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BubbleCupis a coding contest started by Microsoft Development Center Serbia in 2008 with a purpose of
creating a local competition similar to the ACM Collegiate Contest, but soon that idea was outgrown and the
vision was expanded to attracting talented programnfeosn the entire region and promoting the values of
communication, companionship and teamwork.

Format of the competition has remained the same this year. All competitors battled for the place in finals
during two qualifications roundd.ophigh school and university teams were invited to the finals in Belgrade,
where they competedhn the traditional fivehours long contestrinalists also had the opportunity to listen to
experts in competitive programming during the Bubllap ©nference, whih was organized for the first
time this year.

Microsoft Development Center Serbia (MDC@®as created with a mission to take an active part in
conception of novel Microsoft technologies by hiring unique local talent from Serbia and the region. Our
teamsO2 Y INROdzGiS O2YLRyYySyida G2 a2YS 2F aAONRaz2fFiQa L
Server, Office &ing.Thewhole effort started in 2005, and during the lakd years a number of products

came out as a result gfreat team work and effort.

Our development center is becoming widely recognized across Microsoft as a center of excellence for the
following domains: computational algebra engines, pattern recognition, object classification, computational
geometry and core database systems. The comtheme uniting all of the efforts within the development
center is applied mathematics. MDCS teams maintain collaboration with engineers from various Microsoft
development centers around the world (Redmond, Israel, India, Ireldaparand China), and Miosoft
researchers from Redmond, Cambridge and Asia.

=1 Microsoft

Development Center Serbia
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Bubble Cup 2015

Problem set & Analysis

SO, THE GREATEST HACKER
OF CUR ERA IS A
COCKIE-BAKING MOM?

| s
e, |

MRS. RIBERTS HAD TWO CHILDREN.
HER SON, BOEBY, WAS NEVER MUCH FOR
COMPUTERS, BUT HER DAUGHTER ELAINE
ToOK. TO THEM LIKE A RING IN A BELL.

IN HIS MOUNTAIN

WHEN ELAINE TURNED I,
HER MOTHER SENTHER TO
TRAIN UNDER DONALD KNUTH

HIDEAWAY.

\.\ilf

FOR FOUR YEARS SHE
WHY 15 A* SEARCH WRONG
STUDIED ALGORITHIS. | v THIS SITUATION?
D~ MEMORY
ﬁj_ l CH I L_ "3"‘\! — USHGEE
S WHAT WOULD ' DITksTRA'S
YOy USE? ALGORITHM!
UNTIL ONE DRY
GHE BESTED NOPE.
HER MAGTER GOT ITIN
O(n log (logn))
-#:_ﬁ__f,:-- o _E :-- - -_ + _-—: . ‘-.-' &—b
) O . B myvee
; P 1 Anp LeFT.

Taken from xkcd.comm A web comic of Romance, Sarcasm, Math, and Language
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Tablel. Final results of Bubble Cup
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Authors Implementation and analysi
|l YRNB2 L@l O120A6 ' YRNB2 |

Ruritania is a country with a very badly maintained road network, which is not exactly good news for lorry
drivers that constantly have to do deliveries. In fact, when roads are maintained, they becwmweay. It

turns out that it is sometimes impossilie get from one town to another in a legal waphowever, we know

that all towns areaeachable thoughillegally!

Fortunately for us, the police tend to be very corrupt and they will allow a lorry driver to break the rules and
drive in the wrong directioh N2 @A RSR G KS& NBOSAGS Wl avylrftf 3IATFEQ®
they will request 1000 Ruritanian dinars when a driver drives in the wrong direction. However, being greedy,
every time a patrol car notices the same driver breaking the thiey will chargedouble the amount of

money they requested the previous time on that particular road.

Borna is a lorry driver that managed to figure out this bribing pattern. As part of his job, he has taymake
stops in some towns all over Ruritania amelhas to make these stops in a certain order. Ther@)a@wvns
(enumerated frompto G0 AY wdzNAGF YA yR . 2NYI Q& JoyHebhapgeds t 2 Ol
to know which ones out of thé p roads in Ruritania are currently unidirectional, but he is unable to
compute the least amount of money he needs to prepare for bribing the police. Help Borna by providing him
with an answer and you will be richly rewarded.

Input:

The first line contain® , the number of towns in Ruritanid he following)  p lines contain information
regarding individual roads between towns. A road is represented by a tuple of intef@iso , which are
separated with a single whitespace character. The numtbemsd wrepresent the cities connected by this
particular road, andvis eitherrtor p: Ttmeans that the road is bidirectional, means that only th&° @
direction is legalThe next line containg, the number of stops Borna has to make. The final line mitin
containsy positive integers B A : the towns Borna has to visit.

Output:

The output should contain a single number: the least amount of thousands of Ruritanian dinars Borna should
allocate for bribes, modulp ™ .

Constraints:

T p 0 pm

Tp 0 pm

T p oo O forall roads
N Tip forall roads

T p i Oforallp Qv
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Example input: Example output:

5 4
120

230

511

341

5

54522

Explanation:

Borna first takes the routp © v and has to pay 1000 dinars. After that, he takes the rauge p© ¢ ©

0 © 1 and pays nothing this time. However, when he has to return ac© ¢© p© v, he needs to
preparec Tt T(@TTT TU TG T fxdinars. Afterwards, getting toviav © p © ¢ will cost him nothing. Finally,
he doesn't even have to leave towo get to¢, so there$ no need to prepare any additional bribe
money. Hence he has to preparert tdinars in total.

Time and memory limit: 1.5s / 64MB

Let us first provide a suitable interpretation of the task description. The country can obviously be modelled
as an undirected graph, where vertices are towns and edges are roads. We see that it is connected (the
description mentions that every city is @@able), but we also know that there ave p edges, wheré) is

the number of vertices. From this it follows that the graph is, in fact, a tree. For the sake of simplicity, let us
make this tree rooted at node 1.

Let us consider just abn otransfer. Fom the previous assertion it follows that the cheapest path frdm

to wwill always be the shortest path fromto c¢ which is, in fact, the only path frodto cwthat does not
KFEgS yed NBLISIFIGSR GSNIAOSad . & Nig/stops&ettingNdorntown@to i K dzi
town @requires that Borna first goes to the lowest common ancestor (LCA) nodeantl & and then
descends tay(note that the LCA can also be any of the noddemd ai). Computing the LCA of two vertices

is awell-known problem and may be solved in several different ways. One possible approach is to use the
equivalence between LCA and the range minimum query (RMQ) problem and then compute the LCA of any
two vertices in constant time. Another one is based oawhepath decomposition. In any case, we need to

be able to compute the LCAlnp time.

Let us now define the notion of lsanned (directed) edge a directed edged® @is bannedif it requires
paying a bribe. 16dis the parent ofbfor a banned edgé)© c then we caltdy® wa down-banned edge
Similarly, we may definep-banned edgeslf Borna traveled along a banned edggmes, then he will have

to preparep ¢ E ¢ ¢ p thousands of dinars for bribing the police. Hence we need to
determine the number of times every edge was traversed. This depends on whether the edge is down
banned or upbanned.

Before delving into these two cases, we need to compute the following three properties for evergatown

1 Q¢ Qi€ O ¢he number of timesowas the final stop in a path, this is equal to the number of
occurrences ofoin the array of stops;

1 Q¢ ‘Binthe number of timesowas the highest stop in a path, this is equal to the number of times
wwas the LCA of two consecutive stops;

1 "Q¢ ¢£d)the number of timesowas the first stop in a path.

M O a5/dq. dzoot S [/ dzLd H A



Now we consider the cases:

T

If an edgad© is upbanned, then the number of times it was traversed is equal to the number of

times any vertex it & & dz0 ANBS 41 a +y AYyAGALIET &02LINAYAYdz
subtree was the highest stop (i.e. sum of @ £6¥Pa YAy dza (KeSODiddzy ©2 ¥ S| i

compute these parameters for all vertices at once using just one-qrotr tree traversal. Thus we

Oy 02YLJzi S GKS Wo Ndbankddgeyndinédranizii A 2y aQ 2F Fft d
If an edged© is downbanned, then the number of times it was traversed is equal to the number

of times any vertex it & & dzo (G NB S  énlinés the nufmbey of fimesiaing? vieitex af &

subtree was the highest stop (i.e. sum of @i ‘(X1é 0EE YAy dza (DI azy o2 F A NA f
G2 0GKS LINB@A2dza OFasSsz ¢S Ol y O z2bunbirédges iisihGon¥o NA o
one postorder tree traversal.

