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Clicker Questions for Today

Questions 1 through 5

Behold the following program:

#include <iostream>
using namespace std;

int main()
{
  int a, b;
  char c, d;

  cin >> a >> b;
  c = 'a' + b;
  d = 'a' + (a-b);

  cout << a % b << endl;
  cout << a / b << endl;
  cout << a << b << endl;
  cout << c << endl;
  cout << d << endl;
  return 0;
}

I compile this program to a.out and then I run it with:

UNIX> echo 9 4 | ./a.out

Question 1: What is the first line of output?
Question 2: What is the second line of output?
Question 3: What is the third line of output?
Question 4: What is the fourth line of output
Question 5: What is the fifth line of output?



Clicker question answers:

Just copy it, compile and run. If you don't understand an answer, tweak the input and try to understand why the
output is what it is.

UNIX> echo 9 4 | a.out
1
2
94
e
f
UNIX> 



Clicker Questions

Question 1: What is the output of p1.cpp
when it runs with input-1.txt as standard
input?

Question 2: What is the output of p2.cpp
when it runs with input-1.txt as standard
input?

Question 3: What is the output of p3.cpp
when it runs with input-2.txt as standard
input?

input-1.txt

aa bb cc dd
ee ff gg hh

input-2.txt

4 5 
3 9

p1.cpp

#include <iostream>
using namespace std;

int main()
{
  string s1, s2, s3;

  while (cin >> s1 >> s2 >> s3) {
    cout << s1[0] << s2[0] << s3[0];
  }
  cout << endl;
  return 0;
}

p2.cpp

#include <iostream>
#include <vector>
using namespace std;

int main()
{
  vector <string> sv(3);

  while (cin >> sv[0] >> sv[1] >> sv[2]) {
    cout << sv[0] << sv[1] << sv[2];
  }
  cout << endl;
  return 0;
}

p3.cpp

#include <iostream>
#include <vector>
using namespace std;

int main()
{
  int sum, i;

  sum = 0;
  while (!cin.eof()) {
    cin >> i;
    sum += i;
  }
  cout << sum << endl;
  return 0;
}



Answers

Question 1: The first iteration reads "aa", "bb" and "cc". The second iteration reads "dd", "ee", and "ff". The
third iteration fails, because there are only two words left. After the words are read, the first character of each
word is printed:

abcdef

Question 2: The same strings are read as in Question 1, only this time into a vector rather than three separate
variables. All of the characters are printed:

aabbccddeeff

Question 3: This is a buggy program, because cin.eof() only returns true after it has failed to read the input. So
this loop runs five times, and on the last iteration, the (cin >> i) statement fails, leaving i equaling nine. Thus, 9
gets added to the sum twice. The answer is 4 + 5 + 3 + 9 + 9 = 30

30



Clicker Questions

Question 1: What is the output of p1.cpp when it runs with input-1.txt
as standard input?

Question 2: What is the output of p2.cpp when it runs with input-1.txt
as standard input?

Question 3: What is the output of p3.cpp when it runs with input-2.txt
as standard input?

(BTW, I'm omitting the "include" and "using" lines to conserve space. Just
pretend that the correct ones are there.)

input-1.txt

Dear Earl,
Great Job!
Love Madison

input-2.txt

4
5
6
seven
3

p1.cpp

int main()
{
  string s, r;

  while (cin >> s) {
    r += s;
  }
  cout << r.size() << endl;
  return 0;
}

p2.cpp

int main()
{
  string s;
  vector <string> v;
  size_t i;
  int total;

  while (cin >> s) v.push_back(s);
  total = 0;
  for (i = 1; i < v.size(); i++) {
    total += (v[i][0] - v[i-1][0]);
  }
  cout << total << endl;
  return 0;
}

p3.cpp

int main()
{
  int i;
  int total;

  total = 0;
  while (!cin.fail()) {
     cin >> i;
     total++;
  }
  cout << total << endl;
  return 0;
}



Clicker Answers

Question 1:

The program reads six strings:

1. "Dear" -- 4 characters.
2. "Earl," -- 5 characters (the comma counts).
3. "Great" -- 5 characters
4. "Job!" -- 4 characters (the exclamation point counts).
5. "Love" -- 4 characters
6. "Madison" -- 7 characters

Thus, r will be the sum of the characters. The answer is 29.

Question 2:

This reads in the same six strings. It then sums up the difference between each adjacent pair of first characters:

1. ('E' - 'D') = 1.
2. ('G' - 'E') = 2.
3. ('J' - 'G') = 3.
4. ('L' - 'J') = 2.
5. ('M' - 'L') = 1.

The sum is 9.

Question 3:

Does this question seem familiar? It should -- it's pretty much the same as the eof() question from the last set.
cin.fail() doesn't return true until you try to read "seven". Thus, that while loop is exectued four times -- the
answer is 4.



Clicker Questions

Question 1: What is the output of the program on the right when it
runs with input-1.txt as standard input?

Question 2: What is the output of the program on the right when it
runs with input-2.txt as standard input?

Question 3: What is the output of the program on the right when it
runs with input-3.txt as standard input?

Question 4: What is the output of the program on the right when it
runs with input-4.txt as standard input?

(BTW, I'm omitting the "include" and "using" lines to conserve space. Just
pretend that the correct ones are there.)

