


Quy dbc gia than mén,

Tiép nbi thanh céng cla Tap chi VNOI — Xuan Quy M3o, Cau lac b Olympic
Tin hoc Viét Nam cho ra mit Tap chi VNOI — Xuén Gidp Thin nhu mét mén qua
dau xuin danh tang cho cong déng Tin hoc Viét Nam nhan dip Tét Giadp Thin 2024.

Tap chi VNOI & 1an thit hai xut ban duoc dua trén ngudn cam himg tir tap
chi Pi cia hdi Todn hoc Viét Nam. Vi muc dich truyén tai kién thc, kinh nghiém
qua nhiéu chi dé, sb tap chi dic biét ki ndy s& mang dén cho cic ban nhiing bai
viét tha vi véi ndi dung c6 dong, phu hop véi nhiéu dbi tuong doc gid. Tap chi bao
gdm 3 bai viét hoc thut xoay quanh nhiing chi dé trong Tin hoc va Lap trinh thi
diu dén tir 3 tic gia, dugc chon loc tur rAt nhiéu bai viét ducc gui vé trén khip
moi mién t6 qubc. Ngodi ra, tap chi ki ndy s& cé su gép mit cha 4 vi khach mdi
d3c biét trong 4 bai phdng vin déc quyén, hita hen s& dem dén cho déc gid nhiing
go6c nhin dic biét dén tir cd ba thé hé trong lich st hon 35 ndm phéat trién cta Tin
hoc Viét Nam - “so khai — ké& thira — phét trién”.

Trong su nd ndic, hdn hoan chao dén xuidn ndm mdéi, ban bién tap néi riéng va tap
thé VNOI néi chung xin chan thanh gui 16i tri an dén cac khach mdi, cac tac gia,
quy doéc gia da ludn danh su quan tdm, theo d&i va Gng hd tap chi trong sudt thai
gian qua.

Nhan dip xudn Gidp Thin 2024, tap thé VNOI than chiic cic ban doc mdt nim
mdi that nhiéu sic khde, hanh phic va dat dugc thanh céng nhu mong doi!

BAN BIEN TAP
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VNOI = Nhin lai 2023

VNOI - Nhin lai 2023

Dugc thanh 13p to ndm 2008, Cau lac bé Olympic Tin hoc Viét Nam - VNOI la céng dé\ng cla cac
hoc sinh, sinh vién c6 niém dam mé véi bé mén I3p trinh thi diu ndi riéng va linh vuc céng nghé théng
tin néi chung. Trdi qua hon 15 n3m hoat déng, VNOI d3 ¢ nhiéu déng gép néi bat cho nén tin hoc nudc
nha. Dic biét, nim 2023 vira qua la mét ndm da dé lai nhiéu diu 4n khé quén dbi véi Cau lac bé. Hay
cling chiing minh diém lai nhiing hoat déng va thanh tuu cda VNOI trong nim vira qua théng qua bai

viét nay nhél
VNOI Cup 2023

Nim 2023 I3 n3m thd hai VNOI Cup dugc t6
chiic. VNOI Cup 2023 da quy tu déng ddo cac ban
thi sinh trén kh3p ca nuéc tham gia, trong sé dé
c6 nhitng thi sinh c6 profile rit “khing". Ching dua
n3m nay bao gdm 03 vong loai online dién ra trén
nén tang VNOJ; théng qua dé d3 chon ra 12 thi
sinh xut sic nht tham gia thi ddu Chung két tai
truong THPT Chuyén Ha Long.

TIMELINE CUOC THI 20-24/7
m = VNOI CUP 2023
13/5

Véng loal thir nhat

Lé trinh t8 chiic VNOI CUP 2023

0 fb.com/vnoi.wiki

@ vnoi.info

Ngay tir vong loai dau tién, cude thi di dién ra
vd cling gay cin va s6i dong véi 1369 thi sinh, 13
s6 luong thi sinh 16n nhit trong tit ca cac ky thi
d3 timg t8 chiic trén hé théng VNOJ. Vong loai
thit hai va vong loai thit ba ciing day kich tinh khi
thé hang trén bang xép hang dugc thay dsi lién
tuc, nhitng man ruot dudi diém sb didn ra vo cluing
cing thing va quyét liét, khéng khi rat gay cln
va nghet thd. Sau ba vong thi, 10 thi sinh xult
séc xult hién tai vong Chung két bao gém Tran
Xuan Bach, Pham Quéc Hung, Lé Ngoc Bao Anh,
Nguyén Tan Sy Nguyén, Truong Vin Qubc Bio,
Nguyén Vi Dang Huy, Vi Hoang Kién, L& Hoang
Nam, Nguyén Diic Thing va D8 Dinh Dic. Dua
trén dé ci tir cong ddng, hai thi sinh con lai gp

m3t tai vong Chung két 13 Hoang Ngoc Bdo Khué
va Nguyén Chi Thanh.

Chung két VNOI Cup 2023 tai Truong THPT Chuyén Ha
Long

Do6ng hanh véi ICPC! va
Olympic Tin hoc Sinh vién Viét
Nam 2023

Day 13 n3m thit ba VNOI duoc tin tudng, nén
tang VNOJ duoc st dung 1dm nén tang t& chiic
ICPC Asia Regional (site thi tai Viét Nam). Diac
biét, ky thi ICPC Asia Hue City 2023 danh d4u Ian
dau tién may do do VNOI phit trién duoc dua vio
st dung tai ICPC Vietnam. DAy 13 hé théng méy
thi dugc thiét k& bdi do6i ngii ky thuat caa VNOI
dua trén hé théng mdy thi chinh thic cia ICPC
World Finals®> 2023, v6i mot vai tinh nang mdi
duoc phat trién riéng danh cho cac ky thi ICPC tai
Viét Nam, trong dé6 c6 thé k& dén:

May 3o st dung VPN, cdc méy thi sinh déu s&
duoc két nbi t6i hé thbng thi va cac dich vu khéc
thudc ICPC théng qua VPN, bao gdm trang thi
chinh thic, may in, ...

Man hinh cdc thi sinh s& dugc ghi lai va phat
truc tiép khi can thiét, phuc vu cho qué trinh
livestream, tai hién khodnh khic cda thi sinh, ciing

YCPC: International Collegiate Programming Contest - Cudc thi Lap trinh Qubc t& 1au dsi va danh gia nhit danh cho
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sinh vién céc trudng dai hoc va cao dang trén toan cau.

2World Finals: Cudc thi ICPC cudi cling trong mét mia gidi bao gdm nhitng ddi xult sic nhit clia cic trudng dai hoc

trén thé gii vuot qua vong loai viing (Regional contest)



VNOI = Nhin lai 2023

nhu hd trg cho ban t8 chiic, coach va khin gia
theo doi dugc ting budc di cla thi sinh trong gic
thi.

i

THE 2023 IBPG 558 WUE CITY

THE 32 VIETNAM IT STUDENT OIYMPIAD - PROCON VIETHAW

Doi ngii VNOI va éng Nguyén Long tai ICPC Asia Hue
City 2023

VNOI rht vui va tu hdo khi hé thbng méy thi

d3 hoat dong vo cling tron tru hiéu qua trong sudt

thai gian dién ra ky thi, tir d6 mang lai trai nghiém

tdt dén véi cic ban thi sinh trong va ngoai nudc.

VNOI va cic du an cong dong
2023

Bedao Contest

4
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Bedao Contest 2023

Bedao Contest 13 mét du an dugc thanh lap
vao du n3m 2020 nh3m muc dich t8 chic cac ky
thi, tao ra san choi cho nhiing ban tré yéu thuit
toan va coding. Bedao va VNOI chinh thiic b3t tay
vao thang 8/2021 va sép nhap nhu hién nay.

Trong nam 2023, Bedao Contest tiép tuc phat
huy tinh than cla du 4n, cic bai tdp cla Bedao
ngdy cang dugc dau tu vé ca chit luong 13n sb
lugng. Cac contest cia Bedao da dang cha dé va
d6 khé, tir Bedao Mini Contest dén Bedao Regular
Contest va Bedao Grand Contest. D3c biét nhit,
Bedao Contest ra mit series Bedao Ol nh3m cho
cac thi sinh c6 trai nghiém thi gibng vdi cac ky thi
chinh thic khac.

Du an sinh test cac ky thi chinh thic

Du 4n sinh test cdc ky thi chinh thic dugc khdi
dong tur dau n3m 2022, tiép ndi Thu vién dé thi
VNOL. Dy 4n nay duoc trién khai véi muc dich gitp
cac ban &n luyén va gidi cac dé thi tir cic ky thi Tin
hoc chinh thic nhu Hoc sinh gidi Quéc gia, Chon
déi tuyén Olympic, Olympic Truyén théng 30/4,
Duyén hai Bic bd, Hoc sinh gidi Thanh phé/Tfnh
trén cd nudc, ...

VN Dby AN SINH TEST

CAC KV THI CHINH THUC
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Du an sinh test cac ky thi chinh thdc

Sau mdt thdi gian dai ving béng, trong n3m
vliia qua, du an da quay trd lai v6i nhiing dé thi
chit luong. Dic biét trong dé c6 thé ké dén dé thi
Chon d&i tuyén Olympic n3m 2018 va dé thi Chon
déi tuyén Olympic nim 2023. Mét diéu chua cé
tién 18, d6 13 cac bd d& Chon dbi tuyén Olympic
Tin hoc - VNTST® chua bao gid dugc ding cong
khai, cting nhu c6 bd test hoan chinh trén bt cd
nén tang ndo. DAy chinh 13 diém ndi bat nhit trong
du an nay cia VNOL.

External Setters

oj.vnol.info

VNOJ ROUND

VNOJ Round 01 - ky thi d3u tién duoc té chic béi cic
thanh vién trong céng déng

3TST: Ky thi tuyén chon déi tuyén du thi Olympic Tin hoc Quéc té, hay con dugc biét dén 13 Vong 2 thi chon Hoc

sinh gidi Québc gia.
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Day I3 mét du 4n t6 chiic cac ky thi chinh thic
(tinh rating) trén VNOJ bén canh Bedao Contest,
trong dé cic bai tap sé do coéng dong déng gop
hodc Ban ra dé s& 13 cic thanh vién trong cong
ddng VNOI va c6 tai khoan trén hé théng VNOJ.

Ngay 28/01/2024, VNOJ Round 01 d3 dugc t8
chiic: d4anh diu budc phat trién cla du an External
Setters.

VNOJ Round 01 (Div 2) e e ) ]
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Bang xép hang ky thi VNOJ Round 01

C6 thé néi su hudng ting, tham gia ciia hon 600
thi sinh chinh 13 “qua ngot” cla Ban ra dé, ciing |3
thanh céng budc dau cha du an. DAy ciing chinh
la déng luc dé du an External Setter tiép tuc ducc
thuc hién, hita hen s& c6 nhiéu VNOJ Round hon
nita.

Phat trién VNOJ

Trong nam 2023, dé phuc vu cho nhu ciu luyén
tap cho céc ky thi HSGQG* , ICPC va Olympic Tin
hoc Sinh Vién, VNOI d3 nang cép cdng suAt cla
méy chdm 1én gip dbi.

VNOI d3 c6 dé nghi va dugc admin vjudge cho
phép, hd tro tich hop VNOJ véi Virtual Judge. Diéu
nay cho phép cic thiy cb ciing nhu cdc ban hoc
sinh, sinh vién cé thé st dung céc tinh ning tuyét
v3i, mdt trong sb dé 13 viéc mashup bai tap cho
cac training contests va luyén tap tich hgp cac OJ
ndi tiéng chi v8i mot tai khoan.

INTEGRATE VNOJ

@ _ INTO VIUDGE

VNOJ chinh thiic dugc tich hop vdi VJudge nhdm hé tro
cdc ban hoc sinh, sinh vién Iam bai trén da nén ting vdi
chi mét tai khoan

*HSGQG: I3 viét tit cha ky thi Hoc sinh gidi Qubc gia.

Chira dé HSGQG 2023 - 2024

Trong ba ndm tré lai day, VNOI ludn duy tri
viéc chifa dé thi HSGQG mén Tin hoc, I&i giai
cho c4c bai tap dugc trinh by trong budi chifa dé
duoc day céng chuin bi bdi déi ngii chuyén mén
cta VNOL.

o

Bai 1 - Ba dudng truyén dién

B philie tap: O[T = M log M),
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Phan chiia bai 1 dé thi HSGQG 2024

Dac biét, cac budi chita bai cé su gép mat cla
dan khach maoi khing véi nhiéu thanh tich ddng né
trong gidi lap trinh thi dau.

VN
I

L&i cam an
WNOI xin dudc cdm on cdc ban da gidp t6 chifc dugc budi chira dé thi hém nay
- H& Ngoc Vinh Phit
- Nguyén Hoang Vi
- Trén Xuén Bich
- Nguyén Tuln Tai
- Pham Xuén Trung
- Hodng Quéc Viét

Huy chuang Bac 101 2021

Huy chugng Bac 101 2021

Huy chugng Ving 10 2022

Gidi Ba HSGQG 2022

Gidi Nhit HSGQG 2022

Gidi Nh HSGQG 2022

Rank 15 I(CPC World Finals 2018

- Nguyén Binh Quang Minh (mofk)
“Gido su" Pham Viin Hanh

Huy chugng Ving i1 2015

D6i ngii khach mdi giau thanh tich trong cac budi chia
bai HSGQG

VNOI Wiki
T N ]

ol thiju

Giao dién mdi cda trang VNOI Wiki

Trong ndm qua VNOI vin duy tri du 4n VNOI
Wiki v6i 18 bai viét cht luong vé cac cha dé trong
Tin hoc d3 dugc xuit ban bdi déi ngii VNOI Wiki,
nhiéu k§ thuat, thut todn dugc dua téi cdng dong.
N&i bat nhAt I3 viéc nang cAp giao dién VNOI Wiki
gitp truyén tai hiéu qua hon ndi dung cac bai viét
cho cong déng.
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VNOI Educational Contests

Bén canh dé 13 du 4n Educational Contests
nh3m tao nén moi trudng hoc tap lanh manh cho
cac ban tré dam mé Tin hoc & Viét Nam, cho phép
céng dbng tiép can da dang cac cha dé véi nhung
bai tap vd cling chit luong gitip cac ban chun bi
that tbt trudc cac ky thi

NN

Céc ky thi thubéc du dn Educational Contests

Tinh nguyén vién tai VNOI

Dé duy tni cic du an phuc vu cong déng, VNOI
rit can su gitp d& cla cic ban Tinh nguyén vién
trong moi khia canh: Chuy&n mén, ky thuat, truyén
thong, ... Trong nim 2023, VNOI d3 két thic va
cAp gidy ching nhan cho cic ban Tinh nguyén
vién thé hé thi 2, dong thdi chiéu md cic ban
Tinh nguyén vién thé hé thir 3.

Nh3m gén két tinh cam giita Tinh nguyén vién
v6i nhau va véi Cau lac b, cac hoat dong giao luu
truc tuyén dugc VNOI t8 chiic thudng xuyén. Hoat
dong giao luu truc tiép ciling dugc t8 chiic vio mét
s6 dip dic biét tai hai thanh phd 16n 13 Ha N&i va
Thanh phb H5 Chi Minh.

VNOI t8 chifc giao luu Tinh nguyén vién tai Ha Noi

Bén canh d6, VNOI thudng xuyén t8 chiic
cac budi talkshow cho cic ban tinh nguyén vién
tham gia va tuong tdc cic khich mdi c6 tim
anh hudng 16n trong gidi 1ap trinh ndi riéng va
nganh CNTT néi chung nhu L& Yén Thanh (CEO
Phenikaa MaaS), Nguyén Thanh Trung (tic gid
clia cic bai viét Code cung RR), L& Xudn Manh
(CTO Kyber Network), L& Don Khué (Technical

Lead tai Be), .... Ngoai ra, cic ban tinh nguyén
vién con c6 co hdi két ndi va trao doi riéng véi cac
khdch moi dac biét nay.

VNOI t6 chuc giao luu Tnh nguyén vién tai Thanh phb
Hb Chi Minh

VNOI ciing chi trong dén nhiing phan thudng
cho nhiing ban tinh nguyén vién da cé mét ky lam
viéc day nd luc. Chinh vi thé, trong n3m vira qua
VNOI d3 phat hanh nhiéu merchandise déc quyén
nhu day deo, d0, méc khéa, sticker, bao i xi,
dugc trao tan tay dén cac ban tinh nguyén vién
nhan dip truéc Tét.

Nhiing hoat déng cta VNOI déu c6 ddu 4n dam
nét dén tir cdc ban tinh nguyén vién déu d3 va dang
4m tham déng gép chung cho nén Tin hoc nudc
nha. Nhiing du édn cda VNOI sé khéng thanh cong
néu khéng cé su giL’jp stic va Cmg hd dén tir cic ban.
VNOI hy vong rang tinh than ctia Tinh nguyen vién
VNOI v3n s& duy tri trong nhiing n3m tiép theo.

_

Nhiing mén qua dic biét dén tir VNOI danh cho nhiing
ban tinh nguyén vién xudt sic
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VNOJ — Hé théng cham bai do ngudi Viét,

vi ngu'di Viét

Trong hai thdp ky trd lai ddy, phong trao Tin hoc d3 va dang dién ra sbi néi trén khip c3 nudc nho
vao su phé cép Internet va su phat trién cla ciac hé thong cham bai truc tuyén, cho phép cdc ban hoc
sinh, sinh vién va nhiing ngudi c6 dam mé cé thé luyén tdp moi lic, moi noi.

Lich sit phat trién

Quay trd lai ndm 2007, day la thoi ky Inter-
net phat trién manh tai Viét Nam, cung khodng
thoi gian d6 trén thé giéi xust hién nhiéu Online
Judge nhu SPOJ, UVa, ... Ap 4y tudng v& mét
trinh chim truc tuyén cho cac ban hoc sinh, sinh
vién Viét Nam, nhém céc sinh vién bao gdbm Ngb
Minh Ddc, Khic Anh Tuin va Nguyén Minh Hiéu
da 1ap ra VOJ véi su hd tro cha ban quan tri SPOJ
va nam dudi su quan ly cta Dién dan tin hoc Viét
Nam (VNOI), hién nay hé théng VOJ vin con hoat
dong tai tén mién https://vn.spoj.com/

Sau khi ra d&i, VOJ 13 noi luu trir dii lidu vé
bai tap cla nhiéu cudc thi quan trong nhu ACM
ICPC® , HSGQG® , ... va nhiéu bai tap hay, bd
ich tir déng gép clia cic thiy cd, cac ban hoc sinh,
sinh vién Chuyén Tin.

Tuy nhién, sau nhiéu n3m hoat déng, hé théng
VOJ dan thé hién nhiing diém yéu so véi cac hé
théng mdi, bao gém viéc khé s dung hon, xuht
hién nhiéu 18i v8i cic bai tap cii, dan t6i bai bi
4n va khéng thé chdm dugc. Vi viy vio ngdy
01/04/2017, ban quan tri VNOI quyét dinh chuyén
cac bai tap tir VOJ sang hé théng Codeforces’ |
mot hé théng chim bai dugc phat trién va duy tri
bdi Mikhail Mirzayanov cling cong su.

Téi ngay 03/04/2020 viéc tdi cac bai tap lén
hé théng Codeforces da chinh thitc hoan tit. Ngoai
nhitng bai da c6 trén hé théng VOJ, ban quan tri
con bd sung thém dit liéu cho mét sb cic ky thi
nhu VOI 2017, VOI 2018, VNOI Online, ... Hién
nay nhém Codeforces VNOI & v3n con truc tuyén,
tuy nhién cac bai tap tai day khéng con dugc cap
nhit, bs sung.

[
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Nhém Codeforces VNOI vao thdi diém nim 2020

Ngay 28/02/2021, Dai héi thanh 1ap Cau lac
bd Olympic Tin hoc Viét Nam (VNOI) da duoc
dién ra dudi su tham du va chi dao cla dai dién
héi Tin hoc Viét Nam (VAIP), danh diu thsi khic
VNOI tré thanh mdt nhinh cta Héi. K& thira nhiém
vu cta Dién dan Tin hoc, BCH Cau lac bb nhan
thay nhiing b4t cap khi st dung hé théng chim cla
nudc ngoai: Khé st dung véi ngusi Viét (do giao
dién tiéng Anh), kh6 quang ba téi tAt c3 cac ban
hoc sinh, ..., va quan trong nhit 13 dif liéu vé cc
bai tap déu thudc vé cic ky thi c6 quy mé tai Viét
Nam. Mong mudn phat trién mdt hé thdng chim
bai truc tuyén cta ngudgi Viét, cho ngudsi Viét va do
ngudi Viét, d(’\ing thai cling vi muc dich giir dit liéu
quan trong & lai trong nuéc, BCH Cau lac bd déi

5ICPC: International Collegiate Programming Contest - Cudc thi Lap trinh Qudc t& lau ddi va danh gi4 nhat danh cho

sinh vién cac trudng dai hoc va cao dgng trén toan cau.
®HSGQG: I3 viét tit clia ky thi Hoc sinh gidi Qubc gia.

"Codeforces: mét trang web t3 chiic cic cudc thi 1ap trinh thi du véi cic dang dé, bai tap da dang.

8https://codeforces.com/group/FLVn1Sc504/
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ngli k§ thuat cia VNOI d3 tim hiéu, phét trién va
cho ra m3t hé théng VNOJ — VNOI Online Judge.

Nhém Codeforces VNOI vio thdi diém nim 2020

Hé théng VNOJ — VNOI Online Judge dugc
phat trién dua trén DMOJ — mét hé théng chim
bai m3 ngudn md. Hién nay, VNOJ v3n dang hoat
dong tai tén mién https://oj.vnoi.info, cic
bai tip va ky thi trén hé théng vin dugc cap
nhat thudng xuyén, lién tuc. Trong s6 dé, nhiéu
ky thi mang thuong hiéu ca VNOI d3 dusc t8
chiic thanh céng nhu Bedao Contest, VNOI CUP,

Cac tinh nang noi bat cuha

VNOJ

Duoc thiét ké theo “phong céch” Viét Nam dua
tren nén tang DMOJ, hé théng VNOJ c6 giao dién
rit than thién va d& st dung, ngudi dung 6 thé
chuyen déi qua lai giifa giao dién Tiéng Viét va
Tiéng Anh mét cich nhanh chéng. Hé théng diém
sb ciing dugc thiét ké lai dé tao thuan Igi cho ngudi
dung trong viéc tu theo dai, tu ddnh gid thong qua
qua trinh luyén tap.

o @0 0000000000 0f]

VNOJ Vdi giao dién Tiéng Viét

V6i d6i ngii ky thudt c6 ndng luc va tan tam,
VNOJ — VNOI Online Judge hoat déng vé ciing 8n
dinh va bdo mit dé phuc vu lugng I6n lugt st dung
clia cong d(’\ing. Dac biét trong nam 2023, VNOI
d3 nang cAp cong sult clia may chim lén ghp doi

nh3m dép dng nhu cdu cta déng ddo cic ban tré
yéu 13p trinh trong qué trinh 6n tap trudc thém
cac ky thi I6n nhu VOI, ICPC, va Olympic Tin hoc
Sinh vién. Tinh dén ngay 28/01/2024, VNOJ d3
tiép nhan va x{ I 4744496 luct ndp bai, tuong ting
khoang 4688 lugt ndp bai trong mot ngay.

All submissions = a4

V0U Round 01 - THREE

.....

tai Phemg 2021 - Bal 3 Frid
eyt

VNOJ xt I lugng /dn lugt ndp ba/ trong mot ngay

Vao thang 9 ndam 2021, khi dich Covid 19 bung
phat manh mé tai Viét Nam, nhiéu trudng phai
chuyen qua hinh thic day online; VNOI d3 phét
trién va cho ra mét tinh nang Té chiic. Tinh nang
nay cho phép thiy ¢ cic trudng tao bai tap va
ki thi danh riéng cho hoc sinh clta trudng minh,
déng thsi chiic ning T6 chiic ciing cung cip mét
bang diém ndi bd gitip cic thiy ¢ cb thé theo dai
qua trinh luyén tap cua hoc sinh. Ngoai ra, dé tao
thuan Igi cho c4c thy ¢, VNOJ hd tro tao ky thi
theo nhiéu chu§n, trong d6 c6 dinh dang cla phf}n
mém Themis, phé\n mém chim thi chinh thdc ca
Bd Gido duc va Dao tao.

ng cap khi dang ky.

Tinh nang té chic cia VNOJ


https://oj.vnoi.info

VNOJ — Hé théng chdm bai do ngudi Viét, vi ngudi Viét

Mot s0 dau moc quan trong

Thang 02/2021, VNOJ — VNOI Online Judge
chinh thic ra mit cdng déng Tin hoc Viét
Nam. VNOI cong bd, giéi thiéu VNOJ vao ngay
07/04/2021 trén fanpage ctia Céu lac bd.

Céng b VNOJ

Nim thang sau, vao thang 07/2021, VNOI
va Free Contest chinh thiic hgp tac, theo dé tai
nguyén cla cic ky Free Contest sé dugc tai |én
VNOJ dé phuc vu nhu ciu luyén tap sau khi thi
cha céc ban thi sinh. Cling khoang thdi gian Ay,
vao thang 08/2021, VNOI va Bedao chinh thdc
hop tac, cac ky thi cia Bedao sé duoc t8 chiic
trén nén tang VNOJ — VNOI Online Judge dudi
su hd trg cha doi ngii ki thuat va doi ngii chuyén
mon cta VNOI.

Trong n3m vira qua, véi su hd trg clia Xu Han
(admin Virtual Judge), VNOI d3 tich hgp VNOJ
véi Virtual Judge. Diéu ndy nh3m huéng dén cac
tinh ning tuyét vdi ma cic thiy cd ciing nhu cac
ban hoc sinh, sinh vién c6 thé st dung, bao gbm
Viéc tao cic tap bai tap dén tir cic OJ nédi tiéng
chi véi mdt tai khoan. Bén canh dé, diéu nay cling
chiing té khat vong dua phong trao Tin hoc cla
Viét Nam ra qubc té cta VNOI.

Virtual Judge
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VINOJ tich hop vao VJudge ngay 09/09/2023

Dugc héi Tin hoc Viét Nam tin tudng giao
nhiém vu, trong ba nam trd lai ddy, VNOJ ludn
duoc lua chon 13 hé théng chim bai chinh thic cho
cac ky thi ICPC va Olympic Tin hoc Sinh vién, dic
biét 13 ICPC Qubc gia va ICPC Khu vuc. L3 don
vi duy nhit cung cAp phan mém hé théng thi, Cau
lac bd VNOI tu hdo d3 hoan thanh tbt nhiém vu,
chua tiing x3y ra su cb kj thuat trong thdi gian
thi, tor dé gép ph§n vao su thanh céng cta ICPC
Khu vuc va khgng dinh dugc nang luc t8 chiic cla
nudc chi nha dang cai.
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VNOI CUP 2023 - Thu thach ban linh,

kham pha tai nang

Nam 2023 la ndm thia hai VNOI Cup duoc t6 chiic. Tiép ndi su thanh céng cia mua dau tién, VNOI
Cup 2023 khdi déng véi muc dich tim kiém nhiing tai ndng Iap trinh tré Viét Nam. Trdi qua ba vong loai
day cam go va vong Chung két vé cing gay can, chii nhan cia chiéc cup vé dich VNOI Cup 2023 danh
gid da 16 dién. Hay cung diém lai ching dudng tim ra nhiing guong mat xudt sic trong cudc thi ndy nhé!

D6i nét vé VNOI Cup 2023

VNOI Cup 2023 la cudc thi danh cho cic ca
nhan dang 13 hoc sinh, sinh vién, ho3c d3 tbt nghiép
va dang theo hoc hodc lam viéc & Viét Nam ciing
nhu moi nai trén toan thé gidi. Dic biét, VNOI Cup
2023 khong gidi han do tudi clia thi sinh tham du.

Ching dua bao gdm 03 vong loai online di&n ra
trén nén tang VNOJ vao cic ngay 13/05, 27/05
va 10/06; théng qua dé chon ra 12 thi sinh xult
sic nhat thi ddu Chung két vao ngay 21, 22/07 tai
trusng THPT Chuyén Ha Long (Quéng Ninh).

Bén canh nhiing gidi thudng lén tSi hang chuc
triéu déng tai vong Chung két, cac ban dat thanh
tich xuit sic & tai cdc vong loai con cé co hdi
nhan dugc 150 4o VNOI Cup 2023 dugc thiét ké
dbc quyén cho ki thi.

______ VN®L-
______ CUP]ES.

VNOI CUP 2023

Vi tiu chi tim kiém cic coders tai ning trén
khip ca nuéc, VNOI CUP 2023 chd dén nhiing
cd nhan cé dam mé va nang luc dé cung nhau tao
nén mdt cudc thi lap trinh day sbi dong va y nghia.
Cubc thi dé cao tinh canh tranh dén tir bd dé, chinh
vi viy d& chuin bi nhiing vong thi chit luong va
déy tinh canh tranh, rat cn dén su chusn bi miét

mai va ti mi cta déi ngii ra dé cé trinh do chuyén
mon cao.

Ban ra dé VNOI Cup 2023

r .................... ‘
e WY ETe Onoiw e P e g o
BAN RA DE VNOI CUP 2023
ICPC Codeforces
World Finals Top 0.1%
0 fb.com/s wik ‘@ vnoi.infi
T e R R pap——" |

Théng ké thanh tich ban ra dé VNOI CUP 2023

e Ding Doan Dic Trung: Trudng ban ra dé VNOI
CUP 2023 - ICPC® World Finalist 2023, 2022,
2021, 2020, Max 2871 Codeforces'? ;

e Trin Quang Léc: trudng ban ra dé ICPC Asia
HCMC 2022, Coordinator'* Codeforces, Max
2546 Codeforces:

e Nguyén Dinh Quang Minh: ICPC World Finalist
2018, 2021, Max 2726 Codeforces;

e Hd Ngoc Vinh Phat: ICPC World Finalist 2023,
2022, HCB I01'? 2021, Max 2345 Codeforces;

e Pham Tun Nghia: ICPC World Finalist 2022,
2020, Max 2412 Codeforces;

° Nguyén Diép Xuan Quang: ICPC World Final-
ist 2020, 2021, HCB APIO™® 2017, Max 2446
Codeforces;

o Nguyén Tuln Tai: Max 2221 Codeforces, giai
Ba HSGQG™ 2022;

°ICPC: International Collegiate Programming Contest - Cudc thi Lap trinh Qudc t& l4u ddi va danh gi4 nhit danh cho

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

10Codeforces: mdt trang web t8 chifc cic cudc thi 1ap trinh thi ddu véi cic dang dé, bai tap da dang.

1 Coordinator: ngudi t& chifc cic contest cho OJ.
12101: Ky thi Olympic Tin hoc Québc té.

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

“HSGQG: 13 viét tit cha ky thi Hoc sinh gidi Qubc gia.

10
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e Nguyén Hoang Vii: HCB 101 2021, Max 2204
Codeforces;

e Pham Xuan Trung: VNOI CUP 2022 Finalist,
gidi Nhat HSGQG 2022, Max 2259 Codeforces.

Ba vong loai VNOI Cup 2023

Ngay tir vong loai dau tién, cudc thi d3 didn ra
vd cling gay cin va s6i dong véi 1369 thi sinh, con
s& ky luc trong tt c3 cic ky thi da tiing t8 chic
trén hé thdng VNOJ truéc dé. Véi kinh nghiém
chinh chién tir nhiéu cudc thi I6n trong va ngoai
nuéc, TrAn Xuan Béach (fextivity) d3 danh chién
thang 18i ngugc dong ngoan muc qua viéc AC toan
bd 06 bai & phat thi 143, chi 07 phdat trudc khi
vong thi két thic. Sau vong loai thi nhit nay,
bén canh Tran Xuan Bach, guong mat xuAt sic
gbp mit tai vong Chung két chinh 13 Pham Qubc
Hing (hollwo _pelw). Dang ndi, TrAn Xuan Béch
va Pham Qudc Hiing ciing 13 hai thi sinh timg gép
m3t trong Chung k&t VNOI Cup 2022.

Vong loai thi hai ciing day kich tinh khi thd
hang trén bang x&p hang dugc thay déi lién tuc.
Tai vong ndy, hai chii nhan xult sic cla tim
vé tham du vong Chung két d3 goi tén L& Ngoc
B3o Anh (BaolJiaoPisu) va Nguyén Tan Sy Nguyén
(flashmt). C3 hai d& c6 nhiing man ruot dudi diém
sO vO cung cang thang va quyét liet va cling két
thiic véi déng sb diém 9500/12000

Dén véi vong loai cu0| cung, vong Ioa| quyet
dinh chd nhan cda 6/8 tAm vé con lai tién dén
vong Chung két VNOI Cup 2023 tai Thanh phb
Ha Long, khdng khi cang trd nén gay cin va nghet
thé hon bao gid hét. Sau nhiing gid phit thi dau
cing thing va quyét liét, nhiing tAm vé tiép theo
d3 thudc vé 03 thi sinh d3n dau bang xép hang
vong loai thir ba - Truong Van Québc Bio (BJoozz),
Nguyén Vii Ding Huy (Hollowed), Vii Hoang Kién
(BROnekton); cling véi dé 1a 03 thi sinh c6 xép
hang cao nhit tai bang téng diém ba vong loai -
L& Hoang Nam (noobcoder), Nguyén Diic Thing
(marvinthang), D3 Dinh Déc (6aren).

Vong Chung két VNOI Cup
2023

Bén canh 10 thi sinh dugc chon tir cac vong loai
clia cudc thi, dua trén dé ci tur cong déng, Ban t&
chiic d3 chon ra 02 guong mit xult sic cubi cling
tham du vong chung két VNOI Cup 2023, chinh
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I3 Hoang Ngoc B3o Khué (Khuepr123) va Nguyén
Chi Thanh (flashhh).

Khong khi phong thi trudc gio bt dau ky thi

Dic biét, trong vong Chung két VNOI Cup
2023, Nguy&n Tan S§ Nguyén 13 thi sinh duy nhit
& d6 tudi 304 xult sic danh dugc tAm vé tham
du. Bén canh d6, vong thi mang tinh quyét dinh
ndy ciing quy tu 2/4 thanh vién clia déi tuyén 10l
2023, chinh 13 Tran Xuin Bach va Nguyén Diic
Thing; ciing chinh I3 hai guong mit d3 mang vé
02 Huy chuong Bac cho doan Viét Nam trong ky
thi 101 2023.

Ngoai ra, Vong Chung két con c6 su gbp mit
clia céc thi sinh dén tir Bang mé réng - bang diu
danh cho moi thi sinh mong mudn cé co hdi co
sat truc tidp tai dia diém thi cda céc thi sinh chinh
thic

Céc thi sinh Béng md réng VNOI CUP

Vong Chung két d3 dién ra cuc ky gay cin va
cuc ky quyet liet, khi cuc dién bang xép hang bit
dau thay d8i vdo nhiing khodng thdi gian cubi cla
vong thi. Chung cudc, ba vi tri dau tién cla vong
Chung két VNOI Cup 2023 da thubc vé ba céi tén
mdi:

e Nguyén Diic Thing (Trudng THPT Chuyén
Huing Vuong, Phii Tho) - 13 cha nhan chia chiéc
cup vb dich VNOI Cup mua thd hai, cung véi
ph§n thudng tri gid 20 triéu VND.

e L& Hoang Nam (Truong THPT Chuyén Su
Pham, Ha N&i) - gianh cup Bac VNOI Cup
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2023, cung véi phﬁn thudng tri gid 15 triéu
VND.

e L& Ngoc Bdo Anh (Trudng THPT Chuyén L&
Quy Dén, Da Ning) - gianh cup Déng VNOI
Cup 2023, cling véi phan thuéng tri gia 10 triéu
VND.

Chung két VNOI CUP 2023 (Bang chinh thiic) O Msin @ g | B rprery |l Caci
KRB 5 v v ) ot e il

f ARG EHEES

Bang xép hang chinh thic cia chung két VNOI CUP
2023

Cé thé néi, VNOI Cup 2023 quy tu déng dao
c4c thi sinh véi profile rit “khing” & nhiéu thé hé
khdc nhau, tir nhitng dan anh ky cuu nhung vin
con rht nhiéu nhiét huyét déi véi 1ap trinh thi dau,
dén nhitng ban tré la nhiing tru cft tucng lai cua
nén tin hoc nuéc nha.

Ban t6 chiic va thi sinh tham du Chung két VNOI CUP
2023

Day chinh 13 dip d& th& hé coder tré ¢ thé
giao luu, co xat va hoc hdi kinh nghiém quy bau
tlr nhiing tién bdi di trudc, nhitng coder d3 c6 kinh
nghiém day din trong mang 1ap trinh thi diu I3n
[inh vuc cong nghé. Nhu vay, VNOI Cup 2023 d3
tréi qua va dé lai nhiéu d4u 4n khé quén, cung nhau
hen gap lai tai VNOI Cup 2024 thit s6i déng, bung
chdy va kich tinh hon nhé!
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OLP'23 & ICPC ASIA HUE CITY 2023 - Hanh trinh dang nhé

OLP’23 & ICPC ASIA HUE CITY 2023 -

Hanh trinh dang nhd

Vao méi dip cudi n3m, ciing la ldc maa thi ICPC-OLP chinh thdc khdi déng. Dac biét, nam 2023 Ia
nam danh dau nhiéu diém mdi trong ky thi. Hay cing ching minh diém lai nhiing dau an cda ky thi nim
nay ciing nhu ching ducng déng hanh cua VINOI trong suét ky thi nhé!

