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Coding List

1. You will be asied to show the exact output of the following prograrc. The program makes two calls on
display(). Show the output from each call to display().

package dsmidierm;
class Nods {

private int data;
private Node next;

public int getDatal} {
veturn daia;

3

public Node getNext() { _ /
return nexi; o /

1 7 )

public void setData(int data) { %
this.data = data; ‘ =y

¥ : | \,,3%

public void setNext(Node next} {

this.next = next;
} \ 6
public Node(int data, Node next) { ~
this.data == data; 3’

this next = next;

) o

class List §
Node head; %
“public List() { _g"
head = null; . y
}
public void add{int x) {

head = new Node{x,head);

}
public int front(} { return head.getData(}; }
public String toSiring() {

MNode v = head;

Sﬁ'lﬂg g = mr;

while(v 1= null} {
s=s+vgatDataQ+"";
v = v.getNext();
} -
refurm 8;

}
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class TreeNode {
List data;
" TresNods le,re;

public TreeNode(List data, TreelNode Ig, TreeNode rc) {

this.data = data;
this.le = Ig;
this.rc = rc;

}

public List getData() {
return data;

Midigmn Exam
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}

public TreeNode getRe() {
TetuImL Ic;

}

public TreeNods gatl.e() {
refirn Ic;

}
public void setData(List data) {
this.data = data;
3

- public void setLe(TreeNode lc) {
‘ this.lc = lo; )
}
public void setRe(TreeNode rc) {
this.rc =rc;

}

class BinarySearchTres {
TreeMode root;

BinarySearchTree()
{

roct = null;

}
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public void addMNode(int n) )

{ 3 R o L
List 1 =new List(); AT P o
fnti=0;. b Pt
whileG <n) { . ’ "

Ladd(j); : - P
=it , : #
il
if(root == quli) :3 g e L p y ) o
. ! S i i %
root = naw TreeMode(Laull,null); Jf’ / )
} Lo7n.
slse S e
{ 3 f;} e a{.‘_j*‘ ;&. o W gl
TreeNode node = root; ‘ 7, / d
TresNode parent = nuil; ( )
shile{nodel=null) , S o
o
parent = node; o
if{pods getData().front() > 1) ]
node = node.getL.c(); P
else 9 3 T
node = nods.getRe(); e I A
} ’ g‘”‘ i’fﬁ;ﬁ
int datz = parent. geiData(). font(); - o ( /} ety i
if{data < m) % yy&mﬁ.ﬂ g / 2

{

parent.setRc(new TreeNode(I,null,nuIlj); \f
} ' . 4
else C : Y
{

parent.setl.c{mew TresNode(Lnullnuli)); . ’ /

}
prLz

} .
} - M 3
public void display{Trestode 1) { u’j Sl &
Pf(r 1= mull) { e
display(r.getLc()); mﬁ hia o fo Sbn ‘%“QL?& 1 7 37
Systemn.out.printin{r.getData(}); '
display{r.getRe()); ’/‘g\

} -7 O | P a
public yoid display() { Mo Ca Y/
display(root); 1 oy

} v .
N %
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public class DSMidterm {

public static void main(String[] args) {
Binary3earchTree bst = new BarySearchTree();
bst.addilode(3);
bst.display(); - // answer question 1 & '
bet.addNode(2); :
bst.addNode(4);
hst.addMNode(4); - U e -
bst.addMode(1); ‘
bst.display(); // answer question i b.

et
gt

1.a What will the program display at bst.display() marked 127 3 o2 (6 pts) ©

(10 pts)

1.b What will the program display at bst dispiay() marked 1.b7 |

i
RS

wrrens.

: b
Sreimg &P - paat T

2. Study the exscution of the following program. Questions appear below. {10 points): T

yie e

: b
class Node { . . .
public int data; T’Cﬁ) - k'@

public Node I¢; '
public Node rc; :
public Node(Nede l¢, int x, Nederc) { ol '

this.lc =1c; :

this.data =x; '

this.te =rc;

}

public class SimpleTree { ) : ,

public Node root;
public int otT;

public SimpleTrea(} {

root = null;

cr=1; ' .
}
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privam Tode addode )

if (o= null) { ) -
o =cir ¥ 2; //NOTE: Counter is doubled
return new LM ode(null,cir,mxdl);