(Also, don't print the final "newline" -- just answer with the string that is
printed.)

int main()
{
  int i, n;
  string s;
  string rv;

  rv = "";
  while (cin >> n) {
    for (i = 0; i < n; i++) {
      if (cin >> s) rv.push_back(s[0]);
    }
  }
  cout << rv << endl;
  return 0;
}

input-1.txt
1 Fred

input-2.txt
2
Marco
Polo
3
Drop
Dead
Fred

input-3.txt
3 A BB
CCC 2 Xerxes
Yassin Zelda

input-4.txt
3 7 5
3 4 7
6 8 3
9 8 3



Clicker Answers

Question 1:

The program reads an integer n, and then iterates n times.
For each iteration, it reads a string, and if that was successful, appends the first character of the string to
the string rv.
The program repeats this process until reading n fails.
Then it prints out rv.

So, with input 1, it reads the integer 1, then reads the string "Fred", and appends the 'F' to rv. The answer is

F

Question 2: Now, the main while() loop iterates twice:

It reads the number 2 and then "Marco" and "Polo". At this point, rv is "MP".
It reads the number 3 and then "Drop", "Dead" and "Fred". At this point, rv is "MPDDF".

The answer is:

MPDDF

Question 3: The main while() loop iterates twice:

It reads the number 3 and then "A", "BB" and "CCC". At this point, rv is "ABC".
It reads the number 2 and then "Xerxes" and "Yassin". At this point, rv is "ABCXY".
It tries to read a number, but it fails because the next word is "Zelda". So it falls out of the while() loop.

The answer is:

ABCXY

Question 3: Now the main loop iterates three times:

It reads the number 3 and then "7", "5" and "3". At this point, rv is "753".
It reads the number 4 and then "7", "6", "8" and "3". At this point, rv is "7537683".
It reads the number 9 and then "8" and "3". At this point, rv is "753768383".
It tries to continue reading strings, but it reaches EOF, so the cin statement fails.
It now tries to read an integer, but the cin is still in a failed state, so it out of the while() loop.

The answer is:

753768383



Clicker Questions

Question 1: When I put the keyword const in front of a reference parameter, it means that:

It will seg-fault if you try to change it.
The procedure or method will not modify it.
It is a constant, like Pi.
The parameter is a fixed size data type, like int or char.
The compiler will emit lots of errors and warnings.

Question 2: When I put the keyword public in front of a class' variable, it means that:

A procedure that has an instance of the class may access or modify the variable.
It is const by default.
It is a global variable.
The variable can only be modified in one of the class' methods.
The compiler will emit lots of errors and warnings.

Questions 3-8: In all of the following, the answers are either "Like", "Dislike" or "Sometimes Like / Sometimes
Dislike".

Question 3: What does Dr. Plank think of declaring variables in the middle of procedures.
Question 4: What does Dr. Plank think of tertiary expressions?
Question 5: What does Dr. Plank think of Python?
Question 6: What does Dr. Plank think of putting executable code in header files?
Question 7: What does Dr. Plank think of reference parameters?
Question 8: What does Dr. Plank think of The const keyword?



Answers Clicker Questions

Question 1: When I put the keyword const in front of a reference parameter, it means that the procedure or
method will not modify it. If it does, then the compiler will flag an error. The keyword is nice, because whoever
calls such a procedure or method knows that its parameter won't change. Please see
https://web.eecs.utk.edu/~jplank/plank/classes/cs202/Notes/Procedures/index.html for more discussion.

Question 2: When I put the keyword public in front of a class' variable, it means that a procedure that has an
instance of the class may access or modify the variable. If it's private or protected, then it may only be accessed
or modified within implementations of the class (there's a little more to it than this because of inheritance, but
just go with that for now).

Question 3: What does Dr. Plank think of declaring variables in the middle of procedures? Dislike. I like my
variable declarations at the top of a procedure or method. That way, you know where to find them.

Question 4: What does Dr. Plank think of tertiary expressions? Sometimes like, sometimes dislike. I like them
when they are simple and readable. When they are convoluted, or embedded in convoluted expressions, I dislike
them.

Question 5: What does Dr. Plank think of Python? Dislike. Maybe that will change someday, but I find the
language to be too much of a free-for-all. I like structure and explicit types. This doesn't mean that you have to
dislike Python -- I think it is an important language that has expanded the reach of machine learning, and that if
you learn it, it will only help your careers. I simply don't like it.

Question 6: What does Dr. Plank think of putting executable code in header files? Dislike. In my opinion,
header files should have procedure prototypes and class definitions, and no running code. Headers should be
static, and implementations should be dynamic. It's a matter of readability, and being able to trace through what
your code is doing.

Question 7: What does Dr. Plank think of reference parameters? Like. They avoid copying and read better than
pointers, and sometimes you want your procedure to be able to modify its arguments.

Question 8: What does Dr. Plank think of The const keyword? Like. It's really nice to know when things are
being modified and when they aren't, and const lets you know.

https://web.eecs.utk.edu/~jplank/plank/classes/cs202/Notes/Procedures/index.html


Clicker Questions

In case you've forgotten:

AND: this is a single ampersand: &

OR: this is a single vertical bar: |

XOR: this is a single carat: ^

NOT: this is a single tilde: ~

Left-shift: this is two less-than signs: <<

Right-shift: this is two greater-than signs: >>

For i between 1 and 6, Question i is to tell me what
gets printed on line i of the program to the right.

