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Subtask 1 (36 points)
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Subtask 1/2 (100 points)

Subtask 20145 $19} 5T 2 WE-L A4t} 54 A4 (Dynamic Programming) & AH8-3}
o] Z}7o] B8 gArgo] WAL BN oA E O(1)ol TEFUT}. DPJi,j|Z [i,j] 71re] £Ao]
B E 1] ohd S AAsHs Beldl vhdoletn Az ek DPJi, it DPfii + 11& 714 24
o3, 71 ¢1¢] B¢ DPi,j] = (DP[i+1,j—1] & S[i] == S[j]) 9 22 ¥atlo] JAghich 227}
271 Tl o] ool W4 DP MidE A4S £ 4 9T, AAE T Hadl 28 FAE
21 gk o207 {9 7} F2] & DP Hjd ejo] 0(Q), 7 Mol 0(Q) 7t Sol4 0(Q)el
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oqgoez, o] ZAE O(QlgQ)el sfdst= dilelEs T2 20159 =7°] EAFYTE https://
arxiv.org/abs/1506.04862
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Subtask 2 (20 points)
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J=i

Cjx —jC;+ Djt1)9] 717 C;7} @& 74Ast7] w&of 2511244 2] upper bound
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J=t
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Subtask 1/2 (40 points)

CARGE Hash sHs 990 BACIAL, BAS A4 BAIZ koA ol tie o] Bl she
Hzto] 2 gelA st A8 SolA, AA7A F= BAZL A k7] partition AF§81A
B o] HUgt M2E Hasfetele ehs 24k BAGTH, o2 ARsA "2 partitiond] £
S8 M2 o5t2 §AAZIEA kA olake] partitioningo] 7H5 @71 o e A BAE WS
AT M2l ik ol FAlo] 7H5517] Wiel, o] A4 FAS w2 A & 4 Irte, o] 2%
2AZ 60 WA AR BAZ F 4 U

A2 A B AT 27 29 =Y, o] A% EAE O(N?) Aol sidst7|vt s FUth o] o] 4]
Sredl, @A) 18] X7} 1 AL faol deA, AT U475 G A1 7 70 BolE
T, o] 2 AA AN A AASHE A5 k¥ WA Fuyoh oA Tofl, A Aol A Xi7h 7H
2o A2 712 5 37| 19 partitione TS0 F11, AE7t M2E Y2 &L w712 o] partition
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a8 % gk

2AE AFet] AL, 9 BAY St HAL Fot
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BUE - Z by W F A S O(F - S+ 1) 22 4 Atk YU ol F b Pug

S7vo] ZAW A~ 3 (Convex Hull) F6}7] : 781~ .o Jutzd o @ O(Nlog N) 9] A7 B
231 Graham Scang AFE31AIT, 0]7] A 7o) Q= 450] X, 02 Feslol
O(N) A7t X & 9] Andrew’s Monotone Chaing AF8S 4= Q5L t}.

A doA 71 H & A Tol7] ¢ o]+ Rotating Callipers H'H-2 AFESH Al O(N) |
A" & U= 2 I EAJYc) oo A= http://junis3.tistory.com/6x}
http://codeforces.com/blog/entry/48868 & ZISHIA L.

SEAgE, o] WS gkt stelets Slo] gl O(N?) Het #he
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275 WA Uk wop] s Al g Bl 24 Bt
W ol Azl Bjg sl ol URL sbgthd ¢ danelEe A
JHIE 57 2y

e jo B 1N

O

JE1g gHlE a] Slsha Azl 2 4 gl ofoltloli, ofmgt ARHelA B HE 2 ),
g 2Avte] Aele] Hlelshs WY ol R BAS 8] B AU X, ol WA
A7) Nol okt Zgute] A Lol vlelshA B, (L + Ly + - + L) = N o] 552
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Winter Olympic Games

Subtask 1/2 (47 points)

