CSE 373 Midterm Exam 17wi

Name: SO ot oN Quiz Section:
TA: Student ID #:
* This test is closed book, closed notes, closed calculators, closed electronics.
*  You have 50 minutes to complete this exam. You will receive a deduction if you keep
working after the instructor calls for papers.
* If you write your answer on scratch paper, please clearly write your name on every
sheet and write a note on the original sheet directing the grader to the scratch paper.
We are not responsible for lost scratch paper or for answers on scratch paper that are
not seen by the grader due to poor marking.
* Code/Pseudocode will be graded on proper behavior/output and not on style, unless
otherwise noted.
* Unless otherwise stated, all logs are base 2. .
* If you enter the room, you must turn in an exam and will not be permitted to leave
without doing so.
Good luck and have fun!
# Problem Points Score
1 | Asymptotic Analysis 6 6
2 | Pseudocode and Runtime Analysis 14 |4
3 | Heaps 12 17
4 | AVLTrees 12 t L
5 | Hashing 10 | O
6 | Short Answer 12 12
7 | Design Decisions 8 g
8 | Abstraction 6 -
Total 80 80
Advice:

Read questions carefully. Understand a question before you start writing.

Write down assumptions, thoughts and intermediate steps so you can get partial credit.
Clearly circle your final answer.

The questions are not necessarily in order of difficulty. Skip around. Make sure you get
to all of the questions.

If you have questions, ask them. Any clarifications will be noted on the screen.
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1) Asymptotic Analysis (6 points)

For each function f (n) below, give an asymptotic upper bound using “Big-C” notation. You do
not have to show your work or find a ¢ and ng to prove your answer. You should give the
tightest and simplest bound possible.

Example: f(n) = Snwould beO(n), not0(5n) or 0(n?)

a) f(n)ﬂmﬂn 2
“(3nr-20) 720 O(w }

B
e’

s

b) f(n) = log(n) + nlog(n)
e

O (m !Qc:)(v")\)

) f(n) = Slog(n) + 12 + 712 O ( V\z}

d} f(n)=24n5-7n . '
T O ng’i ‘5}

e) f(n) = 0.5 n1/2) . 1
CJ( N “"‘)

fy f(n) =4 nl+2n O (‘m {\)
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2) Pseudocode and Runtime Analysis {14 points)

Describe the worst case running time of the following code in “Big-0” notation in terms of the variable
n. You do not have to show your work or find a ¢ and np to prove your answer. You should give the

tightest bound possible.

a)
void mysteryOne(int n) :
for (i = 0; 1 < n; i++) : ¢\
for (j = n; j > 0; j--) : A
for (k= 0; k< n * (5n + 1); k++) : N
print "alright"

"L

b)
// data is an array of length n
void mysteryThree(int[] data, BinaryMinHeap heap) :
for (i = 0; i < data.length; i++) : A
heap.insert(data[i]); !ozﬁ(vs‘)
while (!heap.isEmpty{}) : 1
System.out.println(heap.deleteMin()}; EO%GA\

c) Given a Node that is the root of an AVL tree, write pseudocode to find the

O(a")

0 (nlong)

minimum value. Your algorithm should be time-efficient. You can assume there is at least one

value in the tree.

class Node { ! - - .
ol o T Fan .
int data; n0 solvlion pelow

Node left;
Node right:

}
1a¥ find mon [ Mo )™
saile [ padeft Le o wdllye
s vt..%e;%

FOFITA AL dpt

b fnsmin(mede ~):

Evaluate the runtime of this algorithm in terms of n where n is the number of
Nodes in the tree:

et of  AVL dree 5o b%m\

O (_ 1(;53&'«%\
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3) Heaps (12 points)
You are only required to show the final heap, although if you draw the intermediate trees it
may help us award partial credit. Please circle your final answer for credit.

a) Draw the resulting binary tree representation from inserting the following data in this order:
7,8,5,9, 11, 6, 10 13, 2 into an initially empty benary min heap.

b) Give the array representation for the final heap (starting the data at index 0 or 1).

