Overview

Bai #submit | #AC b6 khé (Panh AC dau tién

gia cua BTC)
A 185 11 2 Phuat 56, d6i HCMUS-NyanCat
B 11 0 3
C 8 0 4
D 532 184 0 Phat 11, déi int (VNU)
E 120 45 3 Phat 17, d6i HCMUS-NyanCat
F 27 5 3 Phat 185, d6i HCMUS-GeomeSmile
G 155 44 2 Phut 70, d6i unsigned (VNU)
H 7 3 4 Phat 129, déi RadixSort (VNU)
I 584 76 1 Phat 20, d6i HCMUS-Miracle
J 291 161 1 Phuat 12, d6i RadixSort (VNU)
K 35 6 2 Phuat 206, d6i MergeSort (VNU)
L 2 0 1

Bo dé dwoc chudn bj béi: PTIT, HCMUP, Pham Van Hanh, Nguy&n Thanh Trung - RR, Lang
Trung Hiéu, L& Yén Thanh, L& Dén Khué, H6 Vinh Thinh.

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

H&u hét cac thuat toan & ki thuat dwoc sir dung trong |1&i gidi: Seament Tree, mang cong don,
Tham lam, Ternary Search... déu cé thé dwoc tim thay trén VNOI wiki.

Ban c6 thé tham khao code BTC cla tat ca cac bai & day.


https://www.facebook.com/groups/163215593699283/
http://vnoi.info/wiki/algo/data-structures/segment-tree-extend
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/translate/topcoder/Greedy-is-Good
http://vnoi.info/wiki/translate/emaxx/Tim-kiem-tam-phan-Ternary-Search
http://vnoi.info/wiki/Home
https://github.com/acmicpc-vietnam/acmicpc-vietnam.github.io/tree/master/2017/national/solutions

A

Kién thirc can biét: Segment Tree
Do kho: 2*
Ngwoi ra dé: PTIT

L&i giai 1
V&i gigi han N <= 1075, Q <= 10”5 va c4c thao tac update doan va get tdng doan quen thudc,

c6 thé dé dang nhan biét day la mot bai s dung Segment Tree. Diém mau chét ctia bai toan la
xem & mdi nat ciia Segment Tree ta cAn Iwu lai nhivng théng tin gi.

- Vi thao tac get, ta can in ra tbng cia doan [u, v], do d6 d& thdy mét nat i quan ly doan
[I, r] trén Segment Tree chac chan phai lwu lai tdng A(l) + ... + A(r).
- Vi thao tac update [u, v], & vi tri i, ta can tdng thém
(-u+1)*(i-u+2)*(i-u+3)
=ir3* 1
+i"2 * (-3*u + 6)
+iM * (3*un2 - 12%u + 1)
+iA0 * (-UA3 + 6*UA2 - 11*U + 6)

Do v&i méi truy van [u, v] thi u la hang sb, nén ta chuyén dwoc truy van thanh loai don
gian hon nhv sau:
Véi méi i thudc [u, V], tang vi tri i thém c*itk, voi ¢ va k I3 hing sb va 0 <= k <= 3.

Dé thuc hién truy van tdng phan cac phan t&r i trong doan [u, v] I&n ¢ * i*k, & m&i nat quan ly
doan [l, r] ta lwu thém lazy[k], la tdng cla cac c. Ta s& dung ki thuat lazy propagation dé
update.

Cai dat:
Mot nat cua Segment tree nhw sau:
struct Node {

int sum;

int lazy[4];
} it[MAXN * 4];

Thao tac truy van:

int get(int i, int 1, int r, int u, int v) {
if (v <1 /|| r<u) return 0;


http://vnoi.info/wiki/algo/data-structures/segment-tree-extend

if (u <=1 & & r <= v) return it[i].sum;

int mid = (1 + r) >> 1;
down(i, 1, r, mid); // lazy propagation: néu it[i].lazy[k] > © thi cdp nhat
it[i*2] va it[i*2+1]

int res = get(i*2, 1, mid, u, v) + get(i*2+1, mid+1, r, u, v);
it[i].sum = (it[i*2].sum + it[i*2 + 1].sum) % MOD;
return res;

Thao tac cap nhat:

void update(int i, int 1, int r, int u, int v, int sign) { // sign = 1 — add, sign =
-1 — subtract

if (v<1]|| r<u) return ;

if (u<=18 r <=v) {

for (int t = 0; t < 4; t++) {
int c=....; // c la hang sb, tinh theo t va u, nhw d3 phan tich &
1loi giai.
int cummulativeSum = ...; // tbéng cong dbén i~rt, véi i = 1..r. Khdi tao truwdc

dé tinh trong 0(1).

it[i].sum += ¢ * sign * cummulativeSum;
it[i].lazy[t] += c * sign;
}

return ;

int mid = (1 + r) / 2;

down(i, 1, r, mid); // lazy propagation

update(i * 2, 1, mid, u, v, sign);

update(i * 2 + 1, mid+1, r, u, v, sign);

it[i].sum = (it[i*2].sum + it[i*2 + 1].sum) % MOD;

Loi giai 2:
Vé&i mdi thao tac cap nhat, ta khong cap nhat tric tiép day s6 ma lwu thao tac cap nhat vao 1
mang buffer.