Vé ky thi OLP’23 & ICPCY
Asia Hue City 2023

Ky thi Olympic Tin hoc Sinh vién Viét Nam
1an tha 32, ky thi PROCON Viét Nam va ky thi
L3p trinh sinh vién quéc t& ICPC Khu vuc Chau A -
TP. Hué n3m 2023 dusc t8 chiic tai truong Dai hoc
Khoa hoc - Dai hoc Hué vao ngay 05 - 08/12/2023
vira qua. Ky thi nim nay quy tu gan 700 coders
xuit sic nhit dén tir 78 trudng dai hoc, cao ding,
hoc vién trén khip ca nudc; cung véi dé la 20 doi
tuyén ICPC Québc t& tai ning dén tir Singapore,
Han Qudc, Indonesia, Thai Lan, Philippines va Dai
Loan.

Khéng khi phong thi tai trudng Dai hoc Khoa hoc Hué

Dic biét, dbi véi ICPC, ky thi ICPC Khu vuc
Chau A - TP. Hué n3m 2023 s& chon ra top 10
d6i xubt sic nhit tranh tai tai ky thi ICPC Asia
Pacific Champion 1An dau tién duoc t8 chiic tai Ha
NGi vao thang 03/2024, hudng dén ky thi ICPC
World Finals'® 2024 dugc t8 chic tai Kazakhstan.

D& thi n3m nay dugc déng dao céc ban thi sinh
va céc thiy c6 huln luyén vién danh gia cao, & viéc
chit luong dé thi duoc dau tu v cling ti mi va do6
khé dugc phan bd hop ly. Cling véi dé, hé thbng
thi cling nhan dugc nhitng phan hdi tich cuc tir cic
ban thi sinh, ké c3 nhiing ban thi sinh trong nuéc
v3 nhiing dbi tuyén qubc té.

Bén canh nhiing phut gidy thi diu cing thing,
cac ban thi sinh cuing huin luyén vién da cé co hdi
tham gia budi giao luu gidi thiéu cong nghé Teck
Trek v6i nhitng chii dé hot nhu BlockChain, Web
3, Phygital, hay Al-ChatGPT. Tai day, cic ban da
dugc truc tiép gap gd va giao luu véi cdc doanh
nghiép cling véi cic tién bdi di trudc, 13 nhiing
“cyu binh” OLP-ICPC (ExIO) véi nhiéu n3m kinh
nghiém trong linh vuc l4p trinh thi diu ciing nhu
[inh vuc cong nghé. Déng thdi, cac ban coders con
c6 nhiing phat gidy dang nhé trong chuyén tham
quan Dai N6i Hué duoc dién ra sau ky thi.

Cdc kiosk phat qua tir cac nha tai trg ky thi

VNOI tai ky thi OLP’23 &
ICPC Asia Hue City 2023

VNOI rht vinh du va tu hao khi dugc ddng hanh
hd trg xuyén subt ky thi. Cling véi dé, day 13 n3m
thit ba nén tang VNOJ clia VNOI dugc tin tudng
va st dung 1am nén tang t8 chiic ICPC Khu vuc
Chau A (site thi tai Viét Nam) va Olympic Tin hoc
Sinh vién Viét Nam.

D3c biét, ky thi ICPC Asia Hue City 2023 la
nim dau tién mdy 3o dugc ban t8 chiic ICPC Viét
Nam dua vao str dung. DAy 13 hé théng may thi
dugc thiét k& bdi VNOI dua trén hé théng may thi
chinh thic caa ICPC World Finals 2023, véi mot

I5|CPC: International Collegiate Programming Contest - Cubc thi Lap trinh Qubc t& 1au dsi va danh gia nhit danh cho

. PN z \ . BN 2 A BN A
sinh vién céc trudng dai hoc va cao dang trén toan cau.

World Finals: Cudc thi ICPC cubi cling trong mét mia gidi bao gdbm nhitng déi xuit sic nht clia cic trudng dai hoc

trén thé gii vuot qua vong loai viing (Regional contest)
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vai tinh ning méi ducc phét trién riéng danh cho

cac ky thi ICPC tai Viét Nam nhu:

e VPN: Céc may thi sinh déu sé dugc két ndi tdi
hé théng thi cling nhu cac dich vu khac thudc
ICPC théng qua VPN, bao gdm trang thi chinh
thic, may in, etc.

e Livestream: Man hinh céc thi sinh sé dugc ghi
lai va phat truc tiép khi can thiét, phuc vu cho
qué trinh livestream, tai hién khoanh khic cua
thi sinh, cling nhu h& trg cho ban t8 chtc, coach
va khan gia theo doi dugc tiing budc di caa thi
sinh trong gid thi.

e Client mdy in: Thay vi s dung bang lénh ci,
viéc in bai nay da dugc tich hgp vao client cua
VNOI.

Phong thi OLP-ICPC st dung hé théng mdy thi duoc
thiét ké bdi déi ngii ky thudt cda VNOI, truong Dai hoc
Khoa hoc Hué

VNOI rat vui va tu hao khi nhin chung hé théng
may thi da hoat déng vo cung tron tru va hiéu qua
trong subt thdi gian di&n ra ky thi, ciing nhu mang
lai trai nghiém tbt dén véi cac ban thi sinh.

Két qua ky thi OLP’23 & ICPC
Asia Hue City 2023

Trai qua nhiing ngay thi v6 cling cam go va
cing thing, chd nhan cho nhiing ngdi vi danh gia
da 15 dién.

D&i véi ICPC, chli nhan cla chic V6 dich da
thudc vé& ddi NewTrend, mét doi tuyén vo clng
xudt sic dén tir Dai hoc Qubc gia Seoul (Han
Quéc). Dic biét, ky thi di dién ra vé6 cling gay
cAn va cing thing, khi nhing vi tri dau trong bang
x&p hang lién tuc dudc thay d&i chli nhan. Hon thé
nita, sau khi déng bing, bang xép hang cang trd
nén nhon nhip hon bao gio hét. Déang néi, déi Vo
dich d3 c6 chién thing cuc ky ngoan muc va ngoai

7101: Ky thi Olympic Tin hoc Québc té.
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stic tudng tuong khi AC bai cubdi cling & phit thi

299/300, chi vai tich tic trudc khi ky thi két thiic.
Con dbi véi phan thi Olympic Tin hoc Sinh

vién, chd nhan cta ngdi vi din dau cic bang thi

nhu sau:

e V6 dich bang Siéu Cup: Tran Xuin Béch -
Trudng Dai hoc Cbng nghé, Dai hoc Qubc gia
Ha N&i; ddc biét, Xudn Bach ciing chinh la chd
nhan cta tdm Huy chuong Vang 1017 2022 va
Huy chuong Bac 101 2023.

e V5 dich bang Chuyén Tin: Song Déng Gia Phiic
- Trudng Dai hoc Khoa hoc Tu nhién, Dai hoc
Quédc gia Thanh phd H5 Chi Minh. N&i thém,
trudng Dai hoc Khoa hoc Tu nhién - Dai hoc
Qubc gia Thanh phé H5 Chi Minh ciing I3
trudng gianh duoc ngdi vi Nhdt Ddng doéi bang
Chuyén Tin trong cudc thi.

e V6 dich bang Khéng Chuyén & Cao Ding:
Trinh Nguyén Hoang Vii - Trudng Dai hoc Cong
nghiép Thanh phd H& Chi Minh. Trudng Dai
hoc Céng nghiép Thanh phd H& Chi Minh I3
mot dai dién mdi trong ky thi Olympic Tin hoc
Sinh vién ciing nhu ICPC nhiing n3m gan day,
d3c biét trudng da rat xubt sic gianh duoc giai
Nhat Dong déi bang Khong Chuyén trong ky thi
nam nay.
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Déi tuyé7n Seoul National University - V6 dinh ICPC Asia
Hue City 2023

Ngodi nhiing gidi thudng ké trén, ban t8 chiic
ky thi con trao thém nhiing gidi thudng danh cho
cac ban nif sinh xuit sic & cac khéi thi. Cu thé,
ban Pham Thi Hoai Thu (Dai hoc Bach khoa Ha
NGi) & khbi Chuyén Tin va ban Pham Thi Ha Thu
(Trudng Dai hoc Kinh t& Qubc dan) & khéi Khéng
Chuyén d3 xult sic gianh dugc gidi thudng nay khi
gianh duoc gidi Nhit & khdi thi cia minh.
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Cam xic cta thi sinh sau ky thi

NewTrend - Dai hoc Qubc Gia Seoul
(Han Quéc)

D&i thi NewTrend, thuéc Dai hoc Quéc Gia Seoul (Han
Qudc)

Q: Trudc tién, cam xic cha cac ban nhu
thé nao sau 5 tiéng déng hd thi dau?

A: Tui minh rdt phin khich. Tui minh d3 giai
dugc thém 2 bai nita sau déng bang. Vi giai dugc
thém bai sau déng bing nén tui minh phin khich.

Q: Moi ngudi c6 Ié cling cam nhan dugc
khi thiy cic ban & trong phong thi.

A: Um, tui minh tu tin r5ng minh c6 thé vé
dich cudc thi 1an nay.

Q: Tham chi I16i giai cubi cuing chia cac ban
dudc chAm chi vai chuc gidy trudc khi cudc
thi két thic. Cac ban c6 cam nghi gi vé dé
thi nam nay?

A: Minh nghi dé thi rit tuyét vai. Cac bai toan
ciing kha khé dé gii, va tui minh ciing hoc dugc
nhiéu tir bd dé nay. Tui minh b4t ngd vi mdt s bai
nam nay khd la so véi cic bai clia site Viét Nam
trong 5 ndm trd lai day.

Q: Céc ban danh gid bd dé nay nhu thé
nao so vdi cac Regional khac?

A: Céc bai 1an nay ciing déu thd vi nhu cic
Regional khac. Nhiing bai thii vi nhit 13 nhiing bai
khé nhit. DU tui minh sau ciing khéng gii ducc
nhung tui minh thiy kh4 hay.
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Q: Thé con VNOJ thi sao?

A: Minh thiy rit tién vi minh c6 thé copy-
paste code dé nép (thay vi chon file nhu DOM-
judge). Minh ciing thich tbc d6 chdm cia VNOJ.
Vé6i DOMjudge, nhiéu lic tui minh phai chg vai
phat dé c6 két qua. VNOJ thi rAt nhanh nén tui
minh c6 thé nhanh chéng du doén sai sét trong bai
[dam. Nén I3 tui minh thich VNOJ.

Q: Vay con mdi truong may thi cha cac
ban thi sao?

A: Mdi trudng méy thi lan ndy kha gidng &
Seoul Regional. Lic in code ra gidy thi c6 hoi cham
hon so véi & Seoul Regional, nhung vay la d nhanh
roi.

Q: Céc ban c6 gdi y gi dé chiing minh cai
thién khong?

A: Phong thi hoi nhd. Tui minh phai ngdi kha
sat nhau.

Q: Trén thang 1-10, cac ban danh gia cudc
thi 14n nay bao nhiéu diém?

A: 10/10 Vi tui minh d3 c6 man thé hién tbt
v3 duong nhién cudc thi vAn dudc t8 chic rat tbt
nha.

too soft & 1RZck - Dai hoc Qubc
Gia Dai Loan

T ]Z?"".“.
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Déi thi toosoft va doi thi 1RZck, thudc Dai hoc Qubc
Gia Dai Loan

Q: Sau 5 tiéng thi diu thi cic ban cam
thiy nhu thé nao?

A: Co thé tui minh mét méi v kiét stic vi nghi
bai trong thdi gian dai.

Q: Cac ban nghi sao vé dé thi nim nay?

A: Tui minh nghi dé thi rd rang va d& doc. Cac
bai cé d6 khé can bing, trdi ngudc véi Regional
tai Dai Loan. Cha dé clia va do khé clia céc bai
duoc thiét ké tbt.

Q: Cac ban c6 tham gia site Viét Nam cac
nam trudc khong?
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A: Khéng. Nhung tui minh c6 doc dé nim ngoai
clia site Viét Nam. TAt nhién thi d& n3m nay khé
hon rdi.

Q: Cac ban thiy sao vé mdi trudng may
thi?

A: Tét. Code dugc in kha nhanh.

Q: Vay con VNQOJ?

A: Tui minh thiy két qua chdm da nhanh.

Q: Trén thang 1-10, cac ban danh gia cudc
thi 1an nay nhu thé nao?

A: (nhiéu thi sinh dua ra danh gid khac nhau,
hau hét 8, mét vai 7, mét 9)

Q: Céac ban c6 gdi y gi dé ching minh cai
thién khong a?

A: Chic 13 socola hoic cic loai banh tuong tu.
Tui minh khéng ¢ nhiéu thai gian dé 3n udng, nén
tui minh mudn dé 3n khéi luong nhé nhung nhiéu
calo.

Song Doéng Gia Phic - Truong Dai
hoc Khoa hoc Tu nhién, Dai hoc
Qubc gia Thanh phé H8 Chi Minh

ﬂ&?

icpc HUE CITY

Thi sinh Song Déng Gia Phic, khéi thi Chuyén Tin

“Minh danh gi4 rit cao vé chit luong 13n dd khé
cha dé thi n3m nay, viéc chia subtask cta cac bai
todn la chia khéa gilp minh ¢6 nhiing hudng di
ding din. Minh biét ring cudc thi n3m nay s& quy
tu rAt nhiéu thi sinh xuAt sic nén minh chi cé mot
muc tiéu nho nhé 13 dat duoc giai sb".
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Lé Ngoc Bao Anh - Truong Dai hoc
Bach khoa, Dai hoc Da Nang

Thita Thién Hué, ngay 0 ™ thang 12 nam 2023

Thi sinh Lé Ngoc B3o Anh, khbi thi Siéu Cup

“Dé&n véi cudce thi 1an ndy minh khéng dit ning két
qua, chi mong dat dugc két qua cao nhit. Dbi véi
minh, mdy do cla ky thi rit xin va tot, khong gap
bat ky truc tric gi; theo thang diém 10 thi minh
danh gis 8 diém vi c6 phan khac mét chit so véi
may do da dugc dang Ién trudc do.”

Ding Qubc Cudng - Trudng Dai hoc
Cong nghé Thong tin, Dai hoc Québc
gia Thanh ph6é H6 Chi Minh

PHYGITAL
LABS

* l
Vank“'

Ssoftworla

Thi sinh Ding Qubc Cudng, khéi thi ICPC

“Minh 13 sinh vién n3m nhit nén khéng dit ning
vAn dé thanh tich, tham gia dé trai nghiém va hoc
héi kinh nghiém 13 chinh. Minh thiy r3ng ky thi
duoc diu tu rat 13 céng phu va moi thit dugc chu3n
bi rat ky ludng.”
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Phan Khac Duy Long - Trudng Dai
hoc Céng nghé Thanh phé H& Chi
Minh

Thi sinh Phan Kh3c Duy Long, khbi thi ICPC

“Day 13 lan dau tién minh dugc thir siic & ky thi
nay nén minh cdm thiy dé tuong déi khé va c6
phan khé hon xiu so véi cac nim. DAy ciing 13 Ian
dau minh dugc tiép xdc véi may 3o thi nhung ciing
d& 1am quen. Minh thiy ring méay chim tuong dbi
nhanh va 8n dinh.”

Lé Minh Hoang - Truong Dai hoc
Khoa hoc Tu nhién, Dai hoc Quéc
gia Thanh ph6é H8 Chi Minh

Thira Thién Hué, le 12/ 202

>

SILVER SPONSOR

YGITAL
LABS

apansON

Thi sinh Lé Minh Hoang, khbi thi ICPC

“Minh thiy ring dé thi va cac test khdng c6 bAt
ky vin dé gi, méy thi hoat dong tbt. V& méy ao,
nam ngoai minh Ian dau tiép xdc nén c6é phan b3
ngd, con n3m nay minh d3 1am quen va dung tbt
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hon; Itic ddu minh hoi gip khé khin trong viéc két
noi Internet nhung da dugc cic anh chi hd trg.”

Dao Thuy Tuyét Nhung - Trudng Dai
hoc Sai Gon

(HISINHRVIEN ) U0 Gk H
THE 2098 6P ASIA |

Thura Thién Hué, 06 - 08/ 1

-

ark Mokia Pit &) blaa misz o ‘A ™

Thi sinh Dao Thuy Tuyét Nhung, khdi thi Khéng Chuyén

“Dén véi ky thi 1an nay, minh hy vong sé& hoc héi
dugc thém nhiéu kién thic va cé thém nhiéu trai
nghiém. Minh khéng dit ndng thanh tich vi ban
than khic chuyén nganh Cong nghé thdng tin.
Minh thiy ring may 3o rit tién va khéng gip bat
ky truc trdc nao, minh danh gid 10/10 diém.”

Huéng dén The 2023-2024
ICPC Asia Pacific Champi-
onship

VNOI han hanh va tu hao khi trd thanh don
vi tin cdy cung cAp hé thbng thi cho ky thi lan
nay véi viéc khong xay ra su cb kj thuit trong gid
thi. Nhan dudc nhiing phan hdi tich cuc dén tir thi
sinh v ban t8 chic 13 déng luc d& VNOI phat trién
hé théng thi ngdy cang hoan thién nh3m dem dén
nhiing trai nghiém thi tét nhit cho thi sinh qua
tiing n3m. DAy chinh 13 budc dém viing chic dé
VNOI huéng téi The 2023-2024 ICPC Asia Pacific
Championship.
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The 2023-2024 ICPC Asia Pacific Championship dugc t6
chirc tai Truong Dai hoc Céng nghé, DHQG Ha Noi

N&i tiép nhitng thanh céng ctia ICPC Asia Hue
City 2023 vira dién ra, nh3m chon ra nhiing doi thi
xult sic dai dién Asia Pacific tham du Chung két
ICPC toan cAu nim 2024 tai Kazakhstan, cac thi
sinh phai canh tranh Ngbi vi V& dich va 16 subt
tham du ICPC World Finals qua Chung két ICPC
Asia Pacific dién ra vao thang 3/2024.

ICPC Asia Pacific Championship %|

International Collegiate e | e

)w -
‘ B |CpC Programming Contest B oom

The 2324 IGFG Asla Pacific Champlansip Fabruary I3 - March 3, 2024 VN University of Engineering and Technoiogy

Chung két ICPC Asia Pacific dién ra vao thing 3/2024

Vi thé thitc méi dugc dp dung tir ky ICPC ndm
nay, Ha Noi chinh thic trd thanh dia diém dau tién
duoc ding cai t& chic Chung két ICPC Asia Pacific
2024 phdi hop véi ICPC Viét Nam va ICPC Asia
Pacific. Ky thi s& dugc t8 chiic truc tiép thi diu
trong 5 tiéng tir 9h00-14h00 tai Khu thi ICPC tai
Trudng Dai hoc Cong nghé, DHQG Ha N&i trén Hé
théng chuin Québc té ICPC duoc ICPC Toan cau
va Asia Pacific chi dinh va van hanh, phé\n mém
gidm sat thi diu cda Viét Nam do VNOI van hanh.
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T cAu chuyén 'Rua va Thé’ dén thuit toan
phan tich so nguyén

Nguyén Minh Hién
Sinh vién nam 2, Truong Dai hoc Cong Nghé, Dai hoc Quoc gia Ha Noi



Tir cAu chuyén 'Riia va Thd' dén thuit todn phan tich sb nguyén

Nguyén Minh Hién

Phan tich mét sd nguyén ra thira sb nguyén tb
tir [3u d3 13 mot vAn dé quan trong trong nganh
Khoa hoc méy tinh. Da cé rAt nhiéu thuit toan
dugc dua ra nhim tdi wu viée phan tich. Nhung
doi khi, nhiing thuat todn rat phdc tap lai dén tir
nhiing diéu rAt don gidn trong ddi sbng. Vay ching
ta cling tim hiéu xem, 13m sao chi tir cau chuyén
"Rua va Thd", cidc nha todn hoc lai tim dugc mét
thuat toan phan tich sb nguyén hiéu qua nha.

Cau chuyén "Rua va Tho”

Bai todn dudi day ndy thuc t& b3t ngudn tir
truyén ngu ngdn "Rua va Thé” clia Aesop:

Rua va Thé cung thi chay quanh mét
vong san. Tho chay nhanh glp 2 lan
rba. VAy néu cling xult phat va chay
lién tuc, Thé c6 gip Rua khdng? Néu
cé thi gap nhau & dau?

Cau trd I5i v6 cung don gidn: Khi Rua chay dugc
1 vong, Thé da chay dugc tron 2 vong va ching
sé gap nhau tai chinh vi tri d3 cung xuht phat.

Tir bai toén trén, ngudi ta lat lai vin dé ring:
Néu cho Riia va Thé chay dudng thing, thi dui cho
chay nhanh gip d6i Rua nhung Thé ching bao git
Thd gdp dugc Rua ca. Néi cach khac, chi khi di
vao dudng vong thi Rua va Thé cham mat nhau
dugc!

Tu d6, ndm 1967, Floyd da st dung mét thuit
toan tim chu trinh (dudng vong) trén db thi nhu
sau (tam goi 13 Thuat toan Floyd '® ):

Cho mét db thi don, hitu han dinh.
M&i dinh u c6 tbi da mét dudng di
c6 huéng dén dinh f(u) (néu cb). St
dung hai con tré "Rua” va "Thd" cung
xuit phat. M3i budc, Rua di 1 dinh,
con Thé di 2 dinh. Néu Thé gip Rua
thi dusng ching da di cé chu trinh.
Néu khéng tdn tai chu trinh, Thé s&
dén "dich” trudc.

Ta c6 ma gia cha thuat toan nhu sau:

function floyd(f, x0):
tortoise = f(x0)
hare = f(£(x0))
while tortoise != hare:
tortoise = f(tortoise)
hare = f(f(hare))
return (tortoise, hare)

Bai toan tim chu ky cua day

Bai toan: Cho da thic da thic hé sb nguyén
duong khac h3ng f(z) va sb nguyén P. Tim mét
chu ky cia ddy sb (z,, mod P) véi (z,,) dugc xac
dinh nhu sau:

To >0
Tp = f(xn—l)vn > 1
Loi giai:

o Xét diy (u,) Vvéi u, = x, mod P. Suy ra
Unt1 = f(u,) mod P

e Do d3y (u,) v6 han nhung chi nhan P gid tri:
0,1,...,P—1 nén theo Nguyén ly Dirichlet tn
tai hai sb nguyén 0 < s,t < P phan biét sao
cho:

Suy ra s = x; (mod P) = f(xs) = f(xy)
(mod P) = =41 = w441 (mod P) hay
Usy1 = Upp1. Tiép tuc suy dién, ta dugc us o =
Upia, ... Hay néi cach khac day (u,,) tudn hoan.

o Néu coi ug, ur, ... 13 mét ddy céi dinh véi cac
canh dé&n huéng tir u; dén u; 4 = f(uy,) mod P,
st dung thuat todn Floyd & trén, ta ludn tim s, ¢
thda us = u; chinh 1a vi tri cha Rua va Tho khi
gap nhau.

Minh hoa cho trudng hop p = 317, g = 2 va
f(z) = (#* + 1) mod 2206637:

Bhttps: //en.wikipedia.org/wiki/Cycle _detection#Floyd's tortoise and _hare
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- 74

Nhung muc dich cia ching ta la tim P co
ma? Ching ta tim xz, x; réi suy ra P chinh

32 88 13 ged (|2, — 2], N) day! Tat nhién I3 phai tim
den khi P > 1 roi.

Liéu c6 lubn tén tai x,,x,? Theo nguyén ly

189 137 Dirichlet thi ta lay £ = N + 1 thi luén tim

dugc xg, x4 d& P> 1.
Viy x,, x, ldy ddu ra? Chinh I3 tir bai todn tim

2_55 52 chu ky cha d3y sb bén trén.
' Lam sao sinh duoc day (xz,) ma x; nam trong
43 [0; N — 1)7 Lay da thic f thé nao? Day chinh

13 diém dot pha cla thuit todn khi John Pol-
lard dé nghi st dung cac ham c6 dang f(z) =

28 (2% + ¢) mod N véi ¢ 1a sb nguyén duong bit
] ky dé sinh day (x,) ngu nhién véi gia tri nam
trong [0; N —1).

Béng dudi diay 1a minh hoa cho thuit todan

Floyd trong trudng hop trén:

Nhé x, = x, thi sao? Don gian théi, chon hang
s6 ¢ khac cho f(z).

Ta md td Thuat toan Rho ° nhu sau:

’ 7 ‘Rua ‘Tho ‘Rua mod 317 Tho mod 317 , N 9
D 5 5 5 Str dung ham f(x) = (z®+¢) mod P
s % 5 %6 dé sinh day (x,) dén khi tim dugc
2 [26 458330 |26 265 rs = x; (mod P) théa man P =
3 |677 1671573 43 32 ged (’CUs — ;Ut|7N) > 1.
4 458330 641379 265 88
5 [1166412  [351937 169 67
6 [1671573  [1264682  [32 169
7 [2193080  [2088470 |74 74

Bai toan phan tich s6 nguyén

Tur du bai viét dén gid, chiing ta van chi quanh
qué;n véi cac chu trinh, vay chiing cé ting dung thé
nao vao viéc phan tich mdt sd nguyén ra thira sb
nguyén t6?

N3m 1975, John Pollard d3 dé& xuht mét thuat
todn phan tich thita sé nguyén té nhu sau:

Xét sb nguyén duong N. Chiing ta ludn cb ging
tich N=P-Qvéi 1l <P <Q < N rdi tir d6 l3p
lai viéc tach véi P va Q dén khi sb can tach 3 sb
nguyén tb.

Gia st trong k sb nglu nhién z1, 2o, - - -, xy, Ay
tr nita khoang [0; N — 1), ton tai hai s6 s,t ma
s = x; (mod P), ta suy ra:

Pl ged(|zs — ], N)
https://en.wikipedia.org/wiki/Pollard%27s rho algorithm

Khi nay P 13 mét uc cia N. Tiép tuc
N
phan tich P va 5 dén khi khong phan

tich dugc nira.

Mb&t diéu tha vi 13 nhin hinh dudi day chic
cac ban cung hiéu tai sao John Pollard lai dit tén
"Thudt todn p (Rho)"
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189

32

256

43

2

2

- 74

137

52 &7

Minh hoa cho N = 2206637, xo = 2 va

f(z) = (z2 + 1) mod N (tuong tu vi du cda thudt todn

Bang minh hoa cho Thuat toan Rho trong

trudng hgp trén:

Floyd)

’ i ‘Rua ‘Tho ‘gcd(\Tho—Rua\,N)
0 |2 2 -
1 |5 26 1
2 |26 458330 1
3 |677 1671573 1
4 458330 641379 1
5 (1166412 351937 1
6 |1671573 1264682 1
7 12193080 2088470 317

Cai dat tim mdt udc cha N bang C++:

// CP-Algorithms
long long

mult(long long a, long long b, long long mod) {
return (__intl128)a * b % mod;

}

long long f(long long x, long long c, long long mod) {

return (mult(x, x, mod) + c) % mod;

}

long long rho(long long n,
long long tortoise = xO0,

while (g == 1) {

tortoise = f(tortoise,

hare = f(hare,
hare = f(hare,

g = gcd(abs(tortoise -

}
return g;

}

c, n);
c, n);

2https: / /en.wikipedia.org/wiki/Birthday problem

long long x0, long long c) {
hare = x0, g = 1;

c, n);

hare), n);

Do phic tap thuat toan

Thuat toan Floyd

Goi A la d6 dai chu trinh va p la vi tri dau
tién xuat hién chu trinh. Khi dé thuat todn FLoyd
c6 do phc tap thsi gian O(\ + ) va khong gian
O(1).

Tuy nhién lam sao udc ching dugc O(A+ 1) so
véi N? Hay néi cach khac, chon it nhAt bao nhiéu
s& d& xubt hién chu ky?

Néu dé y, chiing ta c6 mot bai todn hoan toan
tuong tu goi la Nghich ly ngay sinh nhat (The
birthday paradox):

Trong mét nim ¢4 d ngdy, x4c suit dé
trong k ngudi ngau nhién cé hai ngudi
trung ngay sinh nhat |a bao nhiéu?

o Néu k& > d thi xac sult 13 1 theo
nguyén ly Dirichlet.

e Néu k < d, st dung bao ham va
loai trur, ta dugc két qua 1a:

Pkt 1 (1 ) (1-2)

kot
d
k! x C*
=~
Trong bai toan hién tai, k sb cAn chon chinh 13
k ngudi, con uéc s6 P mubn tim chinh 13 d ngay
trong nam.

Gia st k nhd hon nhiéu so véi P dang tim. Khi
nay theo phép khai trién Taylor, 1 —% ~eP hay:

k2

k—1
Pk,P)~1—]]e P ~1-eor
=0

— Né&u liy khodng k = 4V/P phn t{ thi
tlr (z;) sé 13y dugc hai sb c6 cling s6 du khi chia
cho P véi xac sut 99.97%. Nhu vay, néu xét uéc
P cia N ma nhd hon VN thi sb phan ti can Iy
khoang 4v/N.

N6i tém lai, (A + p1) ~ 4V N hay O(\ + ) ~
0 (m)
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Tim mot udc cia N

M&i budc tim chu ky cha d3y sb ta sinh ra, ta
tinh ged(|xs — 4], N) mét lan. Tong cbng ta goi
ham gcd trén khoang O (W) lan nén do6 phiic

tap dé tim mét udc cha N I3 O(Wlog]\f).

DE dim bdo xic sult trong thudt todn
tim udc, ta cdn bd cic udc nho (Vi du
2,3,5,7,11,13,17,19) cta N trudc khi phan tich.
Ciing dé dam bao tim dugc mdét u6c 1 < P < N
thi ta cin kiém tra tinh nguyén tb clia N véi kiém
tra Rabin-Miller #* trong d6 phiic tap O(log® N).

D& phic tap toan bd thuat toan khi phan tich
dén nay van 13 bai todn mé (do tinh ngau nhién khi
chon ham f(x) = (2*+¢c) mod N), nhung ngusi ta
van cho ring: Thuat toan phan tich N cé cung
tiém can do phuc tap thdi gian v@i thuat toan
Rho. Trong trudng hgp nay, do phic tap thai gian
clia thuat toan phan tich 13 O(V/N log N). Con do
phiic tap khong gian 13 O(log N) (st dung dé luu
k&t qua phan tich).

Cai tién cua Brent

N3m 1980, Brent d3 cai tién Thuét toan Rho
tim udc st dung mét cach tim chu trinh khac (tam
goi 13 Thuat toan Brent * ).

Goi A la d6 dai chu trinh va g la vi tri dau tién
xuit hién chu trinh. VAn ¥ tudng st dung hai con
trd, nhung ta s& tim power I3 Ifiy thira nhd nhit
cGa 2 ma I6n hon A va u. Sau dé, ta sé tim x,, xy
bing cach xuit phat tir 2, = power tim ;.

M6 ta: Duyét i tu 1:

e Cho Rua chay dén zy_,

e Cho Thd chay tir 24 dén 29415 xem c6 ton
tai gi4 tri bing Rua khong. Néu ton tai thi két
thic thuit toan.

Ma gia budc tim chu trinh:

// CP- Algorithms
function brent(f, x0):
tortoise = x0
hare = f(x0)
power = 1
while tortoise != hare:
tortoise = hare
repeat power times:
hare = f(hare)
if tortoise == hare:
break
power *= 2
return (tortoise, hare)

D& ting tbc thult toén, chiing ta c6 thé thiy ring:

a R i 4 3s
e Khéng can xét x, — x; néu s < t < ) (vong

l3p truéc khong tim dugc nén chu ky phai I6n
hon power/2). = Loai dugc khodng 50% sb
truong hop

o Néu ged (g1t -+, N) > 1 thi chic chin
mot trong cic sO i1, Usro, ... s& théa man
ged(uj, N) > 1 (d& dang chdng minh bang
phan chiing). = Ta khéng can goi gcd(u, N)
mdi budc Thé chay ma goi theo mdi budc Riia
chay hay khodng log(\ + 1) lan.

e Sau cling, ta vin cin mét lan duyét )\ budc
dé tim vi tri Tho gdp Rua va s dung ham
ged(u, N) mdi busc. = C3 thujt todn goi
ged(u, N) khodng A + log(\ + ) ~ VN lan.
D6 phifc tap clia Thuat toan Brent vin I3

@) (Wlog N). Tuy nhién Thuat toan Brent lai

c6 sb 1an st dung f(x) it hon Thuat toan Floyd
rit nhiéu nén d3 ting tdc thuit todn tim chu trinh
khodng 36% va thudt todn phan tich sé nguyén
khoang 24% - theo Brent .

Bang duéi day l1a minh hoa cho Thuéat toan
Brent v6i N = 143, zyp = 2 va ¢ = 1. D3y sb:
2,5,26,105,15,83,26,105,... O busc i = 2, ta

3
khéng xét 15 do s < t < ES

i lo 1 2

s=2"—1 0|1 3

xs mod N 215 105

Toi — Toi41_; mod N |5 |26, 105 |15, 83, 26, 105
|y — x| 3 021,100 |22, 79,0
ged(|ze — zs|, N) - |1 11

Code C++ minh hoa:

// CP-Algorithms
long long
brent (long long n, long long x0, long long c) {
long long tortoise = x0, g =1, q = 1;
long long hare, xs;
int m = 128, 1 = 1;
wvhile (g == 1) {
hare = tortoise;
for (int i = 1; i < 1; i++)
tortoise = f(tortoise, c, n);
int k = 0;
while (k < 1 && g == 1) {
XS = tortoise;
for (int i = 0; i <m && i <1 - k; i++) {
tortoise = f(tortoise, c, n);
q = mult(q, abs(hare - tortoise), n);

}
g = ged(q, n);
k += m;

}

1 *x= 2;

}
if (g ==n) do {

Zhttps:/ /vnoi.info/wiki/algo/algebra/primality check.md#3-thu%E1%BA%ADt-t0%C3%A1n-rabin-miller
2https://en.wikipedia.org/wiki/Cycle _detection#Brent's _algorithm
Bhttps://en.wikipedia.org/wiki/Cycle _detection#Brent's _algorithm
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xs = f(xs, ¢, n); 325,
g = gcd(abs(xs - hare), n); 9375,
} while (g == 1); 28178,
return g; 450775,
} 9780504,
1795265022})
Duéi d”‘ I3 q d h kh’ . C d if (!'checkMillerRabin(z, x, s, k)) return false;
udl day la code dugc tham ao tu Coaqe }
RR 2 . Code di xét trudc cic nhan tu return true;

}
2,3,5,7,11,13,17,19 trudc khi st dung Thuat

toan Rho Pollard véi cai tién cha Brent. Nhu
da néi & trén, cdc nha nghién cu uéc lugng thuat }
toan cé do phic tap:

o Thdi gian: O (\‘*/Nlog N> (chua c6 ching

11 ged(11 x, 11 y) {
return y == 0 ? x : gcd(y, x % y);

mt19937_64 rng(chrono::steady_clock: :now()
.time_since_epoch()
.count());

minh).

e Khong gian: O(log N) (d€ luu két qua phan

tich).

