Overview

Problems #tried #AC Fastest solution
A 516 99 5 minutes by BK.Juniors
B 281 54 32 minutes by BK.Tornado
C 152 26 16 minutes by DOS
D 132 15 42 minutes by ACGTeam
E 25 1 262 minutes by ACGTeam
F 19 0 N/A
G 121 43 26 minutes by WINDOWS
H 60 11 56 minutes by Mjolnir
I 44 2 85 minutes by ACGTeam
J 44 10 101 minutes by BK.Juniors
K 294 104 5 minutes by UBUNTU
L 44 4 150 minutes by LINUX




L&i gidi dwoc chudn bi béi:
RR

Lé Bon Khué

Lé Yén Thanh

Lang Trung Hiéu
Nguyén Duy Khuwong

L&i gidi cac bai gia st ban da quen thudc vé&i nhirng khai niém co ban nhu:
e DO phire tap tinh toan

Néu c6 thac méc vé 1oi gidi, ban cé thé héi &: group VNOI.

Tét ca code cla cac bai cé thé tim dwoc & Github. Day la nhirng 1&i gidi chinh thirc cia BTC.


http://vnoi.info/wiki/translate/topcoder/Computational-Complexity-Section-1
https://www.facebook.com/groups/163215593699283/
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/tree/master/2016/regional/solutions

A

L&i gidi nhanh nhét: & phat thir 5 ctia doi BK.Juniors

Goi doan can tim la [L, R]. Nhw vay doan [L, R] can thda man:
e Co6 1 b duy nhat bang m.
e Khéng cé sb nao nhé hon m.

Loi gidi 1:
Tw twéng:

Ta xét 1an lwot tirng vi tri i trén mang A. Gia st i chinh 1a vi tri nhé nhé4t ca doan [L, R] can tim.
R rang ta phai cé Afi] = m.

Khi d& c6 dinh i, ta can tim 2 diém L va R. Vi viéc tim L va R 1a d6i x(rng nhau, nén ta chi xét
viéc tim L. Viéc tim R sé lam hoan toan twong ty.

Pé tim L, ta lam nhw sau:
e DAutién, ganL =i
e Chirng nao ta c6 thé mé rong L vé phia bén trai, ma van thod man i 1a s6 nhé nhat duy
nhét, ta giam L. N6i cach khac, chirng nao A[L-1] > m, ta giam L.
o Chuy, viéc "mé& rong" L vé phia bén trai luén lam tdng cliia doan [L, R] ting Ién,
do

Vi du:
e V6idayA=[1,3,2,6,2 4] vam=2.Danh s cac sb trong mang A t 1.
e Khii=3, Ali]=2,tacantimlL.
o PautiénganlL =3
o ViA[L-1]=A[2]=3>m,néntagidmL —» L =2
o ViA[L-1] = A[1] = 1 <m, nén ta khong thé tiép tuc giam L.
o TatimdwoclL =2
e Khii=5,Ali]=2,tacantimL.
o PautiénganlL =5
o ViA[L-1]1=A[4]=6>m,néntagiamL —>L=4
o ViA[L-1] = A[3] = 2 = m, nén ta khéng thé gidm L nira.
o Do do, tatim dwoc L = 4.

Chirng minh:
Ta c6 thé chirng minh dwoc thuat toan trén cé do phirc tap O(N):



e O méi vi tri A[i] = m, dé tinh L, sb bwéc gidm L khong thé I&n hon khodng cach tir i dén
s6 dau tién bén trai i ma bang m.
e Do d6, téng tat ca cac thao tac tinh L khéng thé Ién hon dd dai day. Néi cach khac do
phirc tap 1a O(N).
Pé tinh R, ta ciing lam twong tw véi d6 phirc tap O(N).

Cai dit: RR
Loi gidi 2:
Ciing twong tw nhw cach 1, ta xét phan t&r th i va gid st i la phan t& nhé nhét trong doan [L,R].

V6&i mbi phan tir i cia mang A, ta can tim doan [L, R] dai nhat, sao cho i thudc doan [L, R] va
Ali] = min(A[L], AIL+1], ..., A[R]).

Dé& thay day chinh 1a dinh nghia ciia 2 mang L va R trong k¥ thuat tim Min/Max trén doan tinh

ien.

—

Do vay, ban chi can tinh 2 mang L va R nhu trong link trén, rdi tr dé vai méi i, tim dwoc L, R
trong O(1).

Cai dat: RR

Fun fact

3 ddi trong top 5 clia ky thi ban dau giai sai 1 1an bai nay: ACGTeam, LINUX, PECaveros. Trong
do doi vo dich ACGTeam bij sai 1 phat do doc thiéu 1 chir "minimum" trong dé.


https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/A/RR1.cpp
http://vnoi.info/wiki/algo/data-structures/deque-min-max
http://vnoi.info/wiki/algo/data-structures/deque-min-max
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/A/RR2.cpp

B

L&i gidi nhanh nhét 1 1an niva thudc vé mot ddi dén tir DH Bach Khoa: phat 32 clia doi
BK.Tornado.

