Handouft 14

Sampile Final Exam R e

This is a clased book exam. You have 150" minutes to complete the exam. You may use the back of
the preceding page for additional space if necessary, but be sure Lo mark you answers clearly.

Be sure to give yourself enough time to answer each question— the points should help you manage
your time.

In some cases, there may be a variety of implementation choices. The most eredit will be given to
the most elegant, appropriate, and efficient solutions.

Problem | Points | Deseription Score
1 10 Short Answer

2 10 Queues R
3 10 StackSort

4 10 Heaps

b5 10 Binary Trees

6 10 Haghing

7 10 Time Complexity

3 10 Graphs

9 20 Data Structure Design

Total 100

I have ncither given nor received aid on this examination.

Signature:

Namo:

*In fact, 150 minutes is too little time! This is a test suite to help vou prepare. The actual final will have fewer questions.



L QOO . it e e Short Answer
Show your work and justify answers where appropriate.
a. A tree with n elements is both a min-heap and a binary search tree. What does it look like?

“a (B ot s o ke il )

S

b. Which tree traversal would you use to print an expression tree in human-readable form?

w1 —hdlor—

¢. Which tree traversal would you use to evaluale an expression free?

Po% T T

d. 'We applied sorting methods primarily to arrays and Vectors. Of the following sort algo-
rithms, which are mosl appropriate to sort a SinglyLinkedList: insertion sori, selection
sort, quicksort, merge sort?

Merse. Sork |, 08 & doeswk peqadic comdon. Q&S

e. When we rewrite a recursive algorithm to be iterative, we generally must introduce which
kind of data structure to aid in simulating the recursion?

Stacke.



2. CIEHGRRT sovonmmmsns s st ey S R A B e e Queues

Recall that the gueue interface may be implemented using an array to store the queue elements.
Buppose that twe iat values are used to keep track of the ends of the gueue. We treat the array
as circular: adding or deleting an element may cause the head or tail to “wrap around” to the
heginning of the array.

You are to provide a Java implementation of class CircularQueucArray by filling in the bod-
ieg of the methods below. Note that there is no instance variable which stored the number of
clements carrently in the queue; you must compute this from the values of head and Lail. You
may not add any additional instance variables.

public class CircularQueueldrray \’?l/é( il \ \
// instance variables A4

T gL{k,
protected int head, tail; .m)., { £l di-st laraed e the q.-.u...'t'\)
protected Obliect[! dabtae; ('F?k;tj’w 'd,\-tﬂ“_ )

/7 constructor: build an empty gueue of capacity n
publiic Circulsrfuesedrray(int n) |

hpad =0
tail =9
doke = Ve Olbjectnl)
foe Gt i20) (40 ) i)
datan 033 = Wl
1

// pre: queue is not Fill
// post: adds wvaluc to the gqueue
puzlic veld enaueue{Obijsct value) |

ota CELT = vahne
@;[«;@L:KMB% d;a:f.n-.lnkﬂii\;
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/4 pre: gueug is not empty
// post: removes value from the head of the gqueue
public Object dequeue ()

oL\}u_t ret\al = oh'htkuil;
Jota Thaadd = ault
e = (hand ¢ 1) % date Longth
retwna \ret\/n\;
}

/7 post: return the number of elements in the gqueue
public int size() |

€ (hand =830
pefwn £l - lhaad
betwm ot feagth ~ Chanll —€01)

}

// post: returns true 1fl guece 1s empby
public hoolean {sEmpty () |

votomm  Reed =5 tasl 3G faed Fanlly

}

/J/ post: returns true iff gueue is #Full
public boolean isFull(y {

Yefura ==t ﬁ haad I-:V\""u}




............................................................................. Stacks

Suppose you are given an iterator that will let you access a sequence of Comparable clements.
You would like to sort them, but the only data structure available Lo you is an implementation
of the stack interface in the structureb package (say, stackList). Because the elements are
available only through an Iterator, so you must process each item as il is returned by the
next () method of the Tteratsr. The sort method should return a Stack centaining the sorted
elements, with the smallest at the Lop of the stack. Please ﬁLl' in the body of the method,