Code d3 vuot qua 100 test véi N < 10'8 trong
25

khoang 100ms tai Library Checker - Factorize

#include <bits/stdc++.h>

using namespace std;

using 11 = long long;

using ull = unsigned long long;

using 1d = long double;

11 mult(1l x, 11 y, 11 md) {
ull g = (Ad)x * y / md;
11 res = ((ull)x * y - q * md);
if (res >= md) res -= md;
if (res < 0) res += md;
return res;

}

11 powMod(1l x, 11 p, 11 md) {
if (p == 0) return 1;
if (p & 1) return mult(x, powMod(x, p - 1, md), md);
return powMod(mult(x, x, md), p / 2, md);

}

bool checkMillerRabin(1ll x, 11 md, 11 s, int k) {
x = powMod(x, s, md);
if (x == 1) return true;
while (k--) {
if (x == md - 1) return true;
x = mult(x, x, md);
if (x == 1) return false;
}
return false;

}

bool isPrime(1l x) {
if (x==2 |l x==3 1l x==5|| x==17)
return true;

— 0)

return false;
if (x < 121) return x > 1;
11 s = x - 1;
int k = 0;
while (s % 2 == 0) {

s >>= 1;

k++;
}
if (x < 1LL << 32) {

for (11 z : {2, 7, 61})

if (!'checkMillerRabin(z, x, s, k)) return false;

} else {

for (11 z :

{2,

if (x%2==011x%3==01]lx%5-== Il x %7 ==

long long get_rand(long long r) {
return uniform_int_distribution<long long>(0, r - 1)(
rng
)s
}

void pollard(ll x, vector<ll> &ans) {
if (isPrime(x)) {
ans.push_back(x) ;
return;
}
11 c =1;
while (true) {
c =1+ get_rand(x - 1);
auto f = [&]1(11 y) {
11 res = mult(y, y, x) + c;
if (res >= x) res -= x;
return res;

for (int i = 0; i < len; i++) z = f(2);
11 zs = -1;
int 1ft = len;
while (g == 1 && 1ft > 0) {
zs = z;
11 p = 1;
for (int i = 0; i < B && i < 1ft; i++) {
p = mult(p, abs(z - y), x);
z = £(2);
¥
g = ged(p, x);
1ft -= B;
}
if (g ==1 {
y =2z
len <<= 1;
continue;
}
if (g == x) {
g=1;
z = zs;
while (g == 1) {
g = gcd(abs(z - y), x);
z = £(z);
}
}
if (g == x) break;
assert(g !'= 1);
pollard(g, amns);
pollard(x / g, ans);
return;

2*https: //github.com/ngthanhtrung23/ACM _Notebook new/blob/master/Math/NumberTheory/Pollard factorize.h

Bhttps: //judge.yosupo.jp,/problem /factorize
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}
}
// return list of all prime factors of x (can have
// duplicates)
vector<ll> factorize(1ll x) {
vector<ll> ans;
for (11 p : {2, 3, 5, 7, 11, 13, 17, 19}) {
while (x % p == 0) {
x /= p;
ans.push_back(p) ;
}
}
if (x !'= 1) pollard(x, ans);
sort(ans.begin(), ans.end());
return ans;
}
// return pairs of (p, k) where x = product(p~k)
vector<pair<ll, int>> factorize_pk(1ll x) {
auto ps = factorize(x);
11 last = -1, cnt = 0;
vector<pair<ll, int>> res;
for (auto p : ps) {
if (p == last) ++cnt;
else {
if (last > 0) res.emplace_back(last, cnt);
last = p;
cnt = 1;
}
}
if (cnt > 0) res.emplace_back(last, cnt);
return res;

e SPOJ - FACTO %

e Library Checker - Factorize '

e SPOJ-FACT1 %

e SPOJ-FACT2 ®

e Wikipedia ¥

e CP3! _Algorithms - Integer factorization >
e Giai thuat Pollard Rho 33

Bhttps:/ /www.spoj.com/problems/FACTO0/
2"https://judge.yosupo.jp,/problem /factorize
Bhttps:/ /www.spoj.com/problems/FACT1/
https:/ /www.spoj.com/problems/FACT2/
$https://en.wikipedia.org/wiki/Main _Page

31CP: Competitive Programming - Lap trinh thi d4u
32https: / /cp-algorithms.com /algebra /factorization.html

$https:/ /www.giaithuatlaptrinh.com /?p=393
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 https://www.spoj.com/problems/FACT1/ 
 https://www.spoj.com/problems/FACT2/ 
 https://en.wikipedia.org/wiki/Main_Page 
 https://cp-algorithms.com/algebra/factorization.html 
 https://www.giaithuatlaptrinh.com/?p=393 
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Mé& dau
Gidi thiéu vé Auxiliary Tree

Auxiliary tree hay cay phu (con dugc biét dén
v6i cai tén virtual tree - cdy 30) 1a mét ki thuat dé
g|a| quyét mdt 16p cac bai toan lién quan dén truy
van trén mdt tap cac dinh cla mot cay cho trudc.

D&i véi cac bai toan truy van tren cay thong
thudng, cé thé coi nhu mét truy van va truy van
trén toan bo cdy thi thudng s€ dung cac ki thuat
nhu centroid decomposition, quy hoach déng trén
ciy, DSU on tree d& giai quyét. Néu van giif nguyén
cach hoi cta bai todn nhung lic nay chia ra lam Q
truy vAn, mdi truy vin chi yéu cau tinh ton trén
mot tép cac dinh cho trudc thi day la ki thuat gidp
ban xdy dung mét cdy phu dugc tao ra tir tip cac
dinh trong truy vin cling véi mét sb dinh b8 sung
khac (ddng nghta véi viéc bd di cac dinh khéng can
thiét trong ciy ban dé\u), sau d6 chi can gidi binh
thudng nhu trong trudng hop truy vin trén toan
bo cay.

DE hinh dung rd hon thi sau day 13 hinh minh
hoa cy phu dudc sinh ra tir ciy ban dau:

Cay ban diu

A b

Cay phu dugc sinh ra

Trong dé céc dinh mau dd 13 cac dinh can truy
vAn, c4c dinh mau xanh 13 c4c dinh phu dugc thém.
Néu ban cam thiy mo hd thi ciing dimg lo I3ng,
o phﬁn con lai clia bai viét, minh s& tap trung vao
viéc gidi thich ciing nhu cich xdy dung cdy phu,
sau dé 13 cai d5t mAu va cac bai tap vi du.

27

Céac kién thic can biét
DE hiéu rd bai viét ndy, ban doc nén cé kién
thic vé nhiing ndi dung sau:
e Cay, cac phép duyét co ban (DFS, BFS).
e Lowest common ancestor (LCA).

Dang bai toan

H3y cling xem qua bai todn don gidn sau:

Bai toan: cho mét cdy ¢6 N dinh (1 < N <
2-10°). Hay tinh téng khoang cach cia tht ca cac
c3p dinh trong cdy. Cu thé hon, h3y tinh:

Z Z dist(u, v)

u=1 v=u+1

trong dé dist(u,v) 1a khodng céach giita hai dinh
U, v.

Day |a mét bai toan quen thudc va cé thé giai
quyét d& dang bing DFS. Sau day |3 phién ban khé
hon mot chat:

Phién ban khé hon: c6 téng cdng Q truy van,
truy van thi i bao gdm k; dinh (téng cac k; khéng
vuot qua 2 - 10°), yéu ciu hdy tinh tdng khoang
cach cha tht ca cac cdp dinh trong s6 k; dinh nay.

V4i phién ban cé nhiéu truy vAn, ta khéng thé
DFS trén toan bd cdy cho mdi truy van. Tuy nhién
c6 mot rang budc quan trong 13 tong ki <2-10°.
Do d6 néu v6i moi truy van, néu tim du’dc cach
loai bd cic dinh khéng can thiét dé gidm sb luong
dinh cha cay thi bai toin d3 duoc giai quyét.

Cach xay dung cay phu

Cay phu dugc tao thanh tir cac dinh truy van,
cung véi LCA cla tAt ca3 cac cap dinh nay, cac dinh
con lai sé khong anh hudng gi sé dugc bé qua. Li
do c6 thém cac dinh LCA 13 vi d€ dam bao c4c dinh
két ndi véi nhau, ngoai ra sb lugng dinh LCA phan
biét s& khéng vuct qud sb luong dinh truy vin va
mdi quan hé giifa cic dinh (quan hé tién bbi - hau
dué) s& dugc giit nguyén so véi cdy ban dau.

Minh hoa viéc khéng thé két néi cic dinh
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Qué trinh xdy dung cay phu s& bao gébm hai
céng doan chinh:
1. Thém céc dinh b8 sung (cac dinh LCA).

2. Xay dung cac canh cua cay.

Thém céac dinh bd sung

Mbt tinh chit quan trong lam tién dé gilp ta
xay dung dugc cy phu dé 13 mic du sb luong cip
dinh 13 rdt 16n nhung s6 luong dinh LCA phan biét
13 khéng nhiéu.

Dinh i 1: Gia st s6 luong dinh truy van 13 &,
khi d6 sb lugng cic dinh LCA dugc thém khéng
vuot qua k£ — 1.

Ching minh: sip xép cac dinh truy van ting
dan theo thi tu thim trong phép duyét DFS (danh
sach A). Xét hai dinh u,v. Cé ba trudng hop xay
ra:

1. u hodc v la tién bbi cta dinh con lai, khi dé sb
luong dinh LCA khéng d6i.

2. u va v ding ké nhau trong danh sich A: thém
LCA cla u va v vao cdy, sb lugng dinh LCA
tang 1. Vi chi c6 téi da k — 1 cip (u,v) nhu vay
nén sb lugng dinh LCA tang tbidald k — 1.

3. wva v khéng ding k& nhau: gia st u ding trudc
v trong danh sdch A. K{ hiéu T, 13 ciy con gbc
u trong ciy ban diu, xét dlnh u € A la dinh
cubi cling trong T, va dinh v’ € A I3 dinh dau
tién khong nam trong 7}, nhung nam trong LCA
cla u v v, dinh v/ ludn tdn tai vi v 13 dinh
khong thudc T,,. D& thiy thd tu n3m trong A
cla cic dinh 13 v < v < v < v va LCA cla
v’ va v’ ciing chinh 13 LCA cta v va v. Trong
trudng hop ndy, sb luong dinh LCA khéng thay
déi. Hinh minh hoa (sé trén mdi dinh 13 thi tu
duyét DFS):

.
) .
— .,
— /;:\
_
e “\(\
| |
e -

Vi du minh hoa cdc dinh u, u’, v', v

Két luan: sb lugng dinh LCA dugc thém sé
khong vuot qud k — 1 va dé tim tht ca cac dinh
LCA, ta chi don gian I3y LCA cda moi cip dinh
u, v k& nhau trong A. Nhu vay kich thudc cta cy
phu la O(2k — 1) = O(k).

Mé&t vi du vé trudng hop sb dinh LCA bing
k—1:

o N / ) \_\
(__/ \_/

Trucng hop sb dinh LCA dat tbi da

Xay dung cac canh

Budc tiép theo sau khi d3 thém cic dinh b
sung (cic dinh LCA) la x8y dung cic canh cla
cay.

Sau day la minh hoa thudt todn cho cdy phu &
dau bai viét:

C3y phu minh hoa
Cha thich: )
e Dinh mau dé: cac dinh truy van.
e Dinh mau xanh: cic dinh LCA.
e Gi tri trén dAu mai dinh biéu thi th tu thim
trong phép duyét DFS.

28
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Thu4t toén bao gébm céc budc sau:

e Sip xép céc dinh can truy vin cling vdi céc
dinh LCA t3ng dan theo thit tu thim trong phép
duyét DFS.

e Thém dinh ¢ thi tu thim nhd nhit vio stack
(gbc clia cay phu), trong trudng hop nay 13 dinh
1 trén hinh.

e LAn luct xét qua céc dinh con lai (gid si dinh
dang xét la u):

— Néu dinh & dau stack I3 tién bdi cta u thi
dinh nay sé& |3 cha truc tiép cha u trong cay
phu (Ii do 13 vi c4c dinh dugc duyét theo thir
tu ting dan trong phép duyét DFS) do d6 ta
thém canh nbi gitta u va dinh & dau stack,
thém u vao stack. O hinh minh hoa bén duéi,
do dinh 2 13 tién bbi cla dinh u = 9 nén ta
thém canh nbi giita 2 va 9.

Hinh minh hoa trudng hop 1

Ngugc lai, ta biét r5ng mot tién bbi gé\n véi u
nhit s& n3m trong stack (dinh nay ludn tén
tai do LCA cla u luén dugc xét trudc u) nén
ta s& |4y phan t& ra khdi stack cho dén khi
phan t&r & dinh stack 13 tién bbi cia u. Hinh
minh hoa:

Hinh minh hoa trucng hop 2

trong trudng hop ndy, tién bdi gan nhit cla
dinh «w = 5 13 dinh 2, cic dinh ducc Iéy ra
khoi stack gdm {9}, ta thém canh ndi giita
2, 5 va thém dinh 5 vao stack.

Trong sb cha cic canh trong ciy phu bing
khoang cach cuia hai dinh trong cdy ban dau.

Cubi cling ta dugc cay phu nhu sau:

29

Hinh minh hoa trucng hop 2

Cai dat mau

Tiép sau day sé |3 cai dit m3u cho bai todn &
dau bai viét, dugc chia thanh cic buéc nhu sau.

Tién xua i

Dau tién ta sé thuc hién DFS trén cay ban dau
dé xac dinh thif tu thim ciing nhu tim cha ctia mdi
dinh.

Cha thich:
e tin[ul: thd tu thdm cba dinh u trong phép

duyét DFS.

e anc[j][i]: bang thua luu cha thir 27 clia dinh
1.

e adj[ul: danh sich cc dinh ké véi u trong cdy
ban dau.

e tout[ul: thi tu thim cla dinh con cubi cling
trong cay con goc u.
e depth[u]: do sau cua dinh w.

void dfs(int u, int prev = -1) {
tinlu] = timer++;
anc[0] [u] = prev;
for (int v : adjlul) {
if (v !'= prev) {
depth[v] = depth[u] + 1;
dfs(v, u);
}
}
tout[u] = timer - 1;

}

void preprocess() {
dfs(0);
for (int j = 1; j < LOG; ++j) {
for (int i = 0; i < m; ++i) {
anc[jl1[i] =
(anc[j - 11[i] '= -1
? anc[j - 1llanc[j - 1][i]]
: -1);
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Dinh nghia cac ham trg giup

Tiép theo 13 mét sb6 ham dé tim LCA va hd trg
cho viéc xay dung cay phu & budc tiép theo.
Cha thich:
e Him is_ancestor: kiém tra xem u c6 phai 13
t5 tién clia v hay khéng.
e Ham 1ca: tim LCA caa hai dinh u,v.

e Ham comp: so sdnh wu, v theo th( ty thdm trong
phép duyét DFS.

bool is_ancestor(int u, int v) {
return tin[u] <= tin[v] && tin[v] <= tout[u];

}

int lca(int u, int v) {
if (is_ancestor(u, v)) return u;
if (is_ancestor(v, u)) return v;
for (int i = LOG - 1; i >= 0; --i) {
int pu = anc[i] [ul;
if (pu != -1 && !is_ancestor(pu, v)) u = pu;
}
u = anc[0] [u];
assert(is_ancestor(u, v));
return u;

}

bool comp(int u, int v) { return tin[ul] < tin[v]; }

Xay dung cay phu

O buéc xay dung ndy s& bao gdm ba céng doan
chinh:

e S3p xép cac dinh ting dan theo thd tu thim
trong phép duyét DFS.

e Thém céac dinh LCA vao tap dinh.

e Tiép tuc sip xép cac dinh theo thit tu ting dan
trong phép duyét DFS, thém dinh gbc vao stack
(dinh dau tién), sau d6 duyét qua timg dinh con
lai va thém cac canh tuong Ung.

Chd thich:

e aux_adj [ul: danh sich cac dinh ké véi u trong

cay phu.

int build_auxiliary_tree(vector<int> &vers) {
int sz = (int)vers.size();

// thém céc dinh LCA.

sort(vers.begin(), vers.end(), comp);

for (int i = 0; i < sz - 1; ++i) {
int new_vertex = lca(vers[i], vers[i + 1]);
vers.push_back(new_vertex) ;

}
sort(vers.begin(), vers.end(), comp);

// loai bd cic dinh bi triung.
vers.erase(
unique(vers.begin(), vers.end()), vers.end()

)

// thém céc canh.
vector<int> stack;

int aux_root = vers[0];
stack.push_back(aux_root) ;

for (int i = 1; i < (int)vers.size(); ++i) {
int u = versl[il;
while (!stack.empty() &&
lis_ancestor(stack.back(), u))
stack.pop_back() ;
assert(!stack.empty());
int last = stack.back();
aux_adj[last].push_back(u);

stack.push_back(u);
}
return aux_root;

}

Ham nay sé trad vé dinh goc cha cdy phu.

Tra I16i truy van

Phan con lai d6 13 tr3 13i truy vAn trén mdi cay
phu x8y dung dugc. Sau day I3 I5i gidi tham khao.

Loi giai: trén cy phu xdy dung dugc, dé tinh
tdng khodng cach cha cic dinh thi véi mdi canh
ta s& dém luong déng gbp clia canh dé vao dap an
(hay sb luong dudng di ma di qua canh nay). Dap
4n 13 t8ng déng gbp cla cac canh.

Cha thich:
e cnt_important[ul: luu sb lugng dinh c6 n3m

trong cac dinh truy vin cta ciy con gbc w.

long long dfs2(int u) {
long long ans = 0;
for (int v : aux_adj[ul) {
ans += dfs2(v);
cnt_important [u] += cnt_important([v];
}
for (int v : aux_adj[ul) {
int dist = depth[v] - depthl[ul;
ans += 1LL * dist * cnt_important[v] *
(k - cnt_important[v]);
}
return ans;

}

void solve() {
cin >> q;
for (int gc = 0; qc < q; ++qc) {
cin >> k;
vector<int> vers(k);
for (int i = 0; i < k; ++i) {
cin >> vers[il;
--vers[il;
cnt_important [vers[i]] = 1;
}
int aux_root = build_auxiliary_tree(vers);
long long sum = dfs2(aux_root);
cout << sum << '\n';

for (int ver : vers) {
aux_adj[ver].clear();
cnt_important [ver] = 0;
}
}
}

Code hoan chinh

Du6i day la code hoan chinh cho bai todn &
dau bai viét, bao gbm cac ham da dugc gidi thich
3 trén theo trinh tu.

30
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#include <bits/stdc++.h>
using namespace std;

const int N = (int)2e5;

const int LOG = 21;

vector<int> adj[N], aux_adj[N];
int depth[N], tin[N], tout([N];
int cnt_important[N];

int anc[LOG] [N];

int timer;

int n, q, k;

void dfs(int u, int prev = -1) {
tin[u] = timer++;
anc[0] [u] = prev;
for (int v : adjl[ul) {
if (v !'= prev) {
depth[v] = depth[u]l + 1;
dfs(v, uw);
}
¥
tout[u] = timer - 1;

}

void preprocess() {
dfs(0);
for (int j = 1; j < LOG; ++j) {
for (int i = 0; i < nj; ++i) {

anc[j][i] =
(anc[j - 11[i] != -1
? anc[j - 1] [anc[j - 1][i]]
: -1);

}
}
}

bool is_ancestor(int u, int v) {
return tin[u] <= tin[v] && tin[v] <= tout[u];

}

int lca(int u, int v) {
if (is_ancestor(u, v)) return u;
if (is_ancestor(v, u)) return v;
for (int i = LOG - 1; i >= 0; --i) {
int pu = anc[i] [u];
if (pu !'= -1 && !is_ancestor(pu, v)) u = pu;
}
u = anc[0] [ul;
assert(is_ancestor(u, v));
return u;

}

bool comp(int u, int v) { return tin[ul < tin[v]; }

void read_input() {
cin >> n;
for (int i = 0; i < n - 1; ++i) {
int u, v;
cin >> u >> v;
-—u;
-—v;
adj [u] .push_back(v);
adj [v] .push_back(u);
}
}

int build_auxiliary_tree(vector<int> &vers) {
int sz = (int)vers.size();

sort(vers.begin(), vers.end(), comp);

for (int i = 0; i < sz - 1; ++i) {
int new_vertex = lca(vers[i], vers[i + 1]);
vers.push_back(new_vertex) ;

}

sort(vers.begin(), vers.end(), comp);
vers.erase(
unique(vers.begin(), vers.end()), vers.end()

);
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vector<int> stack;

int aux_root = vers[0];

stack.push_back(aux_root) ;

for (int i = 1; i < (int)vers.size(); ++i) {
int u = vers[i];
while (!stack.empty() &&

'is_ancestor(stack.back(), u))
stack.pop_back() ;

assert(!stack.empty());
int last = stack.back();
aux_adj[last].push_back(u);

stack.push_back(u) ;
}
return aux_root;

}

long long dfs2(int u) {
long long ans = 0;
for (int v : aux_adj[ul) {
ans += dfs2(v);
cnt_important [u] += cnt_important[v];
}
for (int v : aux_adjl[ul) {
int dist = depth[v] - depth([ul;
ans += 1LL * dist * cnt_important[v] *
(k - cnt_important([v]);
}
return ans;

}

void solve() {
cin >> q;
for (int qc = 0; qc < q; ++qc) {
cin >> k;
vector<int> vers(k);
for (int i = 0; i < k; ++i) {
cin >> vers[il;
--vers[i];
cnt_important [vers[il] = 1;
}
int aux_root = build_auxiliary_tree(vers);
long long sum = dfs2(aux_root);
cout << sum << '\n';

for (int ver : vers) {
aux_adj[ver].clear();
cnt_important [ver] = 0;
}
}
}

int main() {
cin.tie(nullptr)->sync_with_stdio(false);
read_input();
preprocess();
solve();

return O;

D6 phirc tap: O(Nlog N) cho budc tién xi
li vd O(k;log k;) cho mbi truy vAn. Vi téng céc k;
khong vugt quéd N nén do phdc tap cudi cung la
O(NlogN).



Cay 'ao’

Nguyén Minh Thién

Cac bai tap vi du

Codeforces® - 1702G2 ¥

Tém tit dé bai

Cho mot cay c6 n dinh. M6t tap cac dinh dugc
goi la passable néu tdn tai mét dusng di di qua tht
ca céc dinh, khdng cé canh nao di qua hai 13n va
dudng di ndy c6 thé di qua cac dinh khic (khéng
nam trong tap dmh)

Cé ¢ truy van. M0| truy vin ducc cho bdi mét
tap cac dinh, yéu ciu h3y xic dinh xem tip dinh
nay cé la passable hay khong.

Gidi han

o 1<n<2-10°.

o 1 <¢<10°

e T8ng sb lugng dinh trong cac truy vin khéng
vugt qua 2 - 10°.

Loi giai
Nhan xét rang mot tap cac dinh 13 passable khi

mdi dinh chi c6 tbi da mét con hodc ti da hai con

trong trudng hop do 3 dinh gbc.

Vi mdi truy van, ta sé xdy dung ciy phu va
kiém tra xem cdy phu dugc tao thanh cé la pass-
able hay khong.

Chimg minh tinh ding dén:

o Néu mét tap dinh |13 passable thi viéc thém cic
dinh LCA s& khéng thay déi dép an do cac dinh
LCA dugc thém ciing s& nam trén dudng di.

e Néu mét tap dinh khéng phai 13 passable thi
viéc thém cac dinh LCA ciing khéng thé khién
cac dinh trd nén passable.

Cai dit mau
Thay d8i lai ham solve nhu sau:

void solve() {
cin >> q;
for (int qc = 0; qc < q; ++qc) {
cin >> k;
vector<int> vers(k);
for (int i = 0; i < k; ++i) {
cin >> vers[i];
--vers[i];
}
int aux_root = build_auxiliary_tree(vers);
bool passable = (int)aux_adjl[aux_root].size() <= 2;
for (int 1 = 1; i < (int)vers.size(); ++i) {
if ((int)aux_adjlvers[i]].size() > 1) {

passable = false;
break;
}
}
cout << (passable 7 "YES" : "NO") << '\n';
// reset lai gia tri cho cadc truy van tiép theo
for (int ver : vers) aux_adj[ver].clear();

Do phirc tap: do chi duyét qua cac dinh trong
cay phu nén dd phtic tap van 1a O(N log N).

Codechef - YATP 3

Tiép theo ta sé dén véi bai ma moi canh trong
cdy déu cb trong so.

Tém tit dé bai

Cho mét cay c6 N dinh, mbi canh déu c6 mét
trong sb, véi dinh géc la dinh 1.

Dinh nghia g(u,v) la trong s6 clia canh cé
trong sb 16n nhit trén dudng di tir u dén v.

Cé Q truy vin, mdi truy vin duoc cho bdi K
dinh phan biét vy, vs, . . ., Uk, yéu cAu hdy tinh téng
gi4 tri ham ¢ d&i v6i moi c3p dinh trong tip céc
dinh d3 cho.

Gidi han

e 10 < N <10°

e 1<Q <3 104

. Tc“;ng cac gia tri K; khéng vuot qua 1.5 - 10°.

Ldi giai

DAu tién xay dung cay phu véi trong sb cla
canh u, v 13 g(u, v), c6 thé d& dang tinh théng qua
bang thua va nhdy nhj phan (sé khéng dugc trinh
bay cu thé tai day).

Trén cay phu, tinh toan dong gbp ctia mdi canh
vao dap én nhu’ sau: sip xep cac canh ting dan
theo trong sb, dung DSU dé 1an luot thém céac
canh, khi mét canh nbi hai thanh ph§n lién théng
khac nhau thi ludn dam bao trong sb & cac thanh
phan lién thong khdng vuct qué trong sb ctia canh
hién tai, do dé chi can dém sb duong di di qua
canh nay.

34Codeforces: mét trang web t8 chifc cac cudc thi 1ap trinh thi d4u véi cic dang dé, bai tap da dang.

$https: //codeforces.com/contest /1702 /problem /G2
%https:/ /www.codechef.com/DEC21A /problems/YATP
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Cay 'ao’

Nguyén Minh Thién

Cai d3t mau
Dinh nghia struct DSU:

struct Dsu {
int n;
vector<int> par, sz, cnt_important;
Dsu() {}
Dsu(int _n)
: n(_n)
, par(n)
, sz(n)
, cnt_important(n) {
for (int i = 0; i < n; ++i) {
par[i] =
sz[i] = 1;
}
}
void reset(int u) {
par[u] = u;
sz[u]l = 1;
}
int find(int v) {
while (v != par([v]) v = par([v] = parl[par[v]];
return v;
}
long long unite(int u, int v, int w) {
u = find(u);
v = find(v);
assert(u != v);
if (sz[ul < sz[v]) swap(u, v);
sz[u] += sz[v];
par[v] = u;

// tinh lugng déng gbép cua canh (u, v).
long long res =

1LL * w * cnt_important[u] * cnt_important[v];

cnt_important [u] += cnt_important[v];
return res;
}
} dsu;

Thay d8i ham solve nhu sau:

void solve() {
dsu = Dsu(n);
for (int gc = 0; qc < q; ++qc) {
cin >> k;
vector<int> vers(k);
for (int i = 0; i < k; ++i) {
cin >> vers[i];
--vers[i];
dsu.cnt_important [vers[i]] = 1;

}
build_auxiliary_tree(vers);

vector<array<int, 3>> edges;
for (int u : vers)
for (auto [v, w] : aux_adj[ul)
edges.push_back({u, v, w});

// s8p xép cac dinh ting din theo trong sb
sort(

edges.begin(),

edges.end(),

[1(auto a, auto b) { return a[2] < b[2]; }
)s
long long res = 0;
for (auto [u, v, wl : edges)

res += dsu.unite(u, v, w);

3"https:/ /www.codechef.com/problems/PAIRCNT

cout << res << '\n';

// reset lai gia tri cho céc truy vén tiép theo

for (int ver : vers) {
aux_adj[ver].clear();
dsu.cnt_important [ver] =
dsu.reset (ver);

}

}
}

H

D6 phdc tap: d6 phic tap la O(N log N).

Loi két

Trong bai viét nay, ching ta d3 tim hidu v& ki
thuat Auxiliary Tree, dugc dp dung dé giai quyét
cac bai toan lién quan dén truy van trén mét tap
dinh cta cay Hi vong rang bai viét nay gitp ban ¢
cai nhin tong quan vé Auxiliary Tree va van dung
dé giai quyet cac bai todn tuong tu.

Bai tap van dung

Codechef - Chef and Pairs 7

Hackerrank HourRank 15 - Kitty's Calculations
on a Tree 38

39

Codechef - Adjacent Leaves
Codeforces round 614 - D %°
Codeforces round 339 - D #

Tham khao

e https://codeforces.com/blog/entry/76955

e https://blog.sengxian.com/algorithms /virtual-
tree

e https://oi-wiki.org/graph /virtual-tree/

$Bhttps:/ /www.hackerrank.com/contests/hourrank-15/challenges/kittys-calculations-on-a-tree /problem

$https: //www.codechef.com/problems/ADJLEAF2
*Ohttps: //codeforces.com/contest /1292 /problem /D

*https:/ /codeforces.com /contest /613 /problem /D
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Quy hoach ddng 'hd so gay’

Duong Hoang Long
Lép 11 Tin, Truong Pho Thong Nang Khiéu - DHQG-HCM



Quy hoach déng 'hé so gy’

Duong Hoang Long

L&i néi dau

Néu ban d3 hoc CP** I3u ndm, ban cé thé d3
timg thay vai bai st dung DP Broken Profile nhung
khi lén mang thi lai gan nhu khéng cé cdc théng
tin vé né. Vi thé, bai viét nay sé mang dén cho
cdc déc gia vé cdc théng tin co ban vé DP Broken
Profile d& cé thé I3m va hiéu duoc vé dang bai nay.

Kién thdc can thiét: Quy Hoach Déng,
Quy hoach dong trang thai (bitmask).

DP Broken Profile la mét dang dic biét cia
dang toan DP Bitmask nh3m xir ly mét cach tbi
uu nhitng bai todn c6 moét hodc nhiéu dic diém
nhu:

e Bai todn thudng xoay quanh I3p diy mdt bang
2D

o Mot chidu nhé hon rat nhiéu so véi chiéu con
lai.

e Khi l3p bang, mét 6 chi phu thudc vao 6
ké né.

o Sb lugng trang thai cta mdi & kh it (thudng la
2)

Bai tap st dung DP Broken Profile thusng rat
khé nén viéc hiéu biét nhiing hudng lam, nhiing uu
va nhugc diém cha timg hudng sé 13 chia khéa giira
viéc AC' bai dé hay khéng.

CSES - Counting Tilings *

e Cho mét bang N x M |, hdy tim sb luong céch
Iip day bang bing cach dit cac vién domino cé
kich thudc 1 x 2 hodc 2 x 1 khéng giao nhau.

e N <10, M <1000

Phan tich:

V6i N bé nhu 1, 2 hay 3 thi cdng thic truy hdi
rht d& dé tim ra:

e N = 1: Ta thiy chi c6 duy nhit 1 cich dién
(Néu nhu M chin).

e N =2:dp,, = dp,,_1+dp,_2, hay ham dp cia
ta sé 3 sb Fibonacci thi M.

e N = 3: Cbng thiic truy hdi khé hon chit nhung
ta 6 thé ching minh dugc céng thiic truy hdi
cla ta sé la dp,, = 4 - dp,—1 — dpp—_o. Cong
thifc d6 dugc chitng minh & day ** .

*2CP: Competitive Programming - Lap trinh thi d4u
*https: //cses.fi/problemset /task /2181
*https: //goo.gl/ixTyA5
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Khi ta xét trudng hop téng quat, viéc tim
cdng thic truy hdi chi cé thé khi dung Berlekamp-
Massey. Nhung véi N nhé (nhé hon 10 nhu trong
bai nay), thi ta cé thé 1am c4ch ndo don gian hon
khéng?

Huéng tiép can "trau”

Dé tiép can bai ndy, ta sé x&p cac miéng domino
dan dan tir trai sang phai. Goi dp; mask 13 s6 lugng
c4ch dé sp xép domino dé day i — 1 cot dau tién
va cot thir ¢ sé c6 hinh dang nhu mask. Hay ro
hon, néu 6 (i,7) da dugc 13p thi bit thit j s& bat
va néu 6 (i, ) trbng thi bit thit j s& dugc tit. Xem
hinh bén dudi dé hiéu rd thém vé trang thai quy
hoach doéng:

0

o]

Trang thai dps 01100 cho bang 5 x 10

0

Trang thai dp7 100 cho bang 3 x 8

Khi c6 i, mask thi ta phai dit mét sb domino
dé day dong i va dudc nextmask cho cot i + 1 dé
c6 thé cap nhat Ién.

Ta thly ring chi c6 nhiéu nhit mét cach dé
tao nextmask tr mask ma thoi.

Chirng minh:

e Né&u bit thit k clia nextmask 13 1 thi chic chin
bit thit k cla mask chi c6 thé 13 0 do ta phai
d3t domino theo chiéu ngang & 6 (i, k) dé bién
bit tht k cla nextmask la 1.

e N&u bit thd k clia nextmask 13 0 thi 13 bit thd
k clia mask vira c6 thé 13 0 hosc 1.

— Néu bit thd k clia mask 13 0 thi ta bit budc
phai dit & ddy mot domino theo chiéu doc
do ta phai lam déy cot 7 thi méi 1én xét duoc
coti+1
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Quy hoach déng 'hé so giy’

Duong Hoang Long

— Néu bit thd k& cla mask 13 1 thi ta khdng
thé 1am gi do 6 (i, k) d3 dugc I5p day.

e Nhu thé, trong moi trudng hop thi ta ciing chi

c6 mdt cach dé bién mask thanh nextmask.

Néu ta xay dung nextmask bing cach xét tit
cad cac nextmask rdi kiém tra 13 mask hién tai
va nextmask c6 dong khép véi nhau khéng thi
né s& mat kha lau. Ta c6 for M for mask va for
nextmask nén dé phic tap sé 1a O(M - onN . 2N)
hay O(M -4"), khéng dii nhanh cho bai nay. Viéc
kiém tra mask vd nextmask cé khép ducc véi
nhau hay khéng trong O(1) cac ban cé thé tham
khdo & day *° tai phat thir 40.

Tham khdo code m3u thudt O(M * N*):
#include <bits/stdc++.h>

using namespace std;
int dp[1009] [1024];

const int mod = 1e9 + 7;
int n, m;
bool good(int mask, int nextmask) {
if ((mask & nextmask) != 0) return O;

int x = (("mask) & (“nextmask)) & ((1 << n) - 1);
if (x % 3 != 0) return O;
int y = x / 3;
if ((y & (y << 1)) != 0) return false;
return true;
}
int main() {
ios_base::sync_with_stdio(false);
cin.tie(0);
cout.tie(0);
cin >> n >> m;
dpl1]1([0] = 1;
for (int i = 1; i <= m; i++)
for (int mask = 0; mask < (1 << n); mask++)
for (int nextmask = 0; nextmask < (1 << n);
nextmask++)
if (good(mask, nextmask))
(dpl[i + 1] [nextmask] += dp[i] [mask]) %= mod;

cout << dp[m + 1][0];

Cé mdt ti uu 13 thay vi xét tit cd céc
nextmask thi ta chi xét cdc mask con clia phan
b ctia mask hién tai. Né sé& t&i uu dé phiic tap tur
O(M - 4™) thanh O(M - 3"). Néu ta chi xét cac
submask bang dé quy thi ta s& gdp mét tré ngai
3 hing sb rit cao nén khé cé thé ap dung cho bai
khic. Vi thé, ta c6 thé st dung mét trick bién déi
bit d& xét cic submask bing vong for & day “° .
Nhu thé, code cla ta vira dusc tbi uu hon va da
nhanh d& ac bai ndy.

Tham khao code miu:

#include <bits/stdc++.h>

using namespace std;

int dp[1009] [1024];

const int mod = 1e9 + 7;

int n, m;

bool good(int mask, int nextmask) {

*https:/ /www.youtube.com /watch?v=0bnMHIFUM o

int x = (("mask) & (“nextmask)) & ((1 << n) - 1);
if (x % 3 != 0) return O;
int y = x / 3;
if ((y & (y << 1)) != 0) return false;
return true;
}
int main() {
ios_base::sync_with_stdio(false);
cin.tie(0);
cout.tie(0);
cin >> n >> m;
dp[1][0] =
for (int i = 1; i <= m; i++) {
for (int mask = 0; mask < (1 << n); mask++) {
if (good(mask, 0)) {
dpli + 1]1[0] += dp[i] [mask];
dpl[i + 1]1[0] %= mod;
}

// phan bu cua mask

int nmask = ((1 << n) - 1) - mask;
for (int nextmask = nmask; nextmask > 0;
nextmask = (nextmask - 1) & nmask) {

if (good(mask, nextmask)) {
dp[i + 1] [nextmask] += dplil [mask];
dp[i + 1] [nextmask] %= mod;
}
}
}
}
cout << dp[m + 1][0];
}

T6i wu thit nhit

Vi bai nay, ta s€ dung cac nextmask cod thé
bing cach dién tuan tu vao cac b trdng clia mask.
Hay cu thé hon, ta s& di timg dong clia cdt thil j
dang duoc biéu dién bdi mask. Néu nhu dong(bit)
thit j d3 duoc dién thi ta bd qua va xét dong tiép
theo. Néu nhu dong(bit) thir j dang tréng thi ta
xét hai trudng hgp sau:

e D3t domino 1 x 2 & day (tit nhién 13 ta chi dit
dugc néu nhui+1 khong vugt qua M. Viéc nay
tuong duong véi I3p day 6 (i 41, j), hay b3t bit
th( j cha nextmask.

e Dit domino 2 x 1 & day néu dong(bit) thit j+1
dang tréng. Viéc nay khéng anh hudng dén dong
ti&p theo nén ta s& khdng bién déi nextmask.

Khi di hét N dong thi ta s& cap nhat cho
dpit1 nextmask tUONg Ung véi cac trudng hop ta xét.

Vi hai trudng hop ta déu can phai xét nén khi
cai dat, ta sé€ st dung mét ham dé quy dé thir hét
tit c3 trudng hop c6 thé cla nextmask.

Vi ta mubn 13p day hét tht c3 cic 6 trén bang
va khdng 14n ra ngoai bang nén 13 dap 4n cla ta sé
la dpp+1,0. Trudng hop co sé cha taséla dpyg = 1.

Tham khao code miu:

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

46https://cp—aIgorithms.com/aIgebra/aII—submasks.html#iterating—through—aII—masks—with—their—submasks—complexity—

o3n
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Quy hoach déng 'hé so gy’
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int dp[1009] [1024];
const int mod = 1e9 + 7;
int n, m;
bool on(int mask, int i) { return mask & (1 << i); }
void up(int j, int i, int mask, int nextmask) {
if (j >=n) {
dpl[i + 1] [nextmask] += dp[i] [mask];
dp[i + 1] [nextmask] %= mod;
return;
}
if (on(mask, j)) {
// Neu bit thu j da duoc bat
up(j + 1, i, mask, nextmask);

} else {
if (j +1 <n & 'on(mask, j + 1)) {
// TH2
up(j + 2, i, mask, nextmask);
}
// TH1
up(j + 1, i, mask, (mextmask | (1 << j)));
}
}
int main() {
ios_base::sync_with_stdio(false);

cin.tie(0);
cout.tie(0);
cin >> n >> m;
dpl[1]1[0] =
for (int i = 1; i <= m; i++)
for (int j = 0; j < (1 << n); j++) up(0, i, j, 0);
cout << dplm + 1][0];

Ta nhan théy, viéc xét cadc mask va nextmask
da ton it nhit thai gian chay 13 O(N - M - 2V).
Nhung code & trén con phan dé quy nita, vay thoi
gian chay cta viéc dé quy la gi?

