KY THI CHON HQC SINH GIOI QUOC GIA
TRUNG HOC PHO THONG
NAM HOC 2023 - 2024

Mén: TIN HOC

Th&i gian: 180 phiit (khong ké thdi gian giao dé)
Ngay thi thit nht: 05/01/2024

(Dé thi gom 06 trang, 03 cau)

TONG QUAN DE THI

Tieu de File chuang trinh | File di¥ liéu File két qua |
Cau 1 | Ba dudng truyén dién | THREE.* THREE.INP THREE.OUT |
Cau 2 | Cai thién danh gia IMPEVAL.* IMPEVAL.INP | IMPEVAL.OUT |
Cau 3 | Thu mua ndng san FBUY.* FBUY.INP FBUY.OUT ‘

Déu * dudc thay thé bdi PAS hoac CPP tudng ing véi ngdn ngit 1ap trinh Pascal hodc C++.

Hay lap trinh giai cdc cau sau:
Cau 1. Ba dudng truyén dién (7,0 diém)

Qubc gia Alpha c6 mét trang trai dién gié duge quy hoach bdi mot bang vuéng N hang va N cot.
Céc hang dugc danh sb tit 1 téi IV tit trén xudng dudi, cic cot duge danh s6 tir 1 t41 N tit tréi sang
phéi. Trang trai ¢6 M tram sin xuit dién gié dugc danh sb tir 1 téi M. Tram thit 4 (1 <4 < M)
duge dat tai 6 thude hang R;, ¢t C; v ¢6 cong suit san xuat 1a WW; oat. Chu trang trai méi ky
hop déng cung cip dién cho déi tac. Trang trai sé phai ldp ba dudng truyén dién, mbi dudng truyén
di qua mot hang hodic mot cot trong bang. Céc dudng truydn cé thé cit nhau nhung khong dude
trung nhau. Téng cong suét cung cip cho déi téc la tdng cong suét cla cac tram dién nim trén it
nhit mét trong ba dudng truyén. Trang trai cin tim ra cach 1p dat ba dudng truyén dé téng cong
sudt cung cip la 16n nhét ¢6 thé.

Ngoai ra, cong ty ¢6 @ phuong an diéu chinh. Phudng 4n diéu chinh thit j (1 < j < Q) 1A tang cong
sudt cia tram 7 them mot ludng D; oat va gitt nguyén cong suat W, odt nhu hign trang ban déu
cua moi tram ¢ khac T;. Luu ¥, cac phuong &n 14 doc 1ap, nghia 14 céc phuong an déu chi 4p dung
lén hién trang ban dau cla trang trai.

Yéu cau: Hay dua ra tdng cong suit 16n nhét ¢ thé khi lip ba dudng truyén véi hién trang ban
dau cla trang trai va trong Q phuong 4n diéu chinh.

Dit lidu
Vao tu file van ban THREE. INP:

e Dong dau ghi mot sé nguyén duong 7 13 sd luong trudng hop test.

e Mb&i nhém dong trong s 7 nhém déng tiép theo md t4 mdt trudng hgp test ¢co ciu tric
nhu sau:

— Dong thi nhét chita ba s6 nguyén N, M va Q lan lugt 1a kich thudc bang, s6 luong tram
dién va s6 lugng phuong én diéu chinh (3 < N <10%3 < M <10°%1 < Q < 10%).

— Dong thit i trong sé M dong tiép theo chita ba sd nguyén R;, C; va W; lan luot 1a vi tri
hang, vi tri c8t va cong suit clia tram dién thi 7. D liéu bado dadm khéng c6 hai tram
nao dat tai cing mgt & (1 < R;, C; < N;1 < W; < 10°).

— Dong tht j trong s6 @ dong tiép theo chifa hai s6 nguyén T} va D, thé hign phuong an diéu
chinh tang céng suit thém D; oat cho tram dién the 75 (1 < T, < M;1< D; < TOR8Y,
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Goi as vA Bg tuong ing la tong cla tit ci cac gid tri M va Q trong tht cd 7 trudng hdp
test. D liéu bao dam 1 < By, Sg < 2 x 10°,

Céc sb trén cling mot dong céch nhau bdi dau céch.

Két qua

Ghi ra file van ban THREE.OUT:

e Gdm 7 nhém ddng, mdi nhém dong la k&t qué cila trudng hop test tuong ting ¢6 cau tric sau:

— Dbng thi nhit ghi ra mot sé nguyén duong la tong cong suét 16n nhét tim dudc vdi hién
trang trang trai ban dau.

— Dong thi j trong s6 Q dong tiép theo ghi ra tdng cong suét 16n nhat tim dudc véi phuong
4n didu chinh thit 7.

Vi du
THREE. INP THREE. OUT Gidi thich
P 17 Xét trudng hgp test thd nhét:
57 2 18 - Véi hisn trang ban diu, mdt céch t&i wu 1a 13p ba
1.4 4 24 dudng truyén & c§t 1, c8t 2 va cét 5. Téng cong suit
312 6 cung cip 1a 17.
2 2.3 7 - V&i phuong 4n didu chinh thd nhdt, mét céch tbi
424 wu 1a 13p ba dudng truyén & hing 2, cbt 2 va cdt 5.
242 Téng céng suit cung cdp 1la 19.
155 - Véi phudng 4n didu chinh thd hai, mdt céch t&i uu
$52 13 14p ba dudng truyén & hang 1, hang 3 va oot 2.
53 Téng cdéng suit cung cdp 13 24.
Z T
884 cotl1 2 3 4 5 cot1 2 3 4 5
3 i Hangf *1-'
! T 1
133 5 2
31 ~
3 3
- B
5 5
\

Rang budc

(1) C6 20% sb test ing véi 20% sb diém théa man: N, M, Q < 40va 7T = 1.
(2) 20% sb test khac ing véi 20% sb diém théa man: N,M,Q <100 va T = L.
(3) 20% sb test khac vng véi 20% sé diém théa man: N, M,Q <500 va T = L.
(4) 20% sb test khac dng véi 20% sb diém thda méan: M,Q < 1000 va T, g < 2000.
(5) 10% s6 test khic ing véi 10% sb didm thda man: M < 1000 va £y < 2000.

(6) 10% sb test con lai tng véi 10% sb diém: Khong ¢6 rang budc gi them.
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Cau 2. Cai thién danh gia (7,0 diém)

Qubc gia Beta c6 N thanh phd dudc danh b tir 1 dén V. Céc thanh phé dugc ndi véi nhau bdi M
con duding hai chiéu, duge danh sb tit 1 dén M, gitta hai thanh phé bét k¥ c6 toi da mét con dudng
néi truc tiép ching. Con dutng hai chiéu sb ¢ (1 <i < M) néi truc tiép gitta hai thanh phd phan
biet U; va V; ¢6 do dai W;. Mot duong di gdbm K thanh phé tir thanh phé X tdi thanh phd ¥ la
mét chudi cac thanh phd Py, P, ..., Pk, sao cho P, = X, Py =Y va c6 con dudng truc tiép gitta
hai thanh phé P, va Pyp (Vi=1,2,..., K = 1). O quéc gia Beta, moi thanh phé déu c6 dudng di
t6i thanh phd khéc. Chi phi di chuyén cla mot dudng di tif thanh phé X téi thanh phd Y 1a tong
d6 dai chia cac con dudng trén dudng di d6. Goi D(X,Y) la chi phi di chuyén nhé nhat trong so
cac chi phi di chuyén clia cac dudng di tir thanh phé X tdi thanh phéd Y. Quy ude D(X,X) =0vdi
moi thanh phé X.

Thanh phé sé 1 c6 mot nha méy dic khuon va thanh phd s6 2 ¢6 mot nha may sdn xuét ma tinh dién.
Mot doanh nghiép muén chon mot thanh phd nao dé dé md mot trung tam ché tao thép trang tri st
dung nguyén lidu tit nha méy dac khudn va nha may san xuht ma tinh dién. Thanh phd Y dugc goi la
t6t hon hoiic tuong diong so véi thanh phé X khi va chi khi D(Y,1) £ D(X,1) va D(Y,2) < D(X,2).
Luu ¥, thanh phd X duge xem la t5t hon hosc tuong duong so véi chinh né. Doanh nghigp tinh
hang clia thanh phé X 1a s6 lugng thanh phd Y t6t hon hodc tuong duong so véi thanh phé X. Cu
thé, cong thic tinh hang la:

R(X)=|{Y €{1,2,...,N}: D(¥,1) < D(X,1) va D(Y;2) < D(X,2)}|.