3. (10 points)

; ; i 45308
public static Stack StackSorl (Iterator iter) |
/4 pre: iter is an Iterator over a structure containing Comparables

/4 posti 4 8tack is returned with theo elements sorted, smallest on top

Stack ((.pn»{:amlo&) et Seecke = e ‘3%&4&3%&7 0y
Gtk Llompornble> g Horsbes = e $tudelist (Comprmlle>CY;

st (6o lagMexe)) €
Wﬂa\g Gt = e ek O)

1o ereneithing. gundler g ane fronn vet.Sencke

while, (| retStadde .ampiyO) {

& (e CompreTr CrestSase. . pecte L £.2) {ffoumf Ha Gpt
" i o

famep Seacle - st C et Stacle pp O
3

hile. (1 tompStacs oty )
’ retStedi pushn Climp Stads pop©

4 Fefraan n‘tﬁ(u.a(a‘)



B VPO s saumsamnmnmsnsesan A B B R R B L TR Heaps

Recall the definition of a min-heap, a binary tree in which each node is no bigger than each of
ils descendants. For the rest of this question, we presume the Vector implementation of heaps
{class VectorHear). Consider the following free, which is a min-heap.

a. Show the order in which the elements would be stored in the Vect or underlying our Vectorteap.

(2|3 |5 | 3|8 34> 135658 |lag
0 1 2 3 4 5 6 7 8 9 10 11

b. Show the steps involved in adding the value 4 to the heap. 1se drawings of the tree, not
the vector.

{
e
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¢. Using the original tree (not the one with the 4 added), show the steps involved in removing the
minimum value of the heap.

[tete

A

v W s¢ § \'-e\c(m Ao ook Wtk the vigh~wert

\{J/ hode tn the daspost lowed ek f““’idi' |

d. Why is the Vect orHeap implementation of a priority gueue better than one that uses a linked
list implementation of regular queues, modified to keep all items in order by priority? Hint: Your
answer should compare the complexities of the add and remove operations.

¢ It tkes OW) 4o
?wutﬁ UQ‘W"“'/WP the

. : fhrar o dosuassed
LA Tl verdes  SEEGI™

- \JK'WHW e heteer .




5. (JOPOINEY <ot Binary Trees

Suppose we have a BinaryTroe that contains enly Comparable values.

2. Ilis often useful to find the minimum and maximum values in the tree. Implement the method
maximomas a memberof class BinaryTree. Relevant sections of BinaryTree, java from the
structured package are included on pages 14-18 to guide vou. Your method should return the
ComparabZe that is the maximum value in the tree. It should return nuli ifcalled on an empty

trec.
public Comparaple maximum{}

/7 pre: the values in bhis tree are all Corparable
/4 poslt: the mazimum value in the tree is returrned

of (s tgty (D)

yetorn wadl )
(w\«fwhis, maglefe = {efe VA Pimmsanne © 3
(.prow'\.L(_g, M,cy‘alk 3 Hﬁb“*- Wrrnse | e C)

Vebiom Wt (pmgudl e mmic 2, UnlD )y 7/ betioe tho wax o
the 3 MC'M

“and(¥)

b. What is the worst-case complexity of maximum on a tree containing n values?

o)

¢. What is the complexity of maximum on a full tree containing n values?

o n)
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d. Censider the following methoed, which | propese as a member of class BinaryTree:
public boolean fs38T(} |
// post: returns brue ifl the tree rooted here is a binary search tree
if {(thisz -~ EMPTY) return irue;
return left (3 1sBST() %& rignt(}.isBST();
}

This method will not always relurn the correct value. Explain why, then provide a correct
method. You may use minimum () and maximem () (rom part (a), as well as any other metheds of
Binarylree,

public bociean isBST () |

(& s == gnaptr)
Fetimn thray

etuwna [&@t. WB5TL Yy th Y‘Eﬁi"k‘ 16 BSTOS gﬂ,

valoe, GunporTo (lefenl( D 2 © Pi
\/Aim .C;Q\Ar'Fﬂ!r‘-:c‘ﬂ (rla(,},\m-{) L 2 7

}

e. Inclass ZinaryTree,whyisthe senlert () method public, but the setParent {) method
is protected?

