Code Expert :

Exams
2022 Summer
2022 Winter
2021 Summer
2021 Winter 1
2021 Winter 2
2020 Summer
2020 Winter

Semester Exercises
Programming Assignment 1

Programming Assignment 2

Programming Assignment 3

Programming Assignment 4

Programming Assignment 5

New exercises released

DP Exercise
Left and Right
Array Compression

Shuffle

Longest 3-Segmented Subarray
Maximum Subset

BST

Ticket Shop

Edit Distance to Subsequence
Navigation

Lava

Minimum Cost Edges

Railway

Paths with Small Weights

Def solve the dp ones !

Pair - Subsequence

Shortest Uncommon Subsequence
Longest Power-of-two Subsequence
Longest Palindromic Subsequence

Graph Exercise
Two Trees
Tree Augmentation
Players on a Graph
Undirected Graph
Graph Sets
Undirected Graph
Binary Tree

NOTES

Binary Search Tree

Dp

Dp

Graph dfs

Graph Dijkstra

Graph Kruskal

Graph Floyd - Warshall

Notes (graph)
1.edgeCount (4), 2. minDistRoots (8) , 3. cycle (4) , 4. minDistCycle (8)

1. leaves() , 2. maxChildren() , 3. longestCycle() , 4. minMST()

1. CycleLength() , 2. distanceToCycle(x) , 3. firstNodelnCycle(x) , 4. distancelnCycle(x,y)
1. isPath() , 2.EdgeOfTriangle , 3. NumberOfComponents , 4. LargestPerimeter
1.hasCycle() , 2. hasCycleWithoutNodeZero() , 3. isSameSet(x,y) , 4. getShortestPath

1. Two_Induced_Path , 2.Exists_Euler_Cycle , 3. Two_Colorable , 4. Max_Distance(v)

1. min() , 2.depth(k) , 3.children_of_node(k) , 4. Keyofrank(r)

Newly Released Exercises
2022

Programming Assignment 4

2021
Programming Assignment 3

Programming Assignment 4

Levels

Split and Merge
BST

In Between

Grid Search

Internet Connectivity

Longest Alternating Subsequence
Palindromic Edit Distance
Height in a Binary Tree

| Coins
| Shortest Cycle

Eulerian Distance

Basic Properties Of A Graph

NOTES

Dp

Dp

Binary Search Tree
DFS or BFS

Graph Dijkstra
Graph Kruskal

Dp
BST

DFS
Graph
Graph

Graph Problem with subtasks
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X Semgaies
distonce. D AT ] TYOLASE.

Ticket Shop

You want to go to a place that is distance D away. There is an array A of n 'A[ [ ]- : d.\S‘\' ‘{_ . n m
tickets that are availble, where A[i] is the distance that ticket ¢ can cover. Fiduer ccn cOues

You also have k vouchers that allow you to double the distance of any k of

the tickets that you buy (you can also feel free to not use all of them). Your L . Y 2_ '\'\(\Q_ Q‘[S‘\' O'G "\'{C_\AQ:\_ -\
goal is to calculategtherminimum amount of tickets that you need to buy to )
mn 7 Haeis fo readn ©XRCTUY D

reach'EXACTLY distance D (you can assume that this is always possible).

For example, for D =20 and A = [2,4,2,3,1,3,3,4,3]. With k = 0, you

can reach 20 with 6 tickets [3, 3, 3, 3,4,4]. With k = 1, you can reach 20

with 5 tickets [3 - 2,3, 3,4, 4]. With k = 2, you can reach 20 with 4 tickets O(‘ L
[3-2,3-2,4,4]. With k = 3, you can reach 20 with 3 tickets n i D ’ ‘)
B el ’ SR auehal
[ ] IDEA- ’DPC(JCQULI: 0 4ot 40 reach ) wh A O [ u}ﬂ\g Y

Il e B

You need to implement your solution as a method minTicket(D, k, n, A) in
the file Main.java. You get one point for each passing test set. To pass both

test sets, your solution is expected to run in time O(n - D - k). UD[.i ] [\)]E L—l = m‘n ’DP ‘C j | 41 E\_‘ ‘]-Ck’l ) "DP'CJ _,{j E\-B 1 A’(‘j jth_], ) UP'C‘S‘ _A’] E\'-) _ 2 s A‘E’Ijj Ey_..,ll,{

Attention: You are NOT allowed to use additional imports, other than the
imports already included in the code template.

N~V
dont use AT
Wy

minTicket ( D, k,

(10101 dp [n+1][D+1] [k+1];
( i=0; ic=n ; i++) { y
(int § = @ ; j<=D; J++ ) { /] '
( X =0 ; x<=k ; x++) { . .
dp [il[1[x] = 99999999; <L— maj(‘(\ nnn \U\u bQ USQd QQ‘%QV\U@I@Q)

(3==0) {
dp [i]1[j1[x] = ©

"N prrilConCx) =0 Aou won reach O distonce with © Relueks

i=1; i<=n ; i++ )4
x =0 ; x<=k ; x++) {
distance 0 ; distance<-=D; distance ) 1
(distance- 2+A[i-1] 0 x-1 0) dp[i][distance][x] min3(dp[i-1][distance][x] , dp[i-1][distance- A[i-1] ][x] 1 , dp[i-1][distance-2+A[i-1] ][x-1] ) -
(distance-A[i-1] 0 ) dp[i] [distance] [x] Math.min(dp[i-1][distance][x] ,dp[i-1][distance- A[i-1] ][x] ik )] ©

dp[i] [distance] [x] dp[i-1][distance][x] ;

dp[n][DI[k] ;

min3( a, b, )
Math.min ( Math.min(a,b) , c) ;
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Qomester

Edit Distance to Subsequence Exesdse.

A: T 1

You are given an array of n integers A and an array of m integers B such
that n < m. What isthe minimum number of elements of B that you need to LA O(ﬂ m\
replace by other integers so that A is a subsequence of B? (not necessarily
on consecutive indices) .6 L T \
For example, for A = [1,5,2,3] and B = [1,4,2,5,6,2,5|, the answer is 1, — N
and it is obtained by replacing the last element of B by 3. Also, for M —D-p E O - - m_j_ X E_O dol r\ j
A=[1,5,2,3]and B = [5,8,8,2,8,8, 3|, the answer is 2, and it is obtained

JDEH

by replacing the first two elements of B by 1 and 5.

’DPE'\'_\E\’BJ: e min # elowass o

-~

You need to implement your solution as a method editToSubsequence(n, m, /45 \ O o\ W \ e

A, B) in the file Main.java. You get one point for each passing test set. To
pass both test sets correctly, your solution needs to run in O(nm) time. V\e—@m S + :
l -
Attention: You are NOT allowed to use additional imports, other than the P\ O - - - \) 1S o S LLDS—Q,q

imports already included in the code template.

TP 102 =
BUI%QQQ
= fmn §DPUI-AQT{, TRU-OC -4 <

N Y
how d_ud wead/w@ how Jd we aclhuere

O..3 e
fr©:-] “BGia L&Lﬁ A O J \+“4_ Lo

dfwm CHW T

editToSubsequence( N, [] A,

[1[1dp [m+1] [n+1] ; 19¢. comgt
Spain el B 6 el d e T T T =i

dp[0][1i]

) 1
;L Js=n G ) g
UHIES T A[j-11) dp[il[3j]l = dp[1-11[j-1] ;
dp[i][j] = Math.min(dp[i-1]1[j-1] + 1 , dp[i-11[3] )

dp[m][n];
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Split and Merge

You are given an array of n integers A. You can apply the following
operation to the array: choose two neighboring values A[i] and A[i + 1], and
replace them by a single value

max(A[i], A[i + 1]) + floor(min(A[é], A[i + 1])/2). In other words: half of
the smaller value is absorbed by the larger value.

You apply n — 1 such operations until the array has a single value. You can
choose the order of the operations {Find the maximum value that you can
obtain at the end.

As an example, consider A = {924 8 10}, the maximum value is 21. A

possible sequence of steps is:
(92)4810 —+ 104 (810) — 10 (4 14) — (10 16) — 21.

You need to implement your solution as a method splitMerge(n, A) in the
file Main.java. You get one point for each passing test. To pass both test
sets, your solution needs to run in time O(n3).

Attention: You are NOT allowed to use additional imports, other than the
imports already included in the code template.

022

Sormegler Exescise.

calc( any b) {
Math.max(a, b) ¢ YMath.flooxr(Math.min(a, b) i)

splitMerge( n, [1A) {

[10] dp [(n1[n] ;
( i=0; i<n ; i++ ){
( j =0 ; j<n; j++ )
dp[il[j] = -1 ;

-

}

( i 0; i
dp[i][i] Ali];

. lenis) (e/\g'ﬂ-\
} 1

W og at

i +len-1 ; (\ﬂdQXJ caladation)

k =1i; k<j ; k++) {
dp[i]l[j] = Math.max(dp[i][j] , calc(dp[i]l[k] , dp[k+11[3] ) );
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Levels

You are given two arrays of n positive integers A and B which satisfy

Ali| > Bli] foralli =0,...,n — 1. These arrays describe a game with n
levels, numbered from 0 to n — 1, which goes as follows. At the beginning of
the game, you have an infinite amount of energy. In order to complete level
i, your energy must be at least A[i], and after completing level i your energy
becomes Bli].

You can choose to skip some of the levels, but the levels that you complete
must be completed in the given order. Return the maximum number of levels
that you can complete. That is, return the length of the longest subsequence
of levels (not necessarily consecutive) that you can complete.

For example, forn =5, A = (5,6,3,3,2),and B = (4,5,1,2,1), the
answer is 3, with one such subsequence being formed of the levels 0, 3, and
4.

You need to implement your solution as a method getLevels(n, A, B) in the
file Main.java. You get one point for each passing test. To pass both test
sets, your solution needs to run in time O(n logn).