Ngoai ra, doanh nghiép ciing cam két véi chinh quyén dia phuong rang trudc khi dat trung tam ché
tao thép d thanh phé X nao d6, ho sé cai tao mot con dudng néi v6i thanh phdé X. Doanh nghiép
da khao sét va dua ra P phuong 4n. Véi phuong 4n thtt j (1 < j < P), con dudng T ndi gita thanh
phd Uz, va Vr, s& duge chon dé cai tao giip cho dd dai méi W}j bé han d& dai ban dau Wr,. Véi
m5i phudng an, sau khi cii tao dudng, doanh nghiép can tinh hang cta thanh phé Ur, va thanh
phd Vr;. Céc phuong an la déc lap, nghia la cac phuong an déu chi &p dung 1én hign trang ban dau
cia M con dudng.

Yéu ciu: Vi phuong an thit 5 (1 < j < P), hay giup doanh nghiép tim ra hang clia thanh phé
Ur, va thanh phé V7, sau khi cai tao con dudng Tj.

Dir ligu
Vao tit file van ban IMPEVAL. INP:

e Dong diu chita ba sé nguyén N, M va P lan lugt la s6 lugng thanh phd, sé luong con dudng
va s6 luong phuong 4n (2 < N <10%;1 < M, P < 10°).

e Dong thit 7 trong s5 M dong tiép theo chita ba sé nguyén Uy, Vi va W; lan lugt la hai thanh
phé dugc nbi bdi con dudng sb i va do dai cta con dudng nay (1 < U;, V; < Nj1 < W; < 10°).

o Dong thit j trong s6 P dong tiép theo chia hai s6 nguyen T; va Wr, lan lugt 13 chi sb con
dudng duge 1én phuong an cii tao va do dai sau khi céi tao (1= T = M;1 & W}J < Wry,).
Céc sb trén ciing mot dong cich nhau bdi diu cach.
Két qua

Ghi ra file van ban IMPEVAL.OUT:

o Gdm P dong, trong dé dong thit j ghi ra hai s& nguyén R(Ur,) va R(Vr,) tuong tng la hang
ctia thanh phé Uz, va thanh phé Vr, néu phuong an thit j dudc trién khai.
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Rang budc
(1) C6 20% sb test tng voi 20% sb diém thba man: M, P < 1000.

(2) r)O % s6 test khac tng véi 20% sb diém thoa man: Mai thanh phé c6 nhiéu nhét 2 con dudng
i v6i thanh phé khéc.

(3) 20% sb test khac Ung véi 20% sb didm thoa man: Moi con dudng déu ndi véi thanh phé sd 1
hozc thanh phé sb 2.

(4) 20% sb test khac tng v6i 20% s6 diém théa man: M = N — 1.

(5) 20% sb test con lai dng véi 20% sb diém: Khéng c6 rang bude gi thém.

Vi du

IMPEVAL.INP | IMPEVAL.OUT Gidi thich

56 2 i 2 ~ V@i con dudng sb 5 c6 db dai mdi bing 2, thianh phd
1& 8 Ld s6 3 c6 hang 1 do chi c6 duy nhit thinh phé sb 3 t6t
5§ 2 10 hon hoic tudng duong véi thanh phd s6 3, thanh phd sé
1386 4 ¢6 hang 2 do c6 hai thanh phd tét hon hodc tudng
32 12 dudng véi né 13 thinh phé s 4 va thanh phd sb 5.
343

g5 41 X 1|2 3|4]s5s

5 9 D(X,1) [0 [18 6 | 8 | 8

6 9 D(X,2) [18] 0 12|11 10

- V6i con dudng sb 6 cé d6 dai méi bing 9, thinh phd
s 4 va thanh phd s6 2 déu cé hang 1.

(5 fed0
B y‘\?/\‘ 2 ) 8 5 \ 2

1\3 A \ //

12
¥ 354

Cau 3. Thu mua néng san (6,0 diém)

Quéc gia Delta ¢6 nén néng nghiép hang dau thé gldl Nam nay, nhd ting dung céng nghé thong
tin sau rong trong san xuit noéng nghiép, noéng dan qubc gia Delta da duge mua ldn. Dé chic mimg
thanh céng 16n clia ba con cling nhu day manh vige xuét khau, chinh phti quyét dinh b trf cac xe
thu mua néng san tit khip moi noi trén cd nude.

Trong québc gia ¢c6 N ngoi lang duge danh sb tir 1 dén N. Mang ludi giao thong tai day gdm N —1
con dudng hai chidu, mi con dudng ndi tryc tiép hai ngdi lang nao do. Céc con dudng nay bédo dam
su lien thong toan qubce. N6i cach khac, tir mot ngdi lang bét ky c6 thé di téi tat cd céc ngdi 1ang
con lai thong qua mét hodc nhiéu con dudng. Ngudi dan tai québe gia Delta c6 kha ning sdn xuht
duge K loai nong san khac nhau, duge danh s6 tit 1 dén K. Nam nay, ngudi dan tai ngoi lang thua
i (1 <i< N)san xut loal nong sén thit A;.

£ - = F-4 . N ’4 f— 9% B = 3 2 P = ~ A
Chinh phtit qudc gia Delta sé bo tri ‘——X—%\—U xe tai di thu mua néng san. Cu the, véi moi cap sd

nguyén (u,v) sao cho 1 <u < v < N, ¢6 mdt xe tai xuit phat tit ngdi lang thi v, di qua mot hoac

nhiéu con dudng roi ding lai & ngdi lang tht v. Biét ring, xe tai luon chon di theo tuyén dudng qua
it con dudng nhét cé thé, va khi t8i bat k¥ mot ngdi lang nao (bao gdm ca hai ngdi lang tht v va
tht v), xe tai s& thu mua 1 tan nong san dudc sin xut tai ngdi lang d6. Nho mia mang boi thu,
tAt ca cac ngdi lang déu cé d0 nong san cho moi xe di qua thu mua.
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Vigc van chuyén nong san ludn phét sinh chi phi. Tuy theo déc tinh, chi phi van chuyén tung loai
nong san cé thé khac nhau. Theo tinh toén cta chinh phi, néu trong toan bd hanh trinh, mot xe
tai thu mua duge khéi ludng néng san céc loai thtt 1,2,..., K tuong ing la Wi, Ws, ... . Wk tan,
chi phi van chuyén cla xe nay la Cy x VVIQ +Cox WE+...4+Ck % W2, trong d6 C1,Cs,...,Ck
tuong ng 13 hé sb chi phi van chuyén cla K loai néng sén tht 1,2,..., K. Chinh pht sé tai trg

N - . Pa— 2 = > e 2 . . _® z . Nx(N-1 2.
toan bo chi phi van chuyén, nén can biét tong chi phi cua tat ca —‘2—) xe tal nay.

Ngoai ra, véi niém tin réng nén nong nghiép con phat trién manh trong nhiéu nam vé sau, chinh
phtt muén dy trix chi phi van chuyén nong sén cho nhing nam tiép theo. Theo ké hoach canh tac
trong Q nam tiép theo, vio nam thd j (1 < j < Q) ngdi lang tha T} sé chuyén qua san xuét loai
nong san thi B;, trong khi N — 1 ngdi lang cdn lai sé tiép tuc canh tac loai ndng san nhu nam thu
4 —1 (nam nay dugc coi 1a nam thit 0). V6i mdi nam, chinh phu mudn biét téng chi phi vin chuyén
néng san néu tiép tuc bd tri cdc xe tai thu mua nhu phuong an g trén.

Yéu cau: Hay viét chuong trinh tinh téng chi phi van chuyén néng san cta chinh phi trong nam
nay va trong Q nim tiép theo, dua trén k& hoach thay déi canh téc.

D liéu

Vao ti file vAn bén FBUY. INP:

e Dong diu chita ba sé nguyén N, K va @Q 1an lugt la s ngéi lang cha québc gia Delta, sé loai néng

san dude san xuét tai day va sb nam trong k& hoach canh tac (1 < K <20;1 < N, @ £ 2x 10°).

