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Robot Contest

Cac nha nghién ctu Al tai Pai hoc Szeged dang to chirc mét cudc thi lap trinh robot. Mét ngudi
ban cla ban tén la Hanga da quyét dinh tham gia cudc thi. Muc tiéu la lap trinh Pulibot t6i thugng,

ngudng mo tri thong minh tuyét vadi clia Puli, gibng ché chan gia sdc ndi tiéng cda Hungary.

Pulibot sé dugc thir nghiém trén mdt mé cung bao gém mot luédi kich thudc (H + 2) x (W + 2)
cac 6. Cac hang cla ludi dugc danh s6 tlr —1 dén H ti bac téi nam va cac cot cla ludi dugc danh
s6 tr —1 dén W tir tdy sang dong. Ta goi 6 nam & hang r va c6t ¢ cha ludi (-1 <r < H,
—1<c<W)Ias(r,c).

Xétmot o (r,c)véi0 <r < Hva0 <c < W.C646lién ké vdi o (r,c):

6 (r,c — 1) dugc goi la 6 phia tay cda 6 (r,c);

e 0 (r+1,c)dugc goila é phia nam cla 6 (r,c);
6 (r,c+ 1) dugc goi la 6 phia déng cta 6 (r,c);
6 (r — 1,¢) dugc goi la 6 phia bac ctia 6 (r,c).

O (r,c) dugc goi la 6 bién gigi cia mé cung néu r = —1 hodc r = H hodc ¢ = —1 hodc c = W.
Méi 6 khdng phai la 6 bién gigi ciia mé cung la 6 chwéng ngai vat hoac 6 tréng. Ngoai ra, méi 6
trong c6 mot mau, dugc biéu thi bdi mot sé nguyén khéng &m nam trong khodng tlr 0 dén Zax,

ké ca 0 va Zyr4x. Ban dau, mau cla mai 6 tréng 1a 0.

Vi dy, xét mot mé cung c6 H = 4va W = 5, chra mét 6 chudng ngai vat (1, 3):

O chudng ngai vat duy nhat dugc biéu thi bing hinh chit X. Cac 6 bién gidi cila mé cung duagc td
dam. S6 dugc ghi vao mai 6 tréng dai dién cho mau cda chdng.
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Mot duwong di c6 dd dai £ (£ > 0) tr 6 (7‘0,60) dén 6 (’I‘g,Ce) la mét chudi cac 6 tréng d6i mot khac
nhau (7“0,00), (7"1,61), ceey (T[,Cg) trong dé vai mbii (0 <7 < ¥)cacod (ri,ci) va (ri+1,ci+1) la lién
ké.

Luuy la duong di c6 do dai £ chira ding £ + 1 6.

Tai cudc thi, cac nha nghién clru da thiét 1dp mot mé cung trong dé ton tai it nhat mot dudng di tur
6 (0,0) dén 6 (H — 1,W —1). Luu y rang diéu nay ngu y la cac 6 (0,0) va (H — 1,W — 1) dugc
dam bdo la cac 6 trong.

Hanga khong biét nhirng 6 nao ciia mé cung la tréng va nhirng 6 nao la chudng ngai vat.

Nhiém vu cla ban la gitip Hanga lap trinh Pulibot dé né c6 thé tim ra duong di ngdn nhdt (nghia la
dudong di cé d6 dai nhé nhat) tir 6 (0,0) dén 6 (H — 1, W — 1) trong mé cung chua biét trudc do
cac nha nghién clru thiét [ap. Théng sé k¥ thuat cdia Pulibot va cac quy tac cia cudc thi dugc mo ta
dudi day.

Luu y rang phan cudi cung cda dé bai nay mé td mot cdng cu hién thi ma ban c6 thé st dung dé

tryc quan héa Pulibot.
Thong so6 ky thuat cla Pulibot

Pinh nghia trang thai ciia mét 6 (r,¢) chomoi —1 <r < Hva —1 < ¢ < W la mdt s6 nguyén sao

cho:

u 6 (r,c) la mot 6 bién gidi thi trang thai cia né 1a —2;
* néu 6 (r,c) la mot 6 chudng ngai vat thi trang thai cda né la —1;
u 6 (r,c) la mot 6 trong thi trang thai ctia né 1a mau cta 6 dé.