M&i khi mang buffer cé sqrt(Q) phan t, thi ta s& cap nhat lai toan bd mang lai 1 1an. Poan nay
ta cling dung ki thuat gidng nhw cach lam trén:



(-u+1)*(i-u+2)*(@-u+3)
= A3 * 1

+i72 * (-3*u + 6)

+iM * (3*UA2 - 12*u + 11)
+i70 * (-UA3 + 6*Ur2 - 11*u + 6)

Ta dung mang céng don dé cap nhat.

Nhw vay:
e Mbi thao tac cap nhat dwoc thue hién trong O(1).
e Khi buffer day (kich thuwéc bang sqrt(Q)), ta cap nhat toan bd day trong O(N). Sé 1an
can cap nhat khéng qua O(sqrt(Q)) nén tbng dd phirc tap ctia phan nay la O(sqrt(Q) *
N).
e V6&i mbi thao tac truy van:
o Vé&i mbi thao tac cap nhat trong buffer, ta tinh phan giao cla truy van véi thao
tac cap nhat trong O(1).
o Do kich thwéc buffer khong qua O(sqrt(Q)), dd phirc tap thao tac truy van la
O(sart(Q)).


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

B

D6 kho: 3*
Ngwi ra dé: Nguyén Thanh Trung (RR)

Nhan xét:
Bai nay minh ra dé to tro
https://play.google.com/store/apps/details?id=com.mindmill.pipes.loops.plumber.puzzle&hl=en.
Trong luc thi c6 vai doi ciing thr cai bai nay bang nhirng thuat toan ludng nhin rat kinh nhung
khéng thé AC dugc. Theo BTC khéng thuat ludng nao cé thé giai dwoc bai nay bdi sé khong
gidi quyét triét d& dwoc it nhat 1 trong sb nhirng van dé sau:

e Khéng gidi quyét duwoc canh di ré lung tung

e Khéng giai quyét dwoc canh nhay céc

— )11

Thuat toan chuan cla bai nay la duyét c6 do wu tién.

Lo giai
Trwdc tién, ta xét thuat toan duyét hén nhién nhw sau:

void attempt(int i, int j) { // Duyét 6 (i, j)
if (1 > m) {
// Ta d3 duyét qua tat ca cac 6 cla bang.


https://play.google.com/store/apps/details?id=com.mindmill.pipes.loops.plumber.puzzle&hl=en

// In két quad tim duwoc
return ;

}

// (ii, jj) = 6 tiép theo (xét th& tw hang cot).
int ii =1, jj = + 1;

if (33 > n) A
i =15
ii++;

}

// Néu 6 (i, j) khong phai 6 tréng
if (afi][3] '= ") {
// Duyét dén 6 tiép theo
attempt(ii, jj);
} else {
// Xét 4 huwdng xung quanh.
for (int dir = 0; dir < 4; dir++) {
// (u, v) = 6 sb dau tién theo huéng dir.
// Néu khong tim dwoc (u, v) hodc khodng cach t (u, v) dén (i,
j) 1én hon gia tri cGa 6 (u, v), bd qua.

// Danh diu cac 6 tw (u, v) dén (i, J)
// Gidm & (u, v) di |u - i| + |v - J]|

attempt(ii, jj);

// Trad lai gia tri ban dau cla cac 6 (i, j) dn (u, v).

}
DT nhién, thuat toan nay sé chay qua lau.

Diém mau chét cla bai nay la ta can duyét cac 6 (i, j) theo thir tw tét hon. Cu thé ta sé& chon 6 (i,
j) co it kha nang (it 6 (u, v) thod man nhéat dé duyét truéc.

Sau day la cai d&t: Nhirng phan thay dbi dwoc boi dam.

void attempt() {
if (bang dwoc dién kin) {
/l Ta da duyét qua tat ca cac 6 cla bang.
I/ In két qua tim dwoc
return ;



inti=-1,j=-1, best =1000;
for (int ii = 0; ii < m; ii++) {
for (int jj = 0; jj < n; jj++) {
¢ = s6 lwong 6 s6 (u, v) ma c6 thé vé dwong tir (u, v) dén (ii, jj)
if (c < best) {
best = c;
i =ii;

i=0

/I Xét 4 hwéng xung quanh.

for (int dir = O; dir < 4; dir++) {
Il (u, v) = & sb d4u tién theo hwéng dir.
/I Néu khéng tim dwoc (u, v) hodc khoang cach ttr (u, v) dén (i, j) I&n hon gia tri
cua 6 (u, v), bé qua.

/I Banh dau cac 6 tr (u, v) dén (i, j)
/1 Gidm 6 (u, v) di Ju - i| + |v - |

attempt();

/1 Tra lai gia tri ban d4u cla cac 6 (i, j) dén (u, v).

