


Quy déc gia than mén,

Tap chi VNOI - Xuén Quy M3ao la mot in phé7m dac biét cha Cau lac bd
Olympic Tin hoc Viét Nam, nhu mdt mén qud dau xuin ma VNOI mudn danh
ting cho cong dong nhan dip Tét Quy M3o 2023.

Vé6i muc dich truyén tai kién thic, kinh nghiém qua nhiéu chi dé, sb tap chi
d3c biét ki ndy sé mang dén cho cic ban nhing bai viét thd vi véi ndi dung da
dang, than thién va phu hgp véi nhiéu dbi tuong doc gid. Tap chi bao gém 11
bai viét hoc thuit xoay quanh cic chli dé trong Tin hoc va Lap trinh thi diu dén
tlr 10 tac gid, dugc ching minh tuyén chon qua rt nhidu bai viét dugc gli v& tir
khép moi mién t6 quéc. Bén canh nhiing n6i dung mang tinh hoc thuat, tap chi
ki nay con c6 su xut hién cla 6 vi khach mai dic biét qua 6 bai phéng van, hia
hen mang t6i cho cdc ban déc gid nhiing cu chuyén y nghia v& hanh trinh hoc
Tin cla cic nhan vt c6 tdm anh hudng 16n trong céng dong Tin hoc Viét Nam.

Trong niém vui han hoan, nao niic clia xudn mdi, ban bién tap néi riéng va tap
th8 VNOI néi chung xin chan thanh gdi 18i tri 4n dé&n cic khich mdi, cic tac gia,
quy déc gia d3 ludn danh quan tdm, theo d&i va ng hd trong subt thdi gian qua.

Nhan dip xuan Quy Mao 2023, tap th& VNOI than chic ban doc mét ndm mdi
stic khde, hanh phdc va nhiéu thanh cong!

BAN BIEN TAP
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Lam sao dé "chdi game"?

Tran Xudan Bdach
12A1 Tin, Truong THPT Chuyén Khoa hoc Tu nhién, Dai hoc Quoc gia Ha Noi



Lam sao dé& "choi game"?

Tran Xudn Bdch

Gidi thiéu

Li thuyét trd choi (game theory) 13 mét céng
cu dugc dung dé nghién ciu cic tinh huéng x3 hoi
(cudc chai) gilta cidc bén canh tranh nhau. Trén
mot vai khia canh, Ifthuyét trd choi 13 khoa hoc vé
chién lugc, vé nhiing tinh hudng chién thuat trong
d6 ngudi chai chon cac hanh dong khac nhau dé cb
ging thay d8i két qua theo huéng cé Igi cho minh,
hay néi cich khac, téi uu héa két qua.

Mot trong nhiing bai toan néi tiéng nhit 13
Song dé ti nhan (Prisoner’s dilemma) * . A va B
bi b3t vao tu, v mdi ngudi cb hai lua chon - dau
th hay khéng dau thd - véi nhiing két cuc khac
nhau. Nhin thodng qua thi trd choi tréng rit don
gian, tuy nhién an trong dé I3 hai huéng suy nghi
tuy déu hop Ii, song lai d&i 1ap nhau.

Vi du cia Song dé tii nhan

Trd choi va I thuyét trd choi ciing rat phd bién
trong |ap trinh thi diu vi su da dang vé db khé va
thé thiic clia né. Tuy nhién, Ii thuyét trd choi 2 chi
d& cap dén nhiing dang trd choi t6 hop can bing,
ma khéng bao phl nhiing dang khac cé thé xult
hién.

Trong bai viét nay, ta sé xem xét qua mdt sd trd
chai st dung tinh chat d6i xdng. Khi "mai trudng”
clia trd choi 13 mét bang mdt dén hai chiéu nao dé,
thi mdt chién thuat thudng xuAt hién sé I3 choi dbi
xiing qua tdm hodc truc déi xdng cla bang. Ngoai
ra, doi lic ta sé st dung viéc mdt vai tinh chit ¢
vai tro tuong tu nhau.

CF 630R Game
Dé bai

Hai ngudi A va B choi mot tro choi nhu sau:

Cho mdt bang hinh vudng c6 kich thudc n x n.
3 mét luot, ngudi choi t& mau mdt & vudng ma
khéng chung canh véi bat ki 6 vudng nao di dugc
td mau tur trude. Ai khdng t6 dugc 6 vubng nita la
ngudi thua cudc.

Hai ngudi 1an luct choi véi nhau, véi A 13 ngudi
di dau tién. Biét ring ca hai ngudi choi tdi uu, hdi
ai 13 ngudi thing cudc?

https:/ /en.wikipedia.org/wiki/Prisoner%27s_dilemma
2https://vnoi.info/wiki/algo/math/game-theory.md

Gidi han: 1 <n < 10'®.

Loi giai
Dénh sb c4c 6 trong bang tir (1,1) dén (n,n).

Xét tinh ch3n 1€ cla n:

e Khi n chin, B s& thing.
Néu A t6 mau 6 (x,y), thi B chi can t6 mau &
(n+1—z,n+1—y)-05déi xing véi (z,y)
qua tdm bang.
Vi hai 6 d&i xting nhau khéng bao gid ké canh
nhau, va trang thai cha bang ludn dbi xdng qua
tam (néu A t6 mau dugc thi B ciing t&6 mau
dugc), nén B ludn luén di dugc nhu vdy. Vay A
phai 13 ngudi khéng t6 dugc dau tién, tdc 13 B
13 ngudi thing cudc.

ol
-

Minh hoa chién thujt cita B

e Khin I, A s& thing.
2 N A - N . ~ n n
O lugt dau tién, A sé t6 mau 6 qﬂ , {ﬂ)
- & 6 tdm cla bang. Sau d6, A chi viéc di dbi
xing véi B qua tam. Tuong tu nhu 1ap ludn khi
n chin, ta c6 thé thiy A |3 ngudi thing cudc.

i

Minh hoa chién thuit cda A

CF 197A Plate Game

Dé bai

Hai ngudi A va B choi mét tro choi nhu sau:

Cho mét t& gidy hinh chit nhat kich thuéc n
(cm) x m (cm). Trong mét lugt, ngudi chai ct di
mot hinh tron ban kinh [ (cm) nguyén ven, khong
dugc khuyét & chd ndo. Ai khong cit duoc hinh
tron nita la ngudi thua cudc.

Hai ngudi 1an luot choi v6i nhau, véi A 13 ngudi
di dau tién. Biét ring ca hai ngudi choi tbi uu, hoi
ai 13 ngudi thing cudc?

Gidi han: 1 < n,m,[ < 100.


 https://en.wikipedia.org/wiki/Prisoner%27s_dilemma 
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Lam sao dé& "choi game"?

Tran Xudn Bdch

L5i giai

Ciing tuong tu nhu bdi trén, ta cé thé doan
chién thuit toi vu cla A 1a dit mét hinh tron vao
tdm cla to gidy, rdi di doi xiing véi B trong cac
nudc di con lai.

Minh hoa chién thut cia A

Tuy nhién, diing voi vang ma nghi rang A sé
thﬁng trong moi trudng hgp! Néu nhu n < 21 hosc
m < 21, th ngay tir ddu A d3 khéng thé cit mét
hinh tron nguyén ven ra khdi t& giy.

CF 1451D Circle Game

Dé bai

Hai ngudi A va B choi mot tro choi nhu sau:

C6é mét ddng xu ldc dau & diém (0,0) trén mat
ph3ng hai chiéu. G mot luct, gid st dong xu dang
& toa do (z,y), thi ngudi choi dugc phép di chuyén
déng xu bing mét trong hai cich nhu sau:

o (x,y) = (x+ky)
o (z,y) = (z,y + k)

Sau khi di chuyén, ddng xu phai n3m trong hinh
tron tdm (0,0) ban kinh d. Né6i cach khac, trong
moi thdi diém, 22 + y> < d°. Ai khdng di chuyén
dugc ddng xu nita 13 ngudi thua cudc.

Hai ngudi 1An lugt choi véi nhau, véi A 13 ngudi
di dau tién. Biét ring ca hai ngudi choi tdi uu, hoi
ai 13 ngudi thing cubc?

Gi6i han: 1 <k <d < 10°.

L3i giai

Do trong mot lugt ta chi dugc ting toa d6 x
hodc toa do y cla déng xu, nén chic chin ta sé
khéng thé choi dbi xiing qua tAm mit phing (diém
(0,0)) dugc rbi.

Tuy nhién, ta cé thé thiy ring truc = va y c6
vai trd nhu nhau. Do vay, néu nhu mét ngudi choi
tang x Ién k & lugt cha minh, thi ngudi con lai cé
thé ting y lén k & luct tidp theo. N&i cich khéc,
ngudi choi c6 thé gitt ddng xu & trén mét dudng
chéo nao dé.

Minh hoa chién thust gii trén dudng chéo

Ph4t trién y tudng ndy thém sé dua ta dén I5i
giai:

Goi X 13 gia tri cao nht théa man X chia hét
cho k va diém (X, X) n3m trong hinh tron ban
kinh d. Khi dé:

e Néu diém (X, X + k) n3m ngoai hinh tron ban
kinh d, thi B thﬁng.

B s& 1am chién thuat trén dé "giii’ déng xu &

trén dudng chéo y = z. Khi B di chuyén déng xu

dén diém (X, X), thi A khong con nuéc di hop

& nita (do c hai diém (X +k, X) va (X, X +k)

déu n3m ngoai hinh tron).

(X, X+ k)

Minh hoa chién thuat cia B

e Néu diém (X, X + k) n3m trong hinh tron ban
kinh d, thi A thing.
O nuéc di dau tién, A s& di chuyén ddng xu dén
diém (0, k), sau dé "giii” dong xu & trén dudng
chéo y = z + k. Khi dén diém (X, X + k), thi
B chi con hai nudc di c6 thé 13 (X + k, X + k)
va (X, X + 2k).
Tuy nhién, theo dinh nghia cla X, diém (X +
k, X +k) ndm ngoai hinh tron. Ngoai ra, (X% +
(X +2k)*) — (X +k)*+ (X +k)?) = 2k* > 0,
nén diém (X, X +2k) ciing n3m ngoai hinh tron
tam (0,0) ban kinh d.



Lam sao dé& "choi game"?

Tran Xudn Bdch

(X+kX+R

Minh hoa chién thust cia A

CF 1375F Integer Game

Dé bai

Hai ngudi A va B choi mét tro choi nhu sau:

Cé ba chéng da, lac dau mai chéng c6 1an luct
a, b, cvién da, véi a, b, ¢ 13 ba sb nguyén duong
ddi mét phan biét. O mbi luct:

e A chon mét sb nguyén duong x va dua cho B
s6 do.

e B sé thém z vién d4 vao mdt trong ba chdng
d4, véi diéu kién 13 B khéng dudc chon cling
mot chong da trong hai lugt lién tiép.

B sé thua néu nhu, tai bit ki thai diém nao,
ton tai hai chong da cé cling sb luong di. A sé
thua néu nhu B chua thua sau 1000 lugt chai.

Biét ring c3 hai ngudi choi tbi uu, héi ai I3
ngudi théng cudc?

L& giai

Khéng mit tinh téng quét, gid st a < b < c.
Dau tién, B —ehoi-da- thua khi nao? D6 13 khi
G lugt cudi cling, ta cé:
e a+x = b, nén B khéng dugc chon chong a. (1)
e b+x = ¢, nén B khéng dugc chon chong b. (2)

e O luct trudc d6, B d3 thém vao chdng ¢ hién
tai, nén B khéng thé chon lai chéng ¢ nifa. (3)
Nhan th:/“ay S tinh huéng trén, a, b, ¢ tao thanh

mot czf;p sb cong. Néi cach khac, a va ¢ dbi xung

nhauquab:c—b=b—a=x.

D& y diéu kién chcA;ng ¢ d3 bi chon & luot trudc

Vay & luot trudc d6, A s& di nhu thé ndo dé
"don” B vao trudng hgp trén?

Gia s & lugt nay Viét thém vao chéng a mot
luong 13 , vay s6 dd méi sé 1a b < ¢ < a+ z. Luu
y ring ta phai chon z di 16n dé théa man didu kién
3. D& théa man diéu kién (1) va (2), ta c6:

a+xz— ¢ =c—b
<— r =2c—a—>

DEy ring & phuong trinh trén, a va b cé vai trd
tuong tu nhau. Néi cich khiac, ké c3 khi & luct
nay B thém vao chdng b mét luong 13 = = 2c—b—a,
thi gi4 tri mdi cha cic chdng d4 van tao thanh mét
cAp sb cong.

That vay, sb d4 mdi cha ba chong di s& Ia
a<c<2c—a,va2ce—a—c=c—a.



Lam sao dé& "choi game"?

Tran Xudn Bdch

Nhu vay, B chi con lai mét nuéc di duy nhit 13
chon chdng d4 16n nhit c. Tuy nhién, néu ta lam
chién thuat trén mét Ian nifa, thi theo luat B phai
chon mot trong hai chéng con lai.

K&t luan: N&u c3 hai ngudi chai tdi uu thi A c6
chién thuat ludn ludn thing B trong duy nhit ba
lugt chai.



T4t tan tat vé Hash

Lé Tuan Hoang
12 Tin, Truong THPT Chuyén Ha Noi - Amsterdam



TAt tan tat vé Hash

Lé Tuan Hoang

Gidi thiéu

Hash (b3m), I3 viéc bién d4u vao c6 kich thuéc
bat ki thanh gia tri du ra c6 kich thuéc cb dinh.
Hash c6 tinh dng dung rat 16n & nhiéu linh vuc
trong thuc t&. Trong lap trinh thi diu, ngoai tng
dung viéc kiém tra tinh bing nhau cac déi tuong

c6 tinh thd tu nhu xau, Hash ciing c6 thé ding dé

kiém tra tinh bgng nhau cla cic tap hop (khdng
c6 tinh thi tu).

Trong rAt nhidu bai toan, Hash cé tbc dé thuc
thi nhanh hon, cai dit d& hon so véi cic thuit todn
tat dinh.

Bai viét s& trinh bay mét sb cach Hash tap hop
phd bién cling mét sb van dé lién quan.

Mot chat vé sinh s6 ngau nhién

Céc phuong phap trinh bay & dudi déu lién quan
dén sinh s nglu nhién, chit luong sb ngdu nhién
c6 thé dnh hudng dén tinh chinh xic cha thuat
toan.

M@t trong nhiing phuong phép sinh sb ngiu
nhién phd bién trén may tinh 13 st dung cic céng
thic toan hoc dé tao ra mét day sb (pseudoran-
dom number generator) tUr véi mot seed cho trudc
(thuong duoc 1y 13 thai gian cua hé théng). Seed
giong nhau sé tao ra cac day glong nhau. Vi du ta
c6 ham f(x) = 2 x 3 mod 11, néu chon seed I3
1, s6 dau tién clia day 13 f(1) = 3, s6 th hai I3
F(f(1)) =9, s6 thir ba Ia f(f(f(1))) =5..

Néu khong cin than, cic sb duoc smh ra se
mAt tinh ngiu nhién, nén day 13 mét vAn dé rat
dang luu tam.

Khong chi trong pham vi bai todn st dung
phuong phap Hash, phan nay ap dung cho tht c3
cac bai todn c6 lién quan dén sinh sb ngu nhién.

Ham rand():

Khi méi 1am quen véi viéc sinh sb ngu nhién
trong C++, c6 18 hiu hét ching ta déu st dung
ham rand (). Tuy nhién ham nay chi cé thé sinh
ra s6 ngiu nhién trong doan [0, RAND MAX]
véi RAND_MAX 13 mét h3ng sb, tlly thudc vao trinh
bién dich, dugc dam bao cé gia tri it nhat 32767.
Day 1a mot gid tri qua nhd, kha ndng cao sé gy

ra cic kbt qud sai. Chua k& ham rand () dugc cii
d5t bing mét thuat toan tuong dbi don gian 3

Cé thé sinh mot sb mdi tir cac gia tri sinh ra tu
ham rand(). Tuy nhién can luu y tinh ngdu nhién
clia sb mdéi tao ra c6 thé khong dugc cao. Vi du,
nhan 2 gia tri sinh ra t&r ham rand() s€ tao ra sb
méi c6 75% kha kha ning 13 sb ch3n.

MT19937
St dung thuit todn Mersenne Twister 4 phat
trién dua trén sb nguyén td Mersenne 219937 — 1,

ciling 13 chu ki cta né. Cai d3t cla thuat toan trong
C++ dugc biét véi tén mt19937, c6 thé tao ra sb
ngau nhién t&t hon ham rand().

Luu y 13 mt19937 chi c6 thé sinh sb nguyén 32-
bit, néu mudn sinh s& nguyén 64-bit thi can dung
mt19937_64.

Céch st dung:
#include <bits/stdc++.h>

using namespace std;

int main() {
long long seed = time(0);
mt19937 rng32(seed);

cout << "random 32: " << rng32() << endl;
mt19937_64 rngb4(seed);
cout << "random 64: " << rng64() << endl;

o) day time (0) chinh 13 seed, I3 s gidy tinh tir
01/01/1970. Nén néu chay code trong cling mdt
gidy thi s& duoc két qua gibng nhau. Trong cac ki
thi nhu HSGQG thi seed nay 13 da tbt.

D& tranh bi hack khi tham gia contest trén cac
nén tang nhu Codeforces® (bi cac thi sinh khac
biét duoc seed, tinh trudc dudc cac gia tri sinh ra
va sinh test chdn), c6 thé st dung seed la

const auto seed = chrono::steady_clock: :now()
.time_since_epoch()
.count () ;

, cling 1a thai gian nhung c6 dd chinh xac cao hon,
it nhat dén mili gidy, rat kh6 dé cé thé xac dinh
dugc seed.

Cac phuong phap Hash

Hash véi phép XOR
Bai toan

Mat ddy sb by, b, ..., by ducc goi 13 hoan hao
néu né la mét hodn vi cta 1,2, ..., k.

3https://en.wikipedia.org/wiki/Linear congruential _generator

*https://en.wikipedia.org/wiki/Mersenne Twister

5Codeforces: mét trang web t6 chic cac cudc thi 1ap trinh thi diu véi cic dang dé, bai tap da dang.
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TAt tan tat vé Hash

Lé Tuan Hoang

Cho mét diy sb nguyén a dé dai n < 10° vdi
1 < a; <nvagq<10° truy vln c6 dang (L,r),
hiy cho biét diy con a;, aji1, ..., a, c6 phai 13 diy
s6 hoan hao hay khéng?

Nhan xét

Tacansosanh a;,a;yq,...,a,val,2, ....r—1+

1, tinh th( tu khong quan trong.

Giai phap

Ta s& gan mét sb nguyén khic khéng ngiu
nhién h(i) cho m&i gia tri i tir 1 dén n.

Phép XOR c6 tinh chit giao hoan, d& thiy day
con ay, a1, ..., a, hoan hao thi biéu thic sau phai
théa min, tuy nhién phai luu ¥ ring chiéu ngugc
lai c6 thé khéng diing:

R(1)®h(2) @ ... D h(r—1+1)
= h(a;) ® h(a41) & ... ® h(a,)

Day 13 bdi todn co ban c6 thé d& dang xi If
bing mang tién td.

Cé thé ¢ ph§n ta 13p lai trong day a, nén néu
mot phan td xult hién chdn 1an s& gidng véi viec
khéng xuit hién 1an ndo. Tuy vay néu cé phan ti
xuit hién nhiéu 1an thi m3 Hash cla d3y con sé
khic véi ma Hash cta (1) ® h(2) © ... ® h(r —
[+ 1).

Kha nang xung dot

MSi bit trong phép XOR Ia ddc 1ap. Xét riéng
mét bit, néu 2 bit dau vao dugc dam bio 13 ngiu
nhién thi bit dau ra s& c6 50% 13 bit 0 va 50% I3
bit 1, khd nang xung dot s€ la 5. Vay véi k bit,
khd nang xung dot sé |a 2% mdi truy van.

C6 thé d& dang sinh cac sb nglu nhién 64-bit,
kh3 n3ng xung dét mdi truy van chi 13 2% du tbt
cho cac bai toan trong lap trinh thi dAu.

Hash véi phép cong
Bai toan

Cho hai diy sb nguyén a d6 dai n va b dé dai
m (n,m < 10°) véi 1 < a; < nva ¢ < 10° truy
van cé dang:

I r kuy viug V9. Uy Vg

téng k trong tit cd cac truy vin khdng qui
10°.

Hay cho biét day con ay, Gy, .., Gy c6 gbm
dang vy sb uy, vy SO us,...,u, s6 v, hay khéng?

Nhan xét

Gibng véi bai todn & phan trudc, ta ciing cin
kiém tra tinh bing nhau cla hai tap hop, thd tu
cua c4c phan ti khong quan trong. Nhung khong
thé dung phep XOR VI phép XOR sé khong bao
toan dugc tan sult xubt hién cla cic phan ti.

Giai phap

Ta s& gan mét sb nguyén khic khéng ngiu
nhién h(i) cho mai gia tri i tir 1 dén n.

Thay vi dung phép XOR, ta dung phép cdng,
ddy con a;, i1, ..., a, hoan hao khi, ciing gibng
phuong phap XOR, chiéu nguoc lai ciing c6 thé
khong ding:

h(a;) + h(aj11) + ... + h(a,)
= h(uy) X v1 + h(ug) X va + ... + h(ug) X vy

Kha nang xung dot

Trong cai dit thuc té, ta thudng st dung mot
module M d& tranh tran sb, hodc thAm chi dé tran
s6 ludn ciing khéng sao (khi d6 M = 2% néu ta
dé dit liéu kiéu s& nguyén 64-bit khéng diu).

Néu dung module P 13 sb nguyén td 16n. Xét
2 multiset A va B khac nhau ma h(A) = h(B) va
C=ANBnén h(A-C)=h(B-0C).

Gid st z 13 sb chi xubt hién trong A — C' va
y la 6Ia\mxuéthiencuax Do 0 <y < P

&n c6 thé su dung nghich ddo modulo, ta cé

h(z [ C)—h(A—=C—A{z} xy)]. Vi
[1, P) nén khad nang xung dot

h(x

_1
)z;(
) thudc khodng

o

1
P—1-
Tuy vay ké ca khi module M khéng nguyén tb,
kha ning xung dét ciing van 13 khodng +- L vei m

da 16n, hodc khi thuc hién cic phép tlnh tran sb
(M = 2°%), kh3 ning nay I3 di nh.

®https: / /www.facebook.com /codingcompetitions/hacker-cup,/2022/round-2/problems /A2
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TAt tan tat vé Hash

Lé Tuan Hoang

Ung dung trong mot sb bai
toan

Bai toan 1 - Facebook hackerup 2022
Round 2 - A2 - Perfectly Balanced °

Trudc khi dén véi ph3n loi gidi, ban doc cé thé
thir siic vdi bai todn.

Tém tit dé bai

Mét diy sb by, bo, ..., b, goi 13 hoan hdo néu
k 13 sb nguyén duong chin va cé thé s3p xép lai
bi,by..., by sao cho b trd thanh day dbi xdng.

Cho mot day A cé do dal N gdm cac phan ti
1 < A; < 10° va Q truy vAn c6 mét trong hai
dang sau:
e 1 X;Y;: Gan sb nguyén 1 < Y; < 10° cho Ay,.
e 2 L; R;: kiém tra xem day con Ay, g, cé tao

ra d3y "gin hoan hao" khéng?

Dinh nghia clia d3y "gan hoan h3o" I3 c6 thé
x6a di ding 1 sb cha day dé dé tao ra dugc diy
hoan hdo nhu vi du duéi.

Loi giai

S dung phuong phdp Hash véi phép cong.

Ta c6 tap H = {(1),h(2), ..., h(10°)}, f(l,7) =
h(aﬂ +—h(aH4) +—“.+—h(aT)

DT nhién ta chi xét d3y con c6 dé dai é. Khi Gy
véi m = LMJ néu f(I,m)— f(m+1,7r) € H

hosc f(m,r) — f(I,m — 1) € H thi ddy con "gan
hoan hao”, vi hiéu cla hai phﬁn chinh [3 ma Hash
cla ph§n tlr cAn bi xda.

Truy vin 1 dugc x& If bing cic Chu tric dit
lieu (CTDL), vi du Segment Tree ’

#include <bits/stdc++.h>
using namespace std;

typedef unsigned long long ull;

const int maxn = le6 + 5;

int n;

ull rnd[maxn];
mt19937_64 rng(time(0));
unordered_set<ull> H;

// Segment Tree thuc hién thao t&c cdp nhit didm
// v& truy vin doan
struct SegmentTree {
vector<ull> node;
SegmentTree(int n) : node(4 * n + 12) {}
void update(int v, int 1, int r, int pos,
ull val) {
if (r < pos || 1 > pos) return;
if (1 ==1) {
node[v] = val;
return;

}

intm=(Q +1r) > 1;

update(v << 1, 1, m, pos, val);

update(v << 1 | 1, m + 1, r, pos, val);
node[v] = node[v << 1] + nodel[v << 1 | 1];

}

ull get(int v, int 1, int r, int tl, int tr) {
if (r < tl1 ||l 1 > tr) return O;
if (tl1l <=1 && r <= tr) return nodelv];

int m= (1 +1r) > 1;
return get(v << 1, 1, m, tl, tr) +
get(v << 1 | 1, m+ 1, r, tl, tr);
}
};

void init() {
// Khdi tao cic gia tri ngiu nhién
for (int i = 0; i < maxn; i++) {
rnd[i] = rng();
H.insert(rnd[i]);
}
}

void solve(int test) {
int q, ans = 0;

cout << "Case #" << test << ": ";
cin >> n;
SegmentTree segmentTree(n);

for (int i = 1; i <= n; i++) {
int p;
cin >> p;
segmentTree.update (1,

}

1, n, i, rndlpl);

cin >> q;
while (q--) {
int type, 1, r;
cin >> type >> 1 >> r;

if (type == 1) {
segmentTree.update(1,
} else {
if (1 ==1) {
++ans;
continue;
}
if ((r - 1) % 2 == 1) continue;

1, n, 1, rnd[r]);

// Kidm tra lidu f(1, m) - f(m + 1, r) cb
// thudc tap H?

intm= (1 +1)/ 2;
ull L = segmentTree.get(1, 1, n, 1, m),

R = segmentTree.get(1, 1, n, m + 1, r);
if (H.count(L - R)) {

"https://vnoi.info/wiki/algo/data-structures /segment-tree-basic.md
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++ans;
continue;

}

// Kidm tra lidu f(m, r) - £(1, m - 1) cé
// thudc tap H?

L = segmentTree.get(1, 1, n, 1, m -
R = segmentTree.get(1, 1, n, m, r);

1,

if (H.count(R - L)) {
++ans;
continue;
}
}
}

cout << ans << '\n'j;

}

signed main() {
ios_base::sync_with_stdio(false);
cin.tie(0);
cout.tie(0);

init();
int t;

cin >> t;
for (int i = 1; i <= t; i++) solve(i);

Bai toan 2 — HNOJ — trafficsystem 8

Trudc khi dén véi phan 16i gidi, ban doc c6 thé
thir siic vdi bai toan.

Tém tit dé bai

Mét dit nuéc c6 n < 10° thanh phb. DE di
chuyén gitfa 2 thanh phd c¢6 2 cich 13 st dung hé
théng dudng b hodc tau dién ngdm (2 chiéu). Ban
dau dit nudc chua cé dudng nbi nio.

Cho ¢ < 10° truy vin thudc hai loai sau:

e 1 u v: Thiét lap dudng bd giita 2 thanh phd u

va v.

e 2 u v: Thiét 1ap dudng tau dién ngdm giita 2

thanh ph u va v.

Sau mdi truy vin h3y cho biét hé théng giao
théng clia dit nudc c6 tot khdng? In ra YES hoic
NO tuong tng véi cé hodc khong.

Hé thdng giao théng ducc goi 13 tbt khi véi
moi c3p thanh phd i < j, néu i di duoc dén j qua
dudng bb thi ciing phai di duoc qua hé théng tau
dién ngﬁm va ngudgc lai.

Nhan xét

Ta coi hé théng dudng bd va tau dién ngdm 3
2 d6 thi riéng biét. Coi mdi thanh phan lién thong
la mét tap hop chira cic thanh phd. Bai toan trd

8https://hnoj.edu.vn/problem /trafficsystem

%https:/ /vnoi.info/wiki/algo/data-structures/disjoint-set
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thanh so sanh tap hop A va B, trong dé A la tép
hop cla cac thanh phan lién théng C; dudng bd,
B 13 tip hop cha cic thanh phan lién théng D;
tau dién ng§m.

Trong hinh ta c6 tdp A = {{1,2,3},{5,6,7,8}},
B = {{1,2,3},{5,6,7,8}}. Nhu vdy cé thé két
ludn hé thong nay la tot.

L&i giai

V6i mdi dinh ta s& gdn mét sb nguyén khic
khéng ngiu nhién. Véi m&i thanh phan lién thong
ta can luu gia tri Hash cla cdc dinh thubc tap dé,
I3 XOR clia tit ca gi4 tri dugc gan cho mdi dinh.
Viéc ndy c6 thé d& dang x{ If dusc bing CTDL
Disjoint Set ? .

Ta thu dugc 2 tip hop A
{h(C1), h(Ch), ..., (Cp)} va B = {h(D1), h(D»),

... h(Dy)}. Luc luong cha 2 tap vin cé thé lén
téi O(n).

M6t cach don gian 13 14y téng S4 = h(Cy) +
h(C3) + ...+ h(Cy) va Sg = h(D,) + h(D,) +
...+ h(D,) rdi dem so sénh. Viéc cdp nhat S, va
Sp dugc thuc hién gbp 2 thanh phan lién théng
khi xtr If truy van.

S

#include <bits/stdc++.h>
using namespace std;

typedef unsigned long long ull const int maxn =
100005

ull r[maxn];
mt19937_64 rng(time(0));

struct DisjointSet {
vector<int> parent;
vector<ull> value;
ull s;

DisjointSet(int n, ull r[])
: parent(n + 1), value(n + 1), s(0) {
for (int i = 1; i <= n; i++) {
parent[i] = i;
value[i] = r[i];
s += r[il;

}
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}

int find(int u) {
if (u != parent[ul])
return parent[u] = find(parent[ul);
return u;

}

bool join(int u, int v) {
u find(u);
v = find(v);
if (u == v) return false;
parent [u]

= v;

// Xéa 2 gid tri ci
s -= value[v] + valuel[ul;

// GOp gié tri Hash cta 2 thanh phan lién
// thdng
value[v] ~= valuelul;
// Thém gia tri mdi
s += value[v];

return true;
}
};

signed main() {
ios_base::sync_with_stdio(false);
cin.tie(0);
cout.tie(0);

int n, q;
cin >> n >> q;

// Khdi tao cic gia tri ngdu nhién cho ting dinh
for (int i = 1; i <= n; i++) { rli]l = rng(O; }

vector<DisjointSet> disjointSet(
2, DisjointSet(n, r));

while (q--) {
int x, u, v;
cin >> x >> u > v;
disjointSet[x - 1].join(u, v);

if (disjointSet[0].s == disjointSet[1].s)
cout << "YES\n";

else
cout << "NO\n";

Loi binh

Trong cd hai bai toan trén, déu ton tai I&i giai
bgng thuat toan tit dinh, viéc nay nhudng lai cho
ban doc.

C6 thé thiy I5i gidi bing Hash so véi I5i gidi
diing thuat toan tit dinh rAt d& nghi ra chi I3 cai
tién tir hudng nghi clia cach lam "trau”, ciing d&
cai, téc do thuc thi nhanh.

Luu tro Hash

Trong rAt nhiéu trudng hop ta can luu trir mot
lugng 16n cac gia tri Hash dé tién cho viéc kiém tra,
so sanh vé sau. Viéc luu trit mdt cach hiéu qua cé

13

thé gitip tranh viéc mit diém déng tiéc hoic ciing
c6 thé ting tbc cac thuat toan chua tbi uu (sub-
optimal).

Thoéng thudng, ta sé& sir dung cdc CTDL cé sin
dé tiét kiem thoi gian. D& gitp ban doc lua chon
CTDL phi hop nhit cho 18i giai cda minh, dudi
day sé so sanh tdc do6 cha cic CTDL sau trong cac
trudng hgp khac nhau:

e std::map: D& phic tap cidc thao tac Ia

O(log n).

e std::unordered_map: Do phic tap trung binh

O(00), trudng hop té& nhit O(n).

e __gnu_pbds: :gp_hash_table: D phic tap

trung binh O(1), trudng hop té nhit O(n).

__gnu_pbds: :gp_hash_table la moét CTDL
tuong dbi "la", d& st dung dugc CTDL nay:

#include <bits/stdc++.h>

#include <ext/pb_ds/assoc_container.hpp>
using namespace __gnu_pbds;

using namespace std;

int main() {
gp_hash_table<int, int> m;
m[3] = 1;
cout << m[3];

}

Tuy vdy cich dung ciing khéng cé nhiéu khéc
biét véi 2 CTDL phd bién 13 std::map v
std: :unordered_map.

Céc bai kiém tra dudi day déu duoc dich bang
C-++14 trén hé théng cta Codeforces.

Toc do chen

Chen cac phan ti 13 cic sb nguyén 64-bit ngiu
nhién.

Toéc d6 doc

Doc cac phan ti 13 cac sb nguyén 64-bit ngiu
nhién.
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Bo nhd

B6 nhé (Megabyte) khi chén cac phan tir 13 cac
s6 nguyén 64-bit ngiu nhién.

Nhan xét

e std::map: Nhin chung véi tap dit liéu ngiu
nhién, std: :map c6 thdi gian thuc thi lau nhét.
O day ta luu céc gia tri Hash, tinh tha tu khéng
quan trong thi viéc st dung std: :map la lua
chon khéng tdi uu.

e __gnu_pbds::gp_hash_table: Tén tuong doi
nhiéu bd nhé nhung cé téc d6 nhanh nhit. Mét
sd trinh bién dich, vi du Clang, khéng st dung
dugc CTDL nay.

e std::unordered_map: Né&u uéc lugng dugc sb
lugng key cé thé thuc hién reserve bd nhd cho
std: :unordered_map, cb thé gidm thdgi gian
thuc thi dang ké, dbi lai 1a viéc st dung nhiéu
bd nhé hon mét chat:

std::unordered_map<int, int> um;
um.reserve (SIZE * 4);

Ohttps://codeforces.com/blog/entry /62393
https://oj.vnoi.info/problem /bedao _g10 perfect
2https: //atcoder.jp/contests/abc250 /tasks/abc250 e

Néu khong thé uéc lugng dugc sb lugng key, co
thé gidm load factor (t7 1& giita sb lugng phan tir
c6 trong hash map va sb lugng bucket) xubng
khodng 0.25, tuy trudng hgp s€ gilip giam thai
gian thuc thi (tuy vy s& st dung nhiéu bd nhé
hon dang ké):

‘um.max_load_factor(O.QS);

Téc d6 cta cac CTDL nay con phu thudc vao
ham Hash, cé thé tham kh3o tai day '° . Tuy vay
trong hau hét trudng hop khéng cin quan tam vi
ham Hash m3c dinh vin chay rat tbt trén tap dir
li€u nggu nhién.

Bai kiém tra trén mang tinh chét tham khao,
do thai gian thuc thi tuy thudc vao bai toan va bd
test. M6t cach dé chon CTDL phi hop 13 sinh mét
sb /test I6n, chon CTDL cé thdgi gian chay nhanh
nhat.

L&i bat

C6 thé thiy Hash 13 ki thuat "nhé md c6 v&"
trong lap trinh thi dAu.

Ngoai ra trong nhiéu bai todn ma thuit todn
chinh d& gidi khéng phai I3 Hash, lién quan dén
viéc kiém so4t rit nhidu di liéu, Hash nhu moét
cdng cu dic luc gitp viéc cai dit nhanh va d& hon.

Hi vong ca nhiing néi dung vé sinh sb ngau
nhién va quan Ii dit liéu dugc trinh bay & trén ciing
s& gitp ich cho hanh trinh 13p trinh thi ddu cla
ban doc!

Bai tap ap dung

e Bedao Grand Contest 10 - PERFECT 1 (Néu
p 1a mang cac s6 nguyén khdong am khéng qué
n)

e Atcoder ABC250E - Prefix Equality

e Hackerrank - Number Game on a Tree 3

e Codeforces 1175F - The Number of Subpermu-
tations

e Codeforces 1418G - Three Occurrences *°

Bhttps: / /www.hackerrank.com/contests/hourrank-17 /challenges/number-game-on-a-tree/editorial

Yhttps://codeforces.com /problemset/problem /1175 /F
Bhttps://codeforces.com /contest /1418 /problem /G

®https://en.cppreference.com /w/cpp/numeric/random /uniform _int _distribution
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Doc thém

e uniform_int_distribution, mdt cich sinh
s6 ngau nhién khac tir C+411 tré di *°

e So bd vé bang bim Y

e __gnu_pbds::gp_hash_table 18

Tham khao

e Codeforces *°

Yhttps://vnoi.info/wiki/algo/data-structures/hash-table.md
Bhttps://usaco.guide/gold /faster-hashmap?lang=cpp
https: //codeforces.com/blog/entry /85900
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T6i uu quy hoach ddng 1 chiéu

Nguyén Tuan Tai
Sinh vien nam 1, Truong Dai hoc Khoa hoc Tu nhién, Dai hoc Quéc gia TP.HCM
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Gidi thiéu: diy 13 kién thic xudt hién
trong dé thi TST?® 2022, va d3 13y di
rat nhiéu nudc mit cia thi sinh. Néu
ban mudn thir hoc mét thuit todn mdi
la ma nhiéu ngudi chua biét (ngay ca
Tran Xudn Bach!), thi dy chinh 13 bai
viét danh cho ban!

Khi lam nhiing bai todn quy hoach déng, déi
khi ta sé nghi ra nhiing thuit toan cé do phiic tap
rAt 16n, vi du:

o fli][j] = Omkm fli — 1][k] + w(k, j) Cong thitc

trén c6 do phtic tap O(n?), c6 thé cai tién xubng
O(n ) hodc O(n logn) bang quy hoach dong
bao 16i/chia dé tri (trong mot sb diéu kién nhit

dinh).
o fli] = mm flj] + w(y,i) Céng thirc trén c6

do perc tap O(n?), ¢ thé c3i tién xubng

O(nlogn) hodc O(n) (trong mdt sb diéu kién

nhit dinh).

O bai viét nay, chiing ta sé tim hiéu vé cach tbi
uu cong thic tha 2, hay con goi la phuong phap
tbi uu quy hoach déng 1 chiéu.

Gidi thiéu bai toan

Goi w(j,4) 1a m&t ham tinh cost théda man bAt
ding thiic ti gidc (quadrangle inequality):

w(a,c) +w(b,d) < w(a,d)+w(b,c)

véi moi a < b < ¢ < d. Ta sé tinh todn cdng thic
quy hoach dong sau véi do phiic tap nhanh hon
O(n?):
fli] = min, £5] +w(j,9)
Mat sb vi du v& ham w thda man b4t ding thic
td gidc (ban doc cé thé tu ching minh):
b QU(jai) =1 __j

e w(j,1) = blj] - ali] (véi a[j] < ali] va blj] =
bli] ¥ j < i)
o w(j,i) = (ali] —alj])* (véi alj] < ali] ¥ j <)

Thuat toan

Nhung... 13m sao d€ tbi uu céng thic
quy hoach déng trén? C6 cdch nao

d& nhanh chéng tim dugc vi tri ma
flJ] + w(j,4) dat gid tri nhé nhat
khéng?

Ta dinh nghia mang h nhu sau
i) = argmin £j] + w(j, )

0<j<i
N6i cach khac, A[i] 1 vi tr j nhd nhat thoa
man f[j] +w(j,7) dat gid tri cuc tiéu.
D& thuan tién cho viéc biéu di&n thuat toan, ta
sé quy udc

F0=0, /1) = ) = ... = fln) = o0,

Y tuéng "ngiy tho’

Trudc khi di vao thuat toan chinh, ching ta sé
xem xét qua thudt toan "ngdy thd" sau:
e O thai diém dau tién,
h[1] = h[2] = ... = h[n] = 0.
o O thi diém thi i:
— Vi hli] d& dugc cap nhat hoan toan, ta tinh
dugc fli] = f[h[i]] + w(hli], 7).
— Sau khi tinh dugc f[i], ta sé cdp nhat lai
hli + 1], hli + 2] , hin].
Ching ta c6 thé cai dat thuat toan trén mét
cach don gidn nhu sau:

const int N = 1eb + 3;
int n, h[N];
long long f[N];

long long w(int j, int i) {
// mdt ham cost bAt ki thda man
// bAt ding thic ti gibc

}

void solve() {
for (int i = 1; i <= n; ++i) {
// cap nhat f[i]
f[i] = £[h[i]l] + w(h[i]l, 1);

for (int j =i + 1; j <= n; ++j) {
// c@p nhat lai h[i + 1..n]
if (£[i] + w(d, j) < £[h[j1] + wCa(jl, 7)) {

h[j] = i;

}

}

}
}

Y tudng chinh

D@ thy thujt todn "ngdy tho” trén cd
dé phiic tap O(n?). Lam sao d& ci
tién thudt toin? Liéu mang h cé mét
tinh chit dic biét nao cé thé gidp ta
dé dang cap nhat duoc khéng?

20TST: Ky thi tuyén chon déi tuyén du thi Olympic Tin hoc Quéc t&, hay con dugc biét dén 13 Vong 2 thi chon Hoc

sinh gidi Québc gia.
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Nhan xét 1. O moi thoi diém, mang h luén I3
day don diéu tang (tuc h[1] < h[2] < ... < h[n]).
(chiing minh & phan Phu luc)

Viéc mang h luén Ia day don diéu tang
S€ cd y nghia gi?

Khi cip nhat dén fld], néu tdn tai mét vi tri
j théa man SR + w(h(j],7) < f1i] + (i, ),
diéu d6 dong nghia véi viéc h[j] sé khdng thay dbi.
Khong chi thé, vi hli +1] < hli +2] < ... <
hlj — 1] < h[j], nén cd doan h[i+1...j] cling sé
khéng thay d8i.

Hé qua. Néu tén tai vi tri j théa man f[h[j]]+
w(hlj.j) < flil + w(i,j). ta dusc fl[p]] +
w(h[pl,p) < f[i] +w(i,p) véi moii < p < j.

Chinh vi th&, d& cap nhat mang h, ta s& tim
vi tri z nhd nhit thda man f[h[2]] + w(h[z], 2) >
fli]+w(i, z), va cdp nhét h[z] = hlz+1] = ...
hin] =i. T ddy, ta cé y tudng thudt todn sau:

Thuat toan.

Ta sé& biéu dién mang h thanh m doan
({[z], r[4], p[z]) théda man:

hlr{i]]

e O thsi diém diu tién, mang h chi chira doan
(1,n,0)
o O thdi diém thit i:

— D& tinh dugc f[i], ta s& tim doan
(L[k], r[k], p[k]) thdéa man [[k] <i < r[k].

* Vi mang h da cép nhat dén fli — 1] nén
hli] da dugc cdp nhat hoan toan (nhélc lai
dinh ngha: h[i| = arg min f[j] +w(j,7)).

0<j<i

* Ldc nay, ta sé cap nhat f[i] = f[p[k]] +
w(plk], 7).

— Sau khi tinh dugc f[i], ta sé cdp nhét lai
mang h. Theo nhan xét phia trén, ta sé tim
vi tri z nho nhit théa man f[i] + w(i, 2) <
f[h[2]] + w(h[z], ). Xét doan cudi clng
trong mang h, giad st doan dé la (1,7, p).

x Néu f[i] + w(i, 1) < flp] + w(p,1), ta s&
x6a doan dé khdi mang h va tiép tuc xét
doan cubi cung tiép theo.

* Ngugc lai, ta sé tim vi tri z nho nhit thoa
man f[i] +w(i, 2) < f[p] +w(p,2) bing
tim kiém nhj phan, sau dé cip nhat lai
(I,r,p) thanh (I,z — 1,p), va thém doan
(z,n,1) vao cubi mang h.

18

Cai dit mau
Ta c6 thé cai dit thuat todn trén bing cich su

dung deque. Dé thuin tién cho viéc cai dit, ta sé
khéng luu lai cac gid tri hli] da qua st dung.

struct item {
int 1, r, p;
};

const int N = 1eb + 3;
int n;
long long f[N];

long long w(int j, int i) {
// mdt ham cost bAt ki thda man
// VAt d&ng thic ti giac

}

void solve() {

deque<item> dq;

dq.push_back({1, n, 0});

for (int 1 = 1; i <= n; ++i) {
f[i]l = fldq.front().p] + w(dq.front().p, i);
// deque chi luu gid tri ti h[i + 1]
// t8i hiln]
++dq.front().1;

// néu 1 > r, ta loai doan nay khéi deque

if (dq.front().1 > dq.front().r) {
dq.pop_front();

}

while (!dq.empty()) {
auto [1, r, p] = dq.back();
if (£[i] + w(i, 1) < fp]l + w(p, 1)) {
dq.pop_back() ;
// p khdng cén 1la gia tri cla

// hl[1], h[1 + 1], ..., h[r]

// ltc nay, h[1]=h[1+1]=...=h[r]=i.
} else

break;

}

if (dq.empty()) {
dq.push_back({i + 1, n, i});
// hli+1]=h[i+2]=...=h[n]=1i
} else {
// tim nhi phan vi tri pos nhd nhit
// théa man h[pos] = i
auto &[1, r, p] = dq.back();
int low = 1, high = r;
int pos = r + 1, mid;
while (low <= high) {
mid = (low + high) / 2;
if (£[i] + w(i, mid) < flp] + w(p, mid)) {
pos = mid, high = mid - 1;
} else {
low = mid + 1;
}
}

// c8p nhat doan (1,r,p) thanh (1,pos-1,p)

r = pos - 1;

if (pos <= n) {
dq.push_back({pos, n, i});
// hlposl=h[pos+1]=...=h[n]=i

}

}
}
}

Vi sb doan tbi da duoc thém vao deque trong
ca qué trinh 13 n, két hop véi tim kiém nhj phan &
cudi mdi thsi diém, ta duoc do phtic tap cubi cung
la O(nlogn).