#include <iostream>
#include <cstdio>
using namespace std;

int main()
{
  int a, b, c, d, e;

  a = 32;
  b = 10;
  c = 0x3b53a;
  d = 0x3b93a;
  e = 0x8372a;

  printf("%d\n", 5 & 9);       // Question 1
  printf("%d\n", 3 | 12);      // Question 2
  printf("0x%x\n", a + b);     // Question 3
  printf("0x%x\n", c ^ d);     // Question 4
  printf("0x%x\n", e << 8);    // Question 5
  printf("0x%x\n", e >> 4);    // Question 6
  return 0;
}



Clicker Question Answers

Here's the short version

UNIX> g++ q1.cpp
UNIX> a.out
1
15
0x2a
0xc00
0x8372a00
0x8372
UNIX> 

Here's the longer version

Question 1:

0101 -- 5 in binary
1001 -- 9 in binary
----
0001 -- so the answer is 1

Question 2:

0011 -- 3 in binary
1101 -- 12 in binary
----
1111 -- so the answer is 15

Question 3: 32 is 2 times 16, so the hex digit in the 16's place is 2. 10 is 0xa in hex. So the answer is 0x2a.

Question 4: In hex, each digit is four bits, so you can simply do the xor in hex:

3 b 5 3 a
3 b 9 3 a
---------
0 0 c 0 0 -- the answer is 0xc00

Question 5: Remember that left and right shifting by multiples of 4 allow you to simply work on the hex digits.
So you simply append two zeros to the hex: 0x8372a00.

Question 6: And here you simply chop off one digit: 0x8372.



For these questions, each answer is four numbers. Simply enter them on Turning point separated by spaces or
commas.

I'll also put the mathematical definition of open addressing here. From the lecture notes:

With open addressing, you test the keys in order, h_0, h_1, h_2, ..., until you find what you're looking for or
you find an empty space in the hash table. h_i is defined as follows:

hi = H(key) + F(i, key), modulo the table size.

H() is the hash function, and F() is a function that defines how to resolve collisions. It is usually convenient to
make sure that F(0, key) equals zero, and it is necessary for F(i, key) not to equal zero when i doesn't equal
zero.

With linear probing, F(i, key) = i.
With quadratic probing, F(i, key) = i2.
With double hashing, F(i, key) = H2(key)*i.

Question 1: Suppose you are looking up a value in a hash table that has 100 elements, and the hash table is
pretty full. The hash function for the value returns 847298. You are using linear probing – what are the first four
indices that you will test when you look up the value?

Question 2: Now, suppose you are using quadratic probing. What are the first four indices that you will test?

Question 3: Now, suppose you are using double-hashing, and the second hash function returns 92821. What are
the first four indices that you will test?



Answers

This one came from the spring 2014 midterm. Here are the answers:

Question 1: You start at 98, and look at successively higher indices mod 100: 98, 99, 0, 1.

Question 2: Now, you start at 98, and add 02, 12, 22 and 32: 98, 99, 2, 7.

Question 3: Now, you start at 98, and add 0*21, 1*21, 2*21 and 3*21: 98, 19, 40, 61.

Grading

1 point per answer, with the following caveats:

Question 1: To receive full credit on the 2nd, 3rd and 4th probes, they had to equal the previous probe
plus one, mod 100.
Question 1: If you said 1 instead of 0, you got half credit.
Question 1: If you forgot the mod 100 when you added one, you got half credit.
Question 2: To get full credit, your answer for the first probe had to equal the answer for the first probe in
Question 1.
Question 2: The other probes needed to be relative to the first probe.
Question 2: If you forgot the mod 100, you got half credit.
Question 2: On the third and fourth probes, if you were off by one, you got half credit.
Question 3: To get full credit, your answer for the first probe had to equal the answer for the first probe in
Question 1.
Question 3: The other probes needed to be relative to the first probe.
Question 3: If you forgot the mod 100, you got half credit.
Question 3: On the second, third and fourth probes, if you were off by one, you got half credit.



Name                       H1     H2
---------------------    ------ ------
Aidan Nepal              9bc6cc 42757b
Alexander Aeronautic     4345ae 93249d
Austin Prissy            20b849 8c1ef7
Charlie Maiden           0d6fc1 e5855d
Claire Tva               fe30bf 8124af
Gavin Parallelepiped     0e9b65 db8914
Hunter Fabric            b112a2 78d98d
Isabelle Stack           4c30e6 f7193f
Joshua Polonium          831e15 eeba38
Madison Willoughby       1874dc 911d61
Max Mere                 fc7e5b 8d1814
Maya Paddy               107b1e 5e84ff
Natalie Sober            c624de b46fa3
Noah Porous              ae3e75 2dbc99
Riley Predecessor        f001c1 385e34
Savannah Tradesman       a3d7ee ab7176
Sophia Keys              69147a 493120

On the left, I have a table of 17 names, and what each name
hashes to with two different hash functions, H1 and H2. The
hash values are given in hexadecimal.

On the right, I have a 16-element hash table that has been filled
in with some of these names.