} 2.4 "\j T
t.lc = add(i1c); I PR
+ro = add(tro); PEs s -
returm i SEAEEA

}
public void 2dd() {
if (root = mull) {

atr =t # 2/ MOTE; Counter is doubled

00t = NeW I{Gda(null,Ctr,ﬂull); /
o : o

else {
add{root);

}
3

public void fraversal(Mode ) {

it t=null) { Tl
traversal{trc); // NOTE: Right child first ' {

traversal(tlc); # NOTE Leftchild s_acond
System.out.print(t.data + ":7);
}
¥
public void traversal() {
_ traversal(roct);

¥

public static void main(Stringl] args) {
SimpleTres st=new SimpleTree();
stadd(};
st.add(};

// Queston Z.a
sttraversal(};

Systern.out-printin(;

SimpleTree coalTres = new SimpleTres();
coolTree.add);

coolTree.add(};
coolTresadd();

/f Question 2.b
coolTres traversal(;

¥
}

2.2 What will the program display at the traversal maried Question 2.a7 (5 Poinis}

g 4 2

2 b What will the program display at the traversal mearled Question 267 (5 Points)
e S S ZEy A 7
o, - e .
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2 pymrbers into a min heap. DIaw & new tras for sach heap insertion. (4 Points)
o

8,0 i 4 Zgg.
. = .
. - . %

F LS =
] . ) .. 2
s i) '3 ) E
T hY PN
] i 4 1 *?‘j)' § 3 ' 5
A, 0 R I S S ) f
i) #
’ L.
Ml

4) What is the height of the tres that you drew In question 37 (2 Points) =
3) Perform exactly two deleteling) operations on the heap that you drew in question 3. Draw ths resulting
trees. (3 Poimts) ' e ‘ -
[ PN : PR < e SR
e =y A . 3 - i % 7
E AN & ™ . s 7 .
S I Je g9 12 = )1 f e )R
I 1 3 ]“A'l I3 ry gw A -

§) Consider the following max heep implemented in 2n aray. Tt is not quite correct. To make It 2 propar
be swapped in order

rmrst ocenr. What two numbers (child and parent) need to

max heap exactly one swap T
t0 make this a max heap? (3 points). PLACE CHECK MARKS NEXT TO THE TWO NUMBERS THAT
WEED TO BE SWAFPPED. :
40
90 7
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{a) T ist the data that would be accessad by 2 pre-order fraversal on the givenrse-hy writing out the
4. separated by commas, (3 points}

vales in the nodes as they would be accesse

I C DU U ORI P S S
N - Ed ¥ 7 k) e - P

(B T.ist the data thet would be accessed by an in-order traversal on
the values in the nodss a3 they would be accessad, separated By

the given fres-by-weriting oul
7 AN
commas. {2 poimis) 3

S ’:”:,% ; ELL ‘3‘@‘} 2 57 '2,:33 e

{c) 7ist the data that would be accessed by 2 level-order trave
the values in the nodes as they would be accessed, separats

Qﬁ")ﬁﬂ-}i?,\g‘;q’) d, ?é,j“:g) hd

(d) Tn general, if a terpary (at most three children per node} tree is perfectly balanced (umlike the
in terms of b, will the tree

tree pictused.here) and complete with height b, how many leaves, 1
havg? (2 poimis), % L Note, this free has a perfectly flaf bottorm.

{e) In, general, if a ternary tree is perfectly balanced {unlike the tree picfu;eﬁf/h}ml and complete
with exactly k leaves. What is the height (in termms of k) of this tree? {2 poi;t;D ) Ly
Note, this tree has a perfectly flat bottom. . e

rsal on the givenresbywriting out
d by commas. (Z points) "3

A
w2 N i‘gﬁﬁ

8. (a) Insert he foliowing numbers into 8 Bina'rj} Search Tres. Draw the free after all insertions are

complete, (3 Points)
8,5,12,1,7,11,0,6,9.10

3
S
& TR
jJ =N ‘j "s_‘ﬁ?
O
H4
4 I
¢ 7
[
(2 Points)

L‘} 5 (b) Delete § from the final free that you drew in 8 (). Draw this final tres
-~ “Thers are two possible answers. Either one is fine.

