KY THI CHON HOC SINH GIOI QUOC GIA
TRUNG HOC PHO THONG
NAM HOC 2022 - 2023

Mon: TIN HOC

Thai gian: 180 phit (khong ké thoi gian giao de)
Ngay thi: 24/02/2023

Dé thi gom 04 trang, 03 bai

TONG QUAN DE THI

Tén bai File chuong trinh | File dit liéu File két qua
Bai 1 | Chuéi ADN ADN.* ADN.INP ADN.OUT
Bai 2 | Thu nhap 6n dinh INCOME.* INCOME.INP | INCOME.OUT
Bai 3 | Niang lugng t6i thieu | ROBOT.* ROBOT.INP | ROBOT.OUT

Dau * dugc thay thé bdi PAS ho#dc CPP tudng ng véi ngon ngd lap trinh Pascal hoac C++.

Hay lap trinh giai cac bai todn sau:
Bai 1. Chudi ADN (7,0 diém)

Tién si Tun la mot nha sinh hoc phan tit ¢ rat nhidu cong trinh nghién citu vé sy da dang cua
cac chudi ADN. Chudi ADN la mot day céc nucléotit duge biéu dién bing mot xau ki tu chi chita
bén loai ki tw A, T, G, X tuong tng véi bén loai nucléotit khac nhau. Ong dang nghién citu mot
chudi ADN dude bidu didn béi mot xau N phan tit S1.9, ... Sy. Mot doan con [i, j] duge xac dinh
bdi vi trf phan ti bat diu @ va vi trf phan ti két thic j (1 < i < j < N) trong xau la mot day gom
cic phan tif lien tiép nhau S;S;y1 ... .S;.

Tién si Tudn dinh nghia mot doan con 1a phitc tap néu nhu doan dé chifa it nhit hai ki tu khac
nhau. Vi du, [1,3] la mdt doan con phic tap trong xau ATTTG. Tiép theo, dong dinh nghia do da
dang ciia mot chudi ADN 1a s6 lugng doan con phitc tap trong xau tuong tng. Hai doan con goi la
khéc nhau néu c6 it nhat mot trong hai vi tri bat dau va két thac cta ching 1a khéc nhau.

Do sd suét, tién si Tudn lam mét thong tin mot s6 phan tit trong chudi ADN dang nghién citu.
Vi vay, ong bidu dién mot ki tur chdm héi (?) cho mdi phéan tit bi mat thong tin.

Yéu cau: Hiy gidp tién sT Tuén tinh do da dang nhd nhét ctia chuéi ADN néu trén khi thay moi
ki tu chAm hoi (7) bsi mot trong bén ki tu A, T, G, X.

Di liéu

Vao t file vin ban ADN.INP gom mot dong duy nhat chi chia N ki tu thuoc tap {A, T, G, X, 7}
viét lien tiép nhau khong c6 dau cach (1 < N < 10°).

Két qua
Ghi ra file vin ban ADN.OUT mot s6 nguyén la do da dang nhé nhat tim dugc.

Vi du

ADN.INP ADN.OQUT Gidi thich
A?T?G 7 ATTTG 13 mot chudi ADN cé do da dang it nhét
sau khi d3 thay th& mbi ki tu ? bdi mdt trong
bén ki tu A, T, G, X. Cac doan con phic tap
bao gom: [1,2],[1,3],[1,4],[1,5],[2,5], (3,5, 4,5].
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Rang bubc
o C6 20% sb test ting v6i 20% s6 diém théa man: N < 10.
e 20% sb test khac tng véi 20% sb diém thoa man: N < 20.
e 24% sb test khac ing véi 24% s6 diém théa man: N < 5000.

16% s6 test khac ung véi 16% s6 diém thoa man: N < 10°.

20% sb test con lai tng véi 20% s6 diém thod méan: N < 106,

Bai 2. Thu nhap 6n dinh (7,0 diém)

O mot xa ving cao ¢ N ho gia dinh duge danh s6 tit 1 dén N. Do manh dan ap dung khoa hoc ky
thuat vao 1am kinh té nén trong xa ¢6 nhiéu ho gia dinh da trd nén giau cé. Trong k¥ téng két cudi
nam via qua, chinh quyén xa biét dugc ho gia dinh thit 7 (1 < < N) ¢6 thu nhap la Al(-o). Hudng
tng phong trao toan dan lam kinh t&é nang cao thu nhap va thu hep khodng cach giau ngheo, bt
dau tit ndm nay, goi 1a nam th@ nhat, hang nam chinh quyén xa yéu cau véi méi ho gia dinh, ho
thiti (1 <4 < N) phai nghién cttu phuong thitc lam kinh té nam trudc clia cdc ho gia dinh lien tiép
tir thit L; dén thit R; (1 < L; < R; < N) dé hoc héi kinh nghigm.

V6i mbi ho gia dinh X, néu thu nhap nam trudc 16n hon hoac bang thu nhap cta ho ¢6 thu nhap
cao nhat trong s6 cac ho gia dinh ma ho X phai hoc héi, thi ho X gitt nguyén phuong thic lam
kinh té ci sao cho ndm nay sé c6 thu nhap én dinh bing nam trudc. Trai lai, ho X sé phai stta doi
phuong thitc lam kinh té véi sy hd trg ciia chinh quyén sao cho thu nhap nam nay ctia hé X sé& phai
bang thu nhap cao nhat nam trude trong sé cac ho ma ho X hoc hoi. Cu thé, tai nam thi ¢ (¢ > 1),

ho gia dinh thi ¢ (1 <4 < N) sé ¢6 thu nhap 1a Al(-t) = max(Al('t_l)7 Ag’:l), A(Lt;ll), e A%;l)).

Yéu cau: Hay gitap chinh quyén xéc dinh bit dau tit nim thi bao nhieu thi mdi ho gia dinh déu
sé ¢6 thu nhap 6n dinh nam sau bing nam trudc.