Please answer the questions below. Do not answer the questions
as if one affects the other. Answer them all with respect to the
tables shown here. For example, you should not answer part C
as if Austin Prissy were inserted into the table. Instead, you
simply answer with respect to the table above.

In all of the questions, assume that hash function H1 is used to
insert into the table, and if double-hashing is used, then hash
function H2 is used as the second hash function.

0.  --------------------
1.  Charlie Maiden
2.  Hunter Fabric
3.  --------------------
4.  --------------------
5.  Gavin Parallelepiped
6.  Isabella Stack
7.  --------------------
8.  --------------------
9.  --------------------
10. Sophia Keys
11. Max Mere
12. Aiden Nepal
13. Madison Willoughby
14. Savannah Tradesman
15. Claire Tva

1. What is the load factor of the table (you can give a fraction here)?
2. Into which index will Austin Prissy go into the table, using linear probing?
3. Into which index will Joshua Polonium go into the table, using quadratic probing?
4. Into which index will Maya Paddy go into the table, using double hashing?
5. Into which index will Noah Porous go into the table, using linear probing?
6. Into which index will Riley Predecessor go into the table, using double hashing?



Answers

This came from the 2019 midterm for COSC140.

Since the table size is 16, the last hex digit is the hash index.

Question 1: There are 10/16 entries full, so the load factor is 10/16.
Question 2: Austin Prissy's index is 9, which is empty, so the answer is 9.
Question 3: Joshua Polonium's index is 5. Five is taken, so we check 5+12 = 6. That is taken, so we check
5+22 = 9. That is empty, so the answer is 9.
Question 4: Maya Paddy's index is 0xd = 13. 13 is taken, so we'll need to use the second hash value, which
is 0xf = 15. This means that we'll be looking at successively smaller indices -- 12, 11, 10, and finally 9.
Question 5: Noah Porous' index is 5. Five is taken, so we'll look at successively larger indices -- 6, which
is taken, and then 7, which is empty. The answer is 7.
Question 6: Riley Predecessor's index is 1. 1 is taken, so we'll need to use the second hash value, which is
4. 5 is taken, but 9 is empty, so the answer is nine.



Please read over the code to the right, and assume that
this is compiled to a.out.

Question 1: What is the output of:

UNIX> echo A | ./a.out

Question 2: What is the output of:

UNIX> echo B | ./a.out

Question 3: What is the output of:

UNIX> echo C | ./a.out

Question 4: What is the output of:

UNIX> echo D | ./a.out

#include <iostream>
using namespace std;

string a(const string &s)
{
  if (s == "A") throw (string) "B";
  try {
    if (s == "C") throw (string) "D";
    return "E";
  } catch (const string &t) {
    cout << t;
  }
  return "F";
}

int main()
{
  string t;

  cin >> t;
  try {
    cout << a(t);
  } catch (const string &s) {
    cout << s;
  }
  cout << endl;
  return 0;
}



Answers

UNIX> g++ code.cpp
UNIX> echo A | ./a.out        # Question 1
B
UNIX> echo B | ./a.out        # Question 2
E
UNIX> echo C | ./a.out        # Question 3
DF
UNIX> echo D | ./a.out        # Question 4
E
UNIX> 

Explanations:

When "A" is entered and passed to the procedure a(), the procedure throws the string "B". That throw
statement is not inside a try, so the exception is passed to the calling procedure main(). main() catches the
exception and prints "B". It then prints a newline and exits.

When "B" is entered and passed to the procedure a(), both if statements are false, so no exceptions are
thrown. a() returns "E" to the caller, which prints it out, and then prints a newline.

When "C" is entered and passed to the procedure a(), the procedure throws the string "D". That is caught
in a(), which prints "D". After the catch code, it returns "F". main() prints "R" and a newline.

Any string that is not "A" or "C" will be identical to question 2.



Behold the program to the right.

Question 1: What is the first line of this
program's output?
Question 2: What is the second line of this
program's output?
Question 3: What is the third line of this
program's output?
Question 4: What is the fourth line of this
program's output?
Question 5: What is the fifth line of this
program's output?
Question 6: What is the sixth line of this
program's output?
Question 7: What is the seventh line of this
program's output?
Question 8: On which line does a memory leak
occur?

#include <iostream>
#include <vector>
using namespace std;

int main()                    /* Line  1 */
{                             /* Line  2 */
  vector <int *> iv;          /* Line  3 */
  vector <int> jv;            /* Line  4 */
  int *ip, *jp, *kp;          /* Line  5 */
                              /* Line  6 */
  ip = new int;               /* Line  7 */
  jp = new int;               /* Line  8 */
  kp = new int;               /* Line  9 */
                              /* Line 10 */
  *ip = 22;                   /* Line 11 */
  *jp = 33;                   /* Line 12 */
  *kp = 44;                   /* Line 13 */
                              /* Line 14 */
  iv.push_back(ip);           /* Line 15 */
  iv.push_back(jp);           /* Line 16 */
                              /* Line 17 */
  jv.push_back(*(iv[1]));     /* Line 18 */
  jv.push_back(*(iv[0]));     /* Line 19 */
                              /* Line 20 */
  *(iv[0]) = *kp;             /* Line 21 */
  kp = jp;                    /* Line 22 */
                              /* Line 23 */
  cout << *ip << endl;        /* Line 24 */
  cout << *jp << endl;        /* Line 25 */
  cout << *kp << endl;        /* Line 26 */
  cout << *(iv[0]) << endl;   /* Line 27 */
  cout << *(iv[1]) << endl;   /* Line 28 */
  cout << jv[0] << endl;      /* Line 29 */
  cout << jv[1] << endl;      /* Line 30 */
  return 0;                   /* Line 31 */
}                             /* Line 32 */



ip:

jp:

kp:

int main()                    /* Line  1 */
{                             /* Line  2 */
vector <int *> iv;          /* Line  3 */
vector <int> jv;            /* Line  4 */
int *ip, *jp, *kp;          /* Line  5 */