¢ Dong thit hai chita IV sb nguyén A, As,..., AN thé hién loai néng sin chuyén dugc san xuét
tai cic ngdi lang trong nadm nay (1 < 4; < K,Vi=1,2,...,N).
e Dong thit ba chita K sb nguyén C1, Cs, ..., Cx 1a hé sb chi phi van chuyén clia céc loai nong

sdn (1 < C; <10%,Vi=1,2,...,K).

e M&i dong trong s6 N — 1 dong tiép theo chita hai s6 nguyén z v& y cho biét cé mét con dudng
hai chidu néi ngoi lang thi = va ngdi lang thi .

e Dong tht j trong sb Q dong cudi cing chia hai s6 nguyén T; va B; véi ¥ nghla: Vao nam
thit j trong @ nam tiép theo, ngdi lang thit T; sé chuyén sang san xuit loai nong sén thi B;
L£TL<N;1 L€ B £ K.

Céc sb trén cing mot dong cach nhau béi ddu cach.
Két qua
Ghi ra file van ban FBUY.QUT:

s Dong dau chita mot sé nguyén la phan du clia téng chi phi van chuyén néng san trong nam
nay trong phép chia cho 998244353.

o Dong thi j trong sé Q dong con lai chita mot sb nguyén 1a phan du cta téng chi phi van
chuyén néng san trong nam thi j trong phép chia cho 998244353.

Rang budc

(1) Cé 7,5% sb test ung véi 7,5% sb diém théa man: N < 30 va @ < 800.
(2) 12,5% sb test khac dng vdi 12,5% sb diém thoa man: N < 100 va @ < 800.
(3) 10% sb test khac 1ng véi 10% sb diém théa man: N < 2000 va Q < 800.

(4) 15% s5 test khac ing vdi 15% s6 diém théa man: N < 5000 va @ < 8000.






(5) 17,5% sb test khéc ting véi 17 5% sb diém thoéa méan: Luon ton tai mot con dudng ndi ngdi
lang thit i va ngdi lang thi | ] Vi=12,3,...,N ([5 ] 13 s6 nguyén 16n nhat khong vuot qué 3 )

(6) 22,5% sb test khac ung vdi 22,5% s didm théa man: Ludn tén tai mot con dudng ndi ngdi
lang thit ¢ va ngdi lang thiti — 1, ¥i = 2,3,..., V.

(7) 15% sb test con lai vng véi 15% s6 diém: Khong c6 réang bude gi thém.

Vi du
FBUY . INP FBUY.OUT Minh hoa mang ludi giao thdng

532 120
11123 137
235 139
2 4 / \ ‘
15 ‘4
23 _/ g w
32

Giai thich

Trong nam nay, cic ngdi lang tht 1,2,3,4,5 lan lugt sén xuét céc loal néng san tha 1,1,1,2,3. Co

tat ca ﬁ% = 10 xe tai vdi cac IQ trinh van chuyén va chi phi nhu sau:

| Cac ngoi lang di qua | Lugng néng san thu mua theo tén | Chi phi van chuyén
(loai 1, loai 2, loai 3)

1—=2 (2,0,0) T2 PP +Ex0"=
1523 (3,0,0) Bk P +3ml?+8x07=18
1-32-34 (2,1,0) 2 x 24+3x1°+5x%0*=11
15 (1,0,1) | g 12+ 3P+ 19=T
2—3 (2,0,0) Ix22+3x0°+5%x0°=8
2—4 (1,1,0) Ix12+3x12+5x 02 =5
2—1—5 (2,0,1) 2 x224+3x0%P+5x1*=13
B— 24 (2,1,0) B P +BxI°+Ex0F=11
3522315 (3,0,1) Ix 3 +3x05+5x1°=123
4—2—=1-5 (2,1,1) [ 2x 24 3x12+Ex1°=16

Tdng chi phi van chuyén cia cac xe 1a 8 + 18 + 11 -7+ 84+ 5+ 13 + 11 + 23 + 16 = 120.

Theo ké hoach canh téc cic nam tiép theo:

e Trong nam thi 1, cic ngdi lang thi 1,2,3,4,5 s& lan lugt sén xuat céc loal néng san thi
1,3.1,2, 3. S6 lugng xe va 13 trinh di chuven clia cac xe van gibng nhu d trén, nhung tong chi
phl van chuven clacacxela T+ 13+ 10+74+7+8+224+10+ 28425 =137,

e Trong nam thit 2, cac ngdi lang thwt 1,2,3,4,5 sé 1dn lugt sdn xuit céc loai nong san thi
1,3,2,2.3. S6 lugng xe va 13 trinh di chuven cfia cic xe vin giéng nhu & trén, nhung tong chi
phl van chuyén cia cac xe 1a: 7+ 10+ 10+ 7+ 8+ 8422+ 17+ 25+ 25 = 139.

* Thi sinh KHONG duoc st dung tad liéu;
* Giam thi KHONG duoc gidi thich gi thém.
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KY THI CHON HOC SINH GIOI QUOC GIA
TRUNG HOC PHO THONG
NAM HOC 2023 - 2024

Mon: TIN HOC

Thoi gian: 180 phut (khing ké thoi gian giao de)
Ngay thi thi hai: 06/01/2024

(Dé thi gém 06 trang, 03 cau)

TONG QUAN DE THI

Tiéu dé File chuong trinh | File di lidu | File két qua
Cau 4 | San xuat gé WPRO.* WPRO.INP | WPRO.OUT
Cau 5 | Mang truyén tin NETW.* NETW.INP | NETW.OUT
Cau 6 | Bai tap dém giang sinh | NOEL.* NOEL.INP | NOEL.OUT

DAu * dugc thay thé bdi PAS hodc CPP tudng ting v6i ngdn ngi 1ap trinh Pascal hoac C++.

Hay lap trinh gidi cde cau sau:

Cau 4. San xuit gb (7.0 diém)

WoodPro 13 mot nha may ndi tiéng chuyen san xuat céc sin phdm vé gb. Do nhu cau thi trudng
ngay cang cao, nha méay quyét dinh nhap khau mot day chuyén thong minh san xuit ra hang loat
nhitng thanh g&. M&i mot lugt san xuét, day chuyén sé nhan vao N thanh gd dang hinh tru c6 cling
kich thudc day. Céc thanh gb dugc danh sb tit 1 dén N, thanh g thid i c6 do dai A; x&ng-ti-mét.
Thit tu cac thanh gd dua vao day chuyén 1a 1,2,..., N. Khi day chuyén bat dau hoat dong, céc
thanh g3 dudc xép néi dudi nhau trén moét bang chuyén, theo ding thit tv nhén vao. Bang chuyén
nay sé di chuyén cac thanh g& di theo mdt chidu qua hai cong doan x@ I3, trudc tign la cong dogn
et 1di dén cong doan ddn, ma vn gi¥ nguyén thit tu ciia cic thanh gb trén bing chuyén.

o 0 cong doan cit, cé mot ludi cit duge dit ¢b dinh phia trén bang chuygn. Méi khi ¢ thanh
gb di chuyén qua, hé théng c6 thé diéu khién ludi cit ha xubng dé cit thanh gb thanh hai
thanh c6 téng do dai bang do dai ctia thanh g trudc khi cit. Sau khi cit, vi tri cta hai thanh
g5 trén bang chuyén vin duge giit nguyén. Chi phi cho méi lan cit nhu vay 1a C.

e cong doan dén, cé mdt may dan dude dat cb dinh phia trén bang chuyén. M&i khi ¢é hai
thanh gd ké nhau di chuyén qua, hé théng cé thé diéu khién may dan ha xubng dé dén hai
thanh g nay thanh mot thanh gd c6 do dai bing tdng do dai cta hai thanh gd trudc khi dan.
Sau khi dén, vi trf clia thanh gb trén bang chuyén vin dude gitt nguyén. Chi phi cho méi lan
dén nhu vay la D.

Tuén 1a mot lap trinh vién cfia nhia may didm nhan nhiém vy 1§p trinh cho hé théng dbi vdi yéu
ciu ctia mbi don hang. Do méi nhan dude mét don hang yéu cau céc thanh gé thanh pham chi gdm
loai d6 dai L; x&ng-ti-mét hodc loai d§ dai L, x&ng-ti-mét, nha méy giao cho Tuén lap trinh cho
hé théng dé san xuit ra céc thanh gd thanh phdm nhu vay tit NV thanh gb ddu vao ma khong dé
thita thanh 26 nado ¢é d6 dai khac L; va Ls.