Hence, by first computin@ ¢ 'X1¢ 0, Q¢ ‘i rpnd™ Qe ¢ 6Qfor every vertex, and then traversing the tree,

we are able to compute the answer. The final complexity depends on the implementation of LCA. The
asymptotically optimal solution to this problem héasd 0 time complexity, butevenair 61 T0C 0
approach is acceptable given these constraints.
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Authors Implementation and analysi

Ibragim Ismailov Ibragim Ismailov

Peopleworking in MDCS (Microsoft Development Center Serbia) like partying. They usually go to night clubs
on Friday and Saturday.

There arel people working in MDCS and there areclubs in the city. Unfortunately, if there is more than
one Microsoft employeén night club, level of coolness goes infinitely high and party is over, so club owners
will never let more than one Microsoft employee enter their club in the same week (just to be sure).

You are organizing night life for Microsoft employees and you lsatistics about how much every
employee likes Friday and Saturday parties for all clubs.

You need to match people with clubs maximizing overall sum of their happiness (they are happy as much as
they like the club), whildalf of people should go clubbiran Friday and the othdnalf on Saturday.

Input:
The first line contains integér ¢ number of employees in MDCS.

Then ar) & natrix follows, where element ii&2h row and'@h column is an integer number that represents
how much'@h person likesQi K  ORridzgpaxty.

Then another ¢ (matrix follows, where element if@h row and’@h column is an integer number that
represents how mucfeh person likesQi K  OSatzda@party.

Output:
Output should contain a single integemaximum sum of happiness possible.

Constraints:

T ¢ 0 ¢m

M 0 iseven

f m aQUEMMQQQL QiTi
1 All values are integers

Example input: Example output:

4 167
1234

2341

3412

4123

5871

69813

557816

1111
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Explanation:

Here is how we matched people with clubs:

Friday: %' person with 4 club (4 happiness) and'gerson with ¥ club (4 happiness).
Saturday: 2 person with 3 club (81 happiness) and®®erson with 29 club (78 happiness)
4+4+81+78 = 167

Time and menory limit: 1.5s/4MB

This problem is a variation of the wé&lhownassignment problemmMore about the problem can be
found on the Wikipediaarticle - https://en.wikipedia.org/wiki/Assignment_problem
First, notice that the memory limit is very low. This makedmostimpossible to write a dynamic
LINEANF YYAYy3 az2fdzirAz2ye {23 tSGQa 221 +td + RAFTFSNB
The most naive solution would be going thgbu , combinations of assignmentshalf of people
on Fridayandthe other half on Saturday For every combination, we rudungarian algorithmandfind the
best answer amongll of the combinationsAlthough the memory complexity of the algorithm idpa 0
the time complexity of this solutioisb  , 0 , sinceHungarian algorithnhasd 0  time complexity.

This is too slow.
Toexplaithea 2 f dziA2y 2F GKAA& LINE O fHungarianRi@itam RSa ONX 6 S

Hungarian Algorithm ( é)

{
for (inti=0;i<n;i++)
{
hungarian_iteration();
}
}

Hungarian algorithmallows rowsof the assignment matrito be added one by one, U 0 time
complexityeach.To solveour problem, we will recursively go through all sets of binary masks with equal
number ofrts andps, wherettin “® position means that thé&) person would go partying on Fridayhile p
denotes a person going partying &aturday In each recursive call, we will add avrto the solutionfor the

binary mask we are currently generatingime complexity of the solution ist 7 0 , because the

number of recursive calls is + - Thisisenough to solve the task withthe constraints.

Curiosity here is that the number of states we have to visit during our recursion is closely related to
problemH. BotsYou can finch detailed explanation in the analysis of that problem.
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Authors

Aleksandar Damjanov

Implementation and analysi
{0STFlLy {

There was a big bank robbery in Tablecity. In order to catch the thief, the President called none other than

Albertc¢ 0 f SOA G & QA

he moves.

| KAST

2F t2f A0S

£ 0 SNI Kkawshaw y 2 i

Tablecity can be represented asit tux grid, where every cell represents one district. Each district has its

own unique nam®D & K S NB

is as follows

YR , INB GKS O22NRAYIF(GSa 2F G

Every hourthe thief willleavethe district D he is currently hiding in, anthove to one of the districts:
® poh @ phoh & phd ph & phd ph o phdy ph & phd p aslong as it exists

in Tablecity.
Belowisanexample KA S¥Qa Ll2adaAirofS Y20Sy@Syda AF KS
1,2 (2, 2) 3,2 4, 2) (5, 2) (6, 2) (7, 2) (8, 2) 9, 2) X
1,1 2,1 3,1 4,1 (5,1) 6,1) oy 8,1) (9,1) X
«—— dab —

Albert has enough people so thatery hourhe can pick anywo districts in Tablecity and fully investigate
them, making sure that if the thief is located in one of them, he will get caught. Albert promised the President

that the thief will be caught imo morethan¢ 1t phours and needs your help in order to achéehat.

Input:

There is no input for this problem.

Output:

The first line of output contains integér ¢ duration of police search in hourBach of the following lines
contains exactlyt integers® @ @ & separated by spaces, that representdistricts & hé& and
® he which got investigated durin@ hour. Output is given irchronologicalorder (Q line contains
districts investigated durin@ hour) and shouldyuaranteethat the thief is caught in no more thag T p v
OKASTQa. AYAGAL

hoursNBE 3| NRf S&a

Constraints:

T
Tp

Example input:

G

¢mpPuL

27

O pript & ¢

No example input

Example output:

2
51502
81802

LR AAGAZY

a5/d. dzooft S

YR Y20
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Explanation:

Example output is naguaranteed to catch the thief and is not correct. There exists a combination of an
initial position and a movement strategy such that the police will not catch the thief.

/| 2Y&ARSNI GKS F2tt26Ay3 AYyAGALIE LRaAdGA2y FyR GKAST
In the first hour, thethief is located in districtpfp . Police officers will search districtsfp and v fx;

and will not find him.

At the start of the second hour, the thief movesdistrict ¢h; . Police officers will search districtfp

and P ft and will not find him.

Since there is no further investigation by the police, the thief escaped!

Time and memory limit: 0.1s /64 MB

CANRG y2iA0S deobrdinatelthitijes évergtime liefavest Q &

Assume that at th beginningdO2 2 NRAY I 4SS 2F GKASTQa Lpha and pre yTheh & 2 R
next day check districtschp and ¢h; and so on untip 1t 1T Twhen you check districtsp Tt fiprt and

p T it What is achieved this way is that if starting parity was as assumed, thief could have never moved
to district with & coordinate'®n day’Q p= KSy O0S KS O2dzZ Ry Qi KI @S 2dzyL)S
g2dz RQOS 0SSy OF dz3 K @ nd.paritykvs diffdreqityh@niwe ssutzedKso@m Ko\ & &
day we search whatevep@ndp 1 mape of the same parity, so we need to wait one day), and then starting

onp Tt 1T glay we do the same sweep fromphp and ph; to p T fprrand p 1 Mctand guarante to

catch him.

Shortest possible solution is by going froofip and ¢h; to p T fiprtand p T McrTtwice in a row, a total
of 1998 days, which is correct in the same way. First sweep catches the thief if he started witéd even
coordinate, and second swp catches the thief if he started with odalcoordinate.
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Authors Implementation and analysi

Borna Vukorepa Borna Vukorepa

LGQ&a NA2G GAYS 2y F2200ltt &adl RAdZY wlk YFOFYFH wl 3A\
in a difficult situation. The field can be represented as a square in the coordinate system defined by two
diagonal vertices inttrt and p tdpmt . The sides of that square are also considered tmbielethe field,

everything else isutside.

In the beginning, there aré fans on the field. For each fan we are given his speed, an integerwell as
hisinteger coordinates who . A fan with those coordinates might move and after one second he might be
atany point® NAho 1 wherem s s 0 .nM are bothintegers

Points that gooutside of the square that represents the field are excluded and all others leayml
probability of being the location of that specific fan after one second.