/* Line  6 */
ip = new int;               /* Line  7 */
jp = new int;               /* Line  8 */
kp = new int;               /* Line  9 */

/* Line 10 */
*ip = 22;                   /* Line 11 */
*jp = 33;                   /* Line 12 */
*kp = 44;                   /* Line 13 */

/* Line 14 */
iv.push_back(ip);           /* Line 15 */
iv.push_back(jp);           /* Line 16 */

/* Line 17 */
jv.push_back(*iv[1]);       /* Line 18 */
jv.push_back(*iv[0]);       /* Line 19 */

/* Line 20 */
*(iv[0]) = *kp;             /* Line 21 */
kp = jp;                    /* Line 22 */



ip:

jp:

kp:

Lines 7-9
int main()                    /* Line  1 */
{                             /* Line  2 */
vector <int *> iv;          /* Line  3 */
vector <int> jv;            /* Line  4 */
int *ip, *jp, *kp;          /* Line  5 */

/* Line  6 */
ip = new int;               /* Line  7 */
jp = new int;               /* Line  8 */
kp = new int;               /* Line  9 */

/* Line 10 */
*ip = 22;                   /* Line 11 */
*jp = 33;                   /* Line 12 */
*kp = 44;                   /* Line 13 */

/* Line 14 */
iv.push_back(ip);           /* Line 15 */
iv.push_back(jp);           /* Line 16 */

/* Line 17 */
jv.push_back(*iv[1]);       /* Line 18 */
jv.push_back(*iv[0]);       /* Line 19 */

/* Line 20 */
*(iv[0]) = *kp;             /* Line 21 */
kp = jp;                    /* Line 22 */



ip:

jp:

kp:

22

33

44

Lines 11-13
int main()                    /* Line  1 */
{                             /* Line  2 */
vector <int *> iv;          /* Line  3 */
vector <int> jv;            /* Line  4 */
int *ip, *jp, *kp;          /* Line  5 */

/* Line  6 */
ip = new int;               /* Line  7 */
jp = new int;               /* Line  8 */
kp = new int;               /* Line  9 */

/* Line 10 */
*ip = 22;                   /* Line 11 */
*jp = 33;                   /* Line 12 */
*kp = 44;                   /* Line 13 */

/* Line 14 */
iv.push_back(ip);           /* Line 15 */
iv.push_back(jp);           /* Line 16 */

/* Line 17 */
jv.push_back(*iv[1]);       /* Line 18 */
jv.push_back(*iv[0]);       /* Line 19 */

/* Line 20 */
*(iv[0]) = *kp;             /* Line 21 */
kp = jp;                    /* Line 22 */



ip:

jp:

kp:

22

33

44

iv:Lines 15-16
int main()                    /* Line  1 */
{                             /* Line  2 */
vector <int *> iv;          /* Line  3 */
vector <int> jv;            /* Line  4 */
int *ip, *jp, *kp;          /* Line  5 */

/* Line  6 */
ip = new int;               /* Line  7 */
jp = new int;               /* Line  8 */
kp = new int;               /* Line  9 */

/* Line 10 */
*ip = 22;                   /* Line 11 */
*jp = 33;                   /* Line 12 */
*kp = 44;                   /* Line 13 */

/* Line 14 */
iv.push_back(ip);           /* Line 15 */
iv.push_back(jp);           /* Line 16 */

/* Line 17 */
jv.push_back(*iv[1]);       /* Line 18 */
jv.push_back(*iv[0]);       /* Line 19 */

/* Line 20 */
*(iv[0]) = *kp;             /* Line 21 */
kp = jp;                    /* Line 22 */



ip:

jp:

kp:

22

33

44

iv:Lines 18-19

33 22jv:

int main()                    /* Line  1 */
{                             /* Line  2 */
vector <int *> iv;          /* Line  3 */
vector <int> jv;            /* Line  4 */
int *ip, *jp, *kp;          /* Line  5 */

/* Line  6 */
ip = new int;               /* Line  7 */
jp = new int;               /* Line  8 */
kp = new int;               /* Line  9 */

/* Line 10 */
*ip = 22;                   /* Line 11 */
*jp = 33;                   /* Line 12 */
*kp = 44;                   /* Line 13 */

/* Line 14 */
iv.push_back(ip);           /* Line 15 */
iv.push_back(jp);           /* Line 16 */

/* Line 17 */
jv.push_back(*iv[1]);       /* Line 18 */
jv.push_back(*iv[0]);       /* Line 19 */

/* Line 20 */
*(iv[0]) = *kp;             /* Line 21 */
kp = jp;                    /* Line 22 */



ip:

jp:

kp:

