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but XXbingbipyy Peructpnepu

NHxeHep Kpuctodep aHbl TUNTern KoMnbloTePAMK NPoLeccopayH YCTYHAe ULITEN XaTar.

Mpoueccop m ap kaHaan b 6ut GonroH ac ysyara kupe anat (6yn xepge m = 100 xaHa

b = 2000), anap peructpnep gen atansin, 0geH (m — 1)re yennH HomepnieHreH. PerncTtprepan
r[0],7[1],...,7[m — 1] meHeH Genrunendus. Ap 6up pernctp 0geH (OH xakTarbl 6UT) MeHeH

(b — 1)re (con xakTarbl 61T) yeinHkm b GuTTep MaccuemH Ty3eT. Ap 6up 7 (0 < i < m — 1) xaHa
ap6up j (0 <37 <b—1)yuyH i perucTpamH j-uu GuTHH [i][j] meHeH Genrnnentus.

do,d1,...,d 1 (kaanaraH y3yHayry 1) 6UTTepavH yaaanawTbirbl Y4YH, yaaanalTbiKTbiH GYTYH
maanuen 20 - do + 21 - dy + ... + 21 . d;_, Gapabap Gornot. i-Pernctpae cakranraH GyTyH
MaaHMCH Aen aHbliH GUTTEPVHUH yaaanawTbirbiHbIH GYTYH MaaHucw, Galukadya aiTkaHaa,

20 - r[d][0] + 21 - r[d][1] + ... + 2071 - [d] (B — 1].

Mpoueccopao 6ynpykTapabiH 9 Typy 6ap, anapabl peructprnepaery outTepam e3repTyy Y4YyH
KongoHco 6onot. Ap 6up Bynpyk 6up ke Gup Heve perncTpae UWTENT XKaHa YblrapbliraHabl
perucTpnepavH bupunae caktanT. TeMeHae x := Yy KONAoHyM, T MaaHucuH yke 6apabap Kbinbin
e3repTeby3. BynpykTyH ap Oup Typy GolOHYa aTkapbifraH onepauusnap TeMeHae GasHganraH.

« move(t,y)(Kbigbip): t-perucTpre y-peructTpaerm GUTTep MaccuBmH keUypyHy3. Ap 6up j
(0 <j <b—1)yuyn r[t][5] := r[y][5] GoncyH.

store(t, v)(cakta): t-peructpam vra 6apabap Kbifibin KOWOHyY3, MblHAa v - b GUTTEp Maccusy.
Ap6up j (0 <j <b—1)yuyH r[t][j] := v[j] kotoHys.

« and(t,z,y)(kaHa): x-xaHa y-peructprnepanH GuT-ANDUH aTkapsbin, HaTbIKachIH t-
peructpre caktanbid. Ap 6up j (0 < j < b— 1) yuyH r[t][j] := 1, arepae akee TeH [x][j]
xaHa r[y][4] 1 Gonco, GonGoco r[t|[j] := 0 Aen kotonraH.

o or(t,z,y)(xe): z-xaHa y-peructprnepanH GuT-ORyH atkapbin, HaTbIMKacbiH t-perncrpre
caktaHbi3. Ap 6up j (0 < j < b—1) yuyH r[t][j] := 1 GoncyH, arepae r[z][j] xaHa r[y]|[j]
1 xok perenae 6up 1 Gonco,6on6oco [t][j] := 0 GoncyH.

« zor(t,x,y)(6apabapabirbl oK Xe): - xaHa y-peructprnepanH 6ut-XORyH atkapbir,
HaTblikacbiH ¢t-peructpre caktaHpid. Ap 6up j (0 < j < b — 1) yuyH 7[t][j] := 1 GoncyH,
arepae r[z][j] xaHa r[y][j] Tak 6upnu lre 6apabap Gonco, GonGoco [t][j] := 0 GoncyH.

« not(t,z)(amec): z-pernctpamH 6uT-NOTYH atkapbin, HaTbIMKACHIH t-perncTpre caktaHbi3. Ap
6up j (0 <j <b—1)vyuyn rt][5] :=1 —r[z][5].

