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May do dung soi

Leonardo phat minh ra "may do" dau tién: mot cai xe c¢6 thé do cac khoang cach bang cach tha cac
vién s6i mdi khi banh xe lan. S6 1an banh xe lan c6 thé duoc tinh bang cach dém sb soi, va cho
phép nguoi dung tinh khoang cach ma may do da di qua. Vi vai tro 1a nha chuyén gia may tinh,
chung ta di thém vao may do phan mém quan Iy & mo rong tinh nang cua may do. Nhiém vu cta
ban 13 diéu khién may do dwra vao cac quy tic dugc néu cu thé dudi day.

Luwéi hoat dong

May do di chuyen trong mot ludi 6 vuodng twong twong co kich thude 256 x 256 6 dO’n vi. Mbi 6 €6
thé c6 nhiéu nhat 15 vién soi va duoc xac dinh bai 1 cap toa d6 (hang, cot), ma mdi toa d6 nam
trong khoang 0, ..., 255. V6i méot 6 (1 j), 6 canh n6 (néu cd) 1a (1 L, ), (+1,j), (4, j-1) va (i, j*+1).
Céac 6 nam & hang dau hodc hang cudi hodc cot dau hodc cot cudi duoc goi 1a "bién". May do ludn
bét dau & 6 (0,0) (goc tay bic), nhin huéng bic.

Cac Iénh co ban
May do c6 thé duoc 1ap trinh diéu khién st dung cac 1énh sau.

left - quay 90 do sang trai (nguroc chiéu kim dong hd) va van ¢ nguyén 6 hién tai (vi du néu may
do dang nhin vé& huéng nam thi n6 s& chuyén sang nhin huéng dong sau 1énh nay).

right - quay 90 d6 sang phai (theo chiéu kim dong hd)va van & nguyén 6 hién tai (vi du néu may
do dang nhin vé hudng tay thi né s& chuyén sang nhin huéng bic sau 1énh nay).

move - di chuyén 1 6 vé phia trudc (theo hudng ma may do dang nhin) sang 6 bén canh. Néu
khong ton tai 6 bén canh (da ¢ 6 bién theo hudng dang nhin) thi I€nh nay khong cé tac dung.

get - loai bo mét vién séi khoi 6 hién tai. Néu 6 hién tai khong ¢ soéi thi 1énh nay khong co tac
dung.

put - thém mot vién séi vao 6 hién tai. Néu 6 hién tai dd c6 15 vién soi thi 1énh nay khong co tac
dung. May do khong bao gid hét soi.

halt - két thuc viéc thuc hién chuong trinh.

May do thuc hién cac 1énh theo thir ty ma chung duoc cho trong chuong trinh. Chuong trinh chira
nhiéu nhat mot cau 1énh trén moi dong. Cac dc‘)ng tr6ng duoc bo qua. Ky tu # danh dau phan cha

th1ch bét ky phan chir nao di sau ky tur nay cho dén cudi dong s& dugc bo qua. Khi may do dat dén
cubi chuong trinh, viéc thue hién duogc két thuc.
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Vidul

Xét chuong trinh sau cho may do. Chuwong trinh s& dua may do dén 6 (0,2 ) nhin huéng dong.
(Luu ¥ 1énh move dau tién duoc bo qua vi may do dang & goc tay bac nhin hudng bic.)

move # khdéng tac dung

right

# bdy gio mdy do dang nhin hudng ddéng
move

move

Nhan, Bién va Séi

bé thay ddi cach chuong trinh chay dua vao trang thai hi¢n tai, ban co thé sir dung cac nhan. Mbi
nhan 13 mot xau ky tur ¢ phan biét chit hoa chit thudng gom khong qua 128 ky tu dugc chon tir a,

»Z,A, ..., 72,0, ..., 9. Cac cau I¢nh méi lién quan dén nhan duoc liét ké dudi day. Trong mo ta
dudi day, L dugce su dung cho mdt nhan hop 1€.

L: (nghia 1 I theo sau 1a 1 ddu hai chdm ¢:”) — Khai bdo vi trf ctia nhan L trong chuong trinh.
T4t ca cac nhin dugc khai bao phai 1a duy nhét. Viéc khai bio mot nhan khong anh hudng dén
may do.

= jump L — tiép tuc chay chuong trinh bang cach nhay v6 diéu kién dén dong c6 nhan L.

® border L — tiép tuc chay chwong trinh bang cach nhay dén dong c6 nhan I néu may do
dang ¢ bién nhin ra canh cua ludi (nghia la Iénh move s€ khong co tac dung); néu khong
théa man di€u kién chuong trinh s€ tiép tuc binh thuong va 1énh nay khong co tic dung

" pebble L — tiép tuc chay chuong trinh bang cach nhay dén dong co nhan L néu 6 hién
tai c6 it nhat 1 vién soi; trai lai chuong trinh s€ ti€p tuc binh thuong va 1énh nay khong c6 tac
dung.

