CSE 373 A 19Wi: Final March 19 2019

Name 'ﬁ\\ﬁ-@A g‘i@“W\ AV\BWW Kb‘!

Student ID#

Instructions
e This test is closed book, closed calculators, closed electronics.

e You are permitted a single sheet of 8.5” x 11" notes

e Do not start the exam until told to do so. You will receive a 10- -point deduction if you work before the

exam starts or keep working after the instructor calls for papers

e Please write your answers neatly in the provided space

e Be sure to leave some room in the margins as we will be scanning your answers and it’s easy to

miss markings too close to the edge of the paper

e Please note we will only be scanning the front of each page, so please do not put any work you

wish to be graded on the back of a page

e Ifyou have a question, please raise your hand to ask the course staff for clarification

Adyvice

» Write down assumptions, thoughts and intermediate steps so you can get partial

credit. Clearly circle your final answer

e The questions are not necessarily in order of difficulty, skip around
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1. Graph Algorithms

(A) Complete the table in Figure 2 by running Dijkstra’s algorithm on the graph in Figure 1 using the vertex
‘A’ as the source.

Figure 1
Vertex | Distance from A | Predecessor
A O e v
B [pA10 A v
c | os A v
p | &b > ¢,
E |72 ¢ o
F s E v
Figure 2
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(B) Given the graph in Figure 3 construct a minimum spanning tree using Kruskal’s and a disjoint set.
Make sure your implementation leverages both the path compression and union-by-rank

optimizations.

Figure 3

i Draw the final internal state of the disjoint set in the form of nodes and pointers. To receive partial
credit, show your work. Break ties by making the node that is alphabetically earlier the parent.
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fill in the array in Figure 5 so that it represents the structure
DisjointSet class from homework 7. Use the given hash
h the relationship between the index in pointers and the

ii. Based on the figure you drew in part i
of the tree set as you did in your Array
dictionary in Figure 4, mapping, to establis
vertex it represents.

Vertex] A | B|{C|D|E|F
Index | 0 12131415
Figure 4 - mapping

0 1 2 3 4 5

-300020

Figure 5 - final internal state of disjoint set

iii.  Finally, draw out the resulting MST based on your findings by adding in the missing edges to the

given vertices in Figure 6.

)
€]
&) G

Figure 6 — final MST for graph in Figure 3
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2. Code Modeling

For this question consider the following main method:
public static void main(String[] args) f{
DoubleLinkedList<Edge> edges = ml(9):

edges = m2(edges)’
ChainedHashMap<Vertex,

}

ChainedHashSet<Edge>> graph = m3 (edges)

(A) For the first part of this question consider the following implementation of “ml™:

1 public static DoublelinkedList<Edge> ml(int n) {

2 DoubleLinkedList<Edge> result = new DoubleLinkedList<Edge>():
3 int vertices = 0;

4 int edges = 0;

5 for (int 1 = 1; 1 <= 3; i++) |

6 ChainedHashSet<Integer> component = new ChainedHashSet<Integer>():
7 for (int j = i; j <=n; J += 3) {

8 component.add(j);

S vertices++;

10 }

11 for (int v : component) {

12 for (int u : component) {

13 if (v Y= u) {

14 Edge e = new Edge (new vertex{(v), new Vertex(u), (v + u) * 1)
15 edges++;

16 result.add(e):

17 }

18 }

19 }

20 }

21 System.out.println("vertices count = " + vertices);

22 System.out.println("edges count = " + edges);

23 return result;

24 )

(i) What is the simplified tight O runtime
in terms of n of line 8. Assume this action
will never trigger resizing nor a collision.

A

(vi) If given an initial n of 9, how
many items will be added to “result”
during the first iteration of the loop
between 5 and 207

(ii) What is the simplified tight O runtime
in terms of n of the loop between lines 7

0()

(vii) In each iteration of the loop
between 5 and 20 how many items
are added to result in terms of n?

and 107

(iii) What is the simplified tight O worst
case runtime in terms of n of line 16?

0 ()

(viii) If given an initial n of 9, what
would be printed on line 21?