Attention: You are NOT allowed to use additional imports, other than the
imports already included in the code template.

getLevels( n,

[1 memo [n+1] ;
(C i=0; ic=n ; i++) {
memo[i] =-1 ;
G
memo[1] B[O] ;
ans 1

( i=dl g i g d ) 1
reqEnergy A[i-1] ;
maxlevel xl P
(maxlevel>=0) {
(memo [maxlevel] reqEnergy) {

3

maxlevel

3

(memo[maxlevel+1] -1) {
ans 2
memo [maxlevel+1] B[i-1] ;

i

memo [maxlevel+1] Math.max (memo[maxlevel+1] , B[i-1] );

getLevels( NG

DP[]
DPsize;

DP[1] B[O];
DPsize i

¢ b= alg Al S g aked) o

1f 0, rg DPsize;

(1f rg) {
mid (1f + rg + 1) 25
(DP [mid] A[iD) 1
1f mid;
1
mid aks

(1f DPsize) £
DP[1f + 1] B[i];
DPsize q4';
1
DP[1f il Math.max(DP[1f

DPsize;

11, B[il);
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Left and Right fo...n
\
You are given an array A of nintegers, indexed from 0 to n — 1.
You play the following game. You start with a score of 0. At each step of the game, you can make one of the
following moves:
\ [/

Surmas

1. If A contains at least two elements, you can remove the leftmost and the rightmost element of A and add

X

to your score the absolute value of their difference. For example, if the leftmost and the rightmost
elements had values z and y, you add |z — y| to your score.

2. You can remove the leftmost element of 4 with no change to your score.

3. You can remove the rightmost element of A with no change to your score.

D

\DEG

Your task is to find the maximum score that you can obtain in the game. You need to implement your solution
as a method getMaximumScore(n, A).

Hint: Use dynamic programming with D/[i][;] representing the maximum score that you can obtain on

Al Al
Grading (16 points):
« An O(n?) implementation gets 16 points and an O(n?) implementation gets 6 points.

Attention: You are NOT allowed to use additional imports, other than the imports already included in the code
template.

(1A 4

getMaximumScore ( n,

conpwt
[n] [n] ; " -

Tﬂcmgvij:] (W
eI

(i+1<n j-1>=0) dp[i][j] max3 (dp[i+1][j-1] Math.abs(A[i]-A[j])
(i+1<n j-1<0) dp[i]l[j] Math.max(Math.abs(A[i]-A[j]) , dp[i+1]1[j] )
(i+1>=n j-1>=0) dp[i]l[7] Math.max(Math.abs(A[i]-A[j])

dp[il[j] = Math.abs(A[i]-A[j]) :

n-1 ; i>=0
j=0; j<n; 3

) 1
) )

y 1

dp[0][n-1];

CR)Y

max3 ( a, b,
Math.max(Math.max(a,b) , c) ;

'DPU]C]J = MOX

» dp[i+1][7]

] X

'D\”E“xiltsl L X fCcore.  to ot oN
ATi1 ... Atjl
AT 20 -\ ¢ VAT - RTHy D |

ATI+1C]2
ARTiQ Cj,(’_l

dwmzfga z' mc;ue_cvt@f\j

» dp[i][j-11) ;

I

» dp[i][3-11 ) ;
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Array Compression

You are given an array of nintegers A[0], ..., A[n — 1].

You can perform the following compression operation to the array: for some i < j such that A[i] = A[j], you
can remove from the array all the elements Ali], A[i + 1], ..., A[j — 1], A[j]. After that the array is re-indexed
and you can perform other compression operations.

You really love compression operations. Returd the maximum number of compression operations that you can
perform to the array.

For example, for n = 6 and the array A = [4,5, 6,4, 6, 5], the answer is 2: you can compress [6, 4, 6], after
which the array becomes [4, 5, 5], and then you can compress |5, 5].

You need to implement your solution as a method maxCompressions(n, A).

Hint: Use dynamic programming with D[ ][ ] representing the maximum number of compression operations
that you can perform to the array A[i, A[i + 1], ..., A[7 — 1], A[j].

Grading (16 points): An O(ns) implementation gets 16 points. An implementation that runs in time less than 0.1
seconds for n < 10 gets at least 6 points.

Attention: You are NOT allowed to use additional imports, other than the imports already included in the code
template.
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Palindromic Edit Distance gem@,g@ﬁ) %E\xerdge

Given a sequence A of n characters, your task is to compute th€ minimum
number of operations that is required to turn A into a palindrome. A
palindrome is a sequence of characters which reads the same backward as
forward, e.g., "level", "noon","racecar". We consider the following
operations:

e Change the character at any position

« Insert a character at any position. Palindromic_Edit_Distance( []A, 1))

For example, if A is "ETHZETHZ", the answer is 3.
[n]1[n];

Please see the Main.java file. The task is to implement the method

"Palindromic_Edit_Distance". You are free to create auxiliary methods. You : : di<n 3 it++) §
do not need to change other methods. ( j 0 ; jen ; j++) {
You get one point for each passing test set. To pass both test sets correctly, dp[i][]] 999999 ;

your solution has to be in O(n?) time. }

Attention: The index of an array in the code template starts at 0 following (

. L4 O . - - -
the convention of Java. 1 i<n ; 1+4) 1

dp[il[i] = 0 ;
(i+1 <n A[i] A[i+1]) dp[i][i+1]
(i+1 <n A[i] A[i+1]) dp[i][i+1]

d{:t'\\(‘x\ L= mmg%mﬂg s o

(i+3 - 1 >=0) dp[i][i+j] = Math.min (dp[i][i+j] , dp[i][i+j-1] + 1) ;
(i+1 < n) dp[i]1[i+j] = Math.min (dp[il[i+j] , dp[i+1]1[i+j] + 1) ;

dp (N (1) +4 \WUQ St Lislelle o

c[ m(’\: dp(w\\ L\WO X (A[i+j] == A[i] ) dp[il[i+j] = Math.min (dp[il[i+j] , dp[i+11[i+j-11 ) ;
dp[il1[i+j] = Math.min (dp[il[i+j] , dp[i+11[i+j-1] + 1) ;

dpi+0) () -1)

n ; j++t) §

M}

dp[0][n-1];
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Pair-Subsequence

You are given an array A of n integers, some of them positive and some of them negative, indexed from 0 to
n— 1.

Your task is to find the maximum sum that the elements of a pair-subsequence of A can have. A pair-
subsequence is defined as a subsequence that also satisfies the following properties:

« if the element with index 7 appears in the subsequence, then either the element with index ¢ — 1 or the
element with index ¢ + 1 also appears in the subsequence
« no three elements with consecutive indices appear in the subsequence

More informally, a pair-subsequence is a subsequence obtained by selecting pairs of consecutive elements of A4,
such that the pairs are not adjacent to each other. A pair-subsequence is also allowed to be empty, case in which
the sum of its elements is defined to be 0.

For example, forn = 8and A = [1,2,3,3,2,2,—10, 10], the pair-subsequence of maximum sum is the one with
indices 1, 2,4, 5, corresponding to values 2, 3, 2, 2, and hence with sum 9.

Return the maximum sum of the elements of a pair-subsequence of A.
You need to implement your solution as a method getMaximumSum(n, A).
Grading (16 points):

« An O(n?) solution gets 6 points and an O(n) solution gets 16 points.
Attention:

« You are NOT allowed to use imports explicitly or implicitly, other than the imports already included in the
code template.
« When you submit the code, you see your score as a percentage, not as a number of points.

getMaximumSum/( n,

[n]
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ath.max ( dp[i-3]
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Shortest Uncommon Subsequence

Given an n-element string A and an m-element string B such that A is not a
subsequence of B and n < m, your task is to compute the length of a

shortest uncommon subsequence of A with respect to B, i.e., the length of ﬁ

subsequence of A with respect to B, and its length is 3. ')( Ki@

Grading (16 points):

|IDER
’DPD:LC\')] :

a shortest subsequence of A that is not a subsequence of B. For example, if
A = FEETTT and B=TETTE, EET is a shortest uncommon % g % d_
X s
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e An O(nm?®)-time implementation gets 16 points, while an O(2™ - m)-time
implementation still gets 6 points.
N <o)

* You may use an (n + 1) % (m + 1)-size DP table where, e.g., DP[i][7]
stores the answer for the first ¢ characters of A and the first j characters
of B.

e For a dynamic program, you can decompose the problem based on the
largest position in B that matches the last character of A.

HINT:
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e The input array A is indexed from 0, and all characters are capital

letters.
Attention:

e You are NOT allowed to use imports explicitly or implicitly other than the
imports already in the code template.

¢ You see the percentage of your submission in the CodeExpert system
instead of points.

ShortestUncommonSubsequence ( n,

(101 dp [n+1][m+1] ; A
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( 3
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m; j++) {
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i 1l o ak<=)) § al ) §
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largestpos -1 ;
X j-1 ; x>=0 ; x--) {
(B[x] A[i-1]) &

largestpos = x ;
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-1) dp[il[i] = 1 ;

Math.min (dp[i-1][j] , dp[i-1][largestpos]
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Longest Power-of-Two Subsequence

You are given an array of n integers between (and including) 0 and 22° — 1 = 1048575. Your task is to compute
the length of the longest subsequence such that the absolute difference between consecutive elements is a
power of two'(that is, one of 1, 2, 4, 8, and so on). Note that the elements of the subsequence do not need to be
on consecutive positions in the original array.

For example, for the input array 1, 6, 3, 7, 3, 9, the answer is 4. This is because there exists a valid subsequence

of length 4: thisis 1, 3, 7, 3. On the other hand, there exists no valid subsequence of length 5.
a k-4
You need to implement your solution as a method getLongestSubsequence(n, A), where A is the given array.

Grading (16 points):

« Let h be the maximum value of an integer in the input. So, h is at most 22° — 1 = 1048575. An
O(h + nlog h)-time implementation gets 16 points and an O(n2)-time implementation gets 6 points.

Attention:

* You are NOT allowed to use imports explicitly or implicitly other than the imports already in the code
template.
* You see the percentage of your submission in the CodeExpert system instead of points.
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Longest Palindromic Subsequence Q020

A palindrome is a sequence of characters which reads the same backward as forward, e.g., SU‘W\W

"level", "noon","racecar". Given a sequence A of n characters, your task is to compute the &P C i :)'C\.—S 1 : — Wh O‘F’ UOW_’— GOQL(‘(\

length of the longest palindromic subsequence of A,'i.e., the length of the longest

subsequence of A thatis a palindrome. For instance, if Ais "ETZHEEHU", "HEEH" is the longest Sb{b S-Qq prm A-C“ 1 L_JKS \

palindromic subsequence of A, and its length is 4.

