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Total points = 120. Score will be a percentage of 120.

Coding Lists and Trees (28 points)

1. Youwill be asked to show the exact output of the following program. The pregram makes two calls on
display(). Show the output from each call 1o display().

package dsmidterm;

class Node {
private int data;

public int getData() {
return data;

3

public Node getiNext() {
retun nexi;

}

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

¥

public void setNext(Node next) {
this.next = next;

3

public Node(int data, Node next) {
this.data = data;
this.next = next;
}
}

class List {
Nede head;
public List(} {
head = null;

public void add(int x) {
head = new Node(x,head);
}

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

public String toString() {
Node v = head,
Strings="",
while(v = nuli} {
s=s+v.getData) + " ";
v = v.getNext(};
}

return s;
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TreeNode le,rc;

pubiic TreeNode(List data, TreeNede le, TreeNode rc) {
this.data = data;
this.le = lc;
this.rc = re;

}

public List getData() {
return data;

¥

public TreeNode getRe() {
retura 1¢;

}

public TreeNode getle() {
return l¢;

3

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

h

public void setLa(TreeNede lo) {
this.lc = lc;.
}

public void setRe(TresNode re) {
this.rc = rc;

}

} ,
class BinarySearchTree {

TreeNode root;

BinarySearchTree()
{ }

root = null;

}



oid sddilode(mt 1)

L.addGh;
=i+l

¥
if(root == rull)

{

TOOt = NEW TreeMode(Lnuilnuli);

¥

o BIS8
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TreelNode node = rook;
TreeNode parent = nuil;
_Whﬂe(node!:ﬁull)

parent == node;
if(aode.getDa’saO,fmntO >n)
node = node.getl.c(;
slse
node = node.getRe();

}
mt data = parent.ga’rDataO.fmntO;
if{data <n)
o . .
parent.setRe{new TreeNode(l,null,nail));
} !
else
pareat.setl.c(aew TresWode(,null,nuil));
} N
¥

}
public void display(T’ reeMode 1) {
iffr 1=nnii) {
dispIay(r.geﬂ'_.cO); :

. Set=—y
System.out.pnntln{r.getDataO);
display(r.getRe0);

} R

¥

public void display( {
display(root);

¥
¥
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1§ class DEMidterm {

blio static void main(String[] axgs) | .
BinarySearchTree bst = new BinarySearchTrea(); '
bst.addNode(3);
bet.display(; " /{ apswer question 1 a. :
bat.addNode(2);
bst.add'Node{iL);
bst.addNode(4}; : N o .
bst.addModa(1); L .
pst.display(y;  // answer question b ' '

1.2 What will the program display at bst.display() marked 1.a7 2 ) & (6 pts) ©

1.h7 ) (10 pts)

1 What will the program display at bet.display() marked

"
& - .
1

1.c Ts it correct to say that the toString() method of the list class runs n oM ? Circleor False (2 pts.) o .
Cg\l};'t-ﬁ N R
gy
W & .
4 ot

class Node { : '
public int datz; T’Q"')j o
public Node lc; i -
public Node r¢;
public Node(MNode e, int x, Noderc) {
this.lc=Ic; ’
this.data = x;
thisrc =rc;

}

public class SimpleTres {

2. Study the execition of the following programi. (Questions appear below. (10 points):

public Node root;
public int o7}

pukblic SimpleTree() {

oot = nuil;

ctr=1; ) .
} | o
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-iyate Node add(Node t){

if (t==null) {
otr = ofr ¥ 2;  // NOTE: Counter is doubled
return new Node(aull,otr,pull);

}
t.le = add(t.le); ast
t.re = add(t.rc); . ¥ il i
return 1 wold T
}
public void add( {
if (root = aull) { ‘
L T eir=el 2/ NOTE! Counter'is doubled T o P
T root = new Node{nulictr,null);
H : T //
else { : :L . ‘
add(root); /-) =~ - ;
} r—/ I
} ‘ .. B
public void traversal(Node t) { - : e .
if(t 1= null) { |

traversal(trc);  // NOTE: Right child first
traversal(tlc); # NOTE Left child second
System.out.print(t.data + ":"); ’

}

public void traversal() {
~ traversaKroot);

}

public static void main(String(] args) {
SimpleTree st = new SirmpleTree();
st.add();
st.add(};