L&i giai cia Pham Van Hanh

Diém mau chét clia bai toan nay la nhan ra rang, trong rat nhiéu trang théi ctia bang co6
rat nhiéu nhirtng nuéc di la bat budc va cé thé suy luan dwoc. Nhitng nuéc di nay thudc mot
trong hai trwdng hop sau:

1. M6t 6 tréng hién chwa bi phi, nhwng chi cé duy nhat 1 6 sb ¢ thé pha né. Vi du:

------

Trong trwerng hop trén, & danh dau ? (1a mot 6 tréng chwa dwoc pha). chi cé thé bi phi
b&i sb 2 & bén trai. S6 5 phia trén ko thé phi dau ? vi vwéng dwéng phi clia sb 3 & hang hai.



S6 2 & phia duéi ko di tdm dé& vwon t&i 6 dau ?, s6 4 & bén phai thi vwéng qua 6 cdm. Do d6
sb 2 bén trai sé phi 6 du ? va ta chac chan phi thém dwoc hai 6 (6 d4u ? va 6 bén trai nd).

2. Mot 6 sb can pha qua nhiéu & khac nhwng bi "gi¢i han" kha nang pha. Vi du:

Trén bang, 6 s6 7 in ddm méi dwoc phil 2 6 & phia trén, can pha thém 5 6 niva. Vé
hwéng trai, sb 7 c6 thé pha thém tdi da 1 6, phia trén 1 6, hwéng phai 2 6 va phia duwéi 2 6. Do
d6 can bi pht it nhat 1 6 v& huéng phai va 1 6 vé huéng phia duéi. Ta lai pha thém dwoc 2 6.

Hai suy luan bén trén la diém quan trong nhét cla bai toan nay. Ngay ca trong trang thai
ban dau ciia bang, ban hoan toan cé thé suy luan dé dién rat nhiéu 6 mét cach chac chan.

Dén khi khéng suy luan dwoc thém gi, ta bat dau phwong phap duyét. Khi duyét, ban
chét 1a ta thtr hét moi trworng hop dé phi cac 6. Bé gidm sb trang thai phai duyét, & mét trang
thai, ta tim ra & con tréng ma khoang cach dén sé gan nhat pha dwoc né la I&n nhat. Khi the
phi mét 6 theo phwong phap duyét, cha y thwe hién cac buéc suy luan nhw trén dé dién thém
dwoc nhiéu & méi. Tat nhién nhivng budc suy luan nay sé khong chac chan vi khi & buéc quay
lui ban th&r phwong an khac thi nhirng phép suy luan trén sé bj xéa di.

Y twédng clia viéc duyét & con trdbng ma khodng cach dén sé gan nhat pha dwoc né 1a
I&n nhat 1a dé, khi ban duyét mét phwong an khi quay lui, phwong an doé sé dién thém nhiéu 6,
lam cho phwong phap suy luan tham lam & trén hiéu qua, ban sé dé dang di téi mét trang thai
bang dwoc phl toan bd, hodc [a mot trang thai bang ma tir d6 khéng thé phud hét cac 6 con lai,
dé ban th& mét nhanh quay lui khac.



C

D6 kho: 4*
Nguwei ra dé: Lang Trung Hiéu

L&i gidi cila Nguyén Pinh Quang Minh

Lwu y: bai chira chi quan tam dén thuat toan tim A v Viéc tinh S, trong qua trinh tinh A,
khé don gidn va sé duoc dé lai nhi mét bai tap dé ban doc tw gidi quyét.

Y twédng ban dau: Thuat toan O(sqrt(N) * log(N))
Ta goi tdng cac chir sb cla X la sod(X) va phép bién dbi tir A, thanh A ., = A_+ sod(A, ) 1a mot
buwéc nhdy. Gia st ta dang c6 s6 A yp0000 = 31054319. Lam thé nao dé biét sau bao nhiéu bwéc
nhay, sb A sé& vwot qua mbc 320000007
Ta nhan thay khi A van con c6 dang 31*10° + R , thi phan R, “nhay” theo cong thirc: R ,, = R, +
sod(R,) + (3 + 1). 3 + 1 & day chinh la tong cac chi sb cla 31.
Cu thé hon, xétA =Q* 10+ R (0 <=R_< 10, ta s& c6 cdng thiec: R ,, =R_+sod(R) +
sod(Q).
Nhw vy, day R_thay di nhw thé nao chi phuy thudc vao sod(Q), tirc la tdng cac chir sb cia Q.
Néu ta c6 thé tinh dwoc:

+ F(S, R) la sb buéc nhay dé R vuot qua 10° khi sod(Q) = S, va

+ Next(S, R) 1a s6 R sau khi vwot qua 10
thi sé& tim dwoc két qua bai toan bang cach:

+ Khéitaocacgiatriid=1,A_id=1,Q=0.

+ Néuid van nhd hon N thi “nhay” A_id 18n Q * 10% + Next(Q, A_id % 10%), cap nhat gia tri

id theo F(Q, A_id % 10%), va tang Q Ién 1.
+ Néu “nhay” A _id Ién Next(Q, A_id % 10%) ma id I&n hon N thi ta dirng viéc nhay lai va
bién dbi tirng buwd'c mot dén khi id = N.