Yéu cau: Biét ring luén tén tai mot phuong an san xult ra cic thanh gé thanh pham dé dai L;
va Ly tit N thanh gb dau vho ma khong thita ra thanh gb nao c6 do dai khac Ly va Lo, hay tinh
tdng chi phi it nhat cé thé dung cho viéc cat va dan, dé day chuyén sin xuit c6 thé hoan thanh
dugc don hang.

Trang 1 /







D lidu

Vao tit file vin ban WPRO. INP:

o Dong dau chita nam sb nguyén N, L1, Lo, C va D lan lugt 1 sb lugng thanh gd, hai loai do
dai céc thanh gb thanh phdm dau ra, chi phi cho mét lan ¢t va chi phi cho mot lan dan
(1< N<10%1< L, L, <10% 1< C, D < 10%).

e Dong thd hai chita N s6 nguyen A;, As,...,Ay la do dai cia N thanh gb dau vao
(1€ 4 < 10, ¥i=12....N)

Dit liéu béo dam ludn cé phuong an gidi quyét theo yéu cau dé bai.
Céc sb trén cing mét dong cach nhau bdi diu cach.

Két qua

Ghi ra file vin ban WPRO.OUT mot s& nguyén 13 tdng chi phi ding cho viéc cit va dan tim dugc.

Vi du
WPRO . INP WPRO.OQUT Gidi thich
325104 |38 - Mot phudng an téi wu 13 day chuyén thuc
856 hign 3 13n cit va thuc hién 2 1in din nhu
trong hinh v& minh hoa & duédi.
- Téng chi phi 1& 10+10+10—4 +4 = 38.
3. 188 18 Phuong 4n t&i uu 1a day chuyén thyuc hién 9
345 1an cit.
31213236 Phuong 4n t6i wu 13 day chuyén thyuc hién 2
345 13n dén.
<=z Dan
l J | . J Y J | _!

Rang budc

(1) C6 16% sb test tng v6i 16% sb diém théa man: L; = Lo.
(2) 16% sb test khac ting véi 16% sb diém thoa man: ZN:I A; <20.
(3) 16% sb test khac tng vdi 16% sb diém théa man: N, Ly, Lo < 100 va 4; < 100,Vi=1,2,..., N.

12% sb test khac tng véi 12% sé diém théa man: L1, Ly < 2024.

)
(6) 12% sb test khac tng véi 12% sb diém théa man: L; < 2024.
)

12% sb test con lai ting véi 12% s6 diem: Khéng c6 rang budc gi them.
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Cau 5. Mang truyén tin (7,0 diém)

M6t mang truyén tin ¢6 N méy tinh, cdc méy tinh dugc danh s6 tu 1 dén N. C6 N — 1 day cép,
dugc danh sb tit 1 dén N — 1. Day cap thit ¢ ndi may tinh u,; vdi may tinh v; va c6 gidl han truyén
tai w;. Céc day cap bao dam tir mot may tinh bat ki ¢6 thé truyén tin dén tat cd cdc médy tinh con
lai theo day cép truc tiép gifta ching hodc thong qua dudng truyén tin di qua mot sd may tinh va
day cap nao dé6. Khi hai méy tinh truyén tin cho nhau, ching s& luén st dung dudng truyén tin sao
cho khong st dung day cap nzo qua mot 1an. D6 16n ciia goi tin truyen di phai khéng 16n hon gidi
han truyén tii clia moi day c&p ma né st dung. Chi phi dé truyén mot géi tin gilta hai may tinh
bing kich thudc ciia g6i tin nhan véi binh phuong s lugng day cép trén dudng truyen tin.

Ngudi ta muén chon ra mét méy tinh r dé lam méy chi. Khi dé, méy tinh r s& truyén tin dén tét
ci cac méy tinh khac. VI phal dy trd cho moi trudng hop, ta can phai xét chi phi truyén tin toi da.
Chi phi truyén tin t6i da gitta may tinh r va may tinh z 13 Cpin(r, ) x (D(r,z))? v6i Crin(r, ) 1
gi6i han truyén tai nhd nhit trong s6 cac gidi han truyén tii ciia cic day cap tren dudng truyén tin
gitta may tinh r vi may tinh x, D(r,z) 14 s§ day cap trén dudng truyén tin giita may tinh 7 va may
tinh x. Chi phi van hanh mang 13 téng clia chi phi truyén tin t6i da gita méay tinh 7 va tat cd céc
may tinh khéc.

Yéu ciu: Véi mbi » = 1,2,..., N, hay tinh chi phi vin hanh mang néu chon may tinh r lam
méy chu.

D lieu
Vao tu file vin ban NETW.INP:
» Dong diu chita mot sb6 nguyen N 14 sb lugng may tinh (1 < N < 10°).
e Dong thit ¢ trong s N — 1 dong tiép theo chita ba sb nguyén u;, v; vA w; cho biét c6 mot
day cdp ndi may tinh u; véi may tinh v; va cé gidi han truyén tai la w; (1 < ug,v; < N
1 <w; <10%).
Cac sb trén cling mét dong cach nhau bdi ddu cach.
Két qua
Ghi ra file van ban NETW.OUT:

e Gdm N dong, trong dé dong thit r chita mot sé nguyén la phan du ctia chi phi van hanh mang
néu chon may tinh r lam mdy chu trong phép chia cho 998244353.

Vi du
NETW.INP NETW.OUT Minh hoa mang truyén tin
7 44
123 26 (’2*,
132 85 e 3
242 35 / ‘1\
286 1 43 PN S e Fa
451 36 fl 6 1)
472 73 1/ e |2
| (5) (7) (3)

Giai thich

Chi phi truyén tin tdi da gitta tat ca cac cip may tinh duge cho trong bang sau:
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r\z] 1[2]3[]4][5]6] 7 | Tong
1 - [3]2[8[9|4]18] 44
2 3|-[8[2[4]1]8] 26
3 2 |8] -]18[16]|9 32| 85
4 g |2/18] -] 1]|4] 2] 35
5 9 [4]16] 1 9] 4] 43
6 4 11[9]4]9]-19] 36
7 18832249 -] 13

Cé 4 day cap trén dudng truyén tin gita may tinh 3 va may tinh 7 vdi gidi han truyén t&ila 2,3,2,2,

Vi v8y Crin(3,7) = 2 v D(3,7) = 4. Chi phi truyén tin téi da giita 3 va 7 13 2 42 = 32, do d6 sb
& vi tri tuong Ung véi r = 3 va z = 7 trong bang trén la 32.

Chi phi van hanh néu chon méy tinh 4 1am m4y chi la 8+2+18+1+4+2=235,dodé sb G cot
cudi cling dng véi r = 4 trong béng trén la 35.

Rang budc

(1) C6 16% sb test tng véi 16% sb diém théa man: N < 5000.

(2) 12% sb test khéc ting vai 12% sb diém théa man: w; < 2 vi ludn 6 day cp ndi gita may
tinh ¢ v&a méy tinh¢+4+1,vi=12,...,N — L.

(3) 20% sb test khac ing véi 20% s6 diém théa mén: w; =1,Vi=1,2,...,N - L.

(4) 16% sb test khac ting v6i 16% s6 diém théa man: w; < 1000, Vi=1,2,..., N —1.

(5) 16% sb test khéc tng véi 16% sb diém théa man: Ludn ¢ day cap nbi gitta may tinh i va may
finh i T, W= 1,80 N =1,

(6) 20% sb test con lai ing véi 20% s6 diém: Khong c6 rang bude gi thém.
Cau 6. Bai tap dém giang sinh (6,0 diem)

C6 Tuyét chuan b mot bai tap dic bigt danh cho céc ban trong doi tuyén hoc sinh giéi vao gidng
sinh nam nay. Dé 12 mot bai tap vé thi ty ti dién véi dé bai nhu sau.

Cho mot day sb khac réng C = [C1,Cs,...,Cyy] théa man C; # C;—1,Vi =2,3,..., M. Ta goi mot
céch phan doan ddy 1a mot cach chia diy thanh céc doan con chita cic phan ti lign tiép, ma moi
phéan t& déu thude ding mot doan con. Mot cach phan doan day dudc coi la hgp (€ néu médi doan
con chi chita cic phan tir d6i mot phan biat.

Vidy, véi M = 10 va day C = [1,2,4,3,2,1,2,8,6,8], thi mdt cach phan doan déy hop 1¢ la chia
diy C thanh 4 doan con lan lugt 1a [1,2.4,3],[2,1],[2,8],[6,8].