Grading (16 points):

— £ AT f—AEal ]
PD C\Jj::. wm{ dp(iH LD QPQ,)(‘J,(), dpCi+d G4+

Note: The input array A is indexed from 0, and all characters are capitals. Q \+\ - - -j \ - - - S T+ X“l *

Attention: NOK %QLP (]—\—(.\ tj] < P ({ ) 9“‘1 ) &P (T‘H ) (‘S-/D

« You are NOT allowed to use imports explicitly or implicitly other than the imports already in

« An O(n?)-time implementation gets 16 points, while an O(2")-time implementation still gets
6 points. B[

the code template.

a> .
« You see the percentage of your submission in the CodeExpert system instead of points. dp L ( ’) L ( 1 o i ’ﬂQ_(\ OLU

Palindrome ( [1 A, n) {
(101 dp [n1[n];
( 1S=S08 0 <N 0 EE) 3
dp[i][i] 1;
}

3 n-1 ; i>=0 ; i--) {
J=0; 3<n; §+)
1)
(A[i]==A[3]) 4
(i+1<n j-1>=0) dp[i]l[j] = max3(dp[i+1][j] , dp[il[j-1] , dp[i+1]1[j-1] + 2 ) ;
(i+1<n j-1<0) dp[i]l[7] Math.max(dp[i+1]([3] , 2 ) ;
(i+1>=n j-1>=0)dp[i] []] Math.max(dp[i]l[j-1] , 2 ) ;

0) dp[il[j] = max3(dp[i+1]1[3] , dp[il[j-1] , dp[i+1]1[j-11 ) ;
j-1<0) dp[i]1[j] =dp[i+1]1[3] ;
j-1>=0)dp[i]1[]j] = dp[i][j-1] ;

max3 ( ap b
Math.max(Math.max(a,b) , c) ;
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Shuffle

Given three strings A, Band C with |A| = n, |B| = m and |C| = n + m, your
task is to decidéelif C'is a shuffle of A and B. A shuffle of A and B is formed
by merging A and B into a new string while maintaining both the internal order
of the characters of A4 and the internal order of the characters of B. For
example, C' = PINEAPPLE is a shuffle of A = PAPLE and B = INEP.

Grading (16 points):

« An O(n - m)-time or O((n + m)?)-time implementation gets 16 points,
while an O(2™*™)-time implementation still gets 5 points.

Note: The input arrays A, B and C are indexed from 1 instead of 0 in the code.

Attention:

« You are NOT allowed to use imports explicitly or implicitly other than the
imports already in the code template.

« You only can see the percentage of your submission in the CodeExpert
system instead of points.

Shuffle( n,

(101 dp [n+1][m+1];

dp[0][0] true;
( 1 = 0 ; i<n+l ; i++ )3
( =0 ; j<m+l ; j++) {
(i-1>=0) dp[i]l([3j] dp[i] [3]
(j-1>=0) dpl[il[j] = dp[il([3j]

(dp[i-1][3]
(dp[i][j-1]

dp[n][m];

A[i]
B[]]
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SummafA
Av- getlil. gex(le o ——>e

‘ \ ‘5; [ 'k«/}
A ,
t = In.readInt(); AV. g!,t .t[‘] ."“J

(¢ test = 0; test < t; test++) {

You are given two rooted trees, A and B, with disjoint vertex sets. Tree A rRg -+ o DR
has vertices indexed by ay, ..., a,,_1, With the root at index a, and tree B
has vertices indexed by by, ..., b,,_1, with the root at index by. The edges in

each tree are weighted by positive integers. 0 pain(CLrng llRaxg=)R
o / e .
0 ~

You want to add some new edges that connect leaves of A with leaves of B,
thus creating a connected graph. Specifically, you can add an edge only if it

goes between a leaf of A and a leaf of B. Any edge that you add has weight n Imz;adInt;;;t()
query n.readIn H

0 N\

The distance between two vertices is defined as minimum total weight of a
path that connects the two vertices.

e ——————

Arraylist<Arraylist<Integer Arraylist<Arraylist edgeCount ( n, Arraylist<Arraylist<Integer>> Av, ArraylList<ArraylList<Integer>> Aw,
. . . ArraylList<ArraylList<In Arraylist<Arraylist : : v an . o A
Given these two trees, you have to implement the following methods. All the ArraylList<ArrayList<In Arraylist<Arraylist Arraylist<Arraylist<Integer>> Bv, ArraylList<Arraylist<Integer>> Bw) {
. N aptt ArraylList<ArraylList<In Arraylist<Arraylist
answers are guaranteed to fit on an "int" type. L ih i and

Av.add( Arraylist
Aw.add( Arraylist

\/edgeCount()z Return the total number of edges that you can add Bv.add(new Arraylist
between the two trees. Bw.add (new Arraylist

minDistRoots ( n, ArraylList<Arraylist<Integer>> Av, ArraylList<ArraylList<Integer>> A
Arraylist<Arraylist<Integer>> Bv, ArraylList<Arraylist<Integer>> Bw) {

u, v, w;

. minDistRoots():Return the minimum distance between the roots of the Gnt 1s0; 4

B . u = In.readInt();
two trees that you can achieve by adding exactly one edge. o ey

W - In.readInt(): cycle( n, Arraylist<ArraylList<Integer>> Av, ArraylList<Arraylist<Integer>> Aw,

. z Av.get(u) .add(v); ArraylList<Arraylist<Integer>> Bv, Arraylist<ArraylList<Integer>> Bw) {
\/3. cycle()nReturn 1 if you can add exactly two edges such that the e e
resulting graph has a simple cycle (no repeated vertices) that contains ISR 0T £ ALy £199) 6
the two roots. u = In.readInt();
v = In.readInt(); . ) ) . X
w - In.readInt(); minDistCycle( n, Arraylist<Arraylist<Integer>> Av, ArraylList<ArraylList<Integer>> A
% &, minDistCVCle(); Return the minimum [ength of a simple cycle (no :v.gezéu;.azgivi; Arraylist<Arraylist<Integer>> Bv, ArraylList<Arraylist<Integer>> Bw) {
w.get(u).add(w);
L repeated vertices) that contains the two roots that you can achieve by
adding exactly two edges. You can assume such a simple cycle exists. (quexy —- 1) {
Out.println(edgeCount(n, Av, Aw, Bv, Bw));
(query 2) 1
Out.println(minDistRoots(n, Av, Aw, Bv, Bw));
Grading (24 points): (query ) 1

Out.println(cycle(n, Av, Aw, Bv, Bw));
: ¢ . s " i
1. edgeCount() (4 points): An O(n)-time implementation gets 4 points. Out.println(minDistCycle(n, Av, Aw, Bv, Bw));

2. minDistRoots() (8 points): An O(n)-time implementation gets 8 points
and an O(n?)-time implementation gets 4 points.

3. cycle() (4 points): An O(n)-time implementation gets 4 points.

4. minDistCycle() (8 points): An O(n)-time implementation gets 8 points

l R
and an O(n?)-time implementation gets 4 points. W*L[/\ W&-&w ’—LIDQE

Attention: You are NOT allowed to use additional imports, other than the weightDFS( - e v (e Ay ie e ()
imports already included in the code template. ( i=0; i< v.get(x).size(); i
weightDFS(v.get(x).get(i), D, v, w);
(D[x] 0) {
D[x] D[v.get(x).get(i)] w.get(x).get(i);
edgeCount( n, Arraylist<Arraylist<Integer>> Av, ArraylList<Arraylist<Integer>> Aw, ¥ i
Arraylist<Arraylist<Integer>> Bv, ArraylList<Arraylist<Integer>> Bw) { D[x] Math.min(D[x], D[v.get(x).get(i)] w.get(x).get(i));

minDistRoots ( n, Arraylist<Arraylist<Integer>> Av, ArraylList<ArraylList<Integer>> Aw,
Arraylist<Arraylist<Integer>> Bv, ArraylList<Arraylist<Integer>> Bw) {
[1 Apath [nl;
[1 Bpath [n1;
weightDFS(0, Apath, Av, Aw);
weightDFS(0, Bpath, Bv, Bw);
Apath[0] Bpath[0];

leavesA = 0 ;
leavesB 0 ;
( i=0; i<n ; i++) {

(Av.get(i).size() 0 ) leavesA g (\&H\(\
(Bv.get(i).size() == 0 ) leavesB ; (BPS Q n/\_)\"\(\_Q_f\
minDistCycle( n, Arraylist<ArraylList<Integer>> Av, Arra t<ArraylList<Integer>> Aw,
leavesA * leavesB ; ArraylList<Arraylist<Integer>> Bv, ArraylList<ArraylList<Integer>> Bw) {

minDistRoots ( n, ArraylList<Arraylist<Integer>> Av, ArraylList<Arraylist<Integer>> Aw,
ArraylList<ArraylList<Integer>> Bv, ArraylList<ArraylList<Integer>> Bw) {
[1 Apath [n1;

[1 Apath [n]; [1 Bpath [nl;
[1 Bpath [nl;
weightDFS(0, Apath, Av, Aw);
weightDFS(0, Bpath, Bv, Bw);

cycle( n, Arraylist<Arraylist<Integer>> Av, ArraylList<ArraylList<Integer>> Aw,
ArraylList<Arraylist<Integer Bv, ArraylList<Arraylist<Integer Bw) {

LinkedList<Integer> a LinkedList<> () ;
a.addFirst(0) ;

(! a.isEmpty()) {
curr a.removeFirst() ;

( j j < Av.get(curr).size() ; j++) {
(Apath[Av.get(curr).get(3)] 0) {
Apath[Av.get(curr).get(j)] Apath[curr] Aw.get(curr)

a.addLast(Av.get(curr).get(j)) ;

leavesA

leavesB minAl = Integer.MAX_VALUE, minA2 = Integer.MAX_VALUE, minB1 = Integer.MAX_VALUE, minB2 = Integer.MAX_VALUE;
( i=0; icn ; i++) {

(Av.get(i).size() 0 ) leavesA g (

0; 1 < Av.get(0).size(); i
(Bv.get(i).size() 0 ) leavesB get(0) (0] ) i

(Apath[Av.get(0).get(i)] Aw.get(0).get(1) minAl) §

) . minA2 = minAl;

minAl = Apath[Av.get(0).get(i)] Aw.get(0).get(i);
(Apath[Av.get .get(i)] Aw.get(0) .get (i) minA2)

minA2 = Apath[Av.get(0).get(i)] Aw.get (0).get(i);

3

(leavesA 2 leavesB

LinkedList<Integer> b LinkedList<> () ;
b.addFirst(0) ;

(! b.isEmpty()) {

curr b.removeFirst() ;