O(N?)oll BAIE si2st7] 1t 7P Fash #-2, ot 22
wAE e gholl o= AL 19] A7t 71 gotof gk Ayt
7t of ¥ T2 ARde Fui7t ok 7] wizoll, o1 £Ard o] ¢
olF thS EA7}F HloIAL 00] HUTHA, S = k2 T HIR o] Ho 12 BolFE A
Hdgyct. o] wEg Tl oA “Z}OU A SE Al & 4 syt

7] gaAE of
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Subtask 1/2/3 (100 points)
S O(N) ARFE A5t ke A 7H) g st
o U4 ¥ @ (Suffix Array). 9|55 o]z, BAIGe] RE HulAE AAL0R A
AT BAHs] LR AT B AGS 27 Aefot 0] SAe] s R st
B1Z2, O(Nlog® N) (=& Manber-Myers) O(N log N) (Manber-Myers) O(N) (DC3) A=
o A7 BT FAY & T AT AGo] 7] TR o] F olwT BHL AFEtolE
U,
e 34 (Hashing). 1405 BAS |25k d] QlolH 71y 228 BEL, 5 suffix O(log N)
off Blaldk= Aol 7Hedhtt= AdUH s F FE22Ad o] 221 O(1)o BEE == 3
o 4, ojH et F F&E B2 ] LCP (Longest Common Prefix) & o] &42 53] O(log N)
of 2t & 4= HUTH T BE 2299 LCPE %2 o|Sot 47 T Expdo] APH & H]
L ]

L = AsHT O(V)7H] 94 T 2Pghe 2, Rl vl d4to] O(log N)olY

S

Yrt,

Xtreme NP-hard Problem

Az fabsfof & A2, k > nolAY k > mel % %% H=E W7 St A 7h4A 9] AfeTt
FZoto] go] REEA] —10]2t= APt wetA s 35 ALIstH min(n,m, k) = ko] E|B=
AEEAT 2AS k< (k<3,k<4k<5)] oma; Ag S E
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ES k=ad wjo] Eo]E A, k <ad W9 Eol= ST 4 A5y oH zo] EHOH k=28
TEshe 459 Eol& totd, o — k7l 9] A A e o A A WA A4 BH, A HA
AA BT T W AN B AR P A BHTR FEAE 09 S ofoin, ohAlat
dA e A Ao r AR 5k =2d o] EolE AEA22N k <29 AFE HEL 5 3
SUT A=, of 9] Eolg2 Wedl k= {3,4,5} & o sjEsk= Eol7b otk k <3,k <4,k <5
o uf 47 BAS AP BolR ALEE 4 st

Subtask 1 (19 points)

k=3c2= 191 ZANnd FHS de e A2 {Lo,y,n} O FEIAUT ol o {z,y}n{l,n} =
0 4ol §oJekot STk o] AHEATE Ehale], o SAE Sdoks A4 ofoldol A=l 7o
o A8 A2 BF AEsiie AdUe. 5, o] BT ¢ {z,y} TS BF A=ESEE

At

whebd 1 Aol RE (1,2} 7HAe] sl 1 7FEAS wol AT, mRIFEAR BE {y,n} 7Ho]
dal 2 7FEAE yoll AR 0|2 AAe DA HolBo] AR T, o £ n,y £ 1S WESHE
BE {r.y} ZP0] ol w(l,z) + w(z,y) +wly.n) O AL Fow Utk (w(ij)e s j2
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Credits
Problem | Author Preparation Editorial
P Hanpil Kang | Hanpil Kang | Hanpil Kang
Q Jaehyun Koo | Hanpil Kang | Jaehyun Koo
R Jaemin Yu Jaemin Yu Jaemin Yu
S Taehyun Lee | Taehyun Lee | Jaehyun Koo
T Jaehyun Koo | Jaehyun Koo | Jaehyun Koo
U Jaehyun Koo | Jaechyun Koo | Jaehyun Koo
Vv Jaehyun Koo | Hanpil Kang | Jaehyun Koo
W% Jaehyun Koo | Jaemin Yu Jaehyun Koo
X Minkyu Jo Minkyu Jo Minkyu Jo
Y Hanpil Kang | Hanpil Kang | Jaehyun Koo
Z Jaehyun Koo | Jihoon Hyun | Jaehyun Koo
PuyoPuyo