A s o el sl o o

Mbt cach phan doan hop lé khéc 1a chia day C thanh 5 doan con lan luot 14 [1,2,4], [3,2,1], [2,8],

e o i s s sngeng






C4 hai cach phan doan diy trén déu théa min moi doan con chi chifa céc phin ti déi mot phan
biét. Mat khac, néu ta chia diy C thanh 4 doan con lan lugt 1a [1,2,4.3],(2,1],[2],[8,6,8] thi s&
khong hop 1é béi ¢6 hai phan tit ciing bing 8 trong doan con cudi cing. Tudng tu, néu ta chia day
C thanh 5 doan con lan lugt 1a [1],[2,4,3,2,1,2], (8], [6], 8] thi ciing khong hgp 1& béi ¢6 ba phan
tlt cing bang 2 trong doan con thit hai.

M&i day c6 thé cé nhiéu cach phan doan day hop l&. Mé&i cach phan doan diy dudc mé hoa bing
mét day ma héa phan doan A = [A1, As,..., Ak), v6i K la sb lugng doan con, va A; 1 sb lugng
phan t& cia doan con thit . Chang han, véi M = 10 va day C = [1,2,4,3,2,1,2,8, 6, 8], thi cach

phan doan day trong hinh diu tién s dugc ma héa bing day A = [4,2,2,2].
| |
| 2 | 2 2
| |
| |
| |
| |
I |
| |

Tuong tu, cich phan doan day trong hinh thi hai sé duge ma héa thanh day A = [3,3,2,1,1].

A= 1 1

A 50 o o it e

C6 Tuyét viét lén bang mot day sb khac réng C = [C1,Ch,...,Cu| thod man C; # Ci-p,
Vi =2.3,..., M, roi lai viét lén bang thém 2 s6 nguyén duong X va Y. Sau d6 c6 goi mdt ban lén
bang dé tra 18i cau héi sau:

“Khi ligt k& tAt cd cdc day ma hoa phan doan clia day C rdi sip xép chung theo thit tu tit dién
ngugc thi diy ma ho4 phén doan tht X va day ma hod phan doan thi Y c6 do dai tién t6 chung
dai nhat 14 bao nhieu?”

Nhic lai: Mot diy ma hoa phan doan U = [U1,Us,...,Uk] goi la di trudc day ma hoa phan doan
V = [W1, Va,..., Vy] theo thi tu ti dién ngude néu thod man mot trong hai diéu kién sau:
o K> Hvalhk=V, ¥Yi=12, ....H;

o Tontai 1 < T < min(K,H)saocho U; =V;,Vi=1,2,..., T —1va Ur > Vr.

Day 6 U = [U1, Us, ..., Ux] dudc goi 12 tién 6 d6 dai K ciia day V = [V4,Va, ..., V] khi va chi
khi K < HvalU; =V;,Vi=1,2,...K. Luu ¥, day réng (ky hiéu 13 [) 12 tién t5 do dai 0 clia moi
day sb.

Tién t6 chung dai nhét cla hai day sb Z; va Zo 1a day sb ¢ do dai 16n nhét viva la tién 6 cla day
Zy vita la tién t6 cla day Zo.

Nhan théy riing néu chi dat ra cau héi cho mot cap sé (X,Y) thi bai todn chua di khé, c& Tuyét
quyét dinh thém vao mdt vai tham sé méi. Cé goi Q ban 1an lugt 18n bang, ban thit i sé nhan duge
4sd L;, R;, X;,Y; va ¢6 nhiém vu tra 151 cdu hoi sau:

“Khi ligt ké tAt ci cac day ma hoa phan doan cha day €’ = [Cr,,Cr.+1, . .., Cp,] rdi sip xép chiing
theo thit tu tit dién nguge thl diy ma hod phan doan thu X, va day m& hod phén doan thw Y; 6
do dai tién t& chung dai nhat la bao nhieu?”

Yéu cau: Hay gitip cac ban tra 18i Q cau héi cta c6 Tuyét.
Dir liéu
Vao tu file van ban NOEL.INP:
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e Dong diu chia hai s6 nguyen M va Q 1an luot 14 do dai cla day C va sb lugng ban dudce cd
Tuyét goi len bang (1 < M. Q < 2 x 10°).

e Dong thit hai chita M sb nguyén C1,Ca,...,Cy (1 < C; < M, Vi=1,2,...,M; C; # Ci_1,
Vi=23,..., M).

e Dong thit ¢ trong sé Q dong tiép theo biéu dién mot cau héi véi bon sb nguyén L;, R;, X;,Y;
<y s B M; 12 X5 10'7). Dt lidu bao dam sb luong day ma hda phan doan cua
day C' = [CL,,CL,+1,- - -, Cr,] khong nhd hon max(X;, Y3).

Céc sb trén cing mot dong cach nhau bdi diu cach.
K&t qua
Ghi ra file van ban NOEL.OUT:
e Gdm Q dong, trong d6 dong thit i chita mot s6 nguyén la do dai tién t6 chung dai nhét cla

hai day ma hoa phan doan cta diy C" = [Cy,,Cr.41,...,Cr,), v6i ddy ma hoa thi nhat cé
thtt tu tir dién nguge bing X; va day ma héa thit hai cé thi tu tir dién nguge bang Y.

Vi du
NOEL. INP NOEL.OUT Gidi thich
10 2 2 - Trong ciu héi dau tién, diy can xét dén 12
1243212868]|0 C'=1[2,4,3,2]. Tt ca céc diy md héa phan doan
2567 sip x8p theo thit tu tit dién ngudc 1in lugt 13
4 10 7 6 [3,1);[2,2]; [2,1,1); [1, 3); [1, 2,1); [1,1,2]; [1, 1,1, 1].

Hai diy mi hoi phin doan cé thi tu tit dién
ngugc bing 6 va bing 7 tuong uUng 1la Z; =[1,1,2]
vd Zp =[1,1,1,1]. D8 dai tidn t5 chung dai nhit
ctua hai day Z; va Zp la 2.

- Trong c3u héi thd hai, diy cin xét dén 12
C'=1[3,2,1,2,8,6,8]. Hai diy mi héa phan doan cé
thd tu ti dién ngudc bing 7 va bing 6 tudng ing
1a Z; = [2,4,1] va Z»=[3,1,1,1,1]. D dai tidn tb
chung dii nhit cta hai day Z; va Z; 1a 0.

Rang budc

(1) Cé 17,5% sb test tng véi 17,5% s6 diém thoa man: M < 12 va Q < 1024.
(2) 20% sb test khac ing véi 20% s6 diém théa man: X; =Y, =1,Vi=1,2,...,Q.

(3) 22,5% sb test khac tng véi 22,5% sb diém théa man: L; = 1; By = M va X, ¥; < 107,

(4) 22,5% sb test khac ing vdi 22,5% s6 diém théa man: M < 2000 va @ < 20000.

(5) 17,5% s test con lai ing vai 17,5% s6 diém: Khong c6 rang budc gi them.

* Thi sinh KHONG duoc st dung tai ligu;
* Gidm thi KHONG duoc gidi thich gi them.
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1A0DUC VA DPAO TAO KY THI CHON HOC SINH GIOI QUOC GIA
e TN TRUNG HOC PHO THONG
NAM HOC 2023 - 2024

Man: TIN HOC

TONG QUAN DE THI

Tiéu dé File chuong trinh | File d liéu File két qua
Cau 1 | Ba dudng truyén dién THREE.* THREE.INP THREE.OUT
Cau 2 | Cai thién danh gia IMPEVAL.* IMPEVAL.INP | IMPEVAL.OUT
Cau 3 | Thu mua ndng san FBUY.* FBUY.INP FBUY.OUT
Cau 4 | San xuat gb WPRO.* WPRO.INP WPRO.OUT
Cau 5 | Mang truyén tin NETW.* NETW.INP NETW.OUT
Cau 6 | Bai tap dém giang sinh | NOEL.* NOEL.INP NOEL.OUT

DAu * dudc thay thé boi PAS hodc CPP twdng tng véi ngdn ngit 1ap trinh Pascal hoac C++.

Cau 1. Ba dudng truyén dién (7,0 diém)

e Subtask 1: Cé 20% sb test ung vdi 20% sb diém théa man: N, M,Q <40va T =1

Duyét tit ca céc trudng hgp: 3 dudng doc, 3 dudng ngang, 2 doc 1 ngang va 1 ngang 2 doc.
S6 luong 3 dudng 6 thé chon 1a O(N?), viéc tinh toin cho mdi dudng la O(N). Véi mbéi truy
van, cap nhat gia tri diém va tinh lai.