Tw twdng

O bai toan nay, ban dwoc yéu cau gidi bai toan xudi: cho lwgng nwéc W, tinh cot Ién nhat ma
nwdc chay dén.

Ta xét bai toan ngwoc lai: Néu nwédc chi chady dén cot Ién nhéat la i, lwong nuwéc téi da W la bao
nhiéu?

Ta ky hiéu bai toan xubi 1a f: cho W, tinh f(W) = cot I&n nhét.
Ky hiéu bai toan ngwoc 1a g: cho i, tinh g(i) = W 1a lwgng nwéc 16n nhét.

Viéc tinh bai toan xudi (tinh f) Ia kho, do mién gia tri cia W c6 thé 1én dén 10715. Nhwng viéc
giai bai toan nguoc (tinh g) lai don gidn hon, do mién gia tri ctia i chi dén 1075. Bé tinh g ta c6
thé quy hoach dong va tinh trwédc toan bd ham g véi tat ca cac gia tri cha i.

Khi c6 mang g, ta c6 thé dung phwong phap chat nhj phan dé tinh f.

Tinh mang g

Viéc tinh g gém 2 budc:
1. Tinh trwéc mang left[u] 1a cot dirng trwdc va gan codt u nhat ma heightfi] > height[ul.
(Kh&i tao cot 0 co chiéu cao rat 1on)
2. Tinh g[u] la lwong nwéc ti da néu nwéc khodng tran qua cot u.

left[u] u



Bwéc 1 da dwoc giai thich rat cu thé trong bai viét: Tim min-max trén doan tinh tién.
Vé&i bwéc 2, tir hinh vé, co thé thay g(u) Ia téng cla:
e Lwong nuwéc tir dau dén cot left(u), chinh Ia g(left(u))
e Thé tich nwdc tir sau cot leftfu] dén cdt u. Chu y ta can trir di thé tich cac cot t left(u)
dén u: (position|[i] - position[u]) * h[u] - tdng(cac cot trong khoang tlr sau cot i dén u)

Chat nhj phan
Pé tinh f(W), ban d4u ta biét f(W) ndm trong khoang [0, N].

Xét cot mid = N/2.

Néu g(mid) >= W, rd rang dén cot mid, ta c6 thé chira dwoc nhiéu nwéc hon, nén két qua <=
mid.

Nguwoc lai, két quéd > mid.

Nhuw vay, véi 1 phép so sanh, ta biét dwoc f(W) nam trong [0, mid] hay [mid+1, NJ: ta d& gidm di
duwoc 2 1an khodng can tim. Tiép tuc lam nhw vay, ta sé tinh dwoc ham f véi dd phire tap

O(logN):

Pseudo code:

X
1
1l zZ o

es =N
while L <= R:
mid = (L + R) / 2
if g(mid) >=W:
res = mid
R =mid -1
else:
L =mid +1
Két qua cubi cung la res

_1
()

Cai dat: RR


http://vnoi.info/wiki/algo/data-structures/deque-min-max
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/B/RR.cpp

C

L&i gidi nhanh nhét thudc vé doi DOS dén tir DH Cong Nghé & phat thir 16.

Quy hoach dong

Day la mét bai toan Quy hoach déng kha co ban. Néu chwa ndm chéc vé thuat toan quy hoach
dong, cac ban cé thé doc thém trong nhirng bai viét sau:

e Nhap mdén Quy hoach déng

o M6t vai bai QHD vé Palindrome

e Mot sé bai QHD dién hinh

Théng thwdng, véi cac bai toan quy hoach déng cé dang dém sb lwong sb nhd hon hodc bang
mét s6 X cho trwdrce, ta lam nhw sau:

f(i, is_lower) = sb lwong céach:
e chonraichi sé dau tién
e sao cho v&ii chir s6 dau tién nay, sb ta dang xay dwng van nhé hon hodc bang sb X.
e Néu sb dang xay dwng da chac chan nhé hon X, is_lower = 1. Nguoc lai, is_lower = 0.