Goi totalcall(i) la s6 1an goi dé quy véi mét
mask c6 i sb 0 lién tiép. Ta thly I3 totalcall(1) =
totalcall(2) = 1. Con véi n > 2 thi totalcall(n) =
totalcall(n—1)+totalcall(n—2). Ta d& dang thiy
[ ham totalcall 1a ham fibonacci. Vi thé, v3i mot
mask c6 i sb 0 thi ta s& cé can trén la F; véi F;
3 sb fibonacci thif 7.

Ta thy 13 c6 tht c3 <Z> mask c6 k sb 0

véi mask n bit. Vi thé, cin trén cla s lan goi

(Z) . F, ma ham
k=0

Fibonacci c6 tinh chit 13 c¢6 mdi quan hé chit
ché véi ti 18 vang, hay, F), =~ ¢*. St dung nhj thiic
Newton, ta tinh dugc can trén cta so lan goi dé
n
~ 1 n ko n
quy sé la m~]§0 <k) " =m- (14 ¢)

d6 phiic tap cudi ciing cha chuong trinh chay |3
O(N - M- 2N + M- (1 + ¢)™).

n
dé quy cla ta s€ 1a m - Z

. Hay

Té6i wu thit hai

o) day, ta nghi dén viéc cb ging khi dé quy
va loai b di v& M - (1 + ¢)" trong do phiic tap.
Nhung viéc ndy khéng hé d& dang nhu ta nght do
véi mdi mask d& ma tim nextmask khéng dung
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de quy thi khéng phai V|ec d& dang. Vi thé, thay vi
véi m8i mask ta tim mdi nextmask dé cap nhat
thi ta s& I4p ddy bang tir dong mdt va tiing cdt mot
ludn thay vi phai dé quy dé 13p ddy c c6t. Nhung,
néu ta mubn lam thé thi phai dinh nghia lai cng
thdc quy hoach déng cla ching ta. Goi dp; j mask
13 sb cach Iﬁp ddy i — 1 cot dau cha bang, cot thir
i duoc I3p day j dong va trang théi cua j—1dong
dau ot i+ 1 va N — j + 1 dong cubi cha cot i
khi ghép lai I3 mask. Xem hinh bén dudi dé hidu
ro hon.

1

1]

Trang thdi cda dps 310110 trén bang 5 x 10

1

1

Trang thdi cda dps 1011 trén bang 4 x 10

Khi ta bién d&i dinh nghia cong thic dp cla
ching ta nhu thé, ta ¢ thé d& dang tim ra cong
thdc quy hoach dong hon.

Néu 6 (4, j41) da dugc 13p thi tuong duong véi
viéc 13 ta khdng thé 1am gl nén dp; j11mask1+ =
Ap; jmask V6i maskl la mask da tit bit tha j + 1.

Néu & (i, 4 1) trbng thi ta lam hai viéc sau:
e Ta c6 thé dit moét domino 1 x 2 & day va cap

nhat 13 dp; j11masket = dDijmask VO mask?2

la mask da bat bit tha j + 1.

e Néu nhu 6 (i,j + 2) trbng thi ta c6 thé
dit mét domino 2 x 1 & day va cdp nhat la
Ap; j+2,mask+ = APi jmask-

Sau khi dién hét cot i thi ta s& cip nhat cic
mask cho c6t i + 1. Hay, dpi+1,0.mask =
YV mask < 2".

Dap an cia ta sé 13 dpy,11,0,0 va trudng hop co
s6 cla ta sé la dpy oo = 1.

ahjtnqnmask

Tham khdo code mAu:



Quy hoach déng 'hé so giy’
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#include <bits/stdc++.h>
using namespace std;
int dp[1009][11][1024];
const int mod = 1e9 + 7;
int n, m;
bool on(int mask, int i) { return mask & (1 << i); }
int main() {
ios_base::sync_with_stdio(false);
cin.tie(0);
cout.tie(0);
cin >> n >> m;
dp[1][0][0] = 1;
for (int i = 1; i <=m; i++) {
for (int j = 0; j < n; j++) {
for (int mask = 0; mask < (1 << n); mask++) {
if (on(mask, j)) {
dpl[il[j + 1l[mask ~ (1 << j)] +=
dp[il [j] [mask];

// bit thu j bat
dplil[j + 1] [mask ~ (1 << j)] %=
} else {
if (j + 1 < n & 'on(mask, j + 1)) {
dp[il[j + 2] [mask] += dp[il[j] [mask];

mod;

// dat domino doc
dplil[j + 2] [mask] %=
}
dplil[j + 1]l [mask ~ (1 << j)] +=
dp[i] [j] [mask];

mod;

// dat domino ngang
dp[il[j + 1] [mask ~ (1 << j)I %=
}
}
}
for (int mask = 0; mask < (1 << n); mask++)
dpl[i + 1][0] [mask] = dp[i] [n] [mask];

mod;

¥
cout << dp[m + 1][0][0];
}

Ta d& dang nhan thiy 13 code trén c6 db phiic tap
la O(N - M -2%).

T6i vu bd nhé:

USACO *" c6 mdt cach céi dat cé do phic
tap ngang ngla ta dang xet va tdi uu bo nhé hon
rit nhiéu ‘nhung céch viét hoi khé hiéu nén doc
gia cé thé tham khao thém. Thay vi DP Ién nhu
ta thi USACO DP nguoc tir d6 c6 thé tbi uu bd
nhd. Dinh nghia ham quy hoach dong cla ta va
ctia USACO y chang nhau.

So Sanh:

N&u ta nhin vé do6 phiic tap trén giéy clacd4
thudt toan thi thai gian chay cla thut toan thi ba
phdi chdm hon thuat todn thi hai. Nhung téc db
chay cla thuit todn thit ba ludén ludn nhanh hon
thuat todn thd nhit va thit hai. Vi sao diéu nay lai
xay ra? Diéu ndy xay ra do ta bd qua mét thd rt
16n 13 khi ta tinh dé phic tap: can trén cla sb |3n

goi dé quy la Fj thi rAt c6 it mask dat dugc dén
can dé. Vi thé, khi 4p dung thi thult toén thir ba
s€ nhanh rit nhiéu so véi thuat toan thir 2 do sur
tbi uu vé viec xét cac nextmask do tot dé vuot
qua hing sb cao.

Néu ta xét thdi gian chay clia c3 4 thuat toan
cho bai trén thi ta c6 thé théy cac uu va nhugc
diém clia c3 4 thuat toan:

| Thusttosn | Thai gian chay Nhan xét

oM -4N) TLE Kha cham nhung tén kh4 it b

nhé

Ta thiy & day 13 khoang céch
thoi gian giita viéc st dung dé
quy va vong for rat 16n. DS 13
vi dé quy s& gy ra hing sb kha
cao mic du de quy trong C++
da dugc ti wu rt nhiéu.

0.17s néu diing
for, 0.83 khi dé
quy tim
nextmask

O(M - 3N)

O(N-M-2N +
M-(1+¢)")

0.14s St dung dé quy nhung van
nhanh hon hudng lam
O(M *3"). N6 nhanh hon Ia
do s6 Iu’dng trudng hdp phai
xét gidm thiéu dang k& véi viéc
nhan lai hang sb tir dé quy. Bo

nhd st dung ciing kha kha.

O(N - M -2N) 0.09s Nhanh nhit v bb nhé dung
tuong dbi it ciing nhu c6 hing
sb kha thip. C6 thé tbi uu bs
nhé va tir d6 thai gian chay
han nita nhitng viéc d6 khéng
can thiét.

VNOJ - Domino ®

e Cho mét bang A c6 kich thuéc N x M, mbi 6
cbé mot gia tri nguyén. Hay tim cich dat ding
k domino 2 x 1 khéng chdng nhau dé téng cac
gia tri trén cac 6 dugc phu I3 dat gia tri cuc dai.
N-M

- N <4, M <1000, K <
— Subtask:

x 20%: M <5

x 40%: N <3

x 40%: N = 4.

Phan tich:
Subtask 1:

™

\ 2

Ta thay la & day cé nhiéu nhat 13 20 6 nén ta
c6 thé d& dang xét tht c3 cac trang thai cha c3
20 6 va kiém tra xem trang thai nhu thé c6 hop
1& hay khong rdi 14y trudng hop tbt nhit. D6 phiic

tap cla thujt todn trén 13 02V . N . M),

*"https://usaco.guide/adv/dp-more?lang=cpp#-dp-on-broken-profile

*https://oj.vnoi.info/problem /bananabread domino
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Subtask 2:

Léc ndy, bdi to4n cha ta da théa dugc c3 4 diém
nhan dién cta DP Broken Profile. Nhung, khac vdi
bai todn 1, & day ta chi can dién da k domino chir
khéng can diém hét ca bang. Vi thé, ta phai nhin
lai 4 huéng lam cda ta. Néu ta 1am theo hudng thir
nhit thi ta s& goi dpiake.imask 13 d3 dit take vién
domino, xét dén hét i — 1 cot va cot thi i c6 dang
13 mask. Ta xét hai trudng hagp:

e Néu ta dit domino doc thi mask sé khong
dnh hudng dén nextmask nén ta sé dit tly
y va chi cdp nhat cé mask. Céng thic quy
hoach dong cia ta s€ 1a dpiaketiimaski =

Max(dPtaket1,i,masks APtake,imask +Aij+Aiv1

N&u ta dit domino doc 6 6 (i,5) va 6 (i+1, ).
e Néu ta dit domino ngang thi mask va

nextmask chic chin khong dugc trung nhau

bit ndo hay ta cé viét 13 mask&nextmask =

0. Hon nira, thay vi dat mdi 1An mot

vien domino thi ta c6 thé dit nhiéu vién
cung lic. Vi th& cbng thdc quy hoach
dong cha ta s& 13 dpiakesplaced,it1nectmask =

max(dptake—i-placed,i-l—l,nemtmask:7 dptake,i,mask: + S)

V6i placed 13 sb vién domino di duoc dit va S

3 t8ng cac & dusc dit domino.

Néu ta tinh so dé phic tap thi né s& Ia
O(K-M -4V -N)vaséla O(K-M-4Y +2V . N)
néu ta tinh truéc S. Néu ta thi cac gidi han thi
né di nhanh dé VUGt qua subtask nay.

Subtask 3:

3 subtask ndy, néu ta 1am theo hudng thi ba
thi khéng di nhanh. Ta thiy I3 su chénh léch
gitta sb nextmask cé thé déng bd véi mask va
s& nextmask c6 thé 13 khéng da 16n dé ta dénh
d6i va st dung dé quy. Thém vdi viéc 13 N & day
tuong dbi bé nén sb 1an goi dé& quy va hing sb clia
né cé khi sé té hon hudng lam vira dugc néi. Vi
thé, hudng 13m thit 3 c6 thé di nhanh d& c6 thé
3n hét sub 3 nhung chic chin khéng di nhanh dé
c6 thé AC bai.

Vi thé, ta phai lam theo hudng thit tu. Ta s&
goi cdng thdc quy hoach déng nhu ndy chi thém
chiéu K 13 sb vién domino d3 dit théi. Hay, goi
ham quy hoach dong la dpiake imask,; 13 téng |6n
nhit khi d3 dit take vién domino, xét dén cét thd
i va dong th j va mask dugc dinh nghia nhu &
trén. Cong thic quy hoach dong cla ta sé khéng
khic mAy so véi cong thic quy hoach déng & trén.
Chi thém trudng hop khéng dit domino va bién
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bai todn dém thanh toin toin tim téng cuc dai la
xong.

Luu y, néu ta luu c3 4 chiéu thanh mét mang
toan cuc thi sé khong di bé nhé dé luu. Vi thé, ta
phai tbi wu mdt chiéu. Ta nhan théy la tuy theo
cich cai dit thi ta c6 thé tbi uu chiéu K hoic
chidu M do ta c6 thé cai dat sao ma ta chi xi ly
take va take+ 1 tai mot thai diém hodc jva j+1
tai cling mét thdi diém. Nén ta c6 thé tbi uu mét
chiéu thanh 2 va téi uu bd nhé. Cai dit bén dudi
s tbi uu chiéu M.

Tham khao code mau O(K - M - N - 2V):

#include <bits/stdc++.h>
#define 11 long long
using namespace std;
11 dp[2001] [5]1[16][2];
11 arr[4][1009];
11 n, m, k;
const 11 INF = -1el8;
bool on(11l mask, 11 i) { return (mask & (1 << i)); }
int main() {
ios_base::sync_with_stdio(false);
cin.tie(0);
cout.tie(0);
cin >> n >> m >> k;
for (int i = 0; i < nj; i++)
for (int j = 1; j <= m; j++) cin >> arr[il[jl;
11 ans = -1el8;
memset (dp, -0x3f, sizeof(dp));
dpl[o]l[0][0][1] = O;
for (int j = 1; j <= m; j++) {
for (int take = 0; take <= k; take++) {
for (int i = 0; i < n; i++) {
for (int mask = 0; mask < (1 << n); mask++) {
if (dpltake] [i] [mask][j & 1] <= INF)
continue;
if (lon(mask, i)) {
if (take + 1 <= k) {
if (5 +1<=m {
// dat domino ngang
dpltake + 1]1[i + 1][mask ~ (1 << 1i)]
[j & 11 = max(
dpltake + 11[i + 1]
[mask ~ (1 << )1[j & 11,
dp[take] [1] [mask] [j & 1] +
arr[i] [j]1 + arr[i]l[j + 1]
)
}
if (lon(mask, i + 1) & i + 1 < n) {
// dat domino doc
dpltake + 11[i + 2] [mask][j & 1] = max(
dpl[take + 1][i + 2] [mask][j & 1],
dpltake] [i] [mask][j & 1] +
arr[i] [j] + arr[i + 11[j]
)s
}
}

// khong dat domino

dpltake] [i + 1] [mask][j & 1] = max(
dpltake] [i + 1] [mask][j & 1],
dp[take] [i] [mask] [j & 1]

);

} else {

// khong dat domino

dpl[take] [i + 1][mask ~ (1 << 1)][j & 1] =
max (

dpl[take] [i + 1][mask =~ (1 << i)]
[j & 11,

dp[take] [i] [mask] [j & 1]

);




Quy hoach déng 'hé so giy’
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}
}

}
}

for (int take =

}
}

}

Loi Két

cout << dpl[k][0J[0][(m + 1) & 1];

for (int mask = 0; mask < (1 << n); mask++) {
dpltake] [0] [mask] [(j + 1) & 1] =
dp[take] [n] [mask] [j & 11;

0; take <= k; take++)
for (int mask = 0; mask < (1 << n); mask++)
for (int i = 0; i < n; i++) {
// toi uu bo nho

dp[take] [i] [mask] [j & 1] = INF;

Vira rdi ta da di nghién citu va 4p dung nhiing
huéng tiép can khi [am bai todn DP Broken Profile:

Hudng tiép can

Huéng tiép cin dé

Huéng tiép can tbi

"trau” quy uu nhit
Thoil O(N - M -4N) 6| ON-M -2V + O(N - M -2N)
gian| thé t8i uu thanh |C(N) - M). C(N) Ia

xét | nghirava lam
ban dap dé lam

hai hudng kia.

huéng nay c6 thé tbt
hon hoic té hon

hudng lam triu. Ta

thudng suy nghi téi
uu trdu nhu nay.

O(M - 4N) hodc | sb 13n goi dé& quy va
O(M -37) tuy s& tly vao mdi bai
theo bai nén rit khé dé tinh
chinh xac dé phic
tap.
B R4t it Tuong dbi nhiéu it
Nhé
NhanThudng rit d& suy| Tuy theo bai cu thé, Thudng sé la cach

t8i uu nhit va 13
cich giai clia ngudgi
ra dé. Thai gian
chay nhanh nhit va
chi hi sinh rit it bo
nhé.

Ta thiy ring mic du bai todn DP Broken Profile
khd khé nhung né ciing chi xoay quanh mét vai
huéng tiép can cu thé. Hon nifa, tuy theo bai va
dang bai thi m3i hudng s& c6 wu diém riéng nhu
hudng ti€p can thd ba rit nhanh trong bai todn
mé& dau bai nhung lai khéng tbt trong bai todn 4p
dung do diém yéu 13 hing sb kha cao. Nguoc lai,
hudng tiép can dau tién trén Iy thuyét kha cham

nhung bai todn dp dung cho thiy I3 suf danh déi
thoi gian va khong gian cua huong tlep can nay
phu hdp cho bai thd hai. Vi thé, mdi ngerl can
can nhic v& cic uu va nhuoc diém clia mdi tiép
can va 4p dung hop ly cho mdi bai.

Xin chic cac ban luyén tap tbt!

Bai tap van dung:

e UVA 10359 - Tiling *

e UVA 10918 - Tri Tiling *°

e SPOJ - GNYO7H °!

e SPOJ - M5TILE *2

e SPOJ-DOJ1

e SPOJ - DOJ2 **

e VJUDGE - MOSAIC *°

e TIMUS - FORMULAT1 °°

e CF®" 845F - Guards In The Storehouse *®

Tham Kh3ao:

e EVILBUGGY's Blog >

e CSES DP Section Editorial (Part 2)
Counting Tillings

e USACO - DP on Broken Profile ®

- Muc

49https://onIinejudge.org/index.php?option:com_onIinejudge&ltemid:8&page:show_ problem&problem=1300
Ohttps://onlinejudge.org/index.php?option=com _onlinejudge&Itemid=8&page=show _problem&problem=1859

*Ihttps://www.spoj.com /problems/GNY07H/

2https:/ /www.spoj.com/problems/M5TILE/

3https:/ /www.spoj.com/problems/DOJ1/

**https:/ /www.spoj.com /problems/D0OJ1/

*https:/ /vjudge.net/problem /UVALive-4608

%Chttps: //acm.timus.ru/problem.aspx?space=1&num=1519

5"CF: Codeforces — mot trang web t8 chiic cac cudc thi |ap trinh thi diu véi cac dang dé, bai tap da dang.

%8https: //codeforces.com /contest /845 /problem /F

https://coderevilbuggy.blogspot.com /2018,/05 /broken-profile-dynamic-programming.html

®0https: //codeforces.com /blog/entry /111675

®https://usaco.guide/adv/dp-more?lang=cpp#-dp-on-broken-profile
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Phéng van Hoang Qubc Viét

Interviewer: Vuong Hoang Long — ICPC World Finalist 2021



Phoéng vAn Hoang Québc Viét

Chao tit ca cac ban, hém nay minh rat 13 vinh du khi dudc phéng van ban
Hoang Quoc Viét, ‘trum’ cia mot team nhiéu thanh vién nhat trong VNOI -
team Bedao. Ban cé thé gidi thiéu so lugc vé ban than dugc khong?

Xin chdo moi ngudi, em 13 Hoang Qubc Viét, néu moi ngudi dé y thi tén clia em triing véi tén dudng
& ngoai Ha Noi. Hién em dang hoc & Trudng Dai hoc Céng nghé, DHQGHN (UET) va ciing d3 gin bo
véi VNOI tir ky TNV gen 2. S& thich ciia em thi ngoai choi game nhu nhiéu ban khac th| em con rit
thich d4 béng nita a. Ngoai ra, em ciing chai nhiéu game a, ai rii em chai gi thi em choi ndy. Do em dang
& cling ban Vii (Nguyén Hoang Vii - 101°2 2021) nén em hay chai Lién Minh véi ban vy, trusc day khi &
cung véi cac ban khac thi em choi Valorant.

Vay con vé sé thich da béng thi ban cé hay di da béng thudng xuyén khéng?

Em di d4 béng kha thudng xuyén a, thudng thi 1-2 tudn em d4 1 1an. Em d4 thi hay ‘lén c6ng vé thd’
nén da tién dao. Tuy lam tién dao nhung em ciing khdng hay ghi ban 13m, co ma em ciing thudng chon
vi tri d&€ md ra nhiéu co hdi cho déng doi cé nhiing dudng chuyén thuan lgi a.

Ban 13 mét trong sb nhifng ban khdéng xuit phat tir nhitng thanh phé hay
tinh 16n nhung lai c6 hoat dong trong CP® v6 cung an tudng nhu gidi Nhi
HSGQG® . Ban cé thé chia sé hanh trinh thi HSGQG chGa ban nhan dip Bd
Gido Duc vira cong bd két qua ky thi HSGQG niam hoc 2023 - 2024 dudc
khong?

N3am nay thi tinh Hung Yén cling tu hao khi c6 mét gidi Nhi a, vé hanh trinh thi HSGQG thi em c6
xuit phat kha cham so véi cac ban khiing 13 phai dén khi 16p 10 em méi dugc tiép can CP. Sau dé 16p 11
thi em c6 dau doi tuyén tinh dé thi QG va dugc gidi Khuyén khich do hdi diy code thuat trau chua tbt
nén em ciing bi bug vd mit nhidu diém. Khi em 16p 12 thi d& thi n3m dé ‘may m$n’ 13 c6 bai hinh nén
nhiéu ban toang nhung em lai lam tbt nén dugc giai Nhi. Cu thé 13 & bai hinh n3m déy em trau dugc cd
60% bai. Tir dot diy nén em rit ra kinh nghiém khi di thi HSGQG day I3 di thi khong nhit thiét phai I3
ngudi gidi nhit, chi cAn cin than thdi thi 3t s& giai cao.

Viéc tir giai Khuyén khich 1&n giai Nhi 13 vé ciing 4n tugng, ban cé thé chia
sé qua trinh luyén tap cia ban dé cé budc nhay vot nhu thé dugc khong?

Dot em thi ndm I6p 12 thi anh hudng béi dich Covid kha la ndng nén kha it hoat dong trén trudng.
Hau hét thsi gian chd yéu la em hoc online nén em chi dong nh3n tin v3 hdi bai cic ban khic, do cé
su gitip d8 cha cic ban nén em khi 1am bai ciing c6 dugc nhidu kién thdc hon. Dién hinh 13 em ciing héi
ban Trung (Pham Xuén Trung - gidi Nhit HSGQG niam 2021 - 2022) kh4 nhiéu vé bai ludng hay céc bai
khé dé tir d6 em hoc héi tir ban nhidu hudng gidi va suy ngh ki hon, code ciing can than hon nifa. Theo
em thiy trong mét ky thi cé nhiéu ngudi khiing nhu thi HSGQG thi khéng thé vio thi ma danh thdi gian
nght c3 gid dugc ma phai cb ging cin trau dé danh dugc nhidu diém nhit c6 thé.

Trong hanh trinh dén véi VOI nhu thé, ban thudng luyén tap trén nhitng nén
tang nao dé nang cao kha nang code trau ctia minh?

Hbi diy trir Iam nhiing bai d& ra thi em lam ciing kha nhiéu bai Codeforces®® |, néu tinh ca bai d& thi
tlr trudc dén gid em [am cling phai khodang gan 2000 bai. Sau khi VNOJ cé thém nhiéu ndi dung méi thi

©2101: Ky thi Olympic Tin hoc Qubc té.

63CP: Competitive Programming - Lap trinh thi d4u

®*HSGQG: 1a viét tit chia ky thi Hoc sinh gidi Qubc gia.

%5Codeforces: mét trang web t8 chifc cac cude thi lap trinh thi diu véi cic dang dé, bai tap da dang.
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em cé chuyén sang lam, vi du nhu Bedao Contest, cic du an sinh test ki thi chinh thdec.

Nim 16p 12 ban dudc giai Nhi nhu thé thi c6 phai chuan bi dé thi tdt nghiép
khéng hay dudc vao thang Vong 2 (TST® )?

Dot day Iy top 32 thi em khoang top 40-50 nén em khong vao dugc Vong 2. Sau khi thi xong thi
em quay sang thi tbt nghiép, dé cho d& thi em hoc kh0| KHXH nén tir I6p Todn em dugc chuyen sang
16p Vin dé& hoc cling cac ban nén 13 ldc ddy em con mubn thi tét nghiép hon ca TST. Ngoai ra, do thdi
gian hoc ddi tuyén thi em tiép xdc hdu hét 13 con trai, nén khi chuyén xubng 16p Vin hoc thi ciing bu
dip cho quang thdai gian dé thdi a. That ra c6 mot sb cau chuy&n ma khi hoc déi tuyén em ciing khong
biét dugc, nén khi vé lai |6p hoc thi em ciling c6 co hdi két ndi lai v6i cic ban cung I6p va lam quen thém
dugc nhiéu ban mdi, em nghi diy ciing 13 trai nghiém kha 13 khéc so véi thi TST.

Ban c6 thé chia sé qua trinh nhap hoc dai hoc ctia ban dudc khéng? Gia dinh
ban cé Gng hd nhitng quyét dinh cGia ban khong?

Sau thi t&t nghiép thi em ciing dugc tuyén thing vao UET do c6 gidi QG nén sau dé em c6 chon
nganh CNTT (CN1) a. Theo em dugc nghe thi nganh nay dugc it ngudi biét dén so véi nganh Khoa hoc
may tinh cta UET, do nghe qua hoc CNTT thi ngudi ta tudng la di cai win dao, nhung ma theo em quan
sat dugc thi ¢ rAt nhiéu ngudi khiing vao nganh ndy nén em ciing vao ludn. V& trudng thi nhiu ngudi
khi hdi UET thi ho khéng biét 13 trudng ndo, ho con hdi lai cé phai 13 Hoc vién Buu chinh Vién théng
(PTIT) khong nén em thiy trudng rat it dugc nhiéu ngudi biét téi. Nhung em may mn 13 c6 me hoan
toan Gng hé em, nén moi quyét dinh em déu tu tim hiéu con gia dinh chi ding sau ung hd em théi a.
Viéc em chon UET ma khéng chon nhiing trudng khic nhu Bach Khoa Ha N&i (HUST) thi chic chin
do so mdn dai cuong rdi. Nhung md diy ciing khéng phai ly do chinh ma 13 em vio UET dé thi ICPC®”
do em dugc biét trudng rit du tu vio ICPC, nén nhiéu ban manh vio trudng ciing gilip em c6 thé thoai
méi 1ap team hon, ngay trudc khi vao UET 13 em d3 c6 team rdi a.

Ky thi & Hué 13 n3m th& 2 ban thi ICPC, ban cé thé ké vé hanh trinh luyén
tap va thi ICPC cia ban trong 2 nam qua dugc khong?

N3m nh4t thi bon em lam bai nhiéu hon thi lai khéng
dugc thi ICPC Regional 6 TPHCM, qua ndm hai thi bon em
cling 1am nhiéu bai nhung khéng 13m nhiéu nhu ky vong,
thé thi n3m dy lai dugc thi ICPC Regional & Hué. That
ra cling do thién thdoi, dia Igi, nhan héa nita a, do nam dé
UET l4y sb déi tham du ciing nhiéu nén déi duoc tham du.
Trong ldc train thi bon em c6 xoay vai trd ctia nhau, nhit
la vi tri leader khi ma moi ngudi sé thay phién ‘chi dao’
trong tung budi luyén tap. MOi budi nhu thé team s& clng
nhau Iam 5 tiéng va sau d6 thao luin vé bai va cling nhau - : -
giai lai nhiing bai chua lam dugc. Viéc luyén tap thi lam mét minh sé ch dong thai gian hon nhung theo
em thiy thi s& khéng c6 tinh than nhu khi 1am chung véi team vi nhiéu lic c6 mdt sé chd minh can héi
thi khéng c6 ngay déng doi ngay canh dé giai dap dugc. Cudng dd luyén tap thi bon em s& Iam theo team
1 tu§n/1 Ian, con 1am c& nhan thi tiy thdi gian biéu clia mdi ngudi ma bon em lam bai trén Codeforces
thoi a.

6TST: 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.

7ICPC: 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 dgng trén toan cAu.
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Ban c6 ki niém gi & lan tham gia thi ICPC Regional & Hué khong?

Ki niém em nhé nhit chic 13 mén ché heo quay, em khdng biét tai sao c6 mén diy ton tai nhung em
thiy 3n ciing dusc. D& tudng tuong thi mén diy nhu Iy bdt canh trén véi dudng xong cho thém banh
nhu h4 cdo vio trong che dé 3n cling. Ngoai ra & Hué th em thiy nhiéu canh dep, con ngudi ciing than
thién, hoi xui mdt chat may hdm thi thi tring mAy hém trdi mua thdi a.

Ban c6 thé chia sé bi quyét can bing giita viéc dn chdi, viéc hoc trén trudng
va thi ICPC dudc khdng? Trong qua trinh can bang ban cé gip tré ngai nao
khong?

Theo em thi minh khéng cb can bing nhiing viéc nay
thi minh khéng can cin bing, em chi don gian xem nhiing
viéc nay |3 hoat dong thudng ngay dién ra tu nhién théi a.
Nhu em chon tudn ndo train ICPC thi tudn diy sé it viéc dé
lam trén 16p hon, nhiing ngay di chai thi em quyét dinh s&
khéng hoc trong ngdy hém diy dé hém sau hoc bl nhiéu
hon. Céng viéc trong VNOI thi em s& sip x&p tir trudc nén
em thiy moi thit né 13 mét phan clia cudc sbng em ludn,
lic dAy em thiy moi viéc can bing s& d& hon.

X

Hién tai thi Viét dang quan ly team Bedao va xuat ban rat nhiéu chudi contest
vo cung chat lugng trén VNQOJ, khong biét qua trinh tor mét TNV Ién ‘trum’
cliia team Bedao thi nhu thé nao?

DAu tién khi tham gia vao VNOI em ¢ nguyén vong |3 déng gép cho cong ddng tir chinh nhiing bai
tap minh dé xult 1én trang. Sau diy thi team Bedao c6 nhu cau tuyén nhiing coordinator (ngudi t8 chiic
ky thi) cho cac contest sip t6i nén em trd thanh (g cir vién cho vi tri nay, dé dusc dé xubt th tir trudc
dén gid em ludn thiy minh hoan thanh cic cong viéc diing han, tich cuc déng gép cho team nén dugc moi
ngudi uu ai. Khi ddm nhiém vi tri ndy thi em vin duy tri trdch nhiém clia mdt TNV va gidm sat cac cong
viéc dé dam bao ding han. Ngoai ra c6 mét sb contest toan bd bai déu do em tu dé xult nén ph§n nao
cling thiy tu hdo khi minh déng gép mét phan khéng nhd trong cong dong. Theo em thiy du & bt cir
vi tri ndo thi minh vaAn phai ludn giit viing tinh than va trach nhiém vdi cdng viéc, trong moi tinh hubng
thi ludn phai chi dong tai co hodi sé ludn dén v&i minh, chi 13 cé thé& minh chua nhan ra d& n¥m bt thoi.

Minh nghi viéc duy tri trach nhiém va luon chi dong trong cong viéc la kha
khé, theo ban lam cach nao dé duy tri tinh than nay?

Truéc hét thi viéc tham gia vao CLB phai thuc su 13 dam mé cla minh chd khéng chi tham gia va
nhan viéc. Khi ¢6 tinh than dé thi minh s& xem nhu’ng cdng viéc va hoat ddng dy trd nén than quen hon,
nhiéu thd trong dé trd thanh mét phan cha cudc sdng va moi ngudi trong CLB nhu gia dinh clia minh

vay. Tir d6 em c6 thé déng gép hét tai ning ciing nhu trf luc clia minh nén em s& c6 thé chi déng hon
dé dam nhén nhiing vai trd khac nhau trong céng viéc.

Lad mdt ngudi vd clung nhiét huyét va tan tam vdi cong viéc, ban cé thé gidi
thiéu qua nhirng cong viéc trong team Bedao dugc khong? Co6 bao gid ban
gap ap luc vé chat luong contest bi moi ngudi phan anh khong?

Em thdy cé6 mét quan diém kh3 ding 13 khi cang dam nhan nhl"mg vai tro cao hon thi viéc cia minh

sé cang it di nhung theo véi do thi trach nhlem sé cang nhi€u. Hang tun thi viéc [am cla em ciing khéng
nhiéu am, thudng thi truéc mbi tudn em s& s3p x&p trudc cdng viéc va thdi han cho cic ban hoan thanh,
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sau d6 dén dbc cic ban coordinator hoan thién nhitng contest dang lam, cac ban coordinator sé dbc thac
cic ban chuan bi bai tdp da dugc giao. Chﬁng han nhu contest VNOJ Round 1 vira qua thi em ciing
13 ngudi diing ra quan ly dau viéc cho cac ban, thudng thi cic viéc nay danh cho coordinator nhung do
contest dau tién nén em mudn ddm b3o chit luong tét. Ngoai ra thi em con duy tri théi quen nghi ra
nhiing y tudng méi cho hoat déng ctia VNOI va team Bedao.

Vi quang thdi gian déng gbép nhiéu nhu vay, theo ban diéu gi xding déng dé
ban nhéan lai sau khi déng gép rat nhiéu cho cong dong?

Diéu em thiy xiing déng nhit 13 sb luong thi sinh quan tdm dén contest trén VNOJ ngay cang ting,
hién tai cic contest duy tri 6n dinh & mic 500-700 ngudi, truéc dé thi con sb nay déi khi chi 13 khodng
100-200 théi. Ngoai ra thi cic ban coordinator ngdy cang déc 13p va trudng thanh hon trong cic quyét
dinh cGia minh, theo em thiy thi viéc déng gép cho team Bedao I3 mét mbi quan hé win-win, minh cho
di cong ddng nhiing contest chit luong va déi lai 13 nhitng k§ ning truéc dé minh chua bao gid c6. Sau
khi can nhic nhu vay thi em thiy céng stic clia minh rat 13 xdng dang khi ¢6 thé dua ban than va moi
ngudi cung phat trién.

Ban c6 trai nghiém tha vi hay dang nhé nao khi lam & vi tri nay khong?

Trai nghiém déng nhé chic 13 em 'di deadline’ cac ban nhiéu contest lién tuc, dén ndi ma mdi ngay
mot deadline. Theo em théy ‘di deadline’ cling [a m&t nghé thuat khi minh nhiéu ltc phai nhic khéo cac
ban, thay vi béo sip dén deadline thi em s& b3o em tao xong contest thdng bdo trén VNOJ réi. Khi d6
cac ban sé 1én VNOJ kiém tra va so sanh lai tién d& cdng viéc ctia minh véi tién dé chung ctia moi ngudai.
Nhidu trudng hop em s& nhin tin riéng dé chia sé cng viéc véi ban y, vi thudng team Bedao s& phan bb
cac dau viéc hop ly cho cac ban, khéng dé mét ban dam nhan nhiéu viéc qué va mdt ban khac thi it viéc
qua. Em nght néu xdy dung mdi trudng lanh manh nhu thé thi cic ban cling dugc tao didu kién dé€ hoan
thanh sém cac cong viéc.

Ban cam thiy trong quing thdi gian dan dit team Bedao thi ban hoc dudc
nhirng gi?

Em ciing hoc dugc cich giao tiép ciing nhu dién dat
cho moi ngudi, minh khong thé giao tiép ma chi minh hiéu
dusc ma cin didn dat rd rang dé cc ban ciing tiép nhan.
Trudc dé thi em bi danh gia 13 dién dat hoi kém nhung sau
quéa trinh 13m & Bedao mét thdi gian dai thi em thiy minh
tu tin trong giao tiép hon rit nhiéu. Ngoai ra thi em con
hoc mét ky nang nita, ngusi xua hay goi la ‘Binh phap Tén
Ti', diy 13 ki ning nhan xét va danh gi4 céng viéc cia
ngudi khic. Ta sé phai quan sét diém manh va diém yéu
clia mdi ngudi dé d3t vao vi tri ban c6 thé phat huy dugc
tbi da diém manh ctia minh, nhu ban ndo vén gidi ra dé thi minh sé khuyén khich ban ra dé nhiéu hon,
ban ndo gidi lam tester thi s& khong cho ban y ra dé nhiéu ma cho céc ban y kiém tra bai tap nhiéu hon,
ciing tir ddy minh phét hién ra nhing ban 1am viéc trach nhiém dé dé ci 1&n coordinator.

Vé tuong lai ciia team Bedao thi ban cé du tinh gi dé duy tri Bedao Contest
la chu6i contest chat lugng va uy tin nhat?

Em thy & bit cif mdi trudng thi cr ndo thi su cdng bing nén ludn dit 1&n hang dau, team Bedao s&
ludn giif vitng su céng bang diy bang cach manh tay loai bd nhiing trudng hop chép code hay cb tinh
gian 1an. Sau khi giif viing su cong bang thi Bedao s& c6 uy tin nhat dinh, Iic ndy em s& chii trong vao
nang cao chat lugng bo dé. Bd dé hién tai thi vin cé nhiing diém yéu nhat dinh, van ton tai nhiing bai
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test yéu, dé sai, ... nhung trong tuong lai thi team Bedao s& cb loai bd nhiing didu 4y d& hudng téi cac
contest hoan hao hon. Ngoai ra em ciing mong mudén VNOJ duy tri toc dé cham bai nhanh trong cac ky
thi dé dam bao céc thi sinh cé trai nghiém thi tot nhat.

Ban c6 nhirng du dinh nao danh cho Bedao ma ngay ca cac ban trong VNOI
ciing khong biét khong?

Em cé the tiét 16 13 em dang 4p 0 chuyen xem xét cac ban tinh nguyén vién nhiét huyét lén lam
Coordinator®® mét vai contest d& cac ban thé hién kha n3ng quan ly ctia minh. Diéu ndy né hoi chuyén
mén mdt chdt nén em ciing khéng chia sé nhiéu.

