Name: 50}35}’1 /A

UW NetID:

CSE 332 Summer 2018: Final Exam Part 2

(closed book, closed notes, no calculators)

Instructions: Read the directions for each question carefully. We can only give partial

credit based on the work you write down, so show your work.

For questions where you are drawing pictures, please circle your final answer.

Unless otherwise noted, any algorithms or code you write should be as efficient as possible,

both in O() terms and with respect to constant factors.

'Take a deep breath.
Every tree is a forest.
You got this.

Good Luck!
Total: 80 points. Time: 60 minutes.

Question Max Points | Score
7. B-Trees 6

8. Hash Tables 13

9. Minjmum Spanning Trees 14

10. Shortest Paths 7

11. Graph Representations 14

12. Using Graphs 12

13. P vs. NP 14

Day 2 Total 80
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7 B-Trees

[6 points]

Below is a B-Tree storing integer keys with character values. Insert the (key, value) pairs
(3,F) end (1,W) in that order into the B-Tree below. You should draw two B-trees: one for
after (3,F) was inserted and one after both were inserted.

[IE
=

2 | A 5 | F 8 | z
4 6 | 6 9 [ v
7 | E
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8 Hashing

[13 points]

Insert the following keys into the hash tables below, where the hash function is just %TablaSize.
In the top table, resolve collisions with quadratic probing. In the bottom table resolve by
separate chaining into a sorted linked list (with the smallest element at the head of the list).

If an insertion fails, record which key failed, but attempt to insert any later keys in the list.
Do not resize the tables. [8 points]

Insert these keys: 22, 14, 32, 42, 37, 13

0 1 2 3 4 5 6 7 8 9

2B\ | Xt I, Ha. 37_ |3
0 1 2 3 4 5 6 7 8 9

EellEE 921

N

2

3

42

What are the load factors of the top and bottom hash tables? [1 point]

S A both
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Under what conditions can we guarantee that insertion will succeed in a hash table using
quadratic probing? [2 points] ;

Lyhen Hhe Fable Sh2e 15 Py{m& |
ird P led o 5 Les Han Jo
\M’mww o suck Spu/  irsot

What is the worst case running time to insert into each of these hash tables? Justify your
answer (with 1-2 sentences) in each case. [2 points]

Th both cams, o worst cae s Otn)

for sypmde chaiity, Fall ehreis o -,
Same CJ"&"H, we V"’-?W';f- OK"J —r% ! heut (svh% 7,2;.
A /mu {15f m@J V\z@’i (2 ,éel'fg:rg I? squ{ld)‘

FO‘(‘ ?.Metm.'v")a /Of@réifaa/m ‘Wg resd & PWLL

kﬂ __Q(n_) /aadf'lwvj 1)2-74‘0?-2— flym./ﬂ? 728 mpf; @«Q)
So A 8 G0) ik wers] cuss, .
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9 MSTs

[14 points; 7 points per algorithm]

In class, we discussed two algorithms for finding a minimum spanning tree of a graph.
Execute both algorithms for the graph below. We have provided space to show your work.
You must show your work, crossing out old variable values when they are overwritten (as
shown in lecture and section). Highlight the edges that end up in the final spanning tree.

| Vertex Distance Best Edge Processed
A ) = v
B I8 3 A8 (B,£)
C | (AE) : i
b s [A8) (GD) 70
E Ry (AE] (C E) /
F |2 (E,F) Vi

Which algorithm did you execute?

(Prf\m S A{i@w' Fhim.
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Edge Include? | Reason

(A,C) (=)

(E,F) k)

(B,E) oo

(C,E) (2

(C,D) g

(AB) Nno_ |cyde A B E C
(D,F) no cycle. B E CD
(A/E) No eycle. A G E
(B,C) D ,g%,c,/& B/E &
(A,D) o |rgele AC, D

Which algorithm did you execute?

/Z YUs )<aj (S
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10 Shortest Paths
[7 points]

Run Dijkstra's algorithm on the graph below with starting point s. Fill out the table. As
you're performing the algorithm cross out previous values as shown in lecture and section.

If you ever need to bresk a tie between two vertices in your algorithm, choose the one which
is first alphabetically.

Vertex |Distance Predecessor Processed
s o — A

t @l " /

«  WlES £V v/

Yy ot 4 =1 NA

w 5 s \/

x %9 L J

Y g 7 Vv /

What is the shortest path from s to ¢? Describe how you found it using the results of the

algorithm.
Shotrs foom t Allos He.
>V Y {— P""-:éce%crf: back + S
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11 Graph Representation
[14 points; 7 points each]

1. Hank Levy and the rest of the CSE leadership team need your help. A very important
donor wants to tour CSE2 tomorrow, but- there's a problem: they haven’t started
carpeting the hallways, and it would be embarrassing for the donor to step on un-
carpeted floors. Hank’s goal is to carpet enough hallways to allow him to give a tour
(using only carpeted hallways), and to get the carpeting done as quickly as possible.
Hank shows you a graph representation of the building. He has & vertex for each room
the donor simply must see and edges representing the unfinished hallways connecting
them. Fach edge is also labeled with the time it would take to carpet that hallway.
Hank has a (single) carpeting team ready to work until the donors arrive, but they
need to know which hallways to carpet and in what order to allow for the tour to be
fully-carpeted.