Andrej, a young and promising police officer, has sent a flying drone to take a photo of the riot from above.
¢tKS RNRBYSQa OFYSNI ¢g2NjJa fA1S GKAAY
1) It selects three points witinteger coordinatessuch that there is a chance of a fan appearing
there after one second. They musot6 S O2f ft Ay SFNJ 2NJ 6 KS OF YSNY &
that not all of the initial positions of fans will be on the same line.
2) Camera focuses those points acreéates a circle that passes through those three points. A photo
is taken aftemne secondone second after the initial state).
3) Everything that i®n the circle or inside iat the moment of taking the photo (one second after
focusing the points) will ben the photo.
Your goal is to select those three points so thatélpected numbeiof fans seen on the photo is maximized.
If there are more such selections, select those three points that give the circldangbst radiusamong
them. If there are stilmore suitable selectiongny oneof them will be accepted. If your answer follows
conditions above and radius of circle you return is smaller then the optimal om8thyyour output will be
considered as correct. No test will have optimal radius biggenp Tt .

Input:

The first line contains the number of fans on the figld, The next) lines contain three integersshn b .
They are the xcoordinate, ycoordinate and speed of fai@at the beginning of the one second interval
considered in the task.

Output:

You need to output the three points that camera needs to select. Print them in three lines, with every line
containing the xcoordinate, then ycoordinate, separated by a singlpage. The order of points does not
matter.
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Constraints:

T o 0 pm

9 n ol pn

T m 0 pmunm

1 All numbers will be integers

Example input: Example output:
3 22
111 21
111 10
121
Explanation:

The circle defined in output will catch alltbe fans, no matter how they move during one second.

Time and memory limit; 0.5s/128MB

First we simplify the problem by replacing the initial set of points with the set of all points where some fan
might appear after one second, call that S¥tEvery point inYhas a probability that a specific player will
appear there. Consequently, fevery pointd in "Ywe know the expected number of fans at it after one
second, call io .

Now, for some arbitrary circle that passes through some three poiritdoos KA OK R2Say Qi @A 2f
the problem), the expected number of fans caught@amera is the sum of dl, where"Yis a point on or
inside the circle. Our goal is to find a circle that maximizes that sum.

After drawing a few examples, we can notice that we can always catch most of the points that are possible
locations of soméan or even all of them. We can write a brtftarce solution that will increase our suspicion
that all fans can be caught, no matter how they move.

b2g tSiQa (GNB G2 TFAYR (GKS fINBSald OANDIS 2the 1 K2 a&:
problem. It is easy to see that three fixed points that determine the circle must lie on the convex hll of
02U0KSNBAAS 6S &dzNBf & Swtletdat cRgeRi OF GOK Fff LIRAyGa 27F
Convex hull can be computed in s ¢ &% , which might be too slow if unnecessary points are not
eliminated from™Y

Notice that for every fan in input, if his speediie might appear ab 0 points, so convex hull algorithm
would haved 00 & ¢ (0 complexity, which is too slow.

The trick is to take only convex hull of thaseb points, which will have) p points. All other points
should be eliminated froivt & (G KS& R2y Qi KI @S | OKI WOdhtesafits leddLJS | NJ
to be careful with edge cases whefficen potentially goes out of the field.

After computing the convex hull 6¥(call it"O "Y), we hope to find the circle that will pass through some
three points on that hull and contain all other points inside it or on it.

These two claims can be provgaometrically:
1) For a convex polygon, the largest circle among all circumcircles of triangles determined by the polygon

H N a5/dq. dzoot S [/ dzLd H A



vertices will surely contain all vertices of the polygon on it or inside it.
2) For a convex polygon, the largest circumcircle of swimegle that is determined by vertices of the
polygon is a circumcircle of a triangle that contains three consecutive vertices of a polygon.

With 1) and 2) we conclude:

The largest circle among those that are circumscribed around triangles that are sechpd three
consecutive vertices 0D Y contains all of the points 6O "Y (and then obviously 61y and no other circle
that contains all those points can be larger.

This means that we can finish the problem easily in linear time (with respelsetsize of convex hull).

H M a5/dq. dzoot S [/ dzLd H A
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Implementation and analysi

Aleksandar Milovanowd

Bananistan is a beautiful banana republic. Beautiful women in beautiful dresses. Beautiful statues of beautiful

warlords.Beautiful stars in beautiful nights.

In Bananistan people play this crazy gamedzt 6 2 ® ¢ KSNB Q&

Fy I NNJ &

2F odzZf ©

which represents one of the bulbs. Distance between two neighboring bulbs is 1. Each turn one contiguous

set d bulbs lightsdzLJ> | Y R

LX F @SNABR KI @8

iKS O2al

Then all bulbs go dark again. Before each turn players can change their positigp with 1) €
and players know three next lighips. The goal is to minimize your summed cost. | tell you, Bananistanians

are spending their nights playing with bulbs.

Kl GdQa Sl dzk
scost,

Banana day is approaching, and you are hired to play the most beautiful Bulbo game ever. A huge array of
bulbs is installed, and you &w your initial position and all the lightps in advance. You need to play the
ideal game and impress Bananistanians, and their families.

Input:

The first line contains number tifirns ¢ and initial positionta Next¢ lines contain two number&
interval are shining this turn.

& , which represent that all that bulbs fronx

Output:

and

Output should contain a single number which represents the best result (minimum cost) that could be

obtained by playing this Bap game.

Constraints:

Example input:

54
27
916
810
917
16

Example play:

Before 1. turn move to position 5
Before 2. turn move to position 9
Before 5. turn move to position 8

Timeand memory limit: 1s/64MB

Example output:
8

a5/d. dzooft S
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First, lea O2y aARSNIGA@ROGE XRYSENYIEDd LGQA | &aAYLIE S Reyly

We have an arraf) w ésized @ o) @which should say how costly would it be to be in this position at the end

of the turn. At initialization step each position is set&a®d @ w & @aE big number), except thaitial

position which is set to be. This should representthatintdey A G A £ Y2YSy G AGQa AYLR
except in the initial position.

Before each turn we can change position, so before each turn we could calculate the best cost of being in
that position when the bulbs light up. We can do this by passing thigy awice¢ once from the left and

2y 0S FTNRBY (KS NAIKGP /2YyEAARSNI G4KS OQodafgerinfeiiidd LI & &
other case could be explained in the similar fashion). While passing, we can kedffXheo, dwhictwould

be initiated to'Q & &1, and updated as)'Qi 0 WAYAL QI O WO, QDO & @' Qi ofdrdach

‘Q 1 Rationale: if we came from tH@ p position, we have the same cost of that positiop. ¥ ¢S ,RA RY Q
we have thesame cost we had before thislow we only need to add distance to the closest bulb for each
LRAAGAZ2Y YR 6S FTAYAAKSR (KAA GdNYyo® 2KSYy ¢S FAYyAaA
our solution. Simple enough.

But this solution is toslow for us. We want more.

Statement: We never have to move to the position which is not beginning or the end position of one of the
light-ups.

[ SGQa O2yaARSNI F2ff 2¢AydIf@idgdidgitdibe dsio¥ of thSrtdrn $hig  ( K S
odzf 6a> UGKSNBQa y2 LRAYyOG 2F Y2Q0Ay3 |G Ftt owidi ¢2dz
outside those bulbs, and is the closest bulb toothat will be lighterup. Also, considetd @

(the other case could be explained in the similar fashion). Consider all the remainingpligbints (lightup

beginning and end positions) are in the arrpg, which is sorted. Take a look at the following picture:

neéi neéi
First thing we could notice is the fact that our cost for this turn is going tm be @ if we finish the
turn anywhere betweerand @ inclusive. Going left frorbor right from R2SayQid YI 1S
sense, because we would have same or bigger cost than stayingritb and moving from it in the

next turn.

bSEGEZ tSGQa O02yaAiARSNI 6S K ELu@éngpaiit, b& yeRvddwondigiboringzNy/ 2
endpoints,) £ fandf ¢ @ [ ST Q& Ol df PIKBG Q&R Bd & R 2 yhithiidtBeR Idzdss

bulb from thew  in the next turn lightup.

If w is shining, them) € iis shining as wklso we could have finished our turn therealf nei
we would be better off or equally well if we finished our turnmijré i In that case we would have
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n € smaller cost for the next turn. If afterwards we need to gouto , total cost would not exceed the cost
of going straight toc in the initial turn. Ifow n € iwe would be better off or equally well if we
finished our turn im) € i, similar to the explanation fajj ¢ i So, in eah turn we could stay in the place or
go to the closest lightip endpoint and we could still get the optimal solution.

We can use this fact to makeiaé solutiong instead of each position we should take consider only dight
up endpoints and initial posbn. Everything else is the same as in original solution.

Dynamic programming solution is enough to pass within the constraints for the program, but this problem
can be solved in linear time as well.