Dén véi phan cubi, ban cé thé chla sé vé nerng du dinh cho tuong lai, vé
nganh hoc va nghe nghiép ban mubn theo dudi dudc khéng? Cé cong ty nao
ban md udc vao lam khéng? Theo ban, mét cong ty ly tudng theo ban can
hdi tu nhitng yéu t6 nao?

Em hién dang tham gia kha nhiéu cic workshop lién quan dén dinh huéng nghé nghiép nhu Blockchain®
va Software Engineering’® . Em ciing mudn thi stic & [inh vuc n3o lién quan nhiéu dén tai chinh mét chit
tai em thiy tu duy tai chinh ciing kha hay, gitip ban than suy nghi mach lac hon. Uéc mo xa hon clia
em 13 dudc lam startup, nhung céng ty Iy tudng d& vio 1am thi em ciing c6 mdt sb cai tén nhu Pendle
Finance, Dytechlab. Em ciing chua di lam nhung dudi géc nhin clia em thi mét cdng viéc ly tudng phai
13 noi em that su dam mé, ludn s8n sang cdng hién hay thic dém néu cé nhiém vu quan trong. DAy sé I3
noi em & dugc 13 mdt phan clia cong ty chit khdng phai [am cho xong viéc rdi nghi.

Cém on ban di nhan 15 va tham gia phdng van ngdy hém nay. Chic ban mét ndm mdi nhiéu sic
khée, ngdy cang phat trién Bedao va sém kiém duoc thuc tap & céc cong ty Ién!

%8 Coordinator: ngudi t8 chitc cac contest cho OJ.

%9Blockchain: céng nghé chudi — khdi, cho phép truyén tai dif liéu mdt cich an toan dua trén hé théng m3 héa vé cling
phic tap.

"0Software Engineering: K§ thuat/Céng nghé phan mém.
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Chao moi ngudi, hém nay VNOI rat vinh du khi dugc phéng van ban Thing,
mot hién tudng trong lang CP™! cta nam 2023 khi cic cudc thi ban tham gia
déu dat thanh tich rit cao. Ban c6 thé gidi thiéu vé ban than dudc khdng?

Em 13 Nguyén Difc Théng, hién dang |3 hoc sinh 16p 12 chuyén Toan, trudng Trung hoc Phé théng
Chuyén Hung Vuong, tinh Phi Tho. Vai nidm trudc, trudng em ciing c6 mdt anh tén gibng hét em, ciing
hoc chuyén Todn, va ciing nhit Qudc Gia Tin! Em thiy cai ndy tring hop qud muc ludn. S thich cla
em la xem béng da, thi thodng ciing c6 ra san da cung ban bé ciling nhu chai cadc game béng da nhu FC
Online. Dao nay em ciing c6 mét s& thich khac la chaoi sudoku. Ngoai ra, em ciing thich xem phim (dac
biét la nhitng phim hanh déng nhu Mission Impossible, Diép Vién 007 va Jason Bourne). Gidi khéi Rubik
ciing 13 mét phan dam mé cda em a.

Dudc biét ban 13 mot fan cudng cha Liverpool, ban thich diéu gi & Liverpool?

Em 1 fan Liverpool tir nim 2018 - n3m ma Liverpool thua chung k&t Champions League véi Real
Madrid. Théng thudng thi moi ngudi sé thich cic ddi v6 dich, nhung em lai in tugng Vvéi 16i choi
Gegenpressing, diéu Rock ruc Iira clia Klopp rdi sau dé trd thanh fan lac nao khéng hay. M6t ciu néi em
rit thich cta Klopp d6 13 "I'm the normal one”. Ngoai ra tinh thdn mau lta ma cic ciu thd, ban huln
luyén ciing nhu c& déng vién cta ho mang dén ludn dem dén cho em rt nhidu cadm xdc. Dinh cao I3
nam 2019, noi ma Liverpool da cé cudc I18i ngugc dong khong tudng trudc Barca trén san Anfield tai ban
két clp C1. Em d3 khdng thé tin vio mit minh khi xem ban thing thir tu "corner taken quickly” cda
Liverpool & tran d4u hom dé (I5i binh luén nhic t&i viec Trent Alexander-Arnold d4 qua phat géc nhanh,
danh Iita hang tha Barca, kién tao cho Origi ghi ban). Em kha budn vi day 13 mua cubi ctia Klopp & day.
Du hién tai ddi vin d3n dau trén bang xép hang, nhung Liverpool vin chua thé& chic chin v& mét chiic
vd dich, bdi Man City vira c6 Kevin De Bruyne va Erling Haaland trd lai sau chin thuong nén tinh hinh
cling khé ludng.

V6n xuit phat hoc cip 3 chuyén Toan trudng Hung Vuong — trudng chuyén
duy nhit va tbét nhit cha tinh Phii Tho, véi chuyén Toén 13 chuyén khé vao
nhit, ban da c6 nhitng budc dém nao tir cip 2 dé 1én chp 3 c6 thé tba sang
dudc nhu thé khéng? Ban cé tirng tham gia cac ky thi nhu Violympic, Toédn
Québc Té, Toan Uc, ... danh cho hoc sinh tir cip 2 trd xubng khéng?

Viéc hoc todn nang cao ctia em d3 bit dau tir nhiing
n3m cp 1. Thai dé thi em vao dugc vong huyén nhiing
n3m cp 1 va vong tinh trong nhiing n3m cAp 2. Vong tinh
ciing la cép dé cao nhit danh cho trung hoc co s8, va em
may min dat duoc gidi nhi. V& trinh do todn clia em, em
tu nhan thiy ban than khéng gidi & phan hinh va bt ding
thic Idm. Khi thi vao chuyén Toén thi em dimg thir 12/30
- mdt vi tri khd an toan nhung ciing khéng qua xult sic,
nén em khdng hai long 13m véi két qua nay.

Nhic dén nhiing cudc thi, em c6 tham gia Violympic
khi né van con 13 mét cudc thi todn nhan dugc nhiéu su Gng hd clia hoc sinh va cic thy cd, va em déu
dat dugc thanh tich tuong dbi 8n. Ngodi ra, em ciing c6 thi cic cubc thi "Québc T&" déi 1an vio nhing
n3m cp 2 nhung thanh tich dat dugc ciing khéng miy 4n tuong.

Em nghi ring mét nén méng toan hoc & mic "kha” nhu vay 13 di dé€ gitp em hiéu ducc nhiing kién
thiic todn hoc duoc 4p dung trong cac chuyén dé tin.

"LCP: Competitive Programming - Lap trinh thi d4u
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Tai sao ban thi vao I6p chuyén Toan ma khong phai I6p chuyén Tin? Tai sao
bay gid ban lai hoc Tin ma lai khong hoc toan?

Em xubt phat von 13 dan hoc Toan, nén thi vao chuyén Toan ciing 13 d& hiéu. Thuc ra ban than em
ciing chén viéc hoc Toan tir I6p 8 do em rit kém hinh, va em ciing thdy minh khéng con hiing thi véi
viéc bién déi qua nhiéu. Lén cép 3, em méi bit dau thir hoc Tin. That vy, gid st em hoc Tin kém ma
vao I6p chuyén Tin thi ... khong 8n 13m. N&u em c6 co hoi dugc chon lai giita viéc hoc chuyén Todn hay
chuyén Tin, thi em van s& chon Toan bdi tinh cach clia em vAn hop véi cac ban 16p em bay gis hon. Em
nghi day ciing I3 background clia khé nhiéu ngudi hoc ciing nhu thi Tin a.

o) cip 3 thi ban tiép xic véi mén Tin tr lic nao?

Khoang hdi he trudc khi vao cip 3, ¢6 Thai day trudng em c6
nghi ra y tudng va mé mét I16p day C+-+ mién phi cho cac ban
hoc sinh méi vao trudng, chu yéu 13 dé d3o tao vido DTQG sau
ndy. Ban diu ciing khéng ai biét va d€ y em bdi em khéng c6 gi
néi tréi. Nhung sau khi hoc dugc mét thi gian thi cé vé em bt
lén. Thuc ra thi Tét n3m dé, em ciing ¢6 tim hiéu mét chit qua
vé C+-+ nén tiép thu nhanh hon. V3 lai, em lac y ciing rat dam
mé vdi viéc code, em code subt c3 he ludn. Dén gic em van khéng
hiéu sao hdi dé minh code nhiéu thé.

Cam giac ciua ban khi lan dau tiép xdic véi Tin
hoc?

Lan dau thi ¢6 18 13 n3m I6p 8, khi em dugc hoc Pascal trén
trudng. Lic diy duoc tiép xtc véi cic ciu 1énh, vong 13p va mét
bai vai todn don gian 1am em thiy viéc 13p trinh khé tha vi. Tin
hoc trong em ldc dé 13 cd mdt khoang trdi cha nhiing kién thic
hoan toan mdéi la va hay ho. Thdm chi, em ting c6 y dinh hoc
song song ca Toan va Tin bé”mg cach muon dé cic dira ban déi
tuyén Tin clia em d& 1am cling, nhung hdi dé em qué ludi nén cubi
cung lai khéng lam dugc.

Véi viéc dat giai Nhi Qubc Gia tir nam 16p 10 nhu thé da cho ban ban dap rat
I6n khi dugc danh thgi gian tron ven 3 nam cap 3 véi mén Tin hoc. Ban cé
thudng xuyén phai hoc trén trudng nira khong?

Trong khoang thai gian em hoc d6i tuyén dé di thi HSGQG™ , trudng ciing d3 tao diéu kién mién viéc
hoc trén I6p cho em. Sau khi thi HSGQG xong, c6 Théi da xin phép trudng cho em dugc tiép tuc viéc

hoc cung véi cac anh chi a. Su that |3 hoi déy chi cé 7 anh chi 16p 11-12 thi ma trudng cé 8 sudt nén em
dugc vé vét (cudi). Tuy nhién & vong sau em lai khd den dii khi ding dong hang 33 va trugt Vong 2.

Phuang phap nao dé ban tir giai Nhi Quéc gia nam 16p 10 1én A khoa cha ky
thi chi sau mét nim nhu vay? Ban cé thay doi gi vé chién ludc hoc trong subt
mot nam hay khong?

Em nght su khac biét 16n nhAt trong 2 n3m 13 viéc em d3 c6 ¥ thic stress test trong phong thi hon.
Hbi 16p 10 th em c6 phan tap trung vao viéc luyén code trén VNOJ hon ma quén mit phan chién thuat

?HSGQG: 13 viét tit chia ky thi Hoc sinh gidi Qubc gia.
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trong phong thi. K&t qua 13 em d3 bj "sap” mAt bai 2 nim dé va truct - mdt két qua 1am em khé nudi
tiéc. Sau dé em choi nguyén he, cho téi khi "duoc” khuyén khich ki thi Duyén Hai Dong bing Bic Bo.
Dén I6p 11 thi em can than hon, cong thém trinh d6 code da tién bd mét chat, nén két qua tbt hon ciing
3 d& hidu. V3 lai, em quan niém ring Vong 1 chi cin code gidi 13 vio dudc vong sau rdi. K&t qua A khoa
cé thé mang chit may min, nhung viéc cé dugc mot két qua tét d3 n3m trong du liéu cta em khi dé roi.

Ban tap trung rat nhiéu vao kha ning code, viy con kha ning nghi thi sao?
Ban phan bo thdi gian hoc cac thuat toan nhu thé nao?

Ldc méi vao thi em chi hoc cac thuat todn co ban nhu Segment Tree, DSU, ... théi a. Ngoai ra khi
lam bai ma gap mét tinh chét, mot thuit todn ma em chua biét thi em s& tim doc va lam nhiing bai
tuong tu. Ngoai ra khi em 1&n 16p 11, véi viéc biét sinh test, ti & code bug ctia em d3 gidm xubng dang
ké. Kh n3ng nghi clia em thi ciing  miic tam 8n, chua cé gi qua khac biét; Em hon cic ban & kh3 ning
lam dugc hiu hét nhitng phan cé thé 1am duoc trong céc ki thi.

Ban hoc TST”® trong vong bao lau? Trinh d6 chia ban thay d6i nhu thé nao?

Em nhé 13 trong vong vai thang a. Em [&n trinh kha nhiéu, vi cac bai duoc tiép xdc khac h3n hdi 6n
thi VOI, véi nhiéu kién thic, dang bai méi. Cé nhiéu bai thién vé suy nghi, sau khi d3 ra y tudng thi viéc
cai dat lai khd don gian. Mac du thé manh cla em 13 code nhiing bai nang vé cii dit, nhung em vin
rit hiing tha véi cac dang bai nghi nhiéu. H8i em hoc thi anh Théi, thidy Déng thudng cho cic bai code
ngin, nguoc lai thi c6 anh Hoang ludn cho nhiing bai can "tay to" thuc su.

Cé6 mbt sb6 ngudi hoc Vong 2 rat quyét liét, bai nao cac thay dua ra ciing code
dé AC bang dudc. Tiép can cha ban cho Vong 2 la gi?

That ra thi ¢d Thai cho em di 6n riéng véi cac thay, cac anh kha nhiéu nén em danh phan 16n thoi
gian dé giai bai tur nhiing budi dé a, con bai cac thay cho & Vong 2 thi em c6 cb ging 1am nhung nhiing
bai em khéng 1am dudc thi thdi a. Vao vong 2, em chi cb ging dé cé ducc nhiéu diém nhit c6 thé va
khong di qué siu vao bai nao. Viéc ¢ dugc mot th hang cao nhu vdy that su ciing 1a mot bat ngo Vvéi
em vi mdi thi sinh déu c6 it nh4t 1 bai xanh, em thi bai ndo ciing mau dé thdi..

Trudc khi thi Vong 2, ban c6 cdm thiy hoi hop khong? Sau dé6 ca hai ngay thi
cta ban dién ra nhu thé nao?

Em cdm théy kha 13 binh tinh, vi muc tiéu
clia em ban dau chi I3 vao APIO™* d& mién tbt
nghiép, chit khéng thiét tha gi 101”® cho I3m.
Ma néu I6p 11 c6 I8 khdng may truct vong 2, thi
I6p 12 van thi lai VOI dugc a. Em thiy ban than
lam hai ngay & mic kha binh thudng. Ngoai ra,
diém cha em cling kha déu, con moi ngudi thi
hay ¢ 1-2 bai diém c6 d€ ganh cic bai con lai.

BTST: Ky thi tuyén chon déi tuyén du thi Olympic Tin hoc Quéc té, hay con dugc biét dén 13 Vong 2 thi chon Hoc
sinh gidi Québc gia.

"APIO: Ky thi Olympic Tin hoc Chau A -— Théi Binh Duong.

5101 Ky thi Olympic Tin hoc Qubc té&.

20



Phdng vin Nguyén Diic Thing

Vay chién thuit chia ban cé phai I3 tip trung cin tit ca cac subtask thay vi
chi tap trung la moét bai khong?

D&i véi em, dé n3m vira rdi khé hon binh thudng khé nhiéu nén viéc tap trung vao mét bai cé phan
bAt kha thi, trir khi d6 13 anh Khué (Hoang Ngoc Bdo Khué - hai 1An tham gia APIO 2022, 2023). Khi
ngay 1 két thic va em chi dugc chua t6i 100/300, em ciing d3 nghi v& mét thit hang thip. Tuy nhién em
lai ¢6 duoc vi tri thi 7, diéu nay gitp em 1am bai ngdy 2 véi mot tam thé kha thoai mai.

Sau khi qua Vong 2 thi cac ban & cac tinh sé dugc ra Ha N6i hoc mot thang
va & ki tic xa kém tién hd trg 250 nghin mdi ngay, ban cé ki niém nao vdi viéc
hoc APIO khong?

Em nhé nhit ki niém... trén hoc a. Phong em c6 3 ngudi: em, anh Bdo Anh va anh Triéu. Anh Triéu
thi chdm chi, hdm nao ciing di hoc dé\y da. Con anh Bao Anh va em thi hay trén, sau dé ciling c6 vai 1An
bi thay Phuong goi hdi thim. Ldc trbn, em thudng chi & nha ngh thdi nén nhiéu ltc thiy goi cho c3 cb
Thai dé kéu day di hoc. V4i tién phu cAp, em ciing chi di 3n ubng binh thudng, khéng chi tidu gi nhiéu.
C6 mbt hdm ba bon em di xem phim cho d chan, con lai thi khdng khac gi sinh hoat h3ng ngay ca.

On thi xong APIO 13 dén én thi 10, trai nghiém cia ban lic diy thé nao?

Dot em 6n thi 101 thi ba ban kia 6 Ha N6i nén & nha riéng hét, chi cé minh em & ki tdc x4 théi, ma
ciing chi vi c6 4 ngudi hoc nén em ciing khéng trén ducc. That ra néu em that su mudn trdn thi cf I8
v3n c6 thé, bdi vi cac thly chi cho bai thdi, da phin cic thiy s& khdng 1&n. Moi ngudi 1&n ddy di cha yéu
chi d& hoc cling nhau dé c6 khéng khi ciing nhu trao d&i mét chat thdi.

Ky thi 101 2023 dudc té chiic & Hungary, 13 mét nim hiém hoi trong nhitng
nam gan day cac thi sinh di thi c6 thé giao luu va gap mat nhau tai mot nudc.
Cam giac cta ban khi lan dau tién dugc di Hungary la nhu thé nao?

0 Hungary, cic tod nha cé két chu tir ngdy xua, c6
nhiéu hoa vin kha doc la. Em thay Hungary dep, nhung
cling chua phat trién 13m, vi em dé y thiy vAn con nhiéu
393838 khu dat tréng. Cam gidc hét nhu & viing ndng thén vay.
B3 Dot tui em di thi 101, hdi du hoc sinh Viét Nam & Hungary

4
4
4
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: .&! hd tro rat nhiéu. Ngoai ra con cé hdi ngudi Viét Nam &
3 Hungary tai tré 8 mot sb mit nita a. Em vui vi ho rit nhiét

f,;, t‘lr]h, nerng ciing hoi thic mic vi bay gin nia vong Tréi

236 Dat cudi cung lai thudng thic ga lubc, phd bo..., cha khac

gl & nha cal Em ciing rit thich Hungary vi dé 13 qué nha
clia s6 8 méi & Anfield (san nha déi Liverpool) - Szoboszlai.
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Khi ban budc vao thi 101, ban chuan bj tam ly nhu thé nao?

D&i v6i em, mdt khi da da kha ning trd thanh mét trong bén dai dién chia Viét Nam tham duy 10, thi
lam bai th& ndo di nifa ciing dii kha ni3ng c6 gii, trir khi hém dé phong d6 t& I3m théi. N&u thé that thi
em ciing hi vong s& dusc huy chuong Bac. Ngay thi dau tién, em 1am bai suyt nifa thi xubng Ddng. Ngay
thi thit hai thi kha xanh. D& IOl n3m ngoai khi 1am lai thi that su rAt hay, nhung cac subtask thi khéng
dugc thuan Ioi 13m. Vi du nhu bai 1 n3m ngodi, em nghi dugc subtask dudng thgng ra dudc thuit tham
lam kh4 giéng sol chuin. Tuy nhién dén subtask n < 3000, tuong tng véi 83 diém, code chuin chi vai
dong, nhung phai dung Quy hoach déng, khic hin véi hudng truéc dé nén khdng nghi ra thé ndo. Em
danh an phén véi 52 diém. Bai 3, em rit ra dugc nhan xét nhu moi ngudi, nhung khi code trau va kiém
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tra lai thi code bug, 1am em nght nhén xét dé sai. Em tudng bai diy khé, vay I3 chi trau ding subtask 1
roi bd. Khi ra khdi phong thi, ai ciing dugc it nhat 50 60 diém, chi em dugc 14 diém. Néu bai dé khong
bug, kém thém bai 1 nita thi em cé thé s€ Ién dugc Vang.

Sau khi thi thi cdm gidc chia ban nhu thé n3o? Vui vi dudc huy chuong bac
hay tiéc vi khong thé dat dudc vang?

Dugc Huy chuong Bac ciing goi la
hoan thanh muc tiéu clia minh rdi, nén
em ciing khéng tiéc nubi nhidu. Khi vé
lai qué nha, b me t8 chiic tiéc mung
HCB cta em véi hang xém, cé ca cac
thdy c6 cling t6i chia vui nita a. Dat
dugc Huy chuong Bac ciing dong nghia
véi viéc dugc huy chuong lao déng hang
3. Néu khéng c6 g thay d8i so véi
nhitng ndm trudc, em sé dugc gap Chd
tich nuéc, nhung nam nay chi dugc gap
Phé cha tich nén em ciing hoi tiéc nubi
doi chat.

Trudng va tinh Phi Tho c6 t8 chitc tuyén duong, khen thudng ban khéng?
Cam xic cua ban liac dé nhu thé nao?
Em kha 1a vui, hanh phic, va tu hao. N&u tinh téi hién tai, thi téng tién thudng d3a hon mot tram

triéu dong. Em c6 dung mét khoan tién diy mua mét cai laptop mdi thdi, chit ciing chua c¢6 du dinh gi
nhiéu.

Vé6i tam thé 13 mdt ngudi da cé huy chuong rdi, thi ban cé ki vong gi cho
Vong 2 nam nay khong?

Chic chin 13 khic nim ngoai rdi a. Moi ngudi sé
ki vong nam nay em c6 vang IOl. Em nghi la ndm nay
dugc dai dién Viét Nam di thi 10l d3 I3 thanh céng
rdi. N3m nay c6 khad nhiéu ban gidi nén em khéng
bi&t minh cé thé vio duoc top 6 (top dé duoc tinh
huy chuong APIO) hay khéng nita. Tt khi thi IOl ndm
ngoai vé, em di choi kha 13 nhiéu, chi tir sau vong 1
nam nay thi em mdi tap trung hoan toan lai vao code
a.

Minh th3y hau hét cic ban khi chuin bi
cho 101 déu luyén tap trén Codeforces’®
rat nhiéu nhung ban thi ngudc lai, khdng cay Codeforces nhiéu I3m. Li do tai
sao ban lai 1am thé&? Khi khong tham gia cac contest trén Codeforces thi ban
c6 hay lam lai cac bai trén dé khong?

Em kh4 ludi 1am Codeforces vi contests Codeforces ludn di&n ra vao budi tdi mudn. Nhiéu khi c6 nhiing
bai em cé kha ndng giai nhung lai khéng giai dugc. Nhiing bai dy 1am em kha cay cid va khé nga! Ngoai

"6Codeforces: mét trang web t8 chifc cac cude thi lap trinh thi diu véi cic dang dé, bai tap da dang.
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ra em ciing khdng thudng xuyén 1am lai bai I5m. Em st dung Codeforces nhiéu hdi em méi hoc, béi cic
bai div 2 gidp kha ndng tu duy cta em dugc nang lén kha nhiéu .

Néu khéng lam Codeforces thi ngudn bai chinh cta ban 13 & trang nao?

Em cay cubc kha nhiéu trén VNOJ véi cic bai Ol trén oj.uz. Cic bai trén oj.uz thi em d3 gidi tuong
doi nhiéu. Dé thi cdc nam gan day thi em lam gan hét roi.

Khi luyén tap thi trung binh ban danh bao nhiéu thdi gian cho mét dé?

Viéc danh thdi gian bao lau phu thudc vao tam trang clia em. Néu em thiy cé khd ning nghi tiép
dugc thi sé c6 gang téi khi nao ra thi théi. Con ngugc lai, néu em thay chan, hodc I3 bai khé qué, thi em
sé doc sol va cac subtask & cudi dé a. Thudng thi em sé md timg bai va cb ging gidi hon 13 gidi nguyén
mot dé.

Viy déng luc nao dé ban cé thé tiép tuc giai hét cac dé 101, APIO? Lam thé
nao dé ban cam thay khong bi chan khi giai cac dé, khi ma cac bai rat khé va
yéu cau ca gio dong ho suy nghi?

Cha yéu Vi bai rat hay, can van dung tri tué nhiéu hon, va khdng c6 qua nhiéu bai yéu cAu minh phai
code nhiéu. VA lai, néu gip cac bai code nhiéu, em van rat thich vi s trudng clia em |3 code co ma. Tuy
vy, em thay nhiing bai nghi nhiéu thi vi hon nhiéu a. Sau khi thi APIO, dii d3 c6 két quad nhung em van
chua tap trung hoc dugc. Thiy vay, anh minhcool (Nguyén Quang Minh - 101 2023) khuyén em bit dau
giai cac dé 10l theo tirng nim. Em bt dau Iam theo va tir d6 tim ra nhiéu dong luc giai dé hon a.

Lam thé nao dé ban bién nhitng dam mé tin hoc thanh sitc manh cta ban, ma
khong bién né thanh ap luc? Ban nhin nhan viéc thi nhu thé nao?

Nhimng ki thi di véi em khéng phai 13 4p luc 16n, ¢6 & vi muc tiéu em dit ra ciing khong quan trong.
Lan thi 4p luc nhat cda em |3 VOI ndm I6p 11, khi em phai vao dugc Vong 2. Con cac cudc thi sau day
thi em khéng d3t ning thanh tich, ring TST va APIO minh ding rank bao nhiéu, phai cé huy chuong
gi. Néu em cé cam gidc 4p luc thi chi dp luc trudc khi thi théi, con mét khi da vao phong thi thi s& tép
trung hoan toan vao lam bai va khéng nghi gi vé dp luc nita. Nhd nhiing kinh nghiém di thi tir nhé, nén
khong khi phong thi va tam ly di thi cda em ciling d3 dugc rén luyén kha nhiéu.

Ban c6 du dinh di du hoc sau khi tbt nghiép cip 3 khéng? Néu & Viét Nam,
ban sé hoc UET hay Dai hoc Bach Khoa?

Cé 18 13 khdng. Don gian 13 vi em khéng mudn ra nuéc ngoai. By gid em vin dang phan van, vi UET
gid phai hoc & co s& Hoa Lac, ma em ching mubn ti ndo. Tuy nhién & dé ciing cé nhiéu ngudi em quen
hon nén UET van 13 su lua chon sé mot.

Ban c6 phai la mot ngudi gioi mon Anh khong? Ban cé du dinh hoc IELTS
nghiém tuc khong?

Em khéng gidi tiéng Anh 15m. Khi di thi IO, em ciing khong giao tiép duoc gi nhiéu, va diéu dé khién
em cam thdy kha dang tiéc. Em dang c6 hoc bong IELTS, em ciing dang hoc nhung chi dé giao tiép dugc
thdi, con dé thi thi em vin chua nghi dén nhiéu.
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Ban c6 mubn tiép tuc thi ddu & ICPC”" khéng?

Em nght néu kiém dugc do6i thi em s& tham gia ICPC. Hon nita, néu hoc & UET, em s& nho thﬁy
Phuong (H6 D3c Phuong - huin luyén vién ICPC clia trudng Dai hoc Céng nghé, DHQG-HN) kiém gitip
em. Mong muodn clia em la cling doi véi nhitng ngudi gidi todn va hinh, vi dé Ia hai linh vuc em con chua
gidi 13m.

Sau nay, ban c6 du dinh sé lam gi? Ban thich di nghién cu nhiéu hon, hay di
lam nhiéu han?

Em sé thién vé di [am nhiéu hon, vi em khéng gidi nghién cdu nhiéu 13m. Tuy nhién trong tuong lai,
néu cé moét chi dé ma em di dam mé thi em c6 thé sé suy nghi lai.

V@i tinh hinh cong viéc hién tai, thi ban cé
thich mét linh vuc nhit dinh nao chua? (Al,
i'ng dung, web, dién thoai, ...)

Em vin chua tim hiéu nén chua ré 13m. Nhung anh
Bach (Tran Xuan Bach - 101 2023) ¢6 rii em hoc Al xem
thit thé ndo, nén em cé y dinh thd. Con nhiing Iinh vuc
khéc, em s& thi nghiém nhiéu hon & Dai hoc.

M6t phuong chAm ma ban lubén hudng dén?

"It's not the destination, It's the journey.”

M&i 1an di thi chi cAn cb ging hét siic minh, con két
qua dén dau thi khong quan trong. Quan trong la qué trinh
minh 6n luyén, hoc tap cung nhau.

C3m on marvinthang d3 nhan I5i tham gia phéng van
cho tap chi VNOI! Tét d3 sdp dén réi, va sau Tét thi ciing 13
Vong 2, nén chic ban nim nay déi mau duoc huy chuong!
Chic ban dugc vang 10l ndm nay!

"ICPC: International Collegiate Programming Contest - Cudc thi Lap trinh Qudc 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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Dau tién thi rat cam on thay hém nay da nhan 15i phdng van cho tap chi VNOI sb Tét! Thay la nger/
ma tat c3 cdc ban rdt mong mubn duoc phdng van. Con g/ tuyet voi hon khi duoc phdng van mét “huyén
thoai”, vdi khéng chi mét, ma la hai nghién ciu da thay d6i nén Tin hoc Viét Nam — Sach “Giadi thut va
Lap trinh” va phan mém chdm thi Themis ma cdc ban bdy gid van hay ding. Ki thi Hoc sinh gidi Qubc
gia v3n con ding Themis, va c6 thé sé con duoc st dung dai dai.

Thay 13 m6t trong nhifng gido vién day Tin d&i dau, vay thi cd duyén nao dua
thay dén véi mén Tin hoc?

Cau nay néu tra 15i thi s& dai I5m! Tir khi minh hoc cAp 2, minh ciing biét Tin hoc 13 gi rdi. Hoi Ay,
minh hoc Tin trong trong tiét Ki thuat. Tiét hoc chan Im, minh cha c6 ti cdm hiing nao ca! Lén cp 3,
khi minh gip ngudi thay ding chuyén mdn thi khic biét that, thiy khdng nhiing day kién thiic, ma con
day nhiing ki ning nghé nghiép, va truyén cho minh c4i dam mé nghé nghiép nita. Lac diy thi minh méi
cam thiy thich.

Né6i that thi thoi xua, bon minh hoc 100% la dam mé, chit khéng nhan dugc nhidu vu d3i vé I6p
chuyén, gidi Qubc Gia,... nhu cac ban bay gio. H&i minh thi Qudc Gia, khong hé c6 tiéu chuin tuyén
thgng dai hoc! 100% la vd tu, thich thi hoc, khéng thich thi bd théi.

Trong méi trudng Ay, ciing may 13 cic thiy cd hay khuyén khich, ring “néu em thich thi em cit hoc
gidi mdn nay cai di, cdc mdn khac tinh sau!”. That vy, néu nhu cif gay stic ép hoc déu déu nhiing mén
codn lai, mdn Tin chi hoc vai tiét mét tuln thi ch3 thé& nén com chdo gi dugc.

Minh téi v6i mén Tin hoc, don gian vi Tin hoc né hép dan! Né khéng phai nhu mon Toan, cac bai
todn khé nhin nhd trong céc ki thi dau. Minh thich nhiing ldc cic anh sinh vién di [am cic do 4n tbt
nghiép, cac phan mém db hoa “chay nhay’, va nhiing ldc minh 1am ra dusc mét phan mém nao dé, duoc
ngudi khic st dung. C6 thé niém vui dy rit 13 don gidn, nhung minh cdm thiy né that su cé gi tri thuc
tién, khéc v6i gidi mét bai toan, khi md minh chi sudng dugc mét ldc théi thi di phai chuyén sang bai
khac roi.

Thay c6 dé cap dén viéc cam thiy hiéng tha khi viét ra phan mém va dudc
ngudi khac dung. Liéu né c6 phai 13 Ii do dé thay viét ra phan mém chim
thi Themis — phan mém d3 thay doi cach chiing ta day hoc & Viét Nam hay
khong?

Trai qua quéd trinh 1am nhiéu phan mém, cé céi
lam vi mong mudn ca nhan, ciing 6 nhiing céi 1am dé
ban nita, minh cé kinh nghiém 13p trinh kha dang ké.

Vao nam 2001, cdng déng Tin hoc cé hé théng
chim tu ddng AMM2, nhung khi chdm C++ phai dich
file C++ ra .EXE méi chdm dugc. Thé 1a minh bdo
v6i ca Déng (thdy D& Diic Déng), hay 13 "viét ludn
mét trinh chim dil".

D3u tién thi minh ciing dinh viét cho vui théi,
nhung ma sau diy thi thiy Déng bao: Néu ma dung
duoc 8n dinh thé nay, thi xin ludn du &n cia Bo dit
hang ludn mét thél

Minh nghi Themis 13 mdt phan mém kh4 don gian,
nhung yéu ciu 16n nhit clia phin mém dé thi phai chay khéng duoc 18i! Chay cham hay it chic ning
ciing duoc, nhung mét khi di chim thi phai chay tir dau téi cudi, khéng dugc ngiing gilfa chimg hoic
c6 18i. Ngoai ra né phai gon nhe, d& cii dit trén may xach tay dé cic thdy mang I&n I8p trong diéu kién
khong cé server va internet.
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Nhiéu ban thic mic thi bing C++ bay gid sé dudc chdm bing ban C++14,
khong biét théng tin nay c6 chinh xac khong a?

That ra gid st c6 mdt thiy ra dé thi doi hdi mét cach chdm riéng thi thiy c6 quyén dugc chdm theo
kiu clia thiy, nén s& khéng c6 quy udc cb dinh. Khi viét chuong trinh tuong tac véi code ciia thi sinh, néu
léch phién ban C++, code hoan toan c6 thé bi dich 15i. Tuy vay véi nhiing bai dic thu nhu thé thudng
s& c6 dic ta rd rang trong dé.

Thay mét khoang bao lau ké tir khi Themis ra ban dau tién dé cho ra phan
mém c6 kha nang chay on dinh, dugc dén nhan rong rai?

Phai mAt khoang mét nam. Thuc ra dé thanh hinh s3n ph§m thi mit cé vai tudn théi, nhung minh
v6i thdy Déng mang di day khodng mét n3m, thiy 8n dinh méi ddm cho nghiém thu va chdm & VOI nam
sau.

Mbt trong nhiing dic diém hay ho clia mén Tin hoc so vi mén khic dé 13 chdm tu déng. Chuyén
minh doc code rdi chdm gay ra nhiéu sai s6t, 1am cho viéc ra dé thiéu chit ch&. Minh doc rit nhiéu dé
thi trong céc ki thi cAp thip, thi dé toan dua ra nhiing dit liéu dau vao (input), dit liéu dau ra (output)
khéng c6 rang budc input ndo, nhin ¢é vé nhu |3 nhiing ngudi chdm cé ¥ tudng sé& chay chuong trinh
bing tay rdi chAm. Nhung [am vAy thi trai véi quy udc clia mét dé thi Tin hoc thuin tuy — cé rang budc
dit liéu. Khi ma hdi ddng chAm thi doi héi phai ndp ludn bd test khi ra dé, thi chic chin dé thi phai c6
nhiing rang budc co ban nhu thé.

Tir khi Themis trd thanh trinh chdm chinh thitc cho cac cudc thi (nhu ki thi
HSGQG"® ), thi thdy da cé nhitng ki niém khé quén nao chua a?

May 13 chua cé! Minh ciing g3p mét s6 thic mic,
nhung cudi cling |4n ra thi ciing 13 do 18i cla thi sinh
thdi. Ching han nhu, déi lic cé nhiing hanh vi khéng
xac dinh (undefined behaviour), lic dé code chay trén
may thi én, nhung lGc chay trén trinh chém, rdi thir
chay trén céc trang nhu ideone, Codeforces’ thi né
ciing bi tinh trang gibng nhu thé.

Thic mic nhiéu nhit 13 khi Themis dugc dua vao
chim chinh thiic bing C4++11. Liic diy thi nhiéu code
C++98 bj dich 18i. Thuc ra thi trudc khi tham gia bat
ki cudc thi nao, thi sinh phai biét quy tic, “luat choi”’
chia ki thi ddy. Nhung ma & VOI, thi quy ché cta Bb
chi néi 13 C++ théi, khong dé cap phién ban ndo, thé
hé bao nhiéu! Cho nén dbi khi, cAn c6 mét thd phd bién dé gitip thi sinh hiéu ring “néu anh chdm & nha
bing phan mém Ay khéng 13i, thi tdc 13 di thi cé thé dung dudc cac Iénh dé!”. VA Themis d3 Iam dugc
didu éy. Minh nghi Themis da gép phé\‘n han ché bét 13i trong qua trinh thi that, khi Themis d3 dugc phat
hanh réng rai cho tit ¢ moi ngudi déu c6 thé tiép can.

Chuyén vé nhitng ngay dau ra diu truong qubc té

Tin hoc 13 mén hoc hay, duosc du doadn 13 mét phan rt quan trong trong nén gido duc tuong lai, do
dé, ndm 1987, HGi nghi UNESCO vé gido duc néu dé xult t& chiic ky thi tin hoc qubc t& (I01%° ) bén
canh cdc moén Toan, Ly, Héa, Sinh. Bulgaria ding ra dang cai 10l dau tién vao ndm 1989. Hoi day, Tin

BHSGQG: 13 viét tit chia ky thi Hoc sinh gidi Qubc gia.
"9 Codeforces: mét trang web t8 chiic cac cudc thi lap trinh thi diu véi cic dang dé, bai tap da dang.
80101 Ky thi Olympic Tin hoc Qubc té.
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hoc d3a duoc tiép nhan tai Viét Nam, nhung chi day cho mét sb sinh vién & c4c khoa dic biét clia trudng
dai hoc ma théi. Ong Tran Hdng Quén (B& trudng Bb Gido Duc tir ndm 1987 dén nim 1997), goi thiy
Dam (Nha gido nhan déan Hb ST Dam - dong tac gia bd sich gido khoa Chuyén Tin) 1&n va bdo: “Téi ciing
cha biét mén nay 13 mén gi, nhung ma thiy bao mén nay quan trong 13m! V& nhém cai doi di thi Qubc
t& dil”. Thi thi, c6 thé gidi & nhitng n3m diu khdng quan trong dau, chl yéu dé biét ngudi ta hoc thé ndo
dé minh hoc theo.