( j = 0; j < Bv.get(curr).size() ; j++) {
(Bpath[Bv.get(curr).get(j)] 0) {

Bpath[Bv.get(curr).get(j)] Bpath[curr] Bw.get(curr).get(j) ;
b.addLast(Bv.get(curr).get(j)) ;

0; i < Bv.get(0).size(); i++) {1
(Bpath[Bv.get(0).get(i)] Bw.get(0).get(i) < minB1) {
minB2 = minB1;
minB1l = Bpath[Bv.get(0).get(i)] Bw.get(0).get(i);
(Bpath[Bv.get(0).get(i)] Bw.get(0).get (i) minB2)
minB2 = Bpath[Bv.get(0).get(i)] Bw.get(0).get(i);

mina = 999 R i 9999999;

il 0; i<n ; i
(Av.get(i).size() 0 ) mina Math.min( mina , Apath[i]) ;
(Bv.get(i).size() 0 ) minb Math.min( minb , Bpath[i])

minAl minA2 minB1 minB2;

mina minb ;
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Tree Augmentation

You are given a tree with n vertices, numbered from 0 to » — 1, in which

vertex 0 is the root of the tree. The tree is given as an array of n — 1 tuples java.util.Arraylist;

(U[i], V[i], C[i]), which means there is an edge between parent U|i] and R T C( i 7

child V[i] of cost C[i], where C[i] is a positive integer. You are also given o_’—ﬂ o
Main {

another array of n — 1 positive integers D[1],..., D[n — 1], which we will G ) §
explain in a moment.

open("public/5-min_mst_small.
compareTo("public/5-min_mst_small.out");

. . . 1 tCycl
You want to augment this tree by adding one edge to it, from the root (vertex @ - e SngestCyclel
0) to one of the other vertices. If you choose to add the edge from the root o t}’?xeaéin:ﬁ e
to vertex i, the cost to traverse it is D[i]. NGRS e
S g E"%? ArraylList<ArraylList<Integer>> G Arraylist<ArraylList<Integer>>(n);
5 v 7 isP: i 5 ; ; s i i e g
You want to understand the structure of the tree and the effect of adding an Oec i 7 ol e i Arra){Llst Arraylist Inte;,e; - H Arraylist<ArrayList<Integer>>(n);
. . . ; X ) ol i=0;i<n; 1
edge to it. You have to implement the following methods: L 2 g BT rG) (E T oL e O
[(] i ;d' : e H.add( ArraylList<Integer>());
. N o " Ui .readInt();
1. leaves(): Return the number of leaves (that is, vertices with no children) VIi] - In.zeadInt(): countLeaves - 0 ; ¥ ) ; )
. cli] .readInt(); (int 1 =0 ; icn ; i+4) { (int i =0; i<n -1; d++) §
in the tree. (isParent[i] false)countLeaves++ ; G.get(U[i]).add(V[il);
Gnti=1;4i<n; i H.get(U[i]).add(C[i]);
: . X ¢ D[i] - In.readInt(); L :
2. maxChildren(): Return the maximum number of children of a vertex in countheaves ¥
the tree. fhoy =11 & . LinkedList<Integer> Q LinkedList<> () ;
out.println(leaves(n, U, V, C, D)); maxChildren( Q.addFirst(0) ;
. (query == 2) { . [1 distance [n] ;
3. longestCycle(): Return the length of the longest cycle that you can out.println(maxChildren(n, U, V, C, D)); [1 numChildren [n] ;
" (query 3 1 ( i=0; icn; i++) § .
create by adding one edge between the root and one of the other Out.println(longestCycle(n, U, V, C, D)); numChildren[U[i]] ++ ; (1Q.isEmpty()) {
. . R i i i = Q.removeFirst() ;
vertices. The length of a cycle is the sum of the costs of the edges in it. Out.println(minMST(n, U, V, C, D)); (int j = 0 ; j<G.get(i).size() ; j++) i

(A cycle may also consist of only two vertices, if you add an edge ! =91 N CHSEEAELLAE) LG 1) == O ) d ) )
) ; di<n ; i++) § distance[G.get(i).get(j) ] distance[i ] H.get(i).get(3) ;

between the root and one of its children; in that case the length is equal max - Math.max( max , numChildren[il) ; 0.addLast (G.get (1) .get(3)) ;
to the cost of the original edge plus the cost of the added edge.) i

4. minMST(): Return the minimum cost of a minimum spanning tree that
can be obtained by adding one edge between the root and one of the ; x 5 P B £ §
other vertices. (Note that, if you do not add any edge, the minimum Math.max(distance[i] + D[i] , max) ;
spanning tree is the tree itself, and it has a cost equal to the sum of the e
costs of the edges in the tree. By adding one more edge you may make minMST(
the cost of a minimum spanning tree smaller.) This question is
independent of the the longestCycle() question (the edge that you add

does not need to lead to a [ongest cycle). ArraylList<ArraylList<Int [ Arraylist<ArraylList<Integer>>(n);
ArraylList<Arraylist<Int H Arraylist<ArraylList<Integer>>(n);
. . . ( i=0; 1i<n; i++) {
Hint: Try to understand under what conditions the cost of the minimum G.add(new ArrayList<Integer>());
spanning tree decreases after adding one edge to the tree. . IR (e RO
( i=9;4 <n i++) §
longestCycle(int n, int[] U, int[] V, int[] C, int[] D) { G.get(UL1]) .add(V[iD);
H.get(U[i]).add(C[i]);
Grading (24 points): 3
1. leaves() (4 points): An O(n)—time implementation gets 4 points.
. . . . . . . Arraylist<Arraylist<Integer G Arraylist<Arraylist<Integer>>(n); LinkedList<Integer> Q LinkedList © 7
2. maxChildren() (4 points): An O(n)-time implementation gets 4 points. Arraylist<Arraylist<Integer>> H Arraylist<Arraylist<Integer->(n); Q.addFirst(0) ;
3. longestCycle() (8 points): An O(n)-time implementation gets 8 points, (int i = 0; i < n; i++) § P e — T y— N Sy Y—— W 1 [1 distance [n] ;
2 4 . . . G.add( ArIayList Int sumTo X, ' IraylLis IrayLis nteger v rraylis rraylis nteger [] maxEdgeOnPath [n] ;
and an O(n*)-time implementation gets 4 points. PP Ay (dnt 1 = 8; 1 < G.get(x).size(); i++) §
4. minMST() (8 points): An O(n)-time implementation gets 8 points, and an } D[G.get(x).get(i)] = D[x] + H.get(x).get(i); (1Q.isEmpty()) {
O(n?logn)-time implementation gets 4 points. (Coie G &l - m g 4 sunTo(G.get(x) .get(1), P, G, H); i - Q.removeFirst() ;
G.get(U[i]).add(V[il); i3 (int 3 = 0 ; j<G.get(i).size() ; j++) {
. . . H.get(U[i]).add(C[i]); s s 5 A
Attention: You are NOT allowed to use additional imports, other than the 1 £ 2 : 3 (?IStance[G'get@ 'geﬂ.]) ] . ) & . . .
distance[G.get(i).get(j) ] - distance[i] + H.get(i).get(j) ;

imports already included in the code template. maxTo ( X, [1 D, ArraylList<Arraylist<Integer>> G, ArraylList<ArraylList<Integer>> H) {
[ pP Fn]; (« i=0; i< G.get(x).size(); i++) { maxEdgeOnPath[G.get(i).get(j)] = Math.max(H.get(i).get(j) , maxEdgeOnPath[i] ) ;
SU'"“’("ISP: G: H); D[G.get(x).get(i)] - Math.max(D[x], H.get(x).get(i));
Eesu : 1: i maxTo(G.get(x).get(i), D, G, H); Q.addLast(G.get(i).get(3)) ;
result - Math.max(result, DP[i] + D[i]); 3 ¥
3 8

result;

maxdiff 0 ;
( i=1; dcn ; i++) §

minMST( n, [1u, v, f1c,
maxdiff Math.max( maxEdgeOnPath[i] D[i] , maxdiff) ;

Arraylist<Arraylist<Integer>> G Arraylist<Arraylist<Integer>>(n); i=0;idcn; i+){
ArraylList<Arraylist<Integer H Arraylist<Arraylist<Integer>>(n); C[i] ;
( i=0;1<n; i) §
G.add( ArraylList<Integ (01
H.add( ArraylList<Integer>()); (maxdiff )
I3 sum-maxdiff;
( i ); i<n
G.get(U[i]).add(V[i]);
H.get(U[i]).add(C[i]);
3

[1 op [nl;
maxTo(0, DP, G, H);
sumEdges result
(¢ al
sumEdges (118
3
result sumEdges;
( i=1;1i<n;di+) 1
result Math.min(result, sumEdges DP[i] D)
3
result;
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An Undirected, Unweighted Graph

During the semester, you have learned basic graph theory and many graph
algorithms. This assignment considers an undirected, unweighted graph
G = (V, E) with adjacency lists. You need to implement the following tasks:

1. IsPath(): Check if G is a path provided that G is connected, i.e., G
contains a path connecting all the vertices in V, but G does not conain
any other edge.

2. EdgeOfTriangle(u, v): For a given edge e = (u, v), check if G contains a
triangle that includes ¢, i.e., V contains a vertex w such that E contains
all the three edges (u,w), (u,v) and (v, w).

3. NumberOfComponents(): Calculate the number of connected components

in G.

4. LargestPerimeter(v): Given a vertex v, calculate the largest perimeter
from vin G provided that G is connected, i.e., the largest number of
vertices equidistant from vin G.

Grading (24 points):

1. IsPath() (4 points): An O(|V| + | E|)-time implementation gets 4 points.

2. EdgeOfTriangle(u, v) (6 points): An O(|V|)-time implementation gets 6
points, while an O(|V'|?)-time implementation only gets 3 points.

3. NumberOfComponents() (6 points): An O(|V| + | E|)-time implementation
gets 6 points.

4. LargestPerimeter(v) (8 points): An O(|E|)-time implementation gets 8
points, while an O(|V| - | E|)-time implementation only gets 4 points.

Attention:

« You are NOT allowed to use imports explicitly or implicitly other than the
imports already in the code template.

