Dién tich ODA)

O dayO->A->B, 0->C->DvaO->D->Aco cac dinh ngwoc chiéu kim déng hd, nén 3 tam
giac OAB, OCD va ODA co6 dién tich dwong.

O -> B -> C c6 céc dinh theo chiéu kim déng ho, nén tam giac OBC ¢ dién tich am.

ABCD c6 céc dinh nguoc chiéu kim ddng hd nén cé dién tich dwong.

Quay tré lai bai toan, dé tinh dién tich phan giao ctia 2 da giac A' va B, ta ciing lam twong tu:
e LAy 1 diém O bat ky.
e Xeét cac tam giac OAA,,, va cac tam giac OBB,,,).
e Thay vi tinh phan giao cla 2 da giac, ta s& tinh phan giao cla cac tam giac OAA.,, VO

cac tam giac OBB,,,. Sau do cong tong cac dién tich cac phan giao lai.



o Chuy: Ta dang lam viéc v&i ca cac tam giac am va dwong. Khi tinh téng dién
tinh phan giao:
m Néu 2 tam giac dwong, ta coi phan giao c6 dién tich dwong.
m Néu 2 tam giac am, ta coi phan giao cé dién tich dwong.
m Néu 1 tam gidc am va 1 tam giac dwong, phan giao c6 dién tich am.
e Dé tim giao cua 2 tam giac ABC va XYZ, ta lan lwot dung 3 canh ctia XYZ cét tam giac
ABC:
o L&y dwong thang XY cat ABC thanh 2 phan, gi lai phan cuing phia véi Z, goi la
S1.
Ly dwong thang YZ cat S1 thanh 2 phan, gitr lai phan ciing phia véi X, goi la
S2.
Ly dwong thang ZX cat S2 thanh 2 phan, gil lai phan cung phia véi Y, goi la
S3.
S3 chinh 1a phan can tim.
(Phan nay ta st dung lai code lay 1 dwéng thdng cét 1 da giac: Notebook clia
RR).

o

o

o

O

DPén day bai toan da duwoc gidi quyét véi dd phire tap O(NA2).


https://github.com/ngthanhtrung23/ACM_Notebook_new/blob/master/Geometry/polygon.h#L136
https://github.com/ngthanhtrung23/ACM_Notebook_new/blob/master/Geometry/polygon.h#L136