[ SGQa 221 | 4Qd&S ca@hoficdz&a (12 & KA BNIF &N & | OlGdzr tf& KI &
each turn. What this means is that we have a rarthe and that all of the values frof® « &t to Q @ & are
monotonically decreasing, all values fr@®@w ¢ to ' Qw § 1 are monotonially increasing, while all of the
valuesQw &l w & p B wE have the same value and represent the minimum summed cost until

this turn. We can use this property to create a linear time algorithm.

Our linear algorithm will be as follows:

At the beginning, our optimal range will bé  Fro and minimum cost will bet. At each turn, we will
update this optimal range and minimum cost.

If the range of shining bulbs in the next turn intersects with our optimal range, weasity see that our

new optimal range will be this intersection. The minimum cost will stay the same as the cost for previous
GdzNy = aAyO0S 6S R2y QG ySSR (2 Y2@0S AF 6S IINBE 20l
located at a bulb thais shining. Anywhere outside of this intersection, the cost would increase since either

the distance to the closest shining bulb would be larger thaor because of moving from our optimal range

to somewhere outside of it, or both.

If the range of shimig bulbs in the next turn does not intersect our optimal range and is left from it, we will

set that our optimal range starts from the rightmost shining bulb and ends at the left end of our previously
optimal range. Our minimum cost will increase for ekatite distance between these positiogd ¥ 6S R2 y ¢
move from the left end of our previously optimal range, our cost increases for this distance. If we move from
the left end of our previously optimal range by one position to left, we decrease our déstathe next turn

by p, but increase the cost hybecause of the move. Same goes for moving two positions to left, and so on
until the movement to the rightmost shining bulb in the next turn (at which point our distance to shining bulb
willber, butolNJ 02340 F2NJ Y2@0Ay3a gAatft o6S (GKS alkyS Ia RAAD
that the minimum cost for a position that is left from this new optimal range is larger Byd the minimum

cost for a position that is right from this new opial range is also larger lpy Moving further to the left or
NAIKGEZ GKAa O2ai0 AYyONBIFASEA Y2NB YR Y2NBX NBadz (A

If the range of shining bulbs does not intersect our optimal range and is right frorme itaw do a similar
thing as we do when the range is left from our optimal range.

After all the turns, we have our optimal range and the minimum cost possible. The total compléxity ,is
since in each turn we update the rangelinp 8
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Authors Implementation and analysi
Alexandr Lyashko l YRNR 2|

People in BubbleLand like to drink beer. Little do you know, beer here is so good and strong that every time
you drink it your speed gogs ttimes slower than before you drank it.

Birko lives in cityBeergrade but wants to go to city Beerburg. You are given a road map of BubbleLand and
you need to find the fastest way for him. When he starts his journdBeergradehis speed is 1. When he
comes to a new city he always tries a glass of local beer, which divides his spgead by

The question here is what the minimal time for him to reach Beerburg is. If there are several paths with the
same minimal time, pick the one that has least roads ol there is still more than one path, pick any.

It is guaranteed that there will be at least one path fr@®ergradeo Beerburg.
Input:

The first line of input contains integér ¢ number of cities in Bubbleland and integer¢ number of roads
in this country. Cities are enumerated framto 0 p, with city tbeing Beergrade, and city p being
Beerburg.

Each of the following lines contains three integer§ O(® ) andd ‘Q £hese numbers indicate that there
is abidirectional road between citie®and dwith lengtha ‘Q &

Output:

The first line of output should contain minimal time needed to go f®eergrade€o Beerburg.

The second line of the output should contain the number of cities on the path Beengadeto Beerburg
that takes minimal time.

The third line of output should contain the numbers of cities on this patherorder they are visited,
separated by spaces.

Constraints:

T ¢ 0 pm
T p 0 pm
T m aQtw
9 There is at most one road between two cities

Example input: Example output:

810 32
011 3
125 037
276

032

373

040

450

572

060

677

Time and memory limit: 0.5s/64MB
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[ SGQ&d FTANRG RSOALIKSNI G6KS GSElG ¢ dondiidhSthelshiBian heBdstoli 2 K
satisfy.

2 S (nbtite that the maximum direct distance between any two cities is 9, and the speed decrease from
each step to the next is 10x. This gives us an important pieces of insight:

If we have two paths, neither of which ends with-#efigth edge, the shorter path will always be faster than
a longer pathg if the longer path hafsteps and the shorter one hasits last step will take at leagt Tt
time, while the entire shorter gth cannot take more thap 1t p p T ptime.

From this follows a slightly more general statement:

If we have two paths, the one which is shorter after we trimtiiling zeros from both will be faster.
Furthermore, if two paths have the same lengtftea trimming trailing zeros, the one with the smaller
distance between the last two cities will be faster than the other. If the two last distances are the same, the
one with the shorter secontb-last edge will be faster, etcetera.

It turns out that thee is only one case in which we care about trailing zeros: the problem statement says that
from two paths with equal time the preferred one should be the one visiting less citles one that has a

smaller number of zeros at the end. This gives us atavaynplify the problem: we will start from cigy p
(Beerburg) and calculate which other cities can reach it in 0 time and with how many steps. This can be done
using a breadtHirst search that starts from Beerburg and ignores all-aero length pathd, S Q& OF f £
of verticest.

After this, we can run another breadfirst search, this time starting from Beergrade, and find the shortest

path to a city belonging td. Having in mind our conclusions above, if there is exactly one such patinwe c

0S OSNIIFIAYy GKIGQa GKS FyagSNI G2 (GKS LINRBoOofSYD ! y7F3
that there will be just one shortest path. So what do we do now?

First, we can assign to each vertex its shortest distance (in terms of the nwihédges) from Beergrade

this is easy to do within the breadfirst search algoritY @ [ S Qa "®ieyeasi imbériofiskeps

required to reach a vertex iwhen starting from Beergrade. Then we can apply the following reasoning:

Consider all edges connectiag/ertex indto an edge in the set of vertices  that are exactlyQ p steps
& FNRY .SSNHANIRSI IyR GKSyYy 2dzi 2F GKSY O2ya
cities that are connected téthrough one of these edgeé¥ , and for each citp™ Y S Qf t &l
pieces of information:

ARS
2SS

- 0 (¢the vertex inthey are connected to through a minimiaingth edge
- 0 -0KS YAYAYLFf ydzYoSNI 2F GNIAfAYWH 1 SNBa FFGaSNI G

What is so special about the s&t  ? Well, it turns out thathe optimal solution has to pass through some
vertex0 in"Y andthenfollowitsedgé (2 | @SNISE GKIFIGQ&a n GAYS gl @
LINE @SY fSGQa FaadzyS G KS tobédblatdiindiadathfddm Beddeiowwitk Sy ¢ S
less thanQsteps, or a path with exactlgsteps that has a shorter last stefpain all edges connectiyy  to

@, or a path with the same number of steps, the same final step and a smaller number of trailing zeros.

| 26 SASNE 6SQ@S O ypiedslid a ¥4y suthiSat ndrie df these conditions can be
satisfied

We can now construct setyY RY 8 "Yin a similamanner
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- Letw be the set of vertices that are exactfteps away from Beergrade.

- Take all edges connecting the 8¢t to w. Among those edges, take the ones with minimal length.

- The setVis the set of vertices itb on the end of edges in the previous step.

- Foreachvertex in"Y, we save the citp from™Y they are connected to through a minimi@ngth
edge, andy =& , the number of trailing zeros at the @mf its path(if there are multiple candidates
for 6, break ties in favour of the one with the smallés}.

I AAYLI S AYRdzOGA @GS LINRP2F aA YX(t wilNdorivigce us kh&t the gpéimalg S Q @ ¢
solution has to pass through a city in eat¥hFinally, lhe setY contains just one city: Beergrade. This gives
us the solution, and we just have to iterate through the trail of cifi¢e reconstruct it.

[ S G @dlate@He complexity of tis solution. Its first two steps are simple breadfiist searches, with
complexityd & & . How complex is the process of constructing the $¢23WNe can do it by performing a
constant number of operations on each city"v and eachedge that has one end itY ¢ we check
whether its other end has distanc€from Beergrade, we find the minimum length in the set of edges
satisfying the previous condition, and we compare each edge to the minimum. So the complexity of
constructing’YisO Y s 0 B. AAQ . Since no vertex can belong to more than oned@ethe

total complexity i BSYs O B. j gAAC 060¢ OBAAL 0¢ 0 ca

0 &€ & . Recontructing the path can then take uplto¢ time, and the final complexity is & € .