{// Question 2.a
sttraversal();
System.out.printa();

SimpleTree coollree = new SimpieTree();
coolTree.add();
coolTree.add();
coolTree.add();

{// Question 2.b
coolTree.traversal();

}
}

2.2 What will the program display at the traversal marked Question 2.a7 (5 Points)

3 4 2

2.b What will the program display at the traversal marked Question 257 (5 Points)
fve 4% % ey te @
2 N .
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) Insert the following & numbers into & min heap. Draw 2 new tree for each heap insertion. (4 Points)

10, 12,13, 1,2, 3, 18,0 i L0
, & 1 Y " .
N .

é
) s, N F 2 FAEAN m
3 L] 18 &) ,; A A el e e
RERE R PR BT R Loty e j%ﬁ/;’ﬂ%ﬂ +3
. . . ) r . "
'Q-, g
; 33, 4, b e "

Ty What is the helght of the tree thak o drew i question 37 (2 Points) 3

5} Perform exactly twa deleteMin() operations on the heap that you drew in question 3. Draw the resulting

I " trees. (3 Points) . g 3 -
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RO T e a3 o p
VA Yo 1312 A sy

éj }[@ TERE i3 00 " LT 13 v w3

&) Consider the following max heap implemented in an array. It is not quite correct. To make it a proper
max heap exactly one swap must occur. What two numbers (child and parent) need io be swapped in order
to make this'a max heap? (3 points). PLACE CHECK MARKS NEXT TO THE TWO NUMBERS THAT

NEED TO BE SWAPPED.

40
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16

Bina]ﬁTreeé (ig pointsy

7. Parts (a), (0), (©) refer to the following bipary iree:

20 ,
VAR
40 97
/A A
________________ & 9 2 76
e [ A S —
i o 5 8 3

(a} List the data that would be accessed by a pre-order traversal on the givea iree by writing out the
values in the nodss as they would be accessed, separated by commas. (3 points)

o, 18 :

w77y &, 8, v, 0,97, 3, 76, 3

(b) List the data that would be accessed by an in-order traversal on the given free by writing out
the values in the nodes as they would be accessed, separated by commas. (2 polnts)

5,6,8 €%, e, 3 ,77,3, 7e
(c) List the data that would be accessed by a level-arder traversal on the given tree by writing out
the values in the nodes as they would be accessed, separated by commas. (2 points)

Qﬁ', “e, 77, é‘pq) a, “?G,.'S', ?) 2
(d) In general, if a ternary (at most three children per node) tree is perfectly balanced (unlike the

tree pictured here) and complete with height h, how many leaves, in terms of h, will the tree

have? (2 points) % L Note, this tree has a perfectly flat bottom.

(&) In generel, if a ternary wee is perfectly balanced (unlike the tree pictused here) and complete

with exactly k leaves. What is the height (in terms of k) of this tree? (2 points) _j K
Note, this iree has a perfectly fiat bottom. L &

8. (a) Insert he following numbers into a Binary Search Tree. Draw the iree after all insertions are

complete. (3 Points)
8,5,12,1,7,1 1,0,6,9,10

¢ ¥
= ‘““m (b) Delete 8 from the final tree that you drew in 8 (). Draw this final tree. (2 Poinis)
There are two possible answers. Either one is fine.

) 7
"’Bqﬁ‘la% d Ty
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'(9) Recall the Merkle-Hellman eryptosystemn that we worked with in Project 1.
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Project 1 was based on the subset sum problem which is known to be NP-Complete. The problem itself can
e described as follows: given a set of numbers X and a number I, is there a subsat of X, which suma3 to k7

.................. 1....an optimization problem, . ... . .. ...
g problem that is impossible to solve.

(2) Suppose X = {56,3,9,12,4,2,234} and k = 20. Is there a subset of X which swns to k7

Y es{ﬁb}@ poinis)

(b} The type of problem you were asked io solve in question 9 (a) is {Circle one answer): {2 Points)

i

&

2', -
3

a problem that has been proven to take exponential time to solve.

4. a problein that has been proven to take factorial time to solve.’
CE} a decision problem.