44

33

44

iv:Line 21

33 22jv:

int main()                    /* Line  1 */
{                             /* Line  2 */
vector <int *> iv;          /* Line  3 */
vector <int> jv;            /* Line  4 */
int *ip, *jp, *kp;          /* Line  5 */

/* Line  6 */
ip = new int;               /* Line  7 */
jp = new int;               /* Line  8 */
kp = new int;               /* Line  9 */

/* Line 10 */
*ip = 22;                   /* Line 11 */
*jp = 33;                   /* Line 12 */
*kp = 44;                   /* Line 13 */

/* Line 14 */
iv.push_back(ip);           /* Line 15 */
iv.push_back(jp);           /* Line 16 */

/* Line 17 */
jv.push_back(*iv[1]);       /* Line 18 */
jv.push_back(*iv[0]);       /* Line 19 */

/* Line 20 */
*(iv[0]) = *kp;             /* Line 21 */
kp = jp;                    /* Line 22 */



ip:

jp:

kp:

44

33

44

iv:

33 22jv:

Line 22
int main()                    /* Line  1 */
{                             /* Line  2 */
vector <int *> iv;          /* Line  3 */
vector <int> jv;            /* Line  4 */
int *ip, *jp, *kp;          /* Line  5 */

/* Line  6 */
ip = new int;               /* Line  7 */
jp = new int;               /* Line  8 */
kp = new int;               /* Line  9 */

/* Line 10 */
*ip = 22;                   /* Line 11 */
*jp = 33;                   /* Line 12 */
*kp = 44;                   /* Line 13 */

/* Line 14 */
iv.push_back(ip);           /* Line 15 */
iv.push_back(jp);           /* Line 16 */

/* Line 17 */
jv.push_back(*iv[1]);       /* Line 18 */
jv.push_back(*iv[0]);       /* Line 19 */

/* Line 20 */
*(iv[0]) = *kp;             /* Line 21 */
kp = jp;                    /* Line 22 */



ip:

jp:

kp:

44

33

44

iv:

33 22jv:

Line 22
int main()                    /* Line  1 */
{                             /* Line  2 */
vector <int *> iv;          /* Line  3 */
vector <int> jv;            /* Line  4 */
int *ip, *jp, *kp;          /* Line  5 */

/* Line  6 */
ip = new int;               /* Line  7 */
jp = new int;               /* Line  8 */
kp = new int;               /* Line  9 */

/* Line 10 */
*ip = 22;                   /* Line 11 */
*jp = 33;                   /* Line 12 */
*kp = 44;                   /* Line 13 */

/* Line 14 */
iv.push_back(ip);           /* Line 15 */
iv.push_back(jp);           /* Line 16 */

/* Line 17 */
jv.push_back(*iv[1]);       /* Line 18 */
jv.push_back(*iv[0]);       /* Line 19 */

/* Line 20 */
*(iv[0]) = *kp;             /* Line 21 */
kp = jp;                    /* Line 22 */

Output:

*ip:    44
*jp:    33
*kp:    33
*iv[0]: 44
*iv[1]: 33
jp[0]:  33
jp[1]:  22 Memory leak is on line 22.



Behold the program to the right. We compile it to the file a.out and
then we run it with:

UNIX> echo 30 50 70 | ./a.out

Question 1: What is the first line of output?
Question 2: What is the second line of output?
Question 3: What is the third line of output?
Question 4: What is the fourth line of output?
Question 5: What is the fifth line of output?
Question 6: What is the sixth line of output?
Question 7: What is the seventh line of output?
Question 8: What is the eighth line of output? Enter a dash if
there is no eighth line.
Question 9: What is the nine line of output? Enter a dash if
there is no ninth line.

#include <iostream>
#include <vector>
using namespace std;

int main()
{
  vector <int *> v1;
  vector <int> v2;
  vector <int> *v3;
  int i;
  int *p;

  v3 = &v2;
  while (cin >> i) {
    p = new int;
    *p = i;
    v1.push_back(p);
    v2.push_back(*p);
  }

  for (i = 0; i < v1.size(); i++) *(v1[i]) += 2;
  for (i = 0; i < v2.size(); i++) v2[i] += 10;

  for (i = 0; i < v1.size(); i++) cout << *(v1[i]) << endl;
  for (i = 0; i < v2.size(); i++) cout << v2[i] << endl;
  for (i = 0; i < v3->size(); i++) cout << v3->at(i) << endl;
  return 0;
}



We start with all three vectors being empty, then v3 points to v2:

v1:

v2:

v3:



v1:

v2:

v3:

We then read 30.  A new integer is allocated and set to 30.  A pointer to that is put onto v1,
And a copy of it is put onto v2:

p:

30

30



v1:

v2:

v3:

We then read 50.  A new integer is allocated and set to 50.  A pointer to that is put onto v1,
And a copy of it is put onto v2:

p:

30

30

50

50



v1:

v2:

v3:

We then read 70.  A new integer is allocated and set to 70.  A pointer to that is put onto v1,
And a copy of it is put onto v2:

p:

30

30

50

50

70

70



v1:

v2:

v3:

We add two to every value pointed to by v1:

p:

32

30

52

50

72

70



v1:

v2:

v3:

We add 10 to every value in v2:

p:

32

40

52

60

72

80



v1:

v2:

v3:

Now we print out three values for v1, v2 and v3:

p:

32

40

52

60

72

80

32
52
72
40
60
80
40
60
80



On the right are two programs that both do the same thing. If you
care, rand() returns a pseudorandom number between 0 and 231.
When I time p1 on one computer, the following takes three
seconds:

UNIX> echo 10000 100000 | ./p1

Question 1: Roughly how many seconds will the following
take?