Chuong trinh cda Pulibot dugc thuc thi theo trinh tu cac budc. Trong mbi budc, Pulibot nhan biét
trang thai cla cac 6 1an can va sau dé thuc hién mot [énh. LEnh ma né thuc hién dugc xac dinh bdi

cac trang thai da dugc biét. Xem mét md ta chinh xac hon dugi day.
Gid st & budc hién tai, Pulibot dang & 6 (r, ¢) 1a m6t 6 trong. Budc nay sé dugc thuc hién nhu sau:

1.Pau tién, Pulibot nhan dang mang trang thai hién tai, tdc la mang
S = [S]0], S[1], S[2], S[3], S[4]], bao gbm trang thai ctia 6 (r, c) va cla tat ca cac 6 lién ké:
o S[0] la trang thai cda 6 (r,c).

[
S
[
[

(e]

|
1] la trang thai cda 6 & phia tay.
o S[2]la trang thai cda 6 & phia nam.
o S[3] la trang thai cta 6 & phia déng.

o S[4]1a trang thai ctia 6 & phia bac.
2. Sau do, Pulibot xac dinh Iénh (Z, A) twong &ng véi mang trang thai dugc nhan dang.
3. Cudi cung, Pulibot thuc hién Iénh dé: né dat mau clia 6 (7, ¢) thanh mau Z va sau d6 né thuc

hién hanh dong A, la mét trong nhirng hanh doéng sau:
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o &lgitai b (r,c);
o di chuyén dén mét trong 4 6 lién ké;
© chdm dut chuong trinh.

Vi du, xét kich ban hién thi bén trai cGa hinh dudi day. Pulibot hién dang & 6 (0,0) v&i mau 0.
Pulibot nhan dang mang trang théi S = [0, —2,2,2, —2]. Khi nhan ra mang nay, Pulibot c6 thé cé
mot chuong trinh thiét 1dp mau cda 6 hién tai thanh Z = 1 va sau d6 di chuyén vé phia dong, nhu
dugc hién thi & gitra va bén phai cta hinh:

[fgp o | ool o [{I,m o | o oo f,h ol o oo

Cac quy tac Cudc thi Robot

* Khi bat dau, Pulibot dugc dat tai 6 (0,0) va bat dau thuc hién chuong trinh cda né.
¢ Pulibot khong dugc phép di chuyén dén 6 khong la 6 trong.
* Chuong trinh cta Pulibot phai két thuc sau téi da 500 000 budc.
* Sau khi két thiac chuong trinh Pulibot, cac 6 tréng trong mé cung sé dugc td mau sao cho:
o Ton tai mot dudng di ngan nhat tr (0,0) dén (H — 1, W — 1) ma mau clia mdi 6 trong
duong dila 1.
o Tatca 6 trong khac c6 mau 0.
 Pulibot c6 thé két thic chuong trinh clia minh tai bat ki 6 tréng nao.

Vi du: hinh dudéi day cho thay mét trudng hgp mé cung véi H = W = 6. Cau hinh ban dau dugc
hién thi & bén trai va mot cach t6 mau dugc chdp nhan cda cac 6 tréng sau khi két thic dugc hién
thi & bén phai:

[&D 0 0 0 0 0 0
I
0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
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Chi tiét cai dat
Ban can cai dat ham sau.

void program_pulibot()

e Ham nay can tao ra chuong trinh Pulibot. Chuong trinh nay can chay ding véi tat ca cac gia
tri cia H va W va bat ky mé cung nao thod man cac rang budc clia bai toan.
* Ham nay dugc goi dang mot 1an cho méi test.

Ham nay c6 thé thuc hién cac 16i goi dén ham sau dé tao chuong trinh Pulibot:
void set_instruction(int[] S, int Z, char A)

* S:mang cé dd dai 5 md ta mot mang trang thai.
e Z:s6 nguyén khong 4m bi€u thi m6t mau.
e A: ky tu don bi€u thj mot hanh ddng cda Pulibot nhu sau:
° H:dlai;
o W: di chuyén vé phia tay;
o S:di chuyén vé phia nam;
o E:dichuyén vé phia dong;
o N:di chuyén vé phia bac;
o T:két thdc chuong trinh.
e Goi ham nay dé hudng dan Pulibot rang khi nhan ra mang trang thai S, né can thuc hién
lenh (Z, A).

Goi ham nay nhiéu lan v&i cing mét mang trang thai S s& dan dén phan héi Output isn't

correct.

Khéng bat budc phai goi set_instruction v&i mdi trudng hgp mang trang thai S. Tuy nhién,
néu sau dé Pulibot nhan ra mdt mang trang thai ma Iénh khéng dugc dat cho né, ban sé nhan
dugc phan héi Output isn't correct.

Sau khi program_pulibot hoan thanh, trinh chdm goi chuong trinh Pulibot d6i v&i mét hodc
nhiéu trudng hgp mé cung. Nhirng 16i goi nay sé khdng tinh vao gidi han thoi gian cho 16i gidi clia
ban. Trinh chdm |a khéng thich nghi, nghia la tdp cdc mé cung da dugc xac dinh trudc trong moi
test.