Subtask 1 (63 points)

The limits are small, and the final grid doesn’t contain component of size 4 or larger. Thus the

problem can be solved by simply stacking up each block one by one. How can we stack up a single

i

block? See the picture below :

|

-

This simple method can stack one block with 3 operation, thus solving Subtask 1 with 48 operations.

Note that you should stack each block row by row.

Subtask 1/2 (100 points)

We can reduce the operation of above algorithm. Observe that columns with even height can be

simply made with g operation by simply stacking Puyo pairs. So, we have to handle odd height. To
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handle this, we can put one block in each row using the above procedure, and stack the remaining
even pairs with above algorithm. The largest possible number of Puyo pair used is % x 20 = 240,

which is sufficient for this problem.

QueryreuQ
Subtask 1 (36 points)

Subtask 1 can be solved using a relatively simple algorithm. Note that only palindromes containing
last letter of string will be disappeared / appeared in each query. As there are at most O(Q)
palindromes containing the last letter, you can naively check whether they are palindromes or not

- this yields an simple O(Q?) algorithm.

Subtask 1/2 (100 points)

The approach remains same in Subtask 2, but we use dynamic programming (DP) for checking
whether each substring are palindrome. Let D PJi, j| be a boolean matrix storing whether substring
on [4, j] is palindrome or not. DP[i,i] and DP[i,i+ 1] are the base cases, and in other cases recur-
rences DPJi, j] = (DP[i+1,j—1] & S[i] == S[j]) will hold. With this DP matrix, we can calculate
whether each substrings are palindrome are not, in O(1) time. When new characters are added
we can modify DP array according to this definition, and when characters are deleted we can just

ignore the last column. This makes each query O(Q), and the total time complexity becomes O(Q?).

As a side note, there is a paper which describes an O(QlgQ) solution to this problem. https:
//arxiv.orqg/abs/1506.04862

Recipe

Subtask 1 (17 points)

If the ingredients are bought on ith day and cooked on jth day, it can be regarded as the interval
[i, j]. This interval has a weight (F; — j + i) x Cj. Then, the problem of dividing the interval [1, N]

into several consecutive subintervals to maximize the sum of the weights of them is to be solved.

Using dynamic programming with the following formula, you can solve it in O (N 2), and get the

score for Subtask 1.

N
Di:min{(Fi—j+i)Cj+Dj+1} if Lj <F,—j+1 (3)
j=i



https://arxiv.org/abs/1506.04862
https://arxiv.org/abs/1506.04862
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Subtask 2 (20 points)

If F; falls into a negtive number, this case cannot be the optimal solution. Therefore, cooking always
occurs before the freshness of the food becomes negative. If all L; is 0, L; < F; — j + 4 always be

held, so you can ignore it.
To use |Convex Hull Trick (CHT), the formuula can be changed to the following.

N
Dj = min{(F; +1) Cj = jCj+ Djay  if Lj+j<Fi+i (4)
J=i

The slopes C; of the lines f;(z) = Cjz — jC; + Dj41 is monotone decreasing, so that an upper
bound of the convex hull can be managed. (It is easier to fill the dp table from N to 1. Note that
the C; is monotone decreasing in this direction.) If you do not consider about if statement and

just use CHT optimization, you can get the score for Subtask 2.

Subtask 1/2/3 (100 points)
Only some f;(x) which satisfies L; 4+ j < Fj+1 is used to calculate D;. It means that the line f;(x)

is actually the half line defined on [L; + j, 00).

