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lake garda - lombardy Competition tasks, day 2: Leonardo's art and science Vietnamese — 1.2

Bira Toi Cuoi Cung

Leonardo rat hang hai khi thuc hién tac phém Bita Téi Cudi Cung, tic pham tranh tudng ndi tiéng
nhat ctia 6ng: mot trong nhu’ng cong viéc hang ngay dau tién cua ong 1a quyet dinh cac mau keo
nao s& sir dung trong ngay. Ong can nhiéu mau nhung chi co thé giit mot sd lwong han ché cac
mau trén gian gido. Tro Iy ciia 6ng la nguwoi ddm nhén, ngoai cac nhiém vu khac, viéc tréo 1én gian
gido dé dua mau cho ong va tréo xudng dé dit mau vao ké phu hop & san nha.

Trong bai nay, ban s€ phai Vlet hai chwong trinh khac nhau dé gitp d& nguoi tro ly Chuong trinh
thir nhat s& nhan cac yeu cau cua Leonardo (mot chudi cac mau ma Leonardo s& can trong ngay),
va tao ra mot xau ngan chira cac bit, duoc goi 1a chi dan. Kh1 xtr Iy cac yéu cau cia Leonardo
trong ngay, ngudi tro Iy s& khong duoc truy cap dén cac yéu cau ciia Leonardo trong twong lai, ma
chi duoc truy cap dén chi din ma chuong trinh dau tién ciia ban tao ra. Chwong trinh thir hai s&
nhan chi dan nay, va sau d6 nhan va xir Iy cac yéu cau ctia Leonardo theo hinh thirc online (nghia
14 tirng yéu cau mot). Chuong trinh nay phai hiéu dwoc chi din c6 ¥ nghia gi va sit dung né dé dua
ra cac lua chon t6i wu. Tét ca s& dugc giai thich cu thé hon sau day.

Di chuyén mau giira ké va gian gidao

Ching ta s& xét mot trudng hop don gian. Gia sit ¢6 N mau duge danh sd tir 0 dén N - 1, va mdi
ngay Leonardo yéu cau ngudi trg 1y mot mau méi ding N lan. Coi C la mot chuSi gém N yéu cau
ldy mau cua Leonardo. Vi vy, chung ta ¢6 thé coi C 1a mot chudi N s, mdi s6 nam tir 0 dén N -
1, tlnh ca 2 dau mat. Luu ¥ rang mot s6 mau c¢6 thé khong xuat hién trong C, va mot s6 mau cé thé
xudt hién nhiéu lan trong C.

Gian giao lic nao ciing day va chua K mau trong s6 N mau véi K < N. Ban dau, gian gido chua
cac mau tir 0 dén K - 1, gom ca hai dau mut.

Nguoi tro ly xur ly cac yéu cau ciia Leonardo lan Iuot tirng yéu cau mot. Khi mau duoc yéu cau
dang san co trén gian giao thi ngum tro 1y ¢ thé duoc nghi ngcn Nguoc lai, anh ta phai 1dy mau
dugc yéu cau & trén ké va chuyén Ién gian gido. Tét nhién, néu khong co chd trén gian gido cho
mau méi, ngudi trg Iy phai chon mot trong cac mau hién c6 trén gian gido va mang nd xudng dé
trén ke.

Chién thuét toi wu cua Leonardo

Ngudi trg Iy mudn duge nghi ngoi cang nhiéu 1an cang tot. S6 lwong cac yéu cdu ma anh ta duoc
nghi ngoi phu thudc vao lwa chon ciia anh ta trong qua trinh thyc hién yéu cau. Mot cach chinh xéac
hon, mdi khi ngudi tro 1y phai boé mot mau khoi gian gido, cac lwa chon khac nhau c6 thé dan dén
két qua khac nhau trong twong lai. Leonardo giai thich cho anh ta 1am cdch nao ma anh ta c6 thé
dat dugc muc dich ctia minh khi d3 biét C. Lya chon tot nhat dé bo mot mau khoi gian gido co thé
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thu dugc bang cach xem xét cac mau dang ¢ trén gian gido, va cac yéu cau mau con lai trong C.
Mot mau s€ duogc lya chon trong cac mau dang c6 trén gian gido theo cac quy tac sau:

= Néu c6 mot mau trén gian gido ma s& khong can t6i trong twong lai, nguoi trg 1y nén bo mau
nay khoi gian gido.