Fn A Garredt 'vw‘iewwjﬁr‘":
setfivent) chadd oy be clled by
seflebe O or ‘;{CQ'QOA.CC) Cil, vedmn we aa ety o JK‘Q‘)

O%wl';c,} e vany Lieale the. tree $eactire.
by m&m&A@mWo{M&
REM%W@MKMU\SGM}A‘.
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publie class BinaryTres

{

protented Ohileot wval;

orutected BinaryTres paren
crotected BinaryTree loft;
protected BinaryTree right

7/ The unigue ampty nods

sublic static tinal BinaryTree EMPTY

f/ A one-time construcior,
private BinasryTreed() {

val zull; parest - o
g
/7 Canstructs a tree node
4 is pruvided by the usoe:r

ic BinaryTrss (Objeal

wval weilogiey pepass

ff Upnstructs Eoren redi

s subtrok

53
/

3 5

anrd 5
this(value);
setlieit{le’n);

sebRight (rigkt});

S Get left
public BinaryZree left ()

Teftg

ot cur

{

subtres

refurn

J4 Get right subtren of cu
public DBiraryTree right ()
TERETE Pagnty

SF Get oroedleronca
wbhlic BinaryTree parert ()
¥ I

et urn parent;

Ly prarent

A4 Update Bl Iweit subirews

/f 18 updated consistently
public vold setleft{Sinary

i {isEmpty{}) roturng
if [left.parent () g
left = rewleftr;

lefr.gelParent (thig);

/¢ Update the ragnt subksre
SF is updated oon

aigtently
pubilio voeld setBight (Binar
(iSEmpty (]}
{right .parent ()
right newRight.;

right.setParent {this);

b ol okon b ol o

[RIEE

i

A owvaiue

value)

are providod by
public Biraryiree {Chiect wvalue,

ansoclated with node

t; /7 parent of nede
A4 left phild of node
;3 /4 riaht child of rode

- new BiraryTreat};

tor congstrusting enpty trees.

Ly ek rignt this;
with no childres, Value ¢f the node

3

null; ieft right

EMETY;

with chitdesn,  Value ot the codo

bt
t e

ol o o

BinaryTraees left, BiraryTreo right)

rent node

rrent node

{

o2 thisn node
|
of rhia node, Paront. ol the left sghtreo

Exlsting subtres is detached

{

Tree newlell)

hiz} left.sctParent (null);

e of this node. subtreo
" Exi

ylres newRight)

Harenk o7 Sl mbghh
detachod

5 i

ing subhroo

{

this) right . aetParent {nuli);
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;4 Updaze the parent of this nede
protected vold setParest (BinaryTres cewlParent) |
parent - rfewlParant;

¢/ Beturns the sumber c¢f descendants of rode
public int size{} |

if (this == EMPTY) returs J;

sEbven Teltiil  oidaly ¢ rroibagisal) £ 1

A Bueturns referonce be rooh of tree cuntaining o
public BinaryTres rool () 4

it [parent{) -« nell) retiizn this;

mlae return pavoest [oroot (0;

// Retuvrns height of rede in tree. Helight is maximom path
A4 length to deszendant
Fublic int height{) |

if {this = EMITY)} return =1

return 1 o+ Math omas{leit . height (), right.height {}};

A/ Compute tho dopth of o znode. The depth is the path lengtl
S from sode to root
il b e R U T R

it {parent {] - muell} return 0;