Dir liéu
Vao tit file van ban INCOME. INP:
¢ Dong dau chita mot s6 nguyéen duong N (N < 3 x 10°).
e Dong thit hai chita N s6 nguyén duong A(lo), Aéo), e ,AS)) (AZ(-O) <10%,¥i =1,2,...,N).
e Dong thit ¢ trong s6 N dong tiép theo chita hai s6 nguyen duong L; va R; (L; < R; < N).
Céc s6 trén cing mot dong cach nhau bdi dau cach.
Két qua

Ghi ra file van ban INCOME.OUT mot s6 nguyén ¢ 1a nam ma bat dau tir d6 trd di, méi ho gia dinh
déu ¢6 thu nhap 6n dinh nam sau bing nam trudc.

Vi du
INCOME . INP INCOME.OUT Gidi thich

4 3 - 0 n3m dau tién, thu nhdp cédc hd 13n ludt
1234 18 {2,3,3,4).
22 - 0 n&m thd hai, thu nhdp cac hd 13n ludt
33 13 (3,8,8,4).
12 - Ti nam thd ba trd di, thu nhip cla cac hd
13 gi®t nguyén 1a (3,3,3,4).
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Rang budc

e C6 18% sb test ting v6i 18% s6 diém théa man: N < 500.

16% sb test khac ting véi 16% sb6 diém théa man: Az(so) = A§49),V77 = 1.2 sl

20% s6 test khac ting v6i 20% sb diém thoa man: SN | (R; — L;) < 10°.

24% s6 test khac tng véi 24% sb6 diém thoa man: Khong ton tai i,5 (1 <4, < N) thod man
L; < Lj va RJ' < R;.

22% sb test con lai ing véi 22% s6 diém khong c6 rang buoc gi them.

Bai 3. Nang lugng t6i thiéu (6,0 diém)

Cudc thi Robot ty hanh nam nay c¢6 cht dé vé viéc tiét kiem nang lugng. San thi dau cho céc robot
duge thiét ké dudi dang hinh chit nhat kich thuée W x L va dude chia thanh cac 6 vudng don vi,
xép thanh W dong va L cot. O ¢6 toa do (r,c) 1a 6 nam tai dong thit r tit trén xubng (1 <r < W)
va tal cot thi ¢ tu trai sang (1 < ¢ < L). Ban dau, san thi ddu ¢6 N tram sac dién cho robot, méi
tram dat tai mot 6 khac nhau. Véi mdi lugt thi du, robot sé dude dat vao mot 6 bat ki, tinh cé cac
o da c6 tram sac dien. Sau khi dugc dit vao san, robot sé phai tim duong di ¢6 it budc di chuyén
nhit c6 thé dé t6i mot tram sac dign. Mot bude di chuyén ctia robot 13 vice di chuyén tit 6 hign tai
t61 mot trong céc 6 ké canh nidm trong san thi ddu, dong thoi mat ding mot don vi nang lugng.

Trong qua trinh thi dau, gidm khéo sé lién tuc dua thém vio hodc bo bdt di tram sac dién trong
san. Sau mdi lan thay ddi, doi choi sé phai nap lai muc nang lugng téi thidu cho robot ctia minh dé
dat lai vio mot 6 bat ki ciia san thi ddu nham bio dam robot dén dudc mot tram sac dién trude
khi hét nang lugng.

Tuén 13 doi trudng doi Robot tir hanh dai dién cho tinh minh tham gia vong mot cip Qubc gia. Dé
chuan bi cho cudc thi, doi TuAn phai thiét ké va lap trinh thuat toan cho robot theo luat thi dau
ctia ban td chic dé ra.

Yéu cau: Hay gitp Tuén tinh nang lugng t6i thiéu cho robot dat vao san thi diu ban dau va nang
lugng t6i thidu cho robot sau méi lan ban t3 chic thay ddi tram sac dién trong san.

Dir liéu
Vao tir file viin ban ROBOT. INP:
e Dong dau chita bén s6 nguyén duong W, L, N va Q 1a kich thudc clia san choi W x L, s6 tram
sac dién ban diau va s lugng truy vin (W < 15; L < 10%; N < 50000; Q < 10%).

e Moi dong trong s6 N dong tiép theo chita hai s6 nguyén duong 7 va ¢ 1a toa do clia mot tram
sac dién (1 <r < W;1 < ¢ < L). Dit lieu bdo dam khong c6 hai tram sac dién nao trung toa
do o dat.

e Mbi dong trong s6 @ dong tiép theo tuong ing véi Q truy van thay déi chita hai s6 nguyén
duong r va e (1 <r < W;1 <c¢< L). Néu o (r,c) dang c6 tram sac dién thi ban t8 chiic sé
loai b6 tram dé; Tréi lai, ban t6 chitc sé bd sung thém vao mot tram sac dién tai o (e

Dt lieu bédo ddm sau mdi truy van ludn c6 it nhit mot tram sac dién trén san.
Céc s6 trén cing mot dong cach nhau béi ddu céch.
Két qua

Ghi ra file viin ban ROBOT.OUT gom @ + 1 dong:
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e Dong diu ghi mot sé nguyén la ning lugng 61 thidu tim duge cho robot dat vao san thi dau

ban dau.

e Dong thit i trong sé Q dong tiép theo ghi mot s6 nguyén 1a ning lugng t5i thiéu tim dugc sau

truy van thay déi thi .

Vi du

ROBOT . INP

ROBOT.OUT

12 5

N W N W
w N W N
w

Giai thich

Trong vi du trén:

- Ban dau, nang luong t6i thiéu can tim 1a 5,
chang han khi robot d&t vao o (3,7).

- Sau khi thém tram sac dién & 6 (3,7) thi
nang luong t6i thidu can tim 1a 3, chang han
khi robot dat vao o (1,5).