= Nguoc lai, mau can loai bo khoi gian gido 1a mau ma sé can téi mudn nhdt trong twong lai.
(Nghia 13, véi mdi mau dang c6 trén gian gido ta xac dinh thoi diém tiép theo dau tién ma no
duoc yéu cau. Mau duoc bo khoi gian gido xudng ké 1a mau s& duoc yéu cau mudn nhat.)

C6 thé ching minh dwgc rang khi sir dung chién thuét cua Leonardo, ngudi trg 1y s& duoc nghi
ngoi nhicu 1an nhat co6 thé dugc.

Vidul

Véi N = 4, chung ta c6 4 mau (danh s tir 0 dén 3) va 4 yéu cau. Xét chudi yéu cau C = (2, 0, 3,
0). Gia sir K = 2. Ttrc 1a Leonardo sir dung gian gido ¢ thé chira dugc 2 mau vao mdi mot thoi
diém. Nhu da mé ta ¢ trén, ban dau gian gido c6 mau 0 va 1. Chiing ta s& ghi cac mau trén gian
gido nhu sau: [0, 1]. Mot phuong an ngudi tro 1y ¢6 thé xir 1y cac yéu cau duge mod ta nhu sau.

= Mau dau tién dugc yéu cau (so 2) khong c6 trén glan gido. Nguoi tro ly mang no 1én gian
gido va quyét dinh bo mau s6 1 xudng khoi gian giao. Trang thai hién tai ctia gian gido 1a [0,
2].

= Mau dugc yéu cau tiép theo (s6 0) dang sin co trén gian gido, nén nguoi tro 1y c¢6 thé nghi
ngoi.

= Vi yéu cau thir ba (mau sb 3), ngudi trg Iy bé mau 0, doi trang thai cua gian gido thanh [3,
2].

= Cudi cung, mau dugc yéu cﬁq sau chét (sb6 0) phai duoc 1dy tir ké dua 18n gian gido. Ngudi
trg Iy quyét dinh béd mau 2 xudng, va trang thai cuia gian gido 1a [3, 0].

Luuy rang trong vi du trén, ngum tro 1y da khong di theo chién thuat tdi uvu ctia Leonardo. Chlen
thuat t6i wu s& bo mau 2 xudng tai budi thir 3, nhu vay nguoi tro Iy s& duoc nghi ngoi & bude cudi
cung.

Chién thuat ciia nguoi tro Iy khi tri nhé bi han ché

Vo budi sang, ngudi tro 1y d& nghi Leonardo viét C vao mdt to gidy, dé anh ta c6 thé xac dinh va
tuan theo chién thuat t61 wu. Tuy nhi€n, Leonard bi am anh véi viéc mudn gitr bi mat cac ky thuat
cua minh, nén ong ta tir choi dua nguoi tro ly to gidy. Ong ta chi cho nguoi trg Iy doc C va phai
nhd no.

Khong may, nguc‘)‘i tro 1y ¢6 tri nhé rat kém. Anh ta chi ¢6 thé nhé khong qua M bit. Nhin chung,
viéc nay co thé khién anh ta khong thé tai tao lai toan bd chudi C. Chinh vi vay, nguoi tro Iy phai
sang tao ra mot cach dé tinh toan chudi cac bit ma anh ta s& ghi nhd. Chiing ta goi chudi nay la
chudi chi dan va dat én 1a A.

Vidu 2

Vo budi sang, ngudi tro Iy ¢6 thé 14y to gidy ghi chudi C ctua Leonardo, doc chudi ndy, va quyét
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dinh cac lwa chon can thiét. Mot viéc anh ta c6 thé lam la danh gia trang thai clia gian gido sau moi
yéu cau. Vi dy, khi str dung chién thuat (khong t6i vu) nhu dé cho trong Vi du 1, chudi trang thai
cuia gian gido s& 1a [0, 2], [0, 2], [3, 2], [3, 0]. (Nén nhé rang anh ta biét trang thai dau tién cua gian
giao 1a [0, 1].)