Otherwise, you can manage half lines efficiently. The upper bound U;4; of the half lines fi 11, fito, -+, fnis

increasing function. When we make U; by adding f; to U;y1, there are two cases.
N
1. Uy > fi for all x€ [min (L; —|—j),oo>
j=i

N
It can be determined by comparing between f;(x) and Usy1(z) when = min (L; + j).
j=i

In this case, f; is always not greater than U;;1 for all  in the domain of U;41, so that U; can
be constructed by appending the f; to the front of U, if f; is defined on the left side of the
Uit1.

2. dzg st Uipi(z) < fi(z) if xz<zo and Uppa(z) > fi(z) if x>z

Otherwise, some z( exists such that f; is greater than U,y on [L; + i, zp). Erasing half lines

on [L; +1i,x0) and insert f; allows to construct Uj.

Using balanced binary tree, all above tasks can be done in O (N log N).

There are other alternative solutions, which all fits in time limit :

e This problem also can be solved in O (N log? N ) without monotone increasing condition of

C;, if you use Li Chao segment treel



http://wcipeg.com/wiki/Convex_hull_trick
https://e-maxx-eng.appspot.com/geometry/convex_hull_trick.html
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e You can use divide and conquer to solve the whole problem in O(N log N), without any com-
plicated data structures. If C; is not monotone, this solution can be adapted to O (N log? N )

time complexity.

e As L; + i is in range [1, 300000}, you can maintain CHT in each node of fenwick tree, it can
be solved in O(Nlog?N).

Segmentation

This problem can be easily solved with standard data structures such as "Map”. The hardest part
is to retrieve the (r, f) information for each users in query. This can be solved by making two maps,
which takes each user’s name as a "key”, and each user’s last apperance time, and the frequency
as "value”. map in C++ and TreeMap in Java can be used to solve this problem. If you replace
maps as simple arrays, or Hash Maps which have worst case O(n) time complexity, then you might

get time limit exceeded.

With (r, f) information given for each query, it’s straightforward to solve the given problem. For
implementation, we recommend to use arrays to find the results for each (r, f) pair - rather than

using lots of if-else cases.

Touch The Sky

Subtask 1 (22 points)

The most convenient observation is noticing that the problem is actually about task scheduling.
Consider a standard ”Deadline Scheduling” instance - Bursting the balloon corresponds to a ”task
completion”, and altitude increment corresponds to ”task processing time”. Now, the deadline for
a single task is the "time limit for starting a certain task” (L;) + ”processing time” (D;). Now, we

can model our problem as the following optimization problem :
e Task is started at time 0.
e It takes D; time to process i-th task, and the deadline is D; + L;.
e You should process the maximum number of task.

Rather than thinking about the maximum number of task, let’s just think whether we can process
all tasks or not. The best way to process all the task is to start with the task with least deadline
(Deadline first scheduling). The optimality of this method can be proven with exchange argument

- there is no advantage for doing the task with longer deadline first.
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This single observation yields a solution for Subtask 1. We enumerate all the subset of tasks, and
check whether all the task in the subset can be processed. If we assume that tasks are sorted by
deadline (D; + L;), we can find whether we can process all tasks or not, by simply processing it in
order. The whole problem is solved in total time O(2 x N).

Subtask 1/2 (55 points)

To solve subtask 2, we can optimize the above algorithm with Dynamic Programming. For conve-
nience, let’s sort all tasks by deadline from now on. To use dynamic programming, observe that
only two parameters matter : we only care whether "how much balloons we burst”, and ”how much
we ascended while bursting the balloon”. For fixed number of bursted balloon, we want to minimize

our height (as we want to minimize the total used time).

Now, we can come with a recurrence DP[i][j] = (minimum height after bursting j balloons among

1 first balloons). We have two state transitions :
e Case 1. DP[i — 1][j] : i-th balloon can be ignored.

e Case 2. DP[i —1][j — 1] : If DP[i — 1][j — 1] + D[i] < DI[i] + L[i], we can burst ith balloon.
Thus we can update D PJi][j].