Thay Dam vé kéu m3i 4 dda theo chi
tiéu tbi da di thi quéc t&, nhung goi duoc
c6 3 ngudi théi. Ba ngudi Ay hoc chp tbc
trong khoang dé tir 3-4 thang, vé thi c6
huy chuong Déng. Xong rdi ngay tir nhiing
nam sau thi Viét Nam minh d3 cé Vang,
c6 Bac. Dinh cao dén n3m 1999 Viét Nam
ding #1 toan doan. Bay gic Viét Nam con
thiéu dang chic v6 dich 101. Sau 101 14n
dau, ong Quéan bdo la: "Chua hoc gi ma
d5 duoc huy chuong Ddng, vay thi trién
khai hoc 13 ngon ngay’. Do dé, 6ng yéu
ciu thay Dam trién khai chuong trinh day tin hoc ph(’g thong.

Cac thay cla Viét Nam c6 thé 13 nhiing chuyén gia rit gidi, nhung viét chuong trinh lai 13 thich thic
I6n, khi phai biét day céi gi trudc, cdi gi sau. Hon nira, cac thﬁy khong thé ap cdi cach hoc cia minh
xudng hoc sinh phé théng vi hau hét cic thay hoc tin déu trong trang thai di 1a Tién si, Phé tién si,
Thac si, Cit nhan cic nganh Toan, Ly, Téi uu héa, Tu déng héa rdi. Hbi diy thi chua bé cAm van, minh
chi giao luu véi cac nudc thudc khi Vac-sa-va (Warsaw) - cac nudc X3 hoi Chi nghia thdi. Nén cac thay
phai di xin tai liéu cda Ba Lan, Nga, v.v, rdi sau dé thi trdn vio thanh mét cai chuong trinh, day & mét
vai trudng chuyén: trudng chuyén Khoa hoc Tu nhién, trudng minh (Dai hoc Su pham), Dai hoc Bach
khoa, trudng chuyén Ha N&i — Amsterdam, thanh phd H5 chi Minh véi trudng Phé théng Ning Khiéu,
V.V.

Hoc sinh cta minh thi cé céi hay: "néu khong thi, thi khong hoc; con mét khi da thi thi n6 sé hoc va

dng thiy ciing s& phai cb day!". Tir d6, néi dung hoc ngdy cang dugc 1am phong phii thém va chuin héa
dan. Do vay, chi c6 huy chuong Déng trong 1an dau tién tham du thi mang lai su bit ngd thdi, con nhiing
nam sau, tinh canh tranh dugc nang cao, dé thi bt dau khé rdi.
3 e 3 ¢ Nhitng nam dau tién, 101 v3n c6 format chAm nhu cic
mén khac: hoc sinh trinh bay thult todn ra gidy; Chuong
trinh ¢c6 1a dugc, khdng cé thi cling cha dén ndi bi 0 diém.
Sau dé, minh phai dich bai ra tiéng Anh, rbi ting nhém
chia nhau ra chdm. Trong ngdy cudi cling, trudng doan
phdi ding ra bdo vé cho hoc sinh minh - tranh ludn &
nhiing diém ndo dang mip mé giifa cho diém hay khéng.
NGi chung, viéc chdm bai rit mét mai, va hdi dong lam
viéc rbt cing thing trong mdt khodng thdi gian dai.

Dén n3m 1994, ngudi ta cdi nhau “mét rdi”". Théi thi,
anh lam sai ciing dugc, nhung téi c6 mét bd test, lam sai
3 mot phﬁn cla cudc chai, anh cir ding test dé la dugc.
Tu n3m Ay, ngudi ta bit ddu chim theo b test. Tir khi bit
dau chdm bo test, Viet Nam minh két qua ciing c6 chiéu
hudng di xubng; C6 n3m chi dugc 1 téi 2 huy chuong Dong.
Nhung ma ngay sau ddy, tir ndm 1995 t6i 1999, Viét Nam
minh dimg nhAt thé gigi! Dii chAm bing bo test nhung tinh
chit bai thi v3n giit nguyén, 13 cac bai toan tbi uu. Cac bai
d6 duoc chdm theo do tbt, thi sinh khéng can dua ra dap
an chinh xac tuyét déi. Hoi déy, da s cac bai dua ra thi s&
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theo kiéu NP day dii (NP-complete). Sau dinh cao 1999, khéng chi Viét Nam, rit nhiéu nuéc khac bit
dau dung chién thuat: khong tap trung nghi thudt todn hoan hdo cho mét bai nao ca (subtask), bai nao
ciing phai c6 code mdt phan ndo dé. D&i khi code Ay lai dugc diém rAt 13 cao, nhung néi thing 13 thuat
toan sai Ay! Bdi vi phai dua ra ddp an gan ding ch khéng phai dép an chi cé6 mét sb, ding chinh xac
nhu bay gid.

Dé&n n3m 2003 hay 2004, ngudi ta méi bit dau chim tuyét ddi — léch mét don vi ciing chét. Dén n3m
2010, thi viéc chAm ding test ndo dudc diém test nly ciing khéng céng bing — yéu t& may m3n con nhiéu
qué. Vay 13 101 bit dau 4p dung format chim theo bb test cho timng subtask (batch) — phai diing hét tt
c3 cic test trong subtask dé thi méi 3n diém.

Gido trinh phd théng mén Tin hoc nhitng ngay dau tién

O cac mon khéc, ngudi ta nhit ra rdi nang cao mdt vai kién thic tir chuong trinh phd théng dai
chiing; Cac kién thic Ay tré thanh chuong trinh chuyén. Con véi médn Tin thi nguoc lai, chuong trinh
chuyén cé trudc, sau dé dugc giam tai di, tré thanh chuong trinh dai tra. Cho nén ngudi ta hay phan nan
vé viéc phan 13p trinh clia chuong trinh phd théng cii kha ning. That ra thi phan 13p trinh dau c6 gidm
tai. N6 chi c6 hai dang: biét |ap trinh hodc khong biét |ap trinh thai! Cau lénh thi vin phai hoc di chd
giam tai dugc [énh gi!

Khong day for véi while thi lai khéng dugc!

Ngay xua, thi trong sich 16p 11 day thé day! Trong Pas-
cal c6 3 vong l3p: repeat, while véi for. Tuong tu cho C, ¢
do..while, while véi for. Him while 13 ham t8ng quat nhit,
thi ngudi ta day mdi while con hai céi kia thi lai bd! Tudc
b6t cdng cu thi [ap trinh lai cang khé hon chir dau ¢6 d& hon
gi dau! D&i khi bénh thanh tich hay hoc dé thi, thi ciing c6
m3t tich cuc: Khi minh d3 dai dién cho mdt don vi nao diy
di thi, thi minh phai cé6 mét su nd luc cb ging, va trong qué
trinh nd luc b géng 4y, thi minh mdi thiy thich! Khéng c6
yéu cAu thanh tich thi ngudi ta chd hoc dau, hodc hoc ma
khéng c6 dinh hudng, khdng cé muc dich rd rang. Ong thiy
ciing lugi, vi mén ctia minh dau c6 thi ddu ma phai ép cac
ban hoc sinh nhiéu vay! Trong thé thao, mét ngudi khdéng
tap luyén bai ban gi vin cé thé chay, danh béng ban, cau
I6ng, da béng, ... nhung vain phai cé cac dong vién thanh
tich cao, thi ngudi ta méi biét choi thé no 13 diing kj thuat,
tranh chin thuong, rdi 3n ubng, ngli nghi nhu thé ndo dé
nang cao thanh tich... Trong Tin hoc ciing tuong tu thé,
chi nhiing thi sinh CP® méi biét ky luat nghiém ngit khi
chdm b3ng test, biét cich han ché c4c 18i tran hay hanh vi
khong xac dinh. ..

Con bénh thanh tich né ciing ¢c6 mat tiéu cuc, ngoai
nhiing thir m3 bdo dai hay dé cap thi trong mén Tin hoc,
c6 xu hudng khong hoc/khong day nhiing kién thic khéng
xuat hlen hodc it xuit hién trong cic bai thi cho du dé 1a nhung gié tri cbt 15i. Chang han nhiéu ban

“ngai” hoc con trd, “tur chdi” hoc |ap trinh hudng dbi tuong, san sang code ban, code bt test dé che glau
15i. . .

Qua diy méi thiy viéc ra dé va 1am test trach nhiém cao dén thé& ndo: Khéng chi 13 d€ phan loai trao
gidi ma con dé dinh huéng viéc hoc cho cic thé hé sau nita. Lam thiéu trach nhiém s& déy viéc hoc xa
rSi cac gid tri cbt I16i ma tap trung vao cic k§ ning vd bé.

81CP: Competitive Programming - Lap trinh thi d4u
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Quan sat tin hoc Viét Nam mot thai gian, trinh do cac ban tir khi Codeforces
dudc phé cap thi bit dau ting rat nhiéu. Cac ki thuat vao nhitng nim ngay
xua dudc liét vao dang cao cip nhu Segment Tree, Chia cin, ... thi bay gio
dudc xem 13 thuat phd thong!

Ngay xua may thut ndy phai tu ché ral Thudng thi cic thuat 3y khdng cé trong séch vé chinh théng
hodc c6 nhung khé tim sidch ma doc 13m. Da sb cac trudng hop la nhd mét ngudi nao day lam bai roi tu
ché ra, sau do truyén lai thé thdi chd né khong phd bién rong.

Thay thiy ring trong 5 nam trd lai day thi Tin hoc Viét Nam dang & midc
nao? Trinh do6 chung cac ban nhu thé nao?

Minh nghi ring gan day cic ban ciing c6 m3t gidi hon, nhung ciing c6 mit dé hon. Tt nhién thi &
dinh cao, séng sau sé luén I6n hon séng trudéc. Nhung so véi ngay xua, thi bay gid khi cac ban hoc co
s3, cac ban phu thudc vao Internet va ChatGPT nhiéu qué! Hoc nhitng cai ABC ma d3 bi phu thubc vao
nhiing thir ddy, thi cdc ban s& khéng hoc dugc nhiing thir DEF rdi XYZ. Nhiing vién gach, nhiing budc
chan dau tién, thi minh phai tu budc di! Phai tu budc di, d& tu vAp ng3, tu ding day. Nhiing budc di cé
ngudi dit chi 1a hoc déng téc, ban phai tu di thi mdi biét cach 4y thing bing, va céi chi tiét dé tuy I3
nhé nhung khéng ai day dugc ca.

Minh théy rAt nhiéu ban nhu thé, ké ca 13 sinh vién. TAt nhién thi nhiing bai 6 mic dé nhidp mén &
d4u ciing c6, ai ciing day nhu thé& c3 nén chic chin I3 tim trén mang s& cé dugc code, va hoc thudc rdi
di thi thi sé lam dugc théi! Nhung cai quan trong la khi minh 1am nhiing bai déy, thi minh phai tu lam,
phai trdi nghiém nhiing sai IAm, d& biét cach sira 15i sai éy va trudng thanh hon. Nhiéu ban hién tai hoan
toan khéng c6 kha ning tu stra chita I3i sai 4y, vi code diing hét rdi thi 13y ddu ma stra nital Tham chi I3
chuyén chép code clia nhau ciing thé, thay vi tu minh tu duy nhu hdi xua, viéc dau tién cic ban lam 13
search va chép code. Diéu nay 1am cho tu duy clia cac ban bi kém d6 nhay di. Kién thdc hoc sinh bay gid
c6 thé dugc hoc nhiéu hon truéc, nhung d6 nhay bén trong suy nght dé van dung céac kién thic éy khong
b5ng cic thé hé xua.

Ngay ca trong viéc hoc C++, céc ban tap st dung
cac ham trong thu vién sém qua! Néu ngay tir du ma
da nhay vao dung set, map, v.v, thi ngudi ta sé khong
hiéu cai nguyén Iy clia cic cAu trac dif liéu d6. M3 dbi
khi, dich dén cha viéc hoc khong phai la dé cai bai
tap, hoc 13 d& hiéu nguyén Iy! DAy méi 13 c4i b8 ich, 13
gia tri cbt 181 clia khoa hoc may tinh. Thét ra dé& 1am
nhiing thir ma chi don thuin dung set, map thi cha cé
phan mém nao ddi hdi ban tu code bing tay dau!

Ti & thudn véi su phat trién cha céc phuong tién
truyén théng, viéc giao luu hdi bai trén cic dién dan
trd nén thuén tién hon. Nhung né ciing la céi thd dé
dhy! Ngay xua, cé nhiing bai phai nghi vai thang méi
ra. Tham chi, c6 nhiing bai ma cho dén bay gi vin nghi chua ra. N6 & cai mitc IMPOSSIBLE Ay, ban
than ngudi ra dé con chua tin 13 minh 6 dugc giai phap tét dau. Thé& nhung ma qua qua trinh xoay sé
4y, thi ki thut va tu duy cla minh s& [&n kha dang ké.

NGi vé& chuyén chdm tu déng, cho hoc sinh chdm tu déng ngay tir ddu, minh nghi khéng phai I3 diéu
hay. Khéng can nop bai chdm tu déng, doc code, hack dudc code clia thang ban hay bi hacked roi phan
tich xem vi sao test nay lai héng... Cach hoc nhu thé s& mang lai nang luc hoc tap tich cuc hon nhiéu,
gitip viéc hoc d3 khd khan hon. Minh nghi mén nay hoc rat hay, nhung ma do cidch hoc nén mét sb ban
bi thu déng, dan dén nhanh chan. Tém lai néu nhu ngay tur ddu ma céc ban khong chiu khé trai nghiém
khé kh3n va vuot qua chdng, thi khéng thé di xa duoc.

60



Phdng vin thiy L& Minh Hoang

ChatGPT thi gan nhu né sé giai dudc hét cic bai don gian hodc co ban. Van
dé 13 néu ching ta khdng nghi bai dy thi sé khong thé giai dudc cac bai khé,
sé chi mai dam chan tai cho.

NG khéng phai 13 chi cé cic ban hoc chuong trinh Tin hoc phd théng dau. Ngay c3 trong 16p chuyén
Tin, néu nhu ngay tir ddu ma cac ban khéng chiu khé trdi nghiém khé khin va vuot qua ching, thi ciing
cha di duosc dén dau. St dung ChatGPT cho céc bai don gidn, né s& doc ci dé va solution chuin 100%!
Nhung néu chiing ta khéng nght bai diy thi s& khéng thé giai dugc cc bai D, E, F trong mét cudc thi
trén Codeforces dugc, ta sé chi mai gidm cham tai chd. ChatGPT né 1am moi ngudi ludi suy nghi hon.

VA4n dé cha cach hoc ndy con dinh déng téi chuyén vé hoc todn nita co. Cach hoc todn cia cac ban
hién tai vAn theo kidu gin nhu tuong tu ngay cai lGc m3 ban hoc to4n & chp co s8, thi cic ban d3 phu
thudc vao sach bai tap, |6p hoc thém, cac hé théng Al, v.v, lam tu duy todn cla cdc ban kha la néng.
Tham chi 13, néu minh doc thir dé thi to4n cac trudng chuyén, hau nhu 13 toan cac bai rAt khé, thi cac
ban giai tbt, nhung dén nhitng cai todn vé cling co ban, thi chua chic cic ban d3 nhé va van dung tbt.
Phai néi ring ngudi thiy day phai khéo I3m thi méi cdm thiy cic ban dang lam bai tbt, nhung rat c6
thé d6 13 gi4 tri 3o d3n t&i danh gia sai tudng cic ban gidi vi 1am dugc bai khé nén lién tuc nang cao ma
khéng biét ring cic ban dang mit co ban.

Nhu d3 néi, ChatGPT né lam moi ngudi lugi
suy nghi hon, va diéu nay rit nguy hiém. Minh
day nhiing bai todn co ban: tim kiém nhi phan,
sang sb6 nguyén td,... Minh khéng phai chi day
don thudn thuit todn déy — nd chi la mdt phé\n
rAt nhé théi, vi cai tu tudng thudt todn va cich
thic trién khai chuong trinh mdi quan trong,
va qua viéc mé phdng ding mot thuit toan thi
ngudi hoc méi thiy dusc c4i hay va phét trién tu
duy gidi quyét vin dé. Vi du véi sang sb nguyén
td, ngdy xua, dng tac gid dung cai que, choc
maét vai 18 1&n 15 d& sang. Ta phai mé phéng lai
qua trinh dz'?\y, dé cac ban théy dugc céi hay cla
thuat todn, va tu duy cla cic ban s& phat trién khac di.

Nhing bai toan "I6p 1, 2" thi chic bay gid ChatGPT lam duoc hét rdi! Nhung néu anh khéng chiu
hoc I6p 1, 2 thi chgng thé I&n dugc 3, 4; cang chgng thé hoc tiép [én cép 3, Dai hoc, Thac si, Tién si
roi di 1am duoc. Nhiing tht co ban 3y, sém muén gi ciing phai hoc, moi ngudi ciing s& thudc bang ciiu
chuong, v biét cong trir nhan chia. C6 thé I6p 1 hoc khéng gidi, nhung minh nghi ring mét khi d3 dén
I6p 12 thi chic ai ciing phai biét doc, viét, cdng trir hét roi. Tém tit lai, phai biét cong biét trir rdi mdi
hoc céi khac. Minh nghi Ia hoc sinh phé théng, khi bt ddu hoc mét mdn mdi, ban c6 thé nhan thic hoi
cham va k§ ning giai bai kém - né ching néi 1én diéu gi. Chi can ban kién tri, khic phuc dudc nhiing
diém yéu cla minh, thi ban con ¢6 thé tién xa hon nhitng ban “phat trién sém” hodc dusc hoc trudc, néu
nhu ban khéng bd qua nhiing ning luc can cé cla ting bai hoc.

Codeforces theo thay di thay d6i nén tin hoc Viét Nam nhu thé nao, khi trong
5 t8i 7 nam gan day la nén tang I6n nhat, pho bién nhat cho CP-er & Viét
Nam?

Céc bai ctia Codeforces, dic biét 1a Div 2 va Div 3, n6 tap cho cdc ban dang nhdp mén I4p trinh kha
ning code nhanh vi code chinh xac. Ta cAn mét gi3i phap don gidn cho cic bai don gian. Tht nhién dé
lam dugc bai dy thi d& thdi, nhung cin phai [am vira nhanh, vira chinh xéc.

Cé rht nhiéu bai todn khé trén Codeforces 13 15p ghép cha nhiing bai co ban. Véi tiing doan co ban,
néu ban code vira ngin vira ding din, thi chuong trinh 16n s& dé& kiém soat hon. Ngugc lai, ngay doan
ngin ma d3 bug rdi, thi s& khéng thé viét dugc nhiing chuong trinh phic tap hon. Céi diy thiy nghi I3
cai 16n nhat ma Codeforces déng gép duac.
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Con Div 1, thi minh nght né chi danh cho nhiing 6ng di thi théi, con d& hoc thi minh nghi ring ctf ci
Div 3, Div 2 1&n khoang dé Expert® , Candidate Master® gi diy. Tuy nhién thi Codeforces khéng danh
cho nhitng kiéu ngudi gid nhu minh, chan tay cham rdi, khéng Iam nhanh ducc. Minh 1am bai chi d& c6
vbn bai, xem xét xem cé ki thuit gl hay dé day nén c6 ky thi minh lam mdi mét bai, ma cé khi con sai.

Minh chi néi thém chit 13 nhiéu ban quan trong héa hang ciia cac ky thi qué, ké ca Codeforces. Cac
ky thi vo6 thudng vd phat cdc ban nén dat viéc hoc tép va réen luyén chién thuat thi én trén hét. Khéng
can phai code qué vdi hay an bét quy trinh kiém thr. Hodc chgng han ban ddm chin tai chd & mot mdc
lau qud, ky thi nao ciing chi lam ABC, thé thi ban thd mot ky thi nao d6 lam A, D hodc chi D théi di,
danh thdoi gian cho mot bai nhidu hon dé du khong lam dugc, lic doc 16i gidi minh cling & trang thai chi
déng tiép thu kién thidc. Thé mdi dang 13 thi d& hoc va rit kinh nghiém, néu thi trién mién ma & timg
cudc thi minh khéng thu duoc gi ngodi sé diém v ranking thi cudc thi dé vé nghia.

C6 mét su that kha ndi tiéng trong cong déng 13 thay c6 tai khoan Codeforces.
La mot trong rat it gido vién tham gia thi Codeforces, thay cé suy nghi nhu
thé nao?

Khi minh [am viéc véi cdc ban mdéi hoc doi tuyén thi minh ciing thi Codeforces. Minh cé trao giai
thudng cho 6ng nao thi hang cao hon minh. N&i thé chd thi ma hang cao hon thiy thi ciing khong phai
khé 13m! Cha yéu vui 13 chinh thail

Cé mét doan nifa, khi ma chuyén sang day C+-, minh biét C++, nhung dé biét & mic do6 di day
dugc, thi phai thi bang cai day xong mdi biét ma day dugc. N&u ma chi chuyén tir ngbn ngii ndy sang
ngon ngi kia theo kiéu 4nh xa 1:1 Sy, thi né khéng phai 13 tu duy cta mét ngudi di thi - khong thé lam
nhanh dugc. Dot day, rank ctia minh tut thé thdm, c& nhap nhang mai. Quang thaoi gian day, hau nhu ky
thi nao minh ciing lam, dén mic dé hoc sinh tudng minh cho nick difa nao dé dé tap cd. Minh tap bang
mot ngdn ngil méi, thi né thay déi théi quen viét cii, ngay ca trong cach trinh bdy chuong trinh. Phai tap
dén do Expert thi méi ty tin di day dugc ngudi khac.

Theo thay thi so C++ véi Python, Python cé dé hoc hon C++ nhiéu khong?

: NG6i vé& ngdn ngit lap trinh, minh thay
= 3 ~ ngon ngLr nao cung phai bo cbng hoc tht
LE KY NIEM cd moi chu trac diéu khién va dac ta cha
iM NGAY THANH LAP CHUYEN SU PHAM (1966 - 201§ ngdn ngit d6. Minh khéng nghi la ¢4 ngdn
A DON NHAN HUAN CHUUNG LAO BONG HANG NHAT ngit nao d& hon han cai kia. Con néu ma
ndi khé 1am chd, thi minh nghi rang C++
la m&t trong nhiing ngdn ngir khé. C++4 cé
qua nhiéu ki hiéu, va cang vé sau thi ngay
cang md rong ngdn ngit ra lam cho code
ri rim hon, ndi bat la lambda function va
céc cach viét tit théng dung khac nira. L&
ra thi C++ nén Iam theo huéng thém dic
t3 néu can thdi, chit ngdn ngit dang chay & 8n thi cd gilr nguyen mot khoang thoi gian. C++ ¢t 5 ndm lai
|én mot doi, Iam cho ngudi ta chay theo lau lau ciing thiy mét.

Con riéng vé Python, thi minh khdng nghi day 13 mét ngén ngit d&. N6 d& theo cai nghia: né viét
nhiing chuong trinh dau tién rit d&. Vi du, nhap vio mét sb rdi in ra céi g d6, nhap hai sb in ra téng, ...
rit d&, chi can gd 1énh truc tiép rdi chay tung lénh mot thay Vi g ca chuong trinh rdi bién dich, sta 13i
cu phap, v.v. Va ngudi ta cé cadm giac rang né dé vi song chét gi n6 ciing chay, chi I3 t&i dong ma minh
viét sai thi né ding lai thé th0| Vay nén minh ciing ching hidu cin cif vao dau dé ngudi ta ndi Python
d& hoc. C6 I8 ngudi ta cho ring né d& hoc vi chép code trén mang cé nhiéu.

82Expert: mitc diém hon 1600 trén Codeforces.
83Candidate Master: mic diém hon 1900 trén Codeforces.
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N&i vé chuyén thuét toan va cAu tric dir liéu, mét trong nhiing cadi ma minh théy rat 13 quan trong
la dénh gid do phic tap tinh todn. Python khong danh gid dugc vi phép cong, phép nhan cia né khong
phai 13 h3ng sb. Vi nhiing cai diy, th khi minh danh gi4 dé phic tap, ldc chay thi né s& 'ria’ hon so vdi
cai minh da danh gia.

Khi minh di day, minh chi ra ring mét thuat toan O(n?) s& cham hon O(n log, n), nhung O(n log, n)
thi phai diing phép nhan ma tran, can tinh to4n s 16n ching han. Khi dem hai code di chay thi code
O(nlog,n) lai chdm hon code O(n?) déng ké. Tu nhién 1am thé, ngusi ta cling mAt 1dng tin véi Iy thuyét
dugc hoc. Néi di cling phai néi lai, ngdn ngit bién dich sé kha sat véi d6 phic tap tinh toan.

Nhung néi chung, minh khdng nghi ring hoc mét ngdn ngit 1ap trinh 13 chuyén d&. Vi & ngoai kia,
ngudi ta cé nhiing 16p hoc cip tdc, c6 nhitng cudn sdch hoc ngdn ngit ndo dé trong vai tudn. Minh khéng
nghi I3 né s€ dugc viéc dau! N6 phai cé trai nghiém, cé su luyén tap, phai lam tu tir thi né méi c6 do
ngém! Hoc cé d6 3 tudn thi chi & mic d6 biét né I3 gi thoi.

La mot ngudi code C++ thi thay 13 ngudi code theo phong cich nhitng phién
ban mdi nhit, hay theo kiéu truyén théng 1a C++117

Minh code theo kidu truyén thdng. Vi that su, ngay ca nhiing dic ta trong C++17, C++20 thi minh
ciing chua biét hét dau. Minh code theo kiéu: tréng né quen thudc thi viét thdi. Thinh thodng ndi hing
lén viét nhiing 1&nh trong ngdu ngau mét ti, chit né khdng phai 3 chuyén thudng xuyén. Mét khi ma minh
viét mot 1énh ma ban than minh thiy d3 khé nhin, thi khi debug (sta 18i) né s& mét 13m.

Con vé IDE, thi bay gid thay van dung gi? Thay thiy cac ban tré bay gid hay
dung VS Code, Sublime Text thi thdy cam thiy thé nao?

Véi C++ thi théy van dung Codeblocks. Minh nghi Ia Codeblocks né dé that, hé soan thao tich hop
né hd tro kém qua! Néu cé diéu kién thi nén dung nhiing phan mém chuyén nghiép, két hop debugger®
. unit test® | version manager86 , V.V.

Tuy nhién minh lai thdy c6 rAt nhiéu ban code thing bing giao dién trén trang web nao diy: M& web,
code thing vao dy rdi ndp bai ludn. Ma minh lai ching thiy cach lam nay duoc loi ich gi c3. Néu c6 15i
thi né gd kiéu gi?

Ngudi ta da nghi ra IDE — m6t mdi trudng tich hgp
ca soan thao, bién dich va gd I3i, thi né phai c6 If do clia
né. N&u ban code trén ideone thi ban d3 bd qua nhiing lgi
ich ma né cung cip. Ngay ca chuyén don gidn nhu viéc
nhap xut tir file, tuy dé khdng cin nhap xubt ti file, cac
ban lai ¢ théi quen cir chay thir chuong trinh rdi loc coc
gd theo input mau. M3 input miu th‘l cb phéi ldc nao
cling ngan dau, ciing co nhiing bai rat da|' Rdi khi chay
sai, roi lai gd input mau vao. Minh nghi ring cong day
tbn stic hon c3 viéc soan mot san mot file input. Nhiéu
khi m3i 1an chi g& hét 5-10s théi, nhung ma phai gb ca
chuc, ca trim 1an d6 13 thai gian dang k& va gly c ché.

Cach 1am dAy chi nhanh hon & nhiing bai don gian ¢ thé code 3n ludn. Chit cdn né khéng hé& nhanh
hon & nhing bai sau nay, khi ma chic chin ai ciing phai xoay s mdt ti, phai debug rdi méi chay duoc.
Nhung minh thiy rit nhiéu ban ching bao gid lam file input. Nhu minh, khi thi Codeforces, né bao lam
standard input/output (nhap xuAt chuan qua man hinh console) nhung chay trén mdy minh, minh van
lam s3n file input ra diy. Minh ching bao gid chei bai cit chay thr, rdi copy input m3u dé vao. Mic du
copy né sé nhanh hon g8, nhung néu sang dé in gidy, dé Qudc gia I3 thdi chét rdi. Nhiéu ldc ngdi gb con
gd sai nira!

84debugger: trinh stra 13i.
Bunit test: kiém thir cuc bd.
8yersion manager: trinh quan Iy phién ban.
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Minh ching hiéu vi sao nifa, ban chi cAn bd vai gidy, c6 khi chua téi mét phdt, trong viéc 1am s3n
mét file input nhu thé nhung cac ban van khéng lam.

Chuyén chon IDE ciing nhu vy, qua thuc rit 13 khé dé day cic ban debug, bdi vi nhing bai dau tién
thi né khdng dang dé day nhiing c4i diy. Khi ma bai khé 18n, s& cAn ding debug nhung ltic dé thi cic ban
khéng ¢ théi quen dit break, while, step over, trace into, v.v, gi ca. Khi 4y tit cd moi kj ning debug
phu thudc vao console d& in ra vai gia tri trung gian, tham chi cé nhing ban di thi VOI rdi ma v3n debug
theo kiéu chéng mit 1&n soi timg dong code ma khéng hé chay thir d& khoanh viing va ¢ lap 18i. Ding
debugger két hop véi in sb liu trong tién trinh cdng thém assert, exception, v.v, mdi la cach ding va néu
cac ban theo nghé |4p trinh thi sém mudn gi ciing phai hoc.

Nhic dén viéc debug, em thiy ring & Viét Nam rat it ngudi ding debugger,
tat ca déu chon phuong an in hét. Thay cé day hoc sinh dung debugger khong
hay ciing in ra hét man hinh dé tim 16i?

That ra thi cai diy c6 day dugc dau. Minh nghi hdi xua, khi minh hoc debugger thi trong tu tudng
clia minh: néu ngudi 1am ra phan mém d3 nghi ra cai nay thi day khong phai 13 c4i thir vit di, né da tich
hop rdi thi chic chin phai 13 cai quan trong!

C4i thit hai, 13 minh nhan ra han ché cla trd soi code hay in man
hinh nén mong mudn cé mét thit gidp cho minh khoanh ving 15i d&
hon. Minh dgi t6i khi nao minh sinh bug, thi minh dung th né xem
sao! Ldc by gid méi tra lai phim t3t cac thd, dan dan thi minh quen.
Trd nay két hop véi viéc in ra man hinh thi né rat 13 loi! Vi du, trong
mot vong for tir 1 t6i 1000000, i chay dén 2, 3, 4 thi mdi 16i. Minh
chay dén i = 4 thi né sinh 18i, minh break, roi dit diéu kién & i =
4, thé 13 gl thém dugc! Cha cir dé né in ra man hinh thi né s& rat
13 r&i. N&u in ra 1, 2 sb thi duoc; hodc trong da sb cac bai thi Quéc
gia thi vin cé thé 1am dugc, nhung phai quen, thao tac nhanh.

Ciing phai thu’a nhan co nhiing ngu’dl hang khiéu 13p trinh bam
sinh. Ho code rAt ban, réi rim nhung van kiém soat dugc va debug
bing mit rit nhanh. Nhiing thit thuc su 1am khé ho phai & tam cac
phan mém hang van dong code trd 1&n va |am trong thdi gian dai
chit khéng phai gidi han vai tram phat. Cac ky thi khdng lam khé
dugc nhiing ngudi nay va khi ho livestream ciing phé bién ludn céi théi quen debug bing mit dy. Minh
thi cho ring néu cé ning khiéu bam sinh nhu vay thi khéng can hoc theo ai, con néu khéng thi cif hoc
theo ddng quy chuin phan mém ma 13m. Hoc 1am gidu theo kiéu ti phd 13 cich pha sdn nhanh nhit ma!

Nhirng niam gan day, thanh tich cia Chuyén Su Pham bit dau di Ién. Thay cé
cam nhan gi vé pham chét chung giita cac ban dat thanh tich cao hay khéng?

M3&i ngudi mét vé, khong gibng nhau ti nao. Nhung cé thé phan loai nhiing ban hoc toén tbt tir bé.
Céc ban cé thé hoi loang choang vé mit ki thuit |4p trinh, nhung khi ma ban da khic phuc dugc, thi tu
duy quan Ii chuong trinh va trién khai thuat toan s& rat séng sta va tién bd nhanh. Loai th hai 13 nhiing
ban ngu0c lai — ki thuat 13p trinh tuong déi tbt va chiu khé tu duy séu Tha 3 13 loai ma gidi bam sinh &

. khiing, truéc gid khong ducc hoc nhiéu nhung khi dam mé rdi thi tu hoc 100%, vai trd clia thay
rht Ia it.

Minh nghi 13 & mic d6 thi Qubc gia, ctt chdm chi luyén tap thi chic chin sé duoc giai. D6i khi, chi
can chim chi luyén tép kién tni, tién bd, tu nhan dang 18i sai clia minh, tranh I3p di I3p lai mot 15 nhiéu
1an théi 13 da, khong can tu chit gi dic biét.

Con vi du néu mubn vao vong 2, thi phdi cé ning khiéu, cé tu chit dsc biét hon ding khéng a?

Vong 2 thi, minh nghi cic ban vao déi tuyen Quéc gia di thi chau A hay Québc t&, thi phai cé mot sb
nang khiéu dic biét, it nhat la trong viéc thi c(r. Ciling c6 nhiing ban hoc va thi xong roi, c6 thé sd thich
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clia ban din ban di Iam du 4n, chi khéng dimg lai & viéc thi hoc sinh gidi, ]am nhiing bai khé nh3n nhu
vay. Néi that chii, k& ca Quc té ciing thé, cic bdi & tAm dinh cao, dbi khi né lai xa rdi thuc t&. N6 khéng
d& cao gi4 tri cbt 161 cia mdn hoc nifa, ma chi I3 nhiing meo gidi bai. Nhidu ldc thi cé thé hoc dén dy,
cac ban khong thich nira, thi cdc ban s€ khong vao Vong 2.

Con dé dat gidi Quéc gia, thi ki thuat I3 cii quan trong nht, khéng can phai ddu 6c dau. Nghi ra cai
gl, 1am duoc céi diy 13 sé c6 giai. Da sb cac ban di thi Qubc gia khdng may m3n ma mét giai, thi thudng
sé ¢6 18} to dung nhu sai tén file, 3n qua 0 diém, v.v. D6 13 rdi ro chit khéng phai gidi hay kém gi & day.
Thit hai, minh thiy dé thi Quéc t&, né d3 xa rdi thuc t& thi chd, lai con dai dong, khé hiéu. N6 khac hin
Codeforces, dé né vin & db dai vira phai, khéng dai qua. Con dé Québc gia thi ngay cai viéc minh phan
tich xem ngudi ra dé yéu cAu minh céi gi, né ciing d3 lau rbi.

Céc ban tir doan chua biét gi, dé day 1én trinh dé 8n thi Quéc gia, thi minh
phai day di kién thdc thi sé thi dugc. Con véi thay, 1am thé nao dé thay phat
huy dudc cic ban di ngang tAm Québc gia va mubn hoc Ién, khi kién thic
khong con 1a vin dé qua 16n nira?

Dén lic thi Qubc gia, nhiing tuan cubi cling, chli yéu minh
cho céc ban rat kinh nghiém chién thuat. Tt nhién thi kién thic
thi mudn hoc bao nhiéu cling dugc, nhung viéc chu3n bi truéc
cich phan Gng trong phong thi véi tiing trudng hop cu thé thi
sé tét hon. Vi du nhu ldc minh doc dé va cha thiy bai ndo minh
lam duoc, thi chic h3n ngudi khic ciing sé trong tinh trang nhu
thé thai! Minh mubn diém sé bing ban bing bé thi phai dua ra
chién thut nhu thé& ndo, chir néu ngéi ngim dé thi thdi cha lam
gi dugc. Hojc 13 di thi, minh doc bai ndo ciing ¢ phan 1am duoc,
thi minh s& nghi bao nhiéu lau va trién khai code trong khoang
thai gian nao. Néu minh cé su ludng trudc, thi minh sé chd dong
hon vé& mit thai gian.

Dén doan thi Qubc té, lac déy thi chi c6 thé diém danh kién
thdc cho cac ban: cdi nay ban biét chua, cai kia nén doc & dau, ...
roi dong vién giif gin stic khoé thoi. G tdm Dai tuyén qubc gia
trd di, nhiing gi thiy 1am duoc thi d3 1am hét rdi, khdng chi riéng
thay, ma con 13 nhiéu ngudi thay khac, va ca cic anh chi thé hé
trudc nita. N&i vé kién thdc, néu minh nhdi thém nita thi cling cha
quan trong |3m dau.

z h

Trong subt nhitng nam thay di day d6i Québc gia, thiy c6 4n tugng nao vé mot
nam, hay moét hoc sinh nao dé hay khong?