« You see the percentage of your submission in the CodeExpert system
instead of points.

count (&) 8

(degrees[i] >2)
(degrees[i]

(count>2 )

¥

[] degrees;
[I1[] edges;
[1 visited;

IsPath() { EdgeOfTriangle(

[Jedgesofu [n] ;
( i

i 0 ; i<n ; i++) § (edges[u][i]

false;
1) count 2

u,

0 ; i<degrees[u] ; i

il 0 ; i<degrees[v] ; i

false;
true;
false;

v) {

LargestPerimeter(

( il 0]
visited[i]

LinkedList<Integer> Q

Q.addFirst(v) ;

visited[v]
[] distance

LinkedList<Integer>();

true ;

[n] ;

('Q.isEmpty()) 1
curr - Q.removeFirst() ;

i 0 ; i<degrees[curx] ; i ) §
(visited[edges[curr][i]] false) {

visited[edges[curx][i]]
distance[edges[curxr] [i]]
Q.addLast (edges[curx][i]) ;

txue ;

distance[curr]

[] distancenum [n] ;
( i=0; i<n; i++) {
distancenum[ distance[i] ]

i<n ; 1++) {

max Math.max(max , distancenum[i]) ;

max;

(edgesofu[edges[v][i]] 1)

L

) o

) o

v) {

v) edgesofuledges[u][i]]

1

’

NumberOfComponents () {

count =0 ;

i @ ; i<n ; i N
(visited[i] fals w lﬂ.w

count ;
DFS(i) ;

DFS(
visited[v]=true;
( i=0; 1
(visited[edges([v][i]]
DFS(edges[v][i]);

v) 1

degrees[v]; i++) {
false) §
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Graph Sets

You are given an undirected connected graph with n nodes numbered from 0 to n — 1 and m edges
/_\
between them.

initialize() {

set[i]
The nodes of the graph are partitioned into sets in the following way. Node 0 forms a set of its own. iet[ 1

Suppose that node 0 is removed from the graph. Then, the nodes in each.cenneeted-subgraph of the

( il 0 ; i<degree[0]

resulting graph forms another set. i
(visited[edges[0][i]] - false hasCycle() { m = l _\,
. - - N Q (2
An example is shown below, in which the nodes are colored according to the set they are in. ::’Egzges’[ T hab
Specifically, the sets in this-example are {0}, {1}, {2, 3,5, 6}, and {4,7}. dfsmodified (edges[0][i], set) ; (m>=n) 1 M > n -\ 2 %CLQ'
Graph { N
n;
LH
[]1 degree;
[1[] edges; visited[i]
[] visited; 3 =
hasCycleWithoutNodeZexro() 1{
[1 set ; LinkedList<Integer> Q LinkedList<Integer>();
setnum ; : ‘
7 Q.addFirst(0) ;
[] distancetozero ; 2
bhascycle ; distancetozero[0] = 0 ;
. (! Q.isEmpty()) { ( d [0] + )
. 0
Graph( n, [1[] edgeArray){i curr Q.removeFirst() ; m Egree - setnum
o= on; ¢ i O ; i<degree[curr]; i
.m = m; (visited[edges[curr][i]]
ch a graph, you have to gnéwer queries of the following type: dagree CRIERE G e e = =il .
edges distancetozero[edges[curr] [i] ] distancetozero[curr] 1.9
. . visited H .addLast (ed i o
1. hasCycle(): Return Tif the graph has a cycle, and 0 otherwise. .set n] ; R HC D | ),
.distancetozero H
2. hasCycleWithoutNodeZero(): Suppose that node 0 is removed from the graph. Return 1 if the ~Z:t”“’" 5 BE: . isSameSet( X,
. ascycle fa -H
resulting graph has a cycle, and 0 otherwise.
( fo= G A 7 i) 4
3. isSameSet(z, y): Given two nodes x and g, return 1 if they are in the same set, and 0 otherwise. degree[edgeArray[1][0]]++; (set[x] set[y])
degree[edgeArray[i][1]]++; 0 ;
A
4. getShortestPath(z, y): Given two nodes x and y that are in different sets, return the shortest- @i U2 G fUGp fe5) 6
path distance between them. edges[i] [degree[i]];
degree[i] );
) ) - ) L (int 4 =0; 1 <m i+4) { getShortestPath( X y) 1
You have to implement the four methods described above. In addition, we provide an intialize() edges[edgeArray[i] [0]] [degree[edgeArray[i][0]]++] - edgeArray[i][1]; A TP
» - B : % A : smodilirie se
method which we guarantee to run before any of the queries. Feel free to use this method, for edges[edgeArray [1] [1]] [degree[edgeArray[i] [1]]++] = edgeArray[i][0]; : .
example, to initialize information that you want available in all of the queries (of course, the time visited[v] - true ; distancetozero[x] distancetozero[y];
consumed by intialize() counts toward the time limit of the problem).
(¢ i 0 ; i<degree[v] ; i++) {
For an easier implementation of the queries, recall and make use of the fact that the graph is curr edgesilv] _[1] :
(visited[curr] alse curr

connected. set[curr] = set[v] ;
dfsmodified(curr , set) ;

Grading (24 points):

1. hasCycle() (4 points): This query will be run at most once. An O(n P m)-time implementation
gets 4 points. java.util.Arrays;

2. hasCycleWithoutNodeZero() (4 points): This query will be run at most once. An O(n + m)-time
implementation gets 4 points.

3. isSameSet(z, y) (8 points): If ¢ is the number of queries of this type, an O(n + m + g)-time
implementation gets 8 points and an O(q(n GH m))—time implementation gets 4 points.

4. getShortestPath(z, y) (8 points): If g is the number of queries of this type, an O(n + m + g)-time main(String[] args) {
implementation gets 8 points and an O(g(n + m))—time implementation gets 4 points.

Attention:

e You are NOT allowed to use imports explicitly or implicitly other than the imports already in the

code template.
tests - In.readInt();
¢ You see the percentage of your submission in the CodeExpert system instead of points. (es St n-ria :ei*)cs- t++) {

n = In.readInt();
m = In.readInt();
q = In.readInt();

[1[] edgeArray [m1021;
( il ; 1<m; i) §
edgeArray[i] [0] In.readInt();
edgeArray[i] [1] In.readInt();
¥

Graph G Graph(n, m, edgeArray);
G.initialize();

( i=0;1ic<q; i++) §
type = In.readInt();
(type 11

PVO\/\M DFS EV\KQ% &%ed) Out.println(G.hasCycle());

3 (type 2) {

DFS( x) {
visited[x] true;
(« i = 0; i < degree[x]; i++) {
(!visited[edges[x][i]]) {
DFS (edges[x][i]);

Out.println(G.hasCycleWithoutNodeZero());
b (type 3) 1

x = In.readInt();

y = In.readInt();
Out.println(G.isSameSet(x, y));

} (type 4) i

x = In.readInt();
y = In.readInt();
Out.println(G.getShortestPath(x, y));
3
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An Undirected, Unweighted Graph

During the semester, you have learned basic graph theory and many graph
algorithms. This il iders an i L i graph
G = (V, E) with adjacency lists. You need to implement the following tasks:

. Two_Induced_Path(u, v, w): For three given vertices v, u and w, check if they
form a 2-induced path, i.e., if exactly two of the three edges (v, ), (u,w) and
(v, w) belong to E.

. Exists_Euler_Cycle(): Check if there exists an Euler cycle in G provided that G is
connected. (A Euler cycle is a cycle that visits every edge exactly once.)

. Two_Colorable(): Check if G is 2-colorable. (A graph is 2-colorable if its

vertices can be assigned with 2 colors such that no two adjacent vertices share

the same color).

Max_Distance(v): Given a vertex v, p| that G is the

maximum distance from v to another vertex in V where the distance between

two vertices is the minimum number of edges along a path between them.

N

w

&

Grading (24 points):

1. Two_Induced_Path(u, v, w) (4 points): An O(|V|)-time implementation gets 4
points, while an O(|V|?)-time implementation only gets 2 points.

2. Exists_Euler_Cycle() (6 points): An O(|E|)-time implementation gets 6 points. If
border cases are treated incorrectly, you will instead get 3 points.

3. Two_Colorable() (6 points): An O(|E|)-time implementation gets 6 points. If
border cases are treated incorrectly, you will instead get 3 points.

4. Max_Distance(v) (8 points): An O(|E|)-time implementation gets 8 points, while
an O(|V?|)-time implementation only gets 4 points.

Exists_Euler_Cycle()

i=0; icn ; i++) {
(degree[i] 1)

false;

true;

Two_Induced_Path( U,

count 8] 8
i =0 ; i< degreel[u] ; i++) {
(edges[u] [i] w) count 2

i 0 ; i< degree[v]
(edges[v][i] u) count

¢ i =0 ; i< degree[v]
(edges[v][i] w) count

(count 2)
false;

true;

Comments for the code template:

« The Class Graph

« We provide template functions to show how to do a depth-first search.

| Attention:
« You are NOT allowed to use imports explicitly or implicitly other than the imports

« You see the percentage of your submission in the CodeExpert system instead of

« nis the number of vertices in the graph.

= mis the number of edges in the graph.

« degreeli] is the degree of the i-th vertex in the graph.

« edgeslillj] indicates the endpoint of the j-th edge of the i-th vertex in the
graph.

« visitedli] indicates if the i-th vertex has been visited, which is useful for a
depth-first search or a breadth-first search.

+ DFS_Initialization() sets all the n vertices as unvisited.
+ DFS(v) conducts a depth-first search from the vertex v.

already in the code template.

points.