- O lan thay d6i thit hai, do 6 (2,3) ¢6 tram
sac dién nén tram dé sé bi loai bé. Khi do,
nang lugng toi thidu can tim 14 8, d6 13 trudng
hgp robot dat vao 6 (1,1).

Rang budc

e C6 16% s6 test ting v6i 16% sb diém théa man: W = 1.

e 20% sb test khéc ting v6i 20% s6 diém thda man: W = 3.

e 14% sb test khac tng véi 14% sb diém théa man: Q, L, N < 200.

e 20% sb test khéc ting véi 20% s6 diém théa man: Q = 1.

o 14% s6 test khac tng v6i 14% sb diém thoa man: L < 10000; Q < 100.

e 16% sb test con lai ing véi 16% s6 diém khong cé rang budc gi them.

e Thi sinh KHONG dugc st dung tai liéu;

o Gidm thi KHONG duoc gidi thich ¢i thém.
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KY THI CHON HOC SINH GIOI QUOC GIA
TRUNG HOC PHO THONG
NAM HOC 2022 - 2023

Mon: TIN HOC

Thai gian: 180 phut (khong ké thoi gian giao dé)
Ngay thi: 25,/02,/2023

Dé thi gom 05 trang, 03 bai

TONG QUAN DE THI

Tén bai File chuong trinh | File d@ liéu File két qua
Bai 4 | Nha gb WHOME.* WHOME.INP | WHOME.OUT
Bai 5 | Thiét bi thong minh | SDEV.* SDEV.INP SDEV.OUT
Bai 6 | Canh tac luodng thyc | FOOD.* FOOD.INP FOOD.OUT

DAau * dudc thay thé béi PAS hodc CPP tudng iing véi ngon ngit 1ap trinh Pascal ho#c C++.

Hay lap trinh gidi cdc bai todn sau:
Bai 4. Nha gd (7,0 diém)

Cong ty WooHome thiét ké 1dp rap nha gd vita nhap khau N cot gb loai diic biét c6 chidu cao lan
lugt 14 A, Ag, ..., Ax. Cong ty cho ra mat M mau thiét ké nha, mau nha thi i (1 <4 < M) can
S; cot trong s6 N cot gb trén lam cot tru cho mot ngdi nha. Phong kinh doanh ciia cong ty da tinh
toan véi moi ngoi nha gé duge dat hang theo mot trong M mau trén, cong ty sé ¢6 thém mot khoan
lgi nhuan ¢ dinh cé gia tri 1a P.

Tuy nhién, cic cot gd duge chon cho ngdi nha thi cong c6 thé cé chiéu cao khong déu nhau, nén khi
thi cong sé phai khic phuc dé bdo dam sy chic chin clia ngdi nha. Phong kinh doanh dy kién chi
phi dé khic phuc sy khong dong déu chiéu cao céc cot bing mot gia tri (max —min)? x C, véi C
14 hé s6 gia thanh thi cong, max va min lan lugt 14 chidu cao cot gd 16n nhat va nhé nhat trong s6
nhing cot gb sit dung cho ngo6i nha thi cong. Nhu vay, 1gi nhuan du kién khi thi ¢cong mot ngdi nha
theo mau 1a P — (max —min)? x C. Vi dy, vdi gia tri lgi nhuan c6 dinh P = 10, mot ngoi nha thi
cong stt dung 5 cot gb c6 chiéu cao lan luct 1a 4,5,3,4,5, hé s6 C = 1, thi cong ty sé c¢6 lgi nhuan
du kién 1a 10 — (5 — 3)2 x 1 = 6. Luu y ring miic loi nhuan duy kién c6 thé am.

La mot cong ty c6 thuong hiéu, WooHome luén cé rat nhiéu don dit hang cho mdi mau nha mdi.
Vi day la cdc mau méi ra mit, cong ty mudn dap ting trude cac don dat hang sao cho méi mau nha
¢6 it nhat mot ngoi nha duge thi cong.

Yéu cau: Hay gitp cong ty tim ra sb lugng ngoi nha thi cong mdi mau sao cho dat duge tdi da
1gi nhuan dy kién, thod man md&i mau nha c¢6 it nhat mot ngdi nha duge thi cong v mdi cot duge
dung t6i da mot lan.

Dir liéu

Vao tu file van ban WHOME. INP:
e Dong dau chita bén sé nguyen duong N, M, P va C (N < 10°; M < 6; P < 10%,C < 10°).
e Dong thi hai chita N s6 nguyén duong Ay, As, ..., Ax (4; <10, Vi =1,2,...,N).
e Dong thit ba chita M s6 nguyén duong S1,S,...,Suv (2<S8; < N,Vi=1,2,...,M).

Dit ligu béo dam "M S, < N va §; # S; (Vi,j:1<i<j<M).

Cac s6 trén cuing mot dong cach nhau boi dau cach.
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Két qua
Ghi ra file vin ban WHOME.OUT mot sb nguyén la téng 1gi nhuan dy kién 16n nhat tim dugc.

Vi du

WHOME . INP WHOME. QUT Gidi thich
10 2 11 1 30 Lua chon tdt nhit 1i:
14564447891
42

- MAu 1: Thi cdng mdt ngdi nha véi 4
cot gd 5,4,4,4 cho 1¢i nhudn dy kién 12
11— (5-4)?x1=10.

- MAu 2: Thi cdng hai ngdéi nha, ngdi
nh3 thd nhit goém 2 cdt gd 6,7 cho 1ldi
nhudn dy kién 13 11— (7—-6)2x1=10, va
ngdi nhd thd hai gom 2 cdt gd 8,9 cho
1¢i nhudn dy kién 1a 11— (9 -8)%2 x1 = 10.