D6 phite tap tinh toin cha thuat toan la O(N* x Q).

e Subtask 2: 20% sb test khac tng véi 20% sb diém thdéa man: N, M,Q <100 va T = 1.
St dung viee tinh trudc tdng cdc hang va cac ¢t lam cho vige tinh tdng 3 dudng tinh ca viec
cap nhat 1a O(1). Véi mdi truy vin, d6 phitc tap tinh 1a O(N?).
Do phiic tap tinh toin cla thuat toan la O(N? x Q).

e Subtask 3: 20% s& test khac ing véi 20% sb diém théa man: N, M,Q <500 va T = 1.

Ta ¢6 nhan xét ring vide chon 3 dudng ngang hogic 3 dudng doc t6t nhét chi mat do phic tap
thuat toan 1a O(N). Con véi viec c6 1 dutng ngang (doc) va 2 dudng doc (ngang), ta duyet
theo hang ngang vh cap nhat gia tri cia 2 dudng doc t6t nhét. Do phitc tap thuat toén cho
mbi truy van la O(N?).

D6 phite tap tinh todn cia thuat toan la O(N? x Q).

e Subtask 4: 20% sb test khac ing vdi 20% s6 diém théa man: M, @ < 1000 va Xy, g < 2000.

Cai tién tir subtask 3, ta st dung ciu tric dit ligu dé cap nhat va truy van 2 dudng doc tot
nhat sau khi cap nhat dudng ngang. Thém vao do, ta sit dung viée rdi rac hoa bai toan dé s6
luang dudng cin duyét 1a O(M). D6 phitc tap thuat toén cho méi truy van la O(M log M).

Do phiic tap tinh todn ca thudt toan 1a O(M log M x Q).

e Subtask 5: 10% sb test khic dng véi 10% s6 diém thoa man: M < 1000 va Iy < 2000.

Nhan xét 1a két qua bai todn chi thay déi khi 1 trong 3 duding di qua diém mdi cap nhat. Nén
ta s& tinh trude tAt cd két qua tbi wu cho 2 dudng con lai. Khi d6, phudng an t6i uu néu buge
sit dung diém mdi cap nhat 1a cong sufit tinh trudc cong thém cong suit ting them. Dé tinh
trude 2 dudng com lai, ta duyst 1 dudng va tim ra dudng tdi wu con lai bang céu tric di ligu.
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S6 luong trudng hdp can tinh trude la O(M?). D6 phitc tap tinh toén cho viéc tinh toén trudc
la O(M?log M).
D& phitc tap tinh todn clia thuat toin la O(M?log M + Q).

o Subtask 6: 10% s test con lai ting véi 10% sb diém: N < 10% M, Q < 10%; By, Bg < 2x10°.
Tudng ty Subtask 5, ta duyét 1 dudng va tim 2 duong t6t nhat con lai. Nhung véi mdi dudng
doc ta chi cAn hru lai 2 duong di cé téng ldn nhat ma khong quan tam dén tinh doc ngang
ctia 6. Ta chi can lru trit O(M) phuong an, sit dung céu tric dit ligu viéc tim phitong an
mat O(log M).

Do phite tap tinh toan cta thuat toan la O(M log M + Q).

Cau 2. Cai thién déanh gia (7,0 diém)

e Subtask 1: C6 20% sb test ing vdi 20% sb diém théa man: M, P < 1000.
Vi méi truy van, ta thuc hign thuat todn tim duong di ngdn nhit Dijkstra hai lan vdi dinh
1 va dinh 2. D5 phitc tap tinh toan 1la O((N + M)log N). Sau d6, ta dém timg dinh z thoa
man didu kien D(1,z) < D(1,z) va D(2,2) < D(2,z). Ta dugc thit hang ciia , lam tudng tu
véi y. Do phite tap ciia budc nay la O(N).
Do phite tap chung ciia thuat toan la O(Q x M x logN) do N < M + 1.

e Subtask 2: C6 20% sb test khac tng voi 20% s6 diém thoa mén: Mai thanh phé cé nhiéu
nhét 2 con dudng ndi vai thanh phd khac.
Do da thi la lién théng nén chi cé 2 trudng hop: do thi la mot dudng thang hosic d& thi la mot
chu trinh duy nhét.

— Trong trudng hop do thi la mt dudng thang:
« Néu u nim trén duong di tir 1 t6i 2 thi hang cta u la 1.
% Néu u khong nim trén dudng di tir 1 tdéi 2:
. Néu D(u,1) < D(u,2): ta dung phudng phap tim ki#m nhi phan vdi két qua la
s6 dinh gan 1 hon so véi u.
. Néu D(u,1) > D(u,2): ta dung phudng phap tim kiém nhi phan véi két qua la
sb dinh gan 2 hon so véi u.
— Trong trudng hgp do thi la mgt chu trinh: S& ¢ 2 duding di khac nhau tir 1 tdi 2. Ta ap
dung phuong phép tim kiém nhi phan trén 2 dudng nay dé tinh sé dinh tbt hon hoac
tudng duong U va V.

Do phic tap tinh toan la O(Q x log N).

e Subtask 3: C6 20% sb test khac tng véi 20% s6 diém théa man: Moi con dudng ¢6 mat trong
hai déu miit 1a thanh phé s6 1 hodc thanh phé s6 2.
Vai dd thi dang nay, canh duge cap nhat chi phi mdi sé khong lam thay ddi chi phi clia cac
dinh khac. Vi mi truy vAn, ta cap nhat gid tri D'(u,1) va D'(u,2). Bai toan quy ve cho N
diém (z,y) trén mat phang, mdi truy van can dém xem c6 bao nhidu diém (z,y) thoa man
z < D(u,1) vay < D(u,2). Bai todn nay ta ¢d thé x1 1y offline bing cdch sweep line theo toa
do z va dung mdt ciu tric di ligu dang cay dé dém xem c6 bao nhieu diém cé y < D(u,2)
trong do phitc tap O(log V).

D6 phiic tap chung cia thuat toan la O(Q x log V).
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o Subtask 4: C6 20% sé test khac ing véi 20% sb didm thda man: Qubc gia Beta c6 ding
N — 1 con dudng.
Ta cAn nhan xét viec thay déi mot canh trén cay sé lam thay ddi chi phi ctia dinh khéc nhung
nhitng dinh bi thay déi chi phi khong dnh hudng tdi thit hang cua hai dinh truy van do chi
phi cha céc con dudng la duong. Sit dung ky thuat xit 1y offline nhu trén, ta cé dg phic tap
chung clia thuat toan 1a O(Q x log N).

e Subtask 5: 20% sb test con lai ing véi 20% sb didm: 1 < N, M, P < 109,
Ta cin nhan xét viec thay déi mot canh d thi tong quit clng ¢ tinh chit tuong ty nhu
trusng hgp cay. St dung ky thuat xu ly offline nhu trén, ta c6 do phic tap chung cta thuat
toan la O(Q x log N).

Céu 3. Thu mua néng san (6,0 diém)

o Subtask 1: C6 7,5% sb test tng véi 7,5% sb diém théa min: N <30 va @ < 800.
Mb phong lai toan bd cdc xe van tai bing ky thuat DFS.
Da phie tap 1a O(Q x N3).

» Subtask 2: 12,5% sb test khac ting véi 12,5% s6 diém théa man: N < 100 va @ < 800.
Thi sinh tinh téng chi phf biing cach thuc hign n lan DFS tif n ngdi lang. Dé tinh chi phi cho
cap (u,v) ta DFS tit dinh u rdi tinh chi phi cap (u,v) dua trén cap (u,py) voi py 1a cha cha
u trong O(1).