(iv) What is the simplified tight O runtime
in terms of n of the loop between lines 12
and 182 Assume creating a new Edge is
constant runtime.

o)

(ix) If given an initial n of 9, what
would be printed on line 22?

(v) What is the simplified tight O runtime
in terms of n of the loop between lines 11
and 19?

0 (%)

(x) What is the all up simplified
tight O runtime of m1?

0O ()
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(B) For the second part of this question consider the following implementation of “m2”.

O oUW

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

public static Doublelink
Node<Edge> sortedEnd
Node<Edge> current =
while (current.next !
if (current.data.g
Node<Edge> sort
Node<Edge> item
current = curre
current.prev =
sortedEnd.next

while (sortedLi
sortedList =

}

Node<Edge> prev
itemToMove.next
itemToMove.prev

edList<Edge> m2(DouhleLinkedList<Edge> edges) |
= edges.front;

edges.front.next;

= null) |

etWeight () < sortedEnd.data.getWeight()) {
edList = edges.front;

ToMove = current;

nt.next;

sortedEnd;

= current;

st.data.getWeight() <= itemToMove.data.getWeight()) {

sortedList.next;

= sortedList.prev;
= sortedlist;
= prev;

prev.next = itemToMove;

sortedList.prev
} else {

= itemToMove;

sortedEnd = sortedEnd.next;

current = curre

}

}
return edges:

}

nt.next;

Assume the initial size of “edges” is n.

(i) If edges is initially in sorted order,
executed in terms of n?

how many times will lines 7 to 19 be

(ii) If edges is initially
l9beexecumdintennsofn?

in reverse sorted order, how many times will lines 7 to

the test on line 6 is true)

(iii) During the very first iteration of the loop between lines 5 and 24, how

many times will the loop between lines 12 and 14 run? (assume the test on

line 6 is true) 26(0
(iv) During the very last ~eration of the loop between lines 5 and 24, what is

the maximum number of times the loop between 12 and 14 can run? (assume N - \

(v) What is the worst-case runtime of the loop between lines 12 and 14 in
terms of n?

0 n)

(vi) What is the all up simplified tight

0 i fm2?
runtime oI m ()(mﬁ)

(ix)

What sorting algorithm does this code most closely resemble?

\nseckion Sork
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(C) For the third part of this question consider the following implementation of “m3™,

1 public static ChainedHashMap<Vertex, ChainedHashSet<Edge>> m3

2

3 for (Edge e : edges) ({

4 int vl = e.,getVertexl().data;
5 if (!vertices.contains(vl)) |{
6 vertices.add(vl);

7 }

8 int v2 = e.getVertex2().data;
9 if (!vertices.contains(v2)) ({
10 vertices.add(v2);

11 }

1:2 }

13

DoubleLinkedList<Edge> edges)
ChainedHashSet<Vertex> vertices = new ChainedHashSet<Vertex>():

14 ChainedHashMap<Vertex, ChainedHashSet<Edge>> graph = new

15 for (int v : vertices) {

ChainedHashMap<Vertex, ChainedHashSet<Edge>>{)};

16 ChainedHashSet<Edge> outgoing = new ChainedHashSet<Edge>();
17 Node<Edge> back = edges.back;

18 while {back.prev != null) {

19 Edge e = back.data;

20 if (e.getVertexl().data == v) {
21 outgoing.add(e);

22 }

23 back = back.prev;

24 }

25 graph.put (new Vertex(v), outgoing);
26 }

27 return graph;

28 }

Assume the initial size of “edges” is n.

{

(i) What is the simplified tight O
runtime of lines 6 and 10,
assuming they do not trigger
resizing nor collisions?

o)

(v) What is the simplified tight O runtime
of line 21, assuming it does not trigger a
resizing or collision?

6 (V)

(ii) What is the simplified tight O
runtime of lines 5 and 9?

o)

(vi) What is the simplified tight O runtime
of the loop between lines 18 and 24?
(Assume e.getVertex() runs in constant
time)

0N

(iii) What is the simplified tight O
runtime of the loop between lines
3 and 12 in terms of n? (Assume
e.getVertex() runs in cpnstant
time)

0n)

(vii) Assume that there are exactly n items
added to the ChainedHashSet “vertices”.
What is the simplified tight O runtime of
the loop between lines 15 and 26?