Will you be able to tell Hank how to direct the carpeting team? If so, describe an
efficient algorithm to run, and briefly explain why it produces the right answer. You
may call any of the graph algorithms we've discussed in class. If not, informally argue
why you shouldn’t be expected to find the optimal carpeting scheme.

What ches Hank pnoed h ordhe, ‘éSIﬂo«/

He dlover ol e vooms 7 He heeds +ha

sef of cwwjoe—#‘d A««‘IWO‘QS 1o Connect

Vvertex oF He ?/m.Pl-) fo erery ofhar.

[Subgect fo ;Mt, WR. skaal?/ chasse, e Vh;:;num
W@f. ht Sﬂf l’\wa 5 +09_|\/Q u;—ﬂm_‘ Clﬂanc,e,
e’#g’ﬁhislﬁ? be Ao ﬁa’ow Arvives)

ml’ﬂ'hzmum weig it nf‘-’"f eaéu 76 conne F aff ‘He_
Verhies IfS“/%. O’&ﬁnfh?n a:f A m:hl'mu% S/aanh»? #ﬂe

So cun clgortthm (st W Bins (or binchall ) o ookl

}.,/m/-z%j/#mcwrpcf' %./a: i, » i
zj MsT: (i wheoner mud?%y it ) e 7

D@,SM Wy s S g~ﬂ 'f'm) I‘La,n)c Gpoijh I+ Sag LLE, Loe s E’O“uj {ov?

it fakes 1o do Ao Houn, 5o thu 5 het o M”’? Soespersan
Pvﬁél.uw. 22



2. Puppy Dubs's handlers have decided he doesn't follow enough accounts on Twitter.
They tell you they’d like to follow any account that:
e Follows Puppy Dubs or
e Follows someone who follows Puppy Dubs.
You are given a graph representation of Twitter, stored as an adjacency list (see class

definitions below). In the graph there is an edge from userl to user? if and only if
userl follows user2. Recall that “follows” is not symmetric, so the graph is directed.

Give pseudocode for an efficient algorithm to find everyone Puppy Dubs should fallow.
You may call any of the graph algorithms we've discussed in class. You may assume
all classes have appropriate constructors and iterators.

HINT: the most efficient algorithm begins by altering the graph.

public class Graph{
Vertex[] Vertices;
//methods and constructors omitted.

)

public class Vertex{
HashTable<V> outNeighbors;
//any other fields required to run your algorithms.

}//5/219 | Reverse. Thegraph

Lt G be A g tven g roph |
U Tuble (Varhy Vers = ron, Fash Table ok, > () )
Gra ot (=0, (2 G.'\é,fhu,as.lu‘?*kj ()2

: Vorkest (CMrhes[FY)s
i, VMS.?M;%WLZ%GMVW +w)-egua/s{)
///CJ\:FHMQ.WJ, bt vhich basifs @ ) mM,d]? out N;r}kdxvs.

(brdor G Varhis )2
r ( 3 &"‘ZX v . oud N@@Lbaﬁ)i
(Ver[g, ?;;6‘ [V))- CxI?Nz); hbsrs, insz/f(u)/'
5
3 :
Coraph revesed = raw Grgh (\Vorts Y,
Continue your algorithm on the next page if you need more space.
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Continue your algorithm description here, if necessary
L
aw ‘H"(DL e I"M mv‘mg,m.J W 4
//%ﬁmf]q s an@?}j‘; So WQLMV‘(. oun a/j@l’nlj\b—x ﬁ’ﬁu@‘

gf_sgwb%?%yf%:/r%%e’/ [Stotig ot P“Pfg Oits )

Lt verh o Bliow = ~ new Li3f();

fmr (Vorka Wi renersed Verheas )
(Flv st 22008 1 eguals (Bmy Duts))
V&V‘ﬁTﬁ//M "‘M(VJ

3

l’\';fovm \/VV/_': 7.0 %/’MJI

What is the running time of your algorithm (briefly justify your answer)?

e ned P uge an WWW&/’WZ. 7&41@

o hsurt /gt From olbesh dable. ZH e ds
e com, ol Bast gpeating cas CZ/)
Wo need o STUEI=I)) of s

BFs 16 o{;‘;n-)v) as well Soﬂ“

O +1EL) on anesse

1 W X0zt w;;lewée&m
s, Olapordh
I f;:jﬁ NTED) ﬁ%%u.?-ﬁ;# JwgoJ Ol 1ET) A

Ot +IVHEI).
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2 Using Graphs
12 points]
Pac-Man just arrived in a new world, represented as a directed graph. Each vertex
represents a location with a single Pac-Dot (the food that Pac-Man eats), and there is
an edge from vertex u to vertex v if Pac-Man can move from u to v. Pac-Man would
like to eat all of the Pac-Dots, but he is worried that the graph may not be connected

enough.