Tong 1¢i nhudn dy kién 1a 30.
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-11 Mot lya chon t6t nhat 13 thi cdng ngdi
nha véi 3 cot 8,5,7 cho 1di nhudn du
kién 13 7— (8 —5)? x 2= —11.

w 00
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Rang budc

o C6 25% sb6 test ting v6i 25% sb diém thoéa man: N < 10; M = 1.
o 25% sb test khac ing véi 25% s6 diém thoéa man: N < 1000; M = 1; 51 = 2.
e 25% sb test khac tng véi 25% s6 diém théa man: M = 2.

e 25% sb test con lai ting véi 25% s6 diém khong c¢6 rang buoc gi them.

Bai 5. Thiét bi théng minh (7,0 diém)

Cong ty S-HOME dang thiét k& mot mau nha thong minh thé hé méi duge trang bi K thiét bi
thong minh. Ban thiét ké dugce vé trén mit phang toa do Ozy véi gbe toa do (0,0) 1a noi dat trung
tam diéu khién tat ci cac thiét bi. Trén ban vé, ky su thiét ké vach ra N vng hinh chit nhat quan
trong c6 cac canh song song véi hai truc Oz va Oy, ndi ma cic thiét bi thong minh c6 thé dugce dat
vao. Cac ving hinh chi nhat dude danh s6 ti 1 dén N, viung thit i (1 < i < N) dudce cho béi bo
(L;, Bi, R;, T;) véi toa do goc trai dudi 1a (L;, B;) va goc phai trén 1a (R;, T;). Luu y rang cac ving
hinh chit nhat nay cé thé giao nhau.
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Moi thiét bi thong minh sé duge dat tai mot diém c6 toa do nguyén duong (z,y) va phai nim trong
hodc nim trén canh ciia it nhat mot ving hinh chi nhat quan trong. Thiét bi nay duge diéu khién
tryc tiép béi trung tam diéu khién tai (0,0) va c6 chi phi 18p dit két ndi bing (z + y). Diém (z, y)
goi 1a ndm trong hodic trén canh vung hinh chit nhat quan trong thi 7 khi va chi khi L; < z < R;
va B; <y <T,.

Yéu cau: Hay gitp cong ty S-HOME xac dinh K vi tri dit thiét bi thong minh dé chi phi 16n nhét
trong s6 cac chi phi lap dat két ndi t6i trung tam diéu khién ctia K thiét bi néu trén la nhé nhat.
Luu ¥ rdng cac thiét bi théng minh khong duge dat trung vi tri ctia nhau.

Dir liéu
Vao tu file van ban SDEV.INP:
e Dong dau chita hai s6 nguyén duong N va K (N < 50000; K < 10'8).
e Dong thit i trong s6 N dong tiép theo chita bén s6 nguyén duong L;, B;, R;, T; (L; < R; <

5x107; B; < T; <5 x 107).

Dit lieu bdo ddm gia tri K khong 16n hon tong s6 diém c6 toa do nguyén dudng nam trong hodc
trén canh clia it nhat mot viing hinh chit nhat quan trong.

Céac s6 trén ctiing mot dong cach nhau bdi dau cach.
Két qua

Ghi ra file van ban SDEV.0OUT mot s6 nguyén duy nhét 13 gia tri nhé nhat tim duge ctia chi phi 16n
nhat trong s6 cac chi phi 1ip dat két ndi t6i trung tam diéu khién ctia K thiét bi.

Vi du
SDEV.INP SDEV.OUT Gidi thich
2 10 6 Mgt trong cic phudng an t6i uu 1a céc thiét bi
1234 thong minh dudc dat 13n ludt tai céac vi tri
2143 (1,2),(1,3),(1,4),(2,1),(2,2),(2, 3),(3,1),(3,2),(3,3),(4,1)

v6i chi phi 16n nhit ca3n tim 1a chi phi 13p dit
clia thiét bi tai & (3,3).
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Rang budc
e C6 16% s6 test ting véi 16% sb6 diém thoa man: N < 100; R;, T; < 1000,Vi = 1,2,..., N.
e 20% s6 test khéac tng véi 20% s6 diém théa man: N < 15.

16% s6 test khac ving véi 16% s6 diém théa man: N < 1000.

20% s6 test khac ting v6i 20% sb6 diém théa man: R;, T3 < 10°,Vi =1,2,...,N.

16% sb test khac ting véi 16% s diém thoa man: K < 10°.

12% s6 test con lai ving véi 12% s6 diém khong c¢6 rang buoc gi them.

Bai 6. Canh tac luong thuc (6,0 diém)

Trong mot vuong quoc c6 N ving, duge danh s6 tit 1 dén N, vung duge danh sb 1 1a kinh do6 cia
vuong quoc. C6 ding N — 1 con dudng ndi tric tiép gitta cdc viing véi nhau bdo ddm méi ving déu
¢6 thé téi duge kinh do thong qua cac con dudng nay. Vuong qudc thyc hién phuong céch quan ly
phan cép tir kinh do tdi cac viing bén dudi. Cu thé, vimg X goi 1a quan 1y viing Y néu moi cach di
chuyén thong qua céac con dudng tit vimg Y t6i kinh do déu luon di qua ving X.

Céc ving déu c¢6 céac thita ruong cé thé canh tac luong thie trén do, viing thit i (1 <i < N) ¢6 Q;
thita rudong, mdi thita ruong néu canh tac du kién sé cho san luong ding W; tan. Nha vua mong
mudn téng san lugng lwong thyce trén toan vuong qubce phai dat t6i thidu S tan, biét ring:

e Do dic thit mdi viing, viing thit 4 néu stt dung K; thita ruong dé canh téc luong thuyc sé ton
tong chi phi canh tac v bdo vé mia mang la K 12 x C;.

e Néu ving X khong sit dung thita ruong nao dé canh tac luong thite thi tit cd cac vimg ma X
quéan ly cing déu khong canh téc luong thiec.