Vi du:
X =32

i 0 1 2

is_lower=0 1 3 32

(s6 gébm 0 chi¥ sb) (cac sb 0?, 17, 2?) (gdm 07?, 1?2, 272, 30,
31)
is_lower =1 0 1 1
(s6 3?) (s6 32)

Pé tinh mang f, ta lam nhw sau:
e Gia st trang thai QHD hién tai la (i, is_lower)
e Tath®r thém lan lwot cac chir s& 0 dén 9


http://vnoi.info/wiki/translate/topcoder/dynamic-programming
http://vnoi.info/wiki/algo/dp/palindrome-problems
http://vnoi.info/wiki/algo/dp/basic-problems

e Khithém chir sé ¢ vao trang thai hién tai la (i, is_lower) gébm i chi¥ sb, ta sé& thu dwoc
trang thai mai (i+1, is_lower2) gébm (i+1) chir sb.
o Néuis_lower = 1, is_lower2 chac chan bang 1, do néu phan gém i chir s6 da
chéc chén nhé hon sb X, thi phan gém i+1 chir sé cling chdc chan nhé hon X.
o Néuis_lower = 0, va chi s6 c ta thém vao nhé hon chi¥ s twong ing clia X, thi
is_lower2 = 1. Nguorc lai, is_lower2 = 0.
e Khi cai dat, ta xét lan lwot cac trang thai (i, is_lower) theo thi tw tang dan cha i. V&i mébi
trang thai, ta xét tt ca cac chi sb c, tinh is_lower2, rdi cap nhat:
o f(i+1, is_lower2) += (i, is_lower).

Nhuw vay, ta thu duwoc thuat toan véi do phirc tap O(L), trong d6 L Ia sé chiv sb cta X.

Tr& lai bai toan

Trong bai toan nay, vi ta can quan tdm dén cac sb chia hét cho 8, va can quan tam dén sb
lwong chi s6 6 va 8, nén ta thém 2 chiéu vao mang quy hoach doéng:

f(i, is_lower, mod8, good_digit), trong do:
e ivais_lower ¢y nghia giébng nhw trén
e mod8: sb dw cua sb dang xay dwng khi chia 8
e good_digit: sb lwong chir s 6 va 8.

Dé tinh mang f, tlr trang thai hién tai |a f(i, is_lower, mod8, good_digit), ta thém 1 chir sb c va
chuyén dén trang thai méi (i+1, is_lower2, mod8 2, good_digit2) nhw sau:

e is_lower2 tinh nhw trén

e mod8 2=(mod8*10+c) % 8

e Néu c =6 hoac 8, thi good_digit2 = good_digit + 1, ngwoc lai good_digit2 = good_digit.

Cai dat:
e RR

° ieu


https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/C/RR.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/C/Hieu.cpp

D

Doi giadi nhanh nhét bai nay chinh la déi vé dich - ACGTeam clia Han Quéc & phut 42.

Day ciing 1a mét bai quy hoach déng kinh dién két hop véi ki thuat nhan ma tran.

O(N*L + L"4)
DAu tién, ta giai quyét bai toan véi n nhé:

D4t f(i, x) = s6 cach xay dwng xau gém i ky tw, sao cho doan cudi clia xau dang xay dwng da
khép véi x ky tw dau cha xau p.

Dé don gian, khi x = |p|, ta ludn luén gitr nguyén x = |p| khi chuyén trang thai. Khi d6 két qua
can tim chinh 1a f(n, |p|).

Dé chuyén trang thai, véi méi trang thai (i, x), ta thir thém 1 ky tw ¢ bat ky. Khi d6 ta s& chuyén
dén trang thai mai (i+1, x2). Cha y x2 phai la I&n nhét cé thé.

Vi du:
p = ABCABCABC

Gia st ta dang & trang thai (i, 5) v&i i bat ky. x = 5 nghia la ta da khép dwoc 5 ky tw (ABCABC).
Gid gid st ta thém ky tw C. Vi phan cudi clia xau méi la ABCABC, nén rd rang xau méi khép
véi 3 ky tw dau hodc 6 ky tw dau cta xau p. Tuy nhién ta phai chon x2 = 6.

T do ta thu dwoc cach lam nhuw sau:
e Xét lan lwot cac trang thai (i, x).
e Lan lwot xét cac ky tw c. Khi thém c, ta tinh x2.
o f(i+1, x2) += (i, x).

Dé tang tdc, ta thay rang x2 chi phu thuéc vao x va c. Do d6 ta kh&i tao trué'c mang go(x, c) =
x2 v&i y nghia néu ta dang khép véi x ky tw dau clia xau p, va thém ky tw méi 1a c, thi ta sé
duoc khép véi x2 ky tw dau cha p. Do do dai xau p nhd, nén ta co thé xét tht ca cac gia tri cla
x2 r6i kiém tra xau bang nhau. Do phirc tap cho viéc khi tao nay sé la O(L"4).

Sau khi c6 mang go, ta cé thé cai dat thuat QHD nhuw trén véi do phirc tap O(L*26).


http://vnoi.info/wiki/translate/topcoder/dynamic-programming
http://vnoi.info/wiki/algo/trick/matrix-multiplication

O(L"3 * logN)

Dé tang téc, ta st dung ky thuat nhan ma tran. Cac ban c6 thé doc cu thé & link nay. Khi dé ta
sé thu dwoc thuat toan O(L*3 * logN), véi LA3 |a thoi gian dé nhan ma tran.