(iv) What is the simplified tight O
runtime of line 25, assuming it
does not trigger a resizing or
collision?

0Q)

(viii) What is the all up simplified tight O
runtime of m3 in terms of V and E where
E is the number of items contained within
“edges” and V is the number of items
contained within “vertices”?
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3. Graph Modeling

(A) The University of Washington is working on its cold weather response procedures
#snowpocalypse2019. UW has decided to invest in heated sidewalks, select pathways that will never
accumulate snow or ice. However, as installing these are quite expensive UW has to be very sclective
with which pathways it upgrades. There is a set budget for how much UW can spend upgrading paths.
The cost to upgrade a path is dependent on the length and the incline of the path. UW has also measured
which paths have the most amount of foot traffic and intends to upgrade the most highly trafficked paths

first.

i. Explain how you would model this scenario as a graph. Answer the following questions in bullet points

with short sentences. s
a. What are the vertices and the edges? N(-m:’ © Anguies - dd st

Vertiaer = lophions/inttset T 00 gpua@AS | gy et thtse el
hed oo potertiAd for wedd

Blon = sulewedls
b. What information do you store for each vertex and edge? ‘F({WJ wore. wel v~ sobed
vortex = aythiag  oppoprisde for vetex dlue . er ureett

fdpen = lengn of PP, INAL, foot  treffic

. ¢. Isthis a weighted or unweighted graph? Give a | sentence explanation of your response.

Wegmtod . HAAS femgta & meknt 10 dokovmime cosE -
DHeelt  golewelin vt oliHeenrt  costy
d. Is this a directed or undirected graph? Give a 1 sentence explanation of your response.
Undreetted . ¢ wa uparede 8 P30A A one  direction you 'l 2lse

u,’fﬂr?t(lr\? ez ’173{‘4!'\. e TS 5('Mﬁo”"

ii. UW needs a set of pathways that it will upgrade. This set should respect the UW’s budget, so the sum of
the cost to upgrade these paths should not exceed the budget. In addition, UW wants to upgrade the paths
that have the highest amount of foot traffic first. The set of paths you give UW does not need to connect

every single location on campus.
e. What graph algorithm might you modify to produce this set of edges for the UW?

Kreugleal's
f. How would you modify this algorithm to solve this problem?

How will you take into account UW’s priority to upgrade the most heavily trafficked paths?
Dee teefic level o gudge TEORT ol eedn srckewnll,

 ordernng widd edge to consicler  ineat

How will you take into account UW’s budget?

'/LZ{)'"& g,;l(,t PN algc, b costs ware Yan, U’ ,“Wé.{ﬂ(y buﬂ’;afﬁ,

Leep & rumnmg fotel o how Much budep{f s et
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{B) Congratulations, you are a high school senior who just got accepted to the University of Washington!
It’s time for you to find a bit of independence from your parents, so you've decided you won't let them
follow you on Instagram. Unfortunately, that is not enough distance. You also need to prevent any of
their friends from following you on Instagram os well. Instagram relationships are not bi-directional;
thus, )'m; know someone is your parents’ friend if both your parents and the friend all mutually follow
one another,

i. Explain how you would model this scenario as a graph. Answer the following questions in bullet points
with short sentences.
a. What are the vertices and the edges?
erties = People nshaemm e count s

Cdoea = Tollow\n) shius

b. What information do you store for each vertex and cdge? &
Vertities © Bedonedle (Mformetion” 07 chace A (A

Fogtn = Collower , Pesmm followedl
¢. lsthis a weighted or unweighted graph? Give a 1 sentence explanation of your response.

€
te

z‘)v\wvﬁa'ﬁf.&ad ¢ fellowng purevy (s [13 w2 fotlowew)

‘d. Is this a directed or undirected graph? Give a | sentence explanation of your response.