Néu chon k = 7 thi sod(Q) <=9 * 10 = 90, ta c6 90 * 107 trang thai clia F(S, R). S buwdc “nhay”
theo thuat toan trén sé khoang 10"/ 107 = 10%. Nhw vay ta c6 mét thuat toan kha tét, mac du
chwa thé chay trong Time Limit nhwng né |a tién dé dé nghi ra y twéng tiép theo.

Thuat toan ki diéu
Nhin vao cong thirc va thuat toan & trén, ta c6 mét vai nhan xét sau:
+ Day Atang cham do sod(A)) < 160 (A, c6 khéng nhiéu hon 17 chi sb).
+ Thay vi chon mét gia tri k, ta c6 thé chon nhiéu gia tri k dé tang téc viéc “nhay”.



Cu thé, ta sé thém tham s6 k vao ham QHD: van véi gid st A= Q * 10+ R, F(S, k, R) 1a s
bwéc nhady dé R vuot qua 10¢ khi sod(Q) = S, Next(S, k, R) 1a s& R d4u tién sau khi nhay qua
méc 10~

Dé nhay R I&n vuot qua 10% ta cé thé nhay R vwot qua 10€", rdi 2*10%", ..., 9*10%", 10*10%".
Tw d6 ta c6 thé tinh F(S, k, R) nhw sau:

long long ret = 0; //tra vé F(S, k, R)
int cur_digit = R / 10%; //ch@® s6 hang 10! clia R.
long long cur_R =R; //R hién tai

while (cur_R < 10%) {
ret += F(S + cur_digit, k- 1, cur_R % 10*%);
cur_R = Next(S + cur_digit, k - 1, cur_R % 10**) + cur_digit * 10%;
cur_digit = cur_digit + 1;

}

return ret;

Dé dang nhan thdy k < 17, S < 160. C4u héi dét ra 1a: gi¢i han cta R |a bao nhiéu? Vi 2 phan ti
lién tiép cta day A chi hon nhau it hon 160 don vi nén khi ta “nhdy” R |&n gia trj tiép theo, R

m&i s& nhd hon 160. Do d6 chi can Iwu lai gia tri cac ham F va Next da tham, ching ta sé giam
dd phire tap thuat toan vé mirc chip nhan dwoc, tham chi cé thé chay ca 1000 test ma khong

can chuén bij trwdce. :)



D

Db kho: 0*
Ngwi ra dé: Nguyén Thanh Trung (RR)
Thé loai: Tham lam

DPé c6 thé mua dwoc nhiéu cc tra stva nhat, ta can mua loai cé gia ré nhéat.
Goi gia clia cbc tra sira ré nhat la c, két qua bai toan la max(0, X /¢ - 1).

Note:
e Ban dau IGc ra d& minh chi dinh dé két qua 1a X / c. Tuy nhién sau day dé tang do kho,
dé da dwoc slra lai dé output max(0, X / ¢ - 1). R4t nhiéu déi da bj ndp sai nhiéu lan do
khéng |4y max véi 0. (sé inra -1).
e Ban dau minh con dinh dé dé co6 nhiéu thi troll hon niva, nhung so sang ndm khéng cé
gi dé troll nén minh xin dé cai troll d6 cho sang n&m.


http://vnoi.info/wiki/translate/topcoder/Greedy-is-Good

E

D6 kho: 3*
Nguwei ra dé: Lang Trung Hiéu

Cach 1

Diém can tim chinh |a Fermat Point. Cac ban c6 thé doc cach tim va chirng minh & Wikipedia.

Néu tam giac ABC c6 1 géc I&n hon hodc bang 120 d6, gia st la géc & dinh A — két qua la A.
Nguwoc lai, v& 2 tam giac déu ABR va ACQ nhu hinh vé&. Két qua 1a diém F, |a giao ctia RC va
BQ.


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

Cach 2

Ternary Search

Nhan xét:
o Hamf(x, y) = PA+ PB + PC voi P = (x, y) Ia ham I3i.
e Diém P c6 PA + PB + PC nhd nhét lun ludn nam trong tam giac ABC. Do d6 khi cai dat
ta khéng can quan tdm dén diéu kién dé bai la P phai nam trong tam giac ABC, ma chi
can tim diém P bat ky lam téng PA + PB + PC nhé nhét.