Néu Pulibot vi pham bat ky quy tac nao cia Cudc thi Robot trudc khi chdm ddt chuong trinh, ban
sé nhan dugc phan hoi Output isn't correct.

Vi du
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Ham program_pulibot c6 thé thuc hién cac 16i goi dén set_instruction nhu sau:

L&i goi Lénh cho mang trang thai S
set_instruction([0, -2, -1, 0, -2], 1, D&t mau thanh 1 va di chuyén sang phia
E) déng
set_instruction([0, 1, -1, 0, -2], 1, DPat mau thanh 1 va di chuyén sang phia
E) déng

set_instruction([0, 1, O, -2, -2], 1, P&t mau thanh 1 va di chuyén sang phia

S) nam
set_instruction([0, -1, -2, -2, 1], 1, o . o R
7 Pat mau thanh 1 va két thuc chuong trinh

Xét mot kich ban véi H = 2va W = 3, va mé cung dugc hién thi trong hinh dudi day.

Doi véi mé cung dac biét nay, chuong trinh cda Pulibot chay theo bén budc. Mang trang thai
Pulibot nhan dang va cac Iénh ma né thyc hién tuong Ung véi ding bon [énh theo thd tu goi toi
set_instruction dugc thuc hién & trén. Lénh cudi cung sé két thic chuong trinh.

Hinh duéi day chi ra mé cung trudc moi budce trong s6 bén budc va cac mau cudi cing sau khi két
thuc.

D] < N e
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Tuy nhién, xin luu y rang chuong trinh cda 4 1énh nay cé thé khong tim thdy dudng di ngan nhat
trong cac mé cung hgp 1é khac. Do dd, néu ndp lén, chuong trinh sé nhan dugc phan hoi Output

isn't correct.
Cac rang budc
Zyax = 19. Do d6, Pulibot cé thé s&r dung cac mau tir 0 dén 19, ké ca 0 va 19.

P&i vai mbi mé cung dugc sir dung dé kiém thir Pulibot:

« 2<H W <15
e C6 it nhat mot dudng di tir 6 (0,0) dén 6 (H — 1, W — 1).

Cac subtask

1. (6 diém) Khong cé 6 chudng ngai vat trong mé cung.

2.(10 diém) H = 2

3. (18 diém) C6 dung mot dudng di gitra moi cap hai 6 trong.

4. (20 diém) Méi dudng di ngan nhat tir 6 (0,0) dén 6 (H —1,W — 1) c6 dd dai H + W — 2.
5. (46 points) Khéng c6 rang bubc nao thém.

Néu trong bat ky test nao, Iénh goi dén ham set_instruction hodc chuong trinh cda Pulibot
trong qua trinh thuc thi khdng tuan theo cac rang buéc dugc mo ta trong muc Chi tiét cai dat, thi

diém cho 1&i gidi clia ban d6i vdi subtask d6 sé la 0.

Trong moi subtask, ban c6 thé dat dugc mot phan diém bang cach dua ra mot cach gan mau gan

dung.
Cu thé:

e @i gidi cila mot test la day dda néu cach gdn mau cudi cing cla cac 6 trong thod man cac
quy tac Cudc thi Robot.
e Lgigidi cha test la mot phan néu cach gan mau cudi cing cé dang nhu sau:
o Ton tai mot dudng di ngan nhat tir (0,0) dén (H — 1, W — 1) ma mau clia moi 6 trong
dudong dila 1.
o Khong c6 6 tréng nao khac trong luéi c6 mau 1.
o (C6 0 tréng trong ludi cd mau khac 0 va 1.

Néu I&i gidi cia ban cho mét test khong la day dd hay mot phan, diém cda ban cho test tuang ng
séla 0.

Trong cac subtask 1-4, diém cho 1oi gidi day da la 100% va diém cho 16i gidi mot phan d6i véi mot

test 1a 50% s6 diém cho subtask cla né.

Trong subtask 5, diém ctia ban phu thudc vao sé lugng mau dugc str dung trong chuong trinh cda
Pulibot. Mot cach chinh xac hon, goi Z* la gia tri toi da cla Z trén tat ca cac 16i goi dugc thuc hién
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t&i set_instruction. Biém clda test dugc tinh theo bang sau:

Diéu kién Diém (day di) Diém (mdt phan)

11<2*<19 20+(19—2%) 124 (19— Z*)

Z* =10 31 23
Z*=9 34 26
Z* =8 38 29
=1 42 32
Z*<6 46 36

Piém cho mai subtask 1a di€ém nhd nhat trong cac diém cla cac test trong subtask do.