In terms of memory complexity, we only need a constant additional amount of memory per each node, so
the memory needed to hold the graph in memory dominatehis is alsa) a ¢ .
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Authors Implementation and analysi

Ibragim Ismailov Ibragim Ismailov
{lF&d&KF YR LN} IINB (¢62 o06Said FNASyYyRao .dzi GKS@ | NBy
artificial intelligence. They are developing an algorithm for two bots playing aolayer game. The game is
cooperative and turn based. IneaadeNy' > 2y S 2F GKS LX F@8SNE YI1Sa | Y2

Algorithm for bots that Sasha and Ira are developing works by keeping track of the state the game is in. Each
time either bot makes a move, the state changes. And, since the gameyidyremic, it will never go back
to the state it was already in at any point in the past.

Sasha and Ira are perfectionists and want their algorithm to have an optimal winning strategy. They have
noticed that in the optimal winning strategy, both bots makeactly0 moves each. But, in order to find the
2LIGAYIFE adNXGS3exr GKSANIFEIAZ2NRGKY ySSRa G2 Lyl teéel
alphabeta pruning yet) and pick the best sequence of moves.

They are worried about the effiaiey of their algorithm and are wondering what is the total number of states
of the game that need to be analyzed?

Input:

The first and only line contains integer N.

Output:

Output should contain a single integenumber of possible states modufot .

Constraints:

Tp 0 pm
Example input: Example output:
2 19
Explanation:

Start: Game is in state A.

Turn 1: Either bot can make a move (first bot is red and second bot is blue), so there are two possible states
after the first turn¢ B and C.

Turn 2: Inboth states B and C, either bot can again make a turn, so the list of possible states is expanded to
include D, E, F and G.

Turn 3: Red bot already dil ¢ moves when in state D, so it cannot make any more moves there. It can
make moves when in state E, F and G, so states I, K and M are added to the list. Similarly, blue bot cannot
make a move when in state G, but can when in D, E and F, so states H,aleaadded.

Turn 4: Red bot already ditl ¢ moves when in states H, | and K, so it can only make moves when in J, L
and M, so states P, R and S are added. Blue bot cannot make a move when in states J, L and M, but only when
in H, I and K, so states N, @daQ are added.
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Overall, there ar@ (possible states of the game their algorithm needs to analyze.

Start Turnl Turn 2

® @ ®

Turn 4 Turn 3

™)
ONCOOIONO

Time and memory limit: 2s / 64MB

Solution and analysis:
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Implementation and analysi

Predrag Ilkd

LIRG@RIptd@c triakd@edtedrifoties F 2 NJ
right isosceles triangles with catheti parallel to NeSbuth and EastVest directions.

Owner of some land buys and sets robots on his territory to protect it. From time to time, businessmen want
to build offices onhtiat land and want to know how many robots will guard it. You are to handle these queries.

Input:

The first line contains integér ¢ width and height of the land, and integérc number of queries to handle.

Next0 lines contain queries you need to process.

Two types of queries:

1.

Output:

p'Q"Qbwd Qgadd a robot to protect a triangle. Depending on the valu€d@the values ofdto
anda ‘Qrepresent a different triangle:

p: Triangle is definedybthe points ofto h ¢
¢: Triangle is defined by the pointsfto h &
o: Triangle is defined by the pointefto h @
T: Triangle is definebly the points oft h &
¢ WWC output how many robots guard this point (robot guards a point if the point is inside or on the
border of its triangle)

1 QQi
1 QQi
1 QQi
1 QQi

o ‘@b h oo
o ‘@b h oo
o ‘@b h o
o @b h 6o

aQe
aQe
aQe
aQe

For each second type query outpubw many robots guard this pati. Each answer should be in a separate

line.

Constraints:

T p 0 vnmnm
T p 0 pm
T p QQirt

. All points of triangles are within ranget ]
1 All numbers are positive integers

Example input:

17 10
1132

4

131037

1268
1394
244

2
2

1415106

277
294
2122
2138

Time and memory limit; 1s/512MB

Example output:

P ODMNDNDN

a5/dq. dzoot S [/ dzLd H A



Toa2t @S GKAA& LINRoOofSYX ¢S &aK2dZA R FANRG GF1S F 2217
a0F0SYSyidsz odzi 6A0GK NBOGIyYy3AtSa AyaudSIR 2F GNRFy3f.
gAtt A02NB F YI GNK E2 RLDNBANSKAKIlY S LRAYGlEYP C2N S+ O
wh ho o hofd hohw = ¢S g2mzZ R2 I RRShLIZ p ¥ ¥R pho =

YR m (2 Sl yAypha pd b20A0S (KIG ¢S SELI yRSR
FRRAY 3 mbawa G KARA Aa 0SOFdzasS GKS LRAYy(d Aa O2y&aARSNBF
glexr gKSYy GelLlS wu |jdzSNE A4 NBOSAGSRIGOKE NBGHRIFKSS |
o {AyOS AAYLI @ adzYYAYid EKSSLIBAKYFUAR RAZARBOGYY BE S,
KSy0S 3SididAay3a GKS &dzF EABNS vjdzSiNeYwS O2 YLI SEAG @

2SS gAfft dzAaS GKA& I LIINRPFOK gA0GK a2YS Y2RAFAOILIUGUAZY
S ySSR (2 AYyGNRBRdzZOS yS¢ O22NRAYIGS &aeaidSvyao 5SL
FylFf232dzas a2 NB (GeL)SaSdén O2RRAY I @S Hadd Swad SoKS
KeélLlGSydzasSa I NB LI NI ffSt 2 A2yy 2 NABEMayd fC 200 20NRAS/E (1S
G20 oo YR F2N) (& L3%A 6 Mdzl F RGN dPohyrli 6 KNS (KAT S 217
O22NRAYFGS LXFyYyS FABSY Ay (GKS AyLlzi o

¢KS LINRPOEfSY Aa y29 a2YSoKIG oadN»yOGSR G2 GKS aar
YFGNRAOSaA:E 2yS NBLINBaSyildAy3a 2NRIAYIE O22NRAYIGS &
aeamSY@2 NI SFOK GNARLFy3ItS o3maySSRA YRt ORINRSINA AXY ok K
H YFGOGNROSE F2NJ SFEOK GNARAIFy3IftSed 2KSYy RRAYy3I 02NRSNI
F2N) 0KS KeLR(iSydzaS AgSi NERIBDSRYy D22NRaKE(i8sacadsSyacz
GNRALFyYy3IftSd wSYSYOSNE GKS LRAYyG oSfz2y3a G2 GKS OGN
OF NB ¥ dzZ o

C2NJ OF £t Odzf F GAYy3a GKS yasgSNI F2NJ (NAG ny JjfussiBiere Yo S v
Ay |ttt GKNBS Yoi/NISRSEE (@2 © SOZVdzNALER | OO02NRAy It & (2

NELINBaSydGdoo ! 3FAys (2 y2G4 SEOSSR GAYS fAYAG 6S yS
{Ay0OS 6S IINB dzAAYy3I O6AYyIlI NBE AYyRSESROzI N&S: GKS GAYS

oM a5/dq. dzoot S [/ dzLd H A



A 2 dEaS BliSdzZINGBATF O GA2ya 6SN AL AG Ay (iKe2dzaN c
ylhta 6¥BINGE RFNNIKE NG RAYA22LISY LINBOf SYas dKS
Sk LIMBRHAKS Y& Sy IS LINBOESYa 6SNB 62NUK m LRAY
R NRdzyRd / KIfftSy3aS LINRBOf SYi Ay AlyKISK EF AN SNPLING
BB OFHE NBHIKE Y EAYdzY 2F y LRAyGaAD