D& phite tap 12 O(Q x N?).

e Subtask 3: 10% sb test khac ting vdi 10% sb didm thoa man: N < 2000 va @ < 800.
V6i nam thtt j trong @ nam tiép theo, can tinh chénh lech chi phi gitta nam thit j va nam tha
4 — 1. Dé lam didu nay, xét cAc ngbi lang cung loai néng san vdi ngdi lang thi T réi st dung
ki thuat tim td tién chung gan nhat (LCA).
Db phitc tap 12 O(Q x N x log N).

e Subtask 4: 15% sb test khéc tng véi 15% s6 diém théa man: N < 5000 va @ < 8000.
Thi sinh chudn bi trude mang cnt[u][v] 1a sb cap dinh (2, y) sao cho dudng di gitta z va y chita
ch hai dinh u va v. Sau d6 phén tinh tdng chi phi thi sinh thyc hién nhu Subtask 3.
D& phic tap 1a O(Q x N + N?).

e Subtask 5: 17,5% sb test khac tng vdi 17,5% sb diém théa man: Véi moi 2 < ¢ < N, ludn
t3n tai mat con dudng ndi ngdi lang thit 4 vi ngdi lang thit [3].
Nhan thay ring, duong di gitta hai ngdi lang bat ky cé khong qua log N + 1 con dudng. Do
dé, thi sinh c6 thé tinh chénh lach chi phi gita nam thit j va nam thi j — 1 bang cach duyét
qua moi to tién clia ngdi lang T}, sau d6 ding cAu tric dit lieu cay nhi phan chi s (BIT).

D& phiic tap 1a O(Q x log” N).
o Subtask 6: 22,5% sb test khac img vdi 22,5% sb diém thoa man: Voi moi 2 < < N, luén
tén tai mot con dudng ndi ngoi lang thit i va ngdi lang thi o — 1.

Nhan thiy ring, véi hai ngsi lang i va j bat ky (1 <4< j <n), s6 cap ngdi lang (z,y) sao
cho duting di tit z tdi y chita ca hai dinh @ va j la i x (n —j +1). Lgi dung diéu nay, ta c6
thé tinh chénh léch chi phi giita ndm thit j va nam thit j — 1 bang cdu truc dit ligu cay phan
doan (IT).

D¢ phic tap 1a O(Q x log N).
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« Subtask 7: 15% sb test con lai ting véi 15% sb diém thoaman: 1 < K <20;1 < N, Q < 2X 10°.

Sir dung ¥ tudng tuong tu nhu cac Subtask 3 - 6 nhimg phai két hop véi ky thuat phan canh
ning nhe (Heavy-Light Decomposition).

Db phiic tap 1a O(Q x log® N). |

Li giai chi tiét:
Mang ludi giao théng c6 ciu tric dang cay, trong dé mbi ngdi 1a la mot dinh. Sau day ta sé goi
“dinh” thay cho “ngdi lang”.

Ta cdé W? =W 4 2x (L;f) v4i moi sd nguyen duong W. Do d6, chi phi van tai chia xe tai di tir dinh

w té dinh v c6 thé hidu nhi sau: Xét cac dinh trén dudng di tit dinh u t6i dinh v

e Mai dinh = san xuit loai néng san thit 7 lam chi phi van ti tang thém 4.

e MBai ciip dinh (z,y) cling sin xuét loal nong san thit ¢ lam chi phi van tai tang thém C;.
Ta ky hieu:

o Fy(u) 1asd cap dinh (z,y) sao cho dudng di tir x dén y chia dinh w.

o Fy(u,v) 14 s cap dinh (z,y) sao cho dudng di tit z dén y chia ca hai dinh v va v.
Khi d6, téng chi phi clia tat ci M xe tai ¢6 thé hi¢u nhu sau:

e M5i dinh z san xuét loai nang sin thit i lam chi phi van ti ting them Cj x F(z).
e Mai cap dinh (z,7) ciing sdn xudt loai néng san thi 2 lam chi phi van tai ting them C; x

Fy(x,y).

Ta tinh gid tri Fl( ) v6i moi dinh u béng phuong phép quy hoach déng trén cay. Coi dinh 1 la gbc
cay, goi S(u) 1a sé dinh trong cay con gbc u; gia tri Fa(u,v) duge xac dinh nhu sauw:

e Néu u la té tién cta v, goi p l1a con trye tiép cla u sao cho v thudc cay con gbe p, khi do

Fy(u,v) = S(v) x (N = S(p))-
e Néu v 13 td tién cua u, ta lam tudng tif nhu trén.

» Néu u va v khong c6 dinh ndo la t3 tien cla dinh con lai, Fa(u,v) = S(u) x S(v).

Tai day, viéc tinh lai tdng chi phi khi mét dinh Tj chuyén loai néng san tir b sang V', ta chia lam
hai qua trinh doc lap:

e Téng chi phi gidm di do mat di dinh Tj sin xuat nong san loai b.

e Téng chi phi ting lén do ¢6 thém dinh T} sin xuét nong san loai b.

Viéc tinh lugng chi phi tang 1én hay giam di hoan toan nhu nhau, ta quy vé bai todn sau: Cho dinh
u va loai 4, tinh téng Fa(u, v) véi moi dinh v san xuit loai nong san i. Vi mbi loai nong san, ta
ding mot cay nhi phan chi s6 quéan 1y céc dinh ¢6 loal néng san nay. Khi dé, bai toan trén cd thé
dugc giai bing ky thuat Heavy-Light Decomposition.
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Cau 4. San xuat gd (7,0 diém)

| o Subtask 1: C6 16% sb test ttng voi 16% sb diém théa man: Ly = Lo.

Do chi ¢6 mot phuong an cdt dén duy nhét, ta chi cin tinh chi phi cdt dan cho phwang an do.
Do phitc tap: O(N).

e Subtask 2: 16% sé test khac tng véi 16% sb didm théa man: Ef\‘zl A, <20.
Duyét vét can tit ci cac cach cit/dan co thé co.
D6 phitc tap clia thudt toan 1a O(25 x N) véi § = i, Aq.

e Subtask 3: 16% s6 test khic g voi 16% sb diém théa man: N, Ly, Lz, A < 100,V =
| P R
Xét timg vi tri trén ting thanh g, moi vi trf c6 thd giit nguyén hoidc thuc hién viéc cit/dén.
Do dé, can duy tri duge d6 dai cla thanh gd hién tai. Stt dung thuat toan quy hoach doéng,
véi trang théi bai toan 1a (4,7) cho biét vi tri trén bang chuyén la i va thanh gd hién tai cé
da dai j, chuyén nhan bing cich xem xét ¢ cat/dan tai vi tri hién tai hay khong.

Do phite tap clia thuat toan 1a O(S x max(Li, L2)) véi S = i, Ai.

o Subtask 4: 16% sb test khac ting véi 16% s6 diém théa man: A; < 2024,vi=1,2,...,N.
Nhan xét 13 do dai cta thanh gb thanh phf'im chi ¢é thé 1a L, hodc Ls, nén ta cb thé thi wu
thuat toan quy hoach dong d Subtask 2. Trang thai bai toan la vi tri ¢ trén bang chuyén,
chuyén nhan bing cach xem xét thanh g tiép theo ¢6 do dai Ly hay L.

Do phitc tap clia thuat toéan 1a O(S) véi § = Z:\Ll A

e Subtask 5: 12% sb test khac ung v6i 12% sb diém théa man: L;, Ly < 2024.

Nhan xét 1a ¢6 thé thuc hign thao tac dan trudc sau dé mdi cit. Goi F(i) la chi phi dé cat
dén i thanh gd dau tién. Vige chuyén nhan cé thé thuc hien bing céch xét doan lién tiép
sé dan vho véi thanh g thi i. Gia sit cin dén céc thanh gd tir j dén ¢ lai vdi nhau, khi do
F(i) =F(G—1)+ D x (i —j)+ C x g(4; + Ajp1 + ...+ A;) véi g(x) 1a sb 1dn cdt it nhat dé
thanh g c6 do dai 2 trd thanh céc thanh gb c6 do dai Ly va Lo. Do Ly v Lo bé nén c6 thé
tfnh ham g bing cach chudn bi tit ca cdc truomg hop = < Ly X L.

Do phite tap clia thuat toan la O(N2 + Ly x Loq).

¢ Subtask 6: 12% sb test khéc tng voi 12% sb diém théa méan: L < 2024.

Lam tuong tu nhu Subtask 5 nhung do Ly bé nén cd thé tinh ham g bing thuat toin tim
kiém theo chiéu rong (BFS).

D& phitc tap clia thuat toan la O(N? + L?).
e Subtask 7: 12% sb test con lai ing vai 12% sb diém: 1 < N < 104 1 < Ly, Ly < 104
1<C,D<10°,

Lam tuong tu nhu Subtask 5 nhimg sit dung thuat toan Euclide md réng, giai phuong trinh
nghiém nguyén dé tinh ham g.