(c) Suppose Alice sends 2 message (K) to Bob. X is computed using Bob’s Merkle-Hellman public
ey combined with the message M. The central idea behind Merkie-Heilman is that a potential
saves dropper could read the message M if the eaves dropper could (oircle the one best option)

(2 Points)
1. Find K so that M is prime.
2. Modify Bob's public key.
3.

4

Modify the super increasing sequence.
. Find a subset of a super increasing sequence that sums to K.
@ Find a subset of Bob’s public key that sums to K.

(d) Recall that a modular inverse of an integer b mod m is the integer b such that (b* b™) mod m=1.

What is the modular inverse of 3mod 77 _§ (1 Foints) 3.8 2

g

iﬁwa&?“[

() In Project 2 we worked with crime records containing longitude and latitude values. The values
were nsed for computing the distance between two crimes. Circle True or¢false. {1 point) . .-

() InProject 2 we worked with crime records containihg state plane coordinates. The values were
used for displaying markers in Google Earth. Circie True or 5. (1 point)

() In Project 3 we wrote a Red Black binary search tree. Suppose we are doing an insert of a variable
name into a Red Black Tree. Let T(n) be the number of operations required to do the insert. In the worst
case, which of the following are true about T(n)? Circle all of those that are frue. (You may or may not

_have more than one answer.)} {4 Points)

©

2.
3.
@
(Z)
8.

T(n) e O(LogN}
T(m) e O(1)
T(n) £ QN
T(m) £ O(N)
T(n) & B(LogN)

} T(m) e 02"

T(n) & (1)

.jT(]J)E@(N) . '

| B enwo A

WLitA © FF

o e

o0
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()The following is an execution of Project 3. Your task is to draw the Red Black Tree that exists
After these commands are executed. Please be specific and show alt of the content of each node. In addition,
draw the nil node and show what nodes point to if. Color nodes red with a cirele around the node. (7 Points)

; s,

i ) | /,/ _ Muﬂ"‘”gﬁﬁlﬁ = tEj
¥ 3= ) fyf Ao gy st %ﬁﬂg it
5 . o @
Xy M;wﬁ"z'mmic ) e,
9 d‘;‘; .ﬂ?@:wum\ @fgj \iaﬁézy;‘; MK‘ *fﬁ,é’iﬂj»

Coax204= W meieee N ]

" lowerVal 1=

1
upperVal 10 =
10

interval upperVal lowerVal -1 +=

B Trees (21 poinis}

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

:aa,agqag f‘s\
2

i q4.5,0. 7

¥

b) Insert the following numbers into a B+ Treewith & minimum of 2.
1,2,3,4,5,6,7. Draw the final tree. (7 Points)

3
L2 3 4§ fg\ Ve 25
P3 345&7 WAz 8¢,

¢) Consider a B-Tree with a minimum of 10. What is the exact maximum number of keys such a tree

could hold if the tree were of height 17 %;Q ¥ (7 Points)

e 7

+ afy ﬁ-s.}u!eia-e.-w emetn wrth 2 ® wa'ld

( k.;“i”;
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(a) Tnsert the following numbers, one by one, intc a Remlack Tes& Show the tree afier each
insertion. Draw RED nodes with a circle or a label ‘R’ .\(-_i\?oints) 3 A

Haa giructures and Algorithms © Midterm Exam g .
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N IR 1oR,
4 s B oy &f ™ 7 ™
SN 1 41 j 3 y. 7 :
Trees (8 points) ! 4 8., A ™ &
7 ¥ JoR LR g
. . LR By ‘ ‘
.11, Red Black Trees 2 Y - , 9 v

f:o%"\ - - M\.\%“ gf - 48 l
122:394910:149776:12 . : - - }Qv N f %"w
i A s ¢ W o 3 ;ﬁ“:
a8 oo ! A e
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T

(b) When trying to analyze the run time complexity of an inorder traversal of a Red Black tree, one

should consider the worst case, average case and -case separately. Bach case may have a
different run time performance. Circle TRUE or{fALSE) (I point)
_—

(c) What is the best-case runtime complexity of a Red Black Tree insert operation? Use Big Theta
notation. (1 points) £ { bog ™Y ‘
(d) What is the best-case runtime complexity of a Binary Search Tree insert operation? Use Big Theta

notation. (1 points) & {1 )

Graph Algorithms (26 points)

See the attached graphs, G, , Gzand Gs.