Yéu cau: Hay gitp nhi vua xac dinh day (K, K», ..., Ky) 1a s6 lugng thita ruong tuong ting duge
phéan cong canh tac cho ting viing, sao cho tong chi phi canh tic va bdo vé miia mang 14 nhd nhat
ma van dat duge sdn lugng mong mudn ctia nhi vua, hodc thong bao 14 khong c6 cach phan cong
nao thoa man.

Dir liéu
Vao tu file van ban FOOD. INP:
e Dong dau ghi hai s6 nguyen duong N va S (N, S < 5000).

e Dong thit ¢ trong s6 N dong tiép theo ghi ba s6 nguyén duong Q;, W; va C; (Q;, Wi < 5000;
C; < 109).

e Mbi dong trong s6 N — 1 dong tiép theo ghi hai s6 nguyén duong v va v (1 < u,v < N) thé
hién ¢6 con dudng ndi truc tiép giita hai ving v va v.

Céac s6 trén cung mot dong cach nhau bai dau cach.

Két qua

Ghi ra file van ban FOOD.0UT mot s6 nguyén duy nhat 1a tdng chi phi canh tac va bdo vé mila mang
nh6 nhéit tim dude. Ghi ra —1 néu khong ¢6 phuong 4n phan céng nao thod man.
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Vi du

FOOD. INP FOOD.OUT Gidi thich
6 9 11 Day (Ki,Ks,...,Ks) =(1,2,1,0,0,0) cho tong san
215 lugng ludng thuc la:
4 31 1x14+2x34+1x34+0x2+0x14+0x7=102>9,
132 va 1& diy cho chi phi nhd nhit cin tim bing:
124 IPPx54+22x14+12x2+02x44+02x10+02x1=11
1110
1 % 1 5
23 / \
/ N\
2 4 - :
f ®
5 6 &% !
Rang budc
o C6 16% sb test ting vdi 16% s6 diém théa man: Q; = 1,Vi = 1,2,..., N v ¢6 cdc con dudng

truce tiép ti kinh do dén tat ci cac ving khac.

e 14% sb test khac tng véi 14% sb diém thoéa man: N, S < 500.

e 20% sb test khac tng véi 20% sb diém théa man: Q; = W; = 1,Vi =1,2,..., N.

e 16% sb test khac tng v6i 16% sb diém théa man: Q; = 1,Vi =1,2,..., N.

e 20% s6 test khéc ting véi 20% s6 diém théa man: Cé cac con dudng tric tiép tir kinh do dén
tat cd cac ving khéc.

o 14% s test con lai ting v6i 14% s6 diém khong c6 rang budc gi thém.

e Thi sinh KHONG dugc st dung tai liéu;

o Gidm thi KHONG dugc gidi thich gi them.
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KY THI CHON HOC SINH GIOI QUOC GIA
TRUNG HOC PHO THONG
NAM HOC 2022-2023

Moén: TIN HOC

TONG QUAN DE THI

File chuong trinh | File du liéu File két qua
Bai 1 | Chuéi ADN ADN.* ADN.INP ADN.OUT
Bai 2 | Thu nhap én dinh | INCOME. * INCOME.INP | INCOME.OUT
Bai 3 | Nang lugng t4i thidu | ROBOT.* ROBOT.INP | ROBOT.OUT
Bai 4 | Nha gb WHOME.* WHOME.INP | WHOME.OUT
Bai 5 | Thiét bi thong minh | SDEV.* SDEV.INP SDEV.OUT
Bai 6 | Canh tac luong thuc | FOOD.* FOOD.INP FOOD.OUT

Déu * dugc thay thé bdi PAS hoac CPP tuong ing v6i ngdn ngit 1ap trinh Pascal hodc C++.

Bai 1. Chudi ADN (7 diém)

Téng quan

e Subtask 1: 20% s6 test ttng véi 20% s6 diém thoa man: N < 10.

Thi sinh duyét vét can tit cd cdc phuong 4n thay thé. do phic tap tinh toan 1a O(4).
e Subtask 2: 20% sb test ting véi 20% s6 diém théa man: N < 20.

véi mbi dau ?, thi sinh can tim chit cai gan nhat phia trudc va phia sau.

nhan zét: ddu ? ludn bién ddi vé mot trong hai ki tu nay. Do d6 thi sinh ¢6 thé duyét trong
do phitc tap O(2V).

e Subtask 3: 24% sd test tng véi 24% sb diém théa man: N < 5000.
stt dung phuong phap quy hoach dong hai chiéu. do phiic tap O(N?).

e Subtask 4: 16% sb test ting véi 16% sb diém théa man: N < 10°.

st dung cong thitc quy hoach dong két hop st dung cau tric dit ligu nang cao. do phic tap
O(Nlog N).

e Subtask 5: 20% s6 test ting véi 20% s6 diém thé man: N < 10°,

st dung nhan xét tir Subtask 2 va cach cai dat tir Subtask 3, ta ¢6 thuat toan cai tién vdi do
phtc tap tinh toan la O(N).

Hudng dan giai chi tiét

Xét vitrii (1 <i<mn)lavitrl cia mot ki ty ? trong xau S. Goi L; va R; 1a hai vi tri thd man:

e L; <1, Sp, 1a mot chit cai va véi moi j sao cho L; < j <4, Sj 1a dau ? (néu S; la diu ? véi
moi 1 < j < i, ta coi L; = 0).

® R; > 1, S, 1a mdt chit cai va v6i moi j sao cho i < j < R;, S; 1a ddu ? (néu S; la diu 7 véi
moii,j:i<j<n,tacoi Rj=n+1).

Ta ¢6 cac nhan xét nhu sau:
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r———————i,

+ n(n+1)

e néu L; < 1va R; >n, xau S chi gdm cac diu 7, dap s6 bai toan la ==—.

e néu L; < 1 va R; < n, ta chic chin thay ky tu S; bdi Sg,.

v A A

e néu L; > 1 v R; > n, ta chic chan thay ky tu S; boi Sg,.

e néuL; >1vh R; <nvaSp, = Sg,, ta chic chin thay ky tu S; bdi Sg,.

v

v

e néu L; >1va R; <nvh Sy, # Sg,, ta sé thay ky tu S; béi mot trong hai chit cai Sy, hodc

SR, .