D& phitc tap clia thuat todn 1 O(N? + log(L)).

Cau 5. Mang truyén tin (7,0 diém)

e Subtask 1: C6 16% sb test ing véi 16% s6 diém thda man: N < 5000.
Tim kiém theo chiéu sau (DFS) lan lugt tit ting dinh.
Do phitc tap tinh toan: O(N?)
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e Subtask 2: 12% sb test khéac tng véi 12% sé diém théa man: w; < 2 va ludn ¢ day cap noi
gitta may tinh ¢ va may tinh i +1,vi=1,2,..., N -1
Xét hai trudng hop: Gidi han truyén tai nhd nhat bing hai hodc bing mot. Vi mdi trudng
hop, duta vé bai toan dém (va tinh tdng, tong binh phuong do dai) cac dudng di xuat phat tai
mot dinh. Do cay la mgt dudng thing nén viéc dém c6 thé thyce hien nhanh bang thuat toin
quy hoach dong.

Po phite tap tinh todn: O(N).

e« Subtask 3: 20% sb test khéc tng vdi 20% sb diém thda mén: w; = 1.
Khéng cAn quan tam dén gidi han truyén tai ma chi can dém (va tinh tong, tdng binh phuong
ds dai) cac dueing di xuat phat tai mot dinh. Dung thuat toan quy hoach déng trén cay dé
gidi quyét, viec chuyén nhan sit dung hing déng thitc (a + b)? = a* + b? + 2ab. Dé tinh toan
cho timg dinh trén cay, cé thé sit dung ky thuat quay gbc ctia ciy hodc truyén théng tin xudng
cac nut con khi duyét cay.

Do phite tap tinh toan: O(N).

e Subtask 4: 16% sb test khac tng véi 16% sb diém théa man: w; < 1000, Vi =1,2,... JN—1.
Xét 1an lugt cée gidi han truyén tai theo thir ty giam din, nap cic canh c6 ciing gidi han
truyén tai vao do thi. Dua vé dém (va tinh téng, téng binh phuong do dai) cac dudng di xuat
phét tai mot dinh ma bét budc phai di qua it nhit mat canh vita nap vao. Do céac canh duge
nap giam dan theo gidi han truyén tai, gidi han truyén tai nho nhét s& duge biét. Vise dém c6
thé bit trit vdi bude dém trude dé nén cé thé dung thuat todn quy hoach déng trén cay nhu
subtask 3 dé tinh toan cho titng cay. D6 phic tap tinh toan: O(W x N).

e Subtask 5: 16% s6 test khac ing vdi 16% s6 diém théa man: Ludn cé day cap noi gitta may
tinh 4 vA may tinh21+4+1,vi=1,2,...,N - L
Cadch 1: Nap dan timg canh vao theo thit tu giam din gi6i han truyén tai. Khi nap mot canh
vao, hai doan lién tiép sé dugc néi vai nhau thanh mét doan. Mai phan tit ¢ trong doan dé sé
duwge edp nhat két qua, lugng tang thém nay co thé tach thanh ba phan la dan vi, boi cta ¢
va bai ciia 42 nén cé thé ding ba cay quan ly doan (IT) dé thuc hién nhanh.

D6 phitc tap tinh toan: O(N x log N).

Cdch 2: Sit dung thuat toan chia dé tri. Xét  1a dinh chinh gitta clia cae dudmg di (ce dudng
di ¢6 do dai 1é thi xem nhu dinh chinh gita lech v& beén trai). Tai trong nho nhit cha cac
dutimg di xuht phat tai z da duge sip xép san, bai todn dém (va tinh téng, tong binh phudng
do dai) cac dudng di xudt phéat tai mot dinh cé thd gidi quyét bing thuat toan tim kiém nhj
phan trén day da sip xép.

D phiic tap tinh toan: O(N x log? N).

e Subtask 6: 20% sb test con lai ung vai 20% s didm: 1 < N < 10°.
St dung thuat toan chia dé tri tuong tu nhu cach 2 cua Subtask 5, tuy nhién budc chia dé tri

phai thie hién trén cay bing thuat toén tim tam cay (centroid).
D6 phiic tap tinh todn: O(N x log® N).

Cau 6. Bai tap dém giang sinh (6,0 diém)

e Subtask 1: C6 17,5% sb test tng vdi 17,5% sb didm thoa man: M <12 va Q < 1024.

Véi mbi cau hoéi, ta duyst vét can tat ca cdc phuong an phan chia day c6 thé. S6 phuong an
luén khong vuot qua 2M.

Do phiie tap: O(Q x 2M).
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e Subtask 2: 20% sb test khac @ng véi 20% sb diém théa man: X; =Y, =1,vi=12,..., Q.
Véi méi cau hoi, ta can tim d dai day phéan chia cé thit tu tir dién 16n nhat. Ta sit dung ky
thudt tham lam két hop vdi bang thua.

D6 phitc tap: O((N + Q) x log N).

o Subtask 3: 22.5% sb test khac tng vdi 22,5% s6 diém thoa man: L; = 1, Ry = M va
XV <10°, Vi=1,2,...,Q.
Ta stt dung ky thudt tuong tir duyét vét can dé tim ra 10° phuong an chia c6 thit ty tit dién
16n nhit vi sit dung cay tién t6 (Trie) dé liu lai, sau d6 tim tién t6 chung dai nhét bing thuat
to4n tim té tién chung gin nhat. V6i moi z < 10° day ma héa clia phudng 4n c¢6 thit tur tir
dién thit z va thi = — 1 sai khac khong qua 26 phéan ti, nén sb nit cla cay tién t6 khong qua
N + 26 x 10°.
D5 phite tap: O((N + 26 x 10° + Q) x log N).

e Subtask 4: 22.5% sb test khac ting vdi 22,5% sb didm thoa man: M < 2000 va @ < 20000.
Ta sit dung k¥ thuat thong thuong dé tim day co thi tu tu dién th X; va Y; rdi so sanh dé
tim tién t5 chung dai nhat.

Da phite tap: O((N + Q) x N).

e Subtask 5: 17,5% sb test con lai ing v6i 17,5% s6 diém: 1 < M,Q <2 x 105.
Ta chimg minh ditge riing vdi moi day con lién tiép do dai 16n hon hoac bang 90, s6 cach chia
day luén 1én hon 107, Do d6, ta ding ki thuat bang thua dé tim ra phan diu clia day c6 thi
tir tit dién thit X;, sau d6 tim ra cach chia véi 90 phan tit cudi bing phuong phap quy hoach
doéng.
Do phite tap: O(Q x (90 4 logn)).

Lai gidi chi tiét:

Goi range(i) 1a chi 86 j 16n nhat dé day Cy,Cit, ..., C; chita cac phan tit doi mot phan bigt.

Goi F(¢,r) 1a s6 cach chia day day C¢,Cpy1,. .-, Cr lam céc day con lien tiép chi chita cac phan tir
d6i mot phan bigt. Ta quy w6 F(r + 1,7) = 1, khi d6 F(¢,r) = Sy o pi 4+ 1,r).

Vi C; # Ciyq nén range(i) >4 véimoi 1 <i < N—1.Dods F({,r) > F(£+1,7) + F(£+2,r) véi
moi 1 < ¢ < r < N. Tu day, ta dé dang chitng minh dudc F(,r) > Fib,_¢iq vai Fib; la s6 thit 1
trong day Fibonacci.

Do Fibgy > 107, ta thay: moi doan con lién tiép c¢6 do dai 16n hon hoac bang 90 déu cé trén 107
cach phan doan. Bdi vay, viec xay dung day ma héa phan doan tht z; < 10'7 sé dién ra nhu sau:
ta 1an lugt xay dung cac doan ctia day theo thit tu tit trdi qua phai, khi nao phan chua duge chia
doan con nhidu hon 90 phan ti, ta sé luon chon doan dai nhat cé thé. Do dé, diy ma hoéa thit z; va
day ma hoa thi y; sé chi khac nhau ¢ phan c6 90 phén tit cudi cling.

Téi day, ta sit dung ky thuat bang thua dé tinh nhanh sé doan trong phan trude 90 phan ti cubi
ciing (phan nay chic chin thudc tién t& chung dai nhét cla hai day), rdi tiép tuc xay dung nbt cach
chia doan cho 90 phin tit cubi cing biing phudng phép quy hoach dong thong thudng.
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