Tw 2 nhan xét trén, ta c6 thé tim kiém tam phan 2 chiéu x va y dé tim két qua.


http://vnoi.info/wiki/translate/emaxx/Tim-kiem-tam-phan-Ternary-Search

Cai dat:

// Tra lai téng khodng cdch PA + PB + PC v&i P = (x, y)
double f(double x, double y) {

}

// tim kiém tam phan theo truc y, khi da c6 dinh x
// return: gia tri nhd nhat cla PA + PB + PC
double ternary_search_y(double x) {
double left = -INF, right = INF;
for (int turn = @; turn < 100; turn++) { // chat 100 14n — d6 chinh xac 1a
(%)7100
double y1 = (left * 2 + right) / 3.0;
double y2 = (left + right * 2) / 3.0;

~

if (f(x, y1) < f(x, y2)) right = y2;
else left = yi1;

}

// tim kiém tam phan theo truc x
// return: gid tri nhé nhit cla PA + PB + PC
double ternary_search_x() {
double left = -INF, right = INF;
for (int turn = @; turn < 100; turn++) { // chat 100 1an — d6 chinh xac 1a
(%)"100

double x1
double x2

(left * 2 + right) / 3.0;
(left + right * 2) / 3.0;

if (ternary_search_y(x1) < ternary_search_y(x2)) right = x2;
else left = x1;

Cach 3

Local Search

Trong bai nay, vi chi c6 duy nhat 1 diém cwc tri (global optimum), va khoéng c¢é local optimum
nao, nén Local Search dam bao ra dwoc két qua téi wu.


http://vnoi.info/wiki/algo/search/Local-Search

O day dé dam bao két qua dat du do chinh xac sau K buwéc (converge sau K bwéc), minh cai
dat theo mot bién thé nhw sau:
e Xuét phat tir diém P bat ky
e Trong céc diém P' xung quanh P, tim diém P' ma téng P'A + P'B + P'C nhd nhét, rbi
chuyén P dén P'
o Khi cai dat, minh vé vong tron ban kinh R cé tam 1a P, rdi chon 100 diém P' cach
déu nhau trén vong tron.
e Ban dau ta cho phép khoang cach di chuyén PP' I&n (R = 2000), sau méi buwéc, giam R
di 1% (R = R * 0.99), thi sau khoang 10,000 buéc, dé chinh xac la 2000*0.99410,000,
da tét dé qua tat ca moi test.

Cai dat:

double len = 2000; // d0 dai PP'
int N_ITERATION = 10000; // ta di chuyén P 10,000 lan.
double RATE = 0.99; // giam dd dai PP' sau mdi iteration.

for (int turn = @; turn < N_ITERATION; turn++) { // d6 chinh xdc = RATE~N_ITERATION

Point best = P; // diém P' t6i wu.
double bestDist = d6 dai PA + PB + PC;

for (double angle = 0; angle < 2 * PI; angle += (2 * PI) / 100) {
Point dir = Point(@, len).rotate(angle); // vector PP', xét 100 vector
véi géc khac nhau.

Point Q = P + dir; // Q = P'
if (QA + QB + QC < bestDist) {

best = Q;
bestDist = QA + QB + QC;



F:

D6 kho: 3*
Nguwei ra dé: Lang Trung Hiéu
Thé loai: Quy hoach déng

Loi giai:

Bai toan gébm céac budéc chinh:

Budc 1
Tinh sé lwong sb trong khoang [A, B] ma gém cac chir sé nam dung trong tap S (S 1a tap con
cuatap{0,1, 2, ..., 9})
- Sb sb nam trong khoang [A, B] = (s6 sb nam trong [0, B]) - (sb sb trong [0, A]). Do d6 khi
quy hoach déng ta chi cAn quan tdm dén can trén ctia cac s6.
- Gibng voi cac bai toan quy hoach déng chir sb, xuat phat tir s6 0, ta 1an lwot thém cac
ch s6 vao, va tinh f(len, mask, lower, positive) véi:
- len |a d6 dai cla sb ta dang xay dung.
- mask la tAp hop cac chir sb cla sb ta dang xay dung.
- lower = 1 néu s6 ta dang xay dwng da nhé hon can trén B, = 0 trong trwéng hop
nguoc lai.
- positive = 1 néu s6 ta dang xay dwng da Ién hon 0.

Cai dat:
f[e][e][e][e] = 1; // Xuht phat tw sb @
for (int len = @; len < dd dai sb B; len++) {
for (int mask = ©; mask < 1023; mask++) { // dung bitmask luwu S.
for (int lower = ©; lower < 1; lower++) {
for (int positive = 0; positive = 1; positive++) {
// Thém 1 chir sb
for (int new_digit = 0; new_digit < 10; new _digit++) {
// Dam bdo <= can trén
if (lower == 0@ &% new_digit > chi* s6 (len+l) cUa B)
continue;

// Tinh mask2, lower2, positive2 1la cac gia tri cla

// m&i sau khi thém chi sb new_digit
int positive2 = positive || (new_digit > 0);

int lower2 = lower
|| (new_digit < chir s6 (len+1) cla B).


http://vnoi.info/wiki/translate/topcoder/fun-with-bits

int mask2 = mask;
if (positive2) mask2 |= 1<<new_digit;

f[len+1l][mask2][lower2][positive2] +=
f[len][mask][lower][positive];

Budc 2

Vé&i mbi tap S, tinh xem cé bao nhiéu sb trong [A, B] c6 S 1a tap con cua tap cac chir s cia nd.
Ban c6 thé gidi phan nay trong O(3210) bang cach duyét moi tap con.