UNIX> echo 10000 400000 | ./p1

Question 2: Roughly how many seconds will the following
take?

UNIX> echo 30000 700000 | ./p1

I move to a different computer, and the following takes three
seconds:

UNIX> echo 10000 100000 | ./p2

Question 3: Roughly how many seconds will the following
take?

UNIX> echo 10000 400000 | ./p2

Question 4: Roughly how many seconds will the following
take?

UNIX> echo 30000 700000 | ./p2

p1.cpp, compiled to p1.

#include <vector>
#include <iostream>
using namespace std;

int main()
{
  int vs, ns;
  vector <int> v;
  int matches, i, j, n;

  cin >> vs >> ns;

  for (i = 0; i < vs; i++) {
    v.push_back(rand()%100000);
  }

  matches = 0;
  for (i = 0; i < ns; i++) {
    n = rand()%100000;
    for (j = 0; j < v.size(); j++) {
      if (v[j] == n) matches++;
    }
  }
  cout << matches << endl;
  return 0;
}

p2.cpp, compiled to p2.

#include <vector>
#include <iostream>
using namespace std;

int main(int argc, char **argv)
{
  int vs, ns;
  vector < vector <int> > v;
  int matches, i, j, n;

  cin >> vs >> ns;
  v.resize(vs);

  for (i = 0; i < vs; i++) {
    n = rand()%100000;
    v[n%vs].push_back(n);
  }

  matches = 0;
  for (i = 0; i < ns; i++) {
    n = rand()%100000;
    for (j = 0; j < v[n%vs].size(); j++) {
      if (v[n%vs][j] == n) matches++;
    }
  }
  cout << matches << endl;
  return 0;
}



Question 1

The second for loop now runs 400,000 iterations instead of 100,000. It is doing the same amount of work in each
iteration (looping through 10,000) numbers. So this will take four times as long. The answer is 12.

Question 2

The second for loop now runs 700,000 iterations instead of 100,000. It is traversing a vector that is three times
the size as before, so each iteration will take three times as long. The whole program will thus take 21 times as
long. The answer is 63.

We don't need to factor in the time for the first loop -- it is going to be so much faster than the second loop that
we don't need to care about it.

Question 3

Once again, the second for loop now runs 400,000 iterations instead of 100,000. It is doing the same amount of
work in each iteration (looking for numbers in a hash table that uses separate chaining). As with Question 2, it
will take four times as long. The answer is 12. You'll note that the computer running this program must be a lot
slower than the computer in Questions 1 and 2.

Question 4

We triple the size of our hash table, but its load factor is still 1. So the inner loop of the second for loop is doing
the same amount of work as in Question 3. Thus, the slowdown is only 7. The answer is 21. The difference
between the two loops will be less than in Questions 1 and 2, but the first loop is fast enough to be considered in
the noise, compared to the second loop.





CS140 Midterm Exam - October 15, 2019 Answers and Grading

James S. Plank

Question 1: 16 Points

Part A: The copy constructor is on line 5. False
Part B: The copy constructor is on line 5. False
Part C: The copy constructor is on line 5. True
Part D: The reference parameter is not declared const, so the method can do whatever it wants to s. False
Part E: The parameter is not declared const, so the method can do whatever it wants to s. False
Part F: The reference parameter is not declared const, so the method can do whatever it wants to s. False
Part G: The reference parameter is declared const, so the method cannot change s. True
Part H: The method is declared const, so it cannot change v. True
Part I: The method is declared declared const, so it do whatever it wants to v. False
Part J: The method is declared declared const, so it do whatever it wants to v. False
Part K: The method is declared declared const, so it do whatever it wants to v. False
Part L: Since s is a reference parameter, there is no constructor called when A() is called, as A() simply gets a reference to the caller's s:
False
Part M: Since s is not a reference parameter, it will make a copy of the caller's parameter, and that will use the copy constructor: True.
Part N: See part L: No constructor is called: False
Part O: See part M: The copy constructor is called: False
Part P: Since nothing was constructed, nothing needs to be destructed. False
Part Q: The copy needs to be destructed when the method returns: True
Part R: Variables may be public: False
Part S: This is fine -- it simply calls a default assignment operator, which will make copies of F and v: True
Part T: Vectors and strings are destroyed automatically. False
Part U: This is identical to the Copy() method in the bitmatrix lab. It is up to the caller to free the pointer. You'll note, there's nowhere
to store the pointer in the class definition, so it can't delete anything: False

Grading:

0.75 points for parts A through Q, and parts S through U. 1 point for part R. Here are counts of correct answers (91 students):

A: 89 F      B: 44 F      C: 55 T      D: 68 F      E: 61 F      
F: 86 F      G: 89 T      H: 72 T      I: 85 F      J: 86 F      
K: 81 F      L: 68 F      M: 67 T      N: 60 F      O: 55 F      
P: 78 F      Q: 77 T      R: 89 F      S: 64 T      T: 81 F      
U: 73 T      

