Operation Imaginary Il

Editorial



Typhoon Kompasu
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Problem Statement

You have a ruler and a compass.

Draw a N-units segment, given two points separated by 1 unit.
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Trivial Solution

Induction!

O(N)

Draw a line joining initial
Repeatedly draw circle ...
C =2000

Score:20.000
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Slightly optimized (C ~ 130)

Set B = block size.We find 0...2B — I, then extend it by B each time.

B=25C=129
B=30:C=125
B=31:C=125
B=32:C=125
B=33:C=125
B=34:C=125
B=35:C=126
B=40:C =129
B=45:C=133
B=50:C=139

2B+ N/B~2B"2=N=>B~ 32
Score: 48.000 (C = 130)
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Slightly optimized (C = |25)

C = 125 for this approach
Score: 49.298



Further optimized (C = 123)

We can skip the later part of first step if it is not used anyways
C=32:123
Score: 49.817
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Binary! (C = 22)

Why not!?
Repeat the block...
Define plot(a, b): plot 2b —a froma and b

0,1 ->2
,2->3
,3->5
3,5->7
C=122

Score:; 8|
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10111
Oll11
00111
00101
0001 |
00010
0000
00000
~ O(#bits = 1) =2 % |1 =22 (N = 1023)
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Further into the hole

Is there any solution better than C = 22!
‘Any points’

Is there any exploit on this?
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Hard bound (C >= 12)

Note that theoretical minimum = | + ceil(lg N) = 12 (N = 2000)
So the possibility is not large
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Further into the hole (C = 21)

10111
Ollll
00! Il
00101
0001 |
00010
00001
00000

Note that this is maximum when binary of N is mostly consists of |
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Further into the hole (C = 21)

Hardcode for N = 1023:

0,1,2,4,...,1024
Answer(l, 1024)
C =2l
Score: 82.5
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File Edit Search View Project Execute

[ & Ill o @»@ll% | s0 O EEE| /| % | db @ ||| g2o0a1s) v || 2] & @

m
o

Project Classes Debug co_geom.h testcpp kompasu.cpp kompasuh gradercpp selutien.cpp  grader_multiple.cpp
19 pair<int, int> X = intersections(cl, c2); ~
28 int perp = drawlLine(X.first, X.second);

21 pair<int, int> X2 = intersections(l, perp);
22 pl(a + b) / 2] = X2.first;
23 L}
24
25 [=] void kompasuiint N) {
26 1 = drawline(l, 2);
27 ple] = 1, p[1] = 2
28 int ¢ = @;
29 4 if(N == 1823 || N == 1535 || N == 1791 || N == 1919 || N == 1983){
38 plot(a, 1);
31 plot(a, 2);
32 plot(a, 4);
33 plot(a, &);
34 plot(@, 16);
35 plot(@, 32);
36 plot(@, 64);
37 plot(8, 128);
38 plot(8, 256);
39 plot(8, 512); | = e el Etin 0 g rader_mul
48 plot(8, 1824); :
41 [ if(N == 1823){
42 answer(p[1], p[1824]);
43 Jelse if(N == 1535){
44 ; plot(512, 1824);
45 answer(p[1], p[1536]);
46 Jelse if(N == 1791){
a7 ; plot(256, 1824);
48 answer(p[1], p[1792]);
49 Jelse if(N == 1913){
5@ ; plot(128, 1824);
51 answer(p[1], p[1928]);
52 Jelse if(N == 1983){
53 ! plot(s4, 1824);
54 answer(p[1], dfhos4l;
55 }
56 Jelseq{
57 |- for(int 1 = 8; (1 << i) < Nj di++){
SR H nlotic. ¢ + (1 << i%7%:
EE Compiler (17) I% Resources dj]] Compile Log Qﬂ Debug @ Find Results Close
Line Col  File Message 2

C\Users\User\Documents\code\problemsetting\TW...  In member function 'point line::unit{long double)’:
7 39 Ch\Users\User\Documents\code\problemsetting\ TW222...  [Error] expected '}’ before ')’ token
39 ChUszers\User\Documents\code\problemnsetting T

[Error] could not convert '{{{((line*)this)-=linexb * [} / stdusqre(((((ling*)this)->lineza * ((ling*)this)->linexa) + (((line®jthis)-=linexb * ((line*)this)-=>line:b))))} from "< brace-enclosed initializer list=' to 'point’