Budc 3

Dung t6 hop dé& dém sb bo k.


http://vnoi.info/wiki/translate/topcoder/fun-with-bits#t%E1%BA%A5t-c%E1%BA%A3-c%C3%A1c-t%E1%BA%ADp-con

G

Do khé: 2*
Nguwei ra dé: Pham Van Hanh
Thé loai: Cay khung nhd nhat + BFS

Lo gidi
Goi L, la gia tri nhd nhét cla trong s6 I&n nhat trén mét chu trinh don.

Nhan thay chu trinh can tim c6 canh trong s6 Ion nhat 1a L., b&i v&i moi chu trinh c6 canh
trong s6 IGn nhatlaL' > L, thidoL,, >=1e6nénL?-L , 2>2e6>=S* M.

Pé tim gia tri L_. , ta dung Disjoint set gibng nhw trong thuat toan Kruskal tim cay khung nhé
nhét:

min’

Hon niva vi cac canh co trong s6 phan biét nén chi cé mét canh cé trong sbé la L,..- X6a canh
nay khdi db thi, dung DFS hoac BFS tim s6 canh nhd nhéat trén dwdng di gitra hai ddu mut cia
canh nay.


http://vnoi.info/wiki/algo/data-structures/disjoint-set

H

D6 khoé: 4*
Nguwi ra dé: Lé Yén Thanh, Lang Trung Hiéu

L&i gidi cia Nguyén Pinh Quang Minh

Trwédc hét, ta giai bai toan ma khong cé diéu kién phai gi lai it nhat 2 dbng séi, tirc 1a dém sb

bd (X1, X2, ..., XN) sao cho Xi <= Aiva X1 A X2 " ... AXN==0.

Gia st bit I&n nhat ctia cac sb trong mang A 1a bit thir b, va c6 M sé trong mang A (danh sé tw
A_1dén A_M c6 bit b bat. Gia sir ta chon K s6 trong M sb nay dé gitr nguyén bit b bat, M-K sb

con lai bit b bj tat (K phai chdn d& ddm bao tdng xor = 0). Khi dé xay ra 2 trwdng hop:

K <M hay c6 it nhat 1 sb Ai cé bit b bat nhwng bit b cia Xi bj tat. Khi d6 phan con lai cia
Xi c6 thé chon tuy y tir 0..2°-1. Khi d6 bat ké ta dién cac bit con lai ctia cac s6 con lai
nhw thé ndo thi cling ludn c6 duy nhat mét cach chon Xi. Nhw vay sb cach dién sé la: P

*Q* (2°)MK1 trong do:
o P latich cac (Ai+1), véi nhirng sé Ai cé bit b tat.
o Q/latich cac (Ai - 2° +1), v&i nhirng s6 Ai c6 bit b bat va Xi ciing c6 bit b bat.

2. K= M. Trwdng hop nay ta chi can bd bit thir b clia tat ca cac sb va gii tiép véi bit thir

(b-1).

Trong trwerng hop (i), P 1a hang sb nén ta cé thé bd ra ngoai. Ta can tinh:
T even="1 £ (Ai1-2°+ 1) (A_i2- 20+ 1)*..*(A_iK - 2° + 1) * (22}

V&i moi bo sb6 i1 <i2 < ... <iK va K chan.

Néu ta dinh nghia T_odd twong tw nhw trén nhwng véi diéu kién K 18 thi sé co:
T even+ T odd =% X (A_i1-2°+ 1)*(A_i2 - 2° + 1)*.. *(A_iK - 2° + 1) * (20"
=1 (A1 + 1)*(A_2+ 1) ((A_M + 1)

Diéu trén c6 duwoc dwa vao dang thirc:
x+A N)*(x+a 2)*..*(x+a N)=Zail*a_i2*..*a iK*x"¥

Véix=2"vaa i=A_i-2"°+1.
Twong ty, ta co:

T even-T odd =% Z (A_i1-2°+ 1)5(A_i2 - 2° + 1)*.. *(A_iK - 2° + 1) * (-1)K * (20)UK
=150 (25 A 1 - 1) - A 2- 1) 22 - A M- 1)



Nhuw vay ta c6 thé tinh T_even bang tdng hai biéu thirc trén chia doi.
Lwu y, téng s cach tim dwoc & trwdng hop (i) phai loai trudng hop K = M (néu co).

Tbng d6 phirc tap cla thuat toan trén [a O(N * log(max(A_i)).
V&i rang budc phai git lai it nhat 2 ddng séi, ta ¢ thé 1am nhw sau:

Giai bai toan v&i mang (A_1,A_2, ..., A_N).
Giai bai toan véimang (A 1-1,A_2-1,...,A_N - 1) (dé loai di cac cach khong gii lai
dbng sbi nao).

e Gidibaitoan véimang (A 1-1,A 2-1,...,A_i, ...,A_N-1) (dé loai di cac cach chi
gitr lai ding mot ddng séi).



D6 kho: 1*
Ngwoi ra dé: PTIT

Loi giai:
Xét lan lwot tat ca cac sé trong khoang [A, B].