Maximum number of bursted balloon can be retrieved by scanning D P[n][*]. Total time complexity
of this algorithm is O(N?).

Subtask 1/2/3 (100 points)
An intuitive approach

Suppose we inductively calculated the maximum burstable balloon subset among first 7 balloons.
If we can insert 7 4+ 1-th balloon in this set, we can just insert it into the set (why not). The prob-
lem arises when ¢ 4+ 1-th balloon can’t just be inserted. Now we should make a choice - we could

not insert i+ 1-th balloon at all, or we could insert the balloons by removing some existing balloons.

Now we will strengthen the condition. Suppose we inductively calculated the maximum burstable
balloon subset among first ¢ balloons, and in case of tie we calculated the one which minimizes
the final altitude. If we can insert ¢ 4+ 1-th balloon without problem, we can just do it to increase
subset size - suppose otherwise. Now we might attempt removing some balloons, and insert i 4 1-th
balloons. Now, the single balloon which is best to remove is, the one that increases the altitude

highest. If replacing it to ¢ 4+ 1-th balloon reduces the final aititude, we can just do it.

Our above algorithm is indeed correct, and it can be implemented with heap in O(N log N) with

very short code. However, the explanation given above is not a full proof - we dismissed many




2018 KAIST RUN Spring Contest alex9801, etachyun4, HYEA, ko_osaga, platinant

possibilities which is not intuitive, but might give a better results. Now, I will try to give a rigorous
proof for above algorithm, which starts from Subtask 2 solution. Don’t start If you don’t fully get
the algorithm for Subtask 2!

A rigorous proof

For all 0 < i < N,0 < j <4, we define S; ; as size-j balloon subset, wihch is a subset of first ¢
balloons, and fully burstable in deadline order. If there are more than one such subset, we pick the

one which have minimum altitude sum. If there are no such subset, we call it ”"undefined”.

Lemma 3. Spo =0, and for all 1 <i <n,0 < j <4, there is at most 2 candidates for .S; ;, and we

can just pick the one with smaller altitude sum.

o If 5 >0, and S;_1 ;—1 is defined, and S;_1 ;1 U {4;} is fully burstable in deadline order, this
is a valid candidate. (Choice 1)

e If S;_1; is defined, this is a valid candidate. (Choice 2)
Proof. Easy induction. O
Remark. This lemma is a translation of DP which solves subtask 2.
Our next lemma is the core of the problem, which shows why every operation is doable in heap :
Lemma 4. If S; ;1 is defined, then S; ; is defined, and S; ; C S; j41.

Proof. 1t’s obvious to see that if S; ;11 is defined, then S; ; is deifned. Because removing any ele-
ment in S; j41 doesn’t change that the set is fully burstable in deadline order. Let L; the maximum

Jj such that §; ; is defined. Now, we show S; ; C S; j4+1 by induction on i.

If i = 0, Soo is only defined - trivial. Suppose ¢ > 0. By inductive hypothesis, for all 0 < j <

L;—1, Si—1; C Si—1,;+1 holds. However, S;_1, , can be bursted in deadline order, so remov-
ing any elements in S;_17, , doesn’t change the fact that it can be bursted in deadline order.
Thus we can always remove the element with maximum altitude difference, when we make S;_1 ;
from S;_1 j4+1. Let F'(S) a sum of altitude difference for elements in S. By previous observation,

F(Sijy1) = F(Si;) < F(Sijt2) — F(Sij+1) holds.