Téi uu quy hoach déng 1 chiéu Nguyén Tuan Tai

Bai toan 1 Tir day, ta c6 thé 4p dung thuat todn di néu
trong bai.
Codeforces®! - 319C #2
Cai dat mau
#include <bits/stdc++.h>
using namespace std;

Tém tat

Cho n cay dugc danh sb hidu tir 1 t&i n, mdi

cdy c6 db cao lan lust 1a aq,as,...,a,. Alob va struct item {

. A R LA 2 N A s . int 1, r, p;
Bice muon cua do tat cad n cdy sao cho ton it chi };
phi nhat.

\ . P A s , X A > const int N = 1leb + 3;
Alob va B|c<3 c¢é mot cdi cua may, moi lan s int n, alN], bN]:

dung cua cé thé gidm dé cao clia mét cly bat ki long long £[N];
xuong 1. Tuy nhién, sau maéi lan s& dung, cua may long long w(int j, int 1) {
can dugc sac lai. Chi phi dé sac phu thubc vao return 1LL * b[j] = alil;

}
nhiing cdy da dugc chat hoan toan (nhiing cay da

dugc giam dé cao vé 0): trong nhiing cdy di dugc

void solve() {
deque<item> dq;

chit hoan toan, gia st cay c6 sb hiéu 16n nhit I3 dq.push_back({2, n, 1});
. . ;A e N A A L A for (int i = 2; i <= n; ++i) {
Z'\Chl Phl dé San cua \may l\a bz' NeuA khon% co Ca}{ f[i]l = fldq.front().p] + w(dq.front().p, i);
nao da dugc chat hoan toan, ta khéng thé sac lai ++dq.front().1;
< if (dq.front().1l > dq.front().r) {
cua m?y n ¥ ) dq.pop_front();
Diéu kién bai toan: }
1<n< 105 while (!dg.empty()) {
- - 9 auto [1, r, p] = dq.back();
l=a1<a<...<a, <10 if (£[4] + w(i, 1) < £[p] + w(p, 1)) {
9 _ dq.pop_back();
> = q-pop- ;
10° > by >by>...>b,=0 P
break;
, }
Y tlrdng if (dq.empty()) {
N . , . % 2 o dq.push_back({i + 1, n, i});

Vi b, = 0, ta sé tim chi phi nbo nhat dé chat } else {
hoan toan cdy n (sau dé, ta c6 thé chit bat ki cay auto &[1, r, pl = dq.back(); _

R . N % . , int low = 1, high = r, pos = r + 1, mid;
nao ma khdng ton chi ph). while (low <= high) {

Goi f[i] 13 chi phi nhé nhit dé chit hoan toan T EIAT v v, i) € 206 + wCp, mD) €
cdy thit 7. Néu ciy gan nhat dugc chit hoan toan pos = mid, high = mid - 1; ’
truéc dé 1a 7, chi phi nhé nhat dé chit hoan toan ) ii:e::mid .1
cdy tha i sé la f[j]+b;-a,. Vivay, ta c6 dugc cong }
thiic quy hoach déng sau: ¥

. . . r = pos - 1;
f[Z] = mll’lf[]} —+ bj o if (pos <= n) { dq.push_back({pos, n, i}); }
1<j<i }
, }
Néu ddt w(j,i) = b; - a;, ham w la m&t ham ¥
théa man bat dang thic td giac. int main() {
/, . cin >> n;
Cl]‘lu’ng-;nlnh. / for (int i = 1; i <= n; ++i) { cin >> alil; }
Xét 4 diegm x <y < z < t, ta cé: for (int i = 1; i <= n; ++i) { cin > b[il; }
solve();
UJ(ZL‘,Z)—F’UJ(y,t) —’U)(.T,t) _w(ya Z) } cout << £lnl;

= by-a,+0by-ar—by-a,—by-a,
(b, — by)(a. — a) < 0

Vi vay, Bai toan 2

w(z, z) +w(y,t) < w(z,t) +w(y, 2) VNOJ - L& hsi

2L Codeforces: mét trang web t8 chifc cac cudc thi 1ap trinh thi d4u véi cic dang dé, bai tap da dang.
2https: / /codeforces.com /contest/319/problem /C
Zhttps://oj.vnoi.info/problem /lehoi
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 https://codeforces.com/contest/319/problem/C 
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Tbi wu quy hoach dong 1 chiéu

Nguyén Tuan Tai

Tém tat

o) ngdi lang no, c6 n ngdi nha nim trén mot
dudng thing. Biét trudng lang sbng & nha thi 1,
nha thit i ndm cach nha trudng lang ding a; km
vé phia déng. Trudng lang mubn chon ra mét sb
dia diém trén dudng thing dé chuin bi t8 chiic 18
héi, biét chi phi t& chdc I8 hdi cho mét dia diém I3
k.

Sau khi chuin bj xong, tit ca ngudi dan sé di
chuyén dén dia diém gan nha minh nhit d& tham
gia 1& hoi. Néu mét ngudi dan & cach dia diém t6
chiic z km, chi phi d& di chuyén s& I3 z.

Hay tim cach chon méot s6 dia diém sao cho
tdng chi phi t8 chdc 18 hdi va di chuyén 13 nhé
nht.

NG&i cich khac, ndu nhu ta chon m dia diém,
dia diém thi i n8m cich nha trudng lang ding s;
km v& phia déng, téng chi phi t8 chdc 18 hai va di

chuyén s& I3 k- m + Zmln la; — s;|.
=1
Diéu kién bai toan:

1<n<2-10°1<k<10°
O=a; <as <...<a, <10’

Y tudng

Ta c6 nhan xét sau tit ca ngudi dan n3m trén
mét doan lién tiép s& dén cling mét dia diém, vi
thé bai todn c6 thé viét lai thanh chia n ngudi dan
thanh cac doan lién tiép sao cho tc“;ng chi phi la
nhd nhit, biét chi phi m3i doan gdm chi phi t&
chiic k va chi phi di chuyén clia ngudi dan trong
doan.

Goi f[i] la chi phi nhé nhat dé chia i ngudi dan
thanh cdc doan sao cho tong chi phi 13 nhd nht.
Ta cé cong thic quy hoach dong sau:

flil =k + min fl5]+w(j, )

0<j<t

v6i w(j,4) 13 chi phi di chuyén clia ngudi dan
nam trong doan j + 1 téi 1.

Ta sé chiing minh ham w thda min bt ding
thic tir giac.

Ching minh.

Dit sb ngudi dan trong doan [l + 1,r] Ia
t=r—1I.

Dat plil = a1 +as+ ...
hop sau:
e Néu ¢ chin, phuong an dat dia diém tap trung

+ a;. Ta cé 2 trudng

A- Ao 1x 2 im wiopn by
toi uu nhat |3 & gilta ngudi tha 3 va ngudi tha

20

t ’
3 + 1. Chi phi di chuyén trong trudng hgp nay

r g
t
Z a; — Z a;, hay (plr] — p[r — 5]) -
i=r—L+1 i=l+1
t
(pll+ 5] = pll)-
e Ngugc lai, phuong an dit dia diém tap trung

s . o 11
nha cua ngudi tha —

2,

tbi uu nhit 13 &

Chi phi di chuyén trong trudng hgp nay Ila

14151
Z a;— Zal,hay [r—%])—
@u+5§ﬁ—pm»

Xét 4 diém z < y<z<t. D& thuan tién cho
viéc chiing minh, ta s€ gid st d6 dai cac doan déu
1a ch8n. C4c trudng hop con lai ciing cé thé chiing
minh tuong tu.

Véi r — 1 chdn: w(l,r) = (p[r] — p[r — g]) -
(plt + 51— pl1)) = pll] +plr) — 2[5
Dat b = o5 e = Mg = T
_YTE 4
5
w(zx, z) i)y,t)—wia:t,t)—w(i{,f) .
= 2 (=[] - )+ Pl +
= 2 (=plb] = plc] + pld] + ple])
= 2-(pld] = p[b]) =2 - (ple] = ple])
= 2 (app1 + app2 + ... + aq)
=2 (Geg1 + Qo+ ... +ac)
= 2- (ab+1 — ae+1) +2- (Clb+2 — ae+2) + ...

+2-(ag—a.) <0
Vi vay,

w(x, z) +w(y,t) <w(z,t)+w(y, 2)

. d x
Cai dat mau
#include <bits/stdc++.h>
using namespace std;

struct item {
int 1, r, p;
};

const int N = 2e5 + 3;
int n, k, al[N];
long long p[N], £[N];
long long w(int 1, int r) {

int t = (r -1) / 2;

return (plr]l - plr - t]1) - (p[1 + t] - p[1D);
}

)



Tbi wu quy hoach dong 1 chiéu

Nguyén Tuan Tai

void solve() {
deque<item> dq;
dq.push_back({1, n, 0});
for (int i = 1; i <= n; ++i) {
£[i] =
k + fldq.front().p] + w(dq.front().p, i);
++dq.front().1;
if (dgq.front().1 > dq.front().r) {
dq.pop_front();
}

while (!dq.empty()) {
auto [1, r, p] = dq.back();
if (£[i] + w(i, 1) < £[p] + w(p, 1)) {
dq.pop_back();
} else
break;

}

if (dq.empty()) {
dq.push_back({i + 1, n, i});
else {
auto &[1, r, p] = dq.back();
int low = 1, high = r, pos
while (low <= high) {
mid = (low + high) / 2;
if (£[i] + w(i, mid) < £[p] + w(p, mid)) {
pos = mid, high = mid - 1;
} else {
low = mid + 1;
}
}

}

r + 1, mid;

r = pos - 1;
if (pos <= n) { dq.push_back({pos, n, i}); }
}
}
}

int main() {

cin >> n >> k;

for (int i 1; i <= n; ++i) {
cin >> alil;
plil = pli - 1] + alil;

}

solve();

cout << f[nl;

}

Phu luc

Ching minh nhan xét 7.

Ta sé& chitng minh bang cach phan chiing: gia
st ton tai vi tri 4 théa man h[i] > h[i + 1].
Dé thudn tién cho viéc ching minh, ta sé dait
a = h[i], b = hli 4+ 1] (a > b). Diéu nay tuong
duong véi:

{r

Trir hai bat ding thiic theo V&, ta duoc:

fla] + w(a,i) < f[b] +w(b,1)
+w(a,i+1) > f[b] + w(b,i + 1)

w(a,i) —w(a,i+1) < w(b,i) —w(b,i+1)
< w(a,i) +w(b,i+1) <w(a,i+ 1)+ w(b,i)
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Tuy nhién, theo tinh chit cta ham w, xét bd
sob<a<i<i+]1,tacd

w(b,i) + w(a,i+1) <w(b,i+ 1)+ w(a,i)

Diéu nay 13 v8 Iy. Vi vy, ta c6 diéu phai ching
minh.



Phéng van Bui Viét Diing

Interviewer: Vuong Hoang Long — ICPC World Finalist 2021



Phéng vin Bui Viét Diing

Long: Chao Diing, rdt cdm on ban d3 nhan I5i
phéng van cho tap chi VNOI nim dau tién nay.
Ban ciing 13 ngudi dau tién bon minh phéng vén .
Ching ta c6 thé bt ddu nhé, ban c6 thé gidi thiéu
qua mdt sb théng tin c& nhan dugc khéng?

Dung: Minh tén la Bui Viét Diing, ndm nay
dang 22 tudi, 13 cuu hoc sinh trudng THPT Kim
Lién, Ha Noi. Minh tham gia ICPC** 4 n3m Vi
tu cach la sinh vién cla truong Dai hoc Wisconsin-
Madison. .. tam thdi I3 thé nhé! .

Bui Viét Diing tai truong THPT Kim Lién

Long: S& thich cla ban 13 gi nhi? Ban thudng
lam gi lac ranh?

Diing: S3 thich thi minh ciing ¢é nhiéu. Minh
thich xem nhiéu chuong trinh truyén hinh, mdot
phan 13 d& luyén tiéng Anh, phan chinh 13 dé giai
tri.

Long: Show yéu thich cia ban Ia show nao?

Diing: Arthur, mét show clia thiéu nhi. Dic

biét cai show nay cé hai I6p nghia, mot I6p la dé

tré con xem thi hiéu, mot 16p khac 13 dé ngudi 16n
xem lai hiéu theo mot nghia khac. Minh xem show
ndy tir I6p 4, sau ndy minh xem lai thi lai hiéu khac,
cho nén minh théy kha la thi vi ;)

Long: Th vi, tha vi déy! Ban dang & Chicago
diing khéng nhi? Ban thich diéu gi & Chicago nh4t?

Diing: M6t diéu ma minh yéu thich & Chicago
13 moi ngudi déu dit hang online, va hang ciing dén
rit nhanh. G Chicago thi c6 ngay mét kho hang &
day, Chicago cﬁng la mot trong nhiing trung tém
thuong mai Idn cua thé gidi. Neu cac ban biét vé
thi trudng, vé& quyén mua, quyén ban 4y, nhu CMI
cac tha thi Chicago cé du cac kho hang trén doi.

NGi chung 13 mua gi ciing dén rt nhanh, nhiéu khi
séng minh d3t 13 chiu d3 c6 rdi!

Long: Hai ngoai € ti, ban thich mua hang on-
line hay ban thich dén tan noi d&é mua? Via rdi
Black Friday ban c6 mua nhiéu hang khéng?

Dung: Black Friday thi minh toan mua hang
online vi minh khéng thich chen l4n x6 d§y Ef
Mbt trong sb tht minh mua 13 chiéc laptop minh
dang xai day, chit lugng hinh adnh né ciing kha
cao, it nhit 13 cao hon hdi minh 1am bvd live trén
VNOIL.

Long: Okay, th& ban mua may g nhi?
Thinkpad? Macbook?

Diing: Minh chai hin mét cai Alienware ludn,
gaming PC nhé.

Long: Uii. Alienware la dinh cta viéc choi game
roil

Diing: D3 th& may nay I3 minh con dugc gidm
tan 60%.

Long: Thé ban c6 choi game khéng?

Dung: Minh khéng choi game nhung minh
chinh stta video kha nhiéu. Ngoai tham gia cdng
déng Tin hoc minh con tham gia mét cong dong
vé tiéng Anh, & diy minh ciing 1am bvd live but in
English .

Long: Okay thé minh s& quay lai nhiing ciu
hdi chinh. Minh s& mubn ban néi theo trinh tu thsi
gian nhu tir cAp 2 1én cAp 3 rdi 1én dai hoc ching
han, dé doc gia d& theo dsi. O cAp 2 thi ban c6
hoc mén chuyén nao khdng? Hay 13 chi hoc déu
cac mon?

Diing: Cip 2 thi minh hoc & trudng THCS
Trung Vuong, Ha NG6i va minh hoc I6p chuyén Toan
2 cla trudng. Néi thé chd minh duy tri cai chuyén
Toan dén giita 16p 7 théi, chi hoc dén cach chia da
thdc cic thd. .. Rdi sau diy minh chuyén sang hoc
Tin. L€ ra minh nén hoc chuyén Toan lau hon mét
chiit, né c6 thé sé gitp ich hon. Hai dy minh tinh
¢ doc dugc quyén sich gido khoa Tin hoc I6p 11,
c6 hudng dan 1ap trinh trong Pascal kha day d,
thé 13 minh chuyén sang tim hiéu v& Tin luén .

Long: Sau dé thi ban vao trudng THPT Kim
Lién, theo minh biét thi trudng diy khong phai 13
trudng chuyén & Ha N6i nhung ban van vao dugc
doi tuyén va thi hoc sinh gidi. Ban cé thé ké vé
qué trinh ban hoc & cip 3 dudc khdng? Lam sao
ma ban duy tri dugc viéc hoc Tin trong mét moi
trudng khong chuyén nhu vay?

Diing: Minh b3t dau thi Tin va ¢ nén tang tir
cAp 2 roi. Dén niam I16p 10 thi vi minh d3 c6 giai

24|CPC: International Collegiate Programming Contest - Cudc thi L4p trinh Qubc t& 1au ddi va danh gia nhit danh cho

sinh vién céc trudng dai hoc va cao dang trén toan cau.



Phéng vin Bui Viét Diing

Nhi thanh phé S 16p 9 nén dugc chon ludn vao doi
tuyén cla trudng Kim Lién. 3 Kim Lién thi it hoc
sinh trong doi tuyén Tin nén khong cé thi chon.
N3m dy thi ciing c6 cac anh chi 11, 12 ciing ¢6
kinh nghiém thi Tin tir truc va trudng ciing mudn
dau tu nén d3 mai cd Chinh & Chuyén Su Pham vé
day, nhung kha budn 13 ¢6 chi day dugc n3m I6p
10 diy thai.

Diing: Tuy c6 Chinh chi day dugc mot sb budi
nam I6p 10 nhung viéc dé ciling tao cho minh kha
nhiéu déng luc hoc va cé mot sb huéng di nhit
dinh. Minh sau dé ciing c6 déng luc dé giai bai
va chinh lai huéng hoc cia minh, vi du nhu hoi
I6p 10 minh cé 1én group VNOI trén Facebook hoi
vé nhiing vin dé nhu Treap, Ludng cuc dai, Cay
khung nhé nhit,... nhitng c4i ma minh tudng minh
hiéu rdi vi thuat toén don gidn nhung thuc ra néu
yéu cau minh ching minh vi sao budc nay trong
thuét lai dang, tai sao minh lam buéc nay budc kia
thi minh khéng lam dugc. Minh nghi chinh céi viéc
chiing minh dugc cac thuat todn méi gidp cic ban
thuc su hiéu v& thuat to4n v bit cich 4p dung né
vao gidi cic bai todn khé. DAy I3 diéu minh thiy
bs ich nhit khi minh dugc hoc véi ¢d Chinh.

Long: Thé khi ma khéng hoc véi ¢6 Chinh nifa
thi ban tiép tuc hoc nhu thé nao?

Diing: Hai diy thi hinh nhu VNOI Wiki chua
c6 nhiéu thit nhu bay gid. Minh thi bit dau hoc
ly thuyét & bd 3 quyén tai liéu gido khoa chuyén
Tin. Ngoai ra minh con doc mot sb quyén khac
nhu Mét sb van dé trong Tin hoc, KCBOOK, ... tai
liéu thi minh ciing chi c6 thé thi.

Long: KCBOOK I3 mét quyén sach rat 13 hay,
lau I3m r&i minh md&i nghe thiy né duoc nhic dén
dhy!

Diing: Con vé viéc giai bai thi hdi dau 16p 10
minh chua tim dudc ban pdf clia quyén Compet-
itive Programming 3 nhung da c6 danh sach bai
tap clia quyén diy trén UVa rdi. Thé nén minh ct
lam theo cai danh sich diy, kiéu minh thiy cha dé
nao minh mé moét vai bai ra minh khéng lam dugc
thi minh s& tap trung vao cha dé diy, hoc chi dé
nao minh théy la la thi lam.

Diing: Dén hdi he 16p 10 thi minh biét dén Kat-
tis, & diy c6 nhiéu bai dang ICPC vi Kattis ciing
c6 nhiéu dé ICPC céc noi trén thé gidi. Minh thy
giai bai trén diy rht hitu ich vi cac dé ICPC hau
nhu déu cé 15 giai, va minh cé thé doc 5i gidi khi
bi. Minh thiy giai doan nay trinh minh 1&n nhanh
nh4t. Sau ndy thi minh ciing khéng nhé 13 minh c6
tap trung giadi bai trén site nao khac nira .

Long: R4t tht vi, minh d€ y 13 ban khéng
hé nhic dén Codeforces®® trong khi bén trudng
Chuyén KHTN thi lai gidi Codeforces rt nhiéu.

Diing: A, minh ciing c6 dung dén Codeforces
v ca Codechef nifa nhung chi dung dé thi chir
khong luyén bai trén diy. That ra minh nghi gidi
bai & dau thi ciing tdt, nhung c nhan minh thiy
hdi 16p 10 minh giai bai thi nhiing bai trén Kattis
chit luong kha cao, minh [am thi thiy kha 13 tri
tué . Thuat todn thi don gidn nhung nghi ra dugc
thi khé.

Long: Thé thi sau khi ban tu hoc nhu thé thi
qua trinh ban thi thé n3o nhi?

Diing: Hoi minh 16p 10 thi may mén 13 c3 doi
tuyén clia trudng minh déu vao dugc vong 2 thanh
phb. Vong 1 clia 16p 10 thi minh thiy dé khé tuong
duong véi thi thanh phd & 16p 9 hién nay, nhung
khi 1&n 16p 11 thi vong 1 c6 vé dé khé ting 1én rat
nhiéu. Hinh nhu 13 thi thanh phd & Ha N6i van duy
tri cai do khé diy. Lac minh I6p 11 thi minh kha
phat trién réi, ciing c6 nick xanh nén viéc tang d6
khé nhu thé ciing khdng dnh hudng gl dén két qua
cha minh. Tham chi 13 minh thiy diém cda minh
3 hai ndm thi kha gén nhau, I6p 10 thi 16d, con
I6p 11 thi 16.5d, nhung rank I6p 11 cda minh cao
hon r4t nhiéu so véi 16p 10.

Long: D& Ha N&i miy nim nay thi minh ciing
khong r6, doi Kim Lién nam ngodi cé mét ban nick
xanh ma ciing khong qua dugc vong 1, nén chic 13
hdi clia minh thi dé né khéng kinh khing nhu bay
gid. Minh chi tiéc 13 minh chua bao gid qua dugc
vong 2 d& vao dugc dbi tuyén thi VOI, c6 18 d6 I3
diéu déng tiéc nhit trong hanh trinh hoc Tin clp
3 cla minh.

Diing: Thé thi ban c6 tham gia thi vong 2 &
Ha N6i 2 nim ding khdng nhi? Cac nam day ban
khéng vuot qua 13 vi dé khé hay c6 su cb gi xay ra
khong?

Long: N3m I6p 10 thi minh doc dé rdi nghi
ra dugc thudt gidi cda 2 bai, ma bai th 2 lai I3
bai hinh hoc, minh thi lai chua biét phuong trinh
dudng thing nén minh khéng code dugc. Thé I3
minh chi 1am duoc 1 bai va két qua minh thi khéng
da dé di tiép. N3m 16p 11 thi minh 13m dugc 2 bai,
bai con lai thi impossible. Minh nght bai 2 1a mot
bai cip ghép vi lic hoc vé cip ghép minh d3 gip
bai tuong tu rdi. Chién thuat lic d6 13 minh bd bai
2, minh danh 2 tiéng dau lam bai 1 va bai 3 rdi
danh tiéng cudi d& sinh test rdi stress test, minh
cling dua trén post tu viét trinh chdm caa VNOI
Wiki ma lam. Minh d3 chic ch3n 100% I3 minh

25 Codeforces: mét trang web t8 chifc cac cude thi lap trinh thi dAu véi cic dang dé, bai tap da dang.
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AC c3 2 bai day, nhung két qua thuc t& thi minh
chi dugc 1 nira nhu thé&, ma vong 2 thi khéng cé
phic khdo nén minh ciing khéng lam dugc gi hon
nén minh ciing danh chip nhan két qua nhu thé.

Diing: Du sao thi trong Tin hoc nhiéu khi ban
nghi ra I6i gidi nhung khi minh code ra thi chua
chic né d3 3n diém gibng nhu minh mubn. Vi du
nhu World Finals®® vira rdi ciing ¢6 mét bai hinh,
minh nghi ra dugc 1i gidi ding y hét trong video
cla gidm khado, cling code ra y hét vdy nhung ndp
lén chi dugc Wrong Answer hodc code chay qué
thai gian théi. N6i chung viéc nghi ra dugc thuit
gidi 13 mdt chuyén, va chuyén héa né thanh code
va in dugc diém lai 1a cAu chuyén khac.

Bui Viét Diing tai ICPC World Finals 2021, Dhaka

Long: Minh déng y diéu nay . Okay thi dé I3
cAp 3 cha ban, sau d6 thi hinh nhu ban khéng hoc
dai hoc & Viét Nam ndm nao dau nhi?

Diing: Ding rdi, minh du hoc My tir 16p 12.
D6 la ly do vi sao minh chi thi vong 2 I6p 10 va
11 con 16p 12 tu dung minh bién mAt. Cho nén 13
n3m I6p 11 minh rdt quyét tdm I3 phai vao ducc
doi tuyén thi VOI, con khong thi khdng bao gis cé
cc hdi nira ludn .

Long: Interesting, thé thi sang My ban c6 lam
USACO céc thit khong?

Diing: Minh c6 thit USACO nhung van dé 13
bén My 13 s6 lugng hoc sinh 1am CP?" nhiéu hon
Viét Nam rat nhiéu, cho nén cé nhiéu ban nick dé
canh tranh dé vao duoc vong TST?® clia MY, ho
ciing chi 13y 16 ngusi thdi. Cubi cling 13 minh ciing
khéng c6 clra ludn rdi .

Long: Thé thi 1&n dai hoc ban lai quyét dinh
chon UW-Madison?

Diing: Vi diy 13 trudng rank cao nhit trong
danh séch ma minh dé dugc, véi lai thém Iy do nita
[a trudce khi apply thi minh ciling tao mét cdi script
quét qua lich st thi ICPC cla céc trudng trong khu
vuc rdi sau dé cé bang rank cic trudng vé thanh
tich ICPC nita. UW-Madison thi chi I5 ICPC World
Finals c6 3 1an va chua 18 13n nao trong thé ky 21
nén trudng dé ciing ¢ rank kha cao vé phia ICPC,
ngang nglra MIT va Harvard ludn.

Long: Interesting, sau khi vao UW-Madison thi
ban thi ICPC thé nao nhi?

Diing: Minh thi ICPC tir n3m nhit luén, nim
diy thi minh ciing may min n3m trong déi 1 cla
trudng nhung dén ldc thi Regional thi lai bi thua
penalty team khic. That ra ciing c6 mdt su cb
khéc x3y ra, dé 13 trinh dich C++ bi 18i, cic ban
thé tudng tugng thi ICPC ma khéng cé C++ xem

Diing: Nhung rat may vi ¢6 su 6 dé ma 3 n3m
sau thi Regional thi ky thi dugc t6 chiic t&t hon rht
nhidu. O may cé di moi loai editor va compiler, chi
tiéc mdi n3m dau lai khéng duoc nhu thé, nhung
ma giad st minh dugc di WF vao ndm nhit véi n3m
hai thi minh lai khéng c6 co héi di ndm ba, nam
tu nita. Chua ké 13 n3m hai clia minh (2019) tré
vé sau 13 c6 thém North America Championship
(NAC) nifa, nén I3 c6 I& trugt & nam nhit d3 tao
ca hoi cho minh thi ICPC nhiéu hon va trinh dé caa
minh thi cang dugc nang cao hon. Thuc ra bay gid
thi minh khéng thiy tiéc nita, chi tiéc 13 nim nhit
thi 2 teammate cGa minh lai 13 n¥m cudi nén ho
khong c6 co héi thi tiép nifa, nhung thdi chuyén
d3 qua rdi thi cling khong thé 1am lai duoc .

Long: Okay, thé& n¥m hai 13 ban d3 vao duoc
WEF chua?

Diing: Dang rdi, n3m dé thi Regional team

2\World Finals: Cudc thi ICPC cubi cling trong mdt mua gidi bao gém nhiing déi xubt sic nhit clia cac trudng dai hoc

trén thé gii vuot qua vong loai viing (Regional contest)
27CP: Competitive Programming - Lap trinh thi d4u

2TST: Ky thi tuyén chon déi tuyén du thi Olympic Tin hoc Québc t&, hay con dugc biét dén 13 Vong 2 thi chon Hoc

sinh gidi Québc gia.
2101: Ky thi Olympic Tin hoc Qubc té.
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minh thing team thd hai d&n 3 bai. Team clia
minh c6 mét ban Trung Qubc nick dé va mét ban
Théi Lan c6 huy chuong déng 101 .

Q N3m dé ban thi Regional & site nao nhi?

Diing: North Central North America (NCNA).

Long: Nam d6 ban v6 dich Regional rdi thi vo
thing WF nhi?

Diing: Ding rdi, nhung team minh van duoc
mdi tham gia thi unofficial 8 NAC. Ciing hoi tiéc
vi d6 ciing 13 ky thi onsite dau tién cGia minh, minh
ciing kha choang ngop. Lic thi thi team minh per-
formance ciing khong t&t 13m, minh nhé 13 top 17
thi s& dugc 1500$ va team minh thi lai xép thi 18

Diing: Minh tiéc 13 hém diy c6 bai C 13 bai
hinh hoc, ma minh lai phu trach phﬁn hinh hoc
trong team nhung minh lai chi nhé mang mang
cach lam ma lai khéng lam dugc hin. Ngoai ra,
c6 mot bai nita ma teammate minh ting gip &
APIO® rdi, chi 13 gidi han khac mét chit va thuat
clia teammate minh thi lai bi TLE. C6 thém bai A
13 mdt bai 2-SAT, th& m3 teammate manh nhit
cta minh lai doc sai dé nén thot ludn bai déy.

Long: Sau dé 13 WF nam dé dién ra & dau nhi?

Diing: O Nga, liic d6 minh ciing trén tinh than
lam lai bing WF rdi nhung lai dinh COVID mdi
bung phat nén 13 WF (bang Invitational) lai bi de-
lay dén n3m 2021. Minh nhé 13 minh qualify cho
ky WF tiép theo thi ky WF truéc méi dién ra

Diing: COVID di&n ra khién timeline ctia ICPC
né dao 16n hét tit c3. D3 ¢ nhing ldc ma minh
phai train & 2 team khac nhau cung lic, mét doi
dé qualify ndm sau va mot déi cho ndm ngodi.

Long: Nghe rit 13 hardcore. N3m sau (n3m
2023) thi WF lai tiép tuc dién ra vao thang 11 va
né sé 13 2 ky thi gdp 1am mét, thé& thi n3m ba I3
ban sé thi cing mot team mdéi hoan toan hay sao
nhi?

Diing: Nam thi ba thi minh thi cling véi mot
ban tung thi 10l va mét ban Trung Québc tung thi
Putnam.

Long: Thé& thi chién thuat train cla ban nhu
thé n3o? Kiéu 2 ngudi nghi 1 ngudi code hay la ai
nghi bai nao thi ngudi dé code?

Diing: O team di WF 13n diu cla minh thi
minh ¢6 2 teammate manh vé toan dién, nén 2
ban s& cover hiu hét cic chd dé con minh thi chi
tép trung vao ph§n minh gidi nhit dé 13 hinh hoc.
C3 mét ndm dé minh chi luyén bai hinh hoc théi.
Nhung ciing tiéc 13 lic thi NAC va WF thi minh

lai khéng 1am dugc phan cia minh, di 13 nhiing ky
thi khac thi minh déu can duoc moi bai hinh hoc.

Long: Vay I3 ai nghi thi ngusdi d6 code ludn
ding khéng?

Diing: Diing rbi.

Diing: Con team di WF 1an 2 thi khéc, lic d6
thi online vi dich nén 3 ngudi 3 mdy, & cic vong
loai thi bon minh gidi bai déc 1ap véi nhau. Néi
chung néu c6 teamwork thi ban timg thi 10l s&
lo nhitng bai khé nhit, ban ting thi Putnam s&
lam nhiing bai Todn, con minh thi lam nhiing chd
dé con lai nhu Data Structures nay kia. Dén WF
thi chién thuat déy cia bon minh lai khéng hiéu
nghiém nita vi ldc dy moi bai déu rat khé nén
bon minh phai nghi ra chién thuat khac 13 sau khi
gidi quyét duoc xong 1-2 bai d& thi c3 team s& tap
trung cling nghi bai tiép theo rdi code. Diéu lam
minh ngac nhién la chién thuit déy ap dung lac
train thi s6 bai bon minh 1am duoc ting lén déng
ké, c6 dot train d& WF 2012 team minh con dugc
gitta bang xép hang. Trudc khi thi thi bon minh
cling hy vong rit nhiéu vao ky WF nay.

Long: Thé nhung ma déng tiéc 1a vin c6 su
cb nén ban phai thi WF mot minh va dugc cd héi
trudng vd tay . Thé lic dé ban cdm thiy thé nio
nhi?

Diing: Trong tiéng Anh c6 tir bittersweet, kiéu
vifa vui vira budn. Vui vi ltic déy team minh dugc
quan tdm hon, dugc 2 ban volunteer xach dd gitp
minh, dugc cac dbi dén tir cic chau luc c8 vii rat
nhiéu, trong dé cé cac ban & Viét Nam.

Diing: Team minh khi train thi lic nao ciing
nhim vao top 40, diéu d6 dbi véi bon minh rat gia
tri vi rating cia m&i ngudi nhin vao thi chic khdng
thé& ndo 1&n dugc tAm dé clia ICPC WF rdi. Nhung
khi két hop v6i nhau thi siic manh cia bon minh
thi dugc nhan 1&n rt nhiéu, dén tan 3 Ian, thudng
cac team khdac thi chi khodng 1,5 1An thédi, chic 13
vi bd ki nang clia bon minh kha 13 khac nhau nén
khi két hop lai thi rit c6 loi. Ciing vui nifa 13 ngay
tir ddu bon minh khdng quen biét gi nhau c3, do
trudng chon team, nhung sau nay lai rAt than véi
nhau.

Long: Sau WF n3m nay rdi thi ban tét nghiép
chua nhi?

Diing: Thuc ra minh d3 tbt nghiép truéc WF
rdi nhung ma ky WF nay 13 mdt phan clia mdt cai
khéa hoc trong trudng minh. L& ra xong WF thi
minh mé&i nhan diém cha khéa hoc nhung ma vi
minh bi thiét hai nhu vay rdi nén thiy bao 13 cir
thodi mai di thi di, khéng |4y két qua ctia WF nifa.

30APIO: Ky thi Olympic Tin hoc Chau A -— Théi Binh Duong.
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Thé& 13 minh ciing biét 13 c6 diém trudc khi thi WF
roi, nhu’ng ma ngay sau WEF thi minh méi chinh
thic c6 diém hét tit ca cac mén.

Long: D6 la dai hoc, vdy du dinh trong tuong
lai cua ban la gi?

Diing: Hién tai néu ndi tuong lai nhu 10 n3m
nia ch:fmg han thi minh vin mudn cé mot cai b:\?\ng
Master hodc PhD. Minh van dang can nhic vi cic
ban biét d6 13 mét su dau tu khéng nhd vé thdi
gian. o) M§ thi tir bang dai hoc I&n bang PhD thi s&
mat khodng 6 nim, ma trong thdi gian dé thi tit
nhién minh c6 thé di lam va kiém duoc rit nhiéu
tién. C4i dy thi minh vAn con dang suy nghi chd
hién tai thi minh chua hoc Master, minh van dang
di Iam va minh nghi 1a trdi nghiém khi [am viéc thi
s& gitp minh biét dusc minh thich cai gl va sau nay
hoc PhD thi minh sé biét dugc minh nén nghién
cllu mang nao.

Long: Ban dang lam trong linh vuc nao nhi?

Diing: Minh dang 1am mét céng ty trading, vé
tai chinh. Trong céng ty thi minh ciing chi la ngudi
tinh todn nhiing cai cdng thic rat 13 phiic tap bing
mdy tinh théi. Nhiéu c4i ban dau minh thiy rat I3
don gian nhung khi ma di vao 1am viéc thi méi thiy
3 rAt phdc tap. Kiéu nhiéu khi cé cong thic dy
cti thé ma tinh théi, sau khi ma 1am viéc thi minh
phai cha y dén dé phic tap nifa vi céi gi ciing phai
tdi uu. Trong trading th ho doi hdi tbc do xi Iy
rat nhanh, kiéu nhiéu khi O(n) khéng di thi minh
phai tim cach cho né xubng O(log n) rdi phai cap
nhat, mdi lan cap nhit mdt céi théng sb nao dé
thi phai cdp nhat lubn két qua. .. Néi chung minh
thiy ky ning trong CP rit 13 c6 ich trong cbng
viéc clia minh.

Diing: Ngoai ra minh ciing lam interview prob-
lemset, tic la minh nghi ra bai danh cho interview.
NGi chung trong team interview thi s& c6 nhiéu
CPer nén cac ban lam CP thi ciing cé thé quen
dang dé céc thu.

Long: Minh mubn b8 sung thém phan nay thi
trong nhiing n3m gan day thi nhiing cong ty trad-
ing tuyén rit manh vao cong dong CPer. Vira rdi
ICPC Viét Nam c6 nha tai trg vang la Optiver, bay
gid cac cong ty trading ciing tai tro ICPC rat I3
nhiéu.

Diing: Ding rdi, vira rdi ciing c6 mét cong ty
trading la Jane Street ciing tai trg cho ICPC bén
minh. Thuc su khi ma di vao cic bai todn thuc té
thi diing 13 nhiing k§ n3ng trong CP minh thiy rt
hop véi cong viéc trong cac trading companies.

Long: Vang, day I3 phan vé tuong lai. Gid thi
cling dén phan cudi cta phdng van rdi nén nhu
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thudng 18 minh ciing mudn hdi vai cu mang tinh
chia sé véi cac ban doc. Diing 1a mdt ngudi déng
gép rat nhiéu cho cong dong VNOI, khéng phai
ng3u nhién ma team VNOI trong lan 1am tap chi
nay mai Diing 1am ngudi phdng vin dau tién. Minh
nghila ban I3 mét trong nhiing ngudi cé anh hudng
rat 16n 1&n cong déng. Dac biét trong nam vira roi
thi minh nhé |3 c6 cai series bvd live rit 13 duoc
hudng ng, thi déng luc nao da khién ban 1am céi
series bvd live chit luong nhu vay?

Diing: Thuc ra déng luc ciing chi 1a minh d3
nhan dusc tir VNOI rat nhiéu, kiéu minh thiy 13 di
khong phai 13 noi gitp minh phat trién nhiéu nhit
nhung ma VNOI c6 nhiéu c4i dau tién clia minh,
gitp minh tim dugc dinh hudng dé phat trién. Néu
nhu khdng c6 VNOI thi minh chic 13 s& khong theo
CP. Minh biét Codeforces 13 qua VNOI, minh biét
cac site CP khac ciing 13 qua VNOI. Minh thiy 13
minh nén c6 trach nhiém cho cong dong, cbng hién
lai cho cong dc“\mg. Cé thé 13 mdt ban nao déy xem
bvd live ma ciing méi hoc CP thi ban dé c6 thé
hudng lgi tir ci series d6 va biét dau ban lai thanh
ICPC World Finalist thi sao?

Long: Very inspiring! Rt 13 dang quy. Hdi
thém mot ti 1a ban cé chuan bi cai déy cé lau
khong?

Diing: Ciing tly budi, c6 budi minh chun bi
d&n 16 tiéng. Minh nhé cai budi day 13 v& Cay phan
doan (Segment tree), dii né 13 mét chii d& phd bién
trong CP nhung minh ciing mudn 6 su két nbi cac
budi v6i nhau, vi du & day 13 lién két véi Chia dé
tri (Divide and Conquer) vi minh thiy 13 hiéu dugc
Chia dé tri rdi ap dung vao Segment tree thi ¢ thé
gidi duoc cic bai kha 13 séng tao. Thé nén 13 cong
stic gd LaTeX rdi vé& hinh cac thi, ciing nhu 13 kiém
tra cic cong thiic, ciing goi 13 tdn kém nhung né
dang thdoi gian cGa minh.

Long: Thé thi tir mdt hoc sinh hoc trudng
khéng chuyén, sau diy rdi ciing tu cay lén duoc
thanh ICPC World Finalist. C4i thanh tich d6 ciing
rit 13 dang quy, it nhat 13 & Viét Nam wi Viét Nam
chua cé nhiéu ngudi dat dugc nhu vdy. Ban cé I6i
khuyén gi vé cach tu hoc, cach train va dic biét I3
cach ban duy tri dong luc hoc dugc khong? Bdi vi
vi du nhu bén Chuyén KHTN thi cé nhiéu ban hoc
cling va ai ciing cay cing cuc thi diéu diy rat d&
dé duy tri dong luc hoc.

Diing: That ra vé duy tri dong luc thi hdi cAp
3 minh biét 13 minh kém hon céc ban rdi nén minh
phai cb ging nhiéu hon. Minh ciing biét 13 minh
khong thé cb gang hon bén Chuyén KHTN dugc.
Gia st m&i ngdy minh danh it nht 4 tiéng d& hoc
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thi c6 thé |3 minh canh tranh truc tiép dugc. Ngoai
ra dong luc cta minh con 13 theo d&i nhiing ban
cung lra, xem cac ban hoc thé nao, minh khéng
biét diy c6 phai 13 18i khuyén tét hay khdng bdi
vi trudc tién ban phai danh bai dugc chinh minh
d3. Nhung ma néu khdng biét danh bai chinh minh
sao thi ban cé thé chuyén sang tim cach danh bai
ngudi khac .

Diing: Xem nao, thit ra dong luc nita thi chic
|3 do minh tham gia cic contest thudng xuyén, cai
rating né ciing 13 cai gi d6 thic day minh. Thudng
thi cac ban nam sé& quan tam dén nhiing céi chi sb
d& ma canh tranh 1&n. Cai rating thi cé thé khong
phan anh ddng thuc luc cta minh nhung ma né
ciling 1a mét chi s6 dé tao cho minh dong luc dé cb
gang, nhin céi rating né I1én ciing thich chi. Con
hién tai thi déng luc dé duy tri CP cda minh I3
minh thiy cic kj ning né van con gitp ich minh
trong cong viéc, minh s& tiép tuc luyén tap dén
chitng n3o minh thiy né con gidp ich cho minh.
Ciing c6 nhiéu ltiic minh tu hdi 13 minh hoc nhiing
c4i ndy d€ 1am gi. T4t nhién I3 ban khéng thé 4p
dung 100% nhiing gi minh hoc nhung ma vin st
dung mét phﬁn nao déy dé ap dung vao cbng viéc
hién tai. Khi dugc giao mot cai du 4n, sép clia minh
ciing hay bdo 13 “Sao may ting code dugc bai nay
thé?", “Sao may lic ndo ciing tiing code miy céi
nhu nay mét Ian rdi thé?".

Long: Okay , chic 13 ciu hdi ciing chi c6 thé
théi. Cac cdu chuyén cta ban rat 13 hay va déc
d4o. D& chbt lai thi ban c6 diéu gi tdm dic mubn
gli dén ban doc khéng?

Diing: C6 méot diéu minh nght minh hoc dugc
qua lap trinh dé I3 tham gia cic ki thi Tin hoc.
N6 khac véi cac ki thi nhu thi Dai hoc hay tuyén
vao cip 3, dé 1a nhiing ki thi ma minh duoc phép
thit bai. Giéng nhu ICPC WF, minh chon chién
thudt kha la mao hiém vi minh biét 13 minh dugc
phép that bai. Minh nghi cic ban khéng nén dit
nang qua, minh khdng thanh cong dugc thi minh
that bai théi. Cai quan trong la minh biét nhin vio
nhitng thit bai dé dé 1am déng luc phan du. Minh
hoc dugc cach biét cudi vao nhitng that bai, nhiing
cai ngu cha minh trong qué kht. Lac diy viéc hoc
v thi ddu Tin hoc clia cic ban né s& thodi mai
hon r4t nhiéu.

Long: R4t cdm on Diing vi I5i nh3n nhi rt
truyén cadm hidng cho cic ban déc gid. Cam on
Diing vi budi phdng vin hém nay!
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Phéng van Tran Quang Léc

Interviewer: Hoang Xuan Nhat — Huy chuong Bac [0l 2018



Phéng vAn Tran Quang Loc

Nhat: Xin chao anh Léc, md&i anh gidi thiéu vé
ban than a.

Loc: Xin chao cic ban, minh tén |3 Tran Quang
Léc, sinh ndm 1999, nha & tinh Hoa Binh. Minh
vira tbt nghiép va dang di 1am tai Pendle. Minh
tung 13 du hoc sinh Nga, hoc tai trusng ITMO,
trudng ca tourist?!

Nhat: Anh Léc cé thé ké vé& qué trinh hoc Tin
ctia minh dugc khong?

Léc: Minh biét 1ap trinh tir 16p 8, tir mdn
Tin trén trudng 13 day Pascal. Lén cip 3, minh
hoc truong THPT chuyén Hoang Van Thu, ban
dau minh hoc chuyén Toén xong dén giita 16p 11
thi minh chuyén sang hoc Tin. Trudng minh ciing
khéng phai manh vé mén Tin, nhung dugc cai I3
ldc d6 minh ciing r4t mudn hoc Tin va ciing chiu
khé tim toi cic thi. Minh c6 doc cubn CP*? 3
nhung ma chi doc dugc mot nira thdi, con lai minh
xem dbng reference & dudi rdi tim ngudn khac doc.

Léc: Minh ciing chi dusc thi qubc gia vao 16p
12 va két qua ciing khéng dugc nhu minh mong
doi, n6i mét cach tré trau thi goi 1a cay ci . Minh
nghi kh3 n3ng minh cé thé 1am tbt hon, & c3 qui
trinh & cAp 3 nén minh khéng ding lai viéc hoc
CP ma sé tiép tuc theo dudi trén dai hoc. Trudng
ITMO ciing 13 trudng manh vé CP nén né ciing
gitp ich dugc cho minh. Minh thi lai khéng hoc
clng nganh vdi tourist, tic la nganh ciing khong
manh v& CP I3m nén minh ciing khéng thi ICPC*
vao nim nhit. Khi minh thi ICPC bén Nga, minh
cling vlra hoc vira 6n thi ICPC. Dugc céi la team-
mate cta minh cling hdng nén minh ciing dugc
tham gia nhiéu event, CP training camp. Minh b3t
d4u thi ICPC vao n3m hai nén minh ciing duoc thi
3 ndm & Nga.