2 7
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(9} (a) In Frojact 1, we wrote an RPN expression svalyfior. Fill in the blanks by evaluating each

expression. This is meant 10 show a single run of the %aiculator‘ {8 pointa):

.
[N

[QEF - RV
v g 1 P
) e, SR
ﬂ3?+3$:: i‘! /f;}
22 o -
i

(b} In Project 2 we wrote an implementation of Shunting Vard. Show the content of the stack and the

purtpit e Shumting Vard processes the follawing expression. Draw pichires so that it in clear fo the teader

that you understand the algorithim. (8 points). = ‘
3+ 254/ |

(¢) Tn Project 3 we wrote a binary search iree containing lists of crime records. It was organized with the
crime address being the key in each tree nods.

Circle all of those fhat are true. (You may or may not have mors than one answer.) (4 Poinis)

Aot £
PR B e

Tn the worse case, 2 lockup on an address in a tree with N nodes is: ’
1. O{Log § af Faw
{LogN) T 9‘*—*3 A . L’;"
: ' wb % OFF =

B Trees (21 points)

10.  a) Insert the following numbers into a B-Tree with a minimum of 2.
1,2,3,4,5,6,7. Draw the final tree. (7 Points)

4 m ks
3 //’1/5;}‘ e o
1y 30y & VNI W
o 2 /-.ag;’;/y sy
Vg 0 RS A § fg/ {’f{{iﬁ’:
..f"-»:}: @\i "‘j’;,ﬁ; 'b.,;? FE o q;f
b) Insest the following numbers into a B+ Tres with a minimum of 2.
1,2,3,4,5,6,7. Draw the final tree. (7 Points)
~ 121 Ay & | - T AL
" "-w—?'aiq{,}}i.))é.:?’gx\ -~

¢) Consider a B-Tres with a mininnm of 10. What is the exact maximum mrmber of keys such a tree

could hold ifthe tree were of height 17~ 1 (7 Points) 2
: . &G
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Red Blaclk Trees (8 points)

11. Red Black Trees

(a) Insertthe following numbers, one by ons, into 4 Red-Black Tree. Show the tree after sach

insertion. Draw RED nodes with a circle or a izbal “R’. (5 points) e
7 ] P H} & o
> g aoan g
i 123410147612 .7, PN o Na A b R
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o, . . @ o ,777% 0 REN G i
_ R TR, iR =
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g8y 4

{’/EB) ;W hen irying to analyze the run time complexity of an inorder traversal of a Red Black free, one
=" should consider the worst case, average case and best.casg separately. Bach case may have a
different run time performance. Circle TRUE Cof/F/Al;S,E"(l point)

.

i

i’ - - " . «

\/(QA What is the best-case rumiime complexity of a Red Black Tres insert operation? Use Big Theta
notation. (1 points) . L by W) g, fa7 ¢

notation. (1 peintsy & { 1
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raphs Representafigns (15 points)

12 {[{Ma—):(fbnsider the weighted and undirected graph Gz attached. When starting af vertex 0, breadth first
o enumerate (visit) each of the vertices, Show an ordering that BFS might

search {BF3) could be used t i
produce. Starting from vertex 0, visit all the nodes. List the nodes as BFS would visit.

; y visit Al

(2 points) é Vo a N
T E o N ——

- a-?fa‘.?-ii‘ e da _;Jj S

[fk;) B we want to learn if ‘a path exists between vertex A and vertex B, we can simply run sither BFS or
“TIFS to find out. Cirole{Tru¢or False, (1 points)

(¢) Show an adjacency matrix representation of the graph G, (3 points)
3 p 3 % a

Y

) -;,—-ﬂa—_aA‘:uﬁ.-= -\.,;..,"-:d= e
] . 5 * 3
N A '
3 1

.4,:\} '\d:
(d) Draw an adjacency list representation of the graph G;. Youneedio think about how you will represent
the distances associated with the edges. The picture that you draw will make it clear how the edge weights

are being represented. (5 points)

S “3 sy 3’
o -
]
j e
.1 s
R o
2 3 3
L —
“ - .

@ & graph shown in G, is a simple, undirected graph. It comtains no loops or multiple edges. Suppose
&% such a graph has V vertices. What is the maximum number of edges that such 2 graph can contain {in
terms of V)? Your answer should be an exact formula. Answers in Big Theta notation don’t count. (2 poimt)

(f)Draw an adjacency set representation of the graph G attached. Use a Red Black tres as the set. Circle red
nedes or mark them with an R. (2 Points)

10
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