Bay gid gia sir chiing ta c6 M = 16, nén ngudi tro Iy ¢ thé nhé dén 16 bit thong tin. Voi N =4, ta
c6 thé luu gitt mo1 mau st dung 2 bit. Cho nén 16 bit la du dé€ luu trit chuoi trang thai gian giao &
trén. Vi vay, nguoi tro 1y c6 thé tinh ra chudi chi dan sau: A=(0,0,1,0,0,0,1,0,1,1, 1,0,
1,1,0,0).

Trong ngay, ngudi trg ly cd thé gidi ma chudi chi dan nay va st dung n6é dé quyét dinh cac lua
chon cua minh.

(Tét nhién, voi M = 16 nguoi trg ly co thé chon dé nhé toan bo chudi C chi sir dung 8 trong s6 16
bit. Trong vi du nay, chiing t6i chi muén minh hoa rang anh ta c¢6 thé c6 cac lya chon khac, ma van
cho két qua tot.)

Mo ta bai toan

Ban phai viét hai chirong trinh riéng biét st dung cting mot ngdn ngit 1ap trinh. Hai chuong trinh
nay s€ dugc chay theo thir tu ndi dudi nhau, va ching khong duogc lién lac voi nhau trong khi chay.

Chuong trinh dau tién s& duoc nguoi tro 1y sir dung vao budi sang. Chuong trinh nay s& duoc cho
bict chuodi C, va n6 phai tinh ra chuoi chi dan A.

Chuong trinh tha 2 s€ dugc nguoi tro ly su dung trong ngay. Chuong trinh nay sé& nhan duoc chudi
chi dan A, va sau d6 no phai xur Iy chudi C gom cac yéu cau cua Leonardo Luuy rang chudi C s&
chi duoc dua cho chuong trinh dudi dang mdi lan mot yéu cau, va mdi yéu cau phai dugc xir Iy
xong trude khi nhan duoc yéu cau tiép theo.

No6i mdt cach chinh xéc, trong chuong trinh thi nhét ban phai cai dat mot thu tuc duy nhét
ComputeAdvice(C, N, K, M) ¢6 dau vao 1a mang C gdm N s6 nguyén (mdi sd nguyén nam
trong 0, ..., N - 1), K 1a s6 mau trén gian gido, va M 1a s bit dé luu chi din. Chuong trinh nay
phai tinh ra chudi chi dan A st dung khong qua M bit. Tiép theo, chuong trinh phai dwa cho hé
thong chudi A bang cach goi thu tuc sau cho tirng bit ctia A theo thir tu:

" WriteAdvice(B)— Thém bit B vao cubi chudi chi dan A. (Ban c6 thé goi thi tuc nay
nhi¢u nhat M lan.)

O chuong trinh thir 2, ban phai cai dat mot thi tuc duy nhat Assist(A, N, K, R). Pau vao cho
thi tuc nay 1a chudi chi dan A, cac s N va K nhu di dinh nghia & trén, va do dai thuc té R cua
chudi A duéi dang bit (R < M). Thii tuc nay s& thuc hién cho nguoi tro ly chién thuat ban dé xut,
str dung cac thu tuc dugc cung cép cho ban nhu sau:

" GetReques t() — tra lai mau tiép theo du:oc Leonardo yéu cau. (Khong cé thong tin nao
vé cac yéu cau trong tuong lai dugc cung cap.)

s PutBack(T) — Bé mau T tr gian gido xuéng ké. Ban chi dugc goi thu tuc nay khi T 1a
mau dang c6 trén gian giao.
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Khi chay, thu tuc Assist cia ban phai goi GetRequest ding N lan, mdi 1an s& nhan dugc
mot yéu cau ctia Leonardo, theo thr tur. Sau mdi lan goi GetRequest, néu mau dugc yéu cau tra
vé khéng nam trén gian gido, ban phdi goi PutBack(T) voi lya chon cta ban cho T. Nguoc lai,
ban khong dwoc goi PutBack. Néu ban khong 1am nhu vay thi s& bi coi nhu 1a 16i va chuong
trinh ban s& bi két thic. Nén nhd ring ban dau gian gido chira cac mau tir 0 dén K - 1, gdm ca hai
dau mut.