« left(t,z,p)(con): x-pernctpaern Gaapablk GUTTEPAN P aparbikka COMro XKbiAbIpbIM,
HaTbIKacblH t-perncTpre cakTaHbl3. T-permctpaery buTTepam conro p apasnbikka
KbINABIPYYHYH HaTblkack! b 6UTTeH TypraH v maccmem Gormor. Ap 6up j (0 < j < b—1)
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Y4yH v[j] = r[z][j — p] GoncyH, arepae j > p, 6GonGoco v[j] = 0 GoncyH. Ap 6up j
(0 <j <b—1)yuynH r[t][j] := v[j] otoHys.

« 71ight(t,z,p)(oH): z-peructpaerv 6aapabik GUTTEPAM P apanbikka OHIO XbIAbIpbIr,
HaTblXacblH t-pernctpre caktanpld. X peructpgern GUTTepaAn OHro p aparnbikka

KbINABIPYYHYH HaTbikace! b 6uTTepaeH TypraH v macevem Gomot. Ap 6up j (0 < 5 <b—1),
v[j] = r[z][7 + p] GoncyH, arepae j < b — 1 — p Bonco, GonGoco v[j] = 0 GoncyH. Ap Gup

J (0 <37 <b—1)vyuyH 7[t][j] := v[j] xotoHys.

« add(t, z,y)(KoWw-MeHeH-MOayN): x-XaHa y-perncTprepre cakranraH 6yTyH MaaHWHM
KOLLYM,HaTbIiKaHbl t-perucTpre caktaHpia. Kollymua kowlyy 2° Mogyny MeHeH xyprysyner.

dopmanayy Typae, onepauusra YenmH x-permctpae caktanraH 6yTyH caH X GoncyH, an aMu
y-peructpae cakranraH 6yTyH caH Y 6oncyH. 1" onepauusinaH kKuiAnH t-peructpre cakrasnraH

6YTYH caH GoncyH. Arepae X + Y < 2° Gonco, anpa ¢ 6utteput T' = X + Y Koinbin
KotoHy3. Bon6oco, T' =X +Y — 2b aen t GutTepuH konryna.

KpucTtodep cnsaeH xaHpl NpoLeccopay KonaoHyn, 3K TanlblpMaHbl YedyyHy Kaananrt.
TanwbipMaHbIH Typy S GYTYH caH MeHeH GenruneHeT. TanwbipManapabiH 3K1 TYpY YYYH Cu3

nporpaMmmaHbl (Oyn oropyaa aHblKTanraH byipykrapabiH yaaanalwTbirbl TYPyHAe) Ty3YYHY3 Kepek.

Mporpammara kuprusyy a[0],a[l],...,a[n — 1], n 6yTyH caHgaH Typart. AnapabiH ap 6upuHae k

6uT 6ap, Galkaya anTkaHaa, ali] < 2k (0 <2 < n —1). MNMporpamma atkapbina anekte, 6apapik
kmpruaunred caHgap 0- peructpre yaaa cakranart, MbiHganya, ap 6up ¢ (0 < ¢ <mn — 1) yuyH k

6uT kaTapbiHbIH 6yTyH maanucy r[0][i - k], r[0][i - (kK + 1)], ..., r[0][(¢ + 1) - k — 1] ra Gapabap

ali]. n -k < bakenanrvH acke anbiHbi3. 0-pervctpuHaerv Gapabik Galika 6uTTep (Galukaya

anTkaHga, n - k...b — 1 nagekctepu 6ap) xaHa Galka 6apablk peructpnepaery 6uttep 0 meHeH

OawTanraH.

MporpamMmaHbi MLITETYY aHbiH ByMpyKTapbiHbIH UPETV MEHEH aTkapyyaaH Typar. AKbIpKbl Gyipyk
aTkapbinraHaaH KUK, nporpamMmmanbiH Ybirbiwbl 0-pervctpaeryt GUTTEPANH akbIpKbl MaaHUCHHUH
HeruauHae acenTeret. Taktan anTkaHaa, Ybirbilbl 7 GYTYH CaHAApAbIH yaaanaluTbirb
cl0],c[1], ..., c[n — 1] TypyHae Gonor, Gyn xepae ap 6up 7 yuyH (0 < i < n — 1)), ¢[i] O-
pervcTpavH i - k pan (i + 1) - k — 1 6uTTepuHeH TypraH yaaanawTbikTbiH GYTYH MaaHUCHHe
bapabap.