Ngoai ra bai nay cé 1 diém chu y 1a cac ban can nhan 2 s6 khéng qua 10712. Néu cac ban dung
phép nhan théng thwong, két qua sé Ién dén 10724, vwot quéa gidi han kiéu sb 64 bit. Trong ky
thi c6 1 sé ban duing cach nhan An doé twong tw nhw tinh lu§ thira ctia 1 s6. Cach nay sé c6 do
phirc tap 1a O(L*3 * logN * log(MAX_VALUE)) va rat khé dé chay trong thi gian cho phép.

Dé giai quyét, cac ban co thé lam nhw sau:

Gia s can nhan A va B, méi s c6 12 chir sb. Tach B thanh 2 niva, méi nira gébm 6 chi sb:

Vi du:

B = 123456789012

B1 =123456 = B/ 10"6

B2 =789012 =B % 10”6

A*B=(A*B1*10%6) + A* B2

(A*B)% MOD = ((A*B1 % MOD *10%6) + A* B2) % MOD

Khi nhan nhw vay, tat ca cac két qua déu khéng qua 10718.

Cai dat:

RR

Ngoai ra, phan tinh mang go trong bai nay c6 thé cai dat rat hiéu qua véi dd phire tap O(L*26),
bang thuat toan Suffix Automata. Cac ban cé thé tham khao thém & cai dit cla L& Yén Thanh.



http://vnoi.info/wiki/algo/trick/matrix-multiplication
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/D/RR.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/D/Thanh.cpp

E

Bai E la mot bai cai dat rat phirc tap, két hop véi thao tac TREE rat kho dé cai dat hiéu qua. Vi
vay chi c6 duy nhat team vo dich - ACGTeam - [am dwoc & phut 262.

Cach 1

Dau tién, minh sé& noi cach dé nhan ra nhat. Day la cach ma théng thudng cac ban sé nghira,
tuy nhién cai dat cwc ky phtre tap.

Vi s6 thao tdc MKDIR va RM khéng qué 5000, nén sé thw muc tai bat ky thoi diém nao khong
qua 5000.

Dé cai dat duwoc bai nay, dau tién & mdi thw muc, ta can lwu cac thu muc con clia né mét cach
hiéu qua. C6 thé dung map clia C++:

struct Dir {
string name; // tén thw muc hién tai
map<string, Dir*> children; // cac thw muc con
Dir* parent;

} *root;

Ta xét 1an lwot cac thao tac:

e MKDIR: ta chi don gian la tao ra mét Dir mé&i, thém vao map children ctia nut cha.
e Caidat:

Dir* create_dir(string name, Dir* parent) { // tao Dir v&i tén name, la con cla

parent.
Dir* res = new Dir();
res->parent = parent;
res->children.clear();
res->name = name;

parent->children[name] = res;
} Py
e RM: ta chi can xoa thw muc:
parent->children.erase(name)
e CD: nh& map children va con trd tré dén parent, ta dé dang di chuyén gitra cac Dir.



e SZ: dé cai dat thao tac nay, tai mdi Dir, ta Iwu thém kich thwdc clia nd. Nhw vay, khi
thwe hién thao tac MKDIR va RM, ta cap nhat bién kich thwéc & nat hién tai va tat ca to
tién cda no:

// thay déi kich thwdc tat ca to tién cha cur, cong thém update (chl y update cé thé am).
void update_ancestors(Dir* cur, int update) {
while (cur != NULL) {
cur->size += update;
cur = cur->parent;
}
}

e Dé thuc hién thao tac LS, ta don gidn chi can in ra 10 phan tlr cda children. Ban chi can
quen v&i map 1a cé thé lam duoc.

e Dé thuc hién thao tac TREE, cach théng thwong la DFS dé in ra 5 phan tir dadu va 5
phan t& cubi. Tuy nhién dé in ra 5 phan t& cudi, ta cé thé phai mat d6 phirc tap O(N).
Céch nay khéng thé qua dwoc Time limit. Ca 2 d6i ACGTeam va PECaveros luc dau
déu lam cach DFS théng thwdng va déu bi TLE. Cach giai quyét tric quan nhat la: &
mdi Dir, ta Iu thém con cudi cung cua no:

struct Dir {
int size;
string name;
map<string, Dir*> children;
Dir* parent;
Dir* last_child;
}

Dé in ra 5 phan t&r cudi, dau tién ta in ra last_child, sau day tw last_child di nguoc Ién
cha né, rdi lai di xubng phan ttr cudi ctia cha né (last_child->parent->last_child). Cach cai dat
nay cé dd phirc tap 1a O(sd phan t& can in ra). Chi tiét cai dat cd thé xem & cai dat & dwoi.