Nhat: Vay 13 tir thit bai & cAp 3 anh mdi quyét
tam try hard trén dai hoc, diéu d6 chic 13 ai ciing
hiéu dugc. Co ma didu ma chic ai cling thic mic
|3 tai sao anh lai chon du hoc Nga?

Loc: Cau nay kha la tha vi! Sau khi minh thi
qudc gia thi trudng minh c6 phéit déng cudc thi

do Trung tdm Van héa Khoa hoc Nga t8 chic dé

4y hoc bdng du hoc Nga. May mén thay, minh thi
duoc hoc bdng 100% nén minh dugc di du hoc ma
khéng phai lo gi vé& kinh phi ca. Minh dugc phép
chon trudng nén minh chon luén ITMO, ciing kha
la thuan lgi.

Tran Quang Léc va truong Dai hoc ITMO, Nga

Nhat: Vay c4 nhan anh thiy c6 nén khuyén
khich cac ban apply vao hoc béng dy khong?

Loc: C6 2 mit, phan khdng nén thi I3 vi tiéng
Nga khé hoc. Minh phai danh n3m dau khi sang
Nga chi d& hoc tiéng Nga, tdc 13 minh di 5 n3m.
Hoc xong nam dau vin chua xong dau, vao dai
hoc rdi thi vAn cé hoc phaA\m ngoai ngi, sinh vién
nuéc ngoai phai hoc tiéng Nga, con sinh vién Nga
thi phai hoc tiéng Anh. Cho dén khi minh dén nim
cudi rdi thi kha ning nghe tiéng Nga cia minh méi
goi la tam 6n, bdi vi trong lic hoc th§y cd thuong
néi nhanh va néi nhing tir minh khéng biét. Noi
chung 13 rao can ngdn ngit s& 16n hon r4t nhiéu so
véi di du hoc & nhiing noi chi can tiéng Anh.

Nhat: Vay 13 anh hoc hoan toan bing tiéng
Nga?

Léc: Ding vay, nhung ma d&€ minh k& cho cai
nay vui ndy! Db minh phai nghe gidng bing tiéng
Nga nhung ma 2 nim diu thi minh dugc xin thi
clt bing tiéng Anh. Lén n3m 3, trinh db tiéng Nga
cGa minh mdéi 1&n h3n. Vi thém mét Ii do nita cho
diéu dé 1a vi minh thi ICPC . Don gian |a vi minh
phai giao tiép v6i teammate, minh doc dé tiéng
Anh r0| minh phai glal thich dé bing tiéng Nga
Minh co phai dung tiéng Nga chit khéng mubdn sk
dung tiéng Anh véi teammate cho né tu nhién hon.
N6 tao thanh mot céi vong 1ap cho minh dé ma
minh tién bd.

Loc: Thém vai ly do khéng nén di Nga nifa la
COVID va dang cé xung do6t. Bay gid dich ciing d3
roi nhung néu xay ra su kién tuong tu nhu thé 1am
ban phai & lai bén Nga, ma Nga thi lai rAt xa nén
chic chin 13 ngudi nha ciing lo, minh ciing budn.
Cai xung dot bén Nga ciing anh hudng it nhiéu dén

3ltourist: tén that 13 Gennady Korotkevich - mét I4p trinh vién ngudi Belarus. Anh c6 6 Huy chuong vang 101 (2007 —
2012) va 2 lan v6 dich thé gidi tai ky thi ICPC (nam 2013 va 2015).

32CP: Competitive Programming - Lap trinh thi d4u

31CPC: International Collegiate Programming Contest - Cudc thi L4p trinh Qubc t& 1au ddi va danh gia nhit danh cho

sinh vién céc trudng dai hoc va cao dang trén toan cau.
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ca nhan ban.

Léc: Con vé phan nén, néu ban I3 ngusi thich
di day di d6 thi s& thich Nga, vi Nga c6 rat nhiéu
canh dep, cling 1a mot trai nghiém kha vui. Thém
nita 13 néu ban may m3n thi s& duoc du cac su kién
hay ho bén Nga, gibng nhu minh dugc di training
camp rat vui. Minh ciing thiy 13 Regional & Nga t8
chiic rit 13 hoanh trang. A, néu ban chon ITMO
thi ciing ¢6 nhiéu ngudi Viét nén ban ciing khéng
cdm thay cb don khi sang day, khdng thiéu ngusi
dé néi tiéng me dé cling . Trong ky tiic x4 minh ¢é
dén tdm 200 ngudi Viét!

Nhat: No6i chung vira ndy anh néi thi em méi
nhan ra |3 viéc thi ICPC véi teammate Nga né khé
hon hén thi v6i teammate néi tiéng Anh. Cho nén
em thay diéu dé khién thanh tich cda anh né ngau
hon em nghi! Lac ndy anh cling c6 néi la anh va
tourist hoc khac nganh nén chic moi ngudi ciing
thic méc ring hoc CP thi sau ndy ra lam gi? Ching
han nhu tourist gid lam gi, anh lam gi, va 2 ngudi
khac nganh thi cé khac céng viéc khong?

LOc: tourist hién tai theo minh biét 13 tiép tuc
lam nghién citu sinh tai trudng. Hai nam cudi minh
thi thi tourist 1a coach ICPC trudng minh ludn.
Theo minh biét, [inh vuc nghién cliu cua tourist la
tin sinh hoc, minh ciing théy 13 hoc CP ¢é Igi cho
finh vuc diy, kifu xai cic thuat todn xi Iy chudi
trong gen 4y. Con phan minh, hién tai minh dang
lam fullstack, nhiing thit minh code thi né vé thiét
ké ph§n mém hon 13 st dung thuat todn. Tuy nhién
cac bai todn minh giai quyét van 13 tbc db va do
8n dinh. N&u ban c6 kinh nghiém 1am CP thi phan
téc do cling sé thuan Igi cho ban.

Nhat: Vay sau khi sang Nga, anh thdy minh
d3 dat duoc muc tiéu anh mudn trong CP chua?

Loc: T4t nhién muc tiéu cao nhit cda minh
13 vao dugc WF** | va minh d3 khéng lam dugc.
Nhung minh ciing dugc thi Regional, va céi Re-
gional clia minh (NERC® ) ciing dugc danh gié 13
khé. Thém mét diéu nita 13 minh dugc gap tourist
nay! Minh ciing thy dé 13 diéu tuyét vai ma khéng

phai ai ciing dugc.

Tran Quang Léc vdi d6i Unexpected Value trong ki
thi ICPC NERC 2021

Nhat: Khong chi tourist ma anh con dugc gap
founder Codeforces®® Mike Mirzayanov®’ diing
khéng?

Loc: Ding rdil Mike that ra 1dm & tinh khac,
sau d6 thi m&i chuyén sang cong tac & ITMO. Mike
thi ciing [am coach kh4 lu rdi, nhung ma gid 6ng
y ciing khéng thich 1am nita ma lai thich lam vé
dev hon, con tourist thi vin day algo.

Nhat: Nhan ldc néi v& Mike thi anh c6 thé chia
sé ludn cau chuyén anh [am coordinator cho Code-
forces dugc khong? Anh ciing 1a ngusi Viét Nam
dau tién c6 title d6 ludn ding khéng?

Loc: Diing rdi, that ra ciing don gian! Vao mét
ngdy binh thudng, minh thiy tin nhin trén Code-
forces bing tiéng Nga huy déng mdt sé ngudi lam
coordinator, ai mudn 1am thi lién hé véi Mike hoic
véi KAN®® . Lic dby minh 1én do rdil Trude dé
minh ciing khéng c6 kinh nghiém ra dé véi coordi-
nate contest 13m, chinh cai round Codeforces minh
[am [a mbt bai kiém tra v3 bai huédng dan ludn!

Nhat: Viy anh c6 thé chia sé thém ring lam
coordinator c6 vui khong? Anh ¢ recommend cac
ban khac [am coordinator gidng anh khéng?

Loc: V& am coordinator, cic ban néu théy
minh khing thi ¢ thé nhin véi KAN. B&i vi er-

rorgorn® bao véi minh 13 né thich nén né nhin

34WF: World Finals — Cubc thi ICPC cudi cling trong mot mia giai bao gdm nhitng doi xult sic nhit clia cac trudng
dai hoc trén thé gii vuot qua vong loai viing (Regional contest)

35NERC: Northern Eurasia Regional Contest — Ky thi ICPC vong loai khu vuc Bic A-Au.

36Codeforces: mot trang web t8 chifc cac cudc thi 1ap trinh thi d4u véi cic dang dé, bai tap da dang.

3"Mike Mirzayanov: mét 1ap trinh vién ngudi Nga, hoc va tbt nghiép tai trudng ITMO. Thudng dugc biét dén 13 ngudi

tao ra nén tang chdm bai truc tuyén Codeforces.

3KAN: tén that I3 Nikolay Kalinin - mét 1ap trinh vién ngudi Nga. Anh c6é 2 Huy chuong vang 10| (2013 -2014) va 1
Ian vo dich thé giéi tai ky thi ICPC (n3m 2020). Thudng dugc biét dén 13 ngusi phu trich hd trg t6 chiic ky thi trén nén
tdng chdm bai truc tuyén Codeforces. Xem thém tai https://cphof.org/profile/topcoder:KalininN.
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errorgorn: tén that I3 Ashley Khoo - mét 1ap trinh vién ngudi Singapore. Anh c6 3 |an tham gia ki thi 10l, trong d6

c6 2 Huy chuong vang 101 (2021 - 2022) va 1 Huy chuong bac 101 (2020). Xem thém tai https://cphof.org/profile/

codeforces:errorgorn.


https://cphof.org/profile/topcoder:KalininN
https://cphof.org/profile/codeforces:errorgorn
https://cphof.org/profile/codeforces:errorgorn
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KAN xin v6 1am théi. Cac ban nén hiéu I3 viéc cia
coordinator khéng phai 1a 1am round ma 13 dadm
bdo chit lugng clia round, vé dé 1An vé test. Mot
13 dé phai doc vao dé& hiéu, déy dd thong tin, hai
|3 test phai manh. Ban sé& phai huéng din cac ban
viét problem, rdi phai huéng dan sinh test nhu thé
nao, ndi chung thi cai nay ciing cé format. Trudc
khi bai dugc cho vao round thi coordinator phai
duyét bai nifa, cé thé tir chéi thodi mai . Cai hay
clia viéc dé 13 ban dugc biét nhiing y tudng hay tir
nhiing bai duoc dé xut. Hau hét bai bay gid khéng
phai 1a bai tu sdng tac nita, minh ciing phai doc,
ngdm, xem solution clia tic gid c6 hop & khong.
Theo minh d6 la phé\n tha vi khi 1am coordinator .

Loc: Né6i chung 13 phai ddm bdo hét cic giai
doan clia qué trinh 1am contest, chd niao khdng
8n thi phai sta ngay. Vi du test xong round ma
thiy bai nay khéng 8n thi phai thay bing bai khac,
nhiéu khi cdng doan dé phai I3p lai nhiéu Ian kh3
lau.

Nhat: Kha [3 thda vi, va cling cdng nhan [ tu
khi sép Léc coordinate cho contest ctia VNOI thi
chit luong clia né ciing 1&n hdn, vi du nhu cac con-
test Bedao gan day. Vay thi anh c6 thé chia sé qua
trinh anh vao VNOI dugc khong?

Loc: Minh vao VNOI tir he 2021, khi ma VNOI
md& dot TNV gen 1 thi minh c6 apply. Mot thai gian
sau khi minh bt dau [am TNV, sép Lomk ciing mai
minh thanh lead cia TNV. Sau mét thdgi gian nifa,
chic 13 cong viéc minh 1am tbt nén minh lai dugc
mdi lam admin VNOI .

Nhat: Vay cip 3 anh c6 biét dén VNOI khong?

Loc: Phai vao doi tuyén rdi thi minh méi biét,
truéc dé minh gan nhu cha biét gi ca! Lic ddy minh
join group VNOI trén Facebook, rdi ciing hay tra
151 c4c ban hoi bai nay no. Hinh nhu ldc dy 13
group VNOI trén Facebook dang x6m va may min
|a minh cling active nhit vao ltc déy . Lén dai hoc,
minh ciing khéng active trén Facebook nita, group
VNOI ciing it hoat déng dan. Nhung VNOI lai ¢6
thém server trén Discord va minh lai active trén
Discord . Kiéu ¢ ban nao ping minh thi minh l&n
dAy trd I15i gitp héi bai cic kiéu. Minh ciing biét
dot tuyén TNV I3 qua VNOI Discord server.

Nhat: Viy gid anh con active trén Discord nira
khong?

Loc: Thinh thodng c6 ban héi bai trén diy thi
minh van vao tra I5i, bay gid minh ciing tap trung
vao cdng viéc hon nén chic |3 sé khdng active bang
lic trudc. Phan nita 13 minh ciing khéng tap trung
vao CP nhiéu nifa.

Nhat: Anh c6 thé chia sé thém v& nhing cau
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chuyén trén dai hoc cla anh dugc khdng?

Loc: Minh & ky tic xa. O beén Nga thi round
Codeforces di&n ra vao 5h chiéu, minh ciing hay di
hoc vé rbi néu cé contest thi thi ludn, kigu vira 3n
tdi vira thi . Ciing miy lic chd system testing ludn,
nhung ma khéng dugc d& nha tim déng cia .

Nhat: Nghe thi vi thé, anh c6 thé ké thém vé
chi tiét d6 d& cac ban biét v& trai nghiém st dung
nha tdm cong cong khong? O Viet Nam thi khong
cd cai nay.

Léc: U dang! C4i nha tdm thi danh cho nim
nhit dén n3m ba xai chung, nim tu thi xai riéng
cai khac, mé tir khoang 8h sang dén 9h tdi. Nhiéu
khi minh thi CF xong mai chat mai héng system
testing thi lai nhan ra nha tdm sip déng ciia, thé I3
phai chay di ngay . Nam tu thi trudng xay thém nha
tdm nén dugc xai riéng, lic d6 ciing dang COVID
nén 13 ciing can thiét. C6 miy lic minh vao nha
tdm thi c6 mdi mdt minh trong day (binh thudng
thi déng Idm nhé).

Loc: Ngoai nha tim ra thi con cé nha bép nita.
Céc ban ciing dugc vao dé tu niu dd ca minh cic
thit cc thir, ciing vui. Gid thi né hoi xubng cip ti
rdi . Minh cling théy |3 cac ban Nga it khi tu niu,
ma ngudi Nga ciing 3n tdi don gian 13m, bifa trua
méi goi |3 day d.

Nhat: Néu vay thi khi anh con di hoc dai hoc,
thai gian biéu mét ngdy cla anh tréng nhu thé
nao?

Loc: Cau hdi thi vi, mét ngay & truong thi cé
khoang 7 tiét. Tiét ddu bt dau tir 8h séng, nhung
ma cac ban nhé 13 diy vao 8h & Nga né khé hon
day & VN nhé ;(. Tiét cudi cling két thiic vao 8h
tdi. Minh thudng khdng phai hoc dén 8h ti vi minh
chi hoc khoang 5 tiét 13 nhiéu nhat. M&i tiét cua
minh kéo dai 1 tiéng 30 phiit. A, m3 trudng minh
ciing ¢4 nhiéu co sd nén cé may ldc minh ciing phai
di chuyén giifa cic co 8 Ay.

Nhat: Ngoai di hoc ra thi anh con lam gi nita?

Léc: TAt nhién 13 phai ké dén thai gian minh di
chuyén tu ky tic xa 1én trudng va ngudgc lai . o) Nga
thi khong cé tau dién hay xe buyt nén minh phai
di bd tAm 40 phit cho mot chuyén. Dugc cai vao
nam tu thi cé dich vu thué xe dién nén minh ducc
di chuyén tién hon, c4i nay c6 app hdn hoi nhé.
Trudng minh ciing lién k&t véi cic cdng ty nén mdi
sinh vién ciing dugc 1 vé mién phi di trong ngdy .
Trong 1 tudn thi chi dugc 5 ngdy thdi cho nén néu
mudn di vao T7 thi vin phai di b ;(

Nhat: Thé anh cé phai lam bai tip vé& nha
nhiéu khéng?
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Loc: Ciing c6, dic biét |3 cic 16p lab nay. Nhiéu
mén [am thi rAt nhanh nhung ma phai lam bdo cio
con 1au hon thai gian [am nhiéu. C6 mét mén 13 6ng
thay bt minh AC khoang 20 bai trén acm.timus.ru,
tAt nhién 13 thi gian d& 1am thé thi rit nhanh véi
minh . Nhung phan mét nhit 13 phai vé so dé khdi
cach gidi cac bai diy, phan dau lau cuc.

Nhat: Liac truéc khi qua Nga thi Codeforces
anh mau gi nhi?

Loc: Lic minh thi xong I6p 12 thi minh & tim.

Nhat: Cai ndy em nghi nhiéu ban ciing quan
tam nhiéu. Anh Ién dai hoc rdi thi thoi gian cho
CP ciing gidm xubng so véi cAp 3 nhung ma anh
lai tiép tuc cay lén dé CF. Vay anh d3 lam duoc
diéu dé nhu thé nao nhi?

Loc: Chic 13 do minh vAn |am contest thudng
xuyén nén minh vin duy tri dugc trinh do, véi lai
minh ciing hay luyén bang bot TLE trén server clia
VNOI, m&i ngay minh gitgud 1 1an. Minh thiy céi
dé ciing hay vi 13 mdi Ian gitgud rdi AC, dit minh
tu gidi hay 13 bi doc I5i giai rdi code lai thi né ciing
tinh diém cho minh, tir d6 ciling hinh thanh mot
cai qua trinh dé minh theo dai. D6 cling 1a mét
dong luc dé minh tiép tuc luyén.

Loc: Thuc ra thi qué trinh luyén cia minh cling
lau chi, mai dén ky 1 cha ndm tu minh mdi lén
dugc dd. Thuc ra lic lam contest, minh ciing trén
tinh than 13 thi cho vui, vi vui nén 13n sau minh lai
thi tiép. Nhiéu ban c6 thé khéng nghi gibng minh
nén cdc ban bd contest khi 1én dai hoc. Ngoai ra
lam contest nhiéu ciing giGp ban luyén ducc tu
duy, dé ciing 13 Igi th& cho céc viéc khac. Du gi
thi cac ban ciing nén coi CP la mdt mén thé thao
chir khéng phai la céi gi gilp ban ting luong hay
gi ddy . Thich thi minh md&i lam!

Nhat: Mdt cau hdi khdng lién quan 13m nhung
sao anh lai d3t handle la darkkcyan?

Loc: Vi minh thich mau cyan ma ddm, cho nén
minh Iéy darkkcyan . A thuc ra vi sao né lai c6 2
chit k? Lic trudc vi If do ndo diy ma tén darkcyan
bi chiém trudéc nén minh d3t th& . Minh ciing cé
dua ciu chuyén nay vao mét bai trong VNOI Cup
2022, céc ban c6 thé xem lai .

Nhat: Vay thi trén dai hoc anh c6 kiéu mubn
danh bai mét ai dé khéng, trong CP 8y? Em thiy
nhiéu ban hay tap trung vao ganh dua hon nhiéu.

Loc: Thuc ra cai nay thi minh tip trung vao
ban than hon. Minh khéng cho phép cai diy 1am
déng luc d& minh phin d4u vi né khéng hip din
v6i minh I$m nén minh ciing khéng dé y nhidu dén
ai khac. Thuc ra thi lGc nao ciing cé nhiing cai
tén & top dau nhu tourist, um_ nik thi ai cling biét
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khiing va minh ch3c I3 khéng thé danh bai néi rdi.
Thai hoc & cAp 3, déi tuyén minh ciing nhan, bao
nhiéu ban hoc ddi tuyén thi by nhiéu subt di thi
qudc gia, ciing khéng ganh dua gi I3m. Minh thiy
cai dong luc ganh dua véi ngusi khac thi mot 13
danh bai dugc rdi minh lai hét dong luc, hai [a mai
van khdng danh bai dugc nén ciing chan, chan thi
lai bd. N6i chung cai dong luc dé6 minh thy né
khéng bén ving.

Nhat: C6 mét cdi em kha ngudng mé anh dé
[3 ngoai CP anh con biét code nhiéu thit khic nifa,
nhu cdi trang blog ctia anh nhin ciing kha dep. Anh
c6 thé chia sé thém vé& qué trinh tu hoc lap trinh
ngoai CP khong?

Loc: Thuc ra hdi dé minh hoc Javascript trudc
khi hoc C++, lic dé Javascript con chua cé
class, nhiéu ltc minh ciing th3y Javascript r6i rim.
Nhung ma minh kiéu thiy ngon ngli nay hay thi
minh c hoc cho vui, thé 13 minh biét nhiing cai hay
cai d& cia ting ngdn ngii, nhu Java, Kotlin, Lua,
Python nay. A nhic dén Python thi minh ciing hay
xai Python d& tinh todn, minh cling hay xai Jupyter
notebook d& [am thdng ké thay Excel, mdt cbng cu
rat 13 manh. Ngoai ra con cé LaTeX, minh c(r lam
bdo c4o bing LaTeX hét cho suéng . Minh ciing
tim ra cach dé sinh code LaTeX bang Python .
Minh théy cac ban chiu khé tim hiéu thi chc chin
sé tim ra dudc nhiéu thit hay ho dé 1am. Minh danh
gi4 13 1am kiéu clia minh - kiéu tim céch tu déng
héa thi thsi gian lam cling khéng chénh léch véi
cac ban lam thd cong. Nhung cé mét cai lgi thé
clia cdch minh dé 13 stia rAt nhanh , cdn cic ban
thi nhiéu khi phai lam lai tu dau khi mubdn sta, rat
13 mit thoi gian.

Loc: V& viéc tim hiéu vé cdng nghé thi minh
ciing thiy viéc dé khéng khé bdi vi documentation
clia né thi d3 c6 trén mang rdi va minh chi viéc doc
roi thuc hanh thdi. C4i cic ban can chd y 13 phai
c6 tiéng Anh, bdi vi hiu hét moi thi trén mang
déu biang English. N&i chung, minh 13 ngudi chiu
khé di dudng dai, minh khéng thich chon dudng
tit. Minh mubn chon dudng dai dé hiéu tudng tan
moi thit hon. Cir thiy minh di duoc dai thi minh &
di, cac ban chic chin s& hoc dugc nhiéu thd trong
cudc sbng khi 1am vay.

Nhat: Cubi cling thi anh c6 diéu gi mubn nhin
nhl véi cac ban ddc gid cta tap chi VNOI lan nay
khong?

Léc: Néu cic ban thiy con dudng cla minh
thd vi thi cic ban c6 thé thir . Minh 1am moi thit
kh4 13 don gian, thd duy nhit minh thiy minh phai
danh déi 13 thai gian. N&i chung thi nhu minh néi
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déy, cac ban nén chiu khé tim hiu cac thi, chic
chin cac ban ciing tim dugc nhiéu thit hay ho, va
trong qué trinh 1au dai thi chic chin cic ban sé
hoc ducc nhiéu diéu ma cic ban di dudng ngﬁn sé
khong cé dugc.
Nhat: Rt cam on nhiing chia sé clia anh Loc.
Léc: Cam on céc ban rht nhiéu!
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Khi Gauss-Jordan

Nguyén Dic Anh

Gidi thiéu

Cho mét hé n phuong trinh dai sb tuyén tinh
(system of linear algebraic equations - SLAE) véim
4n. Ta dugc yéu clu gidi hé phuong trinh dé (tiic
la xac dinh xem né c6 vd nghiém, chinh xac mot
nghiém hay v6 sb nghiém) va trong trudng hop hé
c6 ft nhAt mét nghiém, hiy dua ra mot nghiém bAt
ki cha hé dé.

NG6i tém lai, ta duoc yéu ciu giai hé phudng
trinh sau:

a111 -+ CL12[L’2+ +a1ml’m = bl
Q2171 + Q22T+ +a2mTm = by
Ap1T1 + Apalo+ ‘0T, = bn
trong dé a;; (1<i<nval<j<m)vab(
1<i< )Iacachésédabmtconxl(lgzgm)
13 céc an.

Ngoai ra con c6 cach biéu dién hé bang ma tran
nhu sau:
Axr=b

trong dé6 A la ma tran kich thuéc n x m chita cac
hé sb a;; va b la vector d6 dai n chiia céc hé sb b;.

Dac biét, phuong phap nay con c¢é thé ap dung
trong trudng hop cic phuong trinh ¢6 két qua I3y
du cho sb nguyén duong p bAt ki:

1171 + a1222+ +a1mTm = b1 (mod p)
2171 + A2+ +agmTm = by (mod p)
Ap1T1 + ApoTo+ +apmTm = b,  (mod p)

Thuat toan

Phuong phap khit Gauss-Jordan diing cach l1an
luct khir cac an dé dua hé phuong trinh da cho vé
mot dang ma tran roi giai hé phuong trinh. Cu thé
hon, ta sé ding phuong trinh thi nhit dé khir 4n
1 trong n— 1 phuong trinh con lai, tic 1 bién tht
ca cac hé sb a;y (2 < i < n) thanh 0 ma hé phuong
trinh m&i van tuong duong véi hé cii. Tuong tu, ta
tiép tuc dung phuong trinh th hai dé khir an z
trong n — 1 phuong trinh con lai,
DAu tién ta sé dinh nghia 2 phép bién ddi sau:
e Nhan phuong trinh véi s6 thuc r khic 0: nhan
tAt ca c4c hé sb cha phuong trinh véi .

e (Cong hai phuong trinh trong hé véi nhau: Cong
1An lugt céc hé sb clia phucng trinh nay vao céc
hé sb clia phuong trinh kia.
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Ta d& dang th3y sau khi thuc hién cac phép
bién d8i trén thi hé mdi vn tuong ducng véi hé
cll.

D& thuc hién phép khir Gauss, ta sé& 1an lugt
dung cic phuong trinh khdc nhau dé kha an z;
(1 <i<min(n,m)):

Tim phuong trinh e chua dugc sir dung ma ¢é

Qi ;é 0: ) )

— Néu tim duogc: Chia tat cd cdc hé so cla
phuong trinh e cho a.;, danh diu phuong
trinh e d3 dugc st dung va luu an x; dugc
phuong trinh e khd.

— Khéng tim dugc: Khi d6 x; s€ la 4n tu do va
ta chuyén sang khir an z;,; (n6i cach khac
thi z; s& 13 mét gia tri bat ki).

V6i n — 1 phuong trinh 7 con lai (1 <7 < nva

r # e), ta sé cdbng phuong trinh r véi phuong

trinh e nhan —a,;. Khi d6, tit ca cac hé sb a,

3 0 con a,; la 1.

Sau khi khir xong ta sé& b3t dau tim nghiém:

Néu n < m thi tit ca céc 8n 2; (n < i < m)

& 13 4n tu do.

Ta s& cho ludn cac an tu do b5ng 0.

Véi cac an x; khéng phai in tu do, goi e la

phuong trinh d3 dung dé khir z;. Khi d6 a,; = 1

v tht c3 cic hé sb a.; con lai s& bang 0 hodc

zj la an tu do va d3 ducc dit bing 0. T d6

suy ra x; = b,.

Sau d6 ta sé thu lai hé phuong trinh:

— Khéng théa man: hé v6 nghiém.

— Thdéa min: hé c6 it nhAt 1 an ty do thi hé
cb vb sbd nghiém con khong thi hé sé c6 1
nghiém duy nht.

Vi du:

e Ta sé st dung ma tran kich thudc n x (m + 1)
dé biéu dién hé phuong trinh. Mbi dong clia ma
tran [a 1 phuong trlnh mdi phu’dng trinh cé m
s6 dau tién 13 hé sb a;j va sO cudi cung la b;.

e Cho hé phuong trinh sau:

e Dung phuong trinh (1) dé khit &n =
— Trir phuong trinh (2) di 3 1an hu’dng trinh
(1).
— Cdng phuong trinh (2) véi 2 1an phuong trinh
(1). = Hé sb cia 4n z & phuong trinh (2)
va (3) s€ trd thanh 0.
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khir §ny:

e Dung phuong trinh (2) & kh
di 5 lan phuong trinh

— Trur phuong trinh (1
(2).
— Trir phuong trinh (3) di 2 an phuong trinh

(2). = Hé sb ctia an y & phuong trinh (1)
va (3) sé trd thanh 0.

d
)

2
N

e Dung phuong trinh (3) dé khir an z:
— Trir phuong trinh (1) di 13 1an phuong trinh
(3).
— Cong phuong trinh (2) véi 2 1an phuong trinh
(3). => Hé sb cia an z & phuong trinh (1)
va (3) s& trd thanh 0.

o Cubi cung, vi t la an tu do nén ta sé dat ¢t = 0.

—> Ta c¢6 mdt nghiém sau:
=3
y=-—1
z=17
t=20

A

e Ngoaira, vicd 1 an tu do la ¢ nén hé c6 vo sb
nghiém. Mot nghiém khac théa man la:

= —121

BRI S

Luuy

e Khi chon phuaong trinh e ¢ a.; # 0, ta nén chon
e €6 |a;| 16n nhat dé cac hé s cla phuong trinh
e trd nén nhé hon va trdnh tran so.
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Cai dit

e S dung vector<vector<double> > a dé luu
hé phuong trinh.

e Diing swap dé tt c3 cic phuong trinh dugc skt
dung roi déu dugc cho Ién dau cla a. = Dung
2 con trdé row va col cho biét chi con nhiing
phuong trinh t&r row dén n — 1 chua dugc s
dung va dang khia dén an z,;.

e where[i] dé luu vi tri phuong trinh khi an Z;.

e Ham int gauss(vector<vector<double> >
a, vector<double> &ans) dé gidi hé. Ham
sé tra vé:
— 0: hé v6 nghiém.
— 1: hé c6 mét nghiém duy nhét.
— 2: hé ¢ vb sb nghiém.
Trong trudng hgp hé cé it nhat mot nghiém thi
ans sé€ luu 1 nghiém cda hé phuong trinh.

const double eps = le-9;

int gauss(vector<vector<doub1e>> a,
vector<double> &ans) {
(int)a.size(); // s& phudng trinh
(int)al0].size() - 1; // sb 4n

int n

int m

vector<int> where(m, -1);
for (int col = 0, row = 0; col < m && row < n;
col++) {
int e = row;
for (int i = row + 1; i < n; i++) {
if (abs(alil [coll) >
abs(alel [coll)) { // chon phudng trinh e
// c6 abs(alel[col]l) 16n nhét
e = i;
}
}

if (abs(alel [coll) <
eps) // tit ca cac hé s alellcol] déu
// bing 0
// => 8n x[col] 14 4n tu do
continue; // chuyén sang kht x[col + 1]

swap(ale],
alrowl); // chuyén phuong trinh e 1&n diu
where[col] =
row; // 3n x[col] dugc khit bdi phudng trinh
// dang & vi tri row

s6 alrow] [col] v& 1 */

double tmp = alrow] [coll;

for (int i = 0; i <= m; i++) {
alrow] [i] /= tmp;

}

/* chuyén hé

/* khit hé sé alil[coll 8 todn bd n - 1 phudng
* trinh con lai */
for (int i = 0; i < n;
if (1 !'= row) {
double ¢ = ali] [col]l;
for (int j = col; j <= m;
j++) { // chi can for tit col tai vi
// alrowl[p] (p < col) da bing O
alil[j]1 -= alrowl[j] * c;
}
}

i++) {
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}
row++; // phuong trinh & vi tri row d& dudc su
// dung

}

ans.assign(m, 0); // gén tit cd céc an ban diu 0
for (int i = 0; i < m; i++) {
if (wherel[i] != -1) {
ans[i] =
a[where[i]]
[m]; // néu x[i] khéng phdi &n ty do thi
// x[i] = blwhere[i]]
}
}

/* Thi lai */
for (int i = 0; i < n; i++) {
double sum = 0;
for (int j = 0; j < m; j++) {
sum += ans[j] * alil[j];
}
if (abs(sum - a[il[m]) > eps) // sum != b[i]
return O;

}

for (int i = 0; i < m; i++)
if (where[i] ==
-1) // néu cé it nhlt 1 3n tu do thi
// h& cé vo s6 nghiém
return 2;
return 1;

Sau khi cai dit xong, ban doc cé thé ndp thir
& day 4

D6 phirc tap

Phan khit cac an:

Ta phai thuc hién khir cic an min(n,m) 1An:
e Ta phdi tim phuong trinh e chua st dung cé
|aes| 16n nhat mit O(n).
o Khir 3n ; & tit c3 cac phuong trinh khac mit
O(nm).

Phan tim nghiém:

Ta mat O(m) dé tim tht ca cac nghiém va mit
O(nm) dé thi lai.

— Db phic tap cubi cing s& I3
O(min(n, m)nm). Trong trudng hop n = m thi
do phtc tap chi don gian 1a O(n?).

7

D0 phirc tap bo nhé: O(nm).
do

A

Cai tién toc

Vi cach cai dit & trén, mbi I1an khir an x; talai
phai thuc hién phép cong véi tat cd n — 1 phuong

*Ohttps: //hnoj.edu.vn/problem /khu_ gauss
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trinh con lai, k& ca cic phuong trinh d3 st dung. Vi
thé ta c6 thé b qua khong cdng cac phuong trinh
d3 st dung va giam sb 1an cong di mdt nira. Néu
ta bé qua cdc phuong trinh d3 st dung thi mét
phuong trinh van c6 thé c6 nhiéu hé s& a;; khac 0
(v8i cAc j > n ta tam coi a;; 12 0 bdi vi z; |3 he sb
tu do va da dugc cho la 0). Tuy nhién, & phuong
tAinh e, dé kha an x, chi c6 ae,n 7 0, phuong
trinh e, chi ¢b ac, ,n—1 # 0 Vva ac,_n # 0,
(Hay néi céch khac, thay vi ma tran A trd thanh
ma tran don vi thi né sé tré thanh hinh tam giic).
T d6, ta 6 thé dung phuong trinh e, dé tinh z,
rdi thay vao phuong trinh e,_; dé tinh 2,4, ...
. Vi thé, viéc tim nghiém chi tén O(nm) con viéc
khir an thi d3 giam dugc mot nua sb 1an phai cong
2 phuong trinh. = Téc d6 chay gin nhu nhanh
ghp doi.

Giai cac hé c6 modulo

Viéc giai cac hé phuong trinh c6 modulo sé hoi
khic & phan khir 3n vi cc hé sb déu 13 sb nguyén.
Ta sé khéng chia dé& cho hé sb a.; v& 1 nita ma
nhan phuong trinh 7 véi a.; rdi trir di phuong trinh
e nhan a,;. Ti d6 hé sb a,; s& vin vé 0.

for (int r = 0; r < n; r++) {
if (r '=e) {
S[r] = S[r] * S[el.al[i] + S[e]l * (-S[r].alil);
}
}

Tuy nhién, véi trudng hgp modulo 2 ta cé thé
str dung bitset dé ting tbc dé xi Iy. O cach cai dit
duéi day, ta sé chi dung vector<bitset<maxm>
> d& biéu difn cd hé phuong trinh (bit thit
m cla phuong trinh i s€ la b;) va ans s€ la
bitset<maxm>.
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int gauss(vector<bitset<maxm>> a,
bitset<maxm> &ans) {
a.size();

int n =
= maxm - 1;

int m =
vector<int> where(m, -1);
for (int col = 0, row = 0; col < m && row < n;
col++) {
for (int i = row; i < n; i++) {
if (alillcoll) {
swap(alil, alrowl); // alellcol] 16n nhit
// c6 thé chi 1a 1
break;
}
}

if (la[row] [col]) continue;

where[col] = row;

for (int i = 0; i < n; i++) {
if (i !'= row && alillcoll) {
alil ~= alrowl; // Viéc khi n chi can
// dung phép XOR 13 dugc
// nén téc d6 x& 1i nhanh hon rit nhidu
}
}

row++;

}
// Phan tim nghiém tudng tu nhu trén
}

L'J'ng dung

Ngoai ing dung cho viéc giai hé perdng trinh,
khir gauss con cé thé ap dung vao tlm sd nghiém
clia phuong trinh c6 modulo, tim sb 4n tu do, tim
ma trén nghich dao, . Tuy nhién, & day chi cé

o Dong tiép theo |3 n s6 nguyén clia mang b, mdi

sO cach nhau 1 dau cach.

by

e m dong sau, moéi dong |a 2 s6 u, v cho biét c6
canh ndi gilta u va v.

OUTPUT

o M6t sb nguyén duy nhit 13 sb luong mang a
théa man |y du cho 10° + 7.

SAMPLE TEST

Input:

5 13
20 0 23 5
4

AP NN oo

N O e

Output:

| 2197

Phan tich

e Ta c6 thé dua bai todn trd thanh dém sb nghiém
cla hé phuong trinh sau:

nhitng ¢ng dung don gian cda kh(r gauss. a1 + a1axo—+ +a1mTm = b1 (mod p)
2171 + Q2272+ +a9mTm = by (mod p)
Vidu1-FINDGRAPH-HNOJ . .
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Dé bai

Cho db thi v6 hudng va sb nguyén té p, mdi
dinh c6 trong sb z; (0 < x; < p). M8i dinh u
s& c6 mdt sb nguyén b, (0 < by, < p) thdéa mén
by, = Xx,(mod p) véi tat cd cac dinh v c6 canh
nbi truc tiép véi u. Yéu cau Cho db thi va mang
b (0 < b; < p), hdy dém sb lugng mang a thda
man. Dit lidu dam b3o tbn tai it nhit 1 nghiém
thoa man.

INPUT

e Dong diu chita 3 sb nguyén n, m, p (1<n<
100, 1 < m < 200, p < 10°) Ian lugt 13 s6 dinh,
so canh va s6 nguyén to p.

*https: //hnoj.edu.vn/problem /findgraph
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vGi a,, = 1 khi va chi khi gita u va v cé canh
noi truc tiép, ngugc lai thi a,, = 0.

>
A A

e Gia sir hé phuong trinh trén c6 k 4n z 13 4n tu

-
7 ~

do, khi ta ¢b dinh c3 k 4n dé thi tht ca cac 4n
khac ciing sé dugc cb dinh. — V&i mbi bd k
sb dé gan vao cac an tu do dé, ta s& tim dugc
diang 1 nghiém thdéa man.

— N&u ta tim dugc k 4n tu do thi dép 4n sé

13 p*.

Cai dat

Budc 1: Tao db thi. Budc 2: Tao hé phuong
trinh. Budc 3: Khit céc an nhu & trén, chi khac
I3 ta c6 thém bién count dé dém sb luong an tu
do. Budc 4: Vi dif liéu dam bao ton tai it nhit 1
nghiém théa man nén két qua sé 1a p=unt.


 https://hnoj.edu.vn/problem/findgraph 
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Vi du 2 — Codeforces - 1155E *?

Dé bai

Oo»

Cé mot da thic bac k& (K < 10) cé hé s
nguyén:

a0+a1><$+a2><952—|—
+---+ak><xk

/()

Ta dugc dua ra tbi da 50 cau hdi cb dang "7
zo" (w9 € Z, 0 < w9 < 10° + 3), v6i mdi cau
hdi chuong trinh s& trd vé& gid tri clia f(xo) mod
10° + 3. Hay tim gia tri 29 sao cho f(zy) = 0
(mod 10° + 3). Néu tim dugc o thda man thi in
ra’l xy", con khéng thiinra "l —1".

Phan tich
o Néu ta hdi "? 0" th ta sé duoc gié tri cha ao.
o Né&u ta hdi k ciu hdi thi ta sé dugc hé phuong

trinh nhu sau (theo modulo 10° + 3):

2 k_
ag + @11 + (12131+ +CLkl’1 = bl
2 kE_
ag + a1 + axxsy+ +apry = bo
2 k b
ap + a1k + agxi+ tagx, = O

M3 tit c3 cic 3n 21, 29, ..., 1) ta d3 biét nén

b3i todn trd thanh giai hé phuong trinh dé tim

céc hé sb a;.

— Ta s& thir tim da thiic f(z) r6i thi véi tht
ca cac gid tri z tir 0 dén 106 + 2.

Cai dat

Budc 1: Thir 25 = 0 d& tim ay. Budc 2: Hi
khodng 15 cau hdi véi cac gia tri o random tur 1
dén 10° + 2. Buédc 3: V6i mdi k tir 0 dén 10, ta
sé 1ap hé phuong trinh va tim cac hé sb a;. Sau dé
tha lai véi ca 15 gid tri z¢ G trén, néu théa man
thi dy chinh 13 da thic can tim. Con néu tit ca k
tir 0 dén 10 dén khong thoéa man thiin ra "l —1".
Budc 4: Thi thay tit ca cac  tir 0 dén 10° + 2
vao da thiic, néu f(z) = 0 (mod 10° + 3) thi két
qua chinh |3 z.

*?https:/ /codeforces.com /contest /1155 /problem /E
*https://hnoj.edu.vn/problem /fsmax
*https:/ /ideone.com /SfwHI6

(0 < a; < 10°+3)
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Vi du 3 — FSMAX - HNOJ ¥

Dé bai

Mat tap cac sd dugc goi 3 dep néu khéng ton
tai mdt tip con ndo cha tap dé cé tich 13 sb chinh
phuong. Cho day A cé n sb tu nhién, hady tim tap
con dep cé nhiéu phan tir nhit cla A.

INPUT

e Dong dau chita sb nguyén duong n (n < 1000).

e Dong sau chita n sb tu nhién cla diy A (1<
A; < 1000).

OUTPUT

o M6t sb nguyén duy nhit 13 s luong phan tir 16n
nhat cua tip con.

SAMPLE TEST

Input:

82167

Output:

|3

Phan tich

e Sb chinh phuong |3 s khi phan tich sb dé thanh
tich cac sb nguyén tb thi tht ca cic s6 mii déu
I3 ch8n. = Ta chi cAn quan tdm dén tinh chin
I& chia cic sb mii nén cé thé sir dung bitset dé
luu cac gid tri A;. Néu ta dit mdi bit 13 mét sb
nguyén tb thi chi can 168 bit I3 duoc.

o M6t tap cic sb c6 tich 13 sb chinh phuong tiic
13 XOR cla tt ca céc bitset clia cac s6 dé 13 0.

e Hint: Néu ta coi mdi bitset 13 cic hé sb clia vé
trai 1 phuong trinh thi két qua chinh 13 sb luong
4n khéng phai 4n tu do.

Cai dit
e Cii dit miu ** .

e Ban doc hiy thir code trudc khi xem code m3u.


 https://codeforces.com/contest/1155/problem/E 
 https://hnoj.edu.vn/problem/fsmax 
 https://ideone.com/SfwHl6 
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Mot s6 bai tip dng dung

e SPOJ - XMAX #°

e Codechef - KNGHTMOV *°
e Codeforces - 1411G *

e Codeforces - 1060H *®

e Codeforces - 1100F *°

e Codeforces - 1101G *°

e Codeforces - 1336E1 5!

e Codeforces - 504D 52

*https: //www.spoj.com /problems/XMAX/

*https:/ /www.codechef.com/SEP12/problems/KNGHTMOV
*"https:/ /codeforces.com /problemset/problem/1411/G
*Bhttps:/ /codeforces.com /contest /1060 problem/H

*Ihttps: / /codeforces.com /contest/1100/problem /F

0https:/ /codeforces.com/contest /1101 /problem /G

®Ihttps: //codeforces.com/contest/1336/problem /E1

2https:/ /codeforces.com /contest /504 /problem /D
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 https://codeforces.com/contest/1060/problem/H 
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Nguyén Minh Thién
Sinh vien nam 2, Truong Cong Nghé Thong Tin va Truyén Thong, Dai hoc Can Tho
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Gidi thiéu

Day 13 mét ky thuat dusc ding dé gidi quyét
mét sb bai todn c6 lién quan dén t8ng xor cha doan
con (lién tiép hodc khéng lién tiép) clia mang cac
sd nguyén cho trudc hodc thém phan ti viao mang
song song vdi viéc truy van.

K§ thudt ndy cé thé dugc chia 1am hai phan
chinh:

e Biéu didn cac sb nguyén & co sb 2 va xem mdi
phan t& 13 mdt vector trong khéng gian vector
74, véi d 13 b bit t6i da can dung dé biéu di&n.
Liic nay phép xor giifa cac phan ti tuong ducng
vGi phép cdng giita cac vector tuong (ing trong
khong gian vector ZJ.

e Tim mdi lién hé giita yéu ciu cla cic truy vin
va co sG cua khéng gian vector tim dugc & trén.

Mot so khai niém

Khong gian Vector

Mot tap V # @ dugc goi 1a mot khdng gian
vector néu V dusc trang bi hai phép toan: phép
cdng va phép nhan véi mét vo hudng. Cac phan ti
trong V' dugc goi 1a cac vector.

e V phai c6 tinh chit déng, tic 13 Vz,y € V =
r+yeVvavVe eV = kx € V véi k la mot
dai lugng vd hudng.

e Phép cdng phai c6 tinh cht két hop va giao
hoan.

e Phép nhan véi mét vé hudng phai c6 tinh chit
két hop va phan phbi.

e Trong V phai c6 phan ti O goi 1a vector khong
(chti y khéng 13n véi s6 0).

Mbét sb khong gian vector ddc biét:

e Khéng gian vector cic toa dé6 R" =
{(x1,22,...,2,)}

e Khéng gian vector M, ., cdc ma tran kich c3
n x m.

e Khdng gian vector P,(x) cac da thic bac khéng
qua n.

e Khong gian vector F' cac ham so.
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D6c 1ap tuyén tinh va phu thudc
tuyén tinh
Mét tap cac vector {vl, Vo, ..., v, } dudc goi la

doc 1ap tuyén tinh néu phu’dng trinh:

TV + XoUy + ... +xpv, = O

chi ¢6 duy nhit mét nghiém tAm thudng

To=...=x, =0.
Ngugc lai néu ton tai xy,x9,...,x, khOng
déng thsi bang khdng, sao cho:
L1V + XoUy + ...+ xpv, = O

thi khi d6 dugc goi 13 phu thudc tuyén tinh.