V&i mbi sb i, xét tat ca cac cach rotate né (co tbi da 7 cach rotate). Giad st sau khi rotate thu
duoc sb j, néui <j, va cap (i, j) chwa xuét hién trwéc do thi ta tdng két qua thém 1.

Chu y cép (i, j) c6 thé 1ap lai trong trwdng hop i = 121212.
Cai dat:

int cnt = @; // két qua
memset (mark, ©, sizeof mark); // mang danh dau d& xem cap (i, j) d3 xuat hién chuwa

for (int i = a; i <= b; i++) {
int j = i;

// Lwu 10~k dé& tinh rotate nhanh hon.
int p10 = 10;

while (p1@ <= u) plo *= 10;

ple /= 10;

for (int turn = 0; turn < 7; turn++) {
j=1(J%1e) * ple + (j / 10);

if (7 > 1 & & j <=b) {
if (mark[j] == i) break;
mark[j] = 1i;
++cnt;



L&i giai cda Pham Van Hanh:

Goi f(x) la sé tw nhién nhé nhat tao dwoc bang cach di chuyén mét sb chi sb & cubi
cla x 1én dau (khong ké cac sb bat dau bang chir s6 0). Vidu
£(2715) = 1527 £(39359) = 35939 £(2001) = 1200 . Ta dé dang thdy rdng x va y la mét cap rotated
number khi va chi khi f(x) =f(y). Tl day ta cé y twdng sau:

Dat S(k) = {x|1 <x<10°, f(x) =k} . Trwdc khi tra 161 cac truy van, ta duyét qua cac sé tir
111 10%, tinh f(x) va lwu lai S(k)véi cac sb6 duwoc sap xép theo thir tw tang dan. Dé tra 16i mot
truy van (A, B), ta duyét qua moi sb k tor 1 t&i 10°, v&i mbi S(k) dém sbé lwong sb ndm trong
doan [A..B] bang phwong phap tim kiém nhj phan. Gia s dém dwoc x sb, ta cong dap sb voi

x(x—1)
- -

Lwu y rang ta chi quan tam t&i cac tap S(k) co it nhat hai s6. chi c6 189681 tap hop théa
man diéu kién nay. Do d6 thuat toan nay sé phat huy hiéu qua ro rét so v&i thuat toan néu trén
khi cac truy van cé khodng cach gitra A va B 16n.



J

D6 kho: 1*
Nguwoi ra dé: Lé Bon Khué
Thé loai: tim kiém tam phan, Toan so cip

L&i giai 1 (phu hop véi sinh vién dai hoc)
Khi ta biét h, ta dé& dang tinh dwoc thé tich ctia hop:

f(h) = h * (X - 2*h) * (Y - 2*h)

Dé thay f khéng phai ham 16i nhwng dd thi ham sé f c6 dang 16i trong doan tir 0 cho dén
min(X/2, Y/2), vi vay ta cé thé dung tim kiém tam phan dé tim cwc dai cta f(h).

L&i gidi 2 (phu hop véi hoe sinh trung hoc phd thdng)

f(h) = h * (X - 2*h) * (Y - 2*h)
=-4*nA3-25(X+Y)*h*2+ X*Y *h

Day la mét da thire bac 3. Pé tim cuec tri, ta tinh dao ham cla f va tim nhirng diémmaf =0.

L&i giai 3 (phu hop v&i hoc sinh trung hoc co s&)

Nhin vao cong thirc ctia f(h), ta nght téi st dung bat dang thire Cauchy cho ba sb khéng am dé
tim max f(h): abe < <L
Ta s& chon hai hang sb o, p dwong va s dung bdt Cauchy:

_ (hra(X—2h)+B(Y —2h))°
afy(h) = ha(X = 2m)B(Y —2h) < -
Pé& vé phai la hang sé thi 1-2(a+p)=0
D& dAu bing co thé xay ra thi /= a(X — 2k) = B(Y —2h) <> 2L = L&

20+1 ~ 2p+I

Giai hé phwong trinh trén ta tim dwoc o, va h.


http://translate/emaxx/Tim-kiem-tam-phan-Ternary-Search

K

Do khoé: 2*
Nguwei ra dé: Dya trén bai ddng gop béi HCMUP, cé chinh stra boi Lé Don Khué
Thé loai: Hinh hoc, bao 15i

Phat biéu lai bai toan
Cho A diém xanh
Cho B diém dé.
e Dém s6 lwong diém dé nam trong it nhat 1 t& giac co 4 dinh mau xanh (khéng tw cat,
khéng c6 3 dinh thang hang)

Loi giai
Tim bao 16i ctia cac diém xanh.

e Né&u bao 16i c6 it nhat 4 diém, két qua chinh la sb lwgng diém dd nam trong bao 16i. Vi
du khi bao 16i c6 5 diém, ta xét 5 t& giac nhw thé nay:

e Néu bao 16i c6 1 hodc 2 diém, két qua = 0.