39 ChUsers\Usen\Documents\code\problemsetting\ T

T [Error] expected ' before ')’ token
7 39 ChUs

s\User\Documents\ codelproblemsetting’, . [Error] expected primary-expression befare )’ token
G ‘.Llsers‘.Llser\Documenis\code\prohlemsettmg\'lw ...  In function 'point intersection(line, line, int)":
111 as T leers e Narimentst cadet nenhlemsettina TW3 22 [Frrarl "WWA' weas nnt derlared in thic srnne v
Line: 54 Col: 32 Sel: 0 Lines: 66 Length: 1371 Insert

23:01

25/5/2022 L"_"l



Further (C = 20)

Hardcode for these cases with many ‘I’s!
N = 1535, 1791, 1919, 1983 (bounded by N = 2000, or actually more)
Note that just use (l,2*M, 2AN) is sufficient

C=20
Score: 84
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File Edit Search View Project Execute

[ & Ill o @»@ll% | s0 O EEE| /| % | db @ ||| g2o0a1s) v || 2] & @

Project Classes Debug

m
o

co_geom.h test.cpp kompasu.cpp kompasuh gradercpp selutien.cpp  grader_multiple.cpp

19 pair<int, int> X = intersections(cl, c2); ~
28 int perp = drawlLine(X.first, X.second);
21 pair<int, int> X2 = intersections(l, perp);
22 pl(a + b) / 2] = X2.first;
23 L}
24
25 [=] void kompasuiint N) {
26 1 = drawline(l, 2);
27 ple] = 1, p[1] = 2
28 int ¢ = @;
29 4 if(N == 1823 || N == 1535 || N == 1791 || N == 1919 || N == 1983){
38 plot(a, 1);
31 plot(a, 2);
32 plot(a, 4);
33 plot(a, &);
34 plot(@, 16);
35 plot(@, 32);
36 plot(@, 64);
37 plot(8, 128);
38 plot(8, 256);
39 plot(@, 512); -l
18 plot(d, 1024); iy
41 [ if(N == 1823){
42 answer(p[1], p[1824]);
43 Jelse if(N == 1535){
44 plot(512, 1824);
45 answer(p[1], p[1536]);
46 Jelse if(N == 1791){
47 plot(256, 1824); I . R
= answer (p[1], p[1792]); r_mnltiple 0 er_mul
49 lelse if(N == 1919){ | , )
5g © plot(128, 1024); Lin ] mu 1
51 answer(p[1], p[1928]);
52 Jelse if(N == 1983){
53 plot(s4, 1824);
54 answer(p[1], dfhos4l;
55 }
56 lelseq ; ) , , ,
o T for(int io= @ (1 << i) < N; iee)d C:'lze ? ) Lin 3 =P+t r_nultiple.c ntion. y er_mul
5R H nintic. ¢ + (1 << 117
EE Compiler (17) I% Resources dj]] Compile Log Qﬂ Debug @ Find Results Close =
Line Col File Message

C\Users\User\Documents\code\problemsetting\TW...

In member function 'point line:unit(

7 39 Ch\Users\User\Documents\code\problemsetting\ TW222...  [Error] expected '}’ before ')’ token
7 39 ChUszers\User\Documents\code\problemnsetting T [Error] could not convert '{ ne*ithis) |
7 39 ChUsers\Usen\Documents\code\problemsetting\ T [Error] expected ;' before ')’ token
7 39 ChUszers\User\Documents\codelproblemsetting’y . [Error] expected primary-expression befare )’ token
C‘.Llsers‘.Llser\Documenis\code\prohlemsettmg\'lw.. In function ‘point intersection(line, line, int)":
111 as T4 leersh  ee Dnrnmentsh cadet nrnhlernssttine TUWI2 22 [Frrarl "WA' wras nnt declarerd in this srnne 0
Line: 54 Col: 32 Sel: 0 Lines: 66 Length: 1371 Insert

23:

o 25,'5,;4)22 ~



Can it be further?

As you see there are a lot of equal cases
Hard-code-each-then Ceanbereducedto{9
Too time consuming!