Trinh chdm mau

Trinh chdm mau doc dit liéu vao theo dinh dang sau:

e dongl: HW
e dong2+r (0 <r < H):m[r][0] mlr][l] ... mr|[W — 1]

J day, m la mét mang cta H mang W sé nguyén, mo ta cac 6 khéng la bién gidi cia mé cung.

m[r][c] = 0néu 6 (r,c) la mot 6 tréng va mr]jc] = 1 néu 6 (r, c) 1a modt 6 chudng ngai vat.

Pau tién trinh chdm mau sé goi program_pulibot (). Néu trinh chdm mau phat hién ra mét vi
pham giao thirc, trinh chdm mau sé in ra Protocol Violation: <MSG> va két thuc, trong dé
<MSG> |a mét trong s6 cac thdng bao 16i sau:

e Invalid array: diéu kién —2 < S[i] < Zyrax khdng thod man véi ¢ nao dé hoac do dai
cla S khéng bang 5.

e Invalid color:diéukién 0 < Z < Zprax khong thod man.

e Invalid action:kity A khdongla mottrong s H, W, S, E, N hay T.

* Same state array:set_instruction dugc goivdi cuing mét mang S it nhat hai lan.

Mat khac, khi program_pulibot hoan thanh, trinh chdm mau sé thuc hién chuong trinh cla

Pulibot trong mé cung dugc mo ta bai dir liéu vao.
Trinh chdm mau tao ra hai két qua ra.

Pau tién, trinh chdm mau ghi nhat ky cdc hanh doéng cla Pulibot vao tép robot.bin trong thu
muc lam viéc. Tép nay doéng vai tro la dir liéu vao clia cdng cu tryc quan dugc mo ta trong phan
sau.
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Th{ hai, néu chuong trinh ca Pulibot khéng két thac thanh céng, trinh chdm mau sé in ra mot

trong cac théng bao 16i sau:

* Unexpected state: Pulibot da nhan ra mot mang trang thai ma set_instruction khong
dugc goi cung.

e Invalid move: thuc hién mét hanh dong khién Pulibot di chuyén dén mét 6 khéng tréng.

* Too many steps: Pulibot da thuc hién 500 000 budc ma khong chdm dirt chuong trinh cda
né.

Néu khong, goi e[r|[c] la trang thai cGa 6 (r,c) sau khi chuong trinh Pulibot két thic. Trinh chdm
mau in ra H dong theo dinh dang sau:

e Dongl+r (0 <r < H)elr|0]e[r]1] ... e[r][W —1]
Cong cu hién thij

GOi dinh kem cho bai toan nay chra mét tép cé tén display.py. Khi dugc goi, chuong trinh
Python nay s& hién thi cac hanh déng clta Pulibot trong mé cung dugc mé ta bai dir liéu vao cla

trinh chdm mau. D€ lam dugc diéu nay, tép nhi phan robot . bin phai cé trong thu muc lam viéc.

Dé goi chuong trinh nay, hdy thuc hién Iénh sau.
python3 display.py

Mot giao dién d6 hoa don gian sé hién |én. Cac tinh nang chinh nhu sau:

* Ban c6 thé quan sat trang thai cia mé cung day du. Vi tri hién tai cla Pulibot dugc danh dau
bdi mot hinh chir nhat.

* Ban c6 thé duyét qua cac budc cia Pulibot bang cach nhdp vao cac nat mii tén hoac nhan
vao cac phim néng cda ching. Ban cling c6 thé chuyén sang mét budc cu thé.

* Budc ti€p theo trong chuang trinh cda Pulibot dugc hién thi & phia dudi. N6 hién thi mang
trang thai hién tai va hudng dan ma né sé thuc hién. Sau budc cudi cing, n6 hién thi mot
trong cac théng bdo 16i cda trinh chdm hodc Terminated néu chuang trinh két thdc thanh
cdng.

* D3i vdi mbi s6 dai dién cho mét mau, ban c6 thé gan moét mau nén truc quan cling nhu mot
van ban hién thi. Van ban hién thj Ia mét xau ngan hién thi trong moi 6 c6 mau dé. Ban co
thé gan cac mau nén va hién thj cac van ban theo mot trong cac cach sau:

o Pat chiing trong ctra s6 hdp thoai sau khi nhap vao nit Colors.
o Chinh stra ni dung tép colors. txt.

* DE tdilai robot.bin, hdy s&r dung nut Reload. Sé rat hiru ich néu ndi dung cl@a robot.bin

da thay doi.
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