7

Tit nhan xét trén, ta sé thay nhitng vi trf ¢ trong xau S néu S; 1 dau héi va biét chic chan chi c6
mot la chon thay thé. Sau bude nay, ta dinh nghia mot day héi cham lien tiép 1a mot cip sb (1,7)
sao cho:

e 1 << r<mn;

e v6imoi vi trl jsaochol <j<r, S;la dau 7;

e S;_1va S,41 la cac chit cai va S;_1 # Sy41.
T6i day, ta tién hanh liet ke cac day hoi chAm lién tiép trong xau S theo thi tu chi s tang dan. Ta
duge danh sach céc day héi chdm lién tiép c6 dang (I1,71), (l2,72), ..+, (g, r%) VO 7y +1 < lj11 — 1

véimoi i : 1 < i < k. Ta thiy riing, v6i moi vi trf j sao cho I; < j < r;, dau ? & vi tri j sé dugc thay
bdi mot trong hai chi cai S;,—1 hodc Sy, 41, va cac vi tri j nay sé dugc thay thé bdi cing mot ky tu.

Cubi ciing, ta sit dung ky thuat Quy hoach dong véi ham s6 nhu sau: Goi F (i) va G(i) lan lugt la
s6 day con phitc tap nhd nhéat c¢é thé ctia day S195...S,, trong hai trudng hgp:

e moi vi tri j sao cho I; < j <1, dau ? § vi tri j sé duge thay béi chit cai Sj,_1;

e moi vi tri j sao cho l; < j <7, ddu ? & vi tri j sé dugc thay bdi chit cai Sy,—1.
cac gia tri F(i) va G(4) c6 thé dugc tinh truc tiép tir cac gia tri F(: — 1) va G(i — 1) trong do phitc
tap thoi gian 1la O(1).

Téng do phitc tap thdi gian ctia thuat toan 1a O(n).
Bai 2. Thu nhap on dinh (7 diém)

Tf;ng quan

e Subtask 1: 18% sb test tng v6i 18% s6 diém théa man: N < 500.
Thuyc hién thay déi timg bude nhu yéu ciu dé bai. Do phitc tap tinh toan: O(N®).

e Subtask 2: 16% sb test ting véi 16% s6 diém thoéa man: Agso) = AZ(-49),W = 1,2 .50 N
Tuong tu nhu subtask 1. S dung thém ciu tric di ligu nang cao dé tim max trén doan. Do
phiic tap: O(N?log N).

e Subtask 3: 20% sb test tng véi 20% s6 diém théa man: Zf\il(Rz ~ Lz} < 105,

Xay dung do thi véi tit ca cac canh. Sit dung DFS tim dudng di dai nhat. Do phiic tap:
O(N + > (R-L)).

e Subtask 4: 24% s6 test ting v6i 24% s6 diém théa man: Khong ton tai i,j (1 <4,j < N) thoa

man L; < L, va R/ < R;.

Sit dung ky thuat dinh gid dung dd thi véi 2N dinh két hgp cau truc di lieu DSU. Do phitc
tap: O(NV).
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e Subtask 5: 22% s6 test ting vdi 22% s6 diém khong c6 rang buoc gi thém.
Chi céc (L, R) thanh log doan con. Dyng do thi véi doan con. Do phiic tap: O(N log N).

Hudng dan giai chi tiét

Coi mdi ho 1a mot dinh ctia dd thi, ta thiy ring ho c6 thu nhap 16n hon sé lan truyén dan dén cac
ho ¢6 thu nhap thap hon, s6 nam dé két thic qua trinh lan truyén tuong tng la duong di dai nhat
trén do thi. Do d6 ta dung do thi véi canh (u,v) tuong tng 1a hd u ¢6 thé lan truyén t6i ho v. Do sd
canh 1a rit 16n do d6 ta sé& tao cac dinh trung gian bing cay phan doan dé dam bao s lugng canh
khong qua N log N. Sau d6 ta giai bai toan tim dudng di dai nhat trén do thi c6 trong s6 canh 0
va 1, dung thuat toan loang chiéu rong BFS véi do phitc tap 1a O(N log N).

Bai 3. Niang lugng t6i thiéu (6 diém)

e Subtask 1: 16% s6 test ting véi 16% s6 diém théa man: W = 1.
St dung ciu tric dit liéu can ban. Do phiic tap tinh toan O(log(N + Q) * (N + Q)).

e Subtask 2: 20% s6 test ting vdi 20% s6 diém théa man: W = 3.
Xét cac truong hop biang tay cho W = 3. Két hop cai dat tuong tu subtask 1: Do phitc tap
tinh toén git nguyen 1a O(log(N + Q) * (N + Q)) do W 1a hing sb.

e Subtask 3: 14% sb test tng vé6i 14% s6 diém théa man: @, L, N < 200.
Duyét toan bo theo yéu cau dé bai. Do phic tap tinh todn O(L * W x Q?).

e Subtask 4: 20% s6 test tng véi 20% s6 diém théa man: Q = 1.
St dung ky thuat chit nhi phan dé tim kiém két qué. Do phitc tap tinh toan O(log(L)*W?3xN).

o Subtask 5: 14% s6 test ting véi 14% s6 diém thoéa man: L < 10000; Q < 100.

St dung ky thuat chat nhi phan dé tim kiém két qua. Ké hop sit dung cau tric dit licu luu
trit tinh toan nang cao. Do phitc tap tinh toan O(log(L) * Q * (Q + N)).

e Subtask 6: 16% sd test ting v6i 16% s6 diém khong c6 rang bude gi thém.