Chu y réng ta cin cap nhat last_child véi mdi thao tac MKDIR va RM.

e Dé thuwc hién thao tac UNDO, ta lwu lai cac thao tac co thé bi undo vao stack:

o UNDO MKDIR: chi can xoé Dir twong &ng.

o UNDO RM: Ta can lwu lai Dir d3 bj xoa, tir d6 14y lai dwoc Dir d6 va tat ca con
chau cta né.
UNDO CD: Ta can lwu lai Dir trwéc khi CD.
Chu y sau khi UNDO MKDIR hodc UNDO RM, ta can cap nhat tat ca size va
last_child cta tat ca té tién.

o

Cai dat: RR

C6 thé thay cai dat nay rat phirc tap, do:
e Thao tac TREE rat kho cai dat dung


http://vnoi.info/wiki/algo/data-structures/data-structures-overview#1-ctdl-l%C6%B0u-tr%E1%BB%AF_1-2-stack-queue-deque_1-2-1-stack
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/E/RR2.cpp

e Ta can duy tri rat nhidu théng tin: size va last_child, khi lam cac thao tac MKDIR, RM,

UNDO.
Cach 2:
O médi Dir, ta lwu cac gia tri cache cula:
e SZ
e LS
e TREE

Céu trac cla ta sé trong nhw sau:

struct Dir {
string name;
Dir* parent;
map<string, Dir*> children;

/I caching data

int sz;
vector<string> Is;
vector<string> tree;

bool cached_sz, cached_lIs, cached_tree;

|3

Ta can duy tri 3 bién boolean cached_sz, cached_ls, cached_tree thé hién ta da cé gia tri cache
cua 3 thao tac chua.
e Ban dau, ca 3 bién nay bang false
e Khi ta thwc hién thao tac SZ, LS, TREE:
o Néu chua cé cache, ta tinh két qua cac thao tac nay. Véi thao tac TREE hoac
SZ, ta mat O(N). Sau khi tinh, ta lwu cache, va gan gia tri boolean twong trng
thanh true.
Néu da cé cache, ta chi can in ra cache.
Khi ta thwc hien RM, MKDIR, UNDO RM hodc UNDO MKDIR, ta can gan lai ca 3
bién béng false, cho tat ca té tién cta Dir hién tai.

Vi du v&i SZ:
int calculate_sz(Dir* cur) {

if (cached_sz) return sz;
return dfs(cur);



int dfs(Dir* cur) {
cur->cached_sz = true;
intres = 1;
for (auto p : cur)
sz += dfs(p.second);
return cur->sz = res;

}

Nh¢ gia tri cache, s6 1an tdi da ta can tinh SZ, LS, TREE la O(N), do chi ¢6 nhirng 1an ta
MKDIR, RM, UNDO MKDIR, UNDO RM méi can tinh lai cac gia tri cache.

Cai dat don gian hon han cach trén: RR


https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/E/RR4.cpp

F

Day la bai duy nhéat trong ki thi khéng cé ddi nao AC méac du néu danh gia vé do khé thi dé nghi
ra hon so véi bai L va dé cai dat hon so véi bai E. Trong 1 tiéng cubi 2 d6i ACGTeam va LINUX
da cb gang giai bai nay nhung do di sai hwéng 1a str dung DP nén khéng thé 1am duoc.

Vé co ban day |a mét bai lubng min cost. Cach lam 1a dwa trén tinh chét 6 den/trédng cta ban co&
vua ma chia thanh d thi 2 phia. C6 nhiéu cach dé xay dwng d6 thi, dwdi day la cach xay dung
cua tac gia:

0
2(3]4

6]7

V&i mbi 6 ta sé chia lam dinh trén d6 thi, mét dinh dai dién cho lién két 6ng ngang, 1 dinh dai
dién cho lién két 6ng doc. M&i 6ng ngang sé két nbi véi 6ng ngang cla 6 ké véi né, twong tw
cho 6ng doc. Nhw vay néu ta xay dwng dd thi nhw vay va tim ludng thi bai toan sé twong dwong
véi yéu cau CHI SU’ DUNG ONG CONG MA KHONG DUNG ONG NGANG HAY DOQC.




Gi&r gitra mdi dinh ngang va doc ciia mdi 6 ta sé tao 2 cung théng lwong la 1, mét cung di tw
doc sang ngang, mdt cung di tlr ngang sang doc, xét cac 6 nam bén trai ctia dd thj 2 phia, ta
thay réng cung di tir 6 doc sang 6 ngang dai dién cho viéc dat 1 dng ngang & & do, cung di tir 6
ngang sang 6 doc dai dién cho viéc d&t mot 6ng doc. Nhw vay ta sé dé gia tri ctia cung di tir doc
sang ngang la h, cung di tr ngang sang doc la v. Cha y 1a dbi v&i cac 6 ndm bén phai db thi 2
phia s& nguoc gia tri ngang/doc vé y nghia nén can xay dwng dd thi cho dung.