That ra cac ban di thi Qubc té, ai cling cé cai gidi riéng cla ho ca. Két qua ¢b thé cé nhitng ban
dugc huy chuong Vang, Bac, Ddng khac nhau do dé thi cé thé khéng khai thic vio diém manh cda ho,
nén k&t qua khic nhau ciing d& hiéu.

Nhu ngdy xua, vdo ndm 2011, minh di sang Thai Lan véi Linh (Nguy&n Vuong Linh - 101 2011). Linh
c6 kha ning nght rit nhanh nhung ndi that thi Linh code khéng nhanh 15m dau. Tuy vy, Linh ludn &
trong trang thai tu tin r?.mg minh s& dat dugc két qua kha quan. Nam déy minh di véi ca Linh, Tué (L&
Khic Minh Tué - 101 2011), Nguyén (Nguyén T4n Sy Nguyén - 101 2011) va Yén (Nguy&n Hoang Yén -
|01 2011). Yén n3m diy di thi, sg nhit 13 vin dé “run”. Trong ltc 6n luyén doi tuyén, Yén d3 di qua mét
thoi gian cing thing dai. Di thi thi Yén van run, nhung may 13 dugc huy chuong.

K& ca mét sb ban khéng di thi Quéc t&, nhu Trung (Nguyén Thanh Trung - RR) minh ciing rit 4n
tuong vé kién thiic va long dam mé, v.v. Vong TST® that ra né ciing chi 13 mdt ki thi théi, nén khé ma

8TTST: Ky thi tuyén chon dbi tuyén du thi Olympic Tin hoc Québc t4, hay con dugc biét dén 13 Vong 2 thi chon Hoc
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dénh gi4 duoc ning luc thuc su. Hoi xua minh c6 mét ban ma minh rt 13 ung — ban Vi (Pham Quang
Vi), cling dau cé di thi Québc t& dau!

NGi vé thanh cdng, néu tinh théng ké ra thi gidi Quc gia, Qubc té né ching néi 1én diéu gi. Tt nhién
vé kién thic kj ning thi cac ban thi CP s& khac hin so véi cac ban con lai. Nhung thanh céng né con
phu thudc mdi trudng va linh vuc 13m viéc sau nay. Nhiéu ban con dat duoc thanh cdng & linh vuc khac,
chit khéng diing lai & Tin hoc nifa dau. Di thi 13 d& hoc cai tu duy, céi tinh tu hoc 13 nhiéu hon kién thic
nhu 13 cach cai Segment Tree!

Cai tinh than khéng bd cudc, su quyét tdm cho nhiing gi ma minh di bo thai gian ra, chic chin 13
didu cAn phai c8 vii. X3 hoi néi rang trudng Chuyén luyén ga choi chi dé di thi 13 hoan toan khéng ding!
Nhin vio uu diém cda ga choi, n6 khoé han, stic bén cao hon! Néu khéng dem di choi, thi n6 vin sé& chay
nhanh hon, nhdy xa hon! Ciing nhu cac ban thi CP, dii khéng thi nita thi niém dam mé va tinh than tu
hoc, céc kién thic dugc trang bi luén c6 ich véi cac ban.

Vi sao thay quyét dinh tao ra quyén sich da dit nén méng cho Lap trinh Thi
dau?

Lic dau 1am gi c6 sach dau! M&i thay dich mét it sich ctia Ba Lan véi Nga rdi tién dau day diy. Dén
nim 1994, minh tbt nghiép cép 3, vao khoa Toéan cua Dai hoc Su pham. Subt 4 n3m trdi, minh c6 d3
dong gi téi cudc thi hoc sinh gidi dau. Sau déy, minh cé hai lua chon: xin viéc lam gido vién Toan, hoac
tiép tuc lam cdng ty Tin hoc. Sau dly, khéi Chuyén goi minh & lai day, nén minh vin 1am & c6ng ty binh
thudng va di day hoc. Minh cdm thiy viéc di day kha hay, ciing nhu ban than that su c¢é ich nén minh
tap trung di day tur khodng nam 2000.

Néi t6i chuyén sach, sau 4 nam khéng da dong gi téi Hoc sinh
gioi Tin, minh dau biét ki thi dang bao gém ndi dung gi dau. Sau
hém dé thi minh phai v& hoc lai. Néu cé suu tap dé, thi da sb
cac bai hdi minh thi s& theo dang mét trd choi giita hai ngudi vdi

< : nhau, hodc I3 nhiing bai NP-complete — dua ra cac giai phap gan
GIAI THUAT ding, v.v. Lic d6 Ia nsm 1998, d& bai d3 khé I5m rdi. Cac thiy

J cho céc ban chim test am am. Liic iy, minh nhan ra rang trinh do
& minh con non hon cac ban 16p 12 trong doi tuyén. Diéu dé bubdc
: minh phai hoc théi! Cach hoc tét nhit 13 ci ghi ra cac kién thic
doc duoc, rdi day cho khod méi.

Sau diy thi con 16n x6n 15m. Dén n3m 2002, minh di lam
nghién cdu sinh 6 Nhat Ban (JAIST - Vién Khoa hoc va Céng
nghé Tién tién Nhat Ban), minh ciing khéng chic 13 minh c6 vé
dugc khéng nén minh dé free trén web dusi dang file pdf. Mang
Internet lic diy thi vin chua phé bién. Néu vé sau nay, ban nao
tiép thu duoc kién thic Ay, thi d& phai cdy lai tir diu, c6 thé budc
tidp.

Hién tai, minh ciing du dinh viét lai vai chuyén deé, nhung ma
néi that thi minh ciing ludi rdi, ngdi lau thi ciing mdi lung! Hbi 4y, khi minh viét nhiing chuyén dé dé,
minh phai chu3n bi c3 tuan thi méi day dugc cic ban déi tuyén mét budi. Ttc 13 khi dinh day mét chuyén
dé& ndo dé, minh cAn mét tuldn nght bai véi su gidp d& cla rit nhidu thiy khac, k& ca thiy cii clia minh:
thiy Nghia, thiy Tung, c6 Thanh, v.v d& cho déi tuyén “3n d0i” kién thic. N&u chi c6 mét ngudi day dbi
tuyén, mdi tuan cho ra hoc mét budi thi thd ra b\éng tai mat thoi.

Ciing tir chuyén dAy, minh viét sach. Cac chuyén dé dé ban dau chi dé day théi, nhung sau dé thi minh
thiy trong nuéc dung khj ph8 bién. Minh nhan ra ring mén Tin can nhit 13 tai liéu — mét hoc sinh s&
khéng can thiy, tu hoc vin duoc néu nhu tai liéu di tbt, dua ra mét 16 trinh rd rang dé tu hoc. V& sau
nay, cé cac bai viét trén VNOI va cdc ngudn trong va ngoai nudc, nhung minh vin cam thiy thiéu mét
cubn sich dé hé thbng lai day di. Timg topic mét, tiing chuyén dé thi s& c6 bai riéng; nhung I5p ghép

LAP TRINH

sinh gidi Québc gia.
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né vao trong mét bbi canh chung — day céi ndy vao lic ndo, thi vin chua cé tai liéu ndo nhu vdy. Minh
cling dang ki vong nhung ma van chua xong dugc.

Vay la thay du dinh sip viét phan Giai thuat va Lap trinh méi?

That ra quyen cti ¢6 rat nhidu diém minh khong ung y, vi ¢é nhiing th minh d&t vao vi tri khéng hop
I 13m trong cerOng trinh. Ngoai ra, sach con thiéu rat nhiéu thit so véi tleu chuén hién tai cho ki thi Hoc
sinh gidi Qudc gia. Dang 13 minh chua hoan toan ung ¥ vi minh dang viét giita chimg & bén nay ma. Bay
gid thi cling phai cb. Khi minh cb viét, thi coi nhu 13 minh ¢6 viéc d€ lam. Chit néu di day subt, quanh di
quan lai cic bai d3 chusn bj trudc thi cdm hdng né khéng dugc tusi mdi nhu 13n day dau tién.

Code minh hoa chic sé dudc viét biang C++ ding khong a?

Chsc 13 phai viét bing C++. N&i chung s& rit khé dé téng
hop moi thit thudc mach cbt 1i cia cu tric dif liéu va gidi thuat.
Nhiing kién thiic trong ki thi, d6i khi 13 nhiing kién thdc rdi rac,
khéng gin vao dau trong cai mach chinh nay. Ngay c3 cau chuyén
vé Segment Tree hay Fenwick Tree, khi thi ct, né 13 nhiing thif
rit ph8 bién, nhung dé néi v& vai trd trong mach chinh cda khoa
hoc may tinh, thi nhiing thi éy 13 v6 van. Cam giac cta minh, né
chi la meo cai dit ma théi.

Segment Tree thi it nhit con cé tu tudng chia dé tri, tach
té\ng, luu dit liéu, v.v, con Fenwick Tree thi ding 13 meo cai dat
100%, c6ng nhan 13 hoc xong thi chi biét [3: OK, cai nhu thé thoi!

Nhiing sach vé thuit todn, ddi khi code cii rit d&, cii theo
mé hinh rit kém. Néu minh sao chép chang md hinh cla né ra
nhu vay, né s€ thanh mot thuat todn cham. Ding la code nhiing
sach dé rt 13 vun.

Thay du dinh sé xut ban quyén sich vao nim 2024 hay nim 20257

Chic phai I3 it nhdt 1 n3m, nén c6 1€ vao n3m 2025. Ciing phai tuy theo nim mdi minh phai [am gi
khac nita. N6 ciing phu thubc vao cdng viéc chinh, thi minh phai ddm bao cai da. M6t gido trinh khi ra
d3i, minh phai dem di day thir d3, d€ biét ch3 ndo gidi thich loing ngodng, tim cich chinh sta. Nhu hdi
xua, minh rit ngai viéc doc chi d& thanh phan lién théng manh. Khi cai xong, minh v3n chua hiéu dugc
ban chit tai sao Tarjan lai nhu th&! Ldc minh chua 1am chd hoan toan, minh di day ciing sé 18m khdm,
cang giai thich lai cang rbi.

Thay c6 biét danh cd vua khong a?

Khéng, minh chi biét choi ¢ tudng

Co tudng thi binh thudng cé mdy tinh hd trg khéng a?

Ngay xua thi minh didnh dugc véi may vi may danh kha rdp khudn. Con tir khi ma né dugc hoc qua
c4c thé ¢, thi ngay ca mot kién tudng ciing khé thing 15m rdi. Bay gid thi né lai biét tu hoc, thi khong
c6 ai thing ndi né dau! Tham chi 13 trong van clia minh, thi may con chip ngudi di trudc 3 nudc (khong
in quan) ciing thing. Phai goi |3 qua manh roil

Nghe néi thidy cé6 dam mé véi cic game, dic biét 13 game md phong may bay,
xe tang. Liéu diéu d6 co ding hay khong?

May bay thi minh thich tir bé. Ngay xua, nha minh & gin bao tang khéng quan, ch3 cé gl choi, me
ctr hay dan ra diy roi nghe cac chii hudng dan vién chém gié. Thé I3 thich méy bay! Ci di ra cac quén,
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trén dién thoai md c6 kiéu may bay bn bum chiu, thi ciing thi bdn mét cai.

Minh hoi khac véi cic ban, vi minh nhanh chin 13m! Phi dao xong thi minh chdn, danh mai khéng
qua minh ciing chan. Chit minh khéng theo kiéu choi dugc game lau nhu thing em déng hdo ciia minh
van hay 1am, choi cd dém f... Vi nhitng tua game kiéu diy, chic 13 minh khéng cé hing tha rdi. Ngay c3
viéc tim hiéu v& cac khai niém trong game, chic minh ch3 di kh ning hiéu.

Phim thi thay yéu thich thé loai n3o nh4t?

Phim hinh su pha 4n gi dy. Vira xem vira doan 13 c4i doan minh thich nhit. Phim hai ciing hay nhung
da s6 minh xem hét rdi! Con miy loai vii tru Marvel hay DC thi minh khéng tham. Minh th3y hinh anh
dep thdi chir néi dung thi cha cé gi.

Thay c6 goi y danh sdch phim hinh su phd dn cho céc ban cay dip Tét nay khéng?

Minh thay cai ndo c6 vu 4n ma khé doan thi né sé& hay phét!

Thay tam dic véi bo nao nhit?

Phai nhé mot céi tén thdi. Xem nhiéu qud thi gid lai quén béng mit tidu dé phim ... Néi chung thi
méy phim cta Han Quéc, Trung Quéc, MY, v.v, cac phim cAn minh phai dodn mét chat, bi hiém mot ti.
Chi phim kinh di thi minh ciing cha sg. Minh c6 thé xem dudc y nghia bén trong cta phim kinh di, chi
chi doa ma thdi thi minh khéng thich.

M4y thé loai sudt mudt, thu hai 18 thé thi minh rat kinh nghiém rdi. Ngdy xua thi ngudi ta xem wi
ching c6 lua chon gi khic, va m3i tun ciing chi c6 mét tap diy théi. Ch bay gid thi minh cé thé doi
hé&t c3 100 tap rdi xem mét mach, vira xem vira 3n td phd thi tuyét vai(!).

Thé loai nghe nhac yéu thich cta thay?

T Ldc ranh thi minh c¢é nghe nhac nhung chi nghe
i nhac khéng Ioi théi. B&i vi khi lam viéc dém, minh
thudng cé hai man hinh. Man hinh dau thi dé phim,
man hinh hai dé hién code. That ra khi xem phim,
tinh tiét cha phim thudng s& chim, nén khéng cin
tap trung xem phim. Chli yéu 13 d€ c6 mét cai tiéng
n6i bén canh gitp minh khéng budn ngd. Lam dém thi
ki nhit viéc di ra uéng café sau khi ngdp mét cai dai,
va mai chﬁng thé tép trung dugc, lai ldn ra ngu tiép.

Nghe nhac thi minh nghe tuy lic, thudng la trudc
khi di ngd. Chit nghe mét thé loai nhac trong khodng
thdi gian dai vai tiéng déng hd, né rat Ia nhiic ddu. Khi 1am viéc, nhit 13 13m viéc mét minh trong thdi
gian dai, nén dé trong phong c6 mét it tleng dong. N&u trong phong c6 TV, cit bat I&n nghe thdi su, nghe
t6i dau ciing dugc. Phai cé6 mét ti tiéng 6n thi méi [am dugc viéc, vi yén tinh tuyét dbi thi chi mubn ngl
thoi!

Lam trong nganh lap trinh, thidy c6 dam mé bd mon phim cd khong?

Cé chi. Minh chi dung Red Switch hodc 13 Brown Switch thdi. Ban phim co thi minh nghi ring né
phai nhay va it tiéng on. Blue Switch thi tiéng dn 16n qué, ciing 1am minh mit tap trung va con anh
hudng d&n ngudi bén canh. Gid st trong phdng may thi déi tuyén ching han, mai ngudi mang mdt céi
ban phim rat 6n, thi tiéng gb nhu mua rdo, né anh hudng dén phong d& minh rit nhiéu. Minh c6 thé
diing mot cai Red Switch, hay diing ban phim clia mdy xach tay — hanh trinh phim ngdn va dm thanh
nhé hon, cdm gidc cai ban phim dé gd dd mét va d& nghe nhét.

C3m on thay di nhan I5i phéng van ciing VNOI! Chic thdy va gia dinh ndm mdi manh khoé, hanh
phiic, dé tiép tuc su nghiép tréng ngudi cia minh!
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Xin chao Kurom cam on ban di nhan Ioi tham gla phong van tap chi VNOI 2024, duoc biét ban I3
ngudi rat nOI tiéng va sdu sic, VNOI mong qua buéi phéng vin nay c6 thé dem dén cho déc gi3 siu hon
cdi nhin vé ban va nhiing trai nghiém cta ban trong hanh trinh dén vdi Lap trinh thi d4u. Kuroni I3 mét
trong nhL"rng ngudi hiém hoi dat duoc thanh céng trén nhiéu linh vuc. Hién tai ban la nguoi gilr muc rating
cao nhat Viét Nam va 13 mét ngudi [dm dé vé cing néi tiéng trén Codeforces®® , bo cerng cho nhiing bo
dé hay trén trang web nay. Ngoai ra ban ciing dat duoc hoc bong toan phan bac Tién si vé Toan kinh té
d trudng dai hoc bén My. Bén canh viéc hoc, ban la mét gamer rit khung véi viéc tham du OSU World
Cup nita. Qua budi phdng vin Ian nay, bon minh hi vong ban cé thé chia sé dén cho déc gi3 nhiing kinh
nghiém ciing nhu bi quyé‘t d& ban cé thé toan dién trong nhiéu linh vuc nhu thé.

Ban c6 xuit phat diém cip 2 13 hoc sinh chuyén Toén, sau d6 lén cip 3 ban
hoc & trudng Phd Thong Ning Khidu. N8i bat nhit ban d3 tirng tham gia
Entropy (ki thi ‘Dudng Ién dinh Olympia’ cia trudng PTNK® ), ly do gi da
chuyén ban tor Toan sang Tin, ma lai khong chuyén to Toan sang mot con
dudng tha vi khong kém - thi Olympia?

Ly do minh chuyén tlr Todn sang Tin véi minh
khong thi Olympia la hai cdi...hoan toan khac nhau.
Viéc minh quyét dinh ré huéng sang Tin 13 do sau cip
2 minh dan mit hing thi véi viéc 1am Toan Chuyén,
ciing vi hdi d6 minh kém hinh I3m. Dén bay gid khi
sang M§ minh ciing vin kém hinh (cusi). Con viéc
minh khdng thi Olympia thi do lGc minh thi Entropy
ciing 13 trong giai doan thi vio déi tuyén Tin cla
trudng, thé& nén sau khi thi xong Entropy thiy Hung
(Nguy@n Thanh Huing - dong tac gia b6 sach gido khoa
Chuyen Tin) c6 dua minh 13 may ring minh khong
thang Entropy, chit khong thi Olympia mit rdi’, cung tu do mlnh khong thi Olympia ludn. Tuy c6 tiéc
nudi khi uéc mo tir nhd clia minh 13 duoc ding & ciu truyén hinh mét Ian nhung nhd d6 minh méi c6
trai nghiém nhu thi HSGQG? , TST! . T mét gbc nhin khac thi né vin tbt.

Dudc biét thi ban bit dau thi VOI tir 16p 11 va dudc thi TST. Vay lic dé két
qua cua ban nhu thé nao?

Dot dé minh thi thi dugc rank 4 chung cudc, & thai diém d6 thi minh 13 thi sinh I6p 11 c6 thd hang
cao nhat & TST. Ngoai ra, day ciing la th& hang cGa minh ndm I6p 12 luén. Diém d&c biét 13 & ca hai
n3m, ngay thi dau tién minh déu n3m ngoai top 15 va & ngay 2 minh bt 1&én dugc rank 4.

C6 thé cac ban déc gia chua biét thi cé mét ‘Ioi nguyén’ cir thi sinh nao dugc rank 4 TST thi s€ déu
khéng diu vao dbi tuyén I0F? va tir d6 dén giS thi van chua ai phd duoc.

Lép 11 d3 dudc rank 4 TST thi ciing 13 mot két qua rat tdt, ban cé bi quyét
nao dé dat dudgc rank cao nhu vay khong?

Hai diy minh cé mét k§ ning minh vé cling tu hdo 13 code cic bai cAu tric dit liéu khé ma khdng bi
16i. Minh nhé ndm dy thi TST ngay 2 thi cé mét bai thuan cau tric dir liéu yéu cau thi sinh phai code cau

8 Codeforces: mdt trang web t8 chiic cic cubdc thi [3p trinh thi dbu véi cac dang dé, bai tap da dang.

89PTNK: I3 tén viét tit cha trudng Phd Théng Ning Khidu, mét trudng THPT truc thusc DHQG-HCM.

OHSGQG: 13 viét tit chia ky thi Hoc sinh gidi Qubc gia.

9LTST: 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.

22101: Ky thi Olympic Tin hoc Qubc té.
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tric dif lieu dang persistent® . Minh c6 nghi ra va code dugc bai diy trong gid, nhd bai ndy nén minh bdt
|én dugc hang 4. Ho6m déy chi c6 2 thi sinh AC dugc bai nay la minh véi anh Nhat (Hoang Xuan Nhat -
101 2018). Diéu nay ciing bdi vi hdu hé&t n3m I6p 10, 11 minh déu cdy cic bai cAu tric dif liéu nén tao
cho minh loi thé rat nhiéu.

Véi vong TST ban dudc rank 4, vay khi thi API0* da c6 khé khian nao khién
ban khéng da diém dé dau ddi tuyén 101?

Nam déy minh khong dau ciing la mét viéc hién
nhién, mét ph§n vi nam éy dé cuc ky khé, anh Théng
(Pham Dic Thing - 101 2018) thi APIO cao nhit doan
Viét Nam ciing chua dugc dén 200 diém. D& nim Ay
minh danh gid l1a khé nghi, ma ndm minh I6p 11 thi
kh3 n3ng nghi thudt cda minh ciing chua chin mudi
nén viéc that bai ciing khéng phai khéng ngd téi duoc.

Ban d3 c6 thay déi gi vé chién thuat dé
tiép tuc dat dugc rank 4 TST & nam thi
1y o tiep theo khong?

Sau ki thi TST I6p 11 thi minh b3t dau luyén tap nhiéu hon dé Ol. Truéc diy thi minh chi c6 lam
dé trén Codeforces thdi ma thdi dé6 Codeforces bai tap doi hdi phai code khi nhiéu nén minh ciing code
khée. Sau dé, n3m 16p 12 minh cb ging phat trién kha ning nghi bai bing cach luyén tap cic dé Ol & cic
nudc khic. Trong thdi gian nay minh cd ging hoc nhiéu thuat todn hon thay vi nhu trudc chi 1am nhiing
bai cAu trdc dif lidu. Lic ndy ciing 13 khdi diém minh bst dau di Iam Problemsetter® trén cac trang OJ,
khi tao dé thi ciing doi hdi minh phai biét nhiéu thuat todn va nhiéu hudng nghi khdc nhau, chinh vi thé
giai doan nay minh tap trung dé nang cao tu duy nhiéu.

Vay sau dé véi ky thi AP1O nam I6p 12, ban d3a cé trai nghiém nhu thé nao?

Trudc khi thi TST thi thdy Hung ciing néi véi minh dimg d& rank 4. Lic dy nght 13 ndu minh thi tbt
thi s& pha dugc I15i nguyén "rank 4" nay, khdng thi ca thé gi6i sé biét minh 13 "Chd Tu". Thi xong TST
khi biét minh v3n giif rank nhu n3m ngoéi thi minh cé khéc véi anh Hanh, anh y ciing cudi cudi khdng
biét 4m chi gi (cudi).

Da sb cac CP% -er néi tiéng trong mién Nam déu it di du hoc, ban di du hoc
ngay khi tot nghiép cap 3 véi mot trudng rat tot & My - trudng Purdue. Ban
c6 thé chia sé vé cach ban chuan bi ho so di du hoc dugc khong?

Gia dinh minh c6 diéu kién hon mét ti nén tir sém minh d3 dugc tu vin du hoc va 6n SAT®" | minh
da hoc SAT tir dau ndm I6p 11. Diéu nay ciing vi gia dinh d3 dinh huéng minh di du hoc tir dau cap 3
nén ngay tur trudc khi vao I6p 12 1a minh d3 thi xong SAT va chuan bi viét luan rdi. Minh cd thé chuln bi
hd so lién tuc tir lic minh hoc di tuyén & trudng dén ldc minh thi TST n3m I16p 12. Ngay khi t&t nghiép

Bpersistent: trong ngit canh néi vé cAu tric dit lidu thi 13 dang cAu tric dif lidu cé thé quay trd lai mét trang thai bat
ky. Tiéu bidu |3 Persistent Segment Tree.

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

95Problemsetter: ngudi chuin bi bai tdp cho ky thi.

9%CP: Competitive Programming - Lap trinh thi diu

97SAT: Scholastic Assessment Test 13 bai thi chuin héa nhim danh gid nang luc cla hoc sinh dugc phat trién va sé hitu
bdi College Board — t8 chiic gido duc ndi tiéng phi Ioi nhuan tai My. Nhidu trudng dai hoc trén thé giéi hoic & My yéu cau
bai thi nay dé xét duyét dau vio.
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Ia minh d3 s8n sang dé di du hoc rdi. Chinh vi th& nén minh ciing khéng can mit 1 n3m 1am hd so nhu
cac ban khéac.

Thanh tich hoc thuat cha ban rit khiing nhung van cé thdi gian dé hoc SAT
va chuin bi hd so du hoc. Bi quyét nao giip ban c6 thé duy tri nhitng viéc
nay?

Minh hoc doi tuyén thi trén trubng minh céy nhiéu chif vé nha ciing khéng nhiéu 15m, chic chin I3
minh khéng cdy nhiéu b3ng mdt sb ban minh biét dugc nhu ban Khoa (Nguyen Ngoc Dang Khoa, [0l -
2023), minh nhin profile Codeforces ban nay Ia biét minh khéng thé cdy nhiéu nhu ban nay & hdi dé dusc
(cusi).

Hbi cAp 3 minh ciing nhu bao hoc sinh binh thudng
khac, minh khong thé danh hét thsi gian cho CP dugc ma
s& ¢ nhiéu hoat dong khac nita. Ngoai CP minh cé hoc
thém SAT va choi game, nhung minh kha...lusi hoc SAT,
hdi d6 minh chi don gidn 13 1&n 1am bai cla trung tam giao
va vé& nha 1am thém céc dang 13 hét rdi. Minh cam thiy
cach minh phan bd thdi gian khéng hiéu qua bing céc ban
khic nhung déi véi minh thi vira di d& can bing viéc hoc
CP va chuin bi hd s6 du hoc cung mét lac.

Lac ban chua qua M§ ban d3 vé cuing ndi tiéng trong cong dong CP thé gidi.
Theo ban diéu gi d3 1dam ban ndi tiéng nhu vay?

Trudc minh cé tham gia server Discord ‘AC’, mot server
nudc ngodi ndi tiéng trong gidi CP. Minh d3 tham gia va
giao luu trén diy kha thudng xuyén, nhung minh nght viéc
minh dét nhién ndi tiéng nhu vy ciing 13 ti tham gia t8
chtic céac contest trén Codeforces. Hbi 16p 11 m‘lnh d3 8
chic contest rdi nhung minh thay né ciing khéng tbt 15m,
m3i dén n3m I6p 12 minh t8 chiic mdt contest nita thi
dugc danh gia cao. Tir ltic d6 minh b3t dau két ndi dén cac
ban nudc ngoai trén Codeforces cé rating cao va cung chi
huéng d& ra 1> mét sb series contest kh3 I3 hay, moi ngudi
biét d&n tén minh nhiéu hon va d4nh gia tbt chit lugng cac contest minh lam. Cé mét ki niém minh rat
nhé va tu hao diy 13 dot ICPC®® World Finals®® & Dhaka, 6ng Mike!® (founder Codeforces) da chao
minh va b3o minh lam thém contest di (cudi). Dau dudi cau chuyén lic diy 1a minh cé b3t gip Mike va
xin chup hinh cuing, dng y cé hoi tén minh va minh tra 18i, sau dé minh khong ngd téi dugc la éng y ndi
nhu nay: ‘Oh, | remember you, you made very good contests, please make more contests.’

Ldc déy cé hai diém minh chi y, minh rit hianh dién vi Mike nhé dén minh 13 mét ngudi lam contest
hay, thd hai 13 Mike nhé minh khéng 1am contest tir rat 1au rdi, khodng chiing 13 2 n3m. Thé nén ldc dé
minh cdm thiy rat 13 vui vi ¢6 trim clia mét trang nhu thé nhé dén.

%|CPC: International Collegiate Programming Contest - Cudc thi Lap trinh Qubc t& 1au ddi va danh gia nhit danh cho
sinh vién cic trudng dai hoc va cao dgng trén toan cAu.

9World Finals: Cudc thi ICPC cubi cling trong mdt mua giai bao gdm nhiing doi xuit sic nhit clia cac trudng dai hoc
trén thé gii vugt qua vong loai viing (Regional contest)

1000\ike: (Mike Mirzayanov) mét |4p trinh vién ngusi Nga. Thudng dugc biét dén 13 ngudi tao ra nén tang chim bai truc
tuyén Codeforces.
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Ly do gi ma ban nghi 1am nhifng contest trén Codeforces ma chuyén sang lam
nhirng contest cho Viét Nam khong?

Ly do minh ngung 1am contest c6 I& 13 do bi burnout'®* thdi, ltic ddy minh bi y tudng va trong quing
thai gian dé minh t8 chiic cic contest lién tuc nén d&n mét Itc bj bi y tudng thi cling la di nhién. Viéc minh
chuyén hudng sang 1am contest cho cong dong Viét Nam vi phan 16n minh dugc mai lam Coordinator'®?
cho VNOI CUP 2023. Khoanh kh3c minh dugc mai [am vai trd d6 13 minh d3 bi y tudng ducc 2 n3m rdi
nén minh ciing kha tu ti, nhung sau dé minh ngac nhién 13 khi ddm nhin mét vi tri quan trong nhu vy
thi minh c6 cdm hing va y tudng tao dé lai. Minh cdm on VNOI nhiéu vi d3 tao dong luc cho minh quay
lai viéc t8 chiic cac contest. Tiét 16 mot chat thi minh dang cting ban mofk (Nguyén Dinh Quang Minh -
max rating CF 2726) lam mot contest Div 1 trén Codeforces. Néu diéu nay thanh hién thuc thi Kuroni x
Mofk Cup sé dugc lam trén Codeforces chir khong phai 1a VNOJ (cudi).

Danh cho cdc ban chua biét thi dé VNOI CUP 2023 duoc dénh gid 13 mét bé dé chat luong va cuc
ky hay, rat nhiéu ban thich va tin nhiém vdi ban Kuroni I3 trudng ban ra dé

Sau khi hoc cip 3 va chuyén sang MYy, thdi gian dau ban c6 gip tré ngai gi
khong?

Minh cdm thiy may m3n khi hda nhap duoc vin héa
& M§. Lic diy minh dang trong giai doan néi loan nita
nén suy nghi cta minh 13 ludn thich dugc di khdm pha
va khéng mubn & nha. M6t &n tuong clia minh trong thoi
gian dau & day 13 minh duoc thay Ninghui Li - thay coach
ICPC & Purdue dé y, do I3 vi trén Codeforces minh cé dai
théng tin trudng hoc cta minh thanh Purdue. Vi vdy ngay
tlr tudn tha hai cia n3m nhit minh d3 duoc thiy din dit
va |am tro gidng cho mét sb I6p hoc clia thay. Tir d6 minh
ciing dugc két ndi véi rat nhiéu ban dam mé CP & Purdue.
Trong sb dé c6 mdt céi tén ciing kha noi tiéng véi cong
dong Codeforces |3 ban Monogon (max rating CF 2705).

Ban d3 tirng du diéu kién tham du 2 ICPC
World Finals nam 2020 va 2021 nhung phai
tdi nam 2022 thi mdi cé gia tri do la 2 ky
thi kia bi anh hudng bdgi Covid 19. Ban cé
thé chia sé vé diéu nay dugc khong?

Ding la nhu vy, minh cé dugc tham du ky thi ICPC World Finals t8 chic & Nga nhung minh khong
di duoc do bi anh hudng tir Covid. Ly do truc tiép minh khéng di dugc 13 vi Visa minh hét han nén khéng
thé quay lai M§. Vi thé kha ndng minh vé Viét Nam dé gia han Visa va quay lai My |a kha thap do Iénh
han ché di lai  cdc nudc nén minh quyét dinh khéng di.

C6 mét su that thid vi ring ban Kuroni 13 ngudi dau tién trén thé gidi di diéu kién tham du ICPC
World Finals tin 4 l3n. Lan gé;n nhat ban Kuroni thuc su tham gia 1a ICPC World Finals 2022 & Dhaka,
Bangladesh

101h | rnout: mit dong luc.
192Coordinator: ngusi té chifc cac contest cho OJ.
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Kuroni dat dugc rank 17 ICPC World Finals 2022, mot rank cao & mat ky thi
ding cip. Vay qua trinh luyén tap cta ban cho ky thi nay 13 nhu thé nao?

N3m dau tién & trén dai hoc cha minh 13 khoang
¢S 2020 thi minh dang huéng t6i ICPC World Finals
& Nga, minh da luyén tp rAt nhiéu, hon c3 lidc minh
hoc cAp 3. M6t phan vi minh khé cay do truct doi
IOI, c6 mdt khodng thdi gian ¢ 3-4 thang lién tiép
m3a mdi ngdy minh s& chon ra 1 bai d6 khé 2700 b4t
ky trén Codeforces va cb ging gidi né trong 3-4 tiéng,
c6 mét sb ngay dinh diém minh gidi dén 2-3 bai 2700
cd. Ngoai ra minh con luyén riéng véi déi ICPC nifa,
thudng thi bon minh sé chon ra mét bé dé Regional
ng§u nhién va mdi mdt tuan lai [am v&i nhau 1 An,
md&i 13n nhu thé s& danh ra 5 tiéng d& 1am va 2-3 tiéng d& thao ludn v& I3 gidi ciing nhu chién thu4t sau
khi 1am xong. Khong biét may hay rii nhung Monogon 13 mét sb it trong nhiing ban minh biét nhu Bui
Hong Diic (101 2019, 2020) rit thich code nhiing bai hinh, nén 13 dot dé minh gan nhu khéng quan tam
dén viéc code nhiing bai hinh ma cit quing hét cho Monogon.

Sang quing thdi gian 2020 - 2021 va 2021 - 2022 thi I3 mdt khoadng trAm khéng chi trong hanh trinh
CP cta minh ma trong cubéc d&i minh luén. Hai ndm dé ciing 13 hai ndm cao diém nhit cla dich Covid
19, tinh than minh kha bAt 8n va néu cac ban dé y trén Codeforces thi minh c6 mét khoang nghi hon 1
nim rudi dén 2 n3m ma khong cé hoat dong nao nhiéu trén Codeforces nhu trudc. Minh nhé mét ban
ding blog trén Codeforces hi tai sao minh lai ngung hoat dong trén Codeforces 1au nhu thé, blog viét
ciing dai v luot upvote’® ciing cao, nhd dot ndy méi biét minh ndi tiéng trong cong ddng dén thé.

Dén giita n3m 2022 thi c¢6 vé Covid tt hon dan
nén minh ra ngoai va giao luu véi ban bé nhiéu hon,
dot diy minh c6 gip ban ToMo & Purdue (Nguyén
Thanh Minh - hai Ian tham gia APIO 2018, 2019) -
mot ngudi 6n TST chung véi minh. Sau nay minh véi
ban y & chung ky tidc x3a ludn, trong quang thoi gian
nay minh da tim lai cdm hdng véi CP, 1au 1au dn tbi
thi ban y 16i bai trén Codeforces ra va thao luin véi
minh, cac chi d& bon minh thao lusn nhiéu khi khéng
chi CP ma con I3 todn nita, ToMo cif néi ra 1 trang
toan xong minh ngdi nghe.

K& tir d6 minh tap trung cdy CP dé hudng dén
ICPC World Finals 6 Dhaka, minh phai [am nhiing bai
khé hon tam rating 3000 va nhiing bai trén trang AtCoder. Triing véi khoang thdi gian nay thi minh theo
dui hudng nghién ctiu nén khai thic nhiing géc nhin réng hon va bao quét chit khéng chi & pham vi CP,
may m3n 13 minh hoc dusc mét ky nang quan trong lién quan dén chi dé ‘Ti wu ham 18i’, minh ciing
déng gép mdt bai trén VNOI Wiki lién quan dén chi dé nay.

Do Covid nén ICPC World Finals & Dhaka bi doi lai kha 13 sau, lic dé dong
d6i chia ban la Monogon cung da di lam roi nén khong danh nhiéu thgi gian
cho CP dudc nira, vay cach lam viéc cua ca doi cing nhu chién thuat cé bi
thay doi khong?

C6 mbdt diéu minh h&i han 13 khong tdi hop v6i team sém hon dé luyén tép cho ICPC World Finals. Vi

thé nén lic thi bon minh cling gap mot sb tré ngai, Monogon véi minh khéng con két hap nhuin nhuyén
nhu hdi nd3m 2020 nifa, nhung vé co ban thi cdi ludng 1am viéc clia team vin dugc giit nguyén nhu doc

103y pvote: tinh ning 'yéu thich’ bai viét trén trang Codeforces.
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bai, nghi bai, debug, ....Trong dé thi minh vAn dam nhiém hiu hét cic bai, quan trong nhit van 13 cic
bai chu tric dit liéu, quy hoach déng hay cic bai thién huéng nhu dé Codeforces. Phan con lai nhu cic
bai hinh nay no thi Monogon sé lam, cac bai toan thi sé dua cho ban Richard Li - déng ddi con lai cla
minh. Ban 13 mét ngudi c6 kha ning [am todn kh4 13 tét nhung budn 13 ban code bug kinh khing (cusi).
Thé nén team cho ban y mot vai tro nghi bai va sé doc I8i gidi cho minh hodc Monogon code. Dat bon
minh thi thi cd team code mdt bai va minh bug xong debug khéng ra nén dua lai cho cidc ban debug,
team ciing khdng ai debug ra nén bai dau tién bon minh AC 13 phai sau 60 phat dau tién, mét khéi dau
cham so véi cac team khac.

Khi ky thi két thic thi minh thidy & ban mét su thit vong nhe mic du rank
tuong doi cao. Vay két qua nam ay cé anh hudng dén ban nhu nao cho viéc
chuan bi WF sap téi?