Mot test s€ dugc coi la giai xong néu hai thu tuc cta ban tudn theo tt ca céc yéu cau, va téng )
lan goi PutBack diing bang s6 1an goi theo chién thuét tdi vu ctia Leonardo. Luu ¥ rang néu c6
nhiéu chién thuét véi cing sb lan goi PutBack, chuong trinh cta ban duoc phép st dung bat ky
chién thuét nao trong chung. (Nghia 1a khong nhat thiét phai theo chién thuat ctia Leonardo, néu cé
mdt chién thuat tdt twong dwong khac.)

Vidu3

Tiép theo Vidu 2, gid su trong ComputeAdvice bantinhraA=(0,0,1,0,0,0,1,0,1,1,
1,0,1,1,0,0). bé dua thong tin cho hé théng, ban phai thuc hién chudi cic lénh goi sau:
WriteAdvice(0) ,WriteAdvice(0) ,WriteAdvice(l) ,WriteAdvice(0),
WriteAdvice(0) ,WriteAdvice(0) ,WriteAdvice(l) ,WriteAdvice(0),
WriteAdvice(l) ,WriteAdvice(l) ,WriteAdvice(l) ,WriteAdvice(0),
WriteAdvice(l),WriteAdvice(l),WriteAdvice(0), WriteAdvice(0).

Sau d6 thu tyc thr 2 ctia ban Assist s& dugc chay, nhan chudi A & trén, va cac gia tri N = 4, K
=2,and R = 16. Thu tuc Assist phai thyc hi¢n dang N =4 lan goi GetRequest. Sau mot )
lan goi d6, Assist s& phai goi PutBack(T) véi lwa chon pht hop cho T.

Bang duéi ddy mo ta chudi cac 1an goi twong wng véi cac lua chon (khong t6i wu) ¢ Vidu 1. Ky tir
gach ngang thé hién khong co viéc goi PutBack.

GetRequest() | Hanh djng

2 PutBack(l)
0

3 PutBack(0)
0 PutBack(2)

Subtask 1 [8 points]

= N <5000.

® Ban c6 thé sir dung t6i da M = 65 000 bit.
Subtask 2 [9 points]

= N <100 000.

= Ban c6 thé sir dung t6i da M =2 000 000 bit.
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Subtask 3 [9 points]

= N <100 000.
= K <25000.

= Ban c6 thé s dung t6i da M = 1 500 000 bit.

Subtask 4 [35 points]

= N <5000.

= Ban c6 thé st dung t6i da M = 10 000 bit.

Subtask 5 [up to 39 points]

= N <100 000.

s K <25000.

= Ban c6 thé sir dung t6i da M = 1 800 000 bit.
Piém cla subtask nay phu thudc vao do dai R ctia chudi chi dan ma chuong trinh ban tinh dugc.
No61 mot cach chinh xéc, néu Ry, 12 gia tri 16n nhat (trén tat cac test con) cua do dai chudi chi dan
ma thu tuc ComputeAdvice tinh ra, di€ém cua ban s¢€ 1a:

= 39 diém néu Ry < 200 000;

= 39 (1 800 000 - Rya) / 1 600 000 diém néu 200 000 < Ry < 1 800 000;

= 0 diém néu R, > 1 800 000.
Chi tiét cai diit
Ban phai np dang hai file si dung cung mot ngon ngir lap trinh.

File dau tién duoc goila advisor.c,advisor.cpp hodc advisor.pas. File nay phai cai
dat thi tuc ComputeAdvice nhu dd mo ta & trén va c6 thé goi thu tuc WriteAdvice. File
ther 2 dugc goilaassistant.c,assistant.cpp hodc assistant.pas. File nay phai
cai dat thu tuc Assist nhu d3 mod td & trén va co thé goi cac thu tuc GetRequest va
PutBack.

Mau cua cac thu tuc nhu sau.