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

e Néu bao 16i c6 ding 3 diém, va cé it nhat 1 diém nam hoan toan trong bao 16i: Két qua
van chinh 1a sé lwgng diém nam hoan toan trong bao 16i.

AAA

e Né&u bao 16i ¢ dung 3 diém, khong cé diém nao ndm hoan toan trong bao 16i:

o Néu khéng c6 diém nao trén canh cla bao 16i — két qua = 0.

o Néu c6 diém nam trén dang 1 canh cla bao 16i — két qua = 0.

o Néu c6 diém nam trén dang 2 canh cla bao 16i — gia st bao 16i la tam giac
ABC, c6 diém mau xanh nam trén AB, AC nhung khoéng cé diém xanh trén BC,
gid str c6 1 mét tir giac dinh A lic d4y sé phai ton tai it nhat 2 dinh khac thudc
AB hodc AC => d6 la mot tir giac suy bién khéng thod man. Khi do, xéa diém A
ra khoi tap dinh mau xanh, tim lai bao 16i tap dinh mau xanh (lic nay bao 15i
khéng con 1a tam giac), va ta quy vé truéng hop trén.

o Né&u co6 diém nam trén ca 3 canh cla bao 16i — két qua chinh la sb lwgng diém
dd nam trong bao 16i.

B

Ton tai thuat toan kiém tra mot diém thudc da giac 16i trong thei gian O(logN), do d6 bai
toan cé thé giai vai 10 van diém mau dé va 10 van diém mau xanh. Tuy nhién, dé ra cho gidi
han mét ngan diém mbi mau nham muc dich ban c6 thé str dung nhiéu thuat toan khac dé kiém
tra mot diém nam trong da giac.

M6t bai toan co ban, tirng xuat hién trong nhiéu ki thi ACM yéu cau ta xét cac tam giac
thay vi tir gidc mau xanh. Khéng khé dé nhan ra |oi gidi hai bai toan la khéng may khac biét,
tuy nhién ban can sv tinh té rat I&n d& nhan ra nhirng trwérng hop can phai xu Ii.

Dé tranh viéc phai cai dat nhiéu va dé g&p 16i, trong bai nay, ban chi nén cai mét ham
tim bao 16i (nhan vao moét vector cac diém va tra vé mot vector cac diém 14 bao 16i), sau d6 st
dung lai ham nay nhiéu Ian. D& kiém tra mot diém A cé nam trong da giac 16i P, ban chi can tim

Nhan xét:



bao 16i ctia tap hop diém P, A nam trong P khi va chi khi A khéng xuét hién trong bao 16i vira
tim dwoc (Iwu y réng moi diém 1a phan biét, ké ca hai diém khac mau).



L

D6 kho: 1*
Nguwei ra dé: Pham Van Hanh
Thé loai: Doc ki dé bai, kiém tra thi lwc.

Loi giai

Vi vé&i mbi canh (u, v) ctia d6 thi, u < v, nén dé thi khéng cé chu trinh.
Do db thi c6 huwéng va (renting_cost) < (buying_cost) / Pl — ban khéng bao gi& "buy
property".

e Do N <106 <= K va dd thi cé hwéng — 2 ngudi choi khéng bao gid di du K lvot — ta
khéng can quan tam dén K.

Do d8, 2 ngwdi choi khédng anh hwéng dén nhau (cach anh hwéng duy nhét 1a buy property
nhwng chi dem lai 16 :))).

V&i méi ngudi choi, ta dung quy hoach dong dé tinh diém t6i da ma ngudi choi dé dat duoc:

Cai dat
const long long INF = -1el8;

// Trd lai diém t6i wu néu xuédt phat tw u.
// Kh&i tao f[i] = -INF véi moi i.
// adj[i] = danh sach ké cta dinh i.

long long get(int u) {
if (f[u] > -INF) return f[u]; // Néu f[u] d3 dwoc tinh t¥ trudc, trd lai luédn
flu].

if (adj[u].empty()) return f[u] = @; // Dinh 14, f = 0.

for (int v : adj[u]) { // Xét tat ca v ké u.
flu] = max(f[u], val[v] + get(v));
}

return f[ul;



Nhan xét

Day la mot bai dé, tuy nhién dé 1am dwoc cac ban can phai doc dé can than. Cac ban c6 3
ngudi, méi nguwdi 5h — tdng 1a 15h. Doc d& méi bai mat chwa dén 5 phut. Vi vay cac ban bat
budc phai doc can than tat ca cac chi tiét trong dé. O’ day bon minh da dat nhirng chi tiét quan
trong nhat clia dé vao phan Constraints - cling 1a phan quan trong nhét ctia dé bai. Mot s6 dé
ACM minh tirng lam con gidu nhivng chi tiét quan trong trong phan ké& chuyén - phan ma ai
cling doc lwét. R4t tiéc 1a van khoéng déi Viét Nam nao lam dwgc. Con & online mirror, cé kha
nhiéu doéi nwé'c ngoai lam dwoc bai nay:
https://open.kattis.com/contests/vietham-national17-open/standings.



https://open.kattis.com/contests/vietnam-national17-open/standings

