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Kepyy nnporpaMMachl

Cu3 poOOTKO Kepyy IporpaMMachiH JKa3TBIHBI3 KejneT. Ap y0OakbITTa POOOTTYH
KaMepachl KOPYHVIITY ajaT, )kKaHa Kapa akK CypeT TYPYH[A® POOOTTYH 3CHHE CAaKTauT. Ap
oup cyper H x W mnukcenmepmuH Tabmuiiackl, canTapel 0 men (H — 1)re XaHa
Mmambidanapel Omen (W — 1).re 4yelimH HOMepJeHTeH. Bup cypeTTe TakK 3KH Kapa
ITHKCEeJI KaJlraHgaphl aK MHUCeIl.

PoGoT cypeTTy kKeHeKel OyHpyKTapaaH TypraH IIporpaMMa apKhIJIyy HIITETe ajart.
Cusre H, W maanunepu xkaHa K oH caHbl 6epuner. CU3gUuH MaKCaTHHBI3 POOOT YUYH
IIporpaMMaHEbI JKacoouy IIPoIeaypaHbl XKa3yy, ajl IporpaMMa KaajaraH CypeT YUYH 3K’
Kapa ITMKCeNOUH apajabIirbl KTa 6apabap 60100p 60;160CYH aHBIKTAMT.

MeiHOoa (r; XKaHa c()UHYU KaHa(ry KaHa Cy)UHYM I[IUKCEIOEePOUH apaliblbl
|ry — ro| 4+ |¢1 — ¢o|re Gapabap.

Pob6oTTyH KaHIOal UIITEreHUH TYUIYHOYPeOys.

Pob6oTTyH acu asibait y3yH, OmeH OalmTan HOMepJIEHTeH ysidajlapAblH MaCCUBU TYPYHIS.
Ap 6up ysiua 0 xe 1lre GapabGap 6050T »kaHa OWp KOy KOWOJIYI aHOaH KUNUH
anMarmnait. Cypet cantaH canka Omex (H - W — 1)re 4yelimH cakTanaT. bupuHuym cam
Omen (W — 1)re, xaHa akbpksl canka ((H — 1) - W)man (H - W — 1)re 4eiiH CaKTauT.
drepze ¢ , juryu nUKcen Kapa 0osco aHma omion ysda lre Gapabap Oonboco Ore
O6apabap.

Po6GOTTYH mporpaMmachkl OyMPYKTapabIH yOaaslallITHITE TypyHOe.Anmap OmeH Oarrrrarr
HOMEPJIEHTEH.

Amap Oup OupaeH aTkKapeliaT. Ap Oup OyHpyk Oup ke OUPHAEH KOIl ysdalapOblH
MaaHUJIEPUH OKYI (ajapAgblH MaaHuUIepu OYUPYKTYH MHOYTTaApPhI IEll aTajaT) >KaHa
Ore xe 1re Gapabap GOJITOH KaArkl3 MaaHWHU YbIrapaT(ajl MaaHu OYUPYKTYH ayTHyTy
Oell aTasarT). ¢ uHYM OYUpyKTyH ayrmnyrty (H - W + {)uHum ysddara cakTaaaT. tUHYHU
OYMPYKTYH WHIIYyTTapbl MHUKCENOEepAud Ke aJgblH aja OyWPYKTapAblH ayTIIyTTapblH
KapMaraH ysd4ajnap raHa Oomymry MyMKyH, Oamrkada adtkaHpma 0 @ wmHuUngeH (
H - W + ¢ — 1)unuure yelinHKY ysdanap.

BylipykTyH TepT Typy 0ap:

e NOT: OyiipyryHa Oup raHa wuHIyT Kupet. Irepae uHnyt Ore 6apabap 6oico, aHaa
aytnyT lre 6apabap 6omoT, autnece aotnyT Ore 6apadap 60m0T.
e AND:OyiipyryHa Oup e OWpKaHYa UHOYT KuUpeT. Jrepme OapOblk UHOYT lre
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O6apabap 6oco,anma aytanyT 1 6omoT, 605160c0 0 60IOT.

e OR: OyipyryHa Oup xke OWpKaH4Ya HHNOYT KUpeT. IJrepme Oapablk uHIyT Ore
O6apabap 6omco,anma ayrnyt 0 6omoT, 605160Cc0 1 60TIOT.

e XOR: OyiipyryHa Oup e OWpKaH4Ya HUHIIYT KUpeT. Jdrepie OapOblK WHIYyTarbl
lnepouH caHbl Tak 60J1co,aHOa ayTnyT 1 6omot, 601m60oco 0 600T.