Vidu 2

Chuong trinh sau ddy tim vién s6i du tién (ndm léch vé phia tdy nhat) & hang 0 va dirng ¢ do; néu
khong co soi ¢ hang 0, may dung ¢ bién, cudi hang. Chuong trinh sir dung 2 nhan leonardo va
davinci.

right

leonardo:

pebble davinci # Tim thiy soéi
border davinci # cubi dong
move

jump leonardo

davinci:

halt

My do khoi dau quay sang phai. Vong lap bat dau bang khai bao nhdn leonardo: va két thuc
bang Iénh jump leonardo. Trong vong lap, may do kiém tra c6 s6i ¢ 6 hién tai khong hodc da
& 6 bién cudi hang khong; néu khong phai may d6 tién hanh lénh move dé chuyén tir 6 hién tai
(0,j) sang 6 bén canh (0, j+1) vi 6 bén canh ton tai. (Lénh halt khong nhét thiét can ¢ day vi
chuong trinh dang nao ciing két thuc.)
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Phat biéu bai toan

Ban can ndp 1 chuong trinh stir dung ngoén ngir cua may do nhu mé ta ¢ trén dé may do hanh dong
theo yéu cau. Moi subtask (xem dudi ddy) mo ta hanh vi cua may do can thyc hién va cac rang
budc ma chuong trinh ndp can thdéa man. Cac rang budc lién quan dén hai van dé sau:

Kich ¢& ciia chwong trinh — Chuong trinh phai du ngan. Kich ¢& ctia chwong trinh 13 s6 cau 1énh
trong chuong trinh. Cac cau khai bdo nhan, chu thich va dong trong khong tinh vao kich ¢ cua
chuong trinh.

D6 dai thuce thi - Chuong trinh phai két thiic du nhanh. D6 dai thyc thi 13 56 burde duoc thyc hién:
modi cau lénh duge thyuc hién duge tinh 1a 1 bude, bat ké cau lénh co tac dung hay khong; khai bao
nhan, chu thich va dong trong khong tinh 1a mét bude.

Trong Vi du 1, kich c& cua chuong trinh 1a 4 va d6 dai thuc thi 1a 4. Trong Vi du 2, kich c& cua
chuong trinh 1a 6 va khi thyc thi trén Iudi véi 1 vién séi ¢ 6 (0, 10) thi do dai thuc thi 1a 43 budc:
right, 10 lin chay vong lip mdi lan gdm 4 budc (pebble davinci;border davinci;
move; jump leonardo)va cubi cung la pebble davincivahalt.

Subtask 1 [9 points]

Khéi dau c6 x vién soi ¢ 6 (0,0) va y vién so6i 6 6 (0,1) va tat ca cac 6 khac déu khong c6 soi. Luu
¥ tai mdi 6 chi c6 t6i da 15 vién soi. Hay viét mot chwong trinh dé may do két thuc ¢ 6 (0,0) néu x
<y va & 6 (0,1) trong truong hop nguoc lai. (Ching ta khong quan tam den hudng may do nhin luc
cuoi; chung ta cling khong quan tdm c6 bao nhién vién soi ¢ trang thai cudi cling nhu cac vién soi
nay nam & dau.)

Gioi han: kich ¢& chuong trinh < 100, d6 dai thyc thi < 1 000.

Subtask 2 [12 points]

Gidng nhu subtask 1 nhung khi chwong trinh két thiic, 6 (0,0) phai chira chinh x4c x vién s6i va 6
(0,1) phai chtra chinh x4c y vién soi

Gioi han: kich ¢& chuong trinh < 200, d dai thyc thi <2 000.

Subtask 3 [19 points]

C6 chinh xac hai vién so1 & dong 0: mot vién ¢ 6 (0, x) va mét vién & 6 (0, y), x va y khac nhau va
x +y la mét sO6 chan. Hay viét mdt chuong trinh ma may do két thuc ¢ 6 (0, (x +y) / 2), & diém
gitra cua 2 6 chura soi. Trang théi cuoi cung cia ludi khong quan trong.

Gioi han: kich c¢d chuong trinh < 100, d6 dai thyc thi <200 000.
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Subtask 4 [up to 32 points]

Co t61 da 15 vién séi 6 ludi, khdong ¢6 2 vién sdi nao trong cung mét 6. Hay viét chuong trinh dé
tap hop tat ca so1 ve goc tay bac. Noi chinh xac, néu ban dau c6 x vién so1 & ludi thi cudi cung s€
c6 chinh xac x vién 01 ¢ 0 (0,0) va khong c6 soi ¢ cac 6 con lai.