0

1 1

1

l \
1

N
A

1

|

Sau khi xay dwng dd thi xong thi chi viéc str dung thuat toan tim ludng min cost va kiém tra xem
c6 thé xay dwng dwoc day du cac duwdng 6ng nwédc khong 1a dn. Bai nay BTC da cb tinh set
time kha thoai mai la 5s (trong khi code 1&i gidi chay chi mat 0.2s) nén chi can cac thuat toan
tim lubng min cost co’ ban la c6 thé lam dwoc

Cai dat:
e RR
e Lang Trung Hiéu



https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/F/RR.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/F/Hieu.cpp

G

Day bai dwoc danh gia 1a dé thi 3 trong dé thi (d& hon bai B) nhung sé doi lam dwoc lai it hon
ki vong clia BTC. Dai gidi nhanh nhét bai nay |a d6i WINDOWS cta DH Céng nghé & phut 26.

Fun fact: M&c du day |a bai rat d&, nhung ngay ca doi vo dich ACGTeam ciing pham sai 1am
trong contest va ndp sai dén 3 lan.

Dé giai bai nay, cac ban can ndm dwoc thuat toan tim cay khung ctia d6 thi nhw Kruskal hoac
Prim. Néu cac ban chwa biét, cé thé doc trong sach cla thay L& Minh Hoang, download & link
nay.

Ta c6 S tram da co dir liéu va can chon mét s6 canh ndi dé& ndi N-S tram con lai véi S tram nay.
Tao thém mét dinh gid (N+1), nbi dinh nay véi S dinh bat diu véi trong s bang 0. Diéu nay
dam bao sau khi ap dung thuat toan Kruskal, tdng chi phi khdng thay déi va N-S dinh con lai sé

lién thédng véi 1 trong S tram ban dau.

Cai dat: RR Thanh


http://vnoi.info/wiki/algo/basic/Tai-Lieu-Thuat-Toan
http://vnoi.info/wiki/algo/basic/Tai-Lieu-Thuat-Toan
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/G/RR.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/G/Thanh.cpp

H

Day & mot bai ludng cb dién. Dang tiéc trong contest cé mét sd ban cai dat tham lam cling c6
thé AC. Doi dau tién AC la doi Mjolnir & phiat 56. Sau d6 & phat 112, doi ACGTeam la doi AC
thr 2, va st dung thuat ludng.

Néu chwa biét vé ludng cac ban cé thé doc trong sach cla thay L& Minh Hoang.

Ta xay dwng db thij lubng nhw sau:
e 1dinh phatS
e 1dinhthuT
e N dinh thé hién N cong viéc: X1, ..., XN
e K dinh thé hién K don vi thoi gian: Y1, ..., YK

Cac canh:

e S - Xico kha ndng théng qua la thei gian dé hoan thanh cong viéc Xi.

e Né&u cong viéc Xi c6 thé 1am tr thoi diém Ai dén Bi, thi néi dinh Xi véi tt ca cac dinh
trong khoang [Ai, Bi], kha ndng théng qua bang 1.

e Canh Yi- T c6 kha nang théng qua bang M - s6 may.


http://vnoi.info/wiki/translate/topcoder/Greedy-is-Good
http://vnoi.info/wiki/algo/basic/Tai-Lieu-Thuat-Toan

Khi tim dwoc lubng cuc dai, néu lubng bang tdng khdi lwgng cong viéc, ta biét lubng thod man:
e Mbi cong viéc phai dwoc lam hét thdi gian yéu cau.
e M®i codng viéc, tai mdi thoi gian hop 1€, chi lam tdi da 1 phan viéc cta né.
e V&i mbi don vi thoi gian, khdng qua M cong viéc khac nhau dwoc thue hién.

Db thi nay c6 O(N+K) dinh. Néu cai dat ludbng hiéu qua van co thé qua dwoc test.

Cai dat: RR

Dé hiéu qua hon, ta cé thé gidm sé dinh xuéng O(N): Thay vi méi dinh thé hién 1 don vi thoi
gian, ta cho méi dinh thé hién 1 khoang thei gian: nhirng don vi théi gian canh nhau va vai tro

giébng hét nhau, ta gop lai thanh 1.

Khi d6, mdi dinh Yi thay vi thé hién don vi thdi gian i, s& thé hién 1 khoang thdi gian [Li, Ri]. Ta
can gan kha nang théng qua mét cach phu hop.

Cai dat: Lé Yén Thanh


https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/H/RR.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/H/Thanh.cpp

Bai nay la két hop clia cac thuat toan:

Ly thuyét trd choi - Grundy

Misere Nim

Sang nguyeén t6 1 doan [L, R] c6 R - L khéng qua 1075 va R <= 1072 dé& dém sb wéc.
Quy hoach déng

Bai nay tuy tirng bwdc don gian, nhwng dé két hop lai 1a diéu khéng hé dé. Chi cé déi vé dich
ACGTeam lam dwoc bai nay & phuat 85 va doi LINUX cia BPH Céng nghé & phut 236.