What are the strongly connected components of the graph above? The name of the
vertex Pac-Man is sitting on is s. [3 points]

98 Iv,uf 15 5\"/?/ JEek

On this particular graph (with Pac-Man at his current location) can he eat all the
Pac-dots? Justify your answer [2 points]

Ma Rec-Man oé,ﬁs‘nha% Car't et Mo R Dot
at g

HQ d/SO \NDT'[* bq,aé))z, ’E-Zaj‘ ‘H’w,!l)a(,"Oo'I"S aD]L
both x and w,
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[7 points] There is a general strategy (i.e. an effcient algortihm) for Pac-Man to tell
whether he can eat all the Pac-Dots. Describe such an algorithm. You may use any
algorithms discussed in class as black boxes.

This algorithm is trickier than previous questions., We will award partial credit for
answers which handle special cases. We recommend you think about the example
graph:

The full algordhm must Franlle 4o isSues, both Shewn 1 Fh abose.
gor tre Pt 1ssue 5 et R M, Muct ke able 5 peol
Q\fo'y_ W' Fgr e)(gw,-Fb,} '-qu, O is VMBT ’Qﬂejf\oi:fe_

Bd ven F Re-Man Camn rwdnw,,a evtex, he sty Lr}_

v 0 ) Vﬁl
et M Toc-Dat. Hm, be cam reseh One of X, w. 'B%D‘ once. ffaéle

\/\/b T handle Hhis 15500 as 7@//5\,\,5.' ‘

Pl o S of P gnh and buld H Ho Guph of scc
Fired a‘fopo/ red sot of H',
mﬁd‘ola-{f consiufin. Vertics OF oo St hane o, ecle hf.

,Q:;fr:iﬂ‘f"n'%OJ (:c. M’Wﬂl""‘-’alb*a‘ﬁ[k}' l:::){ :
A B vertor ot Win st obes e e e “"'ﬁ.pu'»'-')
3 vaturn B Man o't ecit ol POty

return Ro-pun com eat all Be-Dots
What is the running time of your algorithm (justify your answer)?

-

e et e o)
Qu::d ijjézﬁn‘d F o verux 1r Vst = ))
’JTZM So'r"l'5 SLIVIHEL) ’:j;u”mngm 1y
Adgocedt Cheek A 1vitig))

Totad Qi+ IED). 2



13 P, NP
[14 points],

1. What do the letters NP stand for? 2 points]

2. For the following problems, circle all the classes to which the problem is known to

belong [2 points each]
Determine if the minimum spanning tre@ NP- NP-hard
of & graph has a total weight of at least & complete

— ——

X

Given a graph, determine if there isa path P \H Lh NP NP- T: NP-hard :
of length at least & from s to . — *Q-EP__FUPIG.FE‘-’ e

Given a graph, determine if there is a pair P NP- NP-hard

of vertices at distance at least & from each complete
other

—y

Briefly justify why each of these statements are true or false. [2 points each]

3. True or false: If we discover an efficient (i.e. polynomial time) algorithm for any NP
problem, then we will have an efficient algorithm for all problems in NP.

F@\‘%&-J e ln,guw/ Lﬁ&um"‘ a?wr%w 4"' /"ﬁ C’TPPW‘U-?/MJ e fVP-
all 4he gres v ko Jo b in P,

Pzp’acfh&d #\l’lq;b,‘ NP vith  NP-can 7:[&1‘4, or NR- hond 'ﬂ)«_; J}’w. ‘;‘%M
4. True or false: If P = NP, then all decision problems can be solved in polynomial time.

?al’a{,/ m’? Sl ek 1n NP wmly irﬂ"‘ivlla'if‘“% ?ff Q:rﬁ%‘} a{.;m—/‘/ms

WC{M& JQ(:IS;'m PJ@’EM nof in MDJ ’fyq ""AL L""f/’,"))’? FVGAZ@V\
cnd nxn ches  which 0 broun #o 15 hove effie, ot
a}gow'}hmj even 1 P-..MD

5. True or false: NP-complete problems are rare — only a few dozen are known.

150)/;&/ there are /1% Fheusard. krown .
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Some Useful Facts

When we're using the tree method to solve a recurrence, we usually use the following steps:

Draw a few levels of the tree.

Let the root node be at level 0. Give a formula for the size of the input at level i.
‘What is the number of nodes at level i?

What is the work done at the ! recursive level?

‘What is the last level of the tree?

What is the work done at the base case?

‘Write an expression for the total work done.

U O B LR 1R 0 R DO S e O

Simplify until you have a “closed form” (i.e. no summations or recursion).

Geometric series identities:

Common Summations:

n n n 2 2
i=0 i=0 im0 4
Log identities:
log,(a)
logy(c) — ,Jogy(a) 1 = =i\
a og;(a
4(a) log,(b)

Master Theorem:
Given a recurrence of the following form:

T(n) = d if n € some constant
aT(n/b) +n° otherwise

with a, b, ¢ are constants.

If log,(a) < c then T'(n) is ©(n®)

If logy(a) = c then T'(n) is O(n°logn)
If log,(a) > c then T'(n) is © (n'o8())

29