Time to change our approach

Is there any general method to tackle the case that there are many ‘I’s?
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C=15

If there are two ‘I’ continuous, we move left by |
We can ignore smaller bits recursively

C=15

Score: 91.5
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File Edit Search View Project Execute Tools AStyle Window Help

[ & BE 2| B 5| EE s0 O EEE| /| % | db @ ||| g2o0a1s) v || 2] & @

Project Classes Debug co_geom.h testcpp kompasu.cpp kompasuh gradercpp selutien.cpp  grader_multiple.cpp

#include “kompasu.h”

#include <bits/stdc++.h>

1

2

3

4

5 using namespace std;
6 map<int, int> p;

7

8

9

int 1;

18 [ wvoid plot(int a, int B){

11 int ¢ = drawCircle(p[b], pl[al);

12 pair<int, int» X = intersections(l, c);

13 p[b * 2 - a] = (a <« b ? X.second : X.first);
14 L 1

15 B sSETER - o x
16 [ wvoid mid(int a, int b){

17 int cl = drawCircle(p[b]l, p[al); i
18 int c2 = drawCircle(p[al, p[bl);

19 pair<int, int» X = intersections(cl, c2);

28 int perp = drawline(X.first, X.second);

21 pair<int, int> X2 = intersections(l, perp) 11
22 pl(a + b) 7 2] = X2.first;

23 L1

24

25 [=] void kompasuiint N) {

26 1 = drawline(l, 2);

27 ple]l = 1, pl[1] = 2;

28 int ¢ = @;

29% for(int 1 = @; (1 << i) < (N + c); i++){

38 [— AF(((N + ) & (1 << 13024

31 plot{c + (1 << i), c);

32 c -= (1 << 1);

33 Jelseq{

34 plot{c, ¢ + (1 << 1));

35 - }

36 | }

37 answeri(p[c]l, p[N + cl);

33 L}

EE Compiler (17) I% Resources dj]] Compile Log Qﬂ Debug @ Find Results Close

Line Col  File Message

C\Users\User\Documents\code\problemsetting\TW...  In member function ‘point line:unit( :
7 39 Ch\Users\User\Documents\code\problemsetting\ TW222...  [Error] expected '}’ before ')’ token

- .

39 ChUszers\User\Documents\codelproblemsetting  TW222...  [Error] could not corvert {((({line®)thi

7 39 Ch\Users \Documentshcodelproblemsetting\ T [Error] expected ;' before ')’ token
7 39 ChUszers\User\Documents\code\problemnsetting\ TW222...  [Error] expected primary-expression before ') token
Ch\Users\User\Documents\code\problemsetting\TW...  In function ‘point intersection(line, line, int)':
111 as T leers e Narimentst cadet nenhlemsettina TW3 22 [Frrarl "WWA' weas nnt derlared in thic srnne v
Line: 21 Col: 28 Sel: 0 Lines: 38 Length: 792 Insert
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Final Countdown (C = |2)

Move left move right repeatedly

Theoretical maximum!

C=12
Expected Score: 100
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Circle-circle intersection is never used!

Indeed, this is just a camouflage since it is unnatural to ‘ban’ circle-circle
intersection ©
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DVD Logo
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Problem Statement

A DVD Logo bouncing, starting at (x,y) and initially move (vy, v,,) per second.

If it will eventually hit the corner, output YES on the first line and the time needed
on the second line.

Otherwise, output NO.
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Subtask |

v, =0
1< N,M <1000

Trivial case work.

e y=0orM - YES
e QOtherwise - NO
Score: 7
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Subtask 2

Uy =1, =1
1<N,M <1000

Simulate.

Remember to check first whether it is initially at corner.

Score: 30
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Subtask 3

N and x is divisible by v,
M and y is divisible by v,,

If v, is negative, can set v, := —v, and x := n — x without changing the answer.

Similar for V).

Speed up simulation.

Score: 45
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Partial Score - Yes/No only

Extend the TV

We have N | x + tv_x,M | y + tv_y, t is a rational number
SoaN=x+tv. x,bM=y+tv y

t=(@N-x)/v x

bM=y+ (aN-x)/v x*v y

bM*v x—aN*v y=y*v x—x*v y

SoYES iff (bv_x,av_y) |y *v. x—x*v_ y

Score;: 35.6
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Subtask 4-5

bM*v x—aN*v y=y*v x—x*v_ y
Seems complicated!