Acke anblHpI3, NporpaMMaHbl UWTETKEHAEH KniiMH 0-perncTpauH kanraH 6uTTepun (kKok gereHge n - k

WHOEKCTEPU MEHEH) XaHa Oaluka Gapablk perucTpnepavH 6apabik 6utrtepun kaanaraHganm oonyuly
MYMKYH.

+ (s =0) 6upuHun Tanwsipmacsl a[0],a[l],...,a[n — 1] caHaapbIHbIH apacsiHaH 3H
KnunHeker 6yTyH caHapl Tabyy. Taktan antkanpa, c[0] a[0],a[l],...,a[n — 1]
MuHumangyycy 6onywy kepek. c[1],¢c[2],. .., c[n — 1] maaHunepwn kaanaraHgan Gonyuuy
MYMKYH.

+ (s =1) akunum Tanweipma al0], a[l], ..., a[n — 1] kuprusunrex 6yTyH caHaapasl Gapabap

K€ ecyy MpeTn MeHeH upeTTee. Taktan antkanga, ap 6up ¢ (0 < i < n — 1) yuyH cli]
al0],a[l]...,a[n — 1] apanbireigarsl 1 + i - kuunHeken GyTyH caHra 6apabap Gonyuly
kepek. (6.a. ¢[0] - kKMprMaunreH caHgapabiH MYMHAEMM 3H KUYMHEKe GYTYH caH).
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Kpuctodhepre ywyn Tanwbslipmanapabl Yede TypraH, gaaH ken aMmec 6ynpykTaH TypraH
nporpaMmmMarnapabl 6epuHma.

Implementation Details

You should implement the following procedure:

void construct instructions(int s, int n, int k, int q)

s: type of task.

n: number of integers in the input.

k: number of bits in each input integer.

» @: maximum number of instructions allowed.

This procedure is called exactly once and should construct a sequence of instructions to perform
the required task.

This procedure should call one or more of the following procedures to construct a sequence of
instructions:

void move (int t, int y)

void store(int t, bool[] Wv)
void and(int t, int x, int y)
void or(int t, int x, int y)
void xor(int t, int x, int y)
void not(int t, int x)

void left(int t, int x, int p)
void right(int t, int x, int p)
void add(int t, int x, int y)

« Each procedure appends a move(t,y) store(t,v), and(t,z,y), or(t,z,y), zor(t,z,y),
not(t,z), left(t,z,p), right(t,z,p) or add(t,z,y) instruction to the program,
respectively.

« For all relevant instructions, ¢, x, y must be at least 0 and at most m — 1.

» For all relevant instructions, ¢, x, y are not necessarily pairwise distinct.

« For left and right instructions, p must be at least 0 and at most b.

« For store instructions, the length of v must be b.

You may also call the following procedure to help you in testing your solution:
void print(int t)
» Any call to this procedure will be ignored during the grading of your solution.
« In the sample grader, this procedure appends a print(t) operation to the program.

« When the sample grader encounters a print(t) operation during the execution of a program, it
prints n k-bit integers formed by the first n - k bits of register t (see "Sample Grader" section
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for details).
o tmustsatisfy 0 <t <m — 1.
» Any call to this procedure does not add to the number of constructed instructions.

After appending the last instruction, construct instructions should return. The program is then
evaluated on some number of test cases, each specifying an input consisting of n k-bit integers

al0],a[l],...,a[n — 1]. Your solution passes a given test case if the output of the program
c[0], c[1],. .., c[n — 1] for the provided input satisfies the following conditions:
« If s =0, ¢[0] should be the smallest value among a[0], a[1],...,a[n — 1].
o If s=1,foreach i (0 < i <mn — 1), c[¢] should be the 1 + i-th smallest integer among
al0],a[l],...,a[n —1].

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

e Invalid index: an incorrect (possibly negative) register index was provided as parameter t, a
or y for some call of one of the procedures.

e Value to store is not b bits long:the length of v givento store is notequal to b.

« Invalid shift value:the value of p givento leftor right is notbetween 0 and b
inclusive.