'Pq(c,dcc}l_ ¢ fer e follow cemteone wirout fheunt
Pllowing  wacke
ii. Each time you receive a new follow request you need to first determine if they are “safe” to allow,

meaning they are NOT one of your parents’ friends.
a. Based on your answers to part i, draw a subset of a graph representing your two parents, “A” and
“B”. and an individual who is their friend “C”. Your graph should include any pieces of information

you specified.
—®

S

b. Imagine the graph you described in part a is implemented with an Adjacency List, which requires a
Dictionary called “graph” that maps from the vertices to the corresponding collection of outgoing
edges.

Write a possible declaration of the dictionary “graph”. This can use existing data types or ones of
your own design. Give a short explanation of your response.

Dichorny & Used , Istalser 77 qrepit = e Hosichumany (),

How would you use “graph” to tell if someone, “C” is your parents’ friend (ie a follow request you
will reject)? Describe in a sentence or two or use pseudo code using “A” and “B™ as your parents.

ie %(ggph . %UE (A\ ,antams C‘) k- 8‘2191" @"'ﬁ" (6) : [n"fm«S'C{)

-4 4 + -/"L : z
M ?ﬂff) wtat SCAY 4 &'&fb‘ Ft(C) . contarns (B)

al
J

¢
X

o

goowt follow © oW, s hnt
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4. Design Decisions
(A) Given each of the following scenarios choose the appropriate sorting algorithm, justify your choice with
a short sentence. Use each exactly once.

insertion sort, selection sort, merge sort, quick sort

i You are writing a program that sorts applicants for a prestigious fellowship. Each application is
given a numerical score to provide an ordered ranking of applications. If two applications have the
same score, the application that was received first will be selected, so the order in which the
applications were submitted should be maintained.

Mecge. o
U ac. ~ Pelebly fask

i You are a triage nurse and you are in charge of the queue that determines who sees the doctor first.
You keep a single sorted list in a spreadsheet, and as new patients arrive you insert them into the
queue based on the severity of their injury. If two patients have the same severity the patient that
arrived first should get to see the doctor first.

- oteble
!l/lsoft':wt/l _ plesgt cprted " add cese ves OCn) runtimg

iii. You are writing a program that sorts test scores for a class’ final. The finals will be received in the
order they are finished which generally means that higher scores will be received before lower
scores, but not perfectly. The sorting will be used to determine the exam statistics, so the ordering of

equivalent scores does not matter.
~ Not ztabole
Quicke sock - Tapwpally BLE .
- Uviowry & TOugM ordey (A A ik Pt
You are a teacher and you release your students for lunch. The students know they are supposed to
let younger students go first, but in their excitement, they forget and line up all out of order.

Students don’t like letting younger ones cut but are willing to swap line positions with a younger
student if you ask them. There is not space in the cafeteria for an extra line, so you have to direct the

students within the same line.

iv.

- n ?PlBce

Seleation sock - Sweps VAlWA
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{B) Given cach set of the following scenarios choase the appropriate ADT, justify your choice with a shon
sentenge, Use cach exactly once.

List, Stack, Queue, Dictionary, Heap

X You are writing a program to manage s todo list with a very specific approach to tasks. This program
will order tasks for someone to tackle so that the most recent task is addressed first. How would you

store the transactions in appropniate order?

& 1l w:»l-“!— ee.

O YA al e ok
b 5":;'4:, » g (et v
,.I‘:,‘ & i" _‘.“ "f'.":’-f-‘g"f F o
. You are writing a study support program that creates {lash cards where each flash card has two

pieces of crucial information: the question to be asked and the correct answer. How would you store
these flash card objects?

fear 5 aurAtip
L,o:} VALK s averhe o
’[-} f g
v % . < Al.l"‘
icton s v Velop = Atusy lao'e yp SUwEv

li.  Youare writing a program to store the history of transactions for a small business. You need to
maintain the order in which the transactions occurred and be able to access entries based on the order

in which they were received.

v

* r"( R . at e iatH ; ittt ¢

L]
1 (.’b{ i 73 sttt iodteie  dak
g tlptnt il PAE W 1 y ¢ene

You are writing a program to surface candidates for a job. As candidates are met and evaluated, they
are added to a collection from which hiring managers can request the next best applicant whenever
they have an open job position. How would you store the candidates and their evaluations for hiring

managers to be able to quickly get the next best applicant?