Now we prove that, when inductively building S; ; from smaller j to larger j, there exitst a single
point x where for all j < x we pick Choice 2, and for all j > x we pick Choice 1. Thus, if we write 5; ;
in increasing order of j, we get a form of S;_1,0,Si—1,1, - ,Si—1, Si—1,; U{Ai}, Si—1 j41 U{A:},---.
If such property holds, for all adjacent subsets we have S; ; C S; j 41, thus completing the proof.
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To prove this, it’s enough to prove that there exists no j such that S; j = S;—1 j—1 U{4;}, Sij+1 =
Si—1,j+1 holds. If we show this, then after adding A; into the set (the point z), we will never go
back before. Suppose that we pick Choice 2 in case of tie in sums. Then :

F(Si—1,-1) + F({Ai}) < F(Si-1,)

F(Si—1,j+1) < F(Si—1,;) + F({A:})

F(Si—1j41) — F(Sim15) < F({Ai}) < F(Si—15) — F(Si—1,5-1)

F(Si-15) = F(Si—1-1) < F(Si-1,541) — F(Si-1)

This is a contradiction, and the proof is complete. O

By Lemma 4, we can notice that the ”intuitive algorithm” actually maintains S; 1, inductively. If
L; 1+ 1= L;, then we insert A; on heap and continue. Otherwise, we have two choices - either
picking S;—1.1, , or S, ,—1U{A;}. Now, we can see that S;_1 , ,—1 is actually S;_; 1, , with its
maximum removed, so it can be easily computed. If we determine the optimal set from both, we

can compute S; r,,, which explains why the ”intuitive algorithm” works.

United States of Eurasia

Subtask 1 (20 points)

Subtask 1 can be solved with dynamic programming. Assume that every points are sorted accord-
ing to x coordinate. Let Cost[i, j] be a maximum distance among point pairs in interval [z, j]. For

convenience, assume Xy = —1. We can now derive a following recurrence.
DP[Z,]} = mink<j’Xk7ng+1 (max(DP[z -1, k], COSt[k + 1,]]))

Time complexity is O(N?), and slower solution which computes Cost[, *] in O(N?) will also pass
if effeciently implemented. However, it doesn’t seem easy to reduce time complexity further with

this approach..

Subtask 1/2 (40 points)

For a problems which ”minimizes the maximum”, the technique of converting it to a decision
problem is well known. For example, if the original problem is about ” minimizing maximum split-
tedness with at most k partition”, we can convert it to a problem of ”partitioning with at most k
partition while maintaining splittedness of each partition at most M”. If we can solve such decision

problem efficiently, we can use binary search on answer, to solve the original problem.

It turns out that it’s actually not very hard to solve this decision problem in O(N?) time. For an

element with minimum X;, we find a longest interval containing this point, which have splittedness
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at most M, and remove all numbers in that interval. With this algorithm, it performs O(N)

operation for each element, thus solving the whole decision problem in O(N?) time.

Subtask 1/2/3 (100 points)

For solving the whole problem, we first find the geometric properties of the problem, and exploit
it in order to reduce the time complexity. First idea is that we can calculate the ”splittedness” of
interval [S, E] in O(E — S + 1), which is a combination of these two ideas :

e 1. Finding a convex hull of points in interval : In most cases we calculate the convex hull
with Graham Scan algorithm, which have O(N log N) time complexity. However, the elements
are sorted in order of x coordinate, so we can use faster approach - Andrew’s monotone chain

algorithm computes the convex hull in O(N) time, assuming the points sorted in x coordinate.

e 2. Finding a farthest pair of points in convex polygon : This is a well known problem
which can be solved in O(N) with rotating callipers. You can learn about it here : http:
//codeforces.com/blog/entry/48868.

Still, this is not enough to reduce the time complexity from O(N?). However, now it might be
tempting to use O(K N log N) algorithm, which finds a endpoint of interval for each corresponding
startpoints. This algorithm indeed works fast if the intervals are enough large (about half of all),
but it will waste too much time if the intervals are smaller than expected - the algorithm wastes

most time doing too much optimistic guesses.

To reduce wastes that arises from too much ”optimistic” gueses, we can try an alternative binary
search, which takes time proportional to the answer - the length of a maximum interval. If the time
taken in binary search is proportional to the length of interval, then the total time taken by an

algorithm is proportional to N - thus, we can find an algorithm that is close to linear time!