12. (&) What is the shortest path from the start node 0 to node 4 in the graph G;7 Your path must be a list of
ordered pairs. (1 point) _{ & '3“\? {3 . 3%

'(b') Sho'w‘.thé tist of nodes that would be visited by a breadth first search in the graph G,. We are starting

from vertex 0. (1 psint)_© 4.3 ¥ ° 4
— Fer d
By aodas . . . . . .
(c) Draw the contents of the distance array for each iteration of Dijkstra’s Algorithm as it works on this
sraph. The initial state is given. Marlk the node to be selected next to the left of the array (note how 0 is
marked to the left of the first array.) Fill in each array cell working downward. That is, complete the first

column of arrays before the second column of arrays. {6 Points)

4 b = £
g {0 {7 ? 7.1 7 ? £ Ogy 2{’%3& & ‘3}}
0 1 2 3 4 5 6 1 2 3 4 3
g B al®& |3
11912 3 e i tini
0‘: wz@ 2?’. 3 4 5 o 1 2 3, 4, 5,
210 3; 3l 3101313 |2 |% |3
A 01 2 3 4 5 0 1 2 3 4 5
oe £ .

L -
(d) After Dijkstra is complafte it also collects parent pointers for each node in the graph., Complete the chart

helow showing the pargfit of each node ascomute by Dijkstra. (3 point)

&

10
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{e) Asstuime that you have routines to marl a vertex, process & veriex and place a veriex in a queue. You ’
alse have a routine that allows you to access each unmarked neighbor of a vertex. Write an algorithm that -
performs a breadth first traversal on the graph fike the one above. You will need to processsach vertex

visited by the breadth first traversal, That is, call process(x) for each vertex visited: The input to your

algorithm is vertex v. (3 points) - .
B £g§ L#J%mxé%-{; { &V\m&ﬁ?‘”‘f@mau}@,'}%
oW T ' g
Pogedtd %
£ Mg v 9 o

a &-@.gmmﬁ “
Fow an ek gmwﬂﬂ@k@& elodd op 4

b e b Do id

REWTHS 3.3 "%ku\&' i
: Add oty b evew P _
(DIf & directed graph with |V] vertices and {E| edges is represented by an adjacency matrix, what will be the

space complexity of such a representation? (1 Points) i, E
ﬁ %

(2)8uppose you were to run Prim’s algorithm on graph G,. Draw an MST that Prim wouid compute. There
are several answers. Draw one MST. (5 points)
“

5
3
5

1

(h)Show the MST that Prim would compute on G;. Also, show the paths that Dijksira would compute on

Gs. In each case, start work from node 0. Draw the two results. State what you conclude about Dijkstra and

Prim. Do they compute the same result ? (3 points)

p . DazrI g -
o g oy, .
qm% w_g% }\dgi;b ME
f N . - .
L, P <!
2

- NQ-‘;&‘&I«LY Ae wot <ottt

the e hasal N

11
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recursive version of Floyd Warshall. Note: the veal Floyd Warshall uses dynemic

problem is to show the output of this program. Note that it is too time constming to
trace the req'rz;sioa. Vou will need to think about what Floyd Warskall does and compute the correct values
yourself. The values -1 are used to signify that this column or row is unused. Java uses 0 indexing in airays
but Floyd Warshall describes the first node in the graph as node 1. The values 1000 are used to signify
infinity. Show the exact output s computed by this program. (3 Points)

iBelow is 2
p;ogra:nming. Your

public class FloydW arshallRecursive {

public static int d(int w[lf].int i, int j, mtl){

if (& == 0) return wlij[j};

olse return Math.min(d(w,ij k1), (d(w, ol 1) + dow ke Rle1));
} : ,

public static void main(String[] args) {

it cost{][] = { {-1, -1, -1, -1}, {-1, &, 1000, 4}, {-1, 1,0,1000}, {-1, 1000, 5, 01}
//display(cost);

System.out.prmtm(d(cost,1,2,3));
System.out.prhltln(d(cost,1 3,30
System.out.println(d(cost,Z,1,3));
System.out.printin(d(cost,2,3,3 R
System.out.println{d(cost,3,1,3));
System.out.printin(d(cost,3.2.3)); &

thing = ¢ .0
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