¢tKS LINRPofSYya F2N) 020K NBdzyRa ¢6SNB OKz2aSy FNRY
®o6Da1LIpODO2Y

CKAATHSHNE YIylF3ISR (2 2t @S | OF 6@ Bnyli R YIS (0 KINR 6B S F N
I NBdZ)/ GKS $2NIR LI NJjCNVQ\QJI‘ﬂEASIfQ[’lKI)/[’] OIK & flj AR X § DANKIA |
I NPFGAFT t2fFyRE [FOGALFST '"INXYAYST . SfFNHzZaS YR wdz

aldda ¢NALI Mnyy nm

QalAYFGAZY MCY N nn

{dzoaGNRAYy3Ia LL yTnT on

[ A3KG /@0t Ay13 My nH

/I NPA&oAla onyn pH

cz2yid {A1S MYy Ppo hn

aAOKSt FyR GKS OKFY mnTo pT

¢tKS LYRAFY hOSIy MC MH op

NBF{Ay3d /K202t 0454 cndd no

w/B8vbt LyO2YLJzil ot g mnudg nm

¢lroftS Mo {GFrGAaAaGAOEa FT2NJ w2dzy R ™

tfF@FFANI / N O1 SN nnTc b2i az2f

a2RSNYy t201Sd /1 t0Od ypnH Hp

.21 @GALFASYI w2AY MMT M on

A2f23e TN g 0

arhO1Se az2dzasS al3aAA0| wmT bn HC

9f SOGNAOIE 9y3aAYSSN Tcyn n

¢dzNy 2y GKS fA3IKGA dpop p

az2@®S al Nbt Sa CHpJ M N

t SNFSOG al 18§ M M

w/ t&S { SONBG wSOALN wmy dn o

¢rofS He {dFrdAaGtdAOa F2NJ w2dzyR H

2 802 y (RGAAESK 2 dzNJ GNJF RAGAZ2Y GKFG GKS 2yiSadtyda I
idk t ATAOFGA2YE LINRBGESY&ad L 2dz aK2UBROWFYSG ( Bzl NXKS
2F GKSY INB I O0dNI (S Ayy@BSYRAY{ ®KBAIRT LIEa 8 OBENNBD
axidSoou

¢KS 2NAEI YA

I SNE s2dfA R € Aljldd tireF ASEHLANG2YS Gl KBl R MISERIENE
LI NI A OA LI GSR A 4o

S
R Yy NAGAY3I (KS azfdzirazya

OH a5/dq. dzoot S [/ dzLd H A


http://www.spoj.com/

Problem R1 01: Matts Trip (ID: 14886)

Time Lmit; 8.0second
Memory Limit: 1536VIB
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Added by:Jacob Plachta
ResourceOwn problem
Solution by:
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Problem R1 02 : Estimation (ID: 16809)

Time Lmit; 6.0 second
Memory Limit: 1536VIB
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Problem R1 03: Substrings Il (ID: 8747)
Time Lmit: 0.721 second
Memory Limit: 1536VIB
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Problem R1 04 : Light Cycling (ID: 14981)

Time Lmit; 2.0second
Memory Limit: 1536VIB
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Problem R1 05: Crossbits (ID: 3484)
Time Lmit: 0.133 second
Memory Limit: 1536VIB
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Problem R1 06 : Font Size (ID: 18530)
Time Lmit: 0.133 second
Memory Limit: 1536VIB
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Problem R1 07: Michel and the championship (ID: 10730)

Time Lmit; 1.542 second
Memory Limit: 1536VIB
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Problem R1 08 : The Indian Ocean (ID: 16128)
Time Lmit: 1-60 second
Memory Limit: 1536VIB
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Problem R1 09 : Breaking Chocolates (ID: 6499)

Time Lmit; 0.623 second
Memory Limit: 1536VIB
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Problem R1 10: [CH] HQNP Incomputable Hard (ID: 10295)

Time Lmit; 0.2-2s second
Memory Limit: 1536VIB

SAa20SNAO LINPANYYYAY3A fly3ddd AdStF1IEOMIZINE
I 6 LINPIANI YA (&S G YR L ¥ LIA § 8RR )/ RDQIBER B
Yy Y2al 20KSNJ aidda GA2yad ¢KAa Aa oKéenm 6S &
hat! ¢! . [P B d hlatll wh . [ 9 KHJASINBEINRY DRYNIFRAI &6 NI
GK2y®El 6 KAGSALI OS 6SEOSLI F2NJ GKS GNIAtAy3a ySst Ay
0 KSdzF FSNE | &a0GNRAyYy3a 2F OKIFNIOGSNERZEZ FyR GKS [GOdzy dz |
0§KS | OO0dzydzf  i2NJ A& aSid G2 nod ¢KS @ f dzS 2FENEIAE Y dzF
2 dzii LJdz( ®

| vibbL b/ hat ! ¢! . [ 9KH adzlll2NIa (GKS F2ft26Ay3 O02YYIl yR2

Sog b
y éE""‘(_'
O
~~

command | Description
h, H | appendshelloworldto the buffer
g, Q | appends theprogram source code to the buffer (not including the trailing newline)
0-9 | replaces the buffer wittm copies of itsold value¥ 2 NJ SEXYRR 8 f ¥4 (K
+ | increments the accumulator
- | decrements the accumulator
i, | | increments the ASCII vawf every character in the buffer
n, N | applies ROT13 to the letters and numbers in the buffer (for letters ROT13 preserves ci
digits we define ROT1®(= @ + 13) mod 10)
cClagllla (GKS OFasS 2F SOSNE f Sid@aterd y G KS
0, O | removes all characters from the buffer such that their index, counted from the end, is a
or a power of two (or both); the last character has index 1 (which is a power of 2)
m, M | sets the accumulator to the current buffer length
p, P | removes all characters from the buffer such that their index is a prime or a power of tw
both); the first character has index 1 (which is a power of 2)
u, U | converts the buffer to uppercase
t, T | sorts the characters in the buffer by their ASClliea
a, A | replaces every character in the buffer with its ASCII value in decig®&b{gits)
b,BINBLJX I 0OSa S@OSNE OKINIFOGSNI Ay (GKS o0dzZFTS
characters)
[, L| converts the buffer to lowercase
e, E| translates every character in the buffer to 133t using the following table:

ABCDEFGHIJKLMNOPQRSTWXYZ abcdefghijkimnopgrstuvwxyz 0123456789
48(03=6#|IXLM~09Q257UVW%Y2 a6<d3fohijk1m"0p9r57uvw*ry2 O!ZEA$G/B9

? | removes 47 characters from the end of the fauf(or everything if it is too short)
I | removes 47 characters from the beginning of the buffer (or everything if it is too short)

Ly GKA& G(GFal dxdabbKbPBatRCLINAYKHGKSRINI Y GKIG At

Score Score is number of test cases correctly solved.

Limits

AnyHQepbbL L b/ hat | ¢! . (ofpkthkor eaddBageMdistbe at most 20,000 commands long. The
accumulator is unbounded (it can store an arbitrarily large integer). After each command, therbusieloe

at most 20,000 characters long. To prevent code injection vulnerabilities, during the execution of your

program(output for each casethe buffer must never contain nealphanumeric characters, i.e. characters
other than AZ, az, and @9. If it hgopens, your score for that particular test case will be 0.

pC a5/dq. dzoot S [/ dzLd H A



Additionally for this challenge you must use the command '+' at least once for each test case.
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AYNMISYGFGAzy 2F GKS FANRG LKIFAS GlF1Sa FNRBdzyR pnx 4
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C2NJ Iy AYLINROGSR a02NB AlGUa ySOSaalNeE G2 RSIFf oA
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Problem R2 02 : Modern Pocket Calculator (ID: 8542)

Time Lmit; 0.623 second
Memory Limit: 1536VIB
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Problem R2 03: Boa viagem, Roim (ID: 11718)
Time Lmit: 0.623 second
Memory Limit: 1536VIB
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Problem R2 04 : Biology (ID: 7490)

Time Lmit; 2 second
Memory Limit: 1536VIB
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Problem R2 05 : Mickey Mouse Magic Trick v6 (ID: 17946)

Time Lmit; 99 seconds
Memory Limit: 1536VIB
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Solution:

In order to help Mickey and Donald one can do the following.

When facing Mickeys query we discard the card with index, in sorted list (0 indexed), equal to the remainder
the sum of numbers on aldcards moduldQ

Knowing that we did just that, once we are required to reverse the process in @oalely and aréacing

(¢ p cards, sum of which has remaind@moduloQ we know that if the discarded card has the number
smaller than the one on card with index O in sorted list, then the number on that card must have remainder
wmoduloQso that sum oftband whas remainder 0 modul®o 6 SOF dzaS 2 G KSN¥BA &S 6S ¢
card with the smallest number). Similarly we can write rules for every possible value of discarded card and
we get this.