[7‘} 5/ é/ ‘5// “; :’“) o, 13, q]

¢} Perform one deleteMin operation on the final heap. Show the heap after the operation
and the value returned. Circle your final answer

Value Returned:

A
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o a) A\IL Trees (12 pnlnts)

'_: Draw the AVL tree that results from msertlng the keys 6, 4, 3 7 8 5 1 2 in that order intoan

o __lmt:ailv empty AVL tree You are: only requsred to show the fma] tree aithough |f you. draw

o _ mtermedzate trees |t may he!p us award partla! credlt Piease urcie your f’nal result for ANY |

'credlt ERRSE
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5} Hashing (10 points)

For each of the following versions of hash tables, insert the following elements in this order:
33, 15,17, 25, 26

You should use the primary hash function h(k) = k % 10. You do not need to consider load

factor or perform any rehashing. You do not have to consider efficiency of the operation when

inserting the elements.

a) Separate Chaining: b} Linear Probing:
(h(k) + i) % tableSize

26

T [25)
—

~N oo ks W N = O
~N o ik W N e O

c) For linear probing, in class we discussed that "clustering" can happen. Explainin one

sentence what is clustering and how does it affect the worst-case runtime of the £ind

operation as the load factor approaches 17 You do not need to be specific with Big-O analysis.
C [""5 ""‘3{’?"'“13 I8 H“Aen UateeS  cen all hasia +o Tlo

Seme  WNeghbarhesd, C&u&\\ﬂﬁ Closkrs  of  walves b be Pﬂﬁpeé

bas ;
{,J\Aem §&asl “"4} for o valoe oF i‘}()@’\ Sf“ﬁé ,,) ’fl,«;g

makes fre  Ton bine  of  fwd get werse- 63 e lox)

J{.E‘Ohar A Fgramai‘teg [ , fa oabinag begsmeg C)CN\)
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6} Short Answer (12 points)
a) Consider a hash table with separate chaining with k buckets and N items currently in the

table. , e IN

i

1) If N > k, is it possible that any buckets are empty? ?—E,\QDAWWB‘SE"&%Q
Nes. —3

2) In the worst-case how many items could be in one bucket?

N
b} Every BST has a height of at worst log{N) where N is the number of nodes. (TRUE of FALSE).

Expiain inone Sentence, Wh\/ or Why not: »’L\» -
i = > a f?}g{ arny 1 F I
= Fs * b ‘;;&S

N nedes wwhere  he he%gk
s AN-

c} Consider the ArrayStack for Homework 1. On push, when the array is full, you make a
new array that is twice the size of the old array to make space for new elements and copy over
the old elements into your new array.

1) What is the worst-case operation cost for push? O CN>

2} In one sentence, explain the case where this occurs:
{,J[j;':;)t Cose \! o howre te Cx:(’v{ 5 er N elenen }g

"’D 14N 1€ e (}f‘ﬁb\-«{ = ot i e Séyaqz %{« ‘h\e L
eleaents.
3) What is the amortized runtime for push? OC 1}

4) In one sentence, explain why amortized analysis gives the runtime you put for part (3):
The  Aomber o Ciné*o{:J {Jubites (H)\ggu 571/? at GU\)
(oakime  gec  Chesp o peatoa s propor fonal  h  lrswm
exprivt Mol S :"“E)LQ' werst Gase (}i?é.m‘k‘om s, D
ot avonges ot
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7} Design Decisions (8 points)
For each task, choose the most efficient structure in terms of time complexity. You may choose
from the following:

* unsorted array

* hinary search tree

* AVLtree

* min heap with Floyd's method

* stack implemented with a linked list

* qgueue implemented with a circular array

* hash table using separate chaining

a) You are managing a bus system. You need to keep track of all the drivers and which bus
they are driving. You will frequently be modifying whether a driver is currently driving
or not and determining which bus they are driving if they are currently driving.