But it is just in form of
bX-aY=2Z,X=Mv._x,Y=Nv_ y,Z=yv x—xv_y

Since X and Y are nonnegative integers, we may increase X andY depending on
bX—-aY >ZorbX-a¥Y<Z

If bX —aY > Z, increaseY by |

If bX —aY < Z, increase X by |

If bX —aY = Z, we have find the solution: output t = (aN - x) / v_x

Repeatedly until X andY are too large (e.g. > 1e6),and output ‘NO’
Score: 83 (wrong initial: 28.8)
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Subtask 6

Solve bM*v x—aN *v y=y*v x—x*v_yby extended euclidean algorithm
Note thata>=x/Nandb>=y/M

Solving it and we are done

Remember to compute division in floating point in the last step
Score: 100
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Colourful Highlighter
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Problem Statement

There are N highlighters

You may do the two type of operations:
moveLeft(i): Move the highlighter currently indexed i to left end.
moveRight(i): Move the highlighter currently indexed i to right end.

Find the minimum number of operations needed, and output any one of the
possible sequence of operations.
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Subtask |

Hard code each of the 6 cases for N = 3
| 2 3
| 32
213
231
312
321

Score: 5

foiTeam 32



Subtask 2

Brute force simulation
Observation |.You never move a highlighter more than once.

Therefore, you may just choose an order and ‘L’ or ‘R’ and simulate them.
Time Complexity: O(N * N! * 2AN)

Score: |7
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Subtask 3

Define L and R the number of times moveleft() and moveRight() is used
respectively

Observation 2: moveleft() and moveRight() does not affect each other

Observation 3a: If L and R is fixed, if c_i are all unique, then there exist only one
possible choice to move the highlighters, from large to small in value for L and
from small to large in value for R.

Just go through all pairs of L, R, and find the order
Time complexity: O(N”3)
Score: 28 (Cumulative: 40)

7S BiTeam
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Subtask 4

No longer holds as there are equal values in c_i

Observation 3b: If L and R is fixed, there exist only one best choice to move the
highlighters, from large to small in value and index for L and from small to large
in value and index for R.

L increase -> R increase, so just have to check O(N) pairs of (L, R)
Remember subtask | cases

Time complexity: O(N”2)

Score: 53
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Subtask 5

To maintain whether an array is sorted, we may notice that if it is sorted, then there
exist a boundary for C = | and 2

We maintain the left and right bound of C = | and 2 respectively, and update them
accordingly

O(l) update when L or R change

After finding L and R, just choose the last L ‘I’ and first R 2’ and move them to the
left and right respectively.

Time complexity: O(N) or O(N Ig N)
Score: 30 (Cumulative: 83)

7S BiTeam
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Subtask 6

Combine idea of subtask 4 and 5

Use a set to maintain the ‘sorted’ sequence in the middle
Increase R until can’t, then increase L

Time Complexity: O(N Ig N)

Score: 100
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Blossom Tree
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Problem Statement

ARG TR - BWE - B -
BEREE R - BEEE Tl —REmEE -
HRENSSE - SERRBES -

RWBMTEE - BARE - PANE - BXEME -

III

- T8 )

Ii/F
i

There are N trees in [-P, P], each at position x_i with lightness of | i
The contribution of light by tree i at position x is max(0, |_i —abs(x — x_i))

Find the dimmest position and the respective lightness

7S BiTeam
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Subtask |

For N = |,
Check x = -P and P Find the dimmer one.
For N = 2,

Check x = -P, P and start/end point of each light segment in the middle.
Always remember to find the one with the largest index

Expected score: 8
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Subtask 2 (Solution 1)

Loop over N and P

For each positioni = -P,-P+1, ..., P:
light =0
for each tree j:
light +=1_j — abs(i — x_j);
update ans

Time complexity: O(NP)
Expected Score: |2
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Subtask 2 (Solution 2)

Loop over N and | instead

For each tree i:
for (j = max(P, x_i—L_i);j <= min(P, x_i + |_i);j++):
light[j] += |_j — abs(i — x_j)
check ans
Score: |2 (Cumulative: 20)
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Subtask 3

Special points
Note that only the points —P, P, x[i] — I[i], x[i], x[i] + I[i] are ‘special’

For any other points, we can move left or move right to further minimize the
lightness

[add graph]

There are O(3N) special points

Time complexity: O(3N) * O(N) = O(N”2)
Score: 30 (Cumulative: 50)
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Subtask 4

Partial-partial sum

Or just sort the indexes and maintain it on the go

[Insert diagram here]
Score: 45 (Cumulative: 83)
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Subtask 5

Combine idea of subtask 3 and 4

We may maintain the double partial difference and compute back the lightness of all
the special points

Score: 100
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