 Too many instructions: your procedure attempted to append more than q instructions.

Examples

Example 1

Suppose s =0, n =2, k=1, ¢ = 1000. There are two input integers a[0] and a[l], each
having k = 1 bit. Before the program is executed, r[0][0] = a[0] and r[0][1] = a[1]. All other bits
in the processor are set to 0. After all the instructions in the program are executed, we need to have
c[0] = 7[0][0] = min(a[0], a[1]), which is the minimum of a[0] and a[1].

There are only 4 possible inputs to the program:

Case 1: a[0] =0,a[l
Case 2: a[0] =0,a1
Case 3: al0] =1,qa[l
Case 4: a[0] =1,qa[l

I
o = O

]
]
]
]

We can notice that for all 4 cases, min(a[0], a[1]) is equal to the bitwise-AND of a[0] and a[1].
Therefore, a possible solution is to construct a program by making the following calls:

1. move (1, 0), which appends an instruction to copy r[0] to r[1].

2. right(1, 1, 1), which appends an instruction that takes all bits in 7[1], shifts them to the
right by 1 bit, and then stores the result back in r[1]. Since each integer is 1-bit long, this
results in 7[1][0] being equal to a[1].

3. and (0, 0, 1),which appends an instruction to take the bitwise-AND of 7[0] and r[1], then
store the result in 7[0]. After this instruction is executed, 7[0][0] is set to the bitwise-AND of
r[0][0] and 7[1][0], which is equal to the bitwise-AND of a[0] and a[l], as desired.
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Example 2

Suppose s =1, n =2, k=1, ¢ = 1000. As with the earlier example, there are only 4 possible
inputs to the program. For all 4 cases, min(a[0], a[1]) is the bitwise-AND of a[0] and a[1], and
max(al0], a[1]) is the bitwise-OR of a[0] and a[1]. A possible solution is to make the following
calls:

1. move(1,0)
2. right(1,1,1)
3. and(2,0,1)
4. or(3,0,1)
5. left(3,3,1)
6. or(0,2,3)

After executing these instructions, ¢[0] = r[0][0] contains min(a[0], a[1]), and ¢[1] = r[0][1]
contains max(a[0], a[1]), which sorts the input.

Constraints

« m =100

« b=2000

e 0<s<1

. 2<n<100

« 1<k<10

« ¢ <4000

e« 0<ali] <2 —1(forall 0 <i<n-1)

Subtasks

1. (10 points) s =0,n =2,k < 2,9 = 1000
2. (M points) s =0,n =2,k < 2,9 =20
3. (12 points) s = 0,q = 4000

4. (25 points) s = 0,q = 150

5. (13 points) s =1,n < 10,9 = 4000

6. (29 points) s = 1,q = 4000

Sample Grader

The sample grader reads the input in the following format:
elinel:snkq

This is followed by t lines, each describing a single test case. Each test case is provided in the
following format:

« al[0] a[l] ... a[n —1]
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and describes a test case whose input consists of n integers a[0], a[1],...,a[n — 1]. The
description of all test cases is followed by a single line containing solely —1.

The sample grader first calls construct instructions (s, n, k, q).Ifthis call violates some
constraint described in the problem statement, the sample grader prints one of the error messages
listed at the end of the "Implementation Details" section and exits. Otherwise, the sample grader first
prints each instruction appended by construct instructions(s, n, k, q) inorder. For store
instructions, wv is printed from index 0 to index b — 1.

Then, the sample grader processes test cases in order. For each test case, it runs the constructed
program on the input of the test case.

For each print(t) operation, let d[0],d[1],...,d[n — 1] be a sequence of integers, such that for
each ¢ (0 < i <mn — 1), d[i] is the integer value of the sequence of bits ¢ - kto (¢ + 1) - k — 1 of
register t (when the operation is executed). The grader prints this sequence in the following format:
register t: d[0] d[1] ... d[n —1].

Once all instructions have been executed, the sample grader prints the output of the program.
If s = 0, the output of the sample grader for each test case is in the following format:

« c[0].
If s =1, the output of the grader for each test case is in the following format:

« ¢[0]c[1] ... ¢[n—1].

After executing all test cases, the grader prints number of instructions: X where X is the
number of instructions in your program.
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