Minh s& vi World Finals n3m 4y nhu APIO thit hai ctia minh. Minh cadm thiy di thuc luc va thdi diém
ciing chin mudi nhung minh lai dé vut mit trong tAm tay, tir sau WF déy minh ciing lam bai nhiéu hon,
tuy khéng thudng xuyén nhu hdi nim nhit dai hoc. N&u cic ban dé y thi minh 13m CF thudng xuyén lai
ré‘\)i, cr 2-3 thang minh lai thi mot contest. Ngoai ra minh tap lam nhiéu bai hinh tré lai vi team minh d3
thiéu di ban Monogon, minh d3 quen véi viéc tiép can bai hinh va nghi ra code.

= P W | Theo minh thiy ki ning 13m nhiing bai h‘mh? la mot
| trong nhiing cai quan trong nhit minh d3 hoc ké tir sau
WF & Dhaka. B&i vi thiéu Monogon rdi nhu thiéu mét ‘nhan
td X' 4y, ban 3y code hinh full-time ludn nén 13 mdt sy mit
mét rht 16n dbi véi minh .
Nhu minh d3 chia sé thi minh b3t diu tao bai trd lai va
k&t ndi nhiéu hon véi cong déng Tin hoc Viét Nam. Minh
c6 nhiéu ban dé ban bai cuing va théy viéc th3o luan vé cic
bai véi cic ban gidi 13 mét cich rit nhanh d& phat trién.
Nhiing n3m dau 13 v6i Monogon va cic ban trong server
‘AC’, nhitng n3m gan day thi |3 ban Bach (Tran Xuan Bach
- 101 2022, 2023), ban Kién (Vii Hoang Kién - 101 2019,
2020), ban Vi (Nguyén Hoang Vii - 101 2021), anh Quang
(Nguyén Diép Xuan Quang - 101 2017), ban Phat (HS Ngoc
Vinh Phét - 101 2021), mofk, ... cling rit nhiéu ban nita
trong VNOI. Minh kha ngac nhién la qua ICPC WF minh
khong lam thudng xuyén CF nita nhung tir viéc nay minh
van nang cao kha ning ctia minh & CP lén dugc.

&

Ban c6 muc tiéu va ky vong gi cho ICPC World Finals 2023 1an nay?

Nhu c6 mét 1An minh chia sé, 13 minh s& lubn d3t muc tiéu cao hon kh3 nang hién tai cda minh, thi
muc tiéu |an ndy clia minh I3 Gold Medal, dong nghia ciing 13 trong top 4 (cudi).

Cé thé dbi vsi nhidu ngudi thi viec WF 2023 bi doi la mot tin khdng hay, nhung véi minh la mot diéu
may min. D3y 13 sau WF 2022 thi minh ciing b3t dau luyén tap lai r& nén nghi I3 s& khéng da thai gian
dé luyén tap dat ducc muc tidu. T6i khi nghe tin dsi lai thi minh nght day 13 y trdi bdo minh gianh huy
chuong, thé nén muc tidu clia minh tiép tuc sé 1a ‘Cha Tu' co ma khéng & Viét Nam nita ma la ‘Cha Tu’
thé gidi ludn!
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Minh ciing thiy ban d3 ruc rich luyén tap lai v4i team, vy ban c6 muc tiéu dat
LGM'™ (Legendary Grandmaster - rating CF 3000) truéc ICPC WF khéng?

D3y ciing 1a muc ti€éu cda minh trong ndm 2023 nhung né da khong thuc hién dugc du hai contest
cudi cha n3m 2023 duoc codng diém. Hién tai, minh két hop lam bai trén nhiéu OJ khéc, dién hinh 13 minh
dang lam lai cic dang bai Ol dé ning cao kha ning nght clia minh & trong gi& thi tiép, minh cé mong
mudn 13 dugc LGM, nhung trudc hay sau WF thi minh khéng dém chic. Minh ¢6 thé tiét 16 13 8 NAC (ky
thi ICPC Regional & Bic M§) minh d3 gip tourist'® (max rating CF 3979). Minh néi chuyén véi tourist
thi tourist chia sé ring néu minh d3t muc tiéu LGM thi sau khi dat duoc s& khong c6 y chi dé luyén tap
nita. Minh dang phan van |3 khong biét nén dit muc tiéu LGM trudc hay sau World Finals, nhung ma
minh s& nhim c6 kj n3ng clia LGM truéc World Finals.

World Finals dugc doi tam khodng thang 4, tiic
ban con khoa’ng 3 thing dé chudn bi. T4t ¢ moi
ngerl dé rat mong duoc ching kién Kuroni téa sdng

¢ WF /an nay Tir cdu chuyén caa Kuroni ta cé thé
thay rbt nhiéu su luyén tap, tinh todn chién thuat
va su dam mé dé dat duoc dén d‘ﬁng c3p clia ban
Kuroni. Néu xét & khia canh CP thi ban Kuroni
rit khing, tuy nhién, cdi diém khic biét gidia ban
Kuroni so véi nhiéu ngusi khing CP minh biét I3
ban c6 thé khing vé nhiing thit khdc, cu thé I3
nghién ctiu. C6 rat nhiéu ngudi ngai budc ra viing
an toan va ho chi tap trung vao CP. Tuy nhién CP
gidi thi tbt nhung khéng thé xem diy 13 céng viéc
duoc tror khi ban 13 tourist.

Ban c6 thé chia sé qua trinh hoc dai hoc chia khi dén cubi lai quyét dinh di
nghién ciru, du trudc dé da cé thuc tap & Meta khong?

Mt phan do duyén, mdt phan do giai doan néi
loan ctia minh d3 dé cap trudc dé, nhung khéng lién
quan dén vin dé & véi gia dinh ma & day lién quan
dén Software Engineering'® . Khi minh hoc nim
2 thl minh c6 hoc mét 16p ‘Thiét ké thuat toan’ &
trudng Purdue, minh c6 gip thay Alex Psomas do
dang 13 ni3m Covid nén minh ciing khéng dén 16p
hay nghe giang online va minh chi nhé I6p d6é minh
qua rt d&, minh chi can vao 1am bai tip vé nha thi

= - théi la dugc A+. Lép day cling khong cbd qua nhiéu
ky tc véi mmh nhung cai ki tc ma minh 4n ‘tuong la sau khi dugc A+ I6p day thi thay da truc t|ep lién
lac v6i minh va hdi mai minh hoc 16p cla thay 13 16p ‘Thu4t toan trong kinh té'. Tat nhién lac ddy minh
ndm 2, viéc dugc mot gido su clia 1 trudng rit to mdi minh hoc 16p caa thay thi tit nhién minh khéng
thé nao tir chbi dugc. Va sau khi minh hoc I6p day, minh phat hién ra cé rt nhiéu thuat todn ma ngoai
CP cuc ki tha vi. Trudc ddy minh chua ting nghi 13 kinh t& 13 mét thd minh s& dam mé, nhung sau khi
hoc 16p day thi minh thiy su giao thoa giifa thuat todn va kinh té rt I3 hay, né bao ham rat nhiéu yéu
t5 khac nhau, khéng chi lién quan dén kinh t& vi ma, kinh t& vi mé ma con 13 cic cha dé rt 13 tdng quét
trong Computer Science!® bao gdbm dé phiic tap clia thuit toan, thiét k& cic thuit todn khic nhau.

104) GM: Legendary Grandmaster — mdc diém hon 3000 trén Codeforces.

1%¢tourist: tén that 13 Gennady Korotkevich - mét Iap trinh vién ngudi Belarus. Anh c6 6 Huy chuong vang 101 (2007 —
2012) va 2 I4n v6 dich th& gii tai ky thi ICPC (nim 2013 va 2015).

1965oftware Engineering: K§ thuat/Cong nghé phan mém.

197 Computer Science: Khoa hoc mdy tinh.
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Trong do cling c6 ‘Convex Optlmlzatlon ciing 13 1 nhanh ctia Computer Science va nghién ctu rat nhiéu
ve viéc t&i uu nhiing ham 18i, khi biét dugc y tudng cha cai ndy thi minh mdi nhan ra di dugc 4p dung
rit 13 nhiéu.

Trong CP thi cac ban c6 thé biét ‘Convex Hull Trick’ hay ‘Alien Trick’, la mét trong nhiing 4p dung
rAt cao cha ‘Convex Optimization’ trong CP. Minh nhé cé dip minh doc mét thuat toan Iuéng cuc ki hay
ma duoc 4p dung cho 1 bai todn kinh t& v minh cadm thiy 13 ‘Oh ndo to qué!’, chinh khodnh khic diy
minh quyét dinh 13 minh phai suy xét xem ban than xem c6 hop nghién cifu hay khéng, tai vi truéc day
diém manh clia minh 13 code khée nhung thuc su minh lai thich nghi bai hon. Minh nhan ra huéng nghién
ctu la mét nghé cho phép minh nghi bai ma cé thé kiém ra tién v cho phép ban than cé thé thi. Sau
dé minh ciing lién lac nhiéu hon véi thdy va cling thay nghién ctu, rdi moi thi dién ra rt sudn sé va sau
khodng 1 n3m thi thay véi minh c6 chung bai nghién ctu. Hién tai thi minh ciing dang lam véi 1 thay
khac, tuy nhién cau chuyén dé lai rit budn cudi nén minh s& ké sau.

Con vé ly do minh lai khéng theo huéng di lam cong ty dii minh c6 intern Meta thi minh cam thiy
trong ltc intern Facebook ciing kha 13 hay nhung lai khéng hay bang viéc minh theo nghién ctu, nhu
minh néi minh thich ngdi nght bai hon 13 ngdi code. O Meta thi viéc intern ciia minh khéng phai 13 dé&,
hau hét thai gian 13 minh phai ngdi thiét k& cic hé thdng khic nhau va né khéng phai cai minh thich
nghi, nhu minh néi 13 minh thich ngdi nghi cic vin dé phiic tap hon ma khdng nhit thiét phai code né
ra. TAt nhién minh biét di con dudng hoc cao hoc c6 1 céi trd ngai rAt 13 16n d6 13 minh s& cuc ki ngheo
trong vong 6 n3m t4i nhung sau khi can do cac diém manh va diém yéu thi minh quyét dinh 13 tha vira
d0 sbng trong vong 6 n3m téi nhung dugc theo dudi con dudng minh dam mé hon 13 code va bi burnout
sau khodng 4 ndm nia.

Minh ciing cdm thdy ding, trong trudng hop ndy thi diu dé chon cbng viéc minh thich nhung it tién
hon la chon céng viéc minh khéng thich nhung nhiéu tién. Msc di ban Kuroni cé thé di 1am & cic cbng
ty Quant Trading dé kiém that nhiéu tién. Viéc tir chbi 1dm mét cong viéc rit nhiéu tién dé di hoc cao
hoc 13 viéc khéng phai ai ciing 1am duoc, rat hiém cé.

Ban c6 thé trinh bay hudng nghién citu cha ban va tai sao né quan trong?

Minh s€ néi vé nghién

Primer on mean estimation Optimality in Mean Estimation: Beyond Worst-Case, Ve Luvluck g e dor
Cl_’]’u trong qué tﬁnh m\|nh e st Beyond Sub-Gaussian, Beyond | + & Moments Beating Gaussian Rate
P ] =, 5 Intutivee example; Gaissian + Spiko
hoc Tién si. That ra Fenre : sl
né cling la qud trinh Mean estimation is not as simple as it sounds, even in 1 dim 20
nghién cldu lién tuc tu Given 1 sampies fom cisiruton . T b 4 : s
. - N " - estimate ji, with confidence 1 — 4, mp::mmmmw:mc;:m7 L, Mo: Construction for Theoram
dai hoc théi. Minh dang BB - i
nghién clu vé giao thoa .. Answer; Yes inImited rsgimes, bt in geneal no e ) L
gita kinh té va thuat e ] - pleseors Opm prems
. A N p : R e ) e
toan. VG6i mot bai toan ke : i -5 s ot
R N i i s [ | u ¥ L Tarpsin — o [ — !
co ban nhu nay: gid sk B L (. e
A A s _ e : : s || B Ostl ot
ban muén dau gid 1 oy i et =

16LP23; Fisher Ifomation re

mén dd, nhung cach dau
gid anh hudng rt nhiéu o

d&n hanh déng clia ngusi : [t O 1o soudeno 160 et
tham gia, tdc 13 néu ban = :
dhu gid va chon ngudi thing cubi cling hodc céi gia cubi cling khdng hop Iy thi bit dau s& c6 nhiing hanh
vi gian 13n nhu ngudi tham gia diu gi4 bt du di tim hiéu, co cAu va diéu khién gia thi trudng, tht nhién
13 ngudi diu gid khéng mudn nhu thé.

Diéu nay lién quan dén chi dé nghién ctfu clia minh, minh sé tiép cin thi trudng va quan sat nhing
ngudi diu gid theo cic cich va nhilng mén dd khac nhau. Viéc clia minh sé thiét k& thé thic diu gis
sao cho ngudi tham gia khéng thao ting dugc thi trudng hay thay d&i chién thuat cla ngudi diu gid
(incentive compatibility) va cho phép thu Igi nhuan nhiéu nht cho ngudi ban diu gia tir ngudi tham gia
(revenue optimization).

V& co ban trong pham vi bai todn nay chinh 13 su giao thoa giita thut toén va kinh t&, goi 13 ‘mechanism
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design’. That ra né chinh 13 ‘algorithm design’ nhung két hop thém yéu t& ‘kich thich’ (incentive) vao
trong dé, dé cé thé thiét ké mét thudt todn lam cho tat ca doi tugng déu cam thay hai long. Nghién ciiu
nay da di theo minh tir ndm 3 dai hoc dén bay gic.

H3n cac ban doc gia ciing rat td mo vé cudc sbng cha mot ngudi theo hoc
Tién si & My, vay Kuroni cé thé chia sé vé cach ban viét nghién ciru va xuat
hién & cac hoi nghi dugc khong?

Minh cdm thiy cudc sbng clia minh kh4 thoai mai.
Budi sang minh sé doc cac bai nghién ciu véi 2 muc
dich chinh. Tha nhét 13 dé cap nhat kién thdc cla
minh v& nhiing nghién ctu khac. That su thi nhing
nghién clu cGa minh kha 13 thuin toan, kidu ap dung
va minh ciing khéng code nhiéu. Thit hai I3 d& minh
c6 thé hoc nhiing cich ching minh cla ngudi ta, xem
ngudi ta dung nhimg Ki thuat nao dé& chiing minh. Vi
du nhut vira rdi minh vira doc mét ky thuat rat hay, va
dang thir 4p dung vao bai hién tai cia minh. T4t nhién
[3 minh vira hoc hai hoc ky théi nén cudc sé‘)ng cla
minh ciing chua cé nhiéu diéu méi, minh ciing tranh
th d&€ m& réng cic cha dé cé thé theo dudi qua viée
doc thém cic bai nghién ciiu va trao d8i véi nhiing
ddng nghiép trong ltic nghién ctiu dé cé thé cling hop
tdc chung trong tuong lai.

Duong nhién qué trinh nay doi hdi minh sé phai
nghi rAt nhiéu, hau hét qua trinh nghién ctu cda minh
s€ ctf chdm cham va dot nhién kham pha ra mét hudng
gidi c6 thé ra k&t qua va tiép tuc theo dudi hudng di
dé dé ra hudng gidi cudi cing. Va it nhit 2 bai nghién
ctiu minh d3 viét xong déu theo xu huéng nay c3, cu
thé hon thi minh hu hét s& tén tAm vai thang nhung
chi tén 2 tuidn gin cudi dé ra hét y tudng cubi cling
cla bai nghién ctu.

Viéc minh viét paper108 thi minh tu nhan khéng
phdi ngudi viét paper tét nhit, tuy nhién thdy Alex
Psomas ctia minh viét cuc ky hay ludn nén minh hoc
cach viét paper cha thay. Khi viét ma néi ra vai chuc
trang that ra ciing khé tu nhién, nhiing céi paper ca minh hau hét ndi dung nhiéu, mdi céi ching minh
d3 tbn nia trang dén 1 trang rdi, va cé mdt sb ching minh hodc nhiing dinh Iy dai minh phai dung dén
nhitng b8 dé khac thi phai kéo dai 5-6 trang. TAt nhién ring mét bai nghién ctiu thi khéng chi giai mét
bai toin duy nhit mad minh phai gidi rAt nhiéu khia canh khic nhau cta bai toin. Chinh wvi thé& c6 rAt
nhiéu phan dé xay dung nén bii toan tng quat. Viéc viét dugc khodng 20-30 trang lién tiép thi né ciing
khéng qué la va dé khéng phai do phong céch viét clia minh ma chi 13 hé qua tu nhién do ndi dung minh
thoi.

Ban cé thé chia sé qua 2 paper ma ban dé cap truéc dé6 khong?

Mbt paper d3 dugc xult ban va mét paper thi minh dang gti di, minh mong paper sé dugc ding trén
mdt héi nghi hay dién dan nao dé trudc khi tap chi ndy ra mét. Con paper kia thi d3 dugc ding & hoi
nghi NeurlPS - mét hdi nghi vé Al rat |a I16n. Ly do paper minh dugc dang tai hdi nghi dé |a do minh

108 haper: bai nghién cttu khoa hoc.
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nghién ctiu vé ly thuyét hoc may, cu thé 13 bdi toin ‘Mean Estimation’: tif nhiéu m3u tir mét phan phéi
ngdu nhién nao dly, ban sé tmh todn lai gia tri trung binh hay gia tri ky vong cta phan ph0| ban dau I3
bao nhiéu, bai todn nay nghe rat I3 ddn gian dung khong! Mét bai 4p dung ly thuyét xac sut théng ké co
ban nhung ciu chuyén phdc tap hon rat 13 nhiéu, tinh trung binh céng khéng phai ltic ndo ciing 13 cach
tSt nhit, va c6 mot thiy & Purdue 13 thiy Paul Valiant c6 mét chudi cac bai nghién ctu rat 13 noi tiéng
vé ‘Mean Estimation’. V& co ban thi thay gidi dudc cho céi trudng hop ma phan phdi clia ban chi tao ra
1 sb6 duy nhit, trong trudng hop cé 2 chiéu thi né sé khic. Cling véi thiy, minh d3 ching minh duoc bai
toin ndy khé nhit 13 & phan phdi chuin. Didu ndy khi ngac nhién vi moi ngudi thudng nghi phan phbi
chuan 13 mot cdi phan phéi cuc ky dep, né thudng la trudng hop tbt nhat (best case) cho cdc bai toan
nghién clu. DE cho d& tudng tugng thi bai nghién cu cGa minh nhu ching minh mét bai todn c6 mét
thudt toan O(n?) va khéng thé lam bai todn ndy tét hon O(n?).

Cai paper tha 2 cﬁa minh véi thiy Alex Psomas 13 mét bai toén kha 13 d& thuong Khi di mua dién
thoai, cach d& bit né tbt hay khéng I3 nhin gia, gid thi thudng duoc dinh do nha san xult hoac thi trudng
d3t, nén v& co ban thi giad chi I3 ‘noisy sample’. Kiéu nhu mét chiéc dién thoa| c6 hiéu subt dugc danh
gié 13 2 triéu dong nhung lai dugc ban 13 2 triéu 500 nghin ddng, tdc nhiéu tién hon so véi hiéu ning that
clia dién thoai. Liic ndy, ban s& tham khdo thi trudng cé nhiéu dién thoai véi nhitng cai gia khac nhau,
tAt nhién ban s& mubn mua dién thoai cé cai hiéu nang tbt nhit so véi tai tién hién tai. Theo xu huédng
s& mua dién thoai dit nhit ma ¢ thé tra dugc, nhung gia su, trudc mit ban c6 2 cai dién thoai Vi gia
15 triéu déng va 14 triéu 999 nghin dé\‘)ng, ldc nay ban khong thé mua dién thoai 15 triéu mét cach ngiu
nhién ma phai so sdnh thém. VAy nén bai toan clia minh s& cho gid tién ma nha san xut rao ban clia
nhiing chiéc dién thoai nay va kém véi nhiing ‘noisy sample’ so véi gid tri that ma dién thoai dem lai va
minh cAn phai tim mét thu4t todn ma cho ra chiéc dién thoai cé gid tién niém yét sat véi gia tri that
nhit ma dem lai hiéu nang cao nhit.

Minh cadm thiy bai toan nay rat

N v R . N north america championship | hosted by
|3 hay ma van chua cé paper nao nac-napc 202 | and programming camp
A /, A N ~ A A A N - T te
nghién ciu that 13 ki vé van dé nay ﬂ ) ICpC international collegia
~ \ b LA ~ . , ing contest
nén minh véi thay di nghién ciu. OQ e programming

Trong bai todn nay, minh ciing tim
dugc mét thuat todn rit hay dé gidi
quyét, minh c6 thé biéu dién * n0|sy
value’' bang phuong sai clia sb tién
niém yet so véi gia tri that, lGc nay
minh sé khong quan tdm cac dién
thoai c6 phuong sai to va & nhiing &
dién thoai con lai minh sé& chi chon
nhiing ci c6 gid tién cao nhit vi
duong nhién nhiing dién thoai c6
phuong sai to sé khdng lién quan qua
nhiéu dén gi4 tri that cla chiéc dién :
thoai dem lai, chinh vi th& nhiing dién thoai c6 phuong sai nhd kha ning s& phan anh chit luong tbt nht.
Thu4t todn ndy nghe c6 vé ding nhung minh khéng chi dé xut ra né ma con chimg minh né tbt ludn.

Con dudng chiing minh thudt todn ‘nghe né ding’ dén ‘ding hdn’ 13 mét con duong rdt 13 dai.

Day 13 nghién cdu minh cdm thiy hanh dién nht bsi vi minh phai tén mét nim dé ra duoc céi paper
nhu thé. Hudéng ching minh bai todn nay that su rdt 13ng nhing tuy lGc miéu ta thuat toan thi lai rit tu
nhién.

Ban c6 thé chia sé cach ban duy tri sitc khde, tinh than ciing nhu sitc bén dé
lam viéc @ cuong do cao nhu vay trong thoi gian dai?
DAu tién d& ¢4 stic bén thi minh nghi phai c6 dam mé trudc di. Diéu quan trong d&€ duy tri cong viéc

& cudng do cao la phai c6 dam mé, giit dugc dam mé dé b%ing viéc trai nghiém nhiéu khia canh khac nhau
trong cudc song. Minh khéng chi danh cad ngay clia minh véi viéc nghién ciu ma minh ciing c6 mét 16i
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sdng sinh hoat lanh manh, nhu ngay hdm qua minh ding trén Twitter 13 minh vira di mét concert xong
(cusi).

Viéc chuyén gitta cac hoat déng khac nhau gitip cho minh khéng chén bt cit hoat déng nao ma cé
phép minh thich tit cd moi thit cing ldc dugc. TAt nhién minh ciing khéng phai ngudi di concert qué
nhiéu, nhung néu minh di 1-2 1an trong nhiéu thang thi minh cdm thiy tinh than cda minh tét hon. Bén
canh dé minh con duy tri tinh than clia minh qua viéc di choi véi ban be, ri cic ban nu 3n, cé thé cac
ban khong biét chir minh nu 3n rit 13 ngon, ding Twitter 13 ltic n3o ciing nhiéu like cuc ki ludn (cudi).
y Néu cdc ban khéng biét thi Kuroni I3 ngudi thudng
xuyén ding dnh dé dn lic dém muén trén kénh chat
Discord ciia VNOI. Diing la mét téi dc

Ding rdi, th& nén viéc minh 13m nhiéu thd song
song véi viéc nghién ctu khién minh khéng bao gid
thiy chan ca, minh khdng phai liic ndo ciing chi lam
mot viéc duy nhit trong mét thai diém va minh lién
tuc thay déi cac hoat dong, th& nén minh théy déy
cling 1a bi kip d& minh khéng bi burnout trong viéc
nghién ctu.

Bén canh dé minh con duy tri viéc tap thé duc,
minh cdm théy viéc di tap thé duc kha la quan trong.
Hbi xua ba me minh néi thi minh ch3 bao gid nghe
dau, mai khi minh chiing kién trong quéng thdi gian dich Covid minh thé thdm nhu thé ndo thi minh méi
bit dau di bd, danh cAu 16ng tuy minh ciing cha phai |3 ngudi dénh ciu I16ng hay I3m, nhung sau khi choi
thi minh cdm thiy yéu dai hon rat 13 nhiéu.

Nhiing phz-?\n Kuroni vira chia sé 1a nhiing diéu kh3 13 quan trong, da cé rbt nhiéu nguoi mat mét thdi
gian khd dai dé€ nhan ra nhiing diéu d3y. Theo minh thiy sau Covid thi kh3 nhiéu ban bi burnout nén minh
mong sau nhiing chia sé ciia ban Kuroni thi cic déc gid c6 thé thdy tam quan trong cia viéc nudi dudng
nhiing s6 thich khdc nhau dé d& dang hodn déi, khéng bi burnout khi stress va dsc biét hon 13 théi quen
duy tri tap thé duc

D& két thic phan chia sé, Kuroni c6 thé chia sé nhitng du dinh cha minh trong
nam 2024 dugc khong?

Bén canh viéc dat HCV, 1am ‘Cha Tu’ cla thé gidi
mét 1an & ky ICPC World Finals t&i thi minh sé tiép tuc
t8 chiic cac contest Codeforces tiép va ducng nhién 13
lén LGM Codeforces. Minh khéng rd sé cb ging lén
truéc hay sau WF nhung chic chin 13 trong khoang
nira dau ctia n3m 2024. V& nghién ciu thi minh mong
mudn project hién tai cia minh sé thuén Igi va c6 thém
mot paper nita & UT Austin. That ra ban than minh
cling 1a mét Swifty, mot fan cta Taylor Swift cling da . 7
lau, phai ¢ 13-14 n3m rdi nén minh ciing mong sé - » _ oh ﬁ
giat dugc mot vé tour thi cung kh 13 hay. Dot rdi thi : - ' Jm
minh khong may mén cé da tién dé di Eras Tour nhung minh mong muon la s& dugc di Taylor Swift tour
mét |an trong doi trude khi Taylor Swift gidi nghé. Ngoai ra thi minh mudn choi hay hon & cic mén thé
thao, gap nhiéu ban tbt, mé rong mbi quan hé véi khong chi & céng df\)ng CP ma c3 4 nhiing cong dc“\)ng
khac.

Cém on Kuroni d3 c6 phan chia sé vé ciing tdm huyét, chic ban sém dat duoc nhiing du dinh cia
ban than trong nam 2024!
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Thach thirc 1ap trinh

... Thanh céng khéng phai 13 mét dic quyén va dic loi cda riéng bat ki mét ai. Tat c3 ching ta déu
c6 thé thanh céng, nhung khéng phai tat ca moi ngudi déu sé thanh céng, vi chi cé nhiing ngudi that su
né luc va biét cich diu tu vao ban thdn minh mdi cé thé that su “héa Réng”...

dake— N\

Truyén thuyét ké r\éng, khi trsi ¢4t méi hinh thanh, Ngoc Hoang d3 tao ra mua, gid, bio, sAm. Sau
dé, do ban rén véi viéc tao ra con ngudi, Ngoc Hoang da giao cho loai réng - sinh vat quyén luc c6 nhiém
vu bay lugn trén trdi vd phun nuéc dé tao ra mua. Tuy nhién, do sb luong rdng khéng da dé tao ra mua
cho moi nai, Ngoc Hoang da t8 chiic cudc “thi réng” dé chon lua cac sinh vat trd thanh réng. Khi 1énh
clia Ngoc Hoang duoc ban xubng, vua Thiay Té d3 théng bdo cho tit c3 cic loai dudi nuéc tham gia.
Nhiing sinh vt nao dua stic manh va tai ndng, vugt qua thi thich sé bién thanh Réng.

Céc sinh vat phdi vuot qua mét bai vé cling héc bia tir Ngoc Hoang, bai todn dugc phat biéu nhu
sau:

Th& thach Vii Mén 1®°

Cho mét diy sb n sb nguyén duong a1, as, . .., a,. Véi mdi sb nguyén duong a;, thi sinh can
dém xem cé bao nhiéu nghiém nguyén cia phuong trinh x + y + ged(z,y) = a;

C4c con vat khac déu bé tay chiu tran. Khi dé&n lust C4 Chép tham gia, gi6 thi manh vi may den
kéo dén. C4 Chép di vuct qua bai thi va di vao clra Vii Mén. Sau khi bién thanh Réng, C4 Chép phun
nudc tao ra gié va mua, gitp mudn loai thodt khoéi han han va lam cho su séng trd lai.

K& tir ngdy Ca Chép bién thanh Réng, rit nhiéu ca chép khic trén séng d3 tu tap va boi ngudc dong
dén dudi Vi Mén. Du dong nuéc c6 hung dit dén miy, ludn c6 v6 sb con c4 chép diing cdm nhay 1én, va
dii ¢6 roi xubng dén mic triy da tréc vay, chiing ciing khéng tir bo.

Tuy nhién, sau nhiéu n3m troi qua, khong mot con ca chép nao ¢é thé cham dén Vi Mén. Ching rat
that vong va da kéo nhau dén gap vua Thay Té, xin vua h3dy ha Vi Mén xuéng thép hon, b&i néu khong,
sé khdéng c6 con ca nao c¢b thé trd thanh rong.

1%https: / /oj.vnoi.info/problem/dovui 2024 a
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Théach thic [&p trinh

Sau mét cudc tranh luan [3m rung chuyén cung dién dudi nudc, cubi cing vua Thay Té ciing déng y
ha Vi Mén xudng thap hon dé tat ca cd chép déu cé thé dé dang nhdy qua. Tuy nhién, vua Thuy Té dat
diéu kién la tat ca con cd chép déu phai dua ra ddp &n chinh xac cta bai toan sau, thi méi ha thap Vi
Mon:

Lat s6i
Tro choi 6 dn quan truyén théng I3 mét tro choi truyén thbng vé ciing quen thubc vdi tré em
Viét Nam. Tuy nhién ching ta sé di dén phién ban khac cua tro choi nhung ciing cuc tri tué:
tro choi 14t soi.
San choi gé\m n vi tri tir vi tri 0 dén n — 1. M&i hiéu lénh dugc dua ra, ban sé nhan dugc ba
so6 nguyén t, A, B. Véi moi A < i < B, néut = 0 thi ta dbi trang thai cia vi tri thii. Néu
t =1, ta can dém xem cé bao nhiéu vij tri i dang cé séi. H3y nhanh tay tra I6i cac hiéu Iénh
loai 1 nhé!

Bai todn d3 khéng 1am khé dugc su quyét tAm clia cic con c4 chép, tit ci sau dé déu héa thanh
nhiing con réng. Ban dau, dan c chép rAt han hoan va vui ming vi cudi cling ching d3 dat duoc uéc
nguyén - dé la mét ky tich ma chi ¢6 thé xult hién mét 1an sau hang tram nghin nam.

Nhung sau mdt thdi gian, chiing nhin nhau va tu hdi: Rt cudc thi 1am rdng va lam ¢4 chép cé gi
khac nhau? TAt nhién khéng con ndo ¢ thé tra I5i dugc wi tht cd ching déu gibng hét nhau. Thé I3 dan
c4 rdng lai cling nhau g3p vua Thay Té dé than phién, ring chiing phai vit va vuct qua Vi Mén dé bién
thanh rong, nhung khi d3 tré thanh rdng, lai khong c6 gi thi vi hon so véi khi lam ca chép.

Vua Thay Té cudi 16n va néi ring: “Thuc ra, trong sé cdc nguai, chua cé ai tré thanh rong ca. Vii
M&n ma céc nguoi d& dang nhay qua thuc ra |3 gid. Ta thiy cic nguoi déng 18 phai nd luc mét phen gian
khé, nang cao tiéu chuin ban than... nhung cic ngudi khdng chi khéng cb ging ma con dén giip ta dé
than phién. Vi vy, ta d3 che di Vii Mén that va dung lén Vi Mén gid dé cic ngudi thda nguyén..”

Tiép 15i, vua Thay Té néi: “Néu tht ca c chép déu d& dang tré thanh rong thi ‘rong’ cudi cling ciing
chi I3 mét tén goi khac cta loai cd chép ma thoi. Néu cac nguoi mudn biét réng that su khac ca chép
thé ndo, thi chi c6 mét cich duy nhit 13 bing moi gid vuot qua Long Mén that. Khi dé, ai chi [a ¢4 va ai
I3 Rdng thi cic nguci s& phan biét ra ngay. Nao hidy cling quyét tam, luyén tip that nhiéu dé chinh phuc
Vii Mén that. Ta c6 mét thi thach tha vi danh cho cac nguai..”

Xoéng nha !

Méi dip Tét dén xuan vé, ai ciing ndo nic né dén chd nhiing diéu may min, nhiing diéu tbt
dep sé dén vdi cube séng. Tap tuc x6ng nha la mét phong tuc nh3m dén nhiing diéu tbt lanh
vao ddu ndm mdi, tir 1au day d3 13 mét truyén théng vin hod lau doi cia ngudi Viét. DE dén
nhan nhiing diéu tbt dep trong ndm mdi, ta cing xem qua d3y sb nhu sau:

V6i mét diy k sb nguyén [By, ..., Bj_1] dudc coi I3 'dep’ néu nhu tén tai hodn vi [Cy, . .., Cr_1]
sao cho prefix xor cia diy C ting dan. N6i cich khic, goi P, = P, ®C;. Ta cdn cé
Ph<P<...<P_;.

M&i ngdi nha sé cé6 mét diy sé A gébm n sb nguyén dai dién. Nsm mdi ban mubn xéng nha
cho ngudi thdn quen ctia minh, vdi mai ngbi nha cua gia chd, hdy tim xem moi prefix cia A
c6 phai day dep khéng nhé. Néu moi prefix A déu I3 day dep, ban vé cung hop tudi véi gia
chd diy.

Vi 13 mdt thir thach v6 cling khé nén cudi cling chi c6 sb it ¢4 chép vuct qua va héa thanh nhiing
chti rdng thuc thu v ddy quyén ning. TU ciu chuyén, ta thiy tit cd c4 chép déu cé thé bién thanh réng
nhung khéng phai con ndo ciing sé vust qua ducc Vi Mén. Tuong tu nhu vay, thanh cdng danh cho tht
c& moi ngudi. Thanh céng khéng phai 13 mdt dic quyén va dic loi cha riéng bat ki mét ai. TAt ca chiing
ta déu c6 thé thanh cdng, nhung khéng phai tit ca moi ngudi déu s& thanh céng, vi chi ¢é nhing ngudi
that su nd luc va biét cich dau tu vdo ban than minh méi cé thé that su “héa Réng’.

10https: / /oj.vnoi.info/problem /dovui 2024 b
https://oj.vnoi.info/problem/dovui 2024 c¢
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Thé 18

e Trong n3m vira qua, 5t hin mdt sb ban déc gia d3 quen véi du 4n Problem of the Week clia team
Bedao. Du an d3 d& lai nhiéu d4u 4n cho cong ddng khi hang tudn dem dén nhiing b3i to4n héc bia,
thach thic déc gid gli vé nhiing I5i giai xult sic vé cho VNOI. Gis day du 4n mét |an nita quay tré
lai véi tén "Thach thic |1ap trinh’ trong sb tap chi VNOI Xuan Gidp Thin.

o O sb Thach thiic lap trinh 12 nay sé cé 3 bai toan dugc dit ra, véi mdi bai giadi dudgc cac ban hiy viét
|5i gidi (editorial) va bai gidi (code), gtii v& cho chiing minh thong qua Thach thiic I4p trinh - Tap chi
VNOI Gidp Thin 2024 3 . Vao cudi thi thach, ban bién tip s& chon va cong bb 3 18i gidi xubt sic
nhit ctia 3 bai toén trén VNOI 1# |

e Bai giai hap 1&: cic bai giai khi gtii v& cho VNOI phai 13 nhiing bai d3 qua hét bd test di dugc soan
s3n va khdng c6 hanh vi chép bai gidi, 18i gidi d& ndp. Moi bai gidi gii vé vi pham sé& khdng dudc xét
giai thudng.

e Thdi gian nhan bai: tir 10/2 dén 20/2, nim 2024

¢ Giai thudng: Ung v6i mdi 18i gidi dugc chon, cic ban s& dugc mdt bd merchandise d3c biét gém: 10
bao i xi + méc khéa + ddy deo + sticker VNOI. Chinh vi thé h3y that nhanh tay dé gianh |3y cho
minh bd qua ¢6 1-0-2 danh riéng cho dip Xuan Gidp Thin nay nhé!

12https: //oj.vnoi.info/contest /thachthuc_laptrinh _giapthin2024
W3https: / /forms.gle/tXfDemgzZ FiHjR3k6
4 https: / /www.facebook.com /vnoi.wiki
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Ban bién tap
Nguy@n Trung Quén (T8ng bién tap)
Nguy&n TAn Minh (Phé Téng bién tp)
Nguyén Ding Quan
V& Nguyén Phuong Quynh
Phan Vinh Tién

Thiéet ke
Doan Viét Tién Dat

Tran Thi Thanh Van

C6 van bién tap
Pham Thi Diém Quynh
Vuong Hoang Long
Pham Xuan Trung
Tran Quang Léc

Hoang Qubc Viét

Cong tac vién
Nguy&n Quang Trudng (hd trg phdng van OLP-ICPC)
Nguy&n Minh Hién (tic gia bai viét)
Nguy&n Minh Thién (tac gia bai viét)

Duong Hoang Long (tac gid bai viét)
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