CS 170, Spring 2024 Homework 6 P. Raghavendra and C. Borgs
CS 170 Homework 6

Due 3/4/2024, at 10:00 pm (grace period until 11:59pm)

1 Study Group

List the names and SIDs of the members in your study group. If you have no collaborators,
you must explicitly write “none”.

2 2-SAT

In the 2SAT problem, you are given a set of clauses, where each clause is the disjunction
(OR) of two literals (a literal is a Boolean variable or the negation of a Boolean variable).
You are looking for a way to assign a value true or false to each of the variables so that all
clauses are satisfied — that is, there is at least one true literal in each clause. For example,
here’s an instance of 2SAT:

(x1 VT) A (TTVT3) A (21 V 29) A (T3 V 24) A (TTV 24)

Recall that V is the logical-OR, operator and A is the logical-AND operator and T denotes
the negation of the variable z. This instance has a satisfying assignment: set x1, x2, x3, and
r4 to true, false, false, and true, respectively.

The purpose of this problem is to lead you to a way of solving 2SAT efficiently by reducing it
to the problem of finding the strongly connected components of a directed graph. Given an
instance I of 2SAT with n variables and m clauses, construct a directed graph G; = (V, E)
as follows.

e (1 has 2n nodes: one for each variable and its negation.

e (1 has 2m edges: for each clause (aV ) of I (where «, ( are literals), G has an edge
from from @ to /3, and one from the 3 to a.

Note that the clause (a'V 3) is equivalent to each of the implications @ = £ and 3 = «a.
In this sense, G records all implications in 1.

(a) Show that if G has a strongly connected component containing both x and  for some
variable z, then I has no satisfying assignment.

(b) Now show the converse of (a): namely, that if none of G;’s strongly connected compo-
nents contain both a literal and its negation, then the instance I must be satisfiable.

Hint: Pick a sink SCC of Gy. Assign variable values so that all literals in the sink are
True. Why are we allowed to do this, and why doesn’t it break any implications?

(¢) Conclude that there is a linear-time algorithm for solving 2SAT. Provide the algorithm
description and runtime analysis; proof of correctness is not required.
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3 Copper Pipes

Bubbles has a copper pipe of length n inches and an array of nonnegative integers that con-
tains prices of all pieces of size at most n. He wants to find the maximum value he can make
by cutting up the pipe and selling the pieces. For example, if length of the pipe is 8 and the
values of different pieces are given as following, then the maximum obtainable value is 22 (by
cutting in two pieces of lengths 2 and 6).

length ‘
price ‘

1 4 5 6 7 8
1 9

2 3
5 8 10 17 17 20

Give a dynamic programming algorithm so Bubbles can find the maximum obtainable value
given any pipe length and set of prices. Clearly describe your algorithm and analyze its

runtime (proof of correctness not required).



CS 170, Spring 2024

Homework 6

P. Raghavendra and C. Borgs

4 Mechanical DP (Optional, Ungraded)

(a) In the longest common substring problem, you are given two strings, a = ajas---an,
and b = b1by - - - by, You want to find the largest k for which there are indices ¢ and j

with Q41 Qi f—1 = AjA541 Qi k—1-

(i) For strings a = “compsci” and b = “pompous”, fill out remainder of the DP table

below.

clo|m|p|s|c]|i
p 0(01]0
0 0(01]0
m 0(01]0
pl0O]0O|O 0(01]0
o|[0]|1]01]0
ul[0|0l0]0
s 0|01 010

(ii) What’s the longest common substring?

(b) In the longest common subsequence problem, you are given two strings, a = ajas - - - a
and b = b1by - - - b,,. You want to find the largest k for which there are indices i; < 79 <

s < and g1 < o < - jp With ag, a4, ..

- A4, = bj1bj2 ..

b,

(i) For strings a = algorithm and b = lithium, fill out the remainder of the DP table

below.

1
i
t
h
i
u
m

U VY (TR JUNIN U U TN | —

[en] New)l Nl Hen) New) Ran) Naw] V]

el R R R R Rl R L)

=] = = = = =] =] O

(ii) What’s the longest common subsequence?

(iii) The table below is a DP table for the longest common subsequence for string X
and string Y. What indices of X form the longest common subsequence? List all

possibilities.

X[o] | X[1] | X[2] | X[3] | X[4]
Y[ | 0 0 0 0 0
Y] | 0 1 1 1 1
Y2 | 0 1 1 2 2
Y3 | 0 1 1 2 3
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(iv) Is the following sub-table possible in the longest common subsequence problem?

Explain.
X[o} | X1
Y[3] 2 2
Y'[4] 3 3
(v) Is the following sub-table possible in the longest common subsequence problem?
Explain.
X[o} | X[1]
Y'[0] 0 1
Y[1] 1
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5 [Coding] Debugging a MST Algorithm

For this week’s coding questions, you won’t actually need to implement any algorithms, but
we will walk you through debugging a buggy algorithm implementation!. There are two ways
that you can access the notebook and complete the problems:

1. On Datahub: click here and navigate to the hw06 folder.

2. On Local Machine: git clone (or if you already cloned it, git pull) from the
coding homework repo,

https://github.com/Berkeley-CS170/cs170-sp24-coding
and navigate to the hw06 folder. Refer to the README.md for local setup instructions.
Notes:

o Submission Instructions: Please download your completed submission .zip file and
submit it to the Gradescope assignment titled “Homework 6 Coding Portion”.

e Getting Help: Conceptual questions are always welcome on Edstem and office hours;
note that support for debugging help during OH will be limited. If you need debugging
help first try asking on the public Edstem threads. To ensure others can help you, make
sure to:

1. Describe the steps you've taken to debug the issue prior to posting on Ed.
2. Describe the specific error you’re running into.

3. Include a few small but nontrivial test cases, alongside both the output you ex-
pected to receive and your function’s actual output.

If staff tells you to make a private Ed post, make sure to include all of the above items
plus your full function implementation. If you don’t provide them, we will ask you to
provide them.

e Academic Honesty Guideline: We realize that code for some of the algorithms we ask
you to implement may be readily available online, but we strongly encourage you to not
directly copy code from these sources. Instead, try to refer to the resources mentioned
in the notebook and come up with code yourself. That being said, we do acknowledge
that there may not be many different ways to code up particular algorithms and that
your solution may be similar to other solutions available online.


https://datahub.berkeley.edu/hub/user-redirect/git-pull?repo=https%3A%2F%2Fgithub.com%2FBerkeley-CS170%2Fcs170-sp24-coding&urlpath=lab%2Ftree%2Fcs170-sp24-coding%2F&branch=main
https://github.com/Berkeley-CS170/cs170-sp24-coding

	Study Group
	2-SAT
	Copper Pipes
	Mechanical DP (Optional, Ungraded)
	[Coding] Debugging a MST Algorithm