Bai nay gém 3 budc:

e Budc 1: Ta can tinh ham Grundy cla cac sb x bat ky. V&i x = p12k1 * p2~k2 * ..., thi
Grundy(x) = k1 + k2 + ... N6i cach khac, Grundy(x) la sb s6 nguyén té trong biéu di&n
thira s6 nguyén té cla x.

e Budc 2: V&i mdi sb, ta chuyén né thanh sd wéc nguyén td. Nhw vay bai toan tré thanh
Misere Nim (Nim ngwoc). Diéu kién thang la:

o Néu day gém toan sb 1, phai cé chan sb 1.
o Néu day cé it nhat 1 s6 Ién hon 1, tng xor > 0.

e Budc 3: Quy hoach dong dé dém sé tap hop: dat f(i, x, all_one) = s cach chon ra tap
hop tr i s6 dau tién, néu tdng xor = x. Néu toan bd cac sb trong tap dwoc chon 1a 1, thi
all_one = true.

Cai dat:
e Ling Trung Hiéu
e RR



https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/I/Hieu.cpp
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/I/RR.cpp

J

Lwu y tr diéu kién cac qua béng khdng twong tac véi nhau ta cé khi ta cat modt mét cit nam
ngang bét ky thi dién tich béng cat qua sé nhé hon dién tich bé& nén lwong nwéc trong bé (triv
bdéng) sé ti 1& thuan véi chiéu cao clia bé hay khi chiéu cao nwéc cao hon thi thé tich nuwéc
trong bé sé& I&n hon. Tir day cé thé dung chat nhi phan va diéu kién khi so sanh la twong quan
gitra lwgng nuwéc trong bé ban dau véi lwong nwéc trong bé khi d6 cao clia nwdc 1a gia tri can
tinh. Vay gia sir ta c6 do cao cubi cuing sau khi dd nwéc vao bé 1a h, thi ta cé thé tinh duoc:

e Thé tich cla bé so v&i muc nwédc: W*D*h
e Thé tich nwéc bi chiém cua tirng qua béng. Goi tdng thé tinh 1a Vb
e Thé tich ctia nwéc db vao V (1a thé tich dé bai cho).

Néu V > W*D*h - Vb thi mwe nwéc cudi cung sé phai Ién hon h. Trwdng hop con lai mirc nwédc
cubi sé khong Ién hon h.

Vay van dé mét chét clia bai toan chi la tim thé tich bi chiém cua tirng qua béng. Can chia
thanh hai trwdng hop:

e Truong hop thir nhat 1a khdi lwong riéng cla qué bong Ién hon khéi lwong riéng cua
nwéc (> 1), trong treéng hop nay thi qua bong ludn cham day bé.

e Truwdng hop thr hai 1a khéi lwong riéng ctia qua béng nhé hon hodc bang khéi lwong
riéng clia nwédc, dung cdng thire Acsimet ta cé thé tinh dwoc lwong nwéc qua béng
chiém. Khi d6 sé& c6 hai trwérng hop:

o M6t la qué bong sé ndi, khi d6 trong lwong nwéc twong ing vai thé tich qua
béng chim trong nwéc bang véi trong lwong cla qué bong tir day cé thé dé dang
tinh dworc thé tich ctia bong chiém.

o Haila qua béng s& cham day vi dd cao cla nwéc khéng da dé trong lwong nwéc
ma qué bdng chiém bang v&i trong lwong qué béng.

Dé tinh thé tinh qua bong trong nwéc khi tinh toan ta can ding cong thirc thé tich clia mét cat
hinh cau theo link sau: https://en.wikipedia.org/wiki/Spherical_cap



https://en.wikipedia.org/wiki/Spherical_cap

K

Bai nay la mot bai biéu va rat nhiéu doi da lam dwoc. Nhanh nhét 1a doi UBUNTU & phat the 5.

Cach 1: Tham lam
Sép xép lai day 3N tang dan.
Sap xép cac sinh vién vao cac doéi nhu sau:

boi | 1 2 3 N 1 1 2 2 3 3 N N

Mau xanh la trung vi cta cac doi

Chirng minh:
e Goi 3 thanh vién trong team la #1, #2, #3 (#1 la manh nhét, #2 1a cac thanh vién ta can
tim).

Xét #2 cla team manh nhét:
o RO rang #2 phai dlrng vi tri >= 2 tir phai sang (do con phai chon #1 cua team
do).
Xét #2 ctia team manh nhi:
o R0 rang #2 phai dlrng & vi tri >= 4 tlr phai sang (do con c6 #1, #2 clia team
manh nhat va #1 cta team do).

#2 cla team manh thr i sé€ dlrng & vi tri >= 2*i.
Do dé, cach chon trén 1a téi wu.