nble ot Sepacatl  Chaiaia 3 Vil ol o~ hasthh  wia
Rasia %

neay: Frst fimy and  imert ]“‘"’“9 ol £y B et
doat wegy: sor
b) You are managing a browser history of pages a user has visited. You will keep track of
the previous 100 pages and want to quickly be able to insert new pages as the user visits
them and go back to previous pages the user just left,
Gangh ?m\p‘%ﬁmeﬂ by woha oo Linakey st LT co

need: fost gst e lask Rm = 00 pop

L
doht wagy:. NGSS o kK™ page vsoley 001 posian
c) Keeping track of the next customer at a sandwich shop in order of arrival.

(Quese Tmplmentel, wha o (Srcdec O«

pes) s foor  otmss o fmny ot ij FI:;;C’
g *““3} s o
eSS B
d) You have a variety of files. Each file is for one building and the file represents other
buildings to visit. Each line of the file has a real number representing the distance to
another building and the data in the file is not sorted. Your goal is to read in a provided
file and find the distances to the 5 closest buildings.

Min ‘f\eaip witn Flogd's ot

e {—5&*:;3&7 \@J{ Eé: ‘E‘N‘,;?— LTSNS . i‘v{) 7 Elementy  whee

s 5

dorlt reedi o lu;_(p e shrobee for LCMME ; Je T ALLNS Am\f‘edf\?

(tve oo oorked mﬁ .
O(.?"X bty Bep 8 outof 10
D(s loc\/\ﬂ NATTSY for 6 Clogest ¢lenan's



8) Abstraction (6 points)
Suppose you had the following classes:

// Stores a flexible list of Person objects
public class PersonList ({
private Person{] data;
By s yint size;
H) @uptic)d

Py
public PersonList() {
this.data = new Person[l10];

i

this.size 0;

}

public Person[] getList() {
Person[] clientData = new Person][this.size];

for (int i = 0; i < is.size; ii:) {
clientDatal[i] =/this.data sy
} ien afi] (137 _$¥2L

return clientbata; T

} Ne o~y 0%6/1(%1&2; . éah\[% :{ . ,:36% !’K}M\z()\)
// other methods

// Represents the data for a Person
public class Person {

private String name;
e T e

MMW ¢

public Person(String name) { MMRRX for B,

setName (name); & \\K Al é&&{ﬁhb&{
} '&\\ -k M DX (\“’\ﬂg

.

public String getName{) { T

return this.name;
} - deleby Seb e ()

/ public void setName(String name) {NM\“ kf///

if (name == null) ({
throw new IllegalArgumentException(); i
}

this.name = name; ' ><
}
}
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Abstraction Continued
These two classes make up a flexible list of Person objects. As a client, you want to create
Person objects, add/remove Person objects to/from the list, and get the full list of Persons.

There are at least two places where poor design decisions in these classes allow for an
adversarial client to break the abstraction and cause incorrect behavior of PersonList.

a) Identify two places that an adversarial client might be able to cause incorrect behavior from
the PersonList. You should circle the two places in the code above where there are
issues.

b) For each of the cases you identified, write adversarial lines of pseudocode, as the client, to
cause the PersonList to have incorrect behavior. You do not have to explain how your
client code exploits the design flaws.

D) ferson sk p2 = new  fesoalut ()
Pﬁ.«si‘ge, = 10&06&:}; // EA&}M\’E’

2) ferpnlist \9,9; = ne \{)%a.,\ List ( } y
Rt Q. B2 e fersen [ Prsede D)
F,Q, adb (news  Person CHMHMN“\\);
fermon LV lsb = ?Q,, g ot Lisk( \)/

Ler (1. sev Nowme {*F habg L 5 .

7/

¢) Fix both of the design flaws, as the implementer, so that an adversarial client can't cause
incorrect behavior of the PersonList. You can modify either or both of the classes. Modify
the code by crossing out code you don't want, and write your cade next to where you'd {ike
toinsert it.

You're done! Yay!
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