Piém cua subtask nay phu thudc vao d¢ dai thuc thi ciia chuong trinh ban ndp. N6i mdt cach chinh
xac, néu L 1a gia tri l1on nhat cua d¢ dai thuc thi cho céc test khac nhau, diém cta ban s¢€ 1a:

= 32 diém néu L <200 000;
= 32 -32logio (L /200 000) diém néu 200 000 < L <2 000 000;
= 0 diém néu L >2 000 000.

Gioi han: kich ¢& chuong trinh < 200.

Subtask S [up to 28 points]

M3di 6 ¢6 thé c¢6 s6 Iugng vién soi tiy ¥ (tat nhién trong khoang tir 0 dén 15). Hay viét chuong trinh
dé tim 6 ¢6 sb lugng s6i nho nhét. N6i mot cach khac, may do két thuc & 6 (1,j) ma tat ca cac 6 khac
c¢6 nhiéu hon hoidc bang sb s6i ¢ (i,j). Sau khi chay chuong trinh, s6 Iuong sdi & cac 6 van phai nhu
ban dau trude khi chay chuong trinh.

Diém cua subtask nay phu thudc vao kich ¢& chwong trinh P ctia chwong trinh dugc nop. Noi mot
cach chinh xac, diém cua ban s¢ la:

m 28 diémnéu P < 444;
= 28 -28 logio (P / 444) diém néu 444 < P < 4 440;
= 0 diém néu P >4 440.

Gioi han: @0 dai thuc thi <44 400 000.
Chi tiét cai diit

Ban phai nop diing mot file cho mdi subtask theo luat ¢t phap mé ta dudi day. Moi file ndp c6 kich
& tdi da 5 MB. V&i mdi subtask, chuong trinh may do cua ban s€ duogc thtr trén 1 vai tests, va ban
s& dugc nhan mot vai phan hoi vé tai nguyén ma chuong trinh ctia ban sir dung. Trong truong hop
chuong trinh cia ban khong dung vé ct phap dan dén khong thé chay thir duoc, ban s& nhan duoc
thong tin vé 161 ca phap cu thé.

Céc 1an ndp cua ban khong can chtra cac chuong trinh cho tit ca subtask. Néu 1an ndp cia ban
khong chira chuong trinh cho subtask X, 1an ndp cudi cung cho subtask X s¢ dugc tuw dong thém
vao; néu chua c6 chuong trinh cho subtask X, 1an ndp nay s€ nhan 0 diém cho subtask X.
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Nhu thuong 1€, di€ém cia mot 1an ndp 1a tong s6 diém cua moi subtask, va diém cudi cung 1a diém
16n nhat cua céc lan ndp dugc release-test va 1an ndp cudi cung.

B0 m6 phéng

Dé kiém tra chuong trinh, ban duoc cung cip mot bd mod phong cho may do ma ban co thé s
dung dé kiém tra chuong trinh ctia ban vdi mét ludi dau vao. Chuong trinh cho may do s€ duoc
vi€t theo cu phép nhu da mo ta & trén.

Mb ta vé ludi duge cho sir dung mau sau: mbi dong trong file phai chira 3 s6 R, C va P véi y nghia
0 ¢ hang R va c0t C c6 R vién soi. Tat ca cac 6 khong duge néu trong mo ta ludi s€ khong co vién
s61 nao. Vi du xem xé&t file:

Ludi dugc mo ta béi file nay c¢6 15 vién so6i, 3 vién ¢ 6 (0,10) va 12 vién ¢ 6 (4,5).

Ban c6 thé st dung bd mé phong bang cach goi chuong trinh simulator.py trong thu muc
ctia bai, dwa tén chwong trinh lam tham s. Chuong trinh m6 phong chép nhéan cac tham sé dong
1énh sau:

» -h dwa ra md ta tong quan cac tham sd;
® -g GRID FILE docmd ta luditir file GRID FILE (mic dinh: luéi rong);

® -s GRID SIDE gan kich c& cua lu6i thanh GRID SIDE x GRID SIDE (mdc dinh:
256, nhu dugc trong md ta bai toan); st dung ludi voi kich ¢& nho hon ¢6 thé d& cho debug
chuong trinh hon;

" -m STEPS gidi han sé budc thuc thi trong md phong t6i da 1a STEPS;

= —c chuyén sang ché d6 bién dich; trong ché d6 bién dich, bo mé phong tra vé output nhu ci,
nhung thay vi ti€n hanh md phong su dung Python no6 tao ra va bién dich mot chuong trinh
C nho gon. Viéc ndy ban dau s& mat thoi gian hon, nhung s& cho két qiia nhanh hon. Ban

dugc khuyén cdo st dung Iya chon nay khi chwong trinh ciia ban phai chay nhiéu hon
10000000 budc.

So lan nop

S 1an nop tbi da cho bai nay 1a 128.
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