Max_Distance(
¢ i =i (g g alqp B ot
visited[i] false ;
tinkedList<Integer
Q.addFirst(v) ;
('Q.isEmpty()) {

i Q.removeFirst()

isited[edges[i][j]]
distance[edges[i][]

@ ; di<n ; i++)

max Math.max(max , distance[i]) ;

( j =0 ; j<degree[i] ; j++) {
{visited[edges[i] [j]]

Q.addLast(edges[i][]]) ;

Two_Colorable()

i 0 ; icn ; i++) {
visited[i] false ;

[1 color [n] ;
LinkedList<Integer> Q
Q.addFirst(0) ;
color[0] i, g

LinkedList

(!Q.isEmpty()) {
i = Q.removeFirst() ;
v) ( j =0 ; j<degree[i] ; j++) {
(visited[edges[i][j]] true) {
\& (color[edges[i][j]1] color[i]) false;
false) {
true ;

\/\,évisited[edges[i] [41]

isited[edges[i][j]]
(colox[i] 1) color[edges[i][j]] Fa

(colox[i] 2) color[edges[i][j]1] = 1 ;
\Q(;ddLast(edges[i][j]) 3

true ;

r

false)
true ;

distance[i]

i

2020
ST

Two_Colorable()

( i=0; i<n ; i++) §
visited[i] false ;

¥
[1 color [n] ;

( i 0; i<n ; i++) {
(visited[i] false) {
color[i] i g

dfsmodified(i , colorx) ;
3
3t

( ih =@ 8 akdp 3
(colorx[i]

true ;

dfsmodified(
visited[v] true ;
( i 0 ; i<degreel[v] ; i++) {
(visited[edges[v][i]] true) {
(color[edges[v][i]] color[v]) color[edges[v][i]]

0 [1 color ){

1

(colox[v] 1 ) color[edges[v][i]] =2 ;

(colox[v] 2 ) color[edges[v][i]] =1 ;
dfsmodified(edges[v][i] , colorx) ;

Two_Colorable()
[1 color_array

( i=0;i<n;i++)
color_array[i]=0;

¢ i=0;i<n;i++){
(color_array[i]==0)
color_array[i]=1;

(DFS_Colorable(i,coloxr_array)
false;

false)

DFS_Colorable( index, [1 color_array)

i-0;i< degrees[index];i++)
(color_array[edges[index][1]]==0)

(color_array[index]==1)
color_array[edges[index] [1]]=2;

color_array[edges[index][i]]-1;
(DFS_Colorable(edges[index] [i],coloxr_array)--false)
fa

(color_array[edges[index] [i]]==coloxr_array[index])
fals
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Players on a Graph

You are given a directed graph with n nodes and n edges, such that the out-degree of each node is 1. You
are guaranteed that, viewing the edges as undirected, the graph is connected. Such a graph always contains
exactly one cycle. Here is an example for n. = 11, in which the nodes 4, 7, 8, and 10 form the cycle:

In the beginning, each node of the graph contains a player. Then a timer starts, and at each time step, each
players moves to the node indicated by the edge of its current node. The timer continues forever. Note that
multiple players may arrive at the same time at the same node -- that is allowed.

Given such a graph, you have to answer queries of the following type:
1. cycleLength(): Return the length of the cycle of the graph.

2. distanceToCycle(x): For the player that starts at node z, return the number of edges that it has to
traverse to reach the cycle. (If z is already in the cycle, the answer is 0.)

3. firstNodeInCycle(z): After some time steps, the player that starts at node z reaches the cycle. Return
the first node in the cycle that this player reaches. (If z is already in the cycle, the answer is z.)

4. distanceInCycle(z, y): After some time steps, both the player that starts at node = and the player that
starts at node y have reached the cycle. Return the distance between them on the cycle (this distance is
calculated viewing the edges of the cycle as undirected; that is, the minimum of the clockwise distance
and counterclockwise distance on the cycle).

(Note that the two players may reach the cycle at different time steps.)

You have to implement the four methods described above. In addition, we provide an intialize() method
which we guarantee to run exactly once, before the queries. Feel free to use this method, for example, to
initialize information that you want available in all of the queries.

Grading (24 points):

1. cycleLength() (4 points): This query will be run at most once. An O(n)-time implementation gets 4
points.

2. distanceToCycle(x) (6 points): If g is the number of queries of this type, an O(n + q)-time
implementation gets 6 points and an O(nq)-time implementation gets 3 points.

3. firstNodeInCycle(z) (6 points): If g is the number of queries of this type, an O(n + q)»time
implementation gets 6 points and an O(ng)-time implementation gets 3 points.

4. distanceInCycle(z, y) (8 points): If g is the number of queries of this type, an O(n + ¢)-time
implementation gets 8 points and an O(ng)-time implementation gets 4 points.

Attention:

* You are NOT allowed to use imports explicitly or implicitly, other than the imports already included in the
code template.
* When you submit the code, you see your score as a percentage, not as a number of points.


Nil Tuğçe Özer

Nil Tuğçe Özer


Binary Search Tree

During the semester, you have learned binary search trees and also
implemented a corresponding programming exercise. In this exercise,
your task is to implement the following four kinds of queries:

Uy

min(): If the current binary search tree is not empty, return the
minimum key in the binary search tree; otherwise, return —1.

. depth(k): Given an integer k, if the current binary search tree

contains a node whose key is k, return the depth of the node;
otherwise, return —1. Note that the depth of the rootis defined to
be 0.

. children_of_node(k): Given an integer k, if the current binary

search tree contains a node whose key is k, return the number of
children of the node; otherwise, return —1.
key_of_rank(r): Given an integer r, if the number of nodes in the

current binary tree is at least r, return the r-th smallest key in the

binary search tree; otherwise, return —1.

Note:

For the last kind of queries, key_of_rank(r), you have to augment
the binary search tree.

You can safely assume that all keys in the binary search tree are
distinct and nonnegative.

Grading (24 points): Let h be the height of the current binary search

tree.

1

28

&

. key_of_rank(r) (9 points): An O(h)-time implementation gets 9

TreeNode{

min() (5 points): An O(h)-time implementation gets 5 points. If
border cases are treated incorrectly, you will instead get 4 points.
depth(k) (5 points): An O(h)-time implementation gets 5 points. If
border cases are treated incorrectly, you will instead get 4 points.
children_of_node(k) (5 points): An O(h)—time implementation gets
5 points. If border cases are treated incorrectly, you will instead
get 4 points.

points, while an O(n)-time implementation gets 5 points, where n.
is the number of nodes in the current binary search tree. If border
cases are treated incorrectly, you will instead get 8 points and 4

TreeNode (

key;

TreeNode parent;
TreeNode left;
TreeNode right;

key){
.key=key;

min(){

¢ .root null)
TreeNode ans root
null ) {

(ans.left
ans ans.left ;

ans.key ;

class TreeNode{

public int key;

public TreeNode parent;
public TreeNode left;
public TreeNode right;
public int size;

TreeNode(int key){i
this.key=key;
this.parent=null;
this.left=null;

//the size of the subtree

depth( key) {
depth 0 ;
( .root null)
TreeNode curr = root ;
(curr null) $
(currx.key key )
(curr.key key){
curr = curr.right ;
depth -

(curr.key > key) {
curr curr.left ;
depth s

BinaryTree{
TreeNode root;

BinaryTree(){

.root=null;

points, respectively.

Attention:

e You are NOT allowed to use imports explicitly or implicitly other

* You only can see the percentage of your submission in the

than the imports already in the code template.

CodeExpert system instead of points.

insert( key){

(root==null){
root TreeNode (key) ;
3
il
insert(root,key) ;

3

insert(TreeNode node,

(key<node.key){
(node.left!=null){
insert(node.left, key);

¥
i

node.left TreeNode (key) ;

node.left.parent-node;

1
(node.right!=null){
insert(node.right, key);

i

node.right TreeNode (key) ;

node.right.parent=node;

.parent=null;
Slleft=nuilils:
.right=null;

this.right=null;
this.size=1;

- <

public void insert(int key){

if(root==null){
root=new TreeNode (key);
¥
else{
insert(root, key);
¥
3

public void insert(TreeNode node,int key){
node.size++;

if(key<node.key){
if(node.left!=null){
insert(node.left, key);
¥
else{
node.left=new TreeNode (key);
node.left.parent=node;
¥
¥
else{
if(node.right!=null){
insert(node.right,key);
¥
else{
node.right=new TreeNode(key);
node.right.parent=node;
¥
¥
¥

TreeNode search(

(root==null){
null;

search(root, key) ;

children_of_node( key){
TreeNode searchedNode

(searchedNode

(searchedNode
(searchedNode
(searchedNode
(searchedNode

key){

TreeNode search(TreeNode node, key)

(node==null){
e kikg

(key==node.key){

node;

1

(key<node.key) {

search(node.left, key);

search(node.right, key);

null)

.left
.left
-deft
.left

{

search(key) ;
-1 ;

searchedNode.
searchedNode.
searchedNode.
searchedNode.

null)
null)
null)
null)

2020
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242~ public void delete(int key){

243
244 // find the node to be deleted
245 TreeNode node=search(key);
246
247- if(node==nul1){
delete( key) i 248 return;
249 3
250
251 TreeNode update_node=null; // The node that we bactrack from to update the sizes
TreeNode node-search(key); 252
253- if(node. left==null){
254- if (node. right==null){
(node==null){ 255 // no child . . .
; public int key_of_rank(int rank)
257- if (node==Toot) { - -
258 root=null;
- iy i
(node. left==null 261- if (node . parent. left-=node) § . ~ -t .
e Sietpusent. tut iy if(rank <=0 || root==null || root.size <rank){
263 3
264~ 1sef =
265 P ;Ede.pazent.zight—nu:l; Iet uxrn - 1 '
(node==xoot) { 266 3
root=null; i:; : }
269 update_node=node. parent;
270 3
i s elsed
(node.parent.left-=node){ 272 // only right child
wll: 273
DA DL S return key_of_rank(root,rank);
¥ 275 root-=node. right;
i 276 root.parent=null; }
node.parent.right-nu ;z; ilse{
i3 279- if (node. parent. left==node){
280 node. parent. left=node.right;
281 node.right.parent=node. parent;
282 3
283~ elsef }
284 node. parent. right=node.right;
285 node.right. parent=node. parent;
286 3
(node=-root) { 287 ¥ . .
4 288
e iate.node.node parents int key_of_rank(TreeNode node, int rank){
root.parent=null; 290 ]
291
292 3
i ©C .
(node.parent.left-=node){ 2995 else{ 1f (nOde . 1eft ' :null) {
node.parent.left-node.right; 294~ if(node.right==null){ ) .
node.right.parent-node.parent; ;Z: (omy iRt ERehild lf (node & left .S51Ze >= Iank) {
297 if (node==roo0t){
i 208 root-node. Left; return key_of_rank(node.left, rank);
node.parent.right-node.right; 299 root.parent=null;
node.right.parent-node.parent; 300 ¥ } -
301~ else{ o
302 if(node.parent.left==node) . .
203 ; else if(rank == node.left.size+1){ X N t SLb 3R
304 node.parent.left=node.left; (
gg: ! node.left.parent=node.parent; Iet u I—n node s key ; -7 \Q,
5 307 else } b
. ; 308~ 1 S\l
e S 309 node.parent.right=node.left; ‘
310 node.left.parent=node.parent; ‘F 6 % + m
= i elsef le£4 sub Sl
(node==root){ 312 ¥ i i
root=node. left a3 return key_of_rank(node.right, rank - node.left.size - 1);
root.parent-=null; 314 update_node=node.parent;