Notation

0 value written on discarded card.
‘Q  value writtenon"@h card in list of cards Donald is presented to when said cards are s€Xted (
smallest valueQ largest) (0 indexed)

fm 6 QzpO 8k & maéQoQ@E
IfQ 6 Q pO ok w paétQoac

X
IfQ 6 Q PO 6k ® 0V ca¢é¢Qoaté
If Q 6 £0 06k Q paéQo@ce

And because the number of integeidfor whichew & wando k Q& ¢ 'q isthe same as number
of integerswsuch thatbdz p @ wzpandwk Xz p a ¢ Q (or ratherddz @ W wza and
w k O & hfor any integerd ).

The number of cards with value that satisfies upper constrains is the same as the number of iatfgers
which

fm ® Q poO wk & mnzmk waéQo &E

fQ p ®w Q ¢° ok w p pk waéQoace

fQz¢ w Q 09 ok w ¢ Cck & Qo@¢

X

1fQ N w ¢ T p A° ok ® O&p p k waéQoaé

By combining this & get that the number of cards with the number that satisfies our conditions is the same
as the number of integemdsuch thatt @ Qandw k & & £ @ and that number is same for every
integercand is equal tdQ 'Oz p AAnd asve know we can arrange olfiy p cards in (z p Aways

(by doing that giving the index of the permutation we made as information to Donald) so we just assign the
“Qh permutation to"@h card in sorted list of cards which satisfy our conditions.

Implementation

We can find the number of integeésfor whichcdy @ @andwok Qa ¢ 9 in constant time by finding
(9 the largest integer for which it holds true thab wanddBk Q& £ 9 , andai the smallest integer
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forwhichdd  candcBk Q& ¢ 'Q . The number of said integers is same as number of integsush
thatcd & aband®k Q& € '@ which is now easily computable asiy &b 7).

We can also find thé&h (0 based) integeéy for whchd  ®@andw k Qa ¢ ‘@ in constant time by
finding ¢Bthe same way, and realizing that saes also@h integer for whichid  Gandwo k Q d ¢ 'Q
and nowwis computable aey @® Q p tn.

b2g tSGQa FaadzyS  KexardsiVicky Rasiayfrom af hiyf bias r@rSakdenoguo Q
We need to find out the card index of which would, when the card is put with ré& g cards (and sorted),
be same as remainder of sum of nungdrom allQcards moduldQ Using previously stated conditions and
2 methods stated above we can deduce the in@er time complexityd Q.

With "Qbeing 6 in this task we can generate all the permutations of integers 0 through 5 and assign one of
them to every integeciTt ® OYwe can do that in time complexity 'Qz "Q\). So in Mickeys queries
we know that we need to arrange the remindi'z p cards in such way that their indexes represent @e
th permutation, and knowing exactly what@th permutation and getting the sorted list of cards as input
we can easily print remindin@z p in desired order once again in complexity Q.
So the overall time complexity of Mickeys query i€08
Ly 52yl ftRQ& 1ljdzSNxASa 6S ySSR (2 SEGNIOG G(KS AYyRSE
there are many ways to do that, and, with this siz&pilifferences between them areot that important.
One way to do that is to realize that all the permutations starting with index 0 are before those who start
with 1, etc. on the other side number of permutations which start veithrt ® Qis equal (easily
proven using mathentical induction) and is equal 7°Q 'Oz p ASo if the first number in list provided
to Donald is&h in the sorted list then the index of the permutatiopis'® & p A  n Q pz

Oz p Aso we can represent) ast) ‘2 &z p A 1) now using similar arguments if the second
number in provided list isQth in the sorted list of elements excluding the first element we can claim that
Nz XA 0 N p z Oz ¢ Aso we can represeni ast Nz & pA n andso
on until we getta]  which is 0 because there is only one permutation of size 1.

We can do all that using sort function and function which gives us number of already used numbers smaller
than our number (we need this for calculating the position of our number in shortened sorted list). We can
achieve time complexity ob "Qz a ¢ "QiRing quicksort and using tournameinee when calculating
positions in sorted lists.

Once we know the inde® we can, similarly as in Mickeys queries, find which numb€xtis in sorted list
of numbers which satisfy our conditions and print itiinQ, hence solving Donalds queries in overall time
complexity oftd Qz & £ "QQQ.

Time complexity of this solutionis Qz A 0 2Q 0z Qz & ¢

Space complexity of this solutionlis'Qz "QA.

Added by:miodziu

Resourcehttp://mwpz.poznan.pl

Solution by:
Name Nikola Spash
SchoolD NI Y Y I NIW2@K 2/2 fW2004, N6 €88l 6 LY | 2
E-mail: nnspasic199@gmail.com
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Problem R2 06 : Electrical Engineering (ID: 7680)
Time Lmit: 3 second
Memory Limit: 1536VIB

¢KS SISOINARIRETF GAIFofS AGNAGS (261 NRAa SYGANRBYYSY
Ayidz2 GKS NBOSyid 0622Y 2F KERNBXZ &2fFNE gAyR FyR 3S
NEFRe> (GKSaS | YOAGAZdz LJNSBSE»Lﬁémzml w)«ﬁy\ uwﬁzd X 2
SySNHe f2aadaSa (GKFd 200dzNJ RAZNAY3I (NI YyaLR2NIFGAZ2Y 2¢
LINE A RS LI ¢ SNDKBE RE2lGyRS GF{1Sy Fda LINRPJARSR@oeE VyI
ysl‘jl\fﬂlzéz dzy NBt Al 6fS INBSYy SySNHe OFy RA&NHAIN GKS ot
gAGKTMOINESS L2 SSNIJ 2dzi 3Saod

{ SNA2dza SFF2NI A& (GKdza Lizi 2y NBASIFNODKAYy3 (GNIyaais
L2 AAGKSY €AY F2N € AYSEN FyR LXFYyFN RA&GGNROGdzIAZ2ZY
ySUd@NIAYS AWLISRFJZOSME (2 FAYR GKS SldAagltSyd AYLY
¢CKS 1y26tSR3IAS 2T adzOK S| dZADI Si/diz MY LISRIF fyddsSma YO RY &7

I NB O2YLX SE ydzYoSNJ 6K2aS NBFf LI NI NBLINBaSyida GKS

F2NJ UKS OF LI OAGA@GS o6yS3AFGADBSO 2N AYyRdzOGAGBS 6 LR

>

AYISRIFyOSol o0 Sljdzrtfa AYLSREFEYOS 6060
LG 6+a LINREGSY GKEG Fye tAYSENI FYR LIXFYFN 3INFLK 6C
SyRLRAy(Gao Oly 08 NBRAOSR AytG2 I aAy3afs Sljdz}\QIfsy
ABY¥RAY3I y2RS&s dzaAy3d GKS F2tt26Ay3a AAE GNIyaFTz2NYl
Empty loop
reduction _F/.\
Pendant edge
reduction /l‘\\
Series
reduction >Z'+Z'< ; < Z=Z,+Z2
z 1
Parallel ><X > < Z= I ]
reduction —+ —
Ly ;] 11
zZ, Z.
Ly 7z
Y L, + 4L, <,
Delta-wye Zaxz Z 7 - Z.-Z,
transformation / ; - ze"\a = Z +Z,+Z
o b e T,
Z,=———
Z,+Z,+Z,
Z,+Z, Z,+Z, Z,
z -2====2s
Wye-delta \Z,,/ ZKZD 7 _g:'£1+£:_'-£3+£z'£1
transformation _ Z;"\Z. - /" \ = z,
14 A ‘.‘_Z[ z _£1'£:+£:'£:_;3'£:
S é}
b2¢ GKIFG @&2dz KFE@S |ttt (GKS ySOSaalNEB 2LISNIGA2YaA
AYLISRIFYOS 0S06SSy aAS@OSNIf O2dzZ) Sa 2F y2RSak

L y LJdzi

¢CKS AyLlzi 02y adaaiSa 23864 d 8Ng IR e 01 BRESa@ioINDR @3ak
Y2RE®d 0 pnE GKS ydzYoSNI 2F 0 XRA NB @iumanyIRt BBy WILYDHAS:
SldzA @1 £t Syd AYLSRIny @San#iy 102V Az & A SE T S fOKs RS A O
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OMRMBOGAZ2YIE O2yyY g Rt 2@VURY V2 AIYWIFSHRIBNIRE 2G WRBY Wt 2G4 y i QH
FNB Ay KB NRYAFLISRI yOS WSIGAREKNE WBN¥IWYR AY RSaA3dy
AYF3IAYLEFNE LI NIa NBéLJééQé\c@csﬁpeiKlo@uf@nwsaxyﬁ) NBEE Szﬁ“a
K2f R (g2 AyGS3ISNER>X (GKS AYyRAOSa 2F G4KS y2R RSa 0SigS
Ly Lldzi GSNNYAGQHESEsRYB I ol KK OK  Ydza i yzu 0SS S@I f dzk (8

h dzii LJdz(

C2NJ S| K2 'DQSZ}LF LJ2 A )/L'J a3 2dzi Lddzi G KBS %Kﬁﬁ)\l\lﬂgl fN§S§/(] W\IV?YLNSKIV?I
GKS NBFf FYR AYF3IAYyEFNE LI NIa NBaLYRIAO2SgeSCRIOERNA & IS
S)/EI)\)/SSNﬁ g Aff OQYéAI@SNJOé%dZNﬁUI&B&dﬂN&ENB é?)/OEUIKNBGNEBIXT
pmmd® CAYAARI SSC)KYﬂSééf Fyl f AYSCD
{FYBX S
L y LJdzii hdzi LJdzii