[ = el S e S

£ Returas true 1f trpoe 9 full. A tree s Full iY addifig a rode

o Lo tree would necessarily ircrease its heignt

DEhliG heniedn EnPullal
1f {this —— EMPTY) return true;
it fiett (), height () '+ right{}.height (]} return false;
return left (). isFuli() && right (). isFulli};

¢/ Returas true 12 tree 1s orpty.
pubklic hoolean isEmpty () |
return this —= EMDPTY;

// Return whether ftree is complete. A complete tree has minimal height
Af and zny holes in tree would appear in last level te right.
public boolearn isComplete{} |

int IZoftHeiqght, rightHeaght;

boolean lefrIasfull, rightistuoll, leftlsComplete, rightIsComplere;

it (this .o EMPTY) return true;
lettHeright ledt (Y .heigho i),

right Beight - righo () chedighs (3
Teitigiull o Leit (r.isbull);
rightIsfull - raight (). isFull(};
leftIsComplete - left () .istomplets« ()
rightisZomplete . right (}.oistomplete (3

£ eane 1: lefn ds tull, right is complets, heights same
if {laftlskFull && rightIsComplets La

12



{le:ftHeight -- rvighbHeight))

meturn trae;

£/ case 2: left is complets, right is full, helghrs difier

Lt {lettlsComplete & righmIsFull s
{leftHeignt - (rightHeight o 1))

return true;
return false;

S/ Retura true 1:F
b i

T Taldngsd iR e

the tree is height balanced. B tree is height

every ncde Lhe difference in heigits of subtrees
{4 no greater than one
vhliiec boolean izsBalazoedil) |

1f (this —— EMDPTY) return fruog

returr (Math.abs {icit ()  hezgbt (J-right () . bkeighb(d] <. 1)1 &

Lo Lk
lezo ) isBalanced (! && right().isBalanced(};

S Returns walue associated wzth this rode
public Objiect walue{) |
retirs val;

13



O, (TOLOINIS) oot et e e HOShiﬂg
#. What is meant by the “load factor” ol a hash table? (Bd&\’-’? ?3 3%)

(e oF B aunber of vacables shaced +o He
pvmber of slots /buc\w\'s

b, We take eare to make sure our hash functions return the same hash code for any two equivalent (by the

equats () method) objects. Why? CB& L 256G )
We canwat have &le\w!(a. > s Mm? 44 ﬂ\qg(hjr ?\a.
Ofler wise. tandains (\m>7

i, Hha et hokbie , lesmmiee
VN\{ N\ %z\-(h”\ wwlck La\ m.‘L pu“‘(.b&’,valub\ W, Q‘AL I\&“M d“?\\‘i

¢ We also said Lhdt a good size for a hash table wnuld be a prime or almo‘i!, prime’ number Why?

We stace. Objudes n o kot £\ \97 vSwy modlar a¢ dkm;\m
ko convesto bashende o = buckedt ( \nask(\:o.f) b attey, lmg\’\n
¥ we &on b ouse o ?n&u. acl e pvifigs of an mdav Wi\ sh call e

o HvasSs l!\ﬁt *.
d. 'K hds?’tablc with ordb;jd lineal probing mamtamb an or d& among keys considered during the rehash-

ing procass. When the keys are encountered, say, in increasing order, the performance of a failed lookup
approaches thal of a suecessful search. Describe how & key might be inserted into the ordered sequence off
values that compete for the same initial table entry.

H'\sk lovel aat Whn Wt daded a w“(s\fm} we Will skt 4o meke roomn

wtame & thucher of cellided °%&d$ wmshoaad of SNK\\S ‘l"@
Ao erd of & dustor . We inseet o ‘w, witlin s duske

(e ol\ kangs Hrak lpelony in e Sawe bocket) ot do positima
t woltd €\ € all collt ded w@dﬁ were Sveted .
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e. Is the hash table conslruciled using ordered linear probing as described in part, {d) really just an ordered
vector? Why or why not?