Khéng gian vector Zg

Zso: L, 13 tap céc sb du khi chia I3y du cho m
va cac phép toan trén Z,, ciing chia Iy du cho m.
Suy ra Zs 13 tap céc sb du khi chia ldy du cho 2
do dé Zy = {0, 1}.

Z3: 13 mdt khéng gian vector d chiéu bao gdm
tAt c3 céc vector c6 d toa d6, mdi toa db 13 mét
phan ti cha Z,.

e Néu hai vector z,y € Z¢ thi = + y dugc dinh

nghia 13 = ® y (& la phép xor bit). Cha y

r+yéE Zg phai théa man. Cu thé hon:

S5) Téng T(’gng mod 2
0/0]0 0 0
0[1|1 1 1
1101 1 1
111]0 2 0

e \VGic € Zy kihitucr =x+z+...+x. Ta

clan x

c6 cx = 0 néu ¢ chin va cx = = néu ¢ I&.

Ké tir day ching ta chi quan tam dén
khéng gian vector Z¢, moi phép tinh déu chia
I3y du cho 2 va xem phép & (xor bit) tuong
dudng véi phép + trong ZJ.

Bao tuyén tinh (Linear span, goi tat
la span)

Mot khéng gian vector V' dugc span bdi mot
tdp cac vector S = {01,02,.. ,Unt chira tat ca

c4c vector = dugc biéu dién thdng qua mét t8 hop
tuyén tinh cta cac vector trong S.

n

span(S) = {Z CiV;

=1

v; € S,¢ € {0,1}}
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ldc nay ta néi V' dugc span bdi S, V' dugc sinh bdi
S hay S sinhra V.

Chii y: do chi xét trén ZJ nén ¢; ciing phai
thudc Zg. Do dé trong t8 hop trén mbi v; chi cé
hai trang thai 3 xu4t hién hoic khéng xuét hién.

Vi du: tim span({2,5}), span({2,5,7}) va
span({})?

e Tacd2@5 =7, suy ra:

span({2,5}) = span({2,5,7}) ={0,2,5,7}
span({}) = {0}

Mbt sb tinh chit quan trong:
e N&u v, € span({vy, v, . .
span({vy,va, ..., Un, Upy1})
= span({vy,vs,...,v,})
span({vy 4+ v3, v, ..., 0,})
= span({vy, v, ..., vn})

., Un})  thi:

Co sG (Basis)

Mot tap cac vector B = {vq, vy, ...,v,} dudc
goi 13 co s& clia mdt khéng gian vector V' néu
span(B) = V va B la doc lap tuyén tinh. Khi
d6 n duoc goi 13 sb chiéu cda V' va ki hiéu I3
dim(V).

Vi du: Xét khong gian vector V = {0,2,5,7},
ta c6 {2,5} la moét co sé cia V nhung {2,5, 7} thi
khéng vi tap ndy 13 khéng déc 1ap tuyén tinh do
2@5@®7=0.Vadinhién {2,7} va {5,7} ciing
la cidc co s6 clia V.

Chii y: s6 phan t phan biét trong khong
gian vector V' dugc span bdi mét co s6 B =
{v1,v9,...,0,} 13 |V] = 2",

Ma tran
Khong gian hang va khong gian cot

Xét mét ma tran M kich ¢d n x m (n hang va
m cot):

V11 V12 - Uim

V21 V22 - VUam
M = . . _

Un1 Un2 " Unpm

e Chia matrdn M thanh cic vector hang, ta dugc:

row; = [Ui,la V2, .- 7Ui,m]

e Chia ma tran M thanh cic vector cét, ta dugc:

COli = [Ul,i7 ’Ugﬂ', e 7Un,1l]
e Khi dé khong gian hang va khéng gian cot cla
ma trdn M dugc dinh nghia nhu sau:

RS(M) = span({rowy,rows, ...,row,})
CS(M) = span({coly,cols, ..., col,})

Hang cia ma tran

Ngusi ta chiing minh dugc rang dim(RS(M))
= dim(C'S(M)) va dugc ki hiéu la dim(M) hay
con dugc biét dén 13 hang (rank) cta ma trén M,
ki hiéu rank(M). (Tham khao phan chimg minh
tai day >* )

Khéng gian hach (Null space)

D& hiéu rd duoc phﬁn nay, ban can phai quen
thudc véi phép nhan ma tran > .

Khong gian hach cia mét ma trdn M, ki hiéu
3 null(M) 13 tap cac vector x € R™ (dugc viét &
dang cdt) sao cho:

M-z2=0
Gia su
V1,1 V12 - Uim T
Vg1 V22 - Uam T
M= . S, ox=
Un1 Un2 ' Unpm Tm

Khi dé (l’l,ZBQ, NP
trinh:

,Tm) 13 nghiém cta hé phuong

V1,171 —+ V1,22 + ...+ V1,mTm = 0

V9,171 + V2,22 + ...+ VomTm = 0
Up 11 + Up2T2 + ...+ Uy Ty, = 0

Dac biét: néu ma trén M kich c6 n x m gom
m vector v € Zj va vector x € Zy' (cac vector v

3https: //math.stackexchange.com/questions/332908/ looking-for-an-intuitive-explanation-why-the-row-rank-is-equal-

to-the-column-ran

**https:/ /vi.wikipedia.org/wiki/Ph%C3%A9 nh%C3%A2n _ma_tr%E1%BA%ADn
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va z duoc viét & dang cot):

[
M =lvi va ... Un
I
V11 V21 ' Umi
| V12 V22 Ump2
=U1,n Von **° Umpn
T
T2
x =
_xm
Khi dé:
M-z2=0

V1,171 + V2,12 + ...+ Um,1Tm

0
0

V1,271 + V2,22 + ...+ Um,2Tm

V11 + V2T + ..+ Uy, =0

Luu y cdc phuong trinh trong hé phuong trinh
trén 13 déng du theo modulo 2.

Dé)’/ rang khdng gian hach ciing 13 mét khong
gian vector, vi:

M-a =0
M-b —O = M-(a+b)=0

M-a=0 = M- (ca)=0

S6 vo hiéu (Nullity)

S6 vd hiéu clia mbét ma trin M chinh la sb
chiéu cta khéng gian hach cia M:

nullity(M) = dim(null(M))

Dinh ly vé hang va sb vd hiéu
Dinh ly nay phat biéu rang v6i mot ma tran M
kich cd n x m thi:

rank(M) + nullity(M) = sb cot = m

Phan ching minh kha phiic tap va doi héi gidi
thiéu thém nhiéu khai niém nén cic ban c6 thé
tham kh3o tai day °>° .

Thuat toan tim cd sé cia mot
khong gian vector

Tiép theo ching ta sé di vao phan chinh cda
bai viét ndy d6 chinh 13 13m th& ndo d& c6 thé tim
co s& clia mdt khdng gian vector, trong dé6 mbdi
vector 13 mét phan td cla Zg mot cach hiéu qua.
Chlng ta sé phan tich thudt todn thong qua bai
toan dudi day.

XOR Closure *°

Dé bai

Cho mét mang a c6 n phan tir phan biét
a1,as, ..., a,. Yeu cu tim sb phan tir it nhit can
thém vao mang a sao cho diéu sau ludn ding: véi
moi x,y thudc a thi x @ y cling thudc a.

Gidi han
o 1 <n<10°.

e 0<a; <10,

Loi giai

D& y ring chang ta cAn théa man diéu kién
Yo,y € ath 2@y € a. Do dé can phai xay dung
dugc co s@ B cla khong gian vector V' dugc span
bdi mang a. Khi d6 dép an cla bai toadn chinh I3
2dim(span(a)) —-n= 2|B| —n.

Chiing ta sé xét lan luct tiing phan tl nhu sau:
e Gia skt ching ta d3 xét dén a1, as, ..., a;_1 va

c6 co s& B. Chiing ta can cip nhat B sao cho

a; cling ¢6 thé dugc biéu didn théng qua cic

vector trong B.

o Kiém tra xem a; cé thé dugc bidu didn théng
qua cdc vector trong B hay khong.

— Né&u c6 thi khéng can lam gi ca.

— Ngugc lai chi can thém a; vdo B.

Phan khé nhit d6 chinh 13 1am thé nao dé c6
thé kiém tra xem a; cb thé dugc bidu didn thong
qua cac vector trong B hay khdng.

o N&u xem xét tit cd 2 8 hop tuyén tinh cda
cac vector trong B thi r& rang sé khong di thai
gian.

e VGi mét sb nguyén duong x, dinh nghia msb(z)
= vi tri cia most significant bit trong z. Vi du:

msb(5) = msb(7) = 2msb(3) = 1, msb(1) =0

e Giad st chiing ta ¢6 co s6 B = {by,by,...,b;}
cla aj,as,...,a;—; sao cho msb(b;) <
msb(by) < ... < msb(by).

>*https://en.wikipedia.org/wiki/Rank%E2%80%93nullity _theorem#First proof

%Chttps: / /csacademy.com /contest /archive /task /xor-closure/


 https://en.wikipedia.org/wiki/Rank%E2%80%93nullity_theorem#First_proof 
 https://csacademy.com/contest/archive/task/xor-closure/ 

K thuat tinh t& v& phép Xor

Nguyén Minh Thién

e Khi dé chi can duyét j tir 1..k. Néu a; +b; < a;
(msb(a;) = msb(b;)) thi thay a; = a; + b;. Néu
cubi cling a; = 0 thi a; c6 thé duoc biéu dién
thong qua cac vector trong B. Ngugc lai thém
gia tri hién tai cla a; vao vi tri thich hgp trong
B sao cho van giit dugc thit tu gidm dan cla
msb.

Vi du: kiém tra xem =z 20 cé thudc

span({26,15,3,1}) hay khéng?

26 = 11010,
15 =01111,
3 = 00011,
1 = 00001,

20 = 101002

— r®26 =14 < x = cap nhat = = 14.
—x®1b=1<x= capnhatz=1.
- r®3=2>uz.
—x®1=0<2x= cdpnhatz=0.
Viy 20 26 @ 15 @ 1 va
span({26,15,3,1}).

Tf;ng quat: thL/Jé_‘t toan trén cho phép tim
gid tri nhd nhat cla (a; + v) v6i v €
span({by,ba,...,b}).

Vi du: xét = = 9 va span({26,15,3,1}). Khi
dé6 gia tri nhd nhat ¢ thé dat dugc la:

20 €

9015®3d 1 =4 = 100,.

Code mau:

vector<long long> basis;
int sz;
void insertVector(long long mask) {
// duyét céc phan td theo thid ty gii tri msb
// gidm dan.
for (int i = 0; i < sz; ++i) {
mask = min(mask, mask ~ basis[i]);
}
if (mask != 0) {
basis.push_back(mask) ;

sz++;

int i = sz - 1;

// gilt cdc gia tri msb sao cho van theo thd tu
// giam dan.

while (i > 0 && basis[i - 1] < basis[i]) {
swap(basis[i - 1], basis[il);
i--;
}
}
}

Phan tich do phidc tap

Vi c4c phan tir ¢6 kiéu long long nén cin tbi
da 64 bit d& biu didn. Dit d = basis.size()
dim(span(a)) < 64 thi d6 phic tap mbi lan thém
mot vector la O(d). D6 phic tap tc“;ng cong cho
viéc thém n vector la O(nd).

Thttps:/ /www.codechef.com/problems/XORCMPNT
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D& y ring trong thudt todn trén v; chi dudc
thém vao mang basis khi khéng cé phan ti b; nao
ma msb(b;) = msb(v;). Do dé cac gia tri msb(b;)
trong B 13 phan biét. Khi d6 c6 thé cai tién code
nhu sau:

Code cai tién

vector<long long> basis;
void insertVector(long long mask) {
for (int i = 0; i < (int)basis.size(); ++i) {
mask = min(mask, mask ~ basis[i]);
}
if (mask != 0) {
basis.push_back(mask) ;
// chi can thém vao cubdi mdng, khdng can gii
// gia tri msb theo thi tu gidm dan.
}
}

Code hoan chinh

#include <bits/stdc++.h>
using namespace std;

vector<long long> basis;
void insertVector(long long mask) {
for (int i = 0; i < (int)basis.size(); ++i) {
mask = min(mask, mask ~ basis[il);
}
if (mask != 0) { basis.push_back(mask); }
}

int main() {

ios::sync_with_stdio(false);

cin.tie(nullptr);

int n;

cin >> n;

vector<long long> a(n);

for (int i = 0; i < n; ++i) {
cin >> al[il;
insertVector(al[il);

}

long long ret = (1LL << basis.size()) - n;

cout << ret << '\n';

return 0;

A Vd

Mot sb bai tap vi du

Codechef - XORCMPNT °/

Tom tat dé bai

Cho 2% tram dién (dugc danh s6 tir 0 dén
25 —1). Ban dau khéng c6 dudng nbi giita cac
tram. Ban duoc cho M sb nguyén xi,Ta, ..., Ty,
gitta hai tram wu, v khac nhau sé c6 mot dudng nbi
truc tiép néu tdn tai chi sb i thda man udv = z;.
Hai tram u,v dugc goi la cung mét thanh ph§n
lien théng néu chiing c6 dudng ndi truc tiép vdi
nhau hodc gidn tiép qua cic tram khac. Ban cn
xt Iy T trudng hop. MBi trudng hop yéu ciu tim
s6 thanh phan lién théng dugc tao thanh.

Gidi han
o 1 <T <10°.
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1 < K <30.

1< M <10°.

0<ux <28

Téng M trong tht ca cac trudng hop khdng quéa
10°.

Loi giai

Do K < 30 nén ching ta khong thé xem xét
hét tit cd 2% tram.

Gia st ching ta cé ba tram nhu sau: u @ v =
z;, v @ w = x;. Khi dé hai tram u va w s&€ cé
dudng di gian tiép qua tram v va thudc clng
mdt thanh phan lién théng va u @ w = x; ® ;.
Do dé hai tram u, v bt ki s& thudc cung mot
thanh phan lién théng néu u®v = z; ® 01
.. @z, V6i {x;, g1, ..., x;} 13 mOt tép con
bit ki clia {z1,29,...,20}. D3t 2z = ;02,11 D
...@xj, suy ra z € span({z1,2,..., ) }) va
dit d = dim(span({x1, z2,...,20})).

Xét mét tram u bt ki, ta cé cic tram cung mot
thanh phan lién théng véi u 13 v (v # u) sao
choudv=rz=v=udz Cétht cd 27 gi4
tri 2 khac nhau (bao gdm c3 z = 0 va v = w)
nén sé c6 tit cd 2% — 1 tram v nhu vay.

Nhu vay mdi tram u bit ki s& lién thong vdéi
2% — 1 tram khéc. Cho nén mdi thanh phan lién
thong déu c6 27 tram va do dé sé ¢ tht ca
2K /2 thanh phan lién théng.

Code mau

#include <bits/stdc++.h>
using namespace std;

vector<int> basis;
void insertVector(int mask) {

}

for (int i = 0; i < (int)basis.size(); ++i) {
mask = min(mask, mask ~ basis[i]);

}

if (mask != 0) { basis.push_back(mask); }

int main() {

}

ios::sync_with_stdio(false);
cin.tie(nullptr);
int t;
cin >> t;
while (t--) {
int k, m;
cin >> k >> m;
vector<int> a(m);
for (int i = 0; i < m; ++i) { cin >> a[il]; }
// x8y dung mdng cd s6 cla khdng gian vector
// dugc span bdi {x_1, , x_m}.
basis.clear();
for (int i = 0; i < m;
insertVector(al[il);
}
int d = (int)basis.size();
cout << (1 << k) / (1 << d) << '\n';
}

return 0;

X_2,...

++i) {

Bhttps:/ /codeforces.com/blog/entry /60003
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Phan tich do phic tap

Ham insertVector cé dé phic tap 1a O(d),
véi d 13 sb chiéu clia khéng gian vector dugc span
bdi {x1,xa,...,zr} (kich thudc cda mang basis)
trong trudng hop nay z; < 2% nén d < K. D6
phdc tap téng cong O(MK).

Maximum XOR over all subsets °®
Dé bai
Cho tap S cé n phan tlr ay, as, . . ., a,. Hiy cho
biét t8ng XOR 16n nhit trong tit c3 cic tap con
cta S la bao nhiéu?
Gidi han
e 1<n<10°
0<a; < 220.
Loi giai
e Do n kh4 I6n nén ta khdng thé xét hét tit c3
2" t4p con cha S.

e Nhian xét ring do a; < 2%° nén ta cé thé tim co
sé B cla khong gian vector V' dugc span bdi
S. Khi dé chi can duyét hét tit c3 27! tap con
cta B (|B| < 20). D6 phiic tap O(2/7)).
Chdng minh

e Gidsit B= {bl, bg, ce ,bk}

e Do mdi phan ti trong tap S déu dusc biéu
dién théng qua cic phan ti trong B (a;

k
Zcibi,ci € {0,1}) nén xét mdt tap con bit
i=1

ki {ai,as,...,an}, khi dé a; +as+ ...+ ap
cling sé biéu dién dugc thdng qua cic phan tu
trong B.

Code mau

int k = (int)basis.size();
int answer = 0;
// duyét qua tit cid 2"k t&p con.
for (int mask = 0; mask < (1 << k); ++mask) {
int cur =
0; // luu téng xor cla ta@p con hidn tai.
for (int i = 0; i < k; ++i) {
if (mask & (1 << i)) { cur ~= basis[il; }
}
answer = max(answer, cur);
}

cout << answer << '\n';

T6i wu hon

e Ching ta c6 thé ding y tudng tham lam bing
cach uu tién set cho bit cé index I6n hon trong
res bing 1. Vi c4c bit phia sau du déu b3ng
1 thi vAn sé khéng t&i uu néu bit i bing 0:
2042 427 =271 < 2°. D6 philc tap
o(B)).
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int k = (int)basis.size();

// khdng can duyét theo thi ty gidm din msb do céac
// gia tri msb trong mang basis 1a phan bidt.

int answer = 0;

for (int i = 0; i < k; ++i) {

answer = max(answer, answer ~ basis[i]);

}

cout << answer << '\n';

Codefoces 895C - Square subsets *°

Tém tat dé bai

Cho mdt mang a gdm n s nguyén duong. Tim
sb cach khac nhau dé& chon ra tir mang a mdt tap
con khac réng sao cho tich cha cic phan ti dugc
chon 13 mét s chinh phuong. Hai cach chon dugc
coi 13 khac nhau néu tén tai mdét vj tri ducc chon
bdi tdp nay ma khéng dugc chon bdi tép kia. Do
dap 4n c6 thé rat 16n nén ban can in ra dép 4n sau

khi chia 14y du cho 10° + 7.

Gidi han
o 1 <n<10°.
o 1 <gq; <70.

Loi giai

B3i ndy cb thé gidi bing quy hoach déng bit-
mask. Nhung minh sé gidi thiéu mot cach tiép can
khic don gidn hon va dé phdc tap thip hon, 4p
dung dinh Ii vé hang va sb vd hiéu cla ma
tran.

e Ta biét ring moi sb nguyén duong = b4t ki déu
duoc biéu didn thanh tich cic thira sb nguyén
t5 pft - ph2 ... pfm (trong d6 p; 13 cac sb nguyén
td, k; > 0). z 12 sb chinh phuong khi va chi khi
cac sb ki, ko, ...k, déu |3 sb ch3n.

e V6i mdi s, chling ta chi can quan tam cac vj tri
i ma k; 13 sb 1&. Chi c6 19 sb nguyén tb trong
doan [1,70] nén c6 thé coi mbi sb 13 mdt vec-
tor trong Z1° va phép nhan hai sb tuong duong
véi phép cdng hai vector tuong tng. Khi dé sb
chinh phuong chinh 13 mét vector khdng (O).

e D3t v; 13 vector tuong (ing clia a; trong Zs°.
Khi dé ta biéu dién lai mang a thanh mdt ma
tran kich ¢ 19 x n nhu sau (céc vector v; dugc
viét & dang cdt):

V1 U2

M

e Ching ta cin tim tit cd cic vector x
[x1,29,...,2,] (x € Z3), trong dé x; = 0
tuong Ung véi a; khdong dugc chon va z; = 1

9https:/ /codeforces.com /contest /895 /problem /C
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tuong ng véi a; dugc chon, sao cho:
M-z2=0

e Sb vector  thda man chinh bing sb vector trong
khéng gian hach clia M va bing 2miy(M) (bao
g(’\im ca cach chon tap rong tur a). Khi dé6 dép
an chinh 13 2mY@D _q,

e Theo dinh Ii v& hang va sb vo hiéu:
rank(M) + nullity(M) = sb c6t = n

D& dang suy ra:

nullity(M) = n — rank(M)
=n —dim(CS(M))
=n — dim(span(a))
Code mau

#include <bits/stdc++.h>
using namespace std;

const int MOD = (int)1le9 + 7;

vector<int> primes, basis;
const int MAX_VAL = 70;

void precompute() {
// Tim céc sb nguyén td <= 70.
for (int i = 2; i <= MAX_VAL; ++i) {
bool is_prime = true;
for (int j = 2; j * j <= i; ++j) {
if (1% j==0 1
is_prime = false;
break;
}
}
if (is_prime) { primes.push_back(i); }
}
}

void insertVector(int mask) {
for (int i = 0; i < (int)basis.size(); ++i) {
mask = min(mask, mask ~ basis[i]);
}
if (mask != 0) { basis.push_back(mask); }
}

int main() {
ios::sync_with_stdio(false);
cin.tie(nullptr);

precompute () ;
int n;
cin >> n;
vector<int> a(n), cnt(MAX_VAL + 1);
for (int i = 0; i < n; ++i) {
cin >> alil;
cnt[al[i]l]l++;
}
// Tim vector v tudng ung.
for (int i = 0; i <= MAX_VAL; ++i) {
if ('cnt[i]) continue;

int v = 0, cur = i;
for (int j = 0; j < (int)primes.size(); ++j) {
int k = 0;

while (cur % primes[j] == 0) {
cur /= primesl[jl;
k++;

’
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}
// Néu k 1& thi dit bit thd j bing 1.
if (k& 1) {v+=(1<<3);}
}
insertVector (v);
}
int d = (int)basis.size();
int nullity = n - d;
int answer = 1;
for (int i = 0; i < nullity; ++i) {
answer = answer * 2 J MOD;
}
cout << (answer == 0 ? MOD - 1 :
<< "\n';
return 0;

answer - 1)

Do phic tap
e Dit m = maxz{a;},d = basis.size().
e D5 phic tap 13 O(my/m + mdlogm + n)
O(n).
Téng quat
Cho mét mang a gdm n phan ti va mdt sb
nguyén s. Tim sb tap con cla a sao cho téng Xor
cac phfln tr dang bing s. Gidi han: 1 < n <
10°,0 < a; < 2°1,0 < s < 2°L,
Phan tich
e Coi mdi phan tir a; 13 mdt vector thudc khdng
gian vector ZJ. Biéu din lai @ bing mdt ma
tran M kich ¢6 d x n nhu sau:

| | ‘ ay1 A1 Ap,1
) a a a
M= |a; ay a|=| " n
I TP
Q1,4 A2d Qp,d

)

e DAu tién ta cAn kiém tra xem s c6 thé dugc
biéu didn théng qua cac vector a; hay khdng.
Néu khong thi dap 4n 1a 0, ngugc lai gid su
S:ai+(li+1+...+aj (Vél {ai,aiﬂ,...,aj}
I3 mét tap con bAt ki cla a).

e Khi d6 ta can tim s vector z = [z1, xa, . . ., Ty
(x € Z%) sao cho:
M-x=s
(

1171+ Q21T + ... + Ap 1Ty

= Q;1 + Qi11,1 + ...+ aj1 (mod 2)
1,271 + A2 2T2 + ...+ Ap2Tn

RN = ;2 + Ai41,2 + ...+ ) (mod 2)
G1,4T1 + A24T2 + ... + Gy gTh

| =@ig+aip1a+ ... +aq (mod2)

Bing phép bién déi tuong ducng ta cé dugc dp
an tuong tu.

®0https:/ /codeforces.com/contest/1101/problem /G
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(Zero XOR Subset)-less *°

Dé bai

Cho mét mang céc sb nguyén a gdbm n phan
td. Nhiém vu cha ban |3 chia mang d3a cho thanh
nhiéu nhit cic doan, sao cho:

e M3i phan tir chi thudc mét doan.

e M3i doan chia it nhat mdt phan to.

e Khéng ton tai mdt tap khéc rdng cac doan sao
cho tcA;ng xor cac phan tir bing 0.

In ra sb doan nhiéu nhit c6 thé chia thanh.

Ho3c —1 néu khdng tdn tai cich chia.

Gidi han
o 1<n<2-10°.
o 0<a; <10
Phan tich

e Ta sé& xem tong xor clia c4c phan td trong mbi
doan 13 mot vector trong Zgo.

e D& thAy ring trong c4ch chia clia dap 4n thi tap
cac vector phai la déc lap tuyén tinh.

o Gid s ta c6 mdbt cich chia thda man nhu
sau (v6i sb doan I3 nhiéu nhét c6 thé): [I
1,7"1], UQ = T1—|—71,’I“2], ey [lm = Tm—l"’]-arm
n]. Goi v; 1a tong xor cla doan thi i. Khi dé
ta c6 tap S = {v1, va, ..., 0} 13 dbc 15p tuyén
tinh va dim(span(S)) = m.

e Theo tinh chit cla tap doéc lap tuyén tinh thi
tép Q = {v1, vy T2, U1 v A Aot =
{pry,Pros - pr} (VI p; 13 tong xor cla i
phan t&r dau tién) cling doc lap tuyén tinh va
dim(span(@)) = dim(span(5)).

e Do cach chia trén d3 13 t&i uu nén ta c6 thé
thém b4t ki p; ndo vao Q ma van giif nguyén sb
vector déc lap tuyén tinh (dim(span(Q)) khéng
dai).

e Dap an cubi cing 1a dim(span({p1, pa, - - ., pn})).
Ngoai trir trudng hop p,, = 0 thi khong c6 cach
chia nao nén in ra —1.

>3

>

Code mau

#include <bits/stdc++.h>
using namespace std;

vector<int> basis;
void insertVector(int mask) {
for (int i = 0; i < (int)basis.size(); ++i) {
mask = min(mask, mask ~ basis[i]);
}
if (mask != 0) { basis.push_back(mask); }
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a
d = basis.size() < 3

int main() {

ios::sync_with_stdio(false);
cin.tie(nullptr);
int n;
cin >> n;
vector<int> a(n);
int p =
0; // luu tdéng xor cla i phdn td ddu tién.
for (int i = 0; i < n; ++i) {
cin >> al[i];
p = alil;
insertVector(p);
}
// néu p_n = 0 thi khéng cé dap &n.
if (p ==0) {
cout << -1 << '\mn';
} else {
cout << basis.size() << '\n';
}

return O;

Do phic tap

D& phic tap 13 O(nd) (v6i a; < 107 thi
0).
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Codeforces blog - A Beautiful Technique for
Some XOR Related Problems "
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Phéng van Vii Hoang Kién

Interviewer: Pham Tuln Nghia — ICPC World Finalist 2020 & 2022



Phdng vin Vii Hoang Kién

Kién: Xin chao tit ca moi ngudi, minh la Kién.
Hién tai minh dang hoc ndm 2 cda trudng Dai hoc
Qubc gia Singapore. R4t vui dugc gip céc ban!

Nghia: Kién 13 ngudi méi hoc CP® nim clp
3 nhung khi 1&n 11 d3 dat dusc HCB IOl . Vay
Kién d3 1am gi d& thing tién nhanh nhu vay? Théi
quen train CP cla ban c¢é gi didc biét khong?

Kién: Néi nhu nao nhg, that ra minh ciing
khong biét ngudi khac train nhu thé nao nén minh
ciling khoéng biét viéc train clia minh cé dic biét
khéng. V& cin ban 13 minh s& hoc theo cdm hiing.
Vi du thiy goi y 1 set bai d& Iam thi nhidu khi minh
khéng cb 1am dau ma lic ndo himg 1&n méi lam.
Cang vé sau thi minh thiy c6 chi dé nay chi dé
no thid vi nén minh cang nang suit 1am bai hon.

Nghia: Diéu diy c6 giai thich cho vi sao 16p
10 ban chua ndi ma dén I6p 11 ban méi noi khéng
nhi? B&i vi ban dau ban chua train hardcore ma né
kiéu cam hiing nha?

Kién: Lép 10, thoi gian déy minh ciling kha la
quan. Minh ciing khéng dudc di thi Duyén hai cac
thi vi thai gian chon déi Duyén hai né ciing sém
hon cai thoi gian tryhard cho tui I16p 10 trudng
minh. Sau khoéng tryhard vao tim he, m‘lnh cling
hoc thém kh4 nhiéu tha. RAi minh d8 tuyen trong
thdi gian day minh cling tham gia chung miy cudc
thi véi tuyén. Roi sau diy thi QG rdi dugc Nhit
QG thi hmm..., ldc déy minh kiéu suyt dugc vd
dich VOI, bing rank anh Nghia . Hoi diy minh bjt
dau thiy 3o rdil Minh c6 ding ky thi Qubc Gia
bén Singapore nita dé trai nghiém thir y. Nhung
thai gian hoc Vong 2 né quin qué nén thi hai thot,
con bi may dita khong d8 Vong 2 hanh. Sau vu dy
minh cay, bit dau tryhard cac tht, thi Vong 2 lai
xanh!

Nghia: Okay tém lai la ban cé théi quen train
theo cdm hdng va train vao nhiing lic ban cdm
thdy minh ngu, nhiing ldc ma ban cdm thiy kém?

Kién: Ding rdi, hau hét I3 nhu vay a

Nghia: Om thi c6 vé cai qua trinh hoc CP ca
ban né kha giéng cai db thi hinh sin. Khi ndo ban
khiing thi ban thot dan rdi ban lai b4t dau khing
. Thé thy, gilta cac cai lac phong dé cda ban di
xudng By, lic diy ban c6 choi game, luét Internet
doc reddit hay ban da lam gi khdc ma phong do
chia ban di xubng nhiéu nhu vay?

Kién: Khéng biét lac diy cé6 miy céi Reels nhu
gio khdng, kiéu minh hay xem méy cai giéng vay,
miy clip trén Youtube céc thit. Thuc ra minh nghi
Tin hoc 13 mét mdn can luyén tap lién tuc 3y, chi

"SCP: Competitive Programming - Lap trinh thi d4u
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can minh khéng 1am gi thi cdm gidc né tu di xubng
théi. C6 thé tu duy né v3n thé& nhung céi cai dit
ciing di xuéng, dai loai vay.

Nghia: Okay, rat I3 hop ly. Nhung ma, thudng
khi ngudi ta khdng 1am gi thi né van phai di kém
vGi mét cai hoat dong cu thé nao déy. Nhing lic
ban khong train hodc train it éy, ban c¢é sé thich
nao diy ngoai CP khdng? Vi thuc ra minh nghi c6
mot cai gi ddy ngoai CP ciing rat 13 tbt. N6 ciing
train cho minh cdch nhin cic thi theo nhiéu géc
khac nhau.

Kién: That ra minh ciing cé tham gia cac cudc
thi kiéu lién quan dén thé thao ma kiéu choi vui
thdi chit ciing khéng dén mic tryhard. Minh choi
game ciing leo |&n dudc top bao nhiéu phan trim
clia game dAy nhung ciing khéng dau tu nhiéu quéa
vao game. Néi |3 top bao nhiéu phan trim thi thé
nhung ma minh ciing khéng nh3m cao qua Ay. Kiéu
ciing cho vui thai!

Nghia: Thé 13 Kién ciing c6 choi game va ban
cling c6 quan tdm dén cai tha hang clia minh dang
n3m trong phan ndo clia game. That ra ban ciing
ganh dua trong cic hoat dong giai tri nhi? Minh
ciing rat 13 dong cam tai minh ciing 13 mét ngudi
nhu vay. Ban c6 thé k& thém vé& hanh trinh cla ban
dén NUS khong? Qua trinh app NUS cta ban cé
gip khé khin gi, lic biét minh d& thi ban c6 bat
ngd khong?

Kién: Minh c6 lgi thé vé thi qubc t& nay. That
ra NUS ciing la mdt trudng cé uy tin trong khu
vuc vé CP nén céi hd so clia minh ciing cho minh
mét sb Igi thé. Thé nén 1 viéc dd ciing khdng bat
ngd ldm. Minh ciing gip khé khin trong viéc xin
hoc b67ng c4c tht 4y, minh nghi 13 c4i hd so cla
minh né khéng thuyét phuc Iim. Hdi ddy NUS c6
mot hoc béng khéc gan gibng hoc béng minh dang
c6 bay gid, nhung khéng b3t phai & lai Singapore
3 n3m. Mt sb6 ban ma minh quen d3 dat duoc céi
hoc b8ng xin hon diy, va tit nhién ho s& tir chbi
c4i hoc bdng minh dang c6. Bing mét cach ndo dé
ma tu nhién cai hoc béng nay dugc du thém mot
s6 suit va minh nghi diy 13 mét diéu may mén.

Nghia: V& viéc [am hd so di du hoc thi trudc
day minh ciing c6 lam va véi minh dé [a mét trai
nghiém rAt |3 khac. Khdng biét 13 véi ban thi ban
¢ nhu thé khéng? Kiu minh hoc dugc mét céi
ki ning gi diy tir qua trinh chu3n bi hd so nay.
Minh ciing biét rat nhiéu ban ciing train CP tUr cép
ba, ciing dang trong qud trinh [am hé so du hoc.
Khong biét ban c6 gép y hay I5i khuyén, chia sé



Phdng vin Vii Hoang Kién

tips gi cho cac ban dé xin dugc hoc béng khing
nhu ban khong?

Kién: V& tips thi minh ciing khéng r vi minh
khéng nghi minh 13 mdt ngudi gidi viét luan hay
gidi phong van céc thd. Nhung minh nght app du
hoc 13 mdt co hdi tbt dé moi ngudi tu tim higu vé
ban than minh d4y. Tai vi minh hi€u minh thi minh
mdi quang cio ban than minh di tbt dé thuyét
phuc cac trudng nhan minh vao hoc. Mac du né
c6 thé hoi trAm cam gi diy nhung it nhit dé ciing
I3 mét tac dung rit 16n cha app du hoc.

Nghia: V6i minh thi hdi minh nép di du hoc
th diéu minh nhan ra dy 13 cich chip nhan giéi
han cla ban than va luin thi dua ngudi khac sta.
Chit minh viét nhu d& hoil Trong thai gian apply
di du hoc thi Kién cé nép cac trudng khac khong?
V3 néu cé thi tai sao Kién lai chon NUS thay vi
cac trudng khac?

Kién: C4, nhung ma em khéng dugc chon. Don
gian thé thoi.

Nghia: Okay, rat ngdn gon. Mét cau hdi cudi
cling vé ddi sbng dai hoc. Viéc budc 1én Dai hoc né
d3 13 mét su thay d&i vé& cudc sbng hing ngy véi
nhiéu ban, thém ca su khac biét v& vin héa kha 13
I6n, ngoai ra ban dugc hoc & mét ngdi trudng Dai
hoc n3m trong top rat cao ctia Chau A va Thé giéi.
Thé ban c6 thiy trong 2 n3m vira rdi, c6 nhiing
Ki nang gi cla ban dugc cai thién va c6 nhiing ki
n3ng ndo ma vi & trong mdi trudng nhu thé ma bi
thut Iui di khong?

Kién: Nang trinh thi cé thé minh vi chii nhau
bing tiéng Anh nén ndi va viét tbt hon ching? Con
vé bi thut Iui thi... N&i chung minh ciing la mét
ngudi ngai giao tiép véi ngudi la nén 13 mdt phan
nao déy minh hoi it van dong tu hdi 1&én Dai hoc.
Con cac ki n3ng lién quan dén hoc thuit thi ndi
chung minh dé phan sau minh néi .

Nghia: Vé qua trinh hoc CP, cu thé thi trong
khodng 16p 11-12 ctia ban. Kién c6 cam thiy Kién
may m3n khi d3 thing tién rAt nhanh vao nim 11
hay khong? Sang I6p 12 thi Kién cé con déng luc
nhu truéc dé chinh phuc HCV khéng hay chi dén
d4u thi dén diy thai?

Kién: Lic ndy em ¢6 ké em thi thot, rdi vé sau
cay 4y . That ra ltc diy ban dau em chi kiéu nhim
top 15 dé I8p 12 choi cac thd Ay a. Em chi nghi
em tam rank 8, 9 gi théi, xong em dugc rank 3 nén

em b3t dau nghi minh ciing c6 kha ning di qudc
t&. Roi ltc ddy em b3t du hoc kha cing, khoang
thdi gian tir dy dén lic thi APIO™ . Con doan sau
nhu ndo nhi? VAn thé, khong thay déi nhidu 15m,
cl tryhard thoi!

Kién: Lén I6p 12 thi c6 mot khodng thoi gian
em khdng tryhard dugc nhu truéc dé tap trung hoc
nhing ndi dung khac. Tic 13 em vin cb dé& duoc
huy chuong céc thit, nhung c6 mét khoang thai
gian em tam thoi dung lai dé tap trung lam cai
khéc, vi em ciing khéng phai thi vong 1. Sau day
thi em b3t dau tryhard trd lai. Néi chung em ciing
nhim kh4 cao. Dén cudi thi moi thit ctia em vin
khéng d8i, tir rank Vong 2 dén huy chuong nay kia
ludn . N6i nhu thé chi em ciing cha biét ké chi tiét
nhu ndo. C6 mdt c4i em dé y 13 thi 101 thi ngdy
1 em lGc nao cling Vang va ngay 2 lGc nao ciing
Déng. Xong 13 14y trung binh ra 13 dugc Bac, céi
diy em nghi kha ding. C3 cai db thi hinh sin anh
c6 nhic & phan trudce

Nghia: Ching td 13 c6 mét cai “quy luat’ vé
viéc hoc clia ban xult hién kh4 rd . Néu vé cai bidu
db ra, ban cé thiy miy thang gan day né con ding
khong? Trong viéc ban di WF™ | gianh Medal dau
tién cho Viét Nam va viéc tiép theo déy la vao WF
lan nita?

Kién: C6 c6! Em cé thot National .

Nghia: Dugc biét ban I3 thi khoa dau vao clia
Chuyén KHTN khéa 2k2. Ban c6 didu gl c6 thé
chia sé cho cac ban hoc sinh cép 2 vé kinh nghiém
cia minh khéng?

Kién: Em ciing khéng nhé r8, hdi day lich hoc
clia em 13 hoc tit ca moi ngay trir ngdy trudc ngay
thi. That ra em ciing may min dugc tao diéu kién
kha nhiéu, duoc 6n luyén & nhiéu chd kha uy tin
trong quan.

Nghia: Okay thé 15i khuyén cho céc ban 13 hay
hoc that nhiéu va hoc ding chd ding khéng? Cau
hoi cudi cling ndy, d3 c6 khi nao Kién nght vé tAm
medal ICPC® WF tir thsi diém minh hoc cip 3
khéng?

Kién: Thuc ra minh thi ICPC tir cAp 3 nhung
nam nao ciling bi hanh nén la chua bao gis ¢cé giai
ICPC khoi THPT. Nén minh ciling chua nghi dén.

8APIO: Ky thi Olympic Tin hoc Chau A —— Thai Binh Duong.

OWF: Worlgi Finals — Cudc thi ICPC cubi cling trong mét miia giai bao gdm nhitng déi xuit sic nhit cha cac trudng
dai hoc trén thé gidi vugt qua vong loai viing (Regional contest)
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Vi Hoang Kién tai ky thi ICPC World Finals 2021,
Dhaka (Bui Héng Duic, Vi Hoang Kién, thdy H6 Dic
Phuong, Nguyén H3i Binh)

Nghia: Okay, sau khi nghe cau chuyén ca ban
trong qua trinh train & cAp 3, minh thiy né ludn
ludn cé mdt cai dich & trudc mit nhung ma ludn la
dén giita dudng rdi ban méi nhan ra minh thot qué
va ban mdi leo 1&n chd ciing chua bao gid thiy ban
nhin d&n mét céi goal xa hon. Thuc ra nhu thé thi
né chi phu hgp véi mét sb ban chd khong ap dung
dugc véi nhiéu ngudi. Nudc dén chan mdéi nhay thi
khdng phai ai cling nhdy cao dugc nhu Kién . Cac
ban c6 thé thay 13 trong mdt khodng thdi gian rit
13 ngin, chi cAn cam théy can hoc thi Kién s& vé
dich, chim hét!

Nghia: A minh ciing biét 13 dit Chuyén KHTN
a3 mdt moi trudng rAt canh tranh, nhung khéng
phdi khéa nio ciing c6 dé chénh l&ch 16n vé ki
n3ng ngay tir khi bt diu vio nhu khéa ban, kiéu
Bui Hong Diic va phan con lai. Theo ban thi viéc
c¢6 mot ngudi ban rat 13 manh ngay tu diém xuit
phat rdi thi ban cé théy déy la déng luc trong viéc
hoc CP khéng?

Kién: Em lai nght dy 3 mét diéu tét! it nhit
minh luén c6 mét khudn mau d& nhin theo. Dai
loai néu ¢ ngudi nhu thé thi ciing kha tbt trong
viéc giit dong luc va phét trién ban than.

Nghia: Thé ItGc ma ban train thi minh c6 nhin
nhitng ban xung quanh ban khéng? Hay ban chi
nhin theo mdi Hong Dic théi?

Kién: Thuc ra cai viéc soi méi ngudi khac thi
khéng phai lic ndo ciing nén thé. Vi séng ma 4p
luc thé thi khé chiu I3m, cling tuy ldc chir a. Lic thi
cling c6 nhiéu cai I5m, minh ci 1am viéc cha minh
trudc thoi, khi nao xong rdi thi minh méi ranh dé
nhin linh tinh

Nghia: Ding 13 chit cta top 3. Ban train vi
cam hing, train vi dam mé chd khong train vi muc
tiéu gl cd . Thuc ra thi minh ciing biét diéu nay
ngay tir diu nén minh ciing rAt 13 khé hdi, cich

2 ?

hoc cta ban ciing khé dé ap dung mét cach phd

théng cho moi ngudi. Thé nén héi Isi khuyén danh
cho cac ban khac thi ciing hoi khé.

Nghia: M6t cau hdi cubi cling cia BTC. Sau
khi nhan dugc medal cia WF & ndam nay thi ban
con tiéc nubdi gi vé CP khéng? C6 diéu gi ban cam
thay minh con cin phai cb ging dé dat duoc & CP
khong?

Kién: That ra ndi cé thi cling c6. Minh ciing
timg kha gin v6i Legendary Grandmaster (rating
3000) & Codeforces®® 4y, nhung sau 1 dgt minh
khong tap trung nita thi minh xubng kha 13 sau.
Nén 13 it nhit minh hy vong minh c6 thé cham dén
cai mbc dly trudc ki WF cubi ciing clia minh.

Nghia: Okay chiic ban may min nhé! Vi minh
ciing thiy ciing lau rdi cai mbc rating né khdng déi
nén minh nghi tir gid dén ltc dy c6 khi 1a... Thai
thi chdc ban 13 Codeforces sé khdng ting cai nic
LGM 1&n, néu khdng thi s& hoi mét méi day!

Nghia: Okay, chic 13 né chi vay thoi. Viéc ban
top 3 d3 khé hdi rdi ma cach train cta ban ciing
kha dac biét nita. Minh nghi néu md minh du theo
cach train cta ban thi minh ciing khé khuyén cho
céc ban khac . Thé thdi, cdm on ban nhé. Chao
ban!

Kién: Chao anh Nghia a .

N
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Phéng van Tran Xuan Bach

Interviewer: Nguyén Trung Quan — Tinh nguyén vién VNOI Gen 2



Phdng vin Tran Xuan Béch

Quan: Chao Béch, ban c6 thé gidi thiéu dbi
chit vé& ban than cling nhu thanh tich ndi bat cla
ban dugc khong?

Bach: Em tén 13 Tran Xuan Béach, hoc I6p 12
truong THPT Chuyén Khoa hoc Ty nhién, Ha Noi.
Nam I6p 10, em dat giai Nhi VOI 2020, huy chuong
dong APIO®2 . Sang n3m I6p 11, em may mén c6
cho minh huy chuong vang APIO va huy chuong
vang 101%3

Quan: Dugc biét Bach bt dau hoc Tin tir rit
sém, khéng biét co duyén nao d3 dua ban dén mén
hoc nay?

Bach: He nam [6p 6, me c6 tim cho em mot
trai he. D6 13 HSGS Codecamp clia thiy Phuong
t8 chdc. Vao dAy, em duoc hoc vé& C++, dugc lam
trang codefun ctia thiy Phuong. Em nhan ra viéc
code kh3 logic dbi véi mét ngudi chuyén toadn nhu
em. Va sau khi biét duoc cich nhiing dong code
hoat d6ng, em d3 tu may mo khdm pha, tir dé bit
diu tap trung sdu hon vé& mdn nay.

Quan: Cam xdc chia ban nhu ndo khi biét dugc
minh duoc tuyén thing vio THPT Chuyén KHTN?

Bach: Em dugc biét néu dugc giai Nhit thi s&
duoc tuyén thing vao chuyén KHTN tir nam 1ép 8
rdi, em ciing d3 thi tir n3m 16p 8 nhung chi duoc
giadi Nhi théi. Lac biét minh dat gidi Nhit TP, em
cam thiy kha 13 may mén va ciing tién nifa .

Quan: D&i véi Bich thi viéc hoc 8 cép 3 va
cAp 2 c6 khac biét gi qué 16n khong?