Orepre 9K¥ Kapa NMUKCeNAuH apanbrsl K canbiHa 6apabap 6071co aHfa MporpaMMaHBIH
aKBIPKBI OYUPYKTYH ayTinyTy lre OGapabap 06osyml Kepek, aHmal XKOK 00JICO aKBIPKHI
OyrpykTyH ayTinyTy Ore 6apabap 601yII Kepek.

Implementation details

You should implement the following procedure:
void construct network(int H, int W, int K)

e H W: dimensions of each image taken by the robot's camera

e K: a positive integer

e This procedure should produce a robot's program. For any image taken by the
robot's camera, this program should determine whether the distance between the
two black pixels in the image is exactly K.

This procedure should call one or more of the following procedures to append
instructions to the robot's program (which is initially empty):

int add not(int N)
int add and(int[] Ns)
int add or(int[] Ns)
int add xor(int[] Ns)

e Append a NOT, AND, OR, or XOR instruction, respectively.

e N (for add not): the index of the cell from which the appended NOT instruction
reads its input

e Ns (for add and, add or, add xor): array containing the indices of the cells from
which the appended AND, OR, or XOR instruction reads its inputs

e Each procedure returns the index of the cell that stores the output of the
instruction. The consecutive calls to these procedures return consecutive integers
starting from H - W.

The robot's program can consist of at most 10000 instructions. The instructions can
read at most 1000000 values in total. In other words, the total length of Ns arrays in
all calls to add and, add or and add_ xor plus the number of calls to add not cannot
exceed 1000 000.

After appending the last instruction, procedure construct network should return. The
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robot's program will then be evaluated on some number of images. Your solution
passes a given test case if for each of these images, the output of the last instruction is
1 if and only if the distance between the two black pixels in the image is equal to K.

The grading of your solution may result in one of the following error messages:

Instruction with no inputs: an empty array was given as the input to add_and,
add or, or add xor.

Invalid index: an incorrect (possibly negative) cell index was provided as the
input to add _and, add or, add xor, or add not.

Too many instructions: your procedure attempted to add more than 10000
instructions.

Too many inputs: the instructions read more than 1000 000 values in total.

Example

Assume H =2, W = 3, K = 3. There are only two possible images where the distance
between the black pixels is 3.

Case 1: black pixels are 0 and 5
Case 2: black pixels are 2 and 3

A possible solution is to build a robot's program by making the following calls:

1. add and([0, 5]), which adds an instruction that outputs 1 if and only if the first
case holds. The output is stored in cell 6.
2. add and([2, 31), which adds an instruction that outputs 1 if and only if the
second case holds. The output is stored in cell 7.
3. add or([6, 7]), which adds an instruction that outputs 1 if and only if one of the
cases above holds.
Constraints
e 1 < H <200
o 1 < W <200
e 2<H-W
e I<K<HA+W-2
Subtasks
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(10 points) max(H, W)

(11 points) max(H, W)

(11 points) max(H, W) < 30
(15 points) max(H, W) < 100

(12 points) min(H, W) =1

(8 points) Pixel in row 0 and column 0 is black in each image.
(14 points) K =1

(19 points) No additional constraints.

N e L=

Sample grader

The sample grader reads the input in the following format:

elinel: H W K
e line2+414(¢>0): ri[i] cifi] r2fi] c2fd
e last line: —1

Each line excepting the first and the last line represents an image with two black
pixels. We denote the image described in line 2 + ¢ by image i. One black pixel is in
row r1[i] and column ¢, [i] and the other one in row 73[i] and column cz[i].

The sample grader first calls construct network(H, W, K). If construct network
violates some constraint described in the problem statement, the sample grader prints
one of the error messages listed at the end of Implementation details section and exits.

Otherwise, the sample grader produces two outputs.

First, the sample grader prints the output of the robot's program in the following
format:

e line 1+ 14 (0 < 4): output of the last instruction in the robot's program for image 7 (
1 or 0).

Second, the sample grader writes a file log.txt in the current directory in the
following format:

e line 1+ (0 <4): mfi][0] mfd][1] ... mli]lc—1]

The sequence on line 1+ 7 describes the values stored in the robot's memory cells
after the robot's program is run, given image 4 as the input. Specifically, m[i][j] gives
the value of cell j. Note that the value of ¢ (the length of the sequence) is equal to
H - W plus the number of instructions in the robot's program.
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