315 1 . rd f:
; . J bt < ronie ™ ge T NCYWC ’

(node.parent.left-=node)

318
319 TreeNode swap_node=node.left;
node.parent.left-node.left; 320 }
node.left.parent-node.parent; 321- while(swap_node.right!=null){
322 swap_node=swap_node.right;
323 3 else { ‘(__ i O
324 » Q S
node.parent.right-node.left; 325 node. key=swap_node.key ; lf (Iank::l) {
node.left.parent-node.parent; gis i (swap_node . 1eft!=null){
5 ] ) =nu o
328 // swap_node has left Child return node. key ’
329 .
330~ if (swap_node.parent.left==swap_node){ }
331 swap_node.parent.left=swap_node.left;

332 swap_node.left.parent=swap_node.parent; —l’lAJ -
o . else { 2 e Lot
TreeNode swap_node-node.left; 334~ else{ 80 o P.y

335 swap_node.parent.right=swap_node.left; return key_of_rank ( node . Iight ' Iank' 1) ;

336 de.left. t= de. t;
(G e B ) 2 A swap_node.left.parent=swap_node.paren
swap_node-swap_node.right; 338 3 }
5 339- else{
340 // swap_node has no child
node . key-swap_node.key; 341
342- if (swap_node.parent.left==swap_node){ }
(swap_node.left!-null){ 343 swap_node.parent.left=null;
344 3
345~ else{
346 swap_node.parent.right=null;
(swap_node.parent.left--swap_node){ 347 1
swap_node.parent.left-swap_node.left; 348 3 }
swap_node.left.parent-swap_node.parent; 349
350 update_node=swap_node.parent;
1 351 3
swap_node.parent.right-swap_node.left; 2 ¥
353
swap_node.left.parent-swap_node.parent; =
355~ while(update_node!=null){
(swap_node .parent.left--swap_node){ 356 update_nOde .slze--;
sWap_node.pazent.leftEnull; 357 update_node=update_node.parent;
1 358 I3
swap_node.parent.right-null; 359
360 |

ara
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Binary Search Tree

In the file Main.java you are given an implementation of a binary
search tree in which pairs (key, value) can be inserted. The
nodes of the tree are ordered by the key, but each node also
stores the value associated with the key. We did not implement a
deletion operation, and there will be no deletion operations in
this task.

Your task is to augment this binary search tree so that it
supports queries of the following typet given an integer , return
the maximum value associated with a key such that the key is
less than or equal to z. If there is no key less than or equal to z,
you need to return 0.

Specifically, your task is to implement the method query(z) in
the class BinaryTree. To do so, you may need to add auxiliary
variables and methods to the classes TreeNode and BinaryTree,
and also to modify some of the existing methods.

//

You get one point for each passing test set. To pass both test //
sets, the time complexity per query needs to be O(h), where h //
is the height of the binary search tree. //

Attention: You are NOT allowed to use additional imports, other //
than the imports already included in the code template. 1

TreeNode £
key;
value;
TreeNode parent;
TreeNode left;
TreeNode right;

TreeNode ( value) {

.key

key,
key;
value;
null;
null;
null;

.value
.parent
.left
.right

BinaryTree {
TreeNode root;

BinaryTree() 1%
.root

null;

Idea: Add a max variable to TreeNode, which keeps track of the maximum value
in the subtree of the node. The max variable must be updated in the insert
opreation. Then, for the query, we start at the root, and if x is smaller
than the key, we search only in the left subtree, and if x is larger than or
equal to the key, we search only in the right subtree but take into
consideration what the maximum value is in the left subtree.

class TreeNode %
public int key;
public int value;
public TreeNode parent;
public TreeNode left;
public TreeNode right;
public int max;

TreeNode (int key, int value) {
this.key = key;
this.value = value;
this.parent = null;
this.left = null;
this.right = null;
this.max = value;

insert( key,
null) §

value) {
(oot

root TreeNode(key, value);

i

insert(root, key, value);

3

insert(TreeNode node, key, value) §
(key node.key) {
(node.left null) {
insert(node.left, key, value);
i
node.left TreeNode (key, value);
node.left.parent node;

i
(node.right null) {
insert(node.right, key, value);
i

node.right TreeNode(key, value);

// Inserts a node with the given key and value in the binary tree rooted at
// BinaryTree.root.
public void insert(int key, int value) {

SeyoateS
Exercge

if (root == null) {

root = new TreeNode(key, value);
¥ else §

insert(root, key, value);

3

// Inserts a node with the given key and value in the binary tree rooted at
// node.
public void insert(TreeNode node, int key, int value) {

if (key < node.key) { // insert in left subtree
if (node.left != null) {
insert(node.left, key, value);
updateMax (node) ;
t else {
node.left = new TreeNode(key, value);
node.left.parent = node;
updateMax (node) ;
3
} else { // insert in right subtree
if (node.right != null) {
insert(node.right, key, value);
updateMax (node) ;
else {
node.right = new TreeNode(key, value);
node.right.parent = node;

o

node.right.parent node;

// Retuzrns
// to x in
public int

return query(root, x);

// Retuzrns
// to x in
public int
if (node
return

3

if (node.

updateMax (node) ;

// Updates the max of the node based on its children.
private void updateMax(TreeNode node) {
node.max = node.value;
if (node.left != null) {
node.max = Math.max(node.max, node.left.max);
3t
if (node.right != null) {
node.max = Math.max(node.max, node.right.max);

the maximum value associated with a key that is less than or equal
the binary tree rooted at BinaryTree.root.
query(int x) %

the maximum value associated with a key that is less than or equal
the binary tree rooted at node.

query (TreeNode node, int x) {

== null) {

0;

key <= x) %

if (node.left != null) {
return Math.max(node.value, Math.max(node.left.max, query(node.right, x)));

t else

i

return Math.max(node.value, query(node.right, x));

}
¥ else {
return

query(node.left, x);
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D[emeares
Navigation TVoreLsc.

Imagine that you are travelling in a city with n tram stations and two tram
lines A and B. A and B are both arrays of n integers. If you are currently at
station ¢, you can choose to either take tram line A to go to station A[i] or
take tram line B to go to station B[i]. Now, given a start station s and a
target station ¢, your goal is to figure out whether you can reach station ¢
from station s using the two tram lines.

For example, given A = [1,3,1,4,3] and B =[1,0,3,0,1]. If s = 2 and travel(int[] A, int[] B,
t = 4, the answer is yes, because thereisapath2 —+ 3 — 4. If s = 0 and -

. [] visited [n] ;
t = 2, the answer is no. visited[s] = true ;
You need to implement your solution as a method travel(A4, B, n, s, t) in the LinkedList<Integer> Q LinkedList<>() ;
file Main.java. You get one point for each passing test set. To pass both test Q.addFirst(s) ;

(1Q.isEmpty()) 1

curr Q.removeFirst() ;
. _ . (visited[A[curx]] false) {
Attention: You are NOT allowed to use additional imports, other than the visited[A[curr]] = true ;

imports already included in the code template. Q.addLast(A[curz]) ;

sets, your solution is expected to run in time O(n).

(visited[B[curr]] false) {
visited[B[curr]] (CEUSH:
Q.addLast(B[curx]) ;

(visited[t] true)
false;
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Lava

You are in a 2-dimentional lava field M of size n x m, where M][i][] is
a {0, 1} value denoting whether position (i, j) has lava (1 denotes that it

has lava and 0 denotes that it does not have lava). In each step, you can steps( L0 L (101 M, i1, i1,
move 1 step horizontally or vertically, but you can only walk on positions .
with no lava and you cannot move out of the lava field. Your goal is to [1[] distance (n][m] ;
compute the smallest number of steps that you need to go from a given (1[] visited [n][m] ;
position s = (21, j1) to a given position t = (42, j2) (you can assume that
t is always reachable from s). i SN ) 1§
) ( j=0; j<m ; j++) 4
Eoriexamplaigtven distance[i][j] - Integer.MAX_VALUE ;
01 01 ¥
M= 0 0 0O
0 1 1 0
0 0 0 O LinkedList <Pair-> Q LinkedList O ;

Pair s Pair(il , j1) ;
visited[il][j1] true ;
distance[il][j1] 0 ;
Q.addFirst(s) ;

To get from position (0, 2) to position (3, 2), you can either take

(0,2) — (1,2) —» (1,1) — (1,0) — (2,0) — (3,0) — (3,1) — (3,2)
which has 7 steps, or you can take

(0,2) — (1,2) — (1,3) — (2,3) — (3,3) — (3,2) which has 5 steps.

Hence, the smallest number of steps you need is 5. .
('Q.isEmpty()) 1

You need to implement your solution as a method steps(M, n, m, i1, j1, Pair curr - Q.removeFirst() ;
12, 72) in the file Main.java. You get one point for each passing test set. i CUrr.x ;
To pass both test sets, your solution is expected to run in time O(n * m) j curr.y;
(i+1 n visited[i+1][]] false M[i+1][7] 18 ) 4

visited[i+1][7] true ;
Attention: You are NOT allowed to use additional imports, other than the

imports already included in the code template. Q.addLast(

distance[i+1][7] Math.min( distance[i+1][j] , distance[i][j]

Pair(i+l , j )) ;

(i-1 0 visited[i-1][7] false M[i-1][5] 1) §
visited[i-1][7] true ;

distance[i-1][7] Math.min(distance[i-1][j] , distance[i][]j]
Q.addLast( Paixr(i-1 , j )) ;

(3+1 m visited[i][j+1] false M[i]l[j+1] 1) 1§
visited[i][j+1] true ;

distance[i][j+1] Math.min(distance[i][j+1] , distance[i][]j]
Q.addLast( Pair(i , j+1)) ;

(3-2 0] visited[i][j-1] false M[i][§-1] 1)
visited[i][j-1] true ;
distance[i][j-1] Math.min(distance[i][j-1] , distance[i][]j]
Q.addLast( Pair(i, j-1)) ;

i

distance[i2][j2];
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Minimum Cost Edges

You are given an undirected connected graph with n vertices and m weighted edges, where

each weight is a positive integer. You are also given two distinct vertices s and ¢. We call an

edge useless if there does not exist any path of minimum cost between s and ¢ that uses this
edge. Your task is to return the number of useless edges in the graph.

For example, for the graph in the picture, for s = 1 and ¢ = 5, the minimum cost is 5, and there
are 3 useless edges: {0,1}, {0,5}, and {1, 3}.