Bach: Théat ra thi em hoc trén I6p rAt it. Em
chua Ién 16p budi ndo bao gié ludn, toan hoc doi
tuyén thdi . Theo em thay 6 KHTN thi su khac
biét 16n nhit ndm & su tu gidc cta hoc sinh. o)
trudng Ngbi Sao, thdy c¢6 hay ép tui em lam dé
cudng, sach 6n thi cac thi, con |én cép 3 thi chic
I3 kiu trudng thanh hon nén em thiy moi ngudi
c6 tu gidc tu hoc, 1am bai tap rdi con tu nghién
cliu thém nifa. D3c biét 13 mén Tin thi phan tu
nghién ctu 3y theo em I3 quan trong nhét.

Quan: Ban xem viéc tu hoc l1a mét tré ngai
hay 13 thuan lgi trong con dudng |4p trinh thi diu
cGia minh?

Bach: Em tu cam thiy minh tu hoc kh3 kém,
do d& bi mit tap trung. Nhung ma khéng hiéu sao
em vin di gidi, chic 13 miy ban khic mit tap
trung hon em . Em nghi diy 13 mdt budc dém kha
tbt dé sau nay vao Dai hoc, minh sé dugc chu3n
bi trudc tinh than tu hoc éy a.

Quan: Trai qua quing thdi gian hoc ddi tuyén
ciing lau thi déng luc dé Bach duy tri viéc hoc lién

tuc la gi?

Bach: That ra em ciing khdng r3. Chic chinh
4p luc khi hoc dbi tuyén I3 déng luc tbt nhit déi
véi em. Thay c6 néi véi bon em ring: “Anh khéng
tién, thi anh s& 1ui.” Thé nén ké c khi khéng mubn
hoc thi em vin phai ép minh hoc dé khong bi danh
mit kién thic, khéng bi thut Ui so véi cac ban
cling Itta. Thé cho nén em nghi ring c6 kha ning
tu hoc |3 mdt Ioi thé khé I6n

Quan: Theo minh dugc biét rat hiém trudng
hop 16p 10 dugc vao déi tuyén cha truong KHTN,
khi B4ch hoc tap trong méi trudng véi nhiéu ngudi
khing thi ¢ ap luc khéng?

Bach: Em c6 dugc hoc cung déi du tuyén cla
Tu nhién tir hdi cAp 2 nén nhiing céi diy chic em
ciing trai nghiém quen rdi, ciing 3-4 n3m rdi a. Bdi
thé em ciing khdng thiy 4p luc I3m, di em biét
minh c6 thé khéng bing mét sb ngudi nhung xét
vé mit bing chung thi em ciing an. Ky thi tuyén
lan Sy em diing tha 2, chi thua mdt anh 16p 12 thdi

Quan: Trudc khi vio dbi tuyén, Bach d3 c6
nhiéu trdi nghiém khi hoc du tuyén cla trudng
KHTN, viéc hoc “ké" nhu thé 13 trai nghiém nhu
thé ndo dbi véi ban?

Bach: Thit ra dot hoc du tuyén déy em cling
khé 13 bi ap luc, nhiéu ldc c6 mot sb anh trong ddi
hoc bat h3n 1&n [am em c6 cam gic bi thut Ibi y.
Em ciing thiy cing thang nhung kh| nhin vao mat
khéc thi em ciing biét minh nho tudi hon nén vin
cdn nhiéu co hdi va lgi thé vé sau nay, kiéu so VGi
khéa sau thi cé thé em vin hon dugc chgng han .

Bach: Lic diy duoc hoc cling cic anh 16n hon
minh tan 3 16p, chic 13 em cling théy so . Budc
vao |8p nhin ai cling cao hon minh nira mét co ma,
kigu 13 mot trai nghiém mdi hoan toan dbi véi em,
khi ma vira vao cip 2 hon 1 n3m, xong tu dung
dugc trai nghiém mdi trudng cap 3. Dbi véi em dé
I3 m&t cti sbe kha 13 16n, em chua ting trai nghiém
cai cdm gidc hoc ma “budng thd" nhu thé, trong
gio hoc minh cé thé khéng hoc ciing dugc va thay
ciing khong nhic nhiéu. Thai gian dau khi hoc nhu
thé& em ciing “nghién ngap”’ khéa nhiéu , qua thdi
gian thi em cam thy dan hing thi véi viéc hoc
hon nén ciing bé dan, cho nén em thiy I3 khi minh
dugc tu do nhu thé thi ban than ciing phai biét
kiém ché nhiéu hon.

Quén: O ki IOl vira rdi Béch da thé hién rht
t5t va dem vé tAm huy chuong duy nhit cho doan
Viét Nam, Bach c6 thé ké hanh trinh Bach dén véi

82API0: Ky thi Olympic Tin hoc Chau A -— Théi Binh Duong.

8101 Ky thi Olympic Tin hoc Qubc té.
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ki thi 101 dugc khéng?

Bach: Phai bit dau tir n3m I6p 10, ltic diy viéc
vio dbi tuyén ciing khéng bt ngd dbi véi em wi
trudc em ciing c6 biét anh Bui Héng Diic va anh
L& Quang Huy lam duoc tuong tu . Lic c6 két qua
thi em dugc hang 2 toan tuyén, d3u 13 ldc di thi
em ciing chi cin test théi nén khéng tu hao nhiéu
nhung it nhit cling cho em su tu tin . Sau dé em
thi VOI va dugc gidi Nhi, ti nita em trugt Vong 2 vi
rank cia em dot diy tAm nita dudi clia top 32 co.
Khi thi xong em ciing khéng c6 héi han nhiéu vi
em hau hét danh duoc diém tron ven nhiing sub-
task ma em lam duoc. Hai déy nghi lai em con
kha yéu vé mot sb mat, nhu kidu Quy hoach dong
nhitng bai trén Codeforces®® em con khong lam
dugc nhiing bai rating 1900, em khong hiéu sao
nita . Thé nén 13 sau cubc thi em ciing hoc nhiéu
hon va ciing dan khic phuc dugc nhiing han ché
By.

Bach: O Vong 2 thi em ciing chi biét cin test
ca 6 bai. Duy chi c6 mdt bai em c3n ma sai ding 1
test, khéng la em 100 diém . T67ng quan thi ngay 1
em top tdm 25, ngay 2 em bat [&n top 11. Khoanh
khic diy thi em biét kh3 n3ng minh vao IOl khé
roi, db thiy timg déng vién c6 trudng hop top 11
thi van vao dugc nhung em van khong tu tin 13m
nén em ciing chi cb thi APIO thdi . Thi APIO thi,
ui gidi . N3m 4y Indonesia t& chiic, thi 5 tiéng thi
sever bi sap trong 3 tiéng cubi. 2 tiéng dau em ndp
thi ok, 3 tiéng cubi nhu thi VOI 4y a, em toan goi
contest diy 13 VOI+ . Nhu em c6 ké & phan trudc
thi thi VOI em thudng khéng mit diém ndo nén
dén ldc em biét sever sap thi em chuyén h3n thai
d6 thi cda minh ludn, ngéi stress test du thi. Co
m3 héa ra chinh céi diy lai glup em vao top 6,
nhu’ anh Duong Minh Khéi ching han, néu n3m
4y server khéng bi tinh hubng nhu thé thi ciing c6
thé AC bai 2 va bai 3, ma den 13 anh 4y code 2
bai dAy trong llic server sdp co ma lai khéng stress
test nén khdng bt dugc nhiing bug kha 13 d& nén
thanh ra mAt diém. Theo em thi nim diy em ciing
kha rua, tu nhién lai dugc théi .

Bach: Trong clng ndm, thi em ciing c6 thi
ICPC® nhung két qua cta team em khdng tbt 13m
do dot diy team em ciing khéng c6 ai code tbt c3,
dot diy em code ciing vira vira théi chit khéng gidi
. Dén nim I6p 11 thi do em dugc thi APIO rdi nén
khong phai thi VOI nita ma chi can tap trung thi
Vong 2 thdi, cho nén em ciing ¢ nhiéu thdi gian

d& thi ICPC, team clia em nim diy ¢ Hung véi
Khué. Mai ngudi c6 mot thé manh riéng nén bon
em kiéu bl trir cho nhau ¥, cudi cling thi thi két
qua ciing kha &n .

Bach: Sau thi ICPC thi em thi Vong 2, ngay
1 top 13-14, ngay 2 em 3n may nén bat Ién dugc
top 3 . V&i két qua diy em dugc tham gia APIO, 2
tiéng dau em d3 #n duoc tron diém em c6 thé 3n
rdi, con lai ch3 biét 1am gi nita, xong kiéu em cd
so nén cit cd nght tiép, cudi cling thi ra em ciing ra
giai cho mAy bai diy nhung cha code dugc bai nio,
c6 mdt bai ma moi ngudi déu dusc 90 rdi, va it ai
day né 1&n 100, v6i thdi gian it &i ddy em ciing chi
kip cin test rdi 3n dugc thém 2,9 diém. K& ciing
hay vi néu em khéng 3n diém 1& dy thi VN minh
d3 c6 5 Vang APIO rdi, rdi cudi ciing em 3n diém
diy nén em dugc bét Vang con anh Nhat Minh
thi top Bac, khd than anh Minh . That ra trong
lich st Viét Nam ciing nhiéu ngudi bét Vang, nhu
c6 anh Cao Nguyén ching han, nhung chic em 13
ngudi dau tién bét Vang c3 2 1an trong mdt n3im.
Thi IOl thi em th3y minh ciing lam 8n. Ngay 1 ok,
ngay 2 ciing ok nbt. Néi chung em 1am ciing binh
thudng théi. Trong diy em AC c3 2 bai déu kha
mudn, tdm 4 tiéng 40 phat. Em ciing thdy minh
kha 13 may m3n khi khéng g3p bug ning ma chién
thuat ciing khong sai. Em khdng dinh bug va van
c6 cai dé code, gan nhu 13 5 tiéng lién tuc em code
c3 ludn. K& ca em khéng AC nhung em vin cin
dugc hau hét subtask & ngay 1, ciing nhd viéc cin
subtask ndy nén em ciing 6 hudng dé AC duoc
bai 1 ngdy 2. Em nghi dy 13 mét su may m3n khi
tdng k&t ra c3 2 ngay thi em lai dusc Vang .

Quan: Vay ban d3 chuan bi nhiing gi cho ki thi
Vong 2 sip t6i? Khéng biét nim nay Béch cé dit
cho minh nhitng muc tiéu nao khdng, nhu dugc 2
Vang 10l ching han?

Bach: Em v3n s& 6n thdi. Viéc 6n nhiéu hon
thi em ngh| la khéng, ma ciing khéng |t hdn nam
trudc la may Vi em nghi ciing n3m cudi rdi nén
phai chusn bi cho Dai hoc nita. Muc tiéu chung thi
em nghi em ci vao Ol d3 rdi tinh tiép, con viéc
dugc 2 vang IOl thi em ciing mudn nhung dat dugc
hay khdng thi em ciing khéng chic, dugc nhu anh
Bui Hong Diic thi ciing khé ma

Quan: Coéng dong VNOI d3 déng vai trd nhu
thé ndo trong con dudng hoc tap clia Bach? Theo
ban thi viéc tim th3y nhiing ngudi ban cé cling dam
mé&, cling nhau phan d4u trong con dudng Tin hoc

84Codeforces: mét trang web t6 chiic cac cudc thi Iap trinh thi dbu véi cac dang dé, bai tap da dang.
8|CPC: International Collegiate Programming Contest - Cudc thi L4p trinh Qubc t& 1au ddi va danh gia nhit danh cho

sinh vién céc trudng dai hoc va cao dang trén toan cau.
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¢ quan trong khdng?

Bach: Cong dong VNOI 13 noi ma em biét c6
nhiing ngudi khic vin dang hoc gibng nhu minh,
va sé& s3n sang gilp minh mdi khi ma minh can.
Em v3n nhé hdi ddu VNOI méi 1ap Discord cho
dén gid, van dang c6 rt nhiéu admin, cii méi, cic
ban thudng xuyén active dé gitip cong ddng cang
ngdy cang I6n dan. D&i véi em VNOI 13 mét cdng
ddng ma moi ngudi c6 thé néi chuyén thodi méi véi
nhau v& mén Tin va cling mindset gidng nhau y.
Em cam thiy duoc hd tro kha nhiéu. Di ring em
d3 cé cic ban dbi tuyén & trudng, hoc cling nhau
rit 1au nhung VNOI v3n 13 mét cai rat riéng. Vi
st mé rong cha VNOJ rdi Wiki thi em nghi cong
déng Tin hoc Viét Nam sé di 1én thoi

Quan: Vi sao ban quyét dinh tham gia Ky thi
VNOI Cup? Ban cam nhan nhu thé ndo vé phan
thé hién cia minh & cudc thi nay?

Bach: Néu ma néi khdng vi giai thudng thi em
tu [ra d6i ban than qua . That ra mAy contest trén
VNOJ thi em vin tham gia thudng xuyén. Em cit
dang ky thi théi nhung ty nhién ca doi tuyén (6]
lic ddy dugc mai thi Final VNOI cup & Da Ning,
thé nén 13 k& ca em khéng ding ky thi thi em van
dugc vao D3 N3ng thi v6i moi ngudi . Ly do thi
chic mdi thé thdi, ky thi ciing gitip em luyén tap
nay, khong trung véi 101, lai c6 tién giai thi em
tham gia thdi. Phan nifa 13 em ciing mubn dugc
gdp mit moi ngudi vi minh c¢é offline 6 D3 Ning
y.

Tran Xudn Béch tai ky thi VNOI Cup 2022

Bach: Phan thé hién thi em tu thiy minh kh3
la té&. Bai 1 em bug nay, méy bai kia em lam binh
thudng rbi cb dim bai 5, ban ddu em tudng ra
dugc gidi rdi nhiing cubi ciing chi lam dugc mdt
nlra théi nén em bé dén cudi gid. Sau diy, em ngdi
tap trung code bai Hinh vi diy 13 sd trudng cla
em xong ra dugc code tdi uu. Lam xong bai dy
thl em ngdi code bai c6 dung Lagrange, tim bai
thit 6, réi em dinh bug dén cubi gid ludn . Bai day

o8

13 bai Interactive, em bi bug dau tién bdi vi cai
input clia em bi sai tAm 2 phit cubi trudc khi hét
gid, em so cho nén 13 voi x6a hét miy céi debug
di dé nop. Vé sau em x4a nham mbét cai dau ‘7’
trong ciu interact nén I3 bi sai, tai cai diy nén em
mat gidi Nhit va tdm 10 triéu

Bach: Ban than em nghi em ¢4 thé [am tt hon
hoc full dé duoc, nhung ma em khong . Nhung ma
thdi em nghi thé 13 dugc rdi bdi vi LQDOJ Cup cb
admin bén VNOI ding nhit thi VNOI Cup ciing c6
admin bén LQDOJ ding nhit, em nght thé 13 déu
roi.

Quan: Néu khong chon mon Tin hoc, Bach
nghi minh cla hién tai s& thé nao?

Bach: Kh3 ning I6n nhit thi em s& hoc tiép
Toén, bdi vi dé“mg nao khdng hoc Tin thi mén Toén
clia em ciing kha 8n. Néu em nghi ltc dby em tiép
tuc cb gdng thi c6 co héi di IMO. Chic 13 ngay xua
thay Toan khd khan qua nén em bd mit hodc c6
thé em sang VAt Iy ndy, em nghi thé a.

Quan: So Véi nhiing hoc sinh cip 3 théng
thudng, Bach da cé nhiing trai nghiém rAt khac, c6
bao gid ban cam thiy lac 16ng hay mudn duoc trai
nghiém cudc séng cia mét hoc sinh binh thudng
khong?

Bach: Néi lac I8ng thi ciing khéng hin nhung
ma néi vé& khac biét thi em nghi [a c6. Em gdp mat
cac ban trong |6p chua dén 10 I§n, em con chgng
nhg tén cdc ban. Em geA\m nhu khong cé cép 3, em
chi ¢6 hoc Tin théi. Néu sau nay hop mdt vdi cac
ban cip 2, nghe moi ngudi néi chuyén vé cip 3,
thi em c6 thé em thiy lac 18ng, nhung bay gid thi
khong anh a, bdi vi em c6 cac ban trong doi tuyén
nay, moi ngudi van vui vé néi chuyén véi nhau binh
thudng, né ciing nhu mdt céi 16p hoc rdi .

Quan: La mdt ngudi thudng xuyén duy tri viéc
hoc, c6 bao gi Bich cam thy chan hoc khéng?

Bach: Duong nhién thi em s& c6 lic chan rdi
quay ra choi game hodc lam th khac. Nhiing ldc
nhu thé dé quay lai viéc hoc thi em nghi dong
lic 16n nhit chinh 13 em s& nhin lai cd mét chang
dudng dai, néu em tir bd giita chimg thi em phai
hoc lai tir dau nhiing kién thic trén I6p. Va di
nhién em ciing khdng mubn trai nghiém cam gisc
déy I8m nén em cit phai c¢b thdi . That su thi em
nghi 13 dé Iéy lai cdm hing hoc tap thi em chi ¢
thé gidi lao 1 tudn 13 téi da rdi sau diy cé thé quay
vao viéc hoc lién ludn. Nhiéu ltc em cling dugc héi
I6i khuyén danh cho cdc ban chan hoc Tin khong,
that ra em ciing chiu, em chén subt éy ma . Déy
13 vln dé riéng clia mi ngudi nén em ciing khéng
thé dua ra ciu trd 18i chung chung duoc.
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Quéan: Vao nhiing thoi gian ranh thi Bach
thudng lam gi ngoai viéc hoc bai trén I6p?

Bach: Chic em ciing van lam bai trén 1ép .
O nha, ndu em khong siéng nita thi em quay ra
lam viéc khac. C6 mot dao em cif choi game subt,
cé dao thi em doc dii thi truyén, bay gid em van

dang doc nhung ma it théi. Dai khai em cé thé

budng hung khéng budng hin vi em biét duoc I3
“nghién nhung nghién it théi”, minh phai kiém ché
ban than! Em so my cai game nhu LOL vi em biét
minh ma dinh vao cdi thi rat ra kha kho .

Quan: Ban c6 du dinh, muc tiéu gi cho nam
20237 D3 va dang chuin bj dusc g cho DH rdi?
Sau khi [én DH thi Bich c6 du dinh CP® tiép hay
sé tap trung cho viéc trau ddi ky nang, kién thic
khac?

Bach: Nam 2023 chii yéu em s& cb dé l1am hd
so dé& di du hoc, chic 13 em s& hoc 1 n3m tai UET,
trong lGc diy em s& danh thdi gian dé lam viéc
khac, vi du nhu la dev binh thudng, lam web hay
lam game. Em ciing dang cé 1-2 du én, chic 13
sé danh thdi gian cho miy cai day. Vé chuan bi,
so v6i moi ngudi em thiy con kha it, mai em thi
IELTS , em thi SAT xong roi. Dai khéi |2 em thi
tho xong rdi, em dang nghién ciiu vé c4c trudng va
s3p t6i th s& chuan bi viét ludn. That ra né cling
chung chung théi, em ciing khéng r& vao dai hoc
sé ¢ nhitng gi nhung em hy vong em sé qua dugc
hé&t . Véi lai em nghi Ién dai hoc em sé tp trung
vao céi khac chir khong phai CP. N3m dau em hoc
UET thi em c6 thé thi ICPC, cb dén WF®" nay.
Nhung ma sau déy thi khé, em nghi minh ciing
khong theo CP den hét doi dugc, va ICPC ciing 13
cai cubi cling rbi.

Quan: Ban than Béach 13 ngudi code rit chic
v it bug, theo Bach dau 13 phuong phap dé Bich
code dugc nhu thé&?

Béch: Em nghi c4i ctu em nhiéu nhAt thi van
chi 13 cai phan sinh test théi, cai ddy c6 dugc néi
& trong mét bai VNOI Wiki dy. Binh thudng, em
ctr 16i bai Codeforces ra, moi bai cb sinh test dé cb
ging ndp 1 1an. Trong liic train thi em ciing train
nhu kiéu VOI ludn, chi ¢ ging ndp 1 14n théi. Em
nghi ddy 13 mét diéu t&t, moi bai ludn chi khéng
chi riéng bai thay cho thi em mdi Iam nhu thé&. Néu
minh khéng lam ducc di quen thi dén lic thi VOI
thi s& khdng [am nhanh nhiing thao tac 4y duoc. Vi
minh chi c6 3 bai trong 3 tiéng thdi. Ngoai ra em
trong ldc train em c6 cd ging code khdng compile

8CP: Competitive Programming - Lap trinh thi d4u

nira, trai nghiém nay né kiéu... ac mong! Nhung
ma cai dy gitip em duoc kha nhiéu thi, em d3
code tdm 50-100 bai ma khéng compile rdi . Néu
nhu minh 1am céi ddy quen, khi code thi minh phai
lam ding dén tiing ddu chdm phay, diu ngodc nén
miy cdi viéc khac nhu kiém tra kiéu dif liéu bién,
kich ¢ mang né ciing sé dén mét cich tu déng
[udn.

Quan: Con khong bao lau nita thi ki thi HS-
GQG sé dién ra, ban c6 bi quyét g mudn chia sé
gl v6i cac ban hoc sinh s3p tham gia khéng?

Bach: Em nghi d6 khé cia VOI thi minh [am
8n cac bai d6 khé tdm 2100 trén Codeforces. Tiic
|3 rating Codeforces clia anh tam phai 2100-2200,
lam dudc cic bai diy 8n dinh trong vong 1 tiéng
thi thi VOI sé dam bdo trong top 32 ludn, nhung
ma that ra cling con tuy ndm nita. Em cé thi mét
1An va xem moi ngudi lam bai mét 1An nhung ma
ca 2 nam né déu kiu g y, nhit 13 n3m ngodi .
N3m cla em thi tit ca cac bai déu & mic trung
binh, nén em ciing chi khuyén dugc thé théi.

Quan: Néu cé co hdi thi VOI lai mét 13n nita
thi ban ¢4 tu tin minh s& dugc gidi Nhit Qudc gia
khong?

Bach: Em nght chic 13 duoc a, nhung Nhit
top may thi em khéng 3 .

Quan: Trong tin thudng c6 nhitng thudt toan
rit khing, Bach c6 thudng xuyén danh thdi gian
dé hoc nhiing thuat nhu thé khéng?

Bach: Cai phan kién thiic mdi thi em chua
hoc trong vong tdm nida n3m gan day rdi. N&i sao
nhd? Hoc nhiing céi day thi dbi véi em ciing chi
d& cho vui théi chit ciing khéng 4p dung dugc 10,
ma néu c6 ap dung duoc thi chic 99% ngudi khac
ciing khéng biét 1am ngoai trir 4 dng Trung Qudc
d4u nén em ciing thiy yén tam .

Theo em thy, kién thiic clia bén Tin kh3 it so
vGi Toan, dic biét [a ndi dung dé thi IMO. Em théy
Toan 13 mén duy nhit ma kién thdc khéng bao gis
c6 gi6i han. Con bén Tin thi dén tam rating 2400
trén Codeforces Ia gé\n nhu hé&t moi tha dé minh
hoc rdi.

Quan: Trong ngay ban danh bao nhiéu thdi
gian cho viéc hoc thuat toan va code, ngoai thdi
gian hoc thi ban thudng lam gi?

Bach: Thdi gian code dinh diém 13 ltc train
IOl em danh tam 10 tiéng mdi ngay va 8-9 tiéng
ngd. Phan con lai em danh d& 1am mAy hoat déng
hang ngdy nhu 3n ubng rdi di chuyén cac tha .

8"WF: World Finals — Cubc thi ICPC cudi cling trong m6t mia giai bao gdm nhitng doi xult sic nhit clia cac trudng
dai hoc trén thé gidi vugt qua vong loai viing (Regional contest)
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Quan: Ban thudng danh ra bao l3u d& nghi
mot bai khé va sau bao 1au khdng nghi ra thi doc
I5i giai?

Bach: Em nghi 13 tdm 2 dén 3 tiéng. Thudng
th em train theo kiéu em s& doc 3, 4 bai cung mét
lic, xong rdi em ngdi nghi 3 dén 4 tiéng, néu ma
khong nghi ra thi em di doc Isi giai. Chia thgi gian
danh cho mdi bai thi né hai khé nhung ma chic
tam 3 tiéng, that ra 3 tiéng ciing hop I vi néu nghi
bai trong 3 tiéng ma khong ra duoc 1 bai thi lic
diy minh ciing hét thai gian cda VOI, hay 101 thi
cling mAt nra ngay thi rdi. Théi quen ndy that ra
ciing xuht phat tir viéc hoc doi tuyén cla bon em
théi, bon em thudng c6 3-4 bai rdi ngdi lam trong
1 budi sang hoac 1 budi chiéu, Xong sau budi hoc
moi ngudi cé thé tiép tuc nght hodc doc I15i giai
ludn, em nghi cai diy I3 tiy mdi ngudi, riéng em
thi em thudng doc 15i gidi ludn.

V4 tinh thi lic ndy em ciling doc mét cdi blog
kha 13 hay. Y tudng cGa né 13 minh nén hoc theo
cadm xiic. Em nghi cai cdm xtic cia mdi ngudi né
quyét dinh kha nhiéu, kiéu nhu 13 truc gidc ban
than 3y. Néu ma minh nghi 1 bai 5 tiéng ma van
thay vui v&, van tim tiép dugc hudng thi minh ci
nghi di. Con néu minh stuck 1 bai ma chi trong 1
tiéng minh d3 khdng nghi ra gi nita rdi thi doc 15i
giai ludn ciing dugc, thé né hop Iy hon. N&i chung
13 khi n3o em cdm thiy chén thi em doc thdi .

Quan: Sau Tét s& din ra ky thi Hoc sinh gidi
Quédc gia, Bich ¢4 15i khuyén vé déng luc dé gii
dén c4c ban trong ky thi s3p t6i khong?

Bach: Déng luc dé vuot qua thi em ciing khong
biét néi sao nifa . Trong gid thi ma nghi cai dy thi
em ngh minh d3 thit bai mét phan rdi, kiéu nhu
tu tao ap luc cho minh éy. Binh thudng trudc gid
thi em ct 1d3m my c4i nhu hit thd sau cho binh
tinh lai ndy, ho3c thay em hay b3o em ngdi thién,
em thiy cai dy ciing kh4 tbt. Cai diy cé thé tuy &
mdi ngudi thdi nhung ma em nghi cai quan trong
nhit chinh 13 ldc minh 1am bai train thi cb géng
tao khdng gian gibng phong thi, nén dén lic thi 4y
em c6 cam gidc minh dang lam bai trén I6p théi
. D7 nhién 13 minh phai cb ging hét sdc rdi, em
ctr cb ging code moi lac c6 thé, nghi moi lic cé
thé. Tém lai 13 khéng dugc ngdi choi va tao cho
ban than cdm gidc thu gian. Trudc lic thi em ciing
khéng nght dén chuyén truct va dau, cd tap trung
cao dd vao bai lam thdi. Tai em nghi khi & trong
trang thai tap trung rdi thi em ciing khéng nghi
duoc diéu khac nifa.

Quan: Cam on Béch di tham gia phdng vén
va nhiing chia sé rat thi vi clia ban! Chic ban mdt

60

bubi toi vui vé!
Bach: Chao anh a!



Ap dung b4t ngd ciia dao ham

Nguyén Thanh Trung
Singapore



Ap dung bit ngd cia dao ham

Nguyén Thanh Trung

Lic hoc mén Toan cé I€ ching ta thudng hay
tu hdi: Hoc dao ham, tich phan.. dé 1am gi? Hém
nay ching ta s€ cung nghién ctru moét ap dung vo
cling bt ngd va 3o ma cta dao ham trong 1 bai
toan.

Bai toan nhu sau:

e Cho N ngbi nha trén 1 dudng thing. Ngbi nha
thit i c6 H; tang.

e D& khu phd nhin dep hon, ngudi ta mubn sta
lai cadc ngdi nha sao cho dé cao cua tAt c3 cac
ngdi nha déu bing nhau, bing cich xay thém
hodc dap di mot b téng clia mét sb ngbi nha.

e V&i ngdi nha thit 7, chi phi d& xay thém 1 ting
hodc dap di 1 té\ng a C;.

e Tim chi phi nhd nhét.

e Gidi han: N <107, 0 < H(i) <107, 0 < C;
101
Vi du: v6i N = 3, H = [10,20,15], C

(1000, 1,2]. Cach t6i wu 13 dua ca 3 nha vé& db

cao 10, v&i chi phi:

<

110 — 10| %1000 + |20 — 10| 1+ |15 — 10| % 2 = 20

Céc ban c6 thé doc dé va ndp thir tai SPOJ 8
(tuy nhién gi6i han trong bai SPOJ nay kha nhd).

Lai giai O(V x log)

Dau tién ching ta hay nghién cdu 1 sb 15i giai
"théng thudng” cho bai todn nay.

D3t fi(x) 12 chi phi d& sita ng6i nha thi i vé
d6 cao x. Ta c6 cong thic:

filz) = |z — H;| * C;

Dit F(z) = ) fi(x), néi cach khac F(x) Ia
i=1..n
chi phi dé dua tht c3 cac ngdi nha vé db cao x. Dé
bai yéu ciu ta tim min(F(x)).

Nhan xét 1:

D3t ¢ 1a gid tri cla x dé ham F(zx) dat gia tri
nhd nhit, khi dé:

min(H;) < xy < max(H;)

Kha hién nhién, gia st 2o < min(H;), diéu nay
chi xay ra khi ta phai giam d6 cao cia tat ca cac

https: //www.spoj.com /problems/KOPC12A/

ngdi nha di it nhit 1 ting. V&i mdi ngdi nha ta
giam né it di 1 tang thi s& dugc chi phi nhd hon.
Do dé zy > min(H,;).

Tuong tu, ta cling ching minh dugc 2y, <
max(H;)

Vi nhan xét nay, ta cé thudt todn O(N x
maxg), v8i maxy la gia tri 16n nhit cta H: duyét
tht ca cac gid tri cla z, v6i mdi x, ta tinh ham
F(x) trong O(N).

Nhan xét 2:

Ham F(z) 13 t8ng clia cc ham 16i (strictly
convex) nén né ciing I3 ham 15i.

Vi du: trong anh minh v& ham F(z) mau d
3 t8ng clia 3 ham fi(z), fo(x) va fs(x). C6 th
thiy F(z) 13 ham 15i

Do dé ta c6 thé sit dung tim kiém tam phan &
dé tim gia tri nho nhit cla F(x).

= dén day ta di c6 thuat toan véi do phiic tap
O(N x log(mazxy)).

LB

Lai giai O(N + maxp)

R4t bt ngd, bai ndy con cé thé gidi dugc véi
dd phic tap O(N + mazxy) s& dung dao ham!

O bai vit nay ching ta ng dung dao ham cla
ham trén s6 nguyén (f(x) v6i x chi nhin gia tri
nguyén) - discrete derivative ° . Dinh ngha:

fll) = f(z) = fle = 1)

Ap dung céng thic trén vio bai toin ban dau
ta tinh dao ham ctGa ham chi phi

! _ _C(Z) >
filz) = { C(7) néu z > H(1)

8https: //vnoi.info/wiki/translate/emaxx/ Tim-kiem-tam-phan-Ternary-Search.md

Phttps://calculus.subwiki.org/wiki/Discrete derivative
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Ap dung bit ngd cia dao ham

Nguyén Thanh Trung

Ciing theo tinh chit ctia dao ham:

Flx)= ) fi(x)

i=1..n
Vi du: ham mau tim |3 dao ham cda ham mau
xanh

Ta tinh dao ham thém Ian nita:
() =2 C(i) néu z = H(i + 1), ngugc lai
fi'(z) =0.

Ciing theo tinh chit clia dao ham:

P = Y f(a)
i=1l.n
Ham f7(x) chinh 13 mAu chbt dé giai bai toan
ndy: ham f/(x) chi khac 0 tai ding 1 diém, do d¢
ta d& dang "tinh” dugc f/(z) trong O(1).
= ta c6 thé tinh duoc F”(x) trong O(N) rht
don gian nhu sau:

vector<int> F2(MAX_H + 1); // F2[x] = F''(x)
for (int i = 0; i < N; ++i) {

// £''i(x) = 2%C(i) at x = H(i)+1

F2[H[i] + 1] += 2 * C[il;
}

Dua vao dinh nghia cla dao ham (f'(x)
f(z) — f(x — 1)), tor F"(z) ta cé thé d& dang
tinh dugc F'(z) trong O(maxy):

vector<int> F1(MAX_H + 1); // Fi[x] = F'(x)
// Tinh F'(0)
for (int i = 0; i < N; ++i) { F1[0] -= C[i]; }
// Tinh F'(x)
for (int x = 1; x <= MAX_H; ++x) {
F1[x] = Fi[x - 1] + F2[x];
}

Tuong tuy, ta c6 thé tinh dugc F(z) trong
O(maxpg):

vector<int> F(MAX_H + 1);

// Tinh F(0)

for (int i = 0; i < N; ++i) {
F[0] += H[i] * C[i];

}

// Tinh F(x)

for (int x = 1; x <= MAX_H; ++x) {
Flx] = Flx - 1] + F1[x];

}

Dén day ta da thu dugc thuit todn véi d6 phic
tap O(N + mazy)!

9https://en.wikipedia.org/wiki/Convex _function
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Bonus

St dung dao ham, ta ciing c6 thé chiing minh
ham F(z) 13 ham 16i, va do d6 cach chit tam phan
trinh bay & trén la chinh xac.

M&t ham sb 13 ham 13i trong doan 1, 7] néu
dao ham bac 2 cda né ludn 16n hon hoic b5ng 0
trong khodng [I,7]. (M6t céch hiéu truc quan: c6
thé thiy néu dao ham bac 2 khéng 4m = dao ham
bac 1 13 ham ting dan = ham sb ludn "cong cong”
vé phia trén). (Xem thém trén trang Wiki v& ham
16i )

O bai ndy, d& thiy f;(z) ludn 16n hon holc
bang 0, do d6 F"(z) = Zfz(:c) cling luén 14n
hon hosc bang 0.

Hinh vé chup tir Geogebra:

https://www.geogebra.org/calculator/pcyurdyk
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Gidi thiéu

Chc hin khi hoc toan cic ban d3 phai vé dd
thi clia mdt da thic P cé bac 1, 2 rdi. Cach am
phd bién nhét la ta v& ra mot vai diém (z, P(z))
trén gidy, rdi ndi ching lai véi nhau W&—hr—\fﬁﬁg
nhinné-ding—. Viy di bao gid ban nghi dén bai

toan ngugc lai:

Tir mot sb diém (x;, P(;)) cho trudc,
nhiing da thdc P(x) nao cé do thi di
qua cac diém dé?

Cé thé chiing minh dugc r\éng cé vd han da
thic P théa man. Tuy nhién, viéc tim da thic P
c6 bac nhd nhit (ndi suy - interpolate) thi khé
hon nhiéu. Vao n3m 1795, nha todn hoc Joseph-
Louis Lagrange dua ra mét céng thdc tdng quat dé
ndi suy ra da thic nay, goi la ndi suy Lagrange.
Phuong phap nay dugc dung nhiéu trong 1ap trinh
thi diu, va ciing duoc dung trong mat m3 hoc, véi
vi du dién hinh 13 thu4t todn Shamir %2 .

NoGi suy Lagrange

2 A . A N . e
O cot 13i cha ndi suy la dinh Ii sau:

Dinh Ii 1

Véi moi sb  tu
0O va moi tip n + 1 diém
(z1,91), (02, 92), - - -, ($n+1‘> Ynt1) VOi
T < 9 < ... < Ty, ton tai duy
nhit mot da thic P(z) bac n sao cho
P(z;) = y; v6i moi i.

nhién n >

Ta sé& chimg minh hai phan cta dinh If nay: su
ton tai cda da thdc p va tinh duy nhat cla né.

Chiéng minh tinh duy nhit

Ta giad st phan chiing: Ton tai hai da thdc P

va Q khac nhau déu thdéa man diéu kién trén.
Xét da thic R = P — @, ta cé:

e Vi P va Q déu cé bac n, nén R c6 bac tbi da
a n.

e V6imoii, R(x;) = P(x;)—Q(z;) = yi—y; =0,
vay R c6 n+ 1 nghiém g, xq, ..., x,.

Theo Dinh If ¢o ban cda dai s6 | R phai la
da thic khéng, vay P = @ (vo Ii véi gid sir phan
ching).

Trich SGK todn I6p 7 tap 2

Vay ton tai tdi da mét da thic P thda man
diéu kién cla dé bai.

Chéng minh su ton tai

Ta sé chi ra mét cich dé xay dung da thic P
théa man. Y tudng & day 13 ta s& tich P thanh n
da thic con:

P:P1+P2+...+Pn+1

Trong dé, mdi da thifc con P, sé thda man:
b Pz(%) =Y
o Pi(z;) =0 (V) #1).

Ta s& thém cac thira sb (z — z;) vao P, dé
khién Py(z;) =0, rdi sau dé nhan né véi mot gia
tri thich hop dé P;(x;) = v;.

Cubi cling céng thiic tc“;ng quét cho P; va P la:

r — I r — Tj—1
P(z) = y; % X — X
Ty — I Ty — Tj—1
T — Tij41 T — Tp+1
Ty — Tig1 Ty — Tn41
xr Zlfj
gAY
T — X
J
= P(z) = y1H +oe
; 1 — Ty
J#1
ZE—I]‘
+Yn+t1 P
jAnt1 LT
n+1
T —x;
= Z%H
=1 Z_Ij

Ban doc c6 thé tu kiém chiing ring da thac P
théa man diéu kién cta dinh Ii trén. Cach xay dung
P(z) trén dugc goi 1a ndi suy Lagrange.

92https://en.wikipedia.org/wiki/Shamir%27s_Secret Sharing
9https:/ /vi.wikipedia.org/wiki/Dinh Iy co ban cha dai sb
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C++

const int N = 1000 + 5;

struct Point {
double x, y;
} datalN];

// Tinh giad tri cla P tai x
double interpolation(int n, double x) {
double ans = 0;
for (int i = 1; i <=n + 1; i++) {
// Tinh gid tri cla P_i tai x
double val = datalil.y;

for (int j = 1; j <=n + 1; j++) {
if (i == j) continue;
val *= (x - datal[jl.x) / (datalil.x -
— dataljl.x;
}
ans += val;
}
return ans;
}
Python

def interpolation(data, x):
ans = 0
for i in range(len(data)):
val = datali].y
for j in range(len(data)):
if i == j:
continue
val *= (x - datal[jl.x) / (datali].x -
datal[jl.x)
ans += val
return ans

—

Phan tich
Cach cai dit trén c6 do phic tap 13 O(n?) (2
vong for long nhau).

Thu4t toan SSS

Thuét todn Chia sé bi mat Shamir (Shamir's
Secret Sharing - SSS) la mét trong nhiing (ing dung
dién hinh nhit ciia phép néi suy da thic. SSS 13
mot thudt toan dung dé chia s¢ mét bi mat ndo
d6 cho nhiéu ngudi, sao cho khéng ngudi ndo nim

gitt duoc bt ki théng tin quan trong ndo cla bf

mat d6. D& lam duoc didu nay, SSS tach bi mat ra
thanh n pheA\m, ma chi khi ta n3m giit duoc it nhit
k phan thi ta méi xay dung lai duoc bi mat nay.
Thuat todn nay cé tinh bdo mat tuyét dbi, tic |3

médt ké gian khéng thé ndo tim dugc bi mat dé ké

cd khi hin cé vé han thoi gian va nang luc tinh
toan.
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Phuong thidc hoat dong

Gia su ta dang mudn chia s& mdt bi mat S ra
thanh n phan S, S, ...,S,, sao cho chi khi ta
nim giit dusc k phan thi ta méi tim duoc S, va
néu ta chi nim giit duoc k — 1 trd xubng thi ta s&
khéng bao gid tim dugc bat ki théng tin gi tir S.
DE d& hiéu cho ban doc ta sé& gid st ta dang 1am
viéc véi cac sb nguyén.

Ta sé xdy dung mét da thic P(x) = po+ p1 ¥

ol 4 - 4 pp_y x 271 ¢6 bac k — 1, sao cho:

®p=25.

® Di,...,pr_1 13 cic sb nguyén duoc chon ngiu
nhién.

Sau dé, mbi phén S; cta bi mat sé la mét cap
s6 (i, P(i)).

Néu ta cé k phﬁn bi mat (z1,41), (z2,92), .- .,
(T, Yr), ta 6 thé dung ndi suy da thic dé t|nh

By M,

1=1 ]#z L)
bang po + p1 X 0" + -+ + pp_y x 0°7
vay ta da dung lai dugc bi mat S.

Né&u ta chi sé hitu & — 1 phan bi mat, véi mdi
gia tri ys bAt ki, ta cé thé sinh ra duoc modt da thic
P thoa man. Do véy, c6 vd van da thdc P thod
man, véi v van cac gia tri khac nhau cho P(0).
Diéu nay déng nghia véi viéc nim giit < k—1 phan
khong dua ra bt ki thdng tin gi vé& bi mat.

. Nhan thiy P(0) ciing

= Do S,

C6 v sb da thic bac hai di qua hai diém cho trudc
nhu trén

Trén thuc t&, cac gia tri S, S:, ps, x4, y; thudng
dugc tinh theo modulo cia mot s6 nguyén to du
I6n p, véi Ii do sé dugc dé cap sau.
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Vi du: CTF BabySSS
Gii thiéu

Capture the flag (CTF) ** 13 mdt dang ki thi
kha giong véi ap trinh thi dau, v6i muc dich |3 thi
thach cac ki ndng nhan dién va xt Ii 16 hong bao
mat cua thi sinh. D€ gidi dugc bai, thi sinh can phai
tim dugc mét "l ¢ (flag) dugc gidu trong mét
trang web hodc phan mém, b\éng cach Igi dung céc

16 héng bdo mat dugc cb tinh dua vao tir ban ra

d

D>

CTF khéng chi don gian va than thién hon vdi
thi sinh méi so véi 1ap trinh thi déu, ma con phc“;
cap cho thi sinh cac kién thiic co ban vé bio mat
thong tin néi riéng va may tinh ndi chung.

Minh va mot vai ngudi ban c6 tham gia mot
ki thi vao ngay 25-27/11, mang tén HITCON CTF
% Bai thi d& nhit cla ph?;n mat m3 mang tén
BabySSS, va nhu ban doc ¢c6 thé doén, ta phai tim
ra mdt 18 h8ng ndo dé trong phan mém cai dit
thuat toin SSS clia ban t8 chdc dé tir d6 |3y duoc
flag.

Dé bai
Link %

| implemented a toy Shamir's Secret
Sharing %" for fun. Can you help me
check is there any issues with this?

Ta ciing dugc cho thém mét file nén
babysss.tar.gz, trong d6 bao gom hai file:
e chall.py

from random import SystemRandom
from Crypto.Cipher import AES
from hashlib import sha256

from secret import flag

rand = SystemRandom()

def polyeval(poly, x):
return sum([a * x**i for i, a in enumerate(poly)])

DEGREE = 128
SHARES_FOR_YOU = 8 # I am really stingy :)

poly = [rand.getrandbits(64) for

shares = []

for _ in range (SHARES_FOR_YOU):
x = rand.getrandbits(16)

in range(DEGREE + 1)]

y = polyeval(poly, x)
shares.append((x, y))
print (shares)

secret = polyeval(poly, 0x48763)

key = sha256(str(secret).encode()).digest()[:16]
cipher = AES.new(key, AES.MODE_CTR)

print (cipher.encrypt(flag))

print (cipher.nonce)

° output.txtgs.
| [(41458, 30158948896. ..

Hudng suy nghi
Phan tich code

DAu tién, h3dy doc ting doan code mét:
e Dong 1-6

from random import SystemRandom
from Crypto.Cipher import AES
from hashlib import sha256

from secret import flag

rand = SystemRandom()

Day la nhiing thu vién ma chall.py sé st dung
- ¢6 thé thiy ta import AES v sha256 13 cach
ma hda va hash phé bién. Ta ciing thiy c6 mét
bién flag dugc import tir module secret, ta
doan ring day chinh 13 flag ma minh can tim.
Binh thudng CTF ciing cé vai bai Igi dung viéc
tim seed dudc dung cho random d& mé phéng
lai viéc m3 héa flag, tuy nhién khi minh tra
tai liéu thi né bao la SystemRandom khong md
phéng lai dugc ludn.

class random.SystemRandom ( [ seed] )
Class that uses the os.urandon () function for generating random numbers from sources provided by the
operating system. Not available on all systems. Does not rely on software state,
[FIEEIERIE. Accordingly, the seed () method has no effect and is ignored. The getstate () and
setstate() methods raise NotImplementedError if called

Tai liéu chinh thifc ciia Python vé SystemRandom
e Dong 9-22

def polyeval(poly, x):
return sum([a * x¥*i for i, a in
— enumerate(poly)])

DEGREE = 128
SHARES_FOR_YOU = 8 # I am really stingy :)

poly = [rand.getrandbits(64) for

— 1]

shares = []

for _ in range(SHARES_FOR_YOU):
x = rand.getrandbits(16)
y = polyeval(poly, x)
shares.append((x, y))

print (shares)

in range (DEGREE +

— Ham polyeval |3 d& tinh gia tri cda da thic
poly tai diém x.

%https:/ /en.wikipedia.org/wiki/Capture the flag (cybersecurity)

%https://ctf2022.hitcon.org/
Phttps://ctf2022 hitcon.org/dashboard /#8

9https://en.wikipedia.org/wiki/Shamir%27s_Secret Sharing
%P4y 13 file c6 ndi dung rit dai, cic ban vui 1dng tai file tir trang web dé& xem day da


 https://en.wikipedia.org/wiki/Capture_the_flag_(cybersecurity) 
 https://ctf2022.hitcon.org/ 
 https://ctf2022.hitcon.org/ 
 https://ctf2022.hitcon.org/dashboard/#8 
 https://en.wikipedia.org/wiki/Shamir%27s_Secret_Sharing 
 https://en.wikipedia.org/wiki/Shamir%27s_Secret_Sharing 

Céch lam “lac rang”

Tran Xudn Bdch

Hai bién sau cho biét ring da thiic cla chiing
ta c6 bac la 128, nhung ta chi dugc biét ding
8 diém. V& mit i thuyét ta phai biét ding
128 diém thi ta méi tim dugc da thic poly.
Cac hé sb clia poly la céc sb 64-bit ngiu
nhién, tdc 13 cdc sb nim trong khodng
[0,2%%).