St dung cau tric hang dgi wu tién. Két hop k§ thuat tinh toan luu trit v6i 4nh xa nhi phan.
Do phic tap tinh toan O(2W + W? x Q xlog Q).

Hudng dan giai chi tiét
Dung ciu tric tap hgp c¢6 thit tur dé luu lai cac cot dang ¢6 tram sac dien. V6i mdi cap cot lien tiép,

ta can tinh ning lugng t6i thiéu khi robot dat gifta hai cot (tinh ca hai c¢ot). Tap hgp cac khodng
cach trén luu vao tap hgp ¢6 thit ty dé mdi lan truy van ta c6 thé cho ra luon khodng cach 16n nhat.

Ky thuat tinh nang lugng t6i thiéu giita hai cot: Mbi cot [i], ta can luu khodng cach gan nhat ti
dong thit j trén cot tdi cdc tram sac bén trai va bén phai.

V6i mdi diém duge them vao hay bét di & vi tri (4,7), ta cAn cap nhat khoang cach tdi tit ci céc
cot t: 1 —w < t < i+ w. V4i viée st dung bitmask tinh trudc clia tit cd ciu hinh ctia mot cot, do
phiic tap véi thao tac trén 1la O(W?). Do phiic tap ciia thao tac tinh trude bitmask 1a O(W « 2"V).
Sau khi cap nhat khoang cach trai phéi cta céc cot t (i —w < t < i+ w), ta cAn cap nhat nhiéu
nhat 2« W khoang cach tit 2 x W cap cot. Do phitc tap ciia thao téc sita tap hop luu khoang cach
1a O(W xlog Q).
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Bai 4. Nha gb (7 diém)

Téng quan

¢ Subtask 1: 25% sd test ting v6i 25% s6 diém thoéa man: N < 10; M = 1.

Duyét tat cd cac cach hoan vi N cot g0, sau d6 gop thanh cidc nhom theo thi ty trén hoan
vi, cho dén khi loi nhuan thuyc t& am. Do phiic tap tinh toan 1a O(N! x N).

e Subtask 2: 25% s6 test tng véi 25% s6 diém théa man: N < 1000; M = 1;.5; = 2.

Sap xép lai cac coc gb theo thit tu tang dan chiéu cao, sau d6 st dung thuat toan quy hoach
dong dé tim cach gop t6i wu. Do phiic tap tinh toan 1a O(N?).

e Subtask 3: 25% s6 test ting véi 25% s6 diém théa man: M = 2.

Sap xép lai cac cot gb theo thit tit ting dan chidu cao. V6i nhan xét 13 miu dung nhidu cot
g0 hon sé chi c6 ding mot ngoi nha duge thi cong, ta c6 thé xét cac cot gd dude dung cho
mau nay. Sau d6 dua vé truong hgp M = 1 va giai quyét bang thuat toan quy hoach dong.
D6 phiic tap tinh toan 1a O(N log N).

e Subtask 4: 25% s6 test tng véi 25% s6 diém khong c¢6 rang budc gi them.

Sap xép lai cac cot gd theo thit tir ting dan chiéu cao. St dung thuat toan quy hoach dong
va k¥ thuat mat na bit dé luu trit trang thai. Do phic tap tinh toan 1a O(N x 2M).

Huéng dan giai chi tiét

Tinh chat: Trong cach chon t6i wu, mdi ngdi nha déu sit dung cac cot gd lien tiép trong day cot gb
da sip xép tang dan theo chiéu cao.

Thuat toan: Quy hoach dong sit dung ki thuat bitmask dé luu trit:

e Sap xép tang dan day a.

e Goi f(i,k) (v6i i la mot s6 tu nhién khong qua n va k 1a mot tap con cia {1,2,...,M}) la
tong 1gi nhuan dy kién 16n nhat khi stt dung cac cot gd {i,i+1,..., N} sao cho cac mau nha
khong thuoc tap k& déu phai dudc thi cong it nhat mot can.

e Khi dé f(i,k) = min{f(i+1,k), minjlvil{f(z’ +S;,kU{j}) + P — (ali +S; — 1] —a[i])* x C}}.

¢ Sit dung ky thuat bitmask dé luu trit trong qua trinh tinh toan f.

Do phitc tap tinh toan: O(N x 2M x M).
Bai 5. Thiét bi thong minh (7 diém)

Tf;ng quan

o Subtask 1: 16% s0 test ting véi 16% s6 diém théa man: N < 100; R;, T; < 1000,Vi = 1,2,..., N.
Thi sinh st dung mang hai chiéu dé luu lai cac diém dat thiét bi. Khong gian bo gidi han la

O(max(R) * max(T)).

e Subtask 2: 20% s6 test ting véi 20% s6 diém thoa man: N < 15.

Thi sinh sit dung nguyén 1y bao ham loai trit va dua vé bai toan dém sb diém dat thiét bi hop
1. Do phtc tap tinh toan: O(2V).
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o Subtask 3: 14% sb test ting véi 14% s6 diém théa man: N < 1000.
Thi sinh st dung ky thuat rdi rac héa dé quan ly tap diém hgp lé. Do phic tap tinh toan:
O(N?).

¢ Subtask 4: 18% sb test ting véi 18% s diém théa man: R;, T; < 10°,Vi = 1,2,..., N.
Thi sinh st dung ky thuat duong quét va cau trac dit lieu nang cao. Do phiic tap tinh toan
O(N + maz(R) + maz(T)).

e Subtask 5: 18% sb test ting véi 18% sb diém théa man: K < 10°.
Thi sinh lan lugt liét ké cac diém hgp lé theo thit tu wu tién tit nhé tdi l6n. va dung lai tai
diém thit k. Do phic tap tinh toan O(K x log(N)).

e Subtask 6: 14% sb test ting v6i 14% s6 diém khong c6 rang buoc gi them.
két hop ¥ tudng clia subtask 3 va subtask 4. Do phiic tap tinh toan O(N log N).