Cai dat: RR

Cach 2: quy hoach déng:

Sép xép lai day 3N tang dan.
Goi F[i][C3][C2] |a: Xét i sinh vién dAu tién, da chon C3 ban vao vj tri yéu nhat ctia C3 ddi, C2
ban vao vi tri trung vi ctia C2 d6i, i - C3 - C2 ban vao vi tri manh nhit ctiai- C3 - C2 doi.

Dé thay dé F[i][C1][C2] c6 nghia ta cAn: C3 >= C2 >=i- C3 - C2.

Cong thirc quy hoach déng cu thé cac ban cé thé theo d&i & day.


http://vnoi.info/wiki/translate/topcoder/Greedy-is-Good
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/K/RR.cpp
http://vnoi.info/wiki/translate/topcoder/dynamic-programming
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/K/DP.cpp

L

Bai nay chi c6 4 doi giai dwoc trong subt ki thi, trong dé chi c6 LINUX 1a 1 trong 2 ddi VN duy
nhét gidi dwoc va la ddi gidi dwoc nhanh nhat & phat thir 150.

Tw twdng

Tuw twdng giadi bai nay 1a véi mbi cot, tirc chi d& ma ta gap phai thi néu S la tap cac sinh vién
ma ta KHONG chon thi sé tén bao nhiéu thoi gian, tlr d6 suy ra dwoc néu chon tap T cac sinh
vién thi sé ton thdi gian bao nhiéu cho tirng chu dé.

V&i méi chi dé, gid sir ta sap xép thdi gian cac sinh vién gidi dwoc chd dé nay theo thir tw gidm
dan trén mang t[1..n]:
e Néu ta chon tap tat ca cac sinh vién thi sé ton thoi gian la t[1];
e Né&u chon tap tat ca cac sinh vién NGOAI TRU sinh vién 1am 1au NHAT thi tén thoi gian
la t[2] = t[1] - (t[1]-t[2])
e Néu chon tap tat ca cac sinh vién NGOAI TRU sinh vién lam 1au NHAT va 1au NHI thi
tdn thoi gian 1a t[3] = t[1] - (t[1]-t[2]) - (t[2] - t[3]);
[ ]
Nhw vay gid st v&i mdi chi dé ta s& cé bién Sum 1a téng cac thoi gian t[1], tirc thdi gian lam
lau nhat cho tirng cha dé, déng thoi ta tinh dwgc mang DP[O .. 24n-1], DP[bitMask] |a thdi gian
c6 thé giam di néu ta KHONG chon céc sinh vién trong tap bitMask. Cudi cung dwa trén mang
DP va Sum ta c6 thé tinh dwoc néu chon tap cac sinh vién la T thi sé& ton thoi gian 1a Sum -
DP[ (2*n-1) A T

Tinh tdng tap con

Trong qua trinh tinh mang DP ta s& can phai giai 1 bai toan con:
e Chomang A[0 .. 22n -1]
e Can tinh mang F[0 .. 2”n -1] v&i F[S] = sum(A[T] | T 1a 1 tap con cua S).

Cach lam la tinh mang F nhv sau:
e KhditaoF=A
e V6&i méibit i tir 0 dén n-1:
e V@i mbitap S chira 24, F[S] += F[S - 24i]

Chirng minh:
e Dé chirng minh cach lam trén dung, ta can chirng minh sau méi bwéc tai bit the i, gia tri
cta F[S] = tdng tat ca cac A[S'] v&i S' thod man:
o S'latdpconcia S
o Céac bit tr i+1 dén n-1 giébng S.
e Tadung quy nap dé chirng minh.



o Hién nhién trwdc vong I&p i = 0, diéu kién trén dung, do ta chwa lam gi ca.
o Gia slr da dung duwéc budce k-1. Tai bwdc k:
m néu S khdng chira bit k thi F[S] khéng thay déi — diing
= néu 'S chira bit k, thi F[S] = F[S] + F[S - 2°k]. Vi sau buéic k-1:
e F[S] = tdng tat ca A[S'] v&i S' la tap con cla S va S' ¢ bit k dén
n-1 gibng S. Vi bit k cia S 1a 1, nén ndi cach khéac:
o S'latap concla S, co bit k+1 dén n-1 gibng S va bitk = 1.
e F[S-2"k] = téng tat ca A[T'] v&i T' a tap con clia (S - 2°k) va T' ¢
bit k dén n-1 giéng (S - 2*k). Do bit k ctia S la 1, nén néi cach
khac:
o T'latap concla S, c6 bit k+1 dén n-1 gibng S va bit k = 0.
e Do do, gop {S'} v&i {T"} lai s& dwoc tap G' chira tat ca cac tap con
cla S co bit tv k+1 dén n-1 giéng S.
m — dung

D6 phirc tap cho téng cdng 1a O(m * n * log(n) + n * 2/n)
Céc ban cé thé xem 16i giai bang Code dé hiéu ré hon:

e L|LéYén Thanh
e Ling Trung Hiéu



https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/blob/master/2016/regional/solutions/L/Thanh.cpp
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