Cac gi4 tri = cha cip diém (x
13 s& 16-bit ngiu nhién.

,y = poly(z))

Cudi cling, ta dugc cho biét théng tin cla 8
diém ngau nhién & file output.txt
e Dong 24-28
secret = polyeval(poly, 0x48763)
key = sha256(str(secret).encode()).digest() [:16]
cipher = AES.new(key, AES.MODE_CTR)
print (cipher.encrypt(flag))
print (cipher.nonce)
Goi secret la gia tri cha poly tai z = 0x48673.
Ta mi héa flag cin tim bing AES véi key &
day 13 hash SHA256 clia secret, rdi in ra flag
va phﬁn nonce ducc thém vao.
Do phan nay khéng quan trong dén 15i giai nén
minh s& tam bd qua cach xi Ii ph§n nay. Ban
doc chi can biét ring néu minh cé gia tri cha
secret, thi két hop véi hai gia tri dugcinra é
phia trén, c6 thé tim lai dugc flag ban dau.

Tim 106 hong

Khi minh doc trang Wikipedia cta thut toan
SSS d3 dugc link trong dé bai, minh dé y dén mét
doan néi vé "VAn dé vé viéc tinh todn bing sb
nguyén”. Cu thé hon, cau dau clia doan nhu sau:

Phién ban don gidn hon cla thujt todn
trén, ma dung sb nguyén dé tinh toan
thay vi dung modulo, vin hoat déng.
Tuy nhién, né lai c6 mét vin dé bao
mat: Ké x4u s& c6 thém thong tin vé
S véi mdi phan ma hin ¢ duoc.

Sau d6, cé mét vi du néi vé viéc khi chi cé dugc
2 diém trong khi k = 3 ta dé c6 thé rat gon sb
gla tri c6 thé cta S v& 150 sb bing phu’dng phap
déng du. Doan code tren ciing tinh toan bing sb
nguyén, vay ta cé thé lam tuong tu dugc khong?

Hay quay lai céc cdp gid tri (z1,41), - . -, (s, ¥s),
ta co:
yi = poly(z;)
= poly[0] + poly[1] x z; 4+ -+ -+
+poly[128] x z}*
= y; = poly[0] (mod z;)

Vay ta c6 8 biu thiic ddng du nhu sau:

poly[0)] =y (mod z)
poly[0] =2 (mod z3)
poly'['O]' =ys (mod z3)

Chic h3n nhiéu ban s& nhan ra day chinh Ia
dinh Ii thdng du Trung Hoa 2 S dung dinh
li nay, ta s& tim dugc gié tri cia poly[0] mod
lem(z1, 22, ..., 25). Do poly[0] la mét so ngiu
nhién c6 64 bit, nén néu gia tri cia ham lcm trén
khéng nhd hon 254 thi ta da tim dugc gia tri thda
man duy nhit cta poly[0].

DE kiém tra diéu kién trén, ta c6 thé viét mot
doan code nhd helper.py nhu sau:

import math
shares = [(41458,

shares_x = [point[0] for point in shares]
print("shares_x =", shares_x)

print("lcm =", math.lcm(*shares_x))
print("2°64 =", 2 x* 64)

$ python3 helper.py
shares_x = [41458, 3389, 20016, 50683, 6445, 1359, 45286, 5649]

lcm = 2957152228714783881779968963440
2764 = 18446744073709551616

Két qua clda doan code trén

Vay ta da tim dugc gia tri caa poly[0], lam thé
nao dé tim not cic hé so con lai cla da thac? Ta
sé dung mét meo nhu sau:

poly[0] + poly[1] x z;+
+ -+ + poly[128] x x}*®
poly[1] x x;+

+ -+ + poly[128] x z}*®

Yi
< y; — poly[0]

P — oly|0
%m poly[1] + poly[2] x z;+

+ -+ + poly[128] x z;}*"

Ta c6 thé thdy v& phai bién thinh mét
da thic c6 bac 1a 127 véi cic he sb lan
lugt la poly[l],..., poly[128]. Lam tuong tu nhu
poly[0], ta s& 1An luot tim duoc cac gia tri
poly[1], ..., poly[128].

https://en.wikipedia.org/wiki/Chinese remainder _theorem
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LOi giai
import ast

from hashlib import sha256
from Crypto.Cipher import AES

# Doc gia tri tu file output.txt

with open("output.txt") as f:
shares = ast.literal_eval(f.readline())
ciphertext = ast.literal_eval(f.readline())
nonce = ast.literal_eval(f.readline())

# Minh d8i loai cta shares[i] tit tuple sang list
# dé c6 thé stta gia tri clia shares vé sau
for i in range(len(shares)):

shares[i] = list(shares[il)

def polyeval(poly, x):
return sum([a * x**i for i, a in enumerate(poly)])

DEGREE = 128
SHARES_FOR_YOU = 8 # I am really stingy :)

poly = []
for d in range(DEGREE + 1):
values = []
mods = []
for [x, y] in shares:
values.append(y % x)
mods . append (x)

# Ding ham CRT clia Sagemath d& tinh gia tri cha
— poly[0]

val = CRT(values, mods)

poly.append(val)

# Meo da néi & trén

for i in range(len(shares)):
shares[i] [1] = (shares[i][1] - val) //
< shares[i] [0]

# Tim lai flag sau khi biét dudc secret

secret = polyeval(poly, int(0x48763))

key = sha256(str(secret).encode()).digest()[:16]
cipher = AES.new(key, AES.MODE_CTR, nonce = nonce)
flag = cipher.decrypt(ciphertext)

print (flag)
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B6 dé “chay canh”

(Bé dé Burnside & Dinh Iy liét ké Pélya)

Nguyén Hoang Diing
11 Tin, Truong THPT Chuyén Ha Noi - Amsterdam
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Gidi thiéu

Né&u ban d3 hoic dang 1a mdt hoc sinh phc“;
thong, c6 I€ cdu héi dudi diy sé khdng qué xa la
gi véi cac ban:

D&m sb dong phan cha cic chit
Ssau: C6H4CZB'I’, C6HQCZQBT’2,
CGHQICZBT’Q.

Minh sé Iéy mot vi du khac nhe nhang hon:

Dé&m sb chudi hat gdm 5 hat duoc tao
bdi cdc hat mau do, tim, vang. Hay
t&ng quat hon 13 dém s chudi hat gdbm
n hat ducc tao bdi k£ mau.

(—lﬁm&

Do mdi hat ¢é k céch td nén hién nhién n hat
sé cé k" cach to.

Thuc t& th két qua khdng don gidn nhu vay,
chudi hat clia chiing ta c6 thé dugc xoay hodc Iat
nén cich dém ngay tho sé khong diing.

Ko by
C Lat
S

T

Vay, chiing ta s& giai quyét nhiing bai todn dém
nay nhu thé n3o?

Ly thuyét nhém, hay chinh xic hon, b dé
Burnside sé cho ching ta mét phuong phap phu
hop d& gidi nhiing dang bai nhu trén.
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Bo dé Burnside

Céng thirc cia B8 dé Burnside duoc ching
minh bdi Burnside vao nam 1897, nhung trudc dé
né da dugc kham pha ra vao ndm 1887 bdi Frobe-
nius, va sém hon nita vao nam 1845 béi Cauchy. Do
dé thi thodng né ciing duoc goi 13 B6 dé Cauchy-
Frobenius. Thi vi hon la chinh ban than Burnside
ciing viét trong cubn sich ctia minh ring khdm ph3
nay la cua Frobenius.

Kién thitc can biét (Gidi thiéu qua vé
ly thuyét nhém)

Do bs d& Burnside 13 mét két qua tir Iy thuyét
nhém, nén ta can hiéu mét s6 dinh nghia sau day:

Nhém, nhém d6i xung

Trudc hét, ta can hiu rd vé& cac phép bién dbi
dbi xtng, nghia 13 cic phép bién déi ma duéi tic
déng clia ching, hai chudi hat dugc coi 13 mét.
Cac phép bién d8i nay sé tao thanh mét nhém.

Phép bién ddi dAu tién, quan trong nhit nhung
ciing kém tha vi nhit |3 phép bién déi don vi don
gian 13 khéng lam gi ca

b
My

Phép bién d&i tha hai 13 phép xoay:

oy
L’
—

V3 phép bién d8i cudi ciing 13 phép lat:



B dé “chdy canh”

Nguyén Hoang Ding

Khi néi vé nhém, ta ciing phai quan tam dén
phép todn cta nhém, nhung trong trudng hgop nay,
k&t qua clia su két hop (phép hop) céc phép xoay
va lat véi nhau, cling ra cac phép xoay va lat.

Dinh nghia chinh xac cla nhém la:

M6t nhém 13 mét c3p (G, +), véi G
|3 mdt tap khdng rbng va + : GGBG
13 mét phép todn thda min diéu kién:

e Tinh két hop: (a +b) +c=a+
(b+ ¢) v6i moi a,b,c € G.

e Phan tir don vi: Ton tai 0 € G
sao cho 0 +a=a+ 0 =a véi moi
a€q.

e Phan t& nghich dao: Véi moi
a € G, tbn tai mot phﬁn td nghich
ddo —a € G sao cho a + (—a)
(—a)+a=0.

Nghi theo géc dé cic phép bién déi dbi xiing,
phan t& don vi cé nghia 13 tdn tai phép bién dbi
khéng 1am gi c3, phan tir nghich ddo nghia 13 mdi
phép bién d8i cé cach lam ngudc lai, va tinh két
hop nghia 13 cic phép bién d&i hoat déng "8n” khi
ta cho thém dAu ngodc vao.

Trong trudng hgp cla ching ta thi, nhém G
gdm c4c phép bién déi dbi xiing, phép toan 13 hop
cha hai phép bién déi va phan td don vi 13 khéng
lam gi. Trong ly thuyét nhém, day con duoc goi I
nhém nhi dién D,,.

Ngoai ra con nhiéu vi du vé& nhém khac nhu,
tap sb nguyén véi phép cong (Z,+), tap sb thuc
khac 0 vé6i phép nhan (R \ {0}, x), ...

Mét nhém dbi xing 13 m6t nhém ma phan
tlr clia né 13 cic phép bién d8i clia mét dbi tuong,
va phép toan la phép toan hgp o (giéng nhu hogp
cta cdc ham), vi du nhu phép xoay / lat nhu trén.

Mbt nhém dbi xiing dang ra dugc viét 13 (G, o)
v6i tap cac phép bién d8i va phép hop dugc viét rd
rang, nhung phép hop thudng dugc ngu y hidu, do
dé mdt nhém dbi xiing thudng ducc viét don gian
la G.
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Tac dong nhéom

Ta c6 mét tap S, ta néi nhém G téc dong 1én
tap S néu v6i moi phan tir ¢ trong G va phan td
s trong S, ton tai g - s trong S tir tac dong clia G
l&n s, sao cho thda man 2 diéu kién sau:

1. Phan tirdon vie 13 ph§n td don vi trén S. Nghia

[a, v6i moi s trong S, e¢-s = s.

2. Tac déng nhém phu hop véi phép toan cla
nhém. Nghia I3, v6i moi g, h trong GG va s trong

S, (gh)-s=g-(h-s)

Xét véi trudng hgp cla chiing ta, ta sé xét tap
S cha tt ca cac cach t6 mau mdt chudi hat (c3
k™ theo cich dém ngdy tho).

Va bay gid nhém D,, bén trén tic dong lén S.
Mot phép xoay mdt cach t6 mau sé ra mot phép
t6 mau, vd mdt phép It ciing thé.

V&i 2 cich t6 mau trong S, néu c6 thé bién tir
mdt cach sang cach khac bang phép xoay va lat,
thi né sé (ing véi cing mot chudi hat. Nghia la tac
déng cta D, 1&n S c6 thé bién d8i mét cai thanh
cai kia. Trong ly thuyét nhém, ta néi ring hai cach
td mau & trong cung mot quy dao cla G.

Néi mot cach chinh xac:

Quy dao clia mot ph§n th s 13 tht c3
cic phan ti s" sao cho s’ c6 thé bién
déi duoc tir S bang mét tic dong,
nghia 13 ton tai ¢ trong G sao cho
g-s=35

Vay thi hai cich t6 mau & trong cuing mét quy
dao (c6 thé bién déi tir mot cai sang cai con lai chi
bang xoay va I3t) sé (ing véi cling mot chudi hat.
Mbt quy dao s& ting v6i duy nhit mét chudi hat,
va d& thiy véi mdi chudi hat c6 duy nhit mét quy
dao tng véi né. Vay, dé dém sb chudi hat, ta sé
dém sb quy dao.

AP
O

Vay ching ta dém sb luong quy dao nhu thé
nao?

e
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Phat biéu b dé
Bb dé Burnside:

Goi G 13 nhém hitu han céc phép bién
d8i tac dong lén tap X. Goi X/G I3
tap cac quy dao cia X (mdi phan tu
cta X/G 1a mét quy dao cia X). Véi
moi ph§n th g € G, goi X7 |a tap céc
diém bt bién (cb dinh) cia X dbi véi
phép bién déi ¢ (X9={reX:gz=
z}). Khi dé,

[ X/Gl =

ﬁZm

geG

Chitng minh bé dé

Viéc ching minh b8 dé Burnside khéng qua
quan trong doi vdi cac tng dung thuc té, vi vdy né
sé dugc coi la bai tap cho ban doc.

Ung dung

Véi bb dé Burnside, chiing ta c6 thé giai quyét
bai todn. D& cho don gian, ta hiy lay n = 5. Khi
d6, v6i moi phan ti clia D, ta phai dém sb luong
diém ma né cb dinh (sb céch tb tuong duong sau
khi dugc xoay hoic lat).

DAau tién, xét phan tir don vi, vi né khéng 1am
gi nén nd sé cb dinh tht cd k° cach t&6 mau:

@3
Q- L.
Va
hat o
ﬁmmz

5

Sau dé xét t6i phép 1at. M&i phép lat c6 truc
di qua cac hat nhu sau:
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V3 bbn hat con lai dugc chia thanh hai nhém,
do6i xiing vé6i nhau qua truc:

Viay dé mét cach t& mau dugc cb dinh baéi phép
|at, hat & trén truc c6 thé to bAt ctt mau ndo, va
cac hat khac phai cling mau véi hat dbi xtng véi
né. Do d6 véi mdi truc ta cb dinh duoc &% phan
tlr. Vi ¢ 5 truc di qua mdi hat, ta ¢ téng cdng
5k3.

Cubi cling, xét t6i phép xoay. Dau tién 13 xoay
72 dd theo chiéu kim déng hd (chuyén tht c3 céc
hat sang hat bén canh theo chiéu kim déng hé):

e

/\‘g_’/

D& cach t6 duoc cb dinh bdi phép xoay nay,
hat 1 phai gibng hat 2, hat 2 phai gibng hat 3, 3
gibng 4, 4 gibng 5 va 5 gibng 1. Do dé tit c3 cic
hat phai c6 cing mau, nghia la c6 n cach to.

Vi ba cach xoay con lai chiing ta c6 thé lap
ludn tuong tu, vay téng lai phép quay cé 4k cach
to.

Theo bd dé Burnside, sb luong qu§ dao, ciing
3 sb luong chudi hat, 1a:

k® + 5k3 + 4k
10
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Dinh Iy liét ké Pélya

Ta c6 thé phan ndo thiy ring viéc chon k = 5
13 mdt sb nguyén tb khién cho phép xoay chi cé
thé t6 cung mét mau, vay néu k khac di thi sao,
hodc véi k 16n hon va ta khong con ¢é thé xét tay
nhu trén?

Dinh Iy liét ké Pdlya s& gitp ta lam diéu dé.

Dinh ly liét ké Pdlya la mot tong quat cla bé
dé Burnside, va né cung cung cip mdt cong cu

thuan tién hon dé tim sb I8p tuong duong. o) day
ching ta chi nhic dén mot truong hop dac biét
clia dinh Iy liét k& Pélya, trudng hop ndy s& rat
hitu ich trong thuc t&. Céng thiic chung cla dinh
ly s& khéng duoc nhic dén.

Dinh ly nay di duoc Redfield phat hién trudc
Pélya vao ndm 1927, nhung cong bd ctia éng khéng
dugc cdc nha toan hoc chd y. Pélya dbc lap dat
duoc két qua tuong tu vao ndm 1937, va cbng bé
ctia éng thanh céng hon.

Vi trudng hop clia chiing ta, ta danh sb cac
hat tir 1 dén k va coi nhu cic phép xoay va Iat
I3 c4c hodn vi bat bién (nghia 13 hoan vi khong
thay déi dbi tuong ma chi la cach biéu dién), phép
todn 13 phép hgp hai hodn vi. Va nhém G khi dé
ta s€ goi 13 nhém cac hoan vi bat bién.

Tim tit ¢ cdc hodn vi bat bién nhu vay vdi
dinh nghia cda mét dbi tuong 1a mét budc quan
trong dé ap dung bé dé Burnside va dinh ly liét
ké Pélya. Nhiing hodn vi b4t bién nay phu thudc
vao tung bai toan cu thé nhung trong hau hét céc
truong hop, viéc tim mét s6 hodn vi “co ban” bang
tay 13 dd dé sinh ra t3t c3 cdc hodn vi khic bing
may.

Sau d6, ta 6 thé phat biéu dinh Iy nhu sau:

Phat biéu dinh ly
Truong hgp dac biét cha dinh ly
liét ké Pdlya:
Ta goi C'(7) 13 sb chu trinh trong hoén
vi 7, k 12 sb gid tri ma mdi phan tr ¢6
thé nhan. Khi dé,

[ X/Gl =

Z kc(ﬂ’

TeG

Gl

Ching minh dinh ly

Dinh ly liét ké Pdlya la hé qua truc tiép clia b6
dé Burnside, vi vdy viéc chitng minh né sé dugc coi
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la bai tdp cho ban doc.

Ung dung: T6 mau vong co

o

/\‘k_’/

D&m s& vong ¢ khac nhau tir n hat,
mdi hat cé thé dugc td bgng mot trong
cac mau k. Khi so sanh hai vong cé,
chiing c6 thé dugc xoay, nhung khéng
dugc ddo ngudc (tic la chi cho phép
dich chuyén vong tron).

(Day 13 phién ban d& hon clia bai toan & trén
ma khéng cé phép lat.)

Trong bai toin ndy ta cé thé tim ngay dugc
nhém cac hoén vi bit bién:

T =123...n
m =23...nl
Ty =3...nl2
M1 =nl23...

Ta h3y tim mét cdng thic rd rang dé tinh toan
C(m;). Trudc tién, ching t6i luu y rang hoan vi ;
c6 & vi tri j-th gid tri i + j (tinh theo md-dun n).
Néu ta xét cu trdc chu trinh cho 7;, ta thiy ring
1 chuyén thanh 1+ 4, 1 + 4 chuyén thanh 1 + 24,
chuyén thanh 1+ 3i, v.v., cho dén mét sb cé dang
14 kn. Lap ludn tuong tu cho céac ph§n td con lai.
Do dé, chiing ta thiy ring tit c3 cac chu trinh déu

. . lem(i,n n
cé cung do dai, cu thé I3 (i,n) =

i ~ ged(i,n)’
Vi vy, sb chu ky trong 7; sé& bing ged(i, n).

Thay céc gia tri nay vao dinh ly liét ké Pdlya,
ta thu dugc cbng thic:

l - cd(i,n)

Ban c6 thé dé céng thic ndy & dang nay hoic
ban c6 thé don gian héa né hon nita. Hay thay d&i
thd tu tinh tdng dé né I53p trén tht c3 cac udc cha
n. Trong cdng thic ban diu s& c6 nhiéu sb hang
tuong duong: néu i khdng phai 13 udc clia n, thi c6
thé tim dugc udc sau khi tinh ged(i, n). Do d6, dbi
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Vvéi m0| uéc sb d | n so hang ctia né k&eddn) — L4

s& xult hién trong tong nhiéu 1an, tic 13 ciu trd
I5i cho bai todn cé thé dugc viét lai thanh

% > Cak,

d|n

trong d6 Cy 13 sb cac sb i véi ged(i,n) = d.
Ching ta c¢6 thé tim duoc mét bicu thic rd rang
cho gi4 tri nay. Bt ky sb i nao nhu vay déu c6
dang i dj véi ged(j,n/d) (néu khong
thi gcd(z n) > d). Vi vay, ching t6i c6 thé dém
s6 j véi tinh chit nay. Phi ham Euler cho ta
Cq = ¢(n/d), va do dé ta c6 dép an:

PUOL

d|n

Cai dit mau:

#include <bits/stdc++.h>
using namespace std;
const int MOD = (int)1e9 + 7;
int power(int a, int b) {
int ans = 1;
while (b > 0) {
if (b % 2==1) { ans =
a = 1LL * a * a % MOD;
b /= 2;

1LL * ans * a % MOD; }

}

return ans;
}
int inverse(int a) { return power(a, MOD - 2); }
int main() {
int t;
cin >> t;
for (int tc = te++) {
int n, k;
cin >> n >> k;

1; tc <= t;

int ans = O0;
for (int i = 1; i <= n; i++) {
ans = (ans + power(k, __gcd(i, n))) % MOD;

}

1LL * ans * inverse(n) % MOD;
" << tc << ": " << ans << '\n';

ans =
cout << "Case

l'fng dung: T6 mau hinh xuyén
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Théng thudng, ching ta khéng thé ¢ dugc
mét cong thiic rd rang cho sb 16p tuong duong.
Trong nhiéu bai toan, sb lugng hoén vi trong mét
nhém cé thé qui 16n dé tinh toin thi céng va
khéng thé tinh toan sb chu trinh trong ching.

Trong trudng hop dé, ta nén tim mdt sb hoan
vi "co ban" mot cach tha céng d€ sinh ra toan
bd nhém G. Tiép theo, chiing ta cé thé viét mét
chuong trinh s& sinh tit ca cac hoan vi clia nhém
G, d&m sb chu trinh trong chiing va tinh dép 4n
bing cbng thic.

Xét vi du vé bai todn td mau hinh
xuyén. Cé mot to gidy ké ca-rd n x m
(n < m), mét s6 6 dugc t& mau den.

Sau d6, mét hinh tru thu dugc bang
cach dan hai mit c6 chiéu dai m lai
véi nhau. Sau dé, mét hinh xuyén thu
duoc tu hinh tru bf?\ng cach dan hai
vong tron (trén va dudi) lai véi nhau
ma khéng xo3n. Nhiém vu |3 tinh todn
s6 lugng hinh xuyén cé mau khac nhau,
gid sir rang chiing ta khéng thé nhin
thiy cic dudng dudc dan va hinh xuyén
c6 thé dugc xoay.

Ching ta lai bit dau véi mét t3 gidy n x m.
D& dang thiy ring cic loai phép bién d&i sau bio
toan I6p tuong duong: su dich chuyén vong tron
clia cic hang, su dich chuyén vong tron clia cic
bt va xoay td gidy 180°. Ciing d& dang nhan thiy
ring cdc phép bién hinh nay c6 thé sinh ra toan
b6 nhém cac phép bién hinh bat bién. Néu bang
cach nao dé chung ta dénh sb cac & cua to gidy,
thi ching ta c6 thé viét ba hoén vi P1, P2, P3 tuong
(ing véi cac kiéu bién déi nay.

Tiép theo, chi cdn viéc tao ra tht ca cic hoan
vi thu dugc dudi dang mét tich. Hién nhién 13 tit
ca céc hoan vi nhu vy déu c6 dang p p2pi trong
d6i;=0..m—1,i5=0...n—1,i3=0...1.

Cai dit mau:
using Permutation = vector<int>;
void operator*=(Permutation &p,

Permutation const &q) {
Permutation copy = p;
for (int i = 0; i < p.size(); i++)

plil = copylqlill;
}

int countCycles(Permutation p) {
int cnt = 0;

for (int i = 0; i < p.size(); i++) {
if (pl[i] '= -1) {
cnt++;
for (int j = i; pl[j] != -1;) {
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int next = pl[jl;
plil = -1;
j = next;
}
}
}
return cnt;

}

int solve(int n, int m) {
Permutation p(n * m), pl(n * m), p2(n * m),

p3(n * m);
for (int i = 0; i < n * m; i++) {
plil = i;
pilil = G %n+ 1) %n+ i/ n*n;
p2[fil = @ /n+ 1) %m*n+1i % n;
p3lil = (m-1-1i/n) *n+ (@-1-1iY%mn);

}

set<Permutation> s;
for (int il = 0; il < n; i1++) {
for (int i2 = 0; i2 < m; i2++) {
for (int i3 = 0; i3 < 2; i3++) {
s.insert(p);
p *= p3;
}
p *= p2;
}
p *= pl;
¥

int sum = 0;
for (Permutation const &p : s) {
sum +=
1 << countCycles(p); // 2 ~ countCycles(p)
}

return sum / s.size();

Nhu vdy, qua bé dé Burnside va dinh Iy liét ké
Pélya, ta cé thé rit ra bai hoc ring, thang ndi tro
dia cua ban to hon ban sé nbi tiéng hon ban.

Doc thém

Tham khao:
e cp-algorithms 10

e Brilliant 1!

e almostsurelymath 102

1%0https: / /cp-algorithms.com /combinatorics /burnside. html

% https:/ /brilliant.org/wiki/burnsides-lemma/

192https: / /almostsurelymath.blog/2019,/09/18/necklaces-and-groups-the-burnside-lemma/
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Phéng van Nguyén Xuin Tung

Interviewer: Vuong Hoang Long — ICPC World Finalist 2021



Phéng vin Nguyén Xuan Ting

Long: Ch3o than Méo! Cam on than Meo d3
nhan 15i tham du phéng vin ctia VNOI! Theo ding
truyén théng, than Méo c6 mubn gidi thiéu vé ban
than minh khéng?

Tung: Héi khé vai... “Chao cic ban, minh Ia
Meo", gidi thiéu xong roi day!

Long: Ban c6 thé gidi thidu qua mét chat vé
t&n tudi, noi 1am viéc va cic thanh tich khéng?

Tung: Minh 13 Nguyén Xuan Tung, hay cé mét
tén “that” khac la Méo. Hién tai minh la sinh vién
“dang chd bi dudi hoc” cta trudng Dai hoc Québc té
- DHQG TP.HCM. Minh tu hao cé dugc mot thanh
tich ma ngay cd anh Pham Vian Hanh, ngusi c6 2
ctp vang Olympic Sinh Vién ciing chua ¢é dugc,
d6 13 2 chp bac lién tiép. Minh kha tin 13 thanh
tich ctia anh Hanh da cé mét ngusi khac dat dugc
rdi, con thanh tich ca minh thi chua ai 1am dugc
ca.

Long: Hai nam lién tiép vé vi tri thd hai, mét
thanh tich v6 tién khodng hau. N6 thé hién tim
long bao dung cao cd cia Meéo, nhudng clp vd
dich cho cac em. Hai nim déu 13 nhudng cho céic
em, ma hinh nhu déu 13 hai em nim nhit?

Tung: Vang, déu I3 hai em n3m nhit.

Long: Dugc biét Meo 13 mét ngudi cuc ky
khiing v& CP% | mat trong sb rit it rating 2600+
Codeforces'™ . Nhung Meo lai khéng 6 gii qubc
gia & cAp 3, va nim 1, n3m 2 & dai hoc thi ciing
rht 13 yéu. D& cau chuyén thém phan kich tinh va
d€ lai nhimg phan hay nhit & cubi cling, minh s&
bt dau tir cAp 3. Thé thi, cAp 3 Méo hoc & dau,
hoc chuyén gi?

Tung: Cip 3 minh 13 hoc sinh trudng Phd
théng Ning khiéu & TP.HCM, va minh hoc theo
chuyén Sinh. Ma thuc ra ngay cd cau chuyén minh
vao chuyén Sinh nhu thé nlo cling 1a mdt cau
chuyén thd vi nha! Hoi déy thuc ra minh dinh vao

N 2
chuyén Hod co, nhung ma ldc minh mua dé 6n dé

thi vao cép 3, minh cé thir doc hét tit c3 cic dé
clia N3ng khiéu. Lac minh doc téi dé clia bén Sinh
minh thiy cé vai cau lam duoc. Thé I3 dang céi
hém ding ky thi vao 16p 10, minh d3 quyét dinh
danh thém mdn Sinh vao. Cubi cling thé ndo lai
truot hét tit cd cic chuyén, chi ddu mdi chuyén
Sinh.

Long: Va cudi cung thi ban da hoc chuyén
Sinh?

Tung: That su la minh vao chuyén Sinh 3 nam
cAp 3, khd s nhit 13 mdn Sinh khi ma minh di &n
thi gan nhu tit ca cic chuyén, chi trir Todn - Tin

103CP: Competitive Programming - Lap trinh thi d4u

va mdn Sinh thdi. Nén tu dung dau chuyén Sinh
nén 13 hoc né ciing c6 nhiing cai khé khin nhit
dinh.

Long: Thé thi, khi ma hoc chuyén Sinh, M&o c6
thi doi tuyén cAp trudng, qudc gia cic thit khdng?

Tung: Céi diy thi khéng, va thuc t& hdi hoc
cAp 3 Meo ludn c6 diém trung binh ding hang thi
35/36 16p.

Long: Thé ciing danh vi tri cui cling cho ban
khic ding khéng, gidng Siéu Cap y?

Tung: Ding rbi!

Long: That la cao ca! Khdng bao gid trd thanh
ngudi dic biét nhit. 3 nim cép 3 trdi qua véi Meéo
hoc chuyén Sinh, sau d6 dén dai hoc thi Méo hoc
gi? Dén dai hoc, Meo khéng c6 giai Qubc Gia tiic
la Méo phai thi dai hoc phai khéng? Meo thi dai
hoc khdi ndo va qué trinh diy nhu thé nao?

Tung: Hbi diy, minh ciing nghi né 13 mét thé
loai co duyén khd dic biét déy! B&i vi thuong la
hoc cap 3 chuyén Sinh, ban chi nghi dugc viéc vao
Y hay Dugc hosc cling Idm 13 Céng nghé Sinh hoc
va cic nganh tuong tu thdi. Ly do ban dau ma
Mo nh3m dén Coéng nghé Thdng tin la tai vi Méo
c6 mdt dan anh hon 1 khoa. Cac ban s& biét chic
13 ban ndo rdi déy.

Long: Minh. .. khdng biét!

Tung: La ban Lé Duy Bach, ciing |a mét ban
bay gio la... Minh Um....Minh chai véi Lé Duy
Bach tir hdi minh 16p 9 rdi, nhung ma thuc ra ciu
chuyén day khong quan trong. Lé Duy Bach hon
minh 1 tudi. N3m 4 Sy minh 16p 12, ltc diy L& Duy

Bach ciing mdi budc chan vao CP théi. Ong diy
thach ddu minh mét bai trén SPOJ. Bai diy that
ra input don gidn I3m, chi bao gdm 3 sb nguyén va
output 1 sb nguyén thdi, phan con lai toan I3 Toan
hoc, khéng phai kién thic gidi thuit gi cao siéu.
Nhung két quid bai diy minh d3 giai duoc trudc
éng Bach, nén lac diy minh méi bit dau nhim
dén CNTT nhu mét phuong an du phong. Mét
phan tai vi thdi gian ldc ddy minh 6n thi dai hoc,
vio Y diém n3m ndo ciing cao nhit m3, rdi minh
ciing xac dinh 13 chic ciing khéng canh tranh lai
cac ban khac.

Tung: Tai sao minh lai vao trudng Dai hoc
Qubc t&? Ciing ding n3m diy 13 trudng Dai hoc
Qubc gia méi bt dau c6 ky thi Danh gia ning luc.
Riéng n3m cla minh thi lai mdi chi t8 chdc cho
trudng Dai hoc Qubc t& théi, miy n3m con lai méi
bst dau t8 chiic cho toan b Dai hoc Qubc gia.
N3m 4y r6t cudc thé nao minh thi Dénh gis ning
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luc an mot cai tép kh3 cao, va ducc hoc béng.

Long: Thé cubi cuing Méo v6 Dai hoc Qubc té
A vi tép cao dugc hoc béng?

Tung: Da ding vay.

Long: Thé cubi cing Meo ¢4 thi Y khéng?

Tung: Duong nhién [a cé, va ciing duong nhién
la trugt!

Long: Bi trugt nhiéu khong?

Tl‘mg N3m 4y, nim 2017, 13 n3m dau tién ma
chuyen tlr thé thic thi tric nghiém 90 phat / 50
cau xubng con 50 phat / 40 cau mdi mon. Diém
cao khiing khiép va Meo khéng nhiing trugt Y, ma
tra diém méi théy Meo d3 trust Y Da khoa clia tit

ca cac trudng Y ca nudc. Cac nghé khac thi c6 thé

dau, nhung ma riéng cai nghé Y thi toan trugt.

Long: Néi chung diéu diy di dua Meo vao
dugc Dal hoc Qubc t&, 13 mot tru’dng dal hoc ma
thuc t& 13 khdng 6 truyén théng gi vé 1ap trinh
thi ddu. Meo b3t dau véi lap trinh thi ddu nhu thé
nao, va tai sao tu nhién lai trd nén manh nhu ngay
hom nay vay?

Tung: Cau diy Meo cha biét tra I5i nhu thé
nao.

Long: Thé n3m nhét thi Mo da tham gia thi
ICPC!® chua?

Tung: Thuc ra n3m nhét thi chua. C6 diéu tha
vi ndy 13 n3m nhit va n3m cubi clia Mo Ay, ICPC
Viét Nam déu t8 chitc 6 TP.HCM, va diy 13 2 ndm
duy nhit ma M&o khéng tham gia.

Long: Thé n3m nhit cda dai hoc thi Méo d3
bt ddu tham gia Codeforces chua?

Tung: Nim diy minh khéng thi ICPC nhung
ma cé thi Olympic Tin hoc, ciing bit dau tir khbi
Khéng chuyén nén ciing c6 danh Codeforces tir thoi
diém nay rdi. M3c du d4nh toan giai dugc 1 hodc
2 bai div 2, va 6 contest du tién toan 3n trir théi.

Long: Thé thi Mo thi Khéng chuyén nim diy
cé gidi khdng? Thuc ra Khéng chuyén thi chic 1a
van c6 gidi théi.

Tung: Van cé dugc giai Ba, ndm déy Méo dugc
diém kha cao & bai rit khé trong khi c6 mét bai
khéc rt d& tht ca moi ngudi déu dugc 27/30 diém
thi Mo chi c6 dugc 10/30 diém.

Long: Minh doén Ia Méo ciing nhudng céc ban
khdc nhu moi khi ding khéng?

Tung: Nhudng kiéu ndy hoi qud! Chua biét
nhudng nhu ndo nén nhudng hoi nhiéu, sau nay
nhuong it lai .

Long: Thé thi dén n3m 2, moi viéc d3 thay d8i
nhu nao?

Tung: Dé&n nam 2, 14n diu tién minh dnh
ICPC, phdi néi la that su chodng ngop véi kha
nang cla ciac ban. Nam déy I3 mét nim ma dé
ICPC ciing tuong dbi khé, thsi dé vAn con khé
hon bay gid. Va minh ciing hoi bi chodng ngop vé
viéc tai sao lai c6 nhidu doi “xai” dugc nhiéu bai
nhu thé, tham chi 13 cic doi cép 3, cic ban n3m
nhit cic thir. Néi that, nhin stic manh cla cic ban
ma minh khéng nghi dugc 1a. .. Néi chung la nhin
|én top trén clGia minh, minh cdm gidc la mét cai
déng cAp ma minh khdng bao gid cham ducc. Va
c6 vé nhu véi sb luong cap vd dich minh cé bay
gid thi ding 13 né 13 mot ding cAp ma ciing chua
cham tdi that .

Long: N3am 2 cia Méo la ndm bao nhiéu trong
thuc té roi?

Tung: Nam diy 13 2018, ICPC t8 chic & H3
N6i. Thuc ra diy 13 nim diu tién ma Meo duoc
mot cai clp giai nhi. Dy 13 thi Olympic Tin hoc
Sinh vién cia Chuyén tin. N3m 4y Méo dugc hang
nhi, hang ba ciling |3 mot ban kha quen thudc véi
VNOI - d6 chinh 13 ban D8 Dinh Dic, va hang dau
tién chinh la ban d3 gidi thiéu minh vao CP (L&
Duy Bach).

Long: O ok. Cac huyén thoai déu budc ra tir
khéi Chuyén tin, khdng c6 huyén thoai n3o budc ra
tir khéi Siéu ctp cd. Minh dang nhin cai bang rat-
ing Codeforces cia Méo vao ndm 2018. Ding la tur
cubi 2017 dén tam thang 12/2018, Méo c6 su tang
rating rat 8n dinh va gan nhu contest ndo ciing thi,
thi rat nhiéu ludn. Va dén tdm thang 12/2018 I3
Meo d3 c6 rating gan 2100 rdi, tir ddu n3m 2018
rating clia Meo 13 1579 rdi dén cubi nim thi da
la 2100. Thi bi kip Méo tang rating mot cach qua
khang khiép trong mot n3m 13 nhu thé nao?

Tung: Thuc ra minh nghi bi kip 16n nhit cla
minh lai 13 minh dénh rAt chill. M6t phan ciing 13
minh danh Codeforces cho vui. Thit hai nita 1a déng
luc danh chinh cGa minh I3 nhiing ngudi ma hon
rating cia minh mét ti théi. Vi du nhu dong luc
cla minh lic déy 13 mot sb ngudi quen, nhu khi
minh mau nick xanh lo chgng han, minh cé biét
mot sb6 ngudi nick xanh dam. RS rang nhiing ngudi
dy 13 manh hon minh rdi. Nhung ma chi can c6 1
contest ma minh hon dugc ngudi ta thdi la minh
cam giac nhu kiu: “Ho4 ra minh cé thé danh lai
duac”.

Long: Néi chung bi kip & ddy d6 1a canh tranh
véi ca moi ngudi, ding khong?

Tung: Vang, lic diy c6 thé moi ngudi manh
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hon. Nhung ma riéng viéc chi can 1 contest minh
hon dugc ngudi ta théi 1a né ciing tang dugc su tu
tin nhiéu rdi.

Long: Thé trong nim 2018 diy thi Mo train
tir nhitng ngudn nio ma cé thé tang rating kinh
khang nhu nay?

Tung: Thuc ra tir nim diy minh d3 ding ky
tai khodn & hau hét cic online judge rdi. Nhung
c 2 céi series contest minh thich nhit, mét 13 cac
contest Codeforces, tai cac contest nay nhin chung
13 vira dién ra déu di3n ma vira chit lugng khé cao.
Ci thi hai minh mudn néi dén 13 contest 10 ngay
ctia Codechef (contest Codechef Long). Hinh nhu
bay gio thi series contest nay khdng con nita va
né dudc thay bing mdt cai rated danh cho div 3,
div 4 va hinh nhu chi kéo dai 3 ngay thdi thi phai?
Nhung ma cac contest Codechef Long |a cac con-
test m3 minh nhan ra kh3 ning cla minh cé thé
tién xa hon. Dung ca 10 ngdy dy, minh d3 phai
research suy nghi ra cic cach giai khac nhau, cic
thudt todn mdi. Va minh d3 cb gdng, tham chi
13 dén c3 1 tudn, c6 thé gidi dugc nhiing bai ma
ding ra 13 trinh d6 ltc diy cta minh 13 khé khéng
tudng..

Long: Minh nghi phuong phap ma gidi mot bai
khé so véi trinh d6 clia minh dé vuct lén 1a mot
céch chic ciing tuong d&i nhiéu ngudi dung, va né
kha hiéu qud. Thé& nim 2 Meo thi ICPC & Ha Noi
ding khdng? Thé cudi cling nim diy Meo rank
bao nhiéu?

Tung: N3m 4y Meo gidi dusc 2 bai nhung ma
rank thi hinh nhu 13 rank xp xi 29, 30 gi day.

Long: Nam 2018 thi Méo train Codeforces, lic
dAy chién luoc train, vi du nhu Codechef Long kiéu
danh c3 ngay d€ 13m c4c bai rit khé rdi thi khéng
tinh. Thé c4c bai Codeforces thi M&o 1am theo kiéu
virtual xong rdi doc solution hay 3 thé& nao?

Tung: Thudng |a minh didnh contest chinh thiic
sau d6 doc solution, hodc mdt bai ngay sau day
thdi, hodc 13 bt ct bai nao minh doc va cam thiy
tha vi.

Long: Ngoai ra thi Méo cé lam cac contest
cii khéng hay 13 chi cé dénh contest rdi xong doc
solution cac bai sau diy thoi?

Tung: Minh thudng kha it khi danh cic contest
cil.

Long: Khad hay. Thuc ra chinh vi th& nén
néu cac ban vao nhin bang rating Codeforces clia
neko nyaaaaaaaaaaaaaaaaa sé thiy, nim 2018 13
gan nhu contest ndo ciing thi, thi rit nhiéu ludn.
Vi thi nhiéu nhu vdy nén cé rAt nhidu bai dé 1am,
khong can danh contest cii. Th& nim 2018 thi Mo

80

c6 gidi nhi khdi Chuyén tin nhi... a dau rank 2 khéi
chuyén Tin.

Tung: Rank 2 thoi, chuyén Tin nam nao ciing
nhiéu hon 1 gidi nhAt.

Long: Th& 13 rank 2 kh&i chuyén Tin, ddng trén
mot huyén thoai khic dé 13 D8 Dinh Dic va ding
dudi mét siéu huyén thoai khic. Trd v& nim 2019,
Meo thi rat it ludn, chién lugc gi d3 thay d&i? DAu
n3m thi Meo rating khoang 2100, va cubi n3m thi
Méo rating la dé Codeforces. Diing rdi, d6 Code-
forces 2423, 1an dAu tién Mo 1&n dé Codeforces I3
thang 12 ndm 2019. Nhung ma Meo lam it contest
hon h&n thi chién luoc d3 thay d&i nhu ndo?

Tung: Nim diy vin con nhiing cudc thi dai
Codechef Long, minh c6 mét cai cdng ddng chuyén
di lam Codechef Long. That ra minh khéng nhé
Idm, n3m 2019 13 khodng thsi gian ma minh b3t
dau 13m Codechef Long nhiéu hon va tdp cac bai
khé nhiéu hon.

Tung: Véi lai that ra kiéu training cta minh
13 xuit than tir thi ICPC chit khéng c6 thi VOI,
nén ldc dau |1én rating nhanh mét phan ciing vi thi
ICPC ban ¢6 thé chép thuat toan. Vi du nhu kigu
dung thuat todn nhu mét cai hop den éy, ma tham
chi c6 mét sb bai todn con khéng can hiéu thuit
todn diy. Duong nhién 13 hiéu thi vin gidi duoc
nhiéu bai hon, nhung ma thuc t& 13 ban cling ¢6
thé tién dusc mdt khodng cich nhit dinh néu nhu
ban biét thuat toén lam gi thoi.

Tung: Minh nghi giai doan nay la giai doan ma
minh cham lai v3 bit dau hoc ky hon. Hodc ciing
c6 thé don gidn 13 ldc dby minh chi mubn nghi
ngoi thdi va tuong tu nhu vy. Hodc 13 minh déi
chién lugng training sang luyén tap thay vi 3 dénh
contest ching han? Vi du ban c6 thé thiy 13 giai
doan cudi n3m 2019 minh d4nh contest nhiéu thé
ndo. VA dic biét nhu ban néi I3 cudi ndm 2018 va
cudi n3m 2019 Codeforces minh Ién mot mau mdi,
nhung thuc t& toan 13 1&n sau dot Olympic Tin hoc
Sinh vién.

Long: Aaaa, thi vi. Tdc 13 sau khi dat gidi
Olympic Sinh vién thi Méo tu théy I3 sdic manh
cia minh tdng 1én va vao thi Codeforces ting 1én
that ding khéng?

Tung: Cai ddy... minh nghi 13 chi c6 trdi méi
biét théi chir minh ciing khéng biét dau!

Long: Thé& Méo n3m 2019 thi ICPC thi két qua
nhu n3o va vin thi bing Chuyén Tin 3, hay I3 thi
theo bang Siéu Cip?

Tung: N3m diy 3 minh thi bing Siéu cap rdi,
bang Khéng chuyén véi Chuyén tin 13 cé gidi ba trd
lén 13 n3m sau sé khéng duoc thi bang diy nifa.
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Long: Thé thi Mo thi bang Siéu Cip thi két
qua nhu thé nao?

Tung: Nim diy 13 n3m dau tién minh thi Siéu
Cip, va két qua 13 minh. .. khdng dugc gidi gi hét.

Long: Um tai vi... thuc ra thi Siéu Cap rat
khé c6 giai. N6 chi c6 6 gidi thdi, khéng c6 dén
may chuc gidi nhu bang Chuyén Tin véi ca Khéng
chuyén. Thé thi con ICPC?

Tung: ICPC n3m diy thi minh v3n trén tinh
than 13 dé gdp moi ngudi nhung thuc ra minh lam
kh4 tbt so véi mong doi. N3m Ay chinh xac 13 minh
dugc hang 18. DAy I3 minh d3 miss mot bai d&
nhung ma da gidi dugc 2 bai khé. Minh ma giai
thém dugc bai d& diy thi minh ngh minh ciing ¢6
thé tu tin néi ring minh n3m trong tép dau.

Long: Khong rank 18 thuc ra I3 kha tét 4y
chid. Khi xem bang Official thi team Meéo s€ c6
huy chuong ding khong?