For an "alternative binary search”, think about this approach : for some startpoint S, we can find
a minimum 7 which interval [S, S +27~! — 1] can be partitioned, but interval [, S +27 — 1] cannot
be partitioned. Now, let’s fix the endpoint of interval in range[S + 27! — 1,8 + 27 — 1] and try
a binary search. Our binary search uses O(log N) queries for farthest pair of points in interval,
and the intervals used in each queries is at most two times the maximum length of interval. Thus,
if the maximum length of interval is L, each binary search takes O(Llog N) time, and the total
decision problem is solved in O(N log N) time. Thus, the whole problem is solved in time complexity
O(Nlog N log X).



http://codeforces.com/blog/entry/48868
http://codeforces.com/blog/entry/48868
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Voronoi Diagram

To approach this problem, we solve the problem for each edge, and sum all the answers afterwards.
For each edge e = {u, v}, the area is not demarcated at all (every location is closest with a single
vertex), or there exists a point such that every point left to such passes through u, and every point
right to such passes through v. This cases can be handled with simple calculation if we know the
closest vertex in set S for a vertex u, v, and the distance with such. Also, you can now notice that

all answers are either integers or half an integer (thus no need for floating point arithmetics).

Now the problem reduces to the following : for each vertex v € V(G), find a vertex in S which is
closest to v. This can be easily computed with Floyd-Warshall, which gives O(N?) algorithm and
receives 27 points. More efficient way is to use Dijkstra’s algorithm. Standard Dijkstra’s algorithm
finds a shortest distance from single start vertex, but in this problem we are finding a shortest
distance from multiple start vertex. If you put all the start vertex in heap in the beginning of
algorithm, this can be solved in almost analogous way. (You can interpret this as making a dummy

start vertex, which have distance 0 with all elements in S.) The time complexity is now O(M log M).

Note that multiple edges and self loops are given, and you should be careful when you have multiple
vertex with smallest distance (you should break ties by vertex index). If well implemented, you don’t

need any case handling for these at all.

Remark. The statement claim that this is a better alternative to traditional Voronoi Diagram
algorithm, but it’s obviously a joke :) While the graph is indeed more generalized than Cartesian
coordinates, you need infinite graph to simulate such. However, this kind of algorithm actually

works if you are solving problems in Taxicab metric, with all points being small integers.

Winter Olympic Games

Subtask 1/2 (47 points)

For a string to be lexicographically maximum, it should have the most number of consecutive
leading 1s in the beginning of string - otherwise, the string is obviously not maximum. This simple
observation is crucial for reducing time complexity. If the given string has k consecutive leading 1s,
then it’s always optimal to set S = k. Thus, the startpoint of replacement can be easily computed.
However, if we know the position of S, then we will append 1, and a suffix that comes after S.
So, we should pick a lexicographically maximum suffix among those O(NN) candidates. This can be

simply computed in O(N?).

Subtask 1/2/3 (100 points)

We present three methods that optimize above O(N?) algorithm.
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e Suffix Array. This is an intended solution. Suffix array is an array which contains all suffixes
lexicographically sorted - this is exactly what we want, as we are finding a maximum among
certain suffixes. This array can be constructed in O(N log? N) (Poor man’s Manber-Myers),
O(N log N) (Manber-Myers), O(N) (DC3). Any of these construction will work in time limit.

e Hashing. The most important observation for the hashing solution is that you can compare
any suffixes lexicographically in O(log N) time. Hashing provides a way to find whether two
substring are equal in O(1) time. Thus, a logest common prefix (LCP) of two substring
can be found with binary search in O(log N) time. After finding LCP of two substring, it’s
straightforward to compare two substrings. This algorithm works in O(N log N) time, as we

are finding maximums among O(N) element, and one comparison takes O(log N) time.

e Fastest algorithm. There are papers which doesn’t use any data structures and uses a very
small number of comparisons. See this : https://link.springer.com/chapter/10.
1007/978-3-642-13073-1_29 Obviously, this solution is not intended.