(Me) Heap

You are writing a program to schedule jobs sent to a laser printer. The laser printer should process

iv.

e prionty - ﬂm"«'f‘t-‘.j F el dede

L—J-“ feAun e heod ,swﬂ,nf'r;-zsf‘i ff'v‘*z,k.h/

vl
these jobs in the order in which the requests were received. How would you store the jobs in
appropriate order?
2 } ! : ! ped - cil
{},M CAA (. ?@{l&}éf’ﬁ "4“?5 W erddy et yed f}{ff Jt

. i i ! i
%-Au!—'-.f{f( S"”‘“I‘ be  frrgt J‘Jw) ;!t‘;ffd'

[aj{’“{,(l s ey ‘Y | (-‘() ;51';‘ m},‘igo—hfg.ﬁ i
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(C)Given each set of the following scenarios choose the appropriate dictionary implementation, justify your
choice with a short sentence. Use each exactly once.

Array Dictionary, LinkedList Dictionary, AVL Dictionary, Hash Dictionary

i You are writing a program to store incidents in a software service you maintain. The keys will be
time stamps, so you know they will be unique. You will be adding incidents as they occur and
removing them as they are resolved. You are more likely to need to access and remove incidents that
have recently been added to the collection.

Md 4 oty wonlt peed 0
Lfﬁw’/‘!s&- ~ = V‘\"’ -
Lrevorse Aor & PAT
For your given answer, what is the average runtime to add a new incident to the collection?

OC )

ii. You are writing a program that implements a company directory. The directory will store employee
ids mapped to contact information. You will also implement auto complete, so that as someone types
in a user id you will suggest for them possible entries. Your directory will need to grow and shrink
as people join and leave the company.

AAtD  comp'etc  pged 2l 167 S
AvL o

M 3 sSubtree . S{‘ay_g bolaecd  plan
: . ; swze  crenr aed
For your given answer, what is the average runtime to add a new employee to the directgry?
O( 1.45 (n))
iii. You are writing a program to store an extremely large dictionary of English vocabulary. You will

know how many entries you will store at the onset of the program and will not add any more after
the initial processing. You want to optimize for quick look ups of definitions.

Hashh Wart cea1ze,  very RAE Lovkwp

For your given answer, what is the average runtime to find a definition for a given word?

O (1)
iv. You are writing a program to store a rather small dictionary that maps exam questions to the average

score for that question across all students. The questions are numbered sequentially starting at 0.
Often you will want to read the entire set of scores in the order of the test.

Acrey (on quibldly koot ow valved

For your given answer, what is the average runtime to add a new exam question to the collection?

P

4
Rehizag (250
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. Muttiple Choice
Clearly circle your answer

(A)If a problem is in the “NP-Complete™ complexity class which of the following can we assume is also
truc?
a. It can be reduced to 3SAT
b. A solution to the problem could be spplicd to all other problems in the NP-Complete complexity
class
c. A solution to the problem could be applied to all other problems in the NP complexity class
@] Al of the above

(B) Which of the following is true about the ISAT problem?
8. [t isinthe P complexity class
b, It the NP complonaty class
c. 1iis m the NP Complete complexity class
Tdl Bothbandc

(C)yWhich of the (ollowing best dowenbes tempors! locality”
8. The rings of memaon surrounding the CPU that increasc in size and decrease in speed
b Dats retained in memon based on its phyascal provemity o recently accessed data
Dima rewained m memeny hased on how reoently in lme if was accessed
d. The operating sysioms mexhannm of optimising memory usage by punting data from inner layers of
treemnory ouat 10 more kong-torm slonage

(D)Which of the follow ing beat desenbes spataal localin?
8. The rings of memony wrrounding the CPU that increase in size and decrease in speed
Dt retained = meermony based on e phyexal provimaty 1o recently acewsed data
e, Data retzined @ momon Bawd on bow recently @ 1me it was accened
d. The opersting systorms exchannm of optimizing memory Usge by punting dats from inner layers of
rcTory Ot Lo ot koeg dorm sorage
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