Tung: Diing, c6 huy chuong dong.

Long: Ah nice, cic ban cé thé théy la Méo
cé su di lén rat 13 18 rang ludn, m&i nim lén maot
mau va mdi nim di 1én mét kidu. Noi chung, nam
2019 nay Meéo tap trung vao train Codechef Long.
Va cudi cling thi hét n3m 2019, ban dat dugc mdt
thanh tich, ma & Viét Nam ngay xua, tir trudc khi
COVID dién ra, 13 rht it ngudi c6, dé 13 do Code-
forces. Hoi dé dé Codeforces Viét Nam dém duoc
trén dau ngén tay, va cai dé Codeforces Ay rit I3
quan trong. Budc sang nam 2020, 1a m6ét nam ma
Meéo suyt [én dugc 2k6 Codeforces, tic la suyt 1én
dugc IGM. Va nam nay thi Méo con train it contest
hon cd nim 2019 nifa. Chién lugc cia Méo trong
nam dy 13 gi?

Tung: Nim 2020 13 lic ddy minh dang n3m
cudi dai hoc. Minh ban hoc véi cd minh ban luan
vin céc th, 1dm sao ma train nhiéu dugc .

Long: Thé tai sao M&o train it ma dén cubi
n3m né van gan nhu 1én dugc IGM nhu thé nay?

Tung: A thi ldc diy van gidi bai thudng xuyén
théi! That ra minh ké ca ngay dén tan bay gid nh,
ké c3 nhiing contest ma minh khdéng lam, nhung
minh biét c6 contest thi minh v3n ludn 13y dé ra
dé doc. Doc dé ngh xem minh c6 gidi dugc khéng,
c6 chimg minh dugc khéng Ay.

Long: Doc dé trén Codeforces 3? Hay 13 c6
Codechef Long khong? Nam nay con Codechef
Long khong?

Tung: Thudng la chi Codeforces thdi, tai néu
nhu minh ma chi doc dé 3y thi minh chi thudng
theo d&i théi, thudng theo doi thi minh chi chon

ra nhiing théng tin nao tha vi dé doc théi. Vi du
nhu binh thudng, mdi khi minh theo d&i mét con-
test Div 2 chdng han, thudng toan chi doc tir bai
E trd [&n trir khi ndo ma cé ngudi nao dy can, trir
khi ma c6 ai khac dé discuss bai d& hon.

Long: V3 n3m nay thi ICPC dién ra & Can Tho
thi phai?

Tung: Yea, Can Tho.

Long: OK, nim ndy Meo vin tiép tuc thi
ICPC?

Tung: Nam nay ducong nhién 13 c6! Va nidm
2020, ICPC véi minh 13 mét két cuc c6 thé néi 13
bi tham! Khéng phai vi lam thot ma vi lam qué
bay nhung lai khéng dugc di WF' ;(

Long: La rank bao nhiéu nhi?

Tung: N3m diy minh RANK 4. Va két qud
13 d6i TOP 3 DUQC DI WF. Dbi & rank 3 dén tur
truong HCMUS, ¢6 ban Nguyén Diép Xuan Quang.
Minh d3 thua d6i ban dy chi 24 phat penalty.

Long: 24 phit I3 qua nhiéu. That |3 cay ding
khi thua penalty. OK, thé& con bang Siéu Ciip, n3m
nay két qua Mo thé nao?

Tung: Riéng bang Siéu Cap n3m diy, minh
thot nhung minh lai 13 thi sinh ding bét c6 déng
gidi 3. Thuc ra Siéu Cip thudng la trao 10 giai hodc
nhiéu hon. 6 giai thi 13 c6 clp nay, cac gidi con lai
thi goi |3 dong gii 3. Gibng nhu gidi Khuyén khich
Sy, mic du néu gi3i KK kiéu ndy thi ciing khé I3y
vai chudng ra.

Long: OK. Thé thi két thdc n3m 2020, va dén
n3m 2021, 2022, thi ding 13 thdi cta than Meo,
vo dich thién ha! Vira vao 2021 dugc 28 ngay thi
Meo Ién dugc IGM, va 1a mot trong sb rat rat it
IGM cla Viét Nam. Nhung vi Méo dé québc tich
trén Codeforces la Lao, nén |a né khéng hién Ién
trén c4i bang d6. Thé thi 2021, 1an dau tién Meo
dugc qualify WF, hinh nhu la rank 3, thi 6 Ha Nbi.
Chién lugc cho cdi ndm nay Meéo da train nhu thé
nao?

Tung: Nam 2021, chién lusc train cia minh
kh4 khac! That ra thi ciing gan nhu khéng cé chién
lugc train may, vi lic ddy minh trén tinh than 13 néu
nhu n3m 2020 minh gin qualify dugc WF, thi. ..

Long: ... n3m 2021 chic chin I3 qualify cho
WEF.

Tung: Ding! Nam 2021, ding céi ky thi quan
trong la ky thi Regional, minh lai khd ngac nhién
minh 1am bay nhu th&, vi tht c3 cdc contest vong

mién va contest vong National minh déu thua ddi
cGa HUST. Nam day ban dau du tinh |3 hinh nhu

16\WF: World Finals — Cubc thi ICPC cubi cling trong mét miia giai bao gdbm nhiing déi xult sic nhit cla cic trudng
dai hoc trén thé gidi vugt qua vong loai viing (Regional contest)
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Viét Nam c6 3 subt, ma miy vong lién minh gan
nhu chi 3n 13 subt tha tu. Lac diy, miy cai ICPC
nay mang tinh ganh dua, va viéc qualify vao WF
né rat I3 ganh dua nhé, nén ké ca minh manh dén
dau thi vin sé ¢6 ngudi manh hon. Hon nira, néi
nhd théi chd néu nhu mét minh minh gidi hét ma
danh véi 3 ngudi khic déu cé khad ning gidi bai,
thi n6 la mot céi... (bat cudi) minh cdm giac Ia
mét c4i gi diy rat 13 khéng tudng.

Nguyén Xuén Tung tai ky thi Thich Thic 2022

Long: Ding rdi, minh ciing phai céng nhan 13
nim diy Mo qualify qua ngoan muc. Néi chung,
moi ngudi khdng thé biét dugc, trong phong ban
gidm khdo, moi ngudi da cam thy né kinh khing
nhu n3o khi ma team Mo c6 thé ding rank 3 ma
rank 3 toan thoi gian thi luén. Khong phai kiéu
phat cudi 3n may dau. Nam 2021 thi thyc ra Méo
train Codeforces it hon tit cd cic nim trudc nh,
thi chién lugc n3m nay 13 gi? Cé phai cay Code-
forces khéng, hay la Méo c¢é tu cay khong?

Tung: Thuc ra, tir 2020 tré di, ly do contest
minh it 13 tai vi toan 13 contest div 1 thdi. Néi that
I3 hdi ddy minh ciing c6 tinh than farm rating mét
ti, nén 13 tit c3 cic contest minh d4nh toan 13 Div
1 + Div 2.

Long: Oi thuc ra 13 kha hop Iy. E ding ha!
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Tung: Nhiing contest ndy thuc su d& farm rat-
ing hon. Bi vi thi nhit 13 néu ban Div 1 thi ban
sé dugc mong dgi 1a hon rank cla hau hét cic Div
2. Thit hai nifa 13 k& ci néu ban cé lam thot thi
ban gﬁn nhu khéng thé nao thot dugc cic bai dé
nh4t. Nén thudng 13 rating ky vong ctia ban sé& kh3
cao.

Long: Thé ngoai lam Codeforces thi trong thdi
gian nay Meéo cé train gi nita khong?

Tung: Thuc ra, cai khoang thai gian minh train
manh lai 13 tAm tur khoang gilia dén cubi nam, vi
dau n3m 13 HK2 n3m tu cta minh, va ddng 13 minh
bin lam luin vin that. Lic déy minh train ch( yéu
[a hoan thién lai cac cai diém con sét tir nim Can
Tho truéc diy thdi. Minh thiy minh ciing kha may
man. Thuc ra néi may man khdng ding tai vi 2
teammate cta minh thuc ra ¢6 ddnh CP tu trudc
roi, mic du két qua vao ai gidi bai ndo thi ciing
nhu thé.

Long: Nam 2022 minh ciing s€ skip qua vi nam
2022 Meéo khong thi ICPC nita va Codeforces thi
ciing thi mdi 4 contest. Néi chung hoat déng train
ciing khéng manh nifa vi d3 dat dén dinh cao cla
viéc qualify WF 1an dau tién trong lich sk trudng
Dai hoc Quéc t&. Nhin chung thi cic ban cé thé
théy, Méo c6 mét qua trinh phat trién rat déu va
rit khang khiép qua cdc nim: tir ddu nim 2018
véi rating dau dé khoang 1500, ddu n3m 2019 I3
2100, dau ndm 2020 thi |3 2400, va dau ndm 2021
I3 2600. Su phét trién ma gan nhu 13 khéng miy
ai ¢6 duoc. Khi nhin lai thi Méo thiy chién lugc
train clia minh né dang din nht & chd nio?

Tung: Noi vé chién luoc train cha ban than,
minh nghi I3 né ciing c6 diém ding va né ciing c6
diém sai. Minh nghi diém ddng & chd 13 diu tién
cai mindset train clia minh né kha chill. Kiéu muc
tidu cla minh 13 chi mubn 1 contest minh hon duoc
nhiing ngudi minh cho Ia hon h3n minh. Minh chi
can thing 1 contest théi thi tu dung minh cé cam
gidc hon ngudi ta. Va hai nira [3 minh, minh nghi
cai minh manh vi minh train nhiéu, chi khong hin
do minh manh 15m .

Long: OK, con gi nita khong?

Tung: Véi cd minh nghi cich train ctia minh né
ciling hop véi ICPC hon la VOI. O thi ICPC thi ban
duoc quyén mang notebook vao ma, cho nén ban
c6 thé hoc dugc rat nhiéu thuat todn ma khong
nhé cach cai, cung c6 thé 13 bing cach dy ma
minh train duoc rit nhanh. Nerng ma ciing mit
kha kh3 thdi gian minh méi cam thiy that su hiéu
vé CP hon.

Long: Thé thi khi train, ngodi nhiing cai
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Codechef Long, thi cic bai Codeforces, trong
nhitng ndm ma Meo khdng con lam Codeforces
thudng xuyén nhu la nam 2020, 2021, 2022, Méo
c6 14y Codeforces cii ra lam khéng hay I3 ciing chill
thoi?

Tung: Thudng thi minh hay train chinh bang
cac cai problemset ngoai hon la cac céi problemset
clia cac online contest.

Long: Thé thi Méo cé recommend problemset
ndo dé€ moi ngudi train khéng?

Tung: Méo ¢ mét cdi thd ma Meo ludn ludn
recommend cho cac ban, déy I3 CSES, problemset
cta Antti Laaksonen. Ong ndy ciing c6 mdt cudn
sach, ciing 13 mét cubn CP handbook. Cubn nay
vlra ¢6 mot phién ban free trén trang web va mot
phién ban day d, cai ndy ban phai mua, n3m phat
hanh méi nhit cla cubn nay I3 2020. Minh luén
recommend problemset nay. Va ngoai ra minh cé
mot cach train kha ky la, d6 13 minh hay I3y mét
stream contest nao dé ra va sau day cb ging giai
cho bing hé&t. Cam gi4c khi dugc train trén mot
cai problemset thuc t& minh lai c6 cdm giac hing
th hon! Khi ddy néu nhu minh vé tinh gidi duoc
nhiéu bai thi minh lai nghi néu minh vio mét con-
test that, minh sé dugc mot thir hang rAt cao. Nén
minh cdm thiy train trén mét cai problemset day
da hay train trén mot céi problemset onsite nao
déy ma gid tri cta contest né cao mét ti, thi sé
mang lai cdm gidc hing thd hon.

Long: Kh3 13 thii vi. Thé khi Méo gidi mdt cai
problemset, bai trén CSES ching han, s& cb géng
gidi cho t6i khi nao giai dugc thi théi hay la sau
mét thdi gian ndo diy ban sé& dimg dé doc solution?

Tung: Cai ndy tha vi, con tly tinh chit cla bai
toan nha. Néu nhu mét bai ma minh cadm thy né
thd vi hodc 13 minh d3 biét day [a mot bai ma né
khong c6 thuit todn dic biét, thi minh sé cb géng
gidi. Khi ban ma ngdi xubng tap trung 1am bai va
suy luan thi n6 c6 thé ra dugc nhiing solution mot
cach kha la ngac nhién. Nhung con nhiing bai con
lai m3 minh biét né cé mét thuat toén gi déy, néu
minh biét thi minh s& giai ra, minh khéng biét thi
minh s& Google solution d& xem né xai thuat toan
gi. N6i chung tuy vao minh d3 gidi dugc dén dau.
Khi gidi mét bai todn, ban sé phai di ting budc,
ban s& phai dua bai to4n cho dén khi ra dusc mét
cai hinh thu gi déy ma minh nhan ra dugc. Minh
sé thudng s& phai tu quyét dinh xem 13 dén giai
doan ndo minh khéng thé tim dugc nita ma phai
doc dén solution.

Long: OK. DE t8ng két lai cai qué trinh train
va cic thi thi Mo c6 18i khuyén gi dén cho céc
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ban dang nghe khong?

Tung: Minh nghi 13 c6 mdt c4i diéu ma minh
van thudng hay ndi véi moi ngudi day 13: “Competi-
tive Programming is about having fun, if you're not
having fun then you're doing it wrong." Néu nhu
ma cac ban train CP thi cic ban nén cam thiy vui
vé co! CP thuc t& chinh x4c 13 mot mon thé thao.
N6 mang tinh chit ganh dua, nhung két qua cudi
cling van 13 tit cd moi ngudi déu phai Ién trinh d6
duoc. Thuc ra hdi dau train minh ciing khdng nghi
13 ké&t qud sdnh dugc vdi cac ban tbp cao. Co e
quan trong hon la minh khéng cé dit nang vhn dé
I3 phai 1&n dugc tép nhu th& nao diy. Tham chi
c6 khi chi can 1&n mét hang so véi nhiing gi minh
mong doi théi né cling 1a mét budc tién kh3 16n.
Khi minh cé budc tién dé rdi, minh méi buéc dugc
budc tiép theo. Chbt lai, 15i khuyén clia minh c6 [&
chi c6 tém gon vao viéc la hady chill va vui vé, xong
roi danh contest théi. Cudc thi ndo ciing sé c6 ké
thing ké thua ca!

Long: OK, va cu héi cudi cling ciing nhu moi
khi d6 chinh 13 Mo d3 tbt nghiép chua nhi, hay I3
bi dudi chua nhi?

Tung: Dang chg bi dusi, M&o ndp bing tiéng
Anh rdi, nhung ma phai chd dén khi n3o trudng cé
dot dudi, 3 nhdm xét tbt nghiép tidp theo thi méi
dugc.

Long: A quén! Ching minh chusn bj két thic
cudc phdng vin, nhung ma Meo nhic dén tiéng
Anh nén la thém 5 10 phdt cho cac ban.

Long. Meo 13 mdt ngudi rat 13 huyén thoai nha,
ngoai viéc khéng hoc Tin va ciing chad hoc chuyén
To4n, hoc Dai hoc Qubc té& va 2k6 Codeforces, thi
Meo con ¢ IELTS Speaking 8.0 ding khéng?

Tung: Thuc ra Speaking em c6 8.5 nifa, overall
em mdi 8.0 thoi.

Long: M&o néi tiéng Anh hay I3m céc ban al
Mo c6 thé chia sé kinh nghiém hoc tiéng Anh
trong khi ma van 2k6 Codeforces dugc khdng?

Tung: Kinh nghiém hoc tiéng Anh 3? Oi cau
nay khé, tai mdi Ian ngudi ta héi. . .

Long: Minh van gidi diing khéng?

Tung: Thai thdi, kinh nghiém tiéng Anh thi em
chiu chét.

Long: Kinh nghiém Speaking 13 ban phai gidi
san, khoéng cé hoc gi 1én 8.5 dau.

Tung: V& viéc hoc Tiéng Anh, 15i khuyén minh
khong cé nhung ma 13i khuyén vé viéc thi IELTS
thi... Minh nghi thi [ELTS ngoai viéc muc dich do
trinh d6 cGia minh thi ciing 13 d& show off.

Thi IELTS minh phdi show off dugc céi kha
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ning cla minh. Minh biét bao nhiéu ngit phap 16i
hét ra, bao nhiéu tir vung 16i hét ra. Néi chung I3
minh h3y ct truc tiép show off c4i kha ning clia
minh, khi déy diém cé thé s& cao lén. C4i viéc show
off ma diém cao 1én, minh cling khong nghi [a mét
diéu xau dau nhé! Vi khi minh 1am nhu thé, ban
gidm khao mdi biét duoc 13 minh manh thé no.
Con néu nhu minh manh ma ngudi ta khéng biét
thi ngudi ta khé chAm diém 13m. B&i vi IELTS nay
né la mét cudc choi, khéng chi riéng minh ma cda
minh va ban gidm khao nifa, trlr 2 mén ma cé sin
dép an thi khéng néi lam gi

Long: OK, m&t kinh nghiém rat 13 hay ho, cac
ban nhé show off khi di thi IELTS dé& dugc 8.5
Speakmg nhu Meo - mot thanh tich ma minh tin
3 rAt nhiéu gido vién tiéng Anh ciing mo udc ludn
chit khong chi la cac ban binh thudng. OK! D& két
thiic cudc phdng van gibng nhu tht c3 cic khach
mdi khac. Trong tuong lai, sau khi bi dudi hay tbt
nghiép, Meéo cé du dinh gi trong 5 ndm, 10 nam?

Tung: Phdng vin ma 5 nim, 10 n3m thi khé
qua.

Long: Khong 5 ndam, 10 nam thi 1 nam thoi,
than Meo 13 ngudi dic biét ma nén 13 du dinh 1
nam thdi, hodc 1 thang théi ciing dugc.

Tung: Minh khéng hay tinh xa 13m, thuc ra céi
minh tinh xa nhit dén gi& 13 WF n3m sau théi. K&
cd WF nim sau thi minh chic khéng manh nhu
team EggCentroy dugc dau! Nhung minh dat muc
tiéu trong WF 13 13m mét cai gi diy d€ minh khéng
héi tiéc. Vi du nhu dat mét cai rank trong tép 50.
hay mét cai tdp gi ddy cao cao hon minh mong
doi chﬁng han. Hodc 13 gidi dugc mot cai bai khé,
first solve duoc bai dé nhit. Néi chung la lam céi
g déy dé lai ddu 4n dic biét mét chat, giéng nhu
2 clp bac siéu cap minh d3 dat ducc .

Long: Yea thé thi chiic Méo may min trong
WF n3m téi! Biét dau Meo lai [am mét pha, vi du
nhu, rank 2 WF chéng han.

Long. Di vao lich sir ludn, EggCentroy ra dudng
. OK thé thdi, cdm on M&o d3 nhan I5i phdng van
ngdy hdm nay. Chiic M&o n3m mdi, Tét vui vé, thé
thoi! Chao ban nhé!
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Interviewer: Mai Vinh Hién — Tinh nguyén vién VNOI Gen 2
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Hién: Xin chio Hiép, ban c6 thé gidi thiéu dbi
chdt v& ban than, cong viéc hién tai ciing nhu thanh
tich ndi bat cta ban dugc khéng?

Hiép: Minh 13 Lé Bao Hiép, sinh vién nam 3
ctia Chuong trinh Tién Tién nganh Khoa hoc méy
tinh, truong Dai hoc Khoa hoc Tu nhién. Hién tai
minh ciing dang thit nghiép . 0 cAp 3 minh 6
Giai nhi Hoc sinh gidi Qubc gia mén Tin hoc va
vao vong 2, co ma khdng duoc du thi tiép vong
Chau A hay Québc t& ndo ca . Sau dé lén Dai hoc
thi minh dugc 2 13n vé dich ICPC7 Regional va
ciing c6 cho minh Cip Déng khdi Siéu ciip Olympic
Sinh Vién.

Lé B3o Hiép va team Burned Tomatoes

Hién: Wow, c4c thanh tich déu kha 13 khing.
Theo minh biét thi téi I6p 12 Hiép méi bst dau
tham gia doi tuyén va sau ky thi Hoc sinh gidi
Qudc gia, Hiép ciing 13 ngudi c6 thanh tich cao
nhit doi tuyén. Vay Hiép c6 thé chia sé cho céc
ban kinh nghiém hoc CP%® cha minh va bi quyét
dé dat nhiing thanh tich khang nhu thé& khi méi
bst dau vio ddi tuyén d nam I6p 127

Hiép: That ra hdi cAp 2 thi minh c6 hoc & ngoai
Quang Nam, I&n cip 3 thi minh thi vao trudng
Phé théng Ning khiéu. Lic dy thi minh hoc 16p
Chuyén Toan chd khéng phai I6p chuyén Tin, thi
n3m 11 minh cé thi vao doi tuyén va minh tach.
V3o thsi diém 3y di thi minh con s¢ mét c4i diy
13 trong lich sit cia N3ng khiéu, déi tuyén Tin chi
¢ hoc sinh 16p chuyén Tin thi vao dugc va minh
13 hoc sinh chuyén Todn nén minh cé tam ly sg la
“khdng biét thay cé dim minh khéng" . Do dé 1én
nim 12 minh d3 din do rit nhiéu vé viéc di thi
tiép, tham chi cé cau chuyén vui 13 hé n3m 11 1én
12 minh mdi bt dau train lai, tiic 13 nguyén hoc ki
2 ndm 11 sau khi minh thi trugt thi minh khéng hé
cay thém CP . Giai doan d6 chii yéu 13 minh cay
Codeforces'® |, bai trén VNOI vi doc cudn CP3
cha thdy Halim. Thai diém minh thi vo déi tuyén

thi cling mdi rating Expert trén CF thdi nhung cubi
cting minh v3n dau ddi tuyén. Trong thdi gian hoc
ddi tuyén thi chd yéu minh cdy nhiing bai khé I3
8 dién, kiu miy bai cla thdy L& Minh Hoang .
Viéc [am nhiing bai co ban nhu thé c6 mét diéu
loi 13 giGp cho kién thiic co ban clia minh cuc ky
tdt, cho nén ltic di thi Qubc gia minh c6 chai chién
thuat |13 code vét va code chic hon |3 code full.

Hiép: N3m diy dai tuyén clia minh ngudi manh
nh4t khéng phai 13 minh ma 13 Nguyén Vi Ding
Huy (Hollowed) va sau nay ciing la teammate ICPC
cha minh . Cau chuyén nim diy 13 & Vong 1 thi
Huy c6 lam full cac kiéu con minh thi chi code vét
thdi, lac biét két qua thi minh dau Vong 2 con né
thi tach

Hién: Kh4 13 thi vi. Khéng biét 13 hdi diy
Hiép cé hoc du tuyén hay trai hé vao lac 1ép 10,
11 khong?

Hiép: A khong, minh hoan toan khéng cé hoc
chd nao ludn , ding nghia 13 ltc ddy minh tu hoc
hé&t moi thd.

Hién: Vay Hiép lic déy cé lién hé véi cic ban
trong doi tuyén hay cic ban I6p Tin dé xin tai liéu
hay tips hoc khéng nhi hay ciing tu md hét moi
tha?

Hiép: Lic diy gan nhu 13 tu mo, that ra hdi
diy minh c6 xin theo hoc thay day Tin I6p 10 cla
minh, nhung dugc mét thsi gian minh cam thiy
ciing khéng 8n 15m nén sau dé da s& minh ciing
phai tu hoc.

Hién: Theo minh bit, Hiép 13 mét ngudi code
rit khde va trau, dic biét khi d3 vé dich Regional
2 13n. Viy Hiép cé thé chia sé cach luyén tap dé
code chic & cic ki thi, ching ta c6 can phai tap
trung vao kj ning code nhiéu hon 13 dau tu thdi
gian vao hoc nhiing thuat todn cao si€u hay phtc
tap nhu ky thi HSGQG khéng?

Hiép: Day I3 kinh nghiém cta minh dbi véi dé
Québc gia tir n3m 2020 dé v& trudc nha, nhiing n3m
sau nay thi c¢é vé né khéng con ding Iim . Binh
thudng bai 1 cla ca 2 ngdy sé 13 nhiing bai bit
budc phai 3n full néu mubn cé giai cao, nhing bai
dy thudng kha 13 d& néu nhu ma hoc nghiém tiic
va hoc chic cac kién thic nhu Quy hoach déng hay
Chu trac dif liéu, con nhiing bai sau, nhu bai 2 va
3 ndam minh thi né 1a mot bai Hinh va mét bai Db
thi, minh ndm dé thi ciing vét thoi chir cling khéng
nghi nhiéu gi hé&t. V& viéc training thi nhu minh cé

107|CPC: International Collegiate Programming Contest - Cudc thi Lap trinh Qubc t& 1au di va danh gia nh4t danh cho

sinh vién céc trudng dai hoc va cao déng trén toan cAu.
18CP: Competitive Programming - Lap trinh thi d4u

109Codeforces: mét trang web t6 chic cac cudc thi 1ap trinh thi diu véi cic dang dé, bai tap da dang.
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néi & phan trudc thi cir hoc hét nhing céi co ban
va cai di cai lai nhiu 1an, nhu Quy hoach déng,
Chu tric dif lidu kiéu Segment Tree, rdi DnC, db
thi thi 13 nhitng thuat BFS hay Dijkstra thi minh
ciing 1am rat 13 nhidu Ian rdi, thdm chi minh cé thé
gd ma khdng can nhin nifa .

Hién: Trong thdi gian hoc doi tuyén thi Hiép
c6 dit muc tiéu cho minh vé gidi hay nhu di Vong
2, 1019 khéng?

Hiép: Muc tiéu 16n nh4t ctia minh khi dé chic
chin 13 Vong 2 (TST™! ) rdi, vi minh cit nghi téi
vién canh di hoc déi tuyén vé xong thi phai 6n thi
dai hoc nén 1a lic d6 khi minh hoc la trong tdm
thé “khéng con gi dé mAt” va minh d3 hoc rht 13
trau, nhiéu ldc by gid minh ciing udc 13 minh ¢6
thé hoc trau nhu hdi diy . Co ma that ra muc tidu
clia minh 13 Vong 2 hay APIO? néu c6 thé, con
muc tiéu minh gdy véi cic ban khac 13 minh mubn
di 101 dé& de Bui Héng Dic c4c kiéu . Tai minh hay
nghi theo cai kigu ma, ¢ dat muc tiéu cao lén thi
néu minh khong dat dugc muc tiéu déy thi minh
ciling c6 thé dat dugc muc tidu thép hon mot ti

Hién: Hbi diy khi Hiép hoc déi tuyén 16p 12
thi Hiép ciing thi ICPC khéi THPT diang khéng?
Vay Hiép c6 thé chia sé cho moi ngusi biét v& qua
trinh thi ICPC lic diy dugc khéng?

Hiép: Ding rdi, nhung ma dot diy do 13 Ian
d4u tién thi nén team code rAt |3 thot, ding nghia
hdi dy thi 13 cha c6 chién thuat ndo ca, cit doc dé
xong biét 1am b3i ndo thi Iam, minh con nhé dot
dy vong National thi team minh chi dugc 3-4 bai
gi dby

Hién: Sau khi ra trudng, Hiép c6 du dinh v&
Phé théng Ning khiéu dé day va truyén Ita cho
cac khéa sau khong?

Hiép: Hdi trudc minh ciing c6 dugc thiy mdi
nhung t6i gid thi minh vin chua nhan dugc thém
thdng tin n3o ca nén tdi gid van chua vé day

Hién: Ngoai Lap trinh thi d4u, Hiép con c6 sd
thich nao nita khong?

Hiép: Hbi diy Ning khiéu c6 béng ban nén
minh ciing choi béng ban kh4 13 nhiéu, va that ra
heé nam 11 minh khéng choi CP bdi vi mai choi
béng ban, kiéu minh ldc diy cha biét 1am gi khic
y . Co ma sau nay I&n Dai hoc minh ciing it danh
béng ban bdi vi mét phan hdi ddy & trudng van
cdn ¢6 ban sin & d6 va ngudi quen dé danh cling
chr 1&én Dai hoc thi ciing it quen ai véi khéng cé

10101: Ky thi Olympic Tin hoc Québc té.

ban sin nifa

Hién: Theo minh dugc biét thi Hiép ngodi
khing trong CP thi cling khing dev, vay Hiép c6
thé chia sé cich hoc code nhiing cdi khac ngoai
CP ra dugc khong?

Hiép: That ra hdi I6p 2 minh d3 ngdi voc may
tinh cac kiéu rdi xong dén n3m cAp 2 thi ciing ngdi
lam mAy cai phan mém vé van bing Visual Basic
dé di thi cudc thi Sang tao thanh thidu nién nhi
déng ctia Tinh, cha biét bay gid con ban nao biét
khong . Sau nay 1&n cip 3 khi minh hoc CP thi mdi
c6 y dinh nghiém tdc theo Céng nghé thong tin, thi
minh nghi cdi quan trong nht dé hoc dugc Céng
nghé théng tin chinh 13 Tiéng Anh phai rit tot dé
doc céc tai lidu nuéc ngoai, rdi con lai chd yéu 13
tu tim toi thdi, tai chd yéu minh c6 khé nhiéu thai
gian rdnh nén la minh cit [én Internet chif cling cha
cé bi kip kinh khing nao ca .

Hién: Hiép hién tai dang lam cho team ky
thuat cta VNOI, cu thé 13 VNOJ, vy ngoai cai
thién kha n3ng dev ra th Hiép cdm thiy minh nhan
dugc thém nhiing diéu méi ndo khi 1am trong VNOI
khong?

Hiép: Minh nghi c4i loi 16n nhit khi minh lam
cho VNOI 13 cdc mbi quan hé, minh dugc quen
biét rAt nhiéu ban bé va nhing ngudi gidi, dé sau
nay néu cé di xin thuc tap hay viéc [am & Google,
Facebook c4c kiéu thi minh nghi ciing rit thuan
i khi ma c6 thé cé mét ngudi nao dé trong VNOI
dang lam & dé xin cho minh refer

Hién: Theo minh duoc biét thi nhiing ban hoc
& Phé Théng Ning Khiéu thudng sé hay c¢6 du
dinh gap year mot trudng & Viét Nam hodc di du
hoc ngay sau khi t&t nghiép cip 3. Tai sao Hiép lai
khong chon di du hoc?

Hiép: That ra viéc minh vao Khoa hoc Tu
nhién ciing c6 thé xem I3 mét thit bai dbi véi minh
. Do hdi d6 hoc & Nang khiéu thi cic ban minh di
du hoc 8 M¥ hay cac nuéc rat 13 nhiéu, hdi d6 minh
cling cé dat muc tiéu di My va thi SAT, IELTS céac
kiéu nhung khi téi IGc viét bai ludn thi minh kh4 I3
nan nén dén cudi minh quyét dinh hoc & Viét Nam.
Quyét dinh minh hoc APCS 6 trusng Khoa hoc Tu
nhién ciing don gian 1a khi nhin té&n cdc nganh thi
dAy 13 nganh duy nhit ghi tén nganh 13 Khoa hoc
M3y Tinh nén minh chon chit minh ciing ch3 biét
chuong trinh dAy 13 gi va ¢6 nhiing ai khiing hoc &
day .

HITST! Ky thi tuyén chon déi tuyén du thi Olympic Tin hoc Québc té, hay con dugc biét dén 13 Vong 2 thi chon Hoc

sinh gidi Québc gia.

12API0: Ky thi Olympic Tin hoc Chau A -— Théi Binh Duong.
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Hiép: Ciing kh4 I3 may khi ma ltic vao hoc rdi
thi minh mdi biét 13 minh d3 chon ding, va néu
nhin theo mét cach khac thi & Viét Nam minh méi
c6 co hdi di World Finals''® chd qua bén MYy thi
minh phdi vao trudng manh va minh phai cuc ky
manh thi méi dugc di, con vao trudng yéu vé ICPC
thi ciing khéng cé teammate dé di thi cling

Hién: Khi lén Dai hoc thi c6 vé Hiép khong
con nhiéu thdi gian cho CP nita, vay Hiép d3 c6
cach cay CP nao khac khong?

Hiép: Lén Dai hoc minh ciing khéng cé cay
nhiéu, that ra minh théy so véi trinh cla minh &
Dai hoc véi trinh clia minh lic hoc thi Qubc gia
thi né ciing khong chénh nhau qua nhiéu, chic c6
mdt cai khic 13 minh cai bai triu va chic hon hoi
dé théi chit ndo thi chic ciing cha to 1&n miy . Tai
theo minh nghi minh phai tap trung rat cao dé va
thudng xuyén cay thi méi 1én trinh dugc chd 1én
Dai hoc thi cé nhiéu mén va khién minh bj phan
tam nén 13 cay nhiéu ldc né ciing khéng hiéu qua
I3m.

Hién: Vay so véi khi thi ICPC & cAp 3 thi thi
ICPC trén Dai hoc, Hiép da trang bi cho minh
nhitng chién thuat ndo khi di thi, nhu vai trd cla
Hiép trong va team sé chia ra doi hinh 13 1 ngudi
code 2 ngudi nghi hay c3 3 ¢6 vai trd gibng nhau?

Hiép: That ra team minh thi sé c6 2 ngudi
code chinh, thudng thi minh sé code chinh hon do
Phat thi ndo to hon va sé uu tién cho Phat nghi
bai, con Huy thi sé nghi bai luébn va minh ciing
khong hay cho Huy code, bdi vi Huy code cham
va hay bug . Con chién thuat doc bai thi bon minh
cti chia déu cho 3 ngudi doc, nhu minh thi minh
khi doc dé& s& doc ph5n Output trudc tai dé cha
Viét Nam ltic ndo ciing s& cé mdt bai cho diém, cé
cac dang nhu kidu in ra mot sb hay la YES/NO,
nhu bai G Regional vira rdi y, bai diy thi minh doc
Output xong rdi doc dan lén rdi code lubn

Hién: Hiép c6 thé chia sé qua trinh team Hiép
luyén tap cho cac ki ICPC dugc khong?

Hiép: Team minh train kha it, chi c6 ndm ngoai
cang hon mot chiat khi ma cé team anh Nhat thi
bon minh ciing bi &p luc. That ra chi khi truéc Re-
gional thi bon minh train véi nhau 2 contest, chi
yéu 13 dé moi ngudi trong team phdi hop tbt véi
nhau thoi ch& minh nght train kiéu nay thi trinh
d6 mdi dira ciing khdng c6 1&n nhiéu 15m. Ngoai
ra tui minh con kiém tra lai néi dung trong note-
book d& chudn bi tét nhit cho Regional nita. Trai
qua nhiéu cudc thi véi nhau nén minh nghi bay gid

team minh phdi hop ciing cuc ky 3n y v6i nhau rdi

Hién: G dot World Finals sap téi thi ca team
cé dat muc tiéu gi khéng?

Hiép: Chic ca team ciing dit muc tiéu don
gian 13 4y duoc medal théi . O dot Regional vira rdi
t8 chic & trudng Su pham K§ thuat thi bic Long
cling ngéi lai n6i chuyén véi cac team di World Fi-
nals bdo 13 ndu cé team nao dat duoc thi hang
tbt hon team dugc medal viva rdi chia Viét Nam th
sé dugc thudng chuc ngan dd, minh ciing khong
biét cai diy that hay khéng nhung minh thiy cai
dé ciling kha 1a vui

Hién: Vay dé chuin bi cho World Finals thi
Hiép sé ap dung chién thuat ci hay sé ap dung
chién thuat khac?

Hiép: Minh nght 13 ciing phai d6i chién thuat
tai 6 World Finals thi khdng ¢ nhiéu bai cho diém
nhu Regional Viét Nam. That ra hién tai thi team
minh ciing chua 1am dé& World Finals nao nén ciing
chua c6 chién thu4t cu thé, nhung hién tai thi minh
thién v& hudng dé 13 c6 thé c¢b ging danh First
solve & World Finals trong ¢3 nia tiéng dau sau dé
thi sé danh thaoi gian doc hét tit c3 cc dé va can
nhic xem nhiing bai c6 thé 1am dugc thi nhay vao
lam. O World Finals thi yéu ciu phai code rat I3
chic tay va khdng dugc dinh pen, tai binh thudng
may déi & viing huy chuong dong sé ngang nhau
vé sb bai va chi hon nhau mét ti pen thdi nén I3 tui
minh khéng dugc phép ndp bai sai va thua ngudi
ta vé& pen. Ngoai ra bon minh ciing phai chiu khé
cay d€ nang cao trinh dé cho kip World Finals sip
téi, minh ciing cé du dinh 1a hoc ky 2 s§p tSi minh
s& hoc 6 mén dé hoc ky 3 minh c6 thé cé nhiéu
thai gian dé tap trung cho CP.

Hién: Sau dot World Finals thi Hiép cé tinh
thi ICPC vao n3m sau dé dat da 2 13n du World
Finals khong?

Hiép: World Finals s& roi vao tim thang 11 va
Regional Viét Nam s& vao thang 12 nén |3 phai cb
ging cho World Finals [an nay. Minh thi ciing rat
mudn duoc du 2 1an World Finals, nim sau minh
dugc biét 13 Regional s& kh4 13 cing vi s& ¢ nhiéu
team nudc ngoadi sang thi va cé ca team cla Tran
Xuan Bach di thi nita

Hién: Theo minh ducc biét thi m3i Regional
sé c6 mot bd bai va dang bai khac nhau, vay team
cla Hiép thudng chon nhiing contest clia Regional
ndo dé luyén tap?

Hiép: Minh thi & Regional Viét Nam thi minh

13World Finals: Cubdc thi ICPC cudi ciing trong mét miia giai bao gdm nhiing déi xubt sic nhit clia cac trudng dai hoc

trén thé gii vuot qua vong loai viing (Regional contest)
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s& chli yéu luyén nhiing contest Regional Viét Nam
thoéi . Thudng thi bon minh sé 1&n xem thir contest
nao bon minh chua lam thi sé 1én cac Online Judge
dé virtual contest déy, that ra cic contest Regional
Viét Nam ciing it nén 13 sau khi 1am hét déng dy
thi bon minh sé 1én CF dé€ xem cac team khac lam
gi thi bon minh lam theo . Khi ma virtual contest
dAy thi bon minh ciing xem thir xem phong dé bon
minh ¢ hon dugc miy team dy khéng nita, kiéu
miy team cta Vii Hoang Kién roi anh Nghia Pham
by

Hién: Trong cac contest ma Hiép da virtual thi
Hiép thich bd dé cla Regional nao nhit va tai sao?

Hiép: Cau hdi nay khé thé, binh thudng minh
lam xong ciing cha nhé cai dé né nhu nao

Hién: Hiép c6 than tugng nao trong gici Lap
trinh thi diu khéng?

Hiép: Chic hdi vé than tugng thi ai ciing bao 3
tourist'™™ théi . O Viet Nam thi chic I3 Bui Hang
Dic hodc la Vii Hoang Kién, that su thi minh ciing
chua tiép xtic nhiéu véi Bui Hong Diic nén ciing
cha biét nhu th& nao nhung nhin bén ngoai thi Bui
Héng Diic kiéu nhu 13 mét ngudi kha la lanh lung
nhung ma lai cuc ky khing. Con Kién thi minh
thiy trdi nguoc h3n véi teammate minh 13 Ding
Huy 4y, Huy thi cudc ddi né chi cé6 mdi CP vdi ca
Manga théi . Minh ngh 13 minh than tugng ca hai
ngudi nhu nhau .

Hién: Nhic dén tourist thi tourist 6 théi quen
code la thuong dung space chit khong tab, trung
hop 13 Hiép ciing c6 théi quen nhu thé, cé phai
diéu nay Hiép hoc tir tourist khdng?

Hiép: Minh ciing cha biét tourist code nhu no
ca . Minh thich dung space hon phim tab do la né
déng nhit vé khodng cach va ap dung dugc trén
nhiéu may khac nhau véi cd khéng can phai setup
do dai tab khi code, né chi don gian vay thdi

Hién: Minh duoc biét 13 Hiép cé ding nhing
code giai bai CSES trén GitHub, cé phai Hiép dang
l&n nhu thé d& cho moi ngudi cling hoc hdi khéng?

Hiép: Dot diy minh ding 13 vao Tét 2021, ltic
d6é minh kha [a rdnh va ciing vao dai hoc roi y, chd
c6 gi 1am nén 13 minh 1am CSES thd . M6t phan
nita 13 sau thi Hoc sinh gidi Qubc gia minh khéng
con code nén cdm théy trinh d& minh tut nhiéu,
thé 13 minh quyét dinh di cay hét cic bai CSES,
that ra ciing chua lam dén miuc 13m hét tit c3 cac
bai dau tai minh ciing ludi [am tiép 13m, co ma ldc
cay xong thi minh cdm gidc minh code trau Ién h3n

Hién: Hiép xuit than I3 hoc sinh chuyén Toan,
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vay Hiép cam théy ldc hoc Lap trinh thi diu thi c6
gitp fch nhiéu trong viéc giai bai va tu duy khac véi
nhitng ngudi khdng c6 gbc 13 chuyén Toan khéng?

Hiép: C4i diy minh khéng néi dugc vi minh
ciing khéng biét tu duy cla cic ban khéng hoc
chuyén Toan né nhu ndo . That ra minh thy chic
cling c6 giap ich diy tai do ldc diy minh khéng
hoc v& Tin tir trudc ma lai 1&n trinh v3 dat giai Nhi
Québc gia nhanh nhu vay.

Lé B3o HIép tai Viin Miéu - Qubc Tir Gidm

Hién: Ban than Hiép la sinh vién ndm 3 ciing
sip tbt nghiép, vay Hiép cé du dinh hoc Cao hoc
hay di lam tai cic cong ty cdng nghé khéng hay sé
khdi nghiép?

Hiép: T ltc trudc vao dai hoc thi minh thiy
Al d3 kha la hot nén minh ciing cé du dinh di hoc
PhD dé nghién clu vé Al nhung sau khi hoc xong
hai mdn lién quan t&i Al & trudng thi minh quyét
dinh dep ludn . Minh nghi rang cling I3m minh sé
phan diu hoc Master va di 1am & My chit minh
nghi minh khéng séng ndi 6 nim hoc PhD

Hién: Néu hoc Master thi Hiép du dinh [inh
vuc hoc sé la gi?

Hiép: Minh ciing chua biét diy sé I3 nganh g
nifa . Minh c6 k& hoach 13 hoc Master xong thi sé
& lai My xem tinh hinh thé& nao rdi vé Singapore
séng, tai minh ciing c6 mot dot du lich & Singapore
roi nén thiy sbng & diy kha 13 sudng .

Hién: Thai gian ranh ngoai cay CP ra thi Hiép
con choi game khong?

Hiép: Minh khong phai 13 dfa nghién game
nén minh ciing ch3 biét nita, chic game duy nhit
minh choi la Tetris .

Hién: Vay 13 ban c6 s thich choi Tetris trong
ldc ranh kha gidng ban TrAn Xudn Béch ding
khéng?

tourist: tén thit la Gennady Korotkevich - mét |4p trinh vién ngusi Belarus. Anh cé 6 Huy chuong vang 101 (2007 -—

2012) va 2 an v6 dich thé gidi tai ky thi ICPC (n3m 2013 va 2015).
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Hiép: Khong, that ra la Tetris minh choi khac
v6i Tetris ma Tran Xuan Béch choi, né dau khd
hon nhiéu

Hién: Dén cubi phan phdng van, Hiép c6 15i
nao mubn nhin nhi dén cic ban doc gia cha tap
chi VNOI khéng? D3c biét 1a cac ban hoc sinh sép
stra thi Hoc sinh gidi Qubc gia?

Hiép: Nhiing g minh c6 thé chia sé dugc thi
minh ciing d3 chia sé rdi nén minh ciing khéng biét
nh3n nha diéu gi dén cho cc ban . Minh chi mong
mubn ring cac ban s& cb ging hét siic minh va cho
di 6 tach thi ciing ditng nén budn qua, bdi vi néu
cac ban da dugc tham gia ky thi nay thi ching té
trinh d6 clia ban d3 hon dugc rit nhiéu ngudi roi.
Viéc cic ban dugc thi mdn Tin va hoc doi tuyén dé
6n thi ciing di cho ban rt nhiéu lgi thé dé buéc
chan vao dai hoc so véi nhiing ban chua tiép xiic
véi mén Tin bao gid, nén 13 du két qua khéng tdt
thi cdc ban ciing diing nén thit vong qua, vi canh
clra nay doéng lai sé cé canh clra khdc md ra cho
cac ban.

Hién: C3m on Hiép vi mot budi phéng van rat
thi vil Chac Hiép ludn nhiéu stc khoé va thanh
cbng trong cong viéc va sém thuc hién dugc udc
md Gold Medal WF cho Viét Nam!

Hiép: Cam on ban nhiéu

90



Shortest Path DAG va ing dung

Nguyén Dding Quan
Sinh vien nam 1, Truong Dai hoc Cong nghé, Dai hoc Quoc gia Ha Noi



Shortest Path DAG va (ing dung

Nguyén Dang Quan

Trong mot sb bai toan lién quan dén dudng di
ngin nhit, tinh chit ca dd thi kha khé nhan ra
va ciing khéng dé dang dé 4p dung. H6m nay minh
xin chia sé cidc ban mét ki thuat st dung phuong
phap tinh todn trén DAG (Directed Acyclic Graph)
dé gidi mét sb bai toan vé& dudng di ngdn nhit.

V4

Bai toan md dau

Dé&m s6 duong di trén DAG

Cho db thi c6 hudng khéng chu trinh gébm n
dinh va m cung. V6i mdi dinh, hiy dém s6 dudng
di tir 1 t6i dinh d6 trén dé thi.