Huéng dan giai chi tiét
Goi C(z,y) 1a s6 viing hinh chit nhat quan trong ma diém (z,y) ndm trong hodc trén canh ctia viing

d6. bai toan c6 thé duge tém tat nhu sau: Goi A la tap hop cac diém (z,y) sao cho C(z,y) > 0, ta
can tim gia tri  + y 16n thit k trong cac diém thuoc A.

Ta st dung ki thuat chia nhi phan dé tim dap s6, khi d6, bai toan tré thanh: Cho mot s6 nguyén
s, dém s6 diém (z,y) trén mat phang c6 z +y < s va C(a,y) > 0.

Xét tap hop X gdm céc gid tri 1,5%107 +1, L1, Lo, ..., Ly, R1+1,Ra + 1, ..., Rn + 1. Ta lict ke céc
gia tri phan biét clia tap hgp nay theo thi ty tang dan, dude day s6 zo < 71 < 22 < -+ < Zg.

Xét tap hop Y gom céac gia tri 1,5%107 4+ 1, By, Ba, ..., Bp, T1 +1,To +1,...,T, + 1. Ta ligt ke céc
gié tri phan biet ctia tap hop nay theo thi tu ting dan, duge day s6 yo <11 < y2 < -+ < Yp.

Ta c6 cac nhan xét sau:
e v6i moi (4,u1,u2,v) sao cho 1 <i < a,z@—1) <up <upg < 2,1 <v < 5% 107 ta luon co
C(u1,v) = C(uz,v).
e vGi moi (4, u,v1,vs) sao cho 1 < j < byd—1) <wvi <wve <yl <u<bx 107 ta luon c6
C(u,v1) = C(u,vs).
Tu day, ta c6 thé sit dung kj thuat duong quét, két hop véi cau tric dit lidu cay phan doan (Segment
Tree) dé thuc hién viec dém s6 diém theo bai toan § trén.

Do phiic tap thoi gian 1a O(nlogn).
Bai 6. Canh tac luang thuc (6 diém)

T(”;ng quan

e Subtask 1: 16% s6 test ting véi 16% sb diém théa man: @Q; = 1,Vi = 1,2,..., N va c6 cac con
duong trire tiép tu thit do dén tat ca cac thanh phd khéc.

St dung thuat toan quy hoach dong tuong tir gidi bai toan céi tii. Do phic tap tinh toan la
O(N x S).

e Subtask 2: 14% sb test khac tng v6i 14% s6 diém théa man: N, S < 500.
Quy hoach dong trén cay. Do phitc tap tinh toan 1a O(N x S x max(Q;)).

e Subtask 3: 20% sb test tng véi 20% s6 diém théa man: Q; = W; =1,Vi=1,2,..., N.

Quy hoach dong trén cay va st dung kj thuat chuyén nhan thong qua dinh cha chung gan
nhat (LCA). Do phiic tap tinh toan la O(IN?).
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o Subtask 4: 16% sb test ting véi 16% sb diém théa man: Q; = 1,V¥i =1,2,..., N.
Danh s6 lai cac dinh ciia cay theo thit ty tim kiém theo chiéu sau (DFS). Dua vé bai toan quy
hoach dong trén day. Do phic tap tinh toan 1la O(N x S).
e Subtask 5: 20% sb test tng v6i 20% s6 diém théa man: C6 cac con dudng truc tiép tu tha do
dén tat ca cac thanh phd khac.
Quy hoach dong trén day, st dung cu triic bao 16i (convex hull) dé gidm do phtc tap tinh
toan. Do phtc tap tinh toan la O(N x 5).
e Subtask 6: 14% s6 test tng v6i 14% s6 diém khong c6 rang buoc gi them.
Dénh s6 lai cac dinh ctia cay theo thi ty tim kiém theo chidu sau (DFS). Dua vé bai toan quy
hoach dong trén day, sit dung ciu tric bao 16i (convex hull) dé giam do phic tap tinh toan.
Do phic tap tinh toan 1a O(N x S).
Huédng dan giai chi tiét
Thuat toan: Quy hoach dong sit dung ky thuat bao 16i dé t6i wu:

e Dénh s6 lai cac viing clia vuong quéc theo thit tu thim clia thuat toan tim kiém theo chiéu
sau (DFS) bit dau tit ving kinh do.

e Goi r; 1a viing sau cung dude tham bsi DFS trong s6 nhitng viing ma i quan ly. Khi do, tat
cd cac vung ma ¢ quan ly la: 7,2+ 1,...,7;.

o Gia stt k = (k1,ks,...,knx) & mot phuong a4n phan cong hgp 1¢, khi dé day k£ théa man tinh

chat: Neu k; =0thi k;=kiy1=... =k, =0v6imoii=1,2,...,N.
e Goi dp(i,sum) la chi phi nhé nhit dé phan cong cho cac ving {i,i + 1,..., N} véi diéu kien
cac viing {1,2,...,7 — 1} da cho tong san lugng it nhat 1a sum va cac dinh quan ly ¢ déu co

canh tac luogng thuc.
e Khi d6 dp(i, sum) = min{dp(r; + 1, sum),min?:il{dp(i +1,sum —+ 7 x w;) + 52 x ¢i}}.

e Chon thit ty tinh todn théa man dp(i, sum), dp(i, sum + w;), dp(i, sum + 2w;), ... dudc tinh
lien tiép nhau. Do cong thitc tinh toan gitta hai lan lién tiép chi khac nhau hai hang ti dau
cudi nén c6 thé sit dung mot hang doi hai dau (deque) dé lwu trit cac hang tit. Cong thic tinh
la mot ham theo j, c6 thé st dung k§j thuat bao 16i (convex hull) dé téi wu héa quy hoach
dong.

Do phite tap tinh todn: O(N x S).
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