5103 23.37 -7.26

3112.317 -0.779 19.61 -6.97

53 30.107 0.289 0.00 0.00

51 27.447 - 22.649

4 215.351 24.371 3.79 -5.46

5519.63 - 3.549 54.43 38.09

2211.841 18.757 no connection

45 4.834 -16.542 no connection

355.022 -22.387
2524.768 - 22.356
52 27.351 12.053

12

23

33

10104
986.3617.411

13 27.596 - 6.484
9104.735 -8.282
8 86.901 27.939

84 14.894 3.729
5414311 -2.422
1010 11.009 6.225

4 43.196 -32.703
109 15.282 -14.799
3920.473 27.158
109

81

29

96

Solution:

t NENBljdzA aA0SaYwWBaRI OGN yATFT2HXKAEASDK dA &R Y SEAYAYLFGAZ2
LyidNRBRdzOGAZ2Y

alAy ARSI 2F azftdziAzy Aa (2 Lilzi OdzZNNByd &2 dzNDS 06
Y2RS&ad ! FGSNI GKFGEZ OF OdATIOO A 3y GAN2IBRR y O 32 MR (8K Va4 ¢
02 YLI S& W& éo z2A8"Yry dzY 6 S NJ (174 BiEdzr 6 SN 28y yd2RENI 2 F  |j dzS
2008 SySO1 Ay FEIA2NRGKY A& ydzYoSN 2 FwySAKRS A N& 3/ alF 2 K
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“star” “mesh™

¢KS Sljda gt Sy AYLJSRIYOSOII YR NEAYG (YOS 68i6SSy v
1
Zag = ZaZ Ly vy
AB A BZ AB A BZ}

2 KSKBO A& GKS AYLISRIYOS ol BRYNRKISYy By AN i 6 Sy2yR Sy 20RS

5SGFAft SR RSAONARLIGIAZ2Y

CANBG adSLI)Y /NBIFIGS 3INIYLK YR dzyA2y FAYRO®

/ NBFGS 3INFLK GKFEG NBLNBaSyia StSOGHBAPIOLEKDYzA R (1 K
AYLISRIFYyOS 06SOFdzaS LI N} ©f $p  KBPR dzEBEAZRYS &4 50 NSA- Yo Lty aF A33
ONBI (S dzyA2y FAYR RIKIMN &0NDUENS (12 RASIGISNIER yS 6 KA

intN, C, Z;
unordered_map<int, complex<double>> links[MAXN];
UnionFind uf(MAXN);
for (inti=0;i<C;i++) {
fscanf(fin, "%d %d %lf %lIf", &a, &b, &re, &im);
if @!=b){
links [a][b] += 1.0 / complex<double>(re, im);
links[b][a] += 1.0 / complex<double>(re, im);

uf.connect(a, b);

—

3
YR OYENL FOAT yRRBEE GKY G
y

AAAAA

aa
(S A | szNJv\éé Ay ftAad
NB IYS 2NJ y2RSa I N
pair<int, int> queries[MAXZ];
set<int> inQuery;
bool skip[MAXN];
for (inti=0;i<Z;i++) {
fscanf(fin, "%d %d", &a, &b);
if (a==D) {

T H a5/dq. dzoot S [/ dzLd H A



}

queries[i] = make_pair(EQUAL, 0);
}elsei f (luf.isConnected(a, b)) {

queries[i] = make_pair(NOT_CONNECTED, 0);
} else {

queries[i] = make_pair(a, b);

skip[a] = skip[b] = true;

inQuery.insert({ a, b });

¢CKANR aidSLIY {AYLX ATe 3INI LK

wSY20S Yy2RORYFBOKA2YySGKI G |
GKFG FNBYyUd YFENYISR 6y2RSa& 64l

unordered_set<int> simplify;
for(inti=1;i<=N;i++) {

}

if (Iskipl[i]) {
simplify.insert(i) ;

while (!simplify.empty()) {

int minld = *simplify.begin();
for (auto nodeld : simplify) {
if (links[nodeld].size() < links[minld].size()) {
minld = nodeld;

}
simplify.erase(minld);
/Il Star - mesh
complex<double> admSum = 0.0;
unordered_map<int, complex<double>> &ref = links[minld];
for (auto node : ref) {
links[node.first].erase(minid);
admSum += node.second,;

admSum = 1.0 / admSum;
for (auto it = ref.begin(); it I= ref.end(); it++) {
auto kt = it;
for (auto jt = ++kt; jt !=ref.end(); jt++) {
imp = (it - >second * jt - >second) * admSum;

- NN AR (iRl
$SNJ RSaINBS KI @S
a5/dq. dzoot S [/ dzLd H A



links[it - >first][jt - >first] += imp;
links|[jt - >first]]it - >first] +=imp;

}
C2dzNIK adSLI)Y {LXAG y2RSa
{LXAG y2RSa (2 O2yySOGSR O02YLRYySydGa FyR ONBIFGS YI
for (auto id : inQuery) {
components[uf.find(id)].push_back(id);
}
CAFTOK &adSLI) / NBISIY 2F (NpASEE2 a2 fI96R aBWNR Y G | yasg SN
C2NJ SI OK |j dzSNE® '-I:'?:)[F? O2NNB&LRYRA y 3 02 yyg@@@ﬁz 02 Y L2
YR FTAyLEte é,2Af__QS’ uKS ,é%f QS, aeausSyod / NBFEUSR YI 0NA
Fyl foeSadA08K aéau KYo®IENA K af Y2@d
/[ This array is used for mapping node to its position in matrix
int idToPos[MAXN];
for (inti=0;i<Z;i++){
if (queries]i].first == EQUAL) {
puts("0.00 0.00");
continue;

if (queries]i].first == NOT_CONNECTED) {
puts("no connection");
continue;

vector<int> &ref = components[uf.find(queriesi].first)];
for (intj = 0; j < ref.size(); j++) {
for (intk = 0; k < ref.size(); k++) {
tmpMat[j][k] = 0.0;

for (intj = 0; j < ref.size(); j++) {
idToPosrefj]] = j;

/I Create matrix
for (auto id : ref) {

TN a5/dq. dzoot S [/ dzLd H A



for (auto link : links[id]) {
a = idToPosJid];
b=1i dToPosllink.first];
tmpMat[a][b] - = link.second;
tmpMat[a][a] += link.second,

/I Init B vector
for (intj = 0; j < ref.size(); j++) {

B[j] = 0.0;
}
/l Add current source
BlidToPos[queries]i].first]] = - 1;
BlidToPos[queries[i].second]] = 1,

// Solve sytem

solveGauss(ref.size(), tmpMat, B);

complex<double> sol = X[idToPos[queries]i].second]] -
X[idToPos[queries]i].first]];

printf("%lf %olf \ n", sol.real(), sol.imag());

] 2y Ot dzAA2Y

] 2YLX SEAGE 2F AYLINZBSRGOI & TR ( KXo 6N IGIKIYNR G KY KI
LISNF 2 NY I yOS o

Added by:Christian Kauth

Solution by:
Name SSIy aAfl 1 20A08
Schoolfaculty ofTechnical Sciencedniversity oNovi Sad
E-mail: srki.account@gmail.com
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Problem R2 07 : Turn on the Lights 2 (ID: 9535)
Time Lmnit: 1-5 second
Memory Limit: 1536VIB
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https://en.wikipedia.org/wiki/Gaussian_elimination
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Added by:sevenkplus

Resourceown problem

Solution by:
Name BartO 2 Y RBuSeR
School! YAGBSNEAGE 2F 2 NROOUI ¢
Email: bardek.dudel@gmail.com
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