Ne. A serted yetker s 3\0\:&1\ s orted B\/ lduff
hesh table with ordsted liaoe P“‘D“'j only sovds

wain, cuns of callidad 0%—"“ , lfeysM are anseenhive
™ a S\u\oa\ ordaivy ﬂ\gjﬂ nab have collidiny hash codes .

l. One meuns of potentially reducing the complexily of compuling the hash code for Strings is to compute it
once — when the 5t ring is construeted. Fualure calls bo hazhzCode () would relurn this precomputed value.
Since Java Strings are immutable, that is, they eannol change onee construcied, 1his could work, Do you
think this is a good idea? Why or why nol?

Motk shvings ce cresbed ovd osed wihort-
Wi bx;'j %-fd in & hQSL\ ‘\‘aue.,

15 e chu\t de hashiede wharerwer we  cresfe
a s‘\'fi\j) is\v&ja wil) pry e ot

15



i L Time Complexity

Suppoese you are given n lists, each of which is of size » and each of which is sorted in increasing order.
We wish Lo merge these lists inlo a single sorted Hist 7, with all #” elements. For each algorithim below,
determine its time complexity (Big O) and justify your resull.

a. At cach step, examine the smallest element (rom each list: take the smallest of those elements, remove it
from its list and add it Lo the end of £.. Repeal uniil all input lists are empty.

n CQMQQ,}W; '\'o @\Ok- o @.LLM‘\', I\z Q«LM\,UAi‘S

ne “1' A O (‘V\’)

a

h. Merge the lisls in pairs, obtaining I lists ol size 21, Repeat, oblaining - lists of size In, and so on, until

one li.'s-L1‘!:maini.t”"&.s OQ - ‘ ‘
los.‘_q l\fnuﬁtﬁ i Aot o fe%uded y ord, we will Sonq

e K toms Was cast O(k).
MBV\S thws \iS"'g

ezt ﬁw»jup wurges  Ln o
L TN e S ¢

2w "3 2 W
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B, JODOINISY o Gra phS

a. Reeall the GamaTrew structure you implemented for Lab 10, IL was a general Lree, where a node in the
tree could have an arbilrary number of children. Trees are nothing more Lthan graphs with some restrictions
on the edges allowed. You could slore the same informialion in a Graph by making a vertex for each tree
node and adding Edges reprsenting Lhe links te the children. Which Graph implementation would you use
for this, and why? How does ils time and space complexity compare Lo your GameTree implementation?

A&GW‘”) Wb bocavse P drw vl bae sparse
phan Unverked 4o & fy«?k v e e W_\_ﬁv&# sm
ttades celdive to fle Nuvker of maves so

£« W by el

Tee space chlu.h] ‘sthe sowe. e

The hwet Comguaniby & e o W dfant bocone cheosing o dild
S wolkivg & L6t shedd of tdaxing v @ vedvr. Of E]

b. Consider the following de#hition ol a graph.

edges, which are pairs of distinet vertices from 1 (no edges from a vertex back Lo ilself).

Prove by induclion thal an undirected graph ¢ with # verlices has at most n(x — 1)/2 edges.

Base sse: | vkt has o a.&%@%, 0 verbiws. No adget
0n-D/2 2 1) /2 20 s\ olo-DAh = O v

Tndockue H‘R'ﬂ"‘-“: Assona Heake Lor O 4o n Ve nas, fave pge
or wott  wln-1)/a verRices .

e

Togpose we e any gragh witn Nt | verkices - The verkaw

wiltl B snssht e.clsos tawn Ve uvw\u_;l-e{ 4o all dharVehtins, sp»

hes ok wmust o e.d-je-& T€ we temove e VMM; We

hase % gragh wila N Verfices, awet \3\1 ser wwdo vy h\ﬁ)d‘\\.ﬂfﬁs,
Frase ave ok mest “(“"‘\/1-

Ik we ddd fe vertex Yack | we o Wne ob wash

0 4 nln~\ S X V\L-'\\ - bt _ ntl
,__2:)- A.%_ N 4K n(nt1) I \//

¥
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