C/C++ programs

void ComputeAdvice (int *C, int N, int K, int M);
void WriteAdvice (unsigned char a);
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void Assist (unsigned char *A, int N, int K, int R);
void PutBack (int T);
int GetRequest () :;

Pascal programs
procedure ComputeAdvice(var C : array of LongInt; N, K, M : LongInt);
procedure WriteAdvice(a : Byte);

procedure Assist(var A : array of Byte; N, K, R : LonglInt);
procedure PutBack (T : LongInt);
function GetRequest : LongInt;

Cac thu tuc nay phai hoat dong nhu da mo ta & trén. TAt nhién ban c6 thé cai dat thém nhtrng thu
tuc con khac dé su dung ndi bo. Déi véi cac chuong trinh C/C++, céc thu tuc nd1 b ctia ban phai
duoc khai bdo static, vi sample grader s€ link chung véi nhau. Mot cach khac, chi don gian
tranh ¢6 hai thu tuc (mdi thi tuc & mot chwong trinh) trang tén. Cac lan giao ndp khong duoc giao
tiép dudi bat ¢t hinh thirc ndo véi input/output chuan, ciing nhu véi bat ¢t file nao khéc.

Khi cai dit chuong trinh ctia minh, ban phai tuan theo cac chi dan sau (template mau c6 san trong
moi truong thi da thoa man cac yéu cau dudi day).

C/C++ programs

Ngay dau 10i giai ciia ban, ban phai include file advisor.h trong chuong trinh advisor va
assistant.h trong chuong trinh assistant. Viéc nay dugc thuc hién bang cach st dung céc
dong 1énh sau trong chuong trinh ngudn:

#include "advisor.h"
hoac
#include "assistant.h"

Haifile advisor.h vaassistant.h s& dugc cung cap cho ban trong thu muc & méi trudng
thi va ciing dugc cung cip st dung giao dién Web ciia cudc thi. Ban ciing s& duoc cung cap (van
duéi cac hinh thirc nhu trén) code va scripts dé bién dich va test 10 giai ciia minh. Cuy thé, sau khi
copy 10i giai ctia minh vao thu muc chira cac scripts nay, ban c6 thé chay compi le c.sh hodc
compile cpp.sh (phy thudc vao ngdn ngir lap trinh ma ban sur dung)

Pascal programs

Ban phai sit dung gdéiadvisorlib trong chuong trinh advisor va assistantlib trong
chuong trinh assistant. Viéc nay duogc thuc hién bang cach sit dung céc dong lénh sau trong
chuong trinh nguon:

uses advisorlib;
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hoac
uses assistantlib;

Hai file advisorlib.pas vadassistantlib.pas s& dugc cung cép cho ban trong thu
muc & moi truong thi va cling duoc cung cap sir dung giao dién Web ctia cudc thi. Ban ciing s&
duoc cung cdp (van dudi cac hinh thirc nhu trén) code va scripts dé bién dich va test 10i giai cta
minh. Cu thé, sau khi copy 10i giai ctia minh vao thu muc chtra cac scripts ndy, ban c6 thé chay
compile c.sh.

Sample grader
Sample grader s& nhan dau vao véi dinh dang nhu sau:

= Dong 1: N, K, M;
s Cacdong?2,...,N+1:CJi].

Pau tién grader s& chay thii tuc ComputeAdvice. Viée ndy sé& tao ra file advice. txt, bao
gom cac bit cua chuoi chi dan, cach nhau bai cac dau trong va két thuic boi mot so 2.

Sau do, no s€ tiép tuc chay thu tuc Assist cua ban, va tao ra dau ra véi moi dong cé dinh dang
"R [number]" hodc "P [number]". Cic dong cd dinh dang theo kiéu dau tién tuong Ung
véi cac 1énh goi GetRequest () va céac tra 101 nhan dugc. Céc dong c6 dinh dang theo kiéu thu
hai twong tng véi cac 1énh goi PutBack() va cdc mau dugc lya chon dé bo xuéng. Pau ra duoc
két thuc bai mot dong c6 dinh dang "E".

Luu y rang véi chuong trinh grader chinh thirc, thoi gian chuong trinh ban chay s& khac mot chut

s0 v6i chay trén may tinh ctia ban. Sy khac biét nay khong dang ké. Ban c6 thé sir dung giao dién
test dé kiém tra li¢u 101 giai cua ban c6 chay trong khoang gidi han thoi gian cho phép khong.

Cac gioi han thoi gian va bo nhé

®  Gidi han thoi gian: 7 gidy.
® (G161 han b nhé: 256 MiB.
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