Thuat toan

Bai toan trén kha quen thudc véi da s6 moi
ngudi, cach giadi 1a st dung qui hoach dong trén
Tht tu topo 115 .

e DAiu tién, cic ban sip xép cac dinh theo thif tu

Topo: vy, va, ..., Uy.

e Goi f(i) 12 sb lugng dudng di tir 1 t&i i trén db
thi, ta co:

- f(1)=1.

- flv) = Zf(u) v6i moi cung u — v trén
db thi.

Code miu:

#include <algorithm>
#include <iostream>
#include <vector>

using namespace std;
const int N = 1e5 + 5;

// adj[ul: Luu cac dinh v md cé cung u->v, néu cé
// nhidu cung u->v thi luu dinh v nhidu 1an

int n, m;
vector<int> adj[N];
int nTopo, vINI;
bool vis[N];

int f£[N];

void dfs(int u) {
vis[u] = true;

for (auto i : adj[ul)
if (lvis[i]) dfs(i);

v [++nTopo] = u;

}

int main() {
cin >> n >> m;
for (int i = 1; i <= m; ++i) {
int u, v;
cin >> u >> v;
adj [u] .emplace_back(v);

}

/* S3p xép topo */
for (int i = 1; i <= n; ++i)
if (lvis[i]) dfs(i);

// Sau khi dfs xong, ta dudc thi tu trong v la
// thid tu ngudc topo
reverse(v + 1, v + nTopo + 1);

/* Qui hoach ddng trén DAG */
for (int i = 1; i <= n; ++i)
for (auto j : adjlv[ill) £[j] += f[v[ill;

// In dap an
for (int i = 1; i <= n; ++i)
cout << f[i] << " ",

Khi dé, do phic tap cla thuat todn l1a O(m +
n), bdi thao tic sap xép Topo va thao tac tinh
ham muc tiéu déu ton thsi gian O(m + n).

Bai toan dém s6 dudng di ngin nhit

Cho dd thi v& hudng khéng chu trinh S =
(V, E) gdbm n dinh va m canh c6 trong s6 duong.
Vi mdi dinh, hiy dém sb dudng di ngin nhit tir
1 ti dinh dé trén db thi.

Link bai tap gbc

https://vjudge.net/problem /Gym-406204J

Huéng tiép céan

Trudc tién: dé dém duoc sb dudng di ngén nhit,
ta can phai ndm dugc céch tim gié tri dudng di dé.
Minh xin phép khong nhic lai cic thuat todn tim
kiém dudng di ngidn nhit; néu ban chua biét ho3c
biét nhung d3 quén thi ¢ thé doc lai trén VNOI
wiki 1.

Trong bai todn nay, ta s€ goi:

e d(i) 1a d6 dai dudng di ngdn nhit tir dinh 1 t6i
dinh i trén db thi.
o f(i) la sb dudng di ngin nhit tir dinh 1 t6i dinh

Q.

Viy tai sao phai tinh dugc truéc dd dai dudng
di ngdn nhit?

Dinh hudng lai do thi S nhu sau:

e Gilt nguyén céac dinh
e V6imdicanhu—veFE
— Néu d(u) +w(u,v) = d(v), canh nay s& bién
thanh cung u — v.
— Néu d(v) 4+ w(u,v) = d(u), canh nay s& bién
thanh cung v — v.

— Néu hai diéu kién trén khdng thda man, canh

nay bi x6a bd khéi db thi.

"Shttps: / /vnoi.info/wiki/algo/graph-theory /topological-sort.md

18https: / /vnoi.info/wiki/algo/graph-theory /shortest-path.md


 https://vnoi.info/wiki/algo/graph-theory/topological-sort.md 
 https://vnoi.info/wiki/algo/graph-theory/shortest-path.md 
 https://vnoi.info/wiki/algo/graph-theory/shortest-path.md 
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Vi du:

D& thi ban diu

D6 thi d3 thay déi

Khi d6, f(i) chinh 13 s6 dudng di tir 1 dén i.
Bai todn ndy tré thanh bai Dém sb dudng di trén
DAG.

D& hiéu rd hon, cic ban h3y theo di phan tiép
theo.

Shortest Path DAG

Cho mdt db thi vé huéng S = (V, E). Goi
d(i,7) 13 d6 dai dudng di ngdn nhit tir i dén j
(Néu khéng ton tai dudng di thi d(i, j) = 00).

Ta dung ra mét dd thi c6 hudng S =(V,E.)
nhu sau:

e M3i dinh trong dd thi S sé& tng véi mét dinh
trong S,
e M3i canh i — j € F s& bién d8i nhu sau:
— Néu d(u,7) + w(i,j) = d(u,j) thi dung ra
cung i — j trong E..
— Néu d(u,j) + w(i,j) = d(u,i) thi dung ra
cung j — i trong E .
Khi dé, ta goi db thi S’ 1a Shortest Path DAG
tng véi dinh u trén S.

Tinh chit

Db thi S/ c6 mét sb tinh chit kha dic biét nhu
Sau:

1. Néu ton tai dusng di tUr u dén v
trén S (Tic la d(u,v) < o) thi
cling ton tai dudng di (c6 hudng)
tir u dén v trén S/

D&y [ mot nhan xét hién nhién, ban doc cé
thé tu suy ngdm vé tinh ding.

1. Moi dudng di trén S, déu 13 dudng
di ngén nhit trén S.

Chdng minh: Goi f(i,j) la d6 dai dudng di dai
nhat tir i dén j trén S/ (Néu khéng ton tai thi
f(i,j) = 00). Diéu kién trén tuong duong véi mdt
trong hai diéu kién sau théa man:

e f(i,j) = oo (Khéng ton tai dudng di)
e f(i,j) = d(i,j) (Néu ton tai dudng di thi dé
phai 13 dudng di ngin nhét)

Trudc tién, ta ching minh dudng di xut phét
tir dinh u déu 13 dudng di ngdn nhit. Gia st nhan
xét trén 13 sai, tic 13 ton tai mét dinh v va dudng
di

U—>2T1 —> Tg —> -+~
ma w(u, z1)+w(zy, x2)+- - -+w(xg, v) > d(u,v).
Theo do:

— Tk

[d(u, 1) — d(u,w)] + [d(u, 22) — d(u, z1)]+
+ -+ d(u,v) — d(u, )] > d(u,v)
< d(u,v) —d(u,u) > d(u,v)
< 0>0

= Diéu ta gid sir1a sai, dan dén f(u, i) = d(u, i)Vi
Néu ton tai duong di tir i dén j, ta biét
d(u,i) < oo; do d6 ton tai dudng di tir u dén i
va d(u,1) + f(i,j) = d(u, j).
M3t khac, theo bit ding thic tam giac *

d(u, i) +d(i,7) > d(u, )

17 https: / /sharmaeklavya2.github.io/theoremdep/nodes/graph-theory /shortest-paths /triangle-inequality.html
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hay
d(u, ) +d(i, j) > d(u, i) + f(i, )
suy ra
d(i, j) > f(i,J)
DAu bing phai xy ra, hay f(i, ;)
hoan tit ching minh.

=d(i,7). Ta

1. S 13 db thi c6 huéng khéng chu
trinh (DAG)

Chiing minh: Néu db thi c6 chu trinh chita mét
dinh v nao dé, ta c6 d(v,v) > 0 do trong sb cac
canh 13 duong, d3n dén mau thun.

1. Néu tdn tai dudng di tir i dén j trén
S’ thi moi dudng di ngin nhét
tlr i dén j s& déu xult hién trong
S

Chiing minh: Vi ton tai mdt dudng di tir ¢ dén
j trén S’ nén theo tinh chat 2: d(u,i) + d(i,j) =
du,i)+ £ g) = d(wj)

Xét mét dudng di ngan nhat tir i dén j khéng

xuht hién trong dd thi:
1= T] =Ty —> - =T — ]

Theo b4t ding thiic tam gic:

d(u, zq) — d(u,1) < d(i,z1)
d(u, o) — d(u,x1) < d(z1, x2)
d(u, j) — d(u, zy) < d(zy, j)

Céng vé véi vé ta dusc:
d(u, j)—d(u, i) < d(i,x1)+d(x1, 29)+ - +d(2, J)
& d(i,j) < d(i, 1) + d(2r,22) + - + d(a, j)

M3t khéc ta cé dudng di trén |3 dudng di ngdn
nhit nén d(i,7) = w(i,z1) + w(zy, z0) + -+ +
w(z,j) Theo do:

w(i, z1) +w(zy, x2) + -+ w(wy, j)

< d(i,x1) +d(zy, 22) + - -+ d(wg, )

D4u bing phai x3y ra, din dén diu bing clia
bat dang thdc tam gidc phai xay ra:

d(u,i) +d(i,x1) =
d(u,z1) + d(z1, x2)

d(u, z1)
= d(u, x5)

d(u, zy) + d(zy, j) = d(u, j)

Theo d6, dudng di trén phai ndm trong .. Tinh
chat s6 4 chinh 13 chia khéa gitp ta gidi quyét dugc
*Bai toan dém s6 dudng di ngdn nhit
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Cai dit

Shortest Path DAG c6 y nghia vé& mit dua ra
nhan xét, cic tinh chat hon thay vi dudc coi nhu
mét cAu trac dit lidu.

Vi vay, thdng thudng minh sé khong dung lai
cd mot db thi mdi ma s& tan dung lai tai nguyén
(Danh sach dinh, danh sich canh,...) cta dd thi
cii. Chi can chi y khi duyét db thi, ta can kiém tra
tinh ton tai cla cung dua trén diéu kién clia DAG.

Ap dung

S& dung céc tinh chit trén, ta cé thé gidi quyét
mot s& bai toan vé dudng di ngén nhAt; s& kha khé
dé c6 thé gidi quyét cac bai todn sau day vdi nhing
cdng cu co ban.

VNUOI 2022: DELETE

Cho mét dd thi v6 huéng gdbm n dinh va m+k
canh véi trong sb duonwg; trong d6 c6 m canh loai
1 v3 k canh loai 2. Céc canh loai 2 chi ndi gitta dinh
1 va mét dinh khéc.

Yéu cau: Hay dém sb cich xéa mét sb canh
loai 2 (C6 thé khéng x6a canh nao) sao cho dudng
di ngdn nhit tir dinh 1 t6i cic dinh khac 13 khéng
dai.

Bai to4n cé thé xem tai

https://oj.vnoi.info/problem /vnuoi22 _delete

Nhan xét  Trong bai toan trén, diéu kién cta cic
canh loai 2 s& gilip ta gidi bai toan d& hon. Tuy
nhién, néu khéng c6 diéu kién Sy thi bai toan van
gidi dugc dua vao Shortest Path DAG.

Xét Shortest Path DAG S’ cta db thi, S s&
thay d&i tng véi mdi thay doi (thém/xéa canh)
trén db thi ban dau; ta c6 mot sb nhan xét:

e Néu mot canh khdng tao ra mot cung trong

', viéc x6a né khéng anh hudng dén dudng di

ngin nhit tir 1 t6i cac dinh. Luong déng gbp

cla canh nay 13 2.

e Néu v3n ton tai dudng di tir dinh 1 dén dinh i
trén S thi d6 dai dudng di ngdn nhit tir 1 dén

i trén dd thi ban dAu I3 khong d8i. (Tinh chit

s6 1 va Tinh chét s6 2).

= Ta qui viéc dém c4ch x6a canh trén db thi
ban dau vé& dém sb cach x6a cung trén 5.

M3t khac, do S] 13 DAG (Tinh chit s6 3) =
Sau khi xéa cung, cic dinh ban dau cé bic vio
khac 0 thi sau khi xda cling phai c6 bac vao khac
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0. = Ta dém sb c4ch x6a dé cac dinh cé bac vao
khéac 0 van tiép tuc khac 0.

Thuat toan  Trudc tién, ta sé dung dd thi S} cua

dd thi d3 cho. Xét dinh i, goi:

e deg(i) la bac vao cla dinh ¢

e degy (i) 13 s6 cung "loai 1" vao dinh i

o degy(i) 13 s6 cung "loai 2" vao dinh i
Luong déng gép clia dinh i, tic 13 sb cach xba

cung vao dé bac clia né tiép tuc bing 0 hoic tiép

tuc khac 0 la:

e 1 néudeg(i)=0

o 249200 ndy degy (i) > 0 i deg(i) = deg (i) +
degs(i) > degy (i) >0

o 249200 _ 1 ndy deg, (i) = 0 vi deg(i) = deg (i)
Tu dé, dap an la tich lugng déng gbp cua cac

dinh va cdc canh loai 2 sinh ra cung trong 5.
Code miu:

<cstdio>
<iostream>

#include
#include
#include
#include

<queue>
<vector>

using namespace std;
using 11 = long long;

constexpr i
constexpr i
constexpr
constexpr

5eb;
998244353;
1el7;

struct Edge {
int u, v, w;
} s1[Ml, s2[N];

int n, k, m;

int deg_1[N], deg_2[N];

11 d[N];

// adj[i] = dinh k& thdng qua céc canh loai 1
// nadj[i]l = dinh k& thdng qua cic canh loai 2
vector<pair<int, int>> adj[N], nadj[N];

// Nhap di liéu
void Read() {
cin >> n >> m >> k;
for (int i = 1; i <= m; ++i) {
cin >> si[i].u >> si[i].v >> s1[i].w;
adj[s1[i].u] .emplace_back(si[i].v, i);
adj[s1[i].v].emplace_back(s1[i].u, i);
}

for (int i = 1; i <= k; ++i) {
s2[i].u = 1;
cin >> s2[i].v >> s2[i].w;
nadj[s2[i] .u] .emplace_back(s2[i].v, i);
nadj[s2[i].v].emplace_back(s2[i].u, i);
}
}

// Tinh a =~ b % mod
11 Pow(1ll a, 11 b) {
11 ans(1);

for (; b; b >>=1) {
if (b & 1) ans = ans * a % mod;
a =a * a % mod;

}
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return ans;

}

// Thudt toan tim dudng di ngin nhit
// K&t qud trd vé& mang d[], d[i] = dudng di ngdn
// nhit tit x dén i
void ShortestPath(int x) {
// Ban doc vui long ty cai dit lai thudt toéan

}

// Thuc hién thuidt toéan
void Solve() {
11 ans(1);
ShortestPath(1);

/* Dung Shortest Path DAG */

for (int i = 1; i <= m; ++i)
if (dls1[il.u] + s1[i]l.w == d[s1[i].v])
++deg_1[s1[i].v];
else if (d[s1[il.v] + s1[i]l.w == d[s1[i].ul)
++deg_1[s1[i].u] = 1;

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

if (d[s2[il.u] + s2[il.w == d[s2[i].v])
++deg_2[s2[i] .v];

else if (d[s2[i].v] + s2[i].w == d[s2[i].ul)
++deg_2[s2[i] .ul;

else
ans =

ans * 2 % mod; // Canh nay khéng sinh cung

/* K&t thiic dung Shortest Path DAG */

for (int i = 2; i <= n; ++i)
if (deg_1[i] > 0)
ans = ans * Pow(2, deg_2[il) % mod;
else if (deg_2[i] > 0)
ans = ans * (Pow(2, deg_2[i]) - 1) % mod;
cout << (ans + mod) % mod;

}

int32_t main() {
ios_base::sync_with_stdio(0);
cin.tie(0);
cout.tie(0);
Read();
Solve();

Nhin doan code trén, ta c6 thé d& thiy dé phic
tap thdi gian clta thuit todn 1a O(m + nlogan +
Shortest Path). Thuit todn chay nhanh hay chdm
phu thudc phan nhiéu vao cich cai dit ham Short-
estPath.

BIEN DONG

Cho mét dbd thi vé hudng lién théng gdm n
dinh va m canh cé trong s6 duong. Goi d(u,v)
13 d6 dai dudng di ngdn nhit gilta u va v. Yéu

cau: V6i mdi canh, hdy dém sb cip dinh (u,v) ma
d(u,v) tdng néu ta xéa bd canh nay.
Bai todn c6 thé xem tai

https://vjudge.net/problem /Gym-406204L

Nhan xét Bai toan yéu cAu v6i m&i canh, dém sb
cdp dinh (u,v) ma d(u,v) ting |én khi xéa canh
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dé. Vay canh nay cé didu kién gi ma anh hudng
dugc dén dudng di ngin nhit tir « dén mdt dinh
khac? RS rang canh nay phai thuéc mét dudng di
ngin nhit xuit phat tir dinh u!

Ta dung ra Shortest Path DAG S; goi ent(i, 7)
13 s6 dudng di tir dinh ¢ d&n dinh j. Néu x6a cung
i — 7 1am d(u,v) ting thi moi dudng di tir u dén
v phai thong qua cung nay, tdc la:

ent(u, 1) X ent(j,v) = ent(u, v) ()

Ti nhan xét & bai DELETE ta c6 thé xéa bd
céc cung sao cho mdi dinh trén S/, c6 bac téi da
13 1 va dudng di ngdn nhit tir u dén cac dinh 13
khéng dbi.

= Cac "Uing c vién" 13 cc cung dugc giir lai.
Cé thé chimg minh s cung clia S/ khi Sy khéng
qua n — 1.

Thuat toan Ta dung ra cac Shortest Path DAG
1,595, ..., S, Trén S,

e Ta duyét qua cac "Gng ctr vién” ma trong phan
nhan xét da ndi

e V6i mdi (ing ci vién, ta lai duyét cic dinh v
nhim dém s6 lugng dudng di d(u,v) bi ting
néu xéa "lng ctr vién" dé (Duva vao diéu kién
(%))

Cha y:

e Theo tinh chit 4, cnt(i, j) chinh 1a sb dudng di
ngin nhit tir ¢ dén j trén dd thi ban dau =
Ta c6 thé tinh trudc dudng di ngdn nhit gitia
moi cap dinh b5ng cach thuc hién n 13n thuat
toan Dijkstra 8 dién (Thuét toan Dijkstra véi
do phtc tap O(n? +m))

e cnt(i,j) c6 thé rbt 16n, nén ban hiy luu sb ndy
trong modulo mdt sb nao dé (Ho3c cé thé trong
hai modulo); khi so sénh ta st dung déng du
thay vi bang nhau hoan toan.

Vi sb luong dng cii vién clia m&i DAG la n — 1
nén do phic tap thdi gian khi 4y 13 O(n? x (n —
1)) + O(n x (n* +m)) = O(n® + nm) 13 chi phi
dung n DAG va chi phi duyét.

Code miu:

#include
#include
#include
#include
#include

<algorithm>
<cstdio>
<cstring>
<iostream>
<vector>

using namespace std;
using 11 = long long;

constexpr int N = be2 + 5;

constexpr 11 Inf = 1el7;

// Minh tinh cnt(i,j) trong hai modulo nguyén t&
// 1a 1e9+7 va 998244353
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constexpr int mod[2] = {1000000007, 998244353};

inline void
Add(int &x, const int &y,

const int
&mod) { // Chi 13 template cdng mod ma thdi
X +=y;
if (x >= mod) x -= mod;
}
int n, m;

struct Edge {
int u, v, w;

} e[V * NI;

int ans[N * NJ;

vector<pair<int, int>> adj[N];
vector<int> candidate;

11 d[N][N];
int cnt [N] [N][2];
int mark, check[N];

// Thudt toan Dijkstra cd didn
void Dijkstra(int x, 11 d[NI1) {

++mark;

£i1l_n(d, N, Inf);

d[x] = 0;

cnt [x] [x]1[0] = cnt[x][x][1] = 1;
1; i <=mn; ++i) {
{Inf, 0};

for (int i =
pair<ll, int> ans =

for (int j =
++j) // Thay vi dung Hang d¢i wu tién, ta
// duyét lai toan bd
if (check[j] '= mark && d[j] < ans.first)
ans = {d[j], j};

1; j <= n;

if (ans.first == Inf) break;
check[ans.second] = mark;

for (auto i : adjl[ans.second])
if (d[i.first] >
ans.first + e[i.second].w) {
d[i.first] = ans.first + e[i.second].w;
cnt[x] [i.first] [0] =
cnt [x] [ans.second] [0] ;
cnt[x] [i.first][1] =
cnt [x] [ans.second] [1];
} else if (d[i.first]
ans.first + e[i.second].w) {
Add(cnt [x] [i.first] [0],
cnt [x] [ans.second] [0], mod[0]);
Add(ent [x] [i.first] [1],
cnt [x] [ans.second] [1], mod[1]);

}
}

// dfs d& tim tdp "tUng cl vién"
void dfs(int v, int p, 11 d[N]) {

for (auto i : adjlvl)
if (i.first != p &&
d[i.first] == d[v] + e[i.second].w) {
candidate.emplace_back(i.second);
dfs(i.first, v, d);
}
}

int32_t main() {
ios_base::sync_with_stdio(0);
cin.tie(0);
cout.tie(0);

cin >> n >> m;



Shortest Path DAG va iing dung Nguyén Dang Quan

for (int i = 1; i <= m; ++i) {
cin > el[i].u >> el[il.v >> el[i].w;
adj[e[i] .u] .emplace_back(e[i].v, i);
adjlelil.v].emplace_back(e[il.u, i);
}

// Thyc hién n 1an Dijkstra va cho chay thuat
// toén dém dudng di ngin nhit song song vdi
// Dijkstra

for (int i = 1; i <= n; ++i) Dijkstra(i, d[il);

for (int i = 1; i <= n; ++i) {
candidate.clear();

dfs(i, -1, d[il);

for (auto j : candidate) {
// Xac dinh chidu clia cung
int v = d[i][e[j].u]l > d[ille[j].v]
? e[jl.u
celjl.v;
int u = e[jl.u + e[jl.v - v;

for (int t = 1; t <= n; ++t)
if (d[il[ul + eljl.w + dlvl[t] ==
dlfi]l[t] &&
1 11 * cnt[i] [ul [0] * cnt[v][t]1[0] %
mod[0] ==
cnt[1] [t] [0] &&
1 11 * cnt[i] [wl[1] * cnt[v][t]1[1] %
mod[1] ==
ent [i1 [£1[11)
++ans[j];
}
¥

for (int i = 1; i <= m; ++i)
cout
<< ans[i] / 2
<< "\n"; // Vi mbi c#p dinh dudc tinh hai
// 13n nén két qud phdi chia cho 2

Luyén tap

e Codeforces'™® 449B - Jzzhu and Cities 1°

e COCI 2008 - Najkraci **° (aka PVHOI 2020 -
CAULUONG ')

e Gym - Dudng ai ny di 1?2

H8Codeforces: mdt trang web t6 chiic cac cudc thi [ap trinh thi dbu véi cac dang dé, bai tap da dang.
19https: / /codeforces.com /problemset /problem /449 /B

120https: //dmoj.ca/problem /coci08c3p6

21https: //1drv.ms/b/s!Asql3vhziCul0CZ5FDu69rbPIDyM?e=6yie4Z

122https: / /vjudge.net/problem /Gym-406204K
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(DSU Tree)

Lé Minh Khanh
12A1 Tin, Truong THPT Chuyén Khoa hoc Tu nhién, Dai hoc Quéc gia Ha Noi
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L&i néi dau

Mbt sb bai viét nén doc truéc khi tiép tuc:

e Disjoint Set Union '*
e Bai todn RMQ va bai todn LCA '**
e Thuit toin Kruskal *°

Cay DSU Ia mot ky thuat khong phai 13 qué
phtic tap hay xult hién qué it trong gi6i Competi-
tive Programming, nhung ky la thay nhiing bai viét
vé né lai chi dém duoc bing dau ngén tay. Céi tén
“Cay DSU" khong phai 13 mot céi tén chinh thic
clia k§ thuat ndy, né con xult hién dudi nhiéu céi
tén khac nhu Reachability Tree hay Kruskal Recon-
struction Tree. Khdng ai rd k§ thuat ndy xut hién
tr lc ndo, c& nhan minh ciing chi biét dugc ring
nhiing I5i gidi st dung k§ thuat nay d3 xut hién
vao nhitng ndm 2000 & Trung Québc.

Vay ciy DSU dugc st dung dé lam gi? Sic
manh cda cay DSU n3m & viéc né cé thé bidu dién
cac thanh phan lién théng dudi dang cay. Tir day,
chiing ta c6 thé st dung dugc Euler Tour cling véi
cac cAu tric dit lieu xd ly doan.

Cach xay dung tr mot do thi
gbc

Cay DSU 13 mét cay c6 gbc gdm N + M dinh
v6i N vd M Ian luct 13 sb dinh va sb canh caa db
thi gbc. Trong d6, cdy DSU s& c6 N 15 biéu dién
cho cac dinh & trong db thi gbc, M dinh con lai s&
biéu di&n cho cac canh.

Dé& xay dung cay DSU, chiing ta khdi tao N
dinh dau tién, roi duyét qua tung canh mot theo
d6 16n ting dan (giam dan). Khi thém canh (u,v),
chiing ta tao thém mét dinh 4o d& biéu di&n cho
canh nay déng thoi gdn né lam cha cta dai dién
thanh phan lién théng cda lan luot u va v. Trong
mot sb bai toan, ching ta cé thé bd qua nhiing
canh ndi hai dinh cing mét thanh phan lién théng
va tir d6 c6 dugc cay DSU gdbm 2N — 1 dinh.

Cai dat

Sau khi hiéu dugc cady DSU dugc chu tao nén
nhu thé nao, xdy dung cdy DSU la mét cong viéc
khd d& dang va nhanh gon khi chiing ta chi can

chinh stta ham find va join cia DSU mét chit

nhu sau:

// luu théng tin cha cta cac dinh trong cay DSU
int par [MAXN];

// vector luu 45 thi cay DSU

vector<int> g[MAXN];

int n; // luu s& dinh cla cay

// cai dat tuong tu nhu DSU théng thudng
int find(int uw) {
return (par[u] == u) 7 u
: par[u] = find(par[ul);

}

void join(int u, int v) {
u = find(u);
v = find(v);

// tao thém mdét dinh dai dién cho canh
n++;
par[n]
par [u] n;

par[v] n;

g[n] .push_back(u) ;
g[n] .push_back(v);

n;

D0 phic tap thai gian

Cé 2 diéu chiing ta can chd y khi xdy dung cay
DSU:
e Khong thé st dung phuong phap tbi uu gdp theo

kich ¢d / d6 cao nhu trong DSU théng thudng
e V3n ¢ thé st dung phuong phap ti uu nén

dusng di nhu trong DSU

Nhu d3 duoc phan tich chi tiét & trong bai viét
khac 120 vé& DSU & trén VNOI Wiki, néu chiing ta
chi st dung phuong phép téi uu nén dudng di thi
d6 phtc tap trung binh cla thao tic find ciing
chi la O(log(n)). Do dé dd phiic tap thsi gian cda
viéc xdy dung cdy DSU chi 1a O(n * log(n)).

Bai toan 1: Path Max Queries

Dé bai

Cho mot céy gém N dinh va N — 1 canh ¢é
trong s6. V&i moi truy van, hay tim canh cé trong
sO 16n nhat trén duong di tir dinh « dén dinh v.

Nhan xét

Khéng qué khé dé chiing ta gidi quyét bai toan
trén bang cach st dung kj thuat Heavy-Light De-
composition hay Binary Lifting. Nhung véi hai giai

12https: / /vnoi.info /wiki/algo/data-structures/disjoint-set-union.md

12%https: / /vnoi.info/wiki/translate /topcoder/Range-Minimum-Query-and-Lowest-Common-Ancestor.md

12https: / /vnoi.info/wiki/algo/graph-theory /minimum-spanning-tree.md#1-thu%E1%BA%ADt-to%C3%A1n-kruskal
126https: / /vnoi.info/wiki/algo/data-structures/disjoint-set-union.md
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7

phép & trén, do phiic tap cho mdi truy vn lan luct
13 O(log?(n)) va O(log(n)). Liéu c6 cach nao dé
chiing ta tién xit ly cdy trong O(n * log(n)) va trd
I5i mdi truy vn véi d6 phiic tap chi I3 O(1) hay
khéng?

Cau tra I5i 13 c6! Va né nam & chinh cay DSU.

L& giai

Chiing ta s& sort cac canh theo trong sb ting
dan rdi sau dé xay dung lén cay DSU (tuong tu
nhu thuat todn Kruskal). Nhin vao hai db thi bén
dudi chiing ta c6 thé dua ra mét nhan xét: canh
c6 trong sb 16n nhit trén dudng di tir dinh u dén
v chinh la LCA cla ching trén cady DSU.

Hinh dnh cta dé thi gbc

Hinh dnh cda cdy DSU d3 duoc x3y dung

M3t khac, tir bai viét vé RMQ va LCA "
ching ta d3 biét rang viéc tinh toan LCA trong
O(1) bang cach sir dung Euler Tour va cAu tric dif

lieu chdng han nhu Sparse Table 13 diéu hoan toan
c6 thé.

Nhu vay, bai todn d3 duoc gidi quyét! D6 phiic
tap: O(N xlog(N) + Q) véi N va Q lan lugt |3 sb
dinh va sb truy van.

Bai toan 2: Codeforces 1416D
- Graph and queries

Téom tat
Cho db thi N dinh vd M canh. M&i dinh cé

mét sb hiéu p; déi mét khac nhau dugc viét 1én

né. X{r ly cac loai truy vAn sau

e Truy van loai 1: 1 v - Tim dinh « cung thanh
phan lién théng véi dinh v c6 sb hiéu 16n nhAt.
In ra s hiéu duoc viét 1&n dinh u va thay déi sb
hiéu cta u thanh 0.

e Truy vAn loai 2: 2 i - X6a canh thit ¢ cda dd thi.

Loi giai

O cac bai toan c6 xuht hién truy vAn xéa canh,
do tinh mét chiéu caa cAu tric dit liéu DSU, ching
ta cé thé nghit dén cach dao ngugc thi tu cba cac
truy vln cla bai dé giai.

Chiing ta c6 thé xi Iy bai nay nhu sau:

e Thuc hién nbi cic canh khong bi xda
e Thém din cic canh bi xéa theo tht tu tir dudi
l&n bang cach st dung DSU

e Ap dung cay DSU tir d6 x4c dinh dugc thanh
phan lién théng clia dinh v tai moi thai diém

e S dung Euler Tour v3 Segment Tree d& xu Iy
bai todn tim max trong khodng va update tai
mét diém

D& phdc tap: O((n +m + q) * log(n))

Gia tri cta cdy DSU trong bai tap nay chinh la
biéu di&n cac thanh phan lién théng tai timg thdi
diém dusi dang cdy, th&r ma chung ta quen thudc
hon va cé nhiéu cong cu dé giai quyét cac bai toan
hon.

N . d
Cai dat
#include <bits/stdc++.h>

using namespace std;

int const MAXN = 7eb + 5;

int n, m, q;

int label [MAXN];

pair<int, int> edge[MAXN], query[MAXN];

12Thttps:/ /vnoi.info/wiki/translate /topcoder/Range-Minimum-Query-and-Lowest-Common-Ancestor
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bool del[MAXN]; }
}
// Xay dung cay DSU // setup dsu can ban
vector<int> g[MAXN]; for (int i = 1; i <= n; i++) { par[i] = i; }
int par [MAXN]; // ndi céc canh khéng bi xéa
for (int i = 1; i <= m; i++) {
int find(int u) { if (del[i]) continue;
if (par[u] == u) return u; join(edge[i] .first, edgel[i].second);
return par[u] = find(par[ul);
}
// x4c dinh thanh phdn 1ién théng cla dinh v mdi
void join(int u, int v) { // khi bi truy véan
u = find(u); for (int i = q; i >= 1; i--) {
v = find(v); if (query[i].first == 2) {
if (u == v) return; int id = query[i].second;
n++; join(edge[id] .first, edgel[id].second);
par[n] = n; } else {
par[u]l = n; query[i].second = find(query[i].second);
par[v] = n; }
g[n] .push_back(u) ; }
gln] .push_back(v) ;
} // x8y dyng euler tour trén dsu-tree
for (int i = 1; i <= n; i++) {
// X8y dung Euler Tour trén cdy DSU if (par[i] != i) continue;
int tin[MAXN], tout[MAXN]; dfs_time(i);
int now = 0; }
void dfs_time(int u, int p = -1) { // dit cac sb hidu vé gid tri géc vao segment
tin[u] = ++now; // tree trén euler tour
for (int v : glul) { for (int i = 1; i <= n; i++) {
if (v == p) continue; update({label[il, tin[il}, tin[il);
dfs_time(v, u); }
} // x4 1§ truy vén
tout [u] = now; for (int i = 1; i <= q; i++) {
} if (queryl[i].first == 2) continue;
int root =
// Segment tree trén Euler Tour d& xi& 1§ truy vén query[il
// 1 .second; // tim thanh phan 1lién théng cla
#define left node << 1, tl, tm // dinh v trong cady DSU vao thdi
#define right node << 1 | 1, tm + 1, tr // didm hién tai
pair<int, int> st[MAXN << 2]; pair<int, int> ans = get(
tin[root], toutlroot]); // truy vén tim max
void update(pair<int, int> val, int pos, // trén Segment Tree
int node = 1, int tl =1, cout << ans.first << endl;
int tr = now) { if (ans.first != 0) {
if (t1 == tr) { update (
st [node] = val; {0, ans.second},
return; ans.second); // c3p nhat sd higu dinh u
} // thanh O trén Segment Tree
int tm = (t1 + tr) >> 1; }
if (pos <= tm) update(val, pos, left); }
else }
update(val, pos, right);
st[node] = signed main() {
max(st[node << 1], stlnode << 1 | 11); ios_base::sync_with_stdio(0);
} cin.tie(0);
cout.tie(0);
pair<int, int> get(int 1, int r, int node = 1, solve();
int t1 = 1, int tr = now) { }

if A >r |l r<tl |l 1> tr)
return make_pair(0, 0);
if (1 <= tl && tr <= r) { return st[nodel; } )
int tm = (t1 + tr) >> 1; . Ho3c cic ban cé thé theo doi tai submission trén
return max(get(l, r, left), get(l, r, right)); ' 128
¥ Codeforces .

void solve() {
cin >> n > m > q;
for (int i = 1; i <= n; i++) {

cin >> labell[il; Tang két

}
for (int i = 1; i <= m; i++) {
cin >> edgel[i].first >> edgel[il.second; 2 A . 4 ) . o R 2 ” n
} O trén la tat ca nhitng gi c3n ban nhat cla ciy
for (int i = 1; i <= q; i++) { M N A N , ;A ‘o
cin >> query[i].first >> query[il.second; DNSU/ Mong rfng q/l:la tial viet n?y /C3C (luy ?d:QC g}\a
if (query[il.first == 2) { da c6 dugc thém mét cong cu hitu ich dé giai quyét

del[query[i] .second] = true;

cac bai tap trong tuong lai.

128https: / /codeforces.com /contest /1416 /submission /188630658
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Cay DSU

Lé Minh Khanh

Mot sb bai tap dé luyén tap ky

thuat

e Werewolf |0I'* 2018 '*°

e USACO 2014 January Contest Gold - Ski Course
Rating 13!

e Codechef TULIPS - Tiptoe through the tulips
132

e Codechef CHEFCOMP - Chefina and Strange
Tree 3

e APIO™* 2020 - Swapping Cities 1%

e Codeforces 1706E - Qpwoeirut and Vertices 13°

e Codeforces 1628E Groceries in Meteor Town 37

Tham khao

e Reachability Tree/DSU Tree Tutorial - Code-
forces 38

e Codeforces °

e Mzhang2021's Blog *°

129101: Ky thi Olympic Tin hoc Qubc té.

130https:/ /i0i2018.jp/wp-content /tasks/contest1/werewolf.pdf
131http: / /www.usaco.org/index.php?page=viewproblem2&cpid=384

132https: / /www.codechef.com /problems/TULIPS
133https: / /www.codechef.com/problems/CHEFCOMP

13#AP|O: Ky thi Olympic Tin hoc Chau A —— Thai Binh Duong.

35https:/ /tix.toki.id /problems/apio-2020/B

136https:/ /codeforces.com/contest /1706 /problem /E
137https: / /codeforces.com /problemset /problem /1628 /E
138https: / /codeforces.com /blog/entry /85714

139https: / /codeforces.com /blog/entry /71568

1%0https:/ /mzhang2021.github.io/cp-blog/kruskal /
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“Nhay nhi phan” véi bé nhé O(n)

Ngo Nhat Quang
12A1 Tin, Truong THPT Chuyén Khoa hoc Tu nhién, Dai hoc Quoc gia Ha Noi



“Nh3dy nhi phan” véi bé nhé O(n)

Ngo Nhat Quang

Gidi thiéu

Truéc khi doc bai viét bai, ngudi viét gid du
ban doc d3a doc va higu vé binary lifting 141 (Nang
nhi phéan).

Bai viét nay s& gidi thieu mét thuat toan dugc
cong bb nim 1983 bdi tién si Eugene W. Myers.
Nhu thudt todn binary lifting d3 dugc gidi thiéu
truée trén VNOI Wiki, thuat toan gidi thiéu trong
bai ndy ciing c6 dd phic tap truy vin 13 O(logn).
Tuy nhién, véi thudt toén nay, ta cé thé thém hosc
bét mét 14 trong cay trong O(1), tiic tng bd nhé
can thiét chi 1a O(n) thay vi O(nlogn).

Luu y: Cac doan code miu chi ding dé
tham khao chd& khéng thé bién dich, ban
doc c6 thé tham khao code trong phan Thi
nghiém thdi gian chay.

Cau tric

Co ban nhat, cau tric cay dugc cai dat nhu sau
véi ba bién cho moi dinh trén céy:
class Node {
int depth;
Node parent;

Node jump;
}

Chiic n3ng clia id, depth va parent ta c6 thé
doén dugc qua tén. Bién id luu trif sb tha tu cla
dinh nay, depth sé luu trit d6 sdu cta dinh nay, con
bién parent s& |3 con tré tré dén cha cta dinh nay.
Bién jump lGc nay ta sé "tam” dinh nghia né 13 mot
con tré trd dén mét dinh t8 tién bit ki. Ta s& di
sdu hon viéc cai dit bién jump & ph?}n sau. Bién
root sé |3 gbc clia cay.

V6i dinh 0 13 dinh gbc clia cay, ta dinh nghia
root.parent = null;

root.depth = 0;
root.jump = root;

Binary Lifting

V6i dinh nghia trén, ta da cé thé dung ra mét
doan code dé tim t6 tién c6 dd siu la d cla cla
dinh wu.

Node find(Node u, int d) {
// Lip dén khi d6 s3u dinh hién tai 1a d
while (u.depth > d) {
// Néu dinh jump cé d3 sau
// bé& hon d thi ta chi nhdy 1l&n cha

%https: / /vnoi.info/wiki/algo/data-structures/Ica-binlift.md

if (u.jump.depth < d) {
u = u.parent;
} else {
// Codn khdng ta sé nhdy 1&n qua con trd jump
u = u.jump;
}
}
return u;

}

Doan code kha don gidn vi ta cling khé lam
dugc gi nhiéu véi hai con trd 1&n trén. Ta s& di 1én
trén bang cich "nhdy” lién tuc én dinh jump ma
kiém tra ring ta khéng nhdy qua dinh ma ta dang
can tim.

Dinh nghia con tré jump

RS rang, véi doan code nhu trén, ta dén duoc
dinh cin tim hoan toan phu thudc vao viéc cic bién
jump dua ta dén dinh can tim nhanh nhu n3o. Ham
thém mot 1a vao cdy tréng nhu sau:

Node makeLeaf (Node p) {
Node leaf = new Node();
leaf.parent = p;
leaf.depth = p.depth + 1;

if (p.depth - p.jump.depth ==
p.jump.depth - p.jump.jump.depth) {
leaf.jump = p.jump.jump;
} else {
leaf.jump = p;
}

return leaf;

(2]

Phan gén bién id, parent va depth khé d
hi€u, nhung con doan nay thi nghia la gi?

p.depth - p.jump.depth ==
p.jump.depth - p.jump.jump.depth

Chig minh tinh ding dan ctia né kha dai, ban
doc mubn tim hiéu c6 thé doc bai nghién clu cla
tién si Myers c6 tén 13 "An applicative random-
access stack 142"

Duéi day sé 1a mét s6 hinh anh dé ban doc c6
thé c6 mét sb y tudng tai sao né lai ding.

12http: / /myerslab.mpi-cbg.de /wp-content /uploads/2014 /06 /applicative.stack .pdf
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“Nh3dy nhi phan” véi bé nhé O(n)

Ngo Nhat Quang

O day, dinh y 13 14 ta vira thém vdo cly. C4c
miii tén mau dé thé hién cac cd nhdy qua con tré
jump, con mii tén mau xanh la di 1&n cha né qua
con trd parent. D& thiy khi xem lai ham find cla
ta, né s& thir nhdy buéc 2d + 1, néu khéng duoc
thi sé nhdy I&n dinh cha. Budc nhdy & dinh cha sé
ludn ludn ngdn hon budc nhay cta dinh con, ngén
hon it nhét 2 Ian.

Nhd lai, day khéng phai gibng hét binary lifting
ma ta biét hay sao? Chi I3 thay vi nhdi log budc
nhdy vao trong mét dinh, ta dan déu né ra khip
c4c dinh t8 tién cha né.

Diéu nay gitip ta gidi thich viéc ta ludn tim
dugc dinh c6 budc nhdy bé hon nhanh. Thé néu ta
& mét dinh rat sdu, ma né lai khéng cé budc nhay
da to thi sao? Vay thi viéc c6 budc nhay bé hon
thi cé tac dung gi? Ta nhin vao bic anh 16n hon:

Bic dnh khéng I6n 13m, nhung mong ban doc
c6 thé nhan ra biic tranh téng thé ma thuat todn
mudn thuc hién. Nhan théy ring sau tbi da hai
buéc nhay qua con trd jump, ta sé dén duoc mot
dinh c6 budc nhdy 16n hon it nht gip déi. Tuc 13,
néu ta ctt nhdy qua con trd jump lién tuc, do dai
clia budc nhay sé ting theo cip sb nhan.

Qua hai bidc anh nay, ta cé thé phan nao dé
nhan ra cdch ma ham find hoat déng:

e Ting tbc (tim budc nhay 16n hon) bing céch
nhay lién tuc

e Giam tbc (tim budc nhay ngén hon) bang cach
st dung buéc nhay cla cha né.

RS rang, lac ndy ta c6 thé thiy ta khéng thé

dam bao st dung t&i da log budc nhay dé dén dich.
Bai nghién clu cta tién si Myers cho ta can trén
3|logy (d+1)] — 2 véi d la d6 sau cha dinh khdi
dau.

%3https: / /oj.vnoi.info/problem /secondthread tree sloth

%4 https:/ /oj.vnoi.info/submission /2147925
Shttps:/ /oj.vnoi.info/submission /336556
148 https: / /codeforces.com /contest /609 /problem /E

Tha nghiém thai gian chay

Nhu phan trudc, ta c6 dugc cin trén cla thujt
todn 13 st dung 3|log (d + 1)| —2. Vay cé nghia la
thuc t& code ta s& chay lau gp 3 1an code binary
lifting binh thudng ddng khéng?

~Néu-ding-thi-d5-khéng-eé-phanndy— Ta xem

cac submission sau day:

Link bai Bo nhé | Bo nhé
O(n) O(nlogn)

VNOJ - Sloth Nap- | 441ms™ | 1265ms'®

time!*?

Codeforces - Mini- | 265 ms™*" | 358 ms'®

mum spanning tree

for each edge'*®

Library Checker - | 436 ms™® | 664 ms™!

Lowest Common

Ancestor'*?

Diéu nay cho ta théy, it nhit 13 trén cic bd test
ngdu nhién, thi binary lifting bd nhé O(n) chay
nhanh hon, thdm chi 13 nhanh gip déi, glp ba lan.
Theo suy doén ca tac gi, diéu ndy lién quan dén
cach st dung bd nhé dém ciia m&i thuat toan. Ban
doc mubn tim hiéu thém cé & doc tai day 2 . Day
ciing 13 If do ma tai sao quy hoach déng cubn chiéu
khong chi dung it b6 nhé hon ma con thudng chay
nhanh hon quy hoach dong thong thudng.

Tim td tién chung siu nhit cla
hai dinh

Nhu céch ta dinh nghia con tré jump nhu trén,
ta c6 thé thiy ring véi hai dinh bt ki véi cling
dd su, thi hai dinh jump cla ching ciing sé cé do
sau giébng nhau. Do vay, gid du hai dinh dugc cho
la u va v va dinh sdu hon 13 «, thi ta tim dinh s
3 t& tién cha dinh w c6 d6 siu bing dinh v. Sau
dé, ta nhdy Ién dan din & c3 hai dinh cho d&n khi
chdng giéng nhau.

%7 https:/ /codeforces.com /contest/609 /submission /189027148
8https: / /codeforces.com /contest /609 /submission /136238260

%9https: / /judge.yosupo.jp,/problem /Ica
50https: / /judge.yosupo.jp/submission /120907
B1https: //judge.yosupo.jp,/submission /120909

152https: / /stackoverflow.com /questions /16699247 /what-is-a-cache-friendly-code
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“Nh3dy nhi phan” véi bé nhé O(n)

Ngo Nhat Quang

Node lca(Node u, Node v) {
if (u.depth < v.depth) swap(u, v);
u = find(u, v.depth);

while (u != v) {
if (u.jump == v.jump) {
u = u.parent;
Vv = v.parent;
} else {
u = u.jump;
vV = V.jump;
}
}

return u;

}

Tham khao

e "Binary Lifting, No Memory Wasted %3 " - Ur-

banowicz

33https:/ /codeforces.com/blog/entry /74847
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Ban bién tap
Nguyén Trung Quan (téng bién tap)
V& Nguyén Phuong Quynh
Pham Thi Diém Quynh
Mai Vinh Hién

Thiét keé
Nguyén Tric Nhu Binh

Tran Quang Léc

Hinh anh s dung
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Children toys icons created by Freepik

e Origami icons created by photo3idea studio

Cactus icons created by smalllikeart

Book icons created by itim2101

Cd icons created by geotatah
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