Xtreme NP-hard Problem

First, you could notice that in the case of £ > n and k > m, you lack the number of vertices and
edges to construct the simple path. The answer is always —1, so without those cases, you will always
have min(n, m, k) = k, and the subtask condition can be thought as k < x (k < 3,k <4,k <5).

Also, if you have a solution for k = z, then you can extend this solution to k < x. For some x,
if you know the solution for k£ = z, then you can make a x — k virtual vertices and cost-0 edges
connecting from vertex n, passing through first virtual vertex, second one... and finally, the real
destination. Thus, the solutions presented below is not only a solution for £k = {3,4,5} - it’s a
solution for k < 3,k <4,k <5.

Subtask 1 (19 points)

As k = 3, any simple path that connects vertex 1 and vertex n looks as {1, z,y,n}. Be aware that
{z,y} N {1,n} = 0. The main theme of all the solutions below, is to solve by brute-forcing all

"central” vertex and edges. For example, you can try all edges that lies in the center ({z,y}).

For all edges connecting 1 and x, you can store its weight at x, and vice versa for all edges
connecting y and n. Now, for all edge {z,y} with x # n,y # 1, we can find a minimum of
w(l,z) + w(z,y) + w(y,n). (w(i,j) denotes the weight of edge connecting i and j.) The time
complexity is O(n +m).



https://link.springer.com/chapter/10.1007/978-3-642-13073-1_29
https://link.springer.com/chapter/10.1007/978-3-642-13073-1_29
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Subtask 1/2 (46 points)

As k = 4, any simple path that connects vertex 1 and vertex n looks as {1, x,y, z,n}. Be aware that
{z,y,z} N{1,n} =0, x # z. Analogously, for all length-2 path of form {1, z,y}, you can store the
minimum weight sum in y, and for all length-2 path of form {y, z,n}, you can store the minimum
weight sum in y, and merge the answer for all y € V(G). To preprocess the case of length 2, you
should update the answer from a center (in this case x, z). Unlike subtask 1, you should store the
second minimum and the vertex number due to condition x # z. If the vertex number of minimums

are same, you should use one of them as second minimums. The time complexity is O(n + m).

Subtask 1/2/3 (100 points)

As k = 5, any simple path that connects vertex 1 and vertex n looks as {1,a,x,y,b,n}. Be aware
that {a,z,y,b} N {1,n} = 0,a # b,x # b,a # y. Like case k = 4, for all length-2 path of form
{1, a,z} you can store the minimum weight sum in z, and for all length-2 path of form {y,b,n} you
can store the minimum weight sum in y, and iterate for all edges {z,y}. Note that you have more
conditions (x # z,y # w,x # w), and you should store ”three minimums”. The time complexity is

O(n+m).

By the way, as written in problem statement, this problem is NP-hard if there is no restrictions

given on k. https://goo.gl/Es7jLs

Yut Nori

This is a simple implementation problem which you can just code what problem says. There are
lot of things to implement, so you should do it carefully step-by-step. This is a 3-step which author
took :

e Identify each position with numbers, and implement a module which computes the z-th next

position from current position.

e Implement a module which recalculates the position of each token, considering ”token catch”

and ”move together”.
e Implement a module that prints the game board, given location of tokens.

We recommend you to be especially careful when implementing the movement in ”cham-meoki”. If

you do it in the right way, there’s nothing really hard on that part.



https://goo.gl/Es7jLs

2018 KAIST RUN Spring Contest alex9801, etachyun4, HYEA, ko_osaga, platinant

Zigzag

As the limits are small, naive approach is enough to solve this problem. You can fix the startpoint
of optimal endpoint i, and find the maximum length zigzag subsegment starting at ¢. Implementing

this approach leads to an O(N?) solution.

If you get wrong answer on N = 3 (test 4 in CF), then you are missing the case below. The correct
answer is 2 : Sequence of length 2 is always zigzag regardless of it’s composition.

3
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