)

You need to implement your solution as a method countEdges in the file Main.java. You get
one point for each passing test set. To pass both test sets correctly, your solution needs to run
in O(mlogm) time.

Note: The large.in files for this exercise are very large and it may not be possible to run them
with the "run" button (that is, with In.open("public/test.large")). Please test these instead with
the "test" (laboratory flask) button, which tests both public tests.

Attention: You are NOT allowed to use additional imports, other than the imports already
included in the code template.

dijkstra ( source , ArraylList<ArraylList<Integer Ev,ArraylList<ArraylList<Integer Ew , [] cost ) {
;i< n ;i ++) { countEdges ( n, t, ArraylList<ArraylList<Integer>> Ev,
cost[i] -1 ; Arraylist<Arraylist<Integer Ew) {
i
cost[source] € 7
PriorityQueue <Tuple> Q PriorityQueue
Q.add( Tuple(source , 0)) ;
('Q.isEmpty()) {
Tuple curr = Q.poll() ; [1 fromS [n] ;
(curr.value cost[curr.x]) { [1 fromT [n] ;
2 dijkstra(n , s , Ev , Ew, fromS) ;
dijkstra(n , t , Ev , Ew, fromT) ;

( i=0 ; i<Ev.get(curr.x).size() ; i++) { i 0 i<n ; i ) 4

(cost[Ev.get(curr.x).get(i)] -1 cost[curr.x] Ew.get(curr.x).get(i) cost[Ev.get(curr.x).get(i)]) { j 0 ; j< Ev.get(di).size() ; j++) {

cost[Ev.get(curr.x).get(i)] cost[curr.x] + Ew.get(curr.x).get(i) ; (fromS[i] +Ew.get(i).get(j) fromT[Ev.get(i).get(3) 1 fromS[t] fromT[i] + Ew.get(i).get(3j) fromS[Ev.get(i).get(j) 1 fromS[t] ) §
Q.add( Tuple(Ev.get(curr.x).get(i) , cost[curr.x] Ew.get(curr.x).get(i)) ) edges

public static int[] d:.jkstra(ArnyList«rr.yLittdnteger» Ev, ArraylList<Arra <Integer>> Ew, int m, int s) {
int[] distance = new int[nl; g
\Arrays.fill (d:.stance, Intege:.m_vm);
. distance[s] =

orityQueue<Intege:> -inu..p = new. PuouWuQO((a. b) > Integer. OMP: isttnep[a]. -distance[b]l));
ap offer(s). 4 : : g B - _ Runtime:  DLlmen) - log(m))

wjnle (iminHeap. isEmpty()) /s - v ' ) 'dTzorithm 6 Dijkstra(s)

int u = minHeap.poll(): .. . . ; \ 1: dfs] « 0; d[v] <00 Yo e V\ {s}
R~ k u dn o < 3 2: S+ O

il :(.:;ntvl—' ES S:t:!l)ﬁzti)t o; g : 3 3: H < make-heap(V); decrease-key(H, s,0)

pise T g ; = ; 5 4 : 4: while S #V do

int weight = Ew.get(u).get(i); : oo L . : -3 : v* + extract-min(H)
if (distance[v] > d ; 44 v it . S« Su{v}

distance[v] - : ) . for (v,v) € E, v¢Sdo

: gy ¢ ; : d[v] ¢« min{d[v], d[v*] + ¢(v*,v)}
decrease-key(H, v, d[v])
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Railway

You are in charge of a railway system with n stops indexed by

{0,1,...,n — 1} and a set of m old railway tracks E. You want to
reconstruct some of the railway tracks such that the n stops are still
connected in the new railway network. For the remaining railway tracks, you
plan to sell all of them to other companies. Each railway track % is associated
with a non-negative reconstruction cost A; and a non-negative selling price
B;. If the set of railway tracks to be reconstructed is R, the total cost of the
reconstructionis C(R) = >_,cp Ai — >, Bi.

Given n, m, the old railway tracks F, reconstruction costs A4, and selling
prices B, your goal is to find the minimum total reconstruction cost C(R)
such that the reconstructed railway network R is still connected. Notice that
C(R) can be negative here, which means you make more money in selling
the railway tracks than reconstruction.

For example, givenn =4, m =5, E = {(0,1), (0,2), (0, 3), (1,2),(1, 3)},
A=1{5,5,4,6,4} and B = {2, 1,4, 2,3}, the minimum total cost is 8 by
reconstructing {(0, 1), (0,2), (1,3)} and selling {(0, 3), (1,2)}.

You need to implement your solution as a method minCost(n, m, E, A, B) in
the file Main.java. You get one point for each passing test set. To pass both
test sets, your solution is expected to run in time O(mlogm).

Attention: You are NOT allowed to use additional imports, other than the
imports already included in the code template.

public static int minCost(int n, int m, Edge[] E, int[] A, int[] B) {
// The idea is to use Kruskal's algorithm to construct an MST.
// The weight of each edge is A + B because, by reconstructing each railway track,
// you lose the reconstruction cost and the money you could have got for selling the track.
Tuple[] edges = new Tuple[m];
for (int i = 0; i < m; i++) §
edges[i] = new Tuple(E[i].u, E[i].v, A[i] + B[i]);
3

Arrays.sort(edges);

// Initialize cost.

int cost = 0;

for (int i=0; i<m; i++) {
cost -= B[i];

3

// Run Kruskal's algorithm.
UnionFind uf = new UnionFind(n);
int total = 0;
int cur = 0;
while (total < n-1) {
Tuple edge = edges[cur];
if (uf.find(edge.u) != uf.find(edge.v)) {
cost += edge.w;
total++;
uf.union(edge.u, edge.v);
3
cur++;

}

return cost;

Dpex
¢

// Implement Union Find data structure here.
static class UnionFind {

public int[] parent;

public int[] rank;

public UnionFind(int n) {
parent = new int[n];
rank = new int[n];

for(int i=0; i<n; i++) {
parent[i] = i;
rank[i] = 0;
}
3t

public int find(int v) {
if (parent[v] == v) {
return v;
}
return find(parent[v]);

3

public void union(int u, int v) {
int uroot = find(u);
int vroot = find(v);

if (rank[uroot] < rank[vroot]) {
parent[uroot] = vroot;

} else if (rank[uroot] > rank[vroot]) {
parent[vroot] = uroot;

t else §
parent[vroot] = uroot;
rank[uroot]++;

Algorithm 11 (

1+ Implementie
2 MAKE(V):  rep[t] ¢
3

& SAME(u,v

6 UNION(u,v b O(|ZHK (u)]|)

8]

Beispie .y

minCost( e m, Edge[] E, [1A,

// Tuple class that implements Java Comparable interface for weighted edge.
static class Tuple implements Comparable<Tuple> {

int u;

int v;

int w;

public Tuple() £

public Tuple(int u, int v, int w) {
this.u = u;
this.v

\
this.w = w;

@Override public int compareTo(Tuple other) {
return this.w - other.w;
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Shortest Paths
L UIECE)D | Sonchn |/ = £y
la W

Paths with Small Weights fr il s g e A Ayt MO T - UNAMSENEEEEER
g foruchwals 4 (4ol thn, i) e i leilproblom: dvyr mﬁmwmmw{{/‘l(ﬁ/c@/%

You are given an undirected connected graph with n vertices and m ,/m) ?ﬂif—’ln
weighted edges, where each weight is a positive integer. You need to answer /fm/ r=1.n oo

: : =1 -1
o i S Sduy ,dde *d;
for ueV DColloWeD= O

for ueV ) ye Ny $u3
if (uy)e E DCOATWIATVA = cluw)

multiple queries of the following type: given two distinct vertices s and t,
what is the minimum positive integer  such that you can travel between s
and t on paths that all have weight at most z? (In other words, over all the
paths that connect s and ¢, pick the one for which the maximum weight of an

edge is the smallest, and output this weight.) else. DTOITUATY] = 00
You need to implement your solution as two methods initialize() and query(s for 1= 4...n
, t) in the file Main.java. The method initialize() is called exactly once, fﬂ; u=4 ... n
before any of the query methods is called. (Note that there are at most n? SV LS i 1)
distinct queries.) You get one point for each passing test set. To pass both DLATUIVA = min ;D(’v Atinn L polardacs) g
| w1y W1lv , DG 1
test sets, the total time complexity needs to be O(n3). 8 rtiyn DCRIEITH : il lvlj\ 1

Hint: For the easiest solution, try to implement initialize() in time O(n3) and
each query in time O(1).

Note: The large.in files for this exercise are very large and it may not be WW W—W:
possible to run them with the "run" button (that is, with

'1&m%@Mmmﬂh¢m
In.open("public/test.large")). Please test these instead with the "test" 5 " ) Wik 47 <O )
(laboratory flask) button, which tests both public tests. Wty 00 tin WM i & Wik ~ ublic static int [] [] A

3) st i raativm, 3yt gt PR P ;
Attention: You are NOT allowed to use additional imports, other than the Mo it fin ool -1~ public static int[][] D;
imports already included in the code template. W Fndin Mw}fd L Lo nd i <D

o tunon v wwr <%/ Gy <* w <G
damm. o ol , Rlornanks Limpe” ~ 0, som ol public static void initialize(int n, int m, int[] E1, int[] E2, int[] Ew) {
q»%;?f% // IDEA: Floyd-Warshall computing D[i][j] = the minimum cost of an edge
W v
b st // for a path between i and j.

&MW Wégéfﬂrm‘t:’:’ __ A = new int[n][n];
D = new int[n][n];
for (int i = 0; i < n; i++) {
for (int j = 0; j < n; j++) {
D[i][j] = Integer.MAX_VALUE;

initialize( [1 E1, []1 E2, [] Ew) § 3 y
for (int 1 = 0; i < m; i++) {
A[EL[i]][E2[i]] = Ew[i];
A[E2[i]][E1[i]] = Ew[i];
DLEL[i]][E2[i]] = Ew[i];
D[E2[i]J][E1[i]] = Ew[i];

[] E1, [] E2, [] Ew, 5
for (int k = 0; k < n; k++) {

for (int 1 = 0; i < n; i++) {
for (int j = 0; j < n; j++) %
if (i /= j && i != k & j !'= k && Math.max(D[i][k], D[k]I[j]) < D[il[j]) %
D[i][j] = Math.max(D[i][k], D[kI[3l);

public static int query(int n, int m, int[] E1, int[] E2, int[] Ew, int x, int y) {
return D[x][y];
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