Question 2: 10 Points

I know, no one likes to trace through code, but how else to get you to demonstrate to me that you understand the basics of try/catch? Let's
walk through it:

At the first cout statement, i is 0, so: 0.
Since 0 is even, we don't throw, so i becomes 3 and we skip the catch clause: 3.
We add two to i, which becomes 5, and go back to the top of the while loop. It prints: 5.
Now, five is odd, so we throw it. The catch clause prints 5 again, and then adds 5 + 5 to set 5 to 10. After the catch clause, it prints: 10.
At the end of the while loop, it increments i by two again, to turn it into 12. The while loop exits, and we print: 12.
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Clicker Questions

Question 1: What is the output of p1.cpp when it runs with input-1.txt as standard input?

Question 2: What is the output of p2.cpp when it runs with input-2.txt as standard input?

input-1.txt

Samuel
Amelia
Lucas
Ian
Cole
Brooke
Bailey
Lucas
Charlie
Samuel

input-2.txt

Gabriel
Wyatt
Eva
Lily
Sarah
Benjamin
Nicholas
Michael
Landon
Madelyn

p1.cpp

#include <set>
#include <iostream>
using namespace std;

int main()
{
  set <string> n;
  set <string>::const_iterator nit;
  string s;

  while (cin >> s) n.insert(s);
  for (nit = n.begin(); nit != n.end(); nit++) {
    cout << nit->at(0) ;
  }
  cout << endl;
  return 0;
}

p2.cpp

#include <set>
#include <iostream>
using namespace std;

int main()
{
  set <string> n;
  set <string>::const_iterator nit;
  string s;

  while (cin >> s) n.insert(s);
  for (nit = n.begin(); nit != n.end(); nit++) {
    cout << nit->at(0) ;
    nit++;
  }
  cout << endl;
  return 0;
}
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4XHVWLRQ����<RX�FDQ�KROG��Q�QXPEHUV�LQ�DQ�Q�ELW�PHPRU\��VR�WKH�DQVZHU�LV�2��AQ��



&OLFNHU�4XHVWLRQV

�LQFOXGH��VWDFN�KSS�
�LQFOXGH��LRVWUHDP!
�LQFOXGH��VVWUHDP!
�LQFOXGH��YHFWRU!
XVLQJ�QDPHVSDFH�VWG�

YRLG�D�6WDFN�
V�
^
��YHFWRU��6WDFN!�Y�
�
��Y�UHVL]H�V�!6L]H����
V��������/LQH�)
��UHWXUQ������������������������/LQH�*
`

LQW�PDLQ��
^
��LQW�Q�
��LQW�L�
��6WDFN�V��
��6WDFN�V��
��6WDFN�
V��
��RVWULQJVWUHDP�VV�

��FLQ�!!�Q�

��IRU��L� ����L���Q��L����^
����VV�FOHDU���
����VV�VWU�����
����VV����L�
����V��3XVK�VV�VWU����
��`
��V�� �V���������������/LQH�$
��V�� �QHZ�6WDFN�������/LQH�%
��
V�� �V��������������/LQH�&
��D�V������������������/LQH�'
��GHOHWH�V�������������/LQH�(
��ZKLOH���V��(PSW\����FRXW����V��3RS������HQGO�
��UHWXUQ���
`

7KH�DQVZHU�WR�HDFK�RI�WKHVH�ZLOO�EH�2�I�Q����,Q�\RXU�DQVZHU��MXVW�VSHFLI\�I�Q��

4XHVWLRQ����:KDW�LV�WKH�ELJ�2�UXQQLQJ�WLPH�RI�/LQH�$"
4XHVWLRQ����:KDW�LV�WKH�ELJ�2�UXQQLQJ�WLPH�RI�/LQH�%"
4XHVWLRQ����:KDW�LV�WKH�ELJ�2�UXQQLQJ�WLPH�RI�/LQH�&"
4XHVWLRQ����:KDW�LV�WKH�ELJ�2�UXQQLQJ�IURP�WKH�EHJLQQLQJ�RI�/LQH�'�XQWLO�MXVW�EHIRUH�/LQH�)�H[HFXWHV"
4XHVWLRQ����:KDW�LV�WKH�ELJ�2�UXQQLQJ�WLPH�RI�/LQH�)"
4XHVWLRQ����:KDW�LV�WKH�ELJ�2�UXQQLQJ�IURP�WKH�EHJLQQLQJ�RI�/LQH�*�XQWLO�MXVW�EHIRUH�/LQH�(�H[HFXWHV"
4XHVWLRQ����:KDW�LV�WKH�ELJ�2�UXQQLQJ�WLPH�RI�/LQH�("



&OLFNHU�$QVZHUV

4XHVWLRQ����7KLV�ZLOO�FDOO�WKH�DVVLJQPHQW�RYHUORDG��DQG�FRS\�HDFK�RI�WKH�Q�QRGHV�IURP�V��WR�V���2�Q��

4XHVWLRQ����7KLV�VLPSO\�VHWV�D�SRLQWHU�IURP�WKH�PHPRU\�DOORFDWRU��7KH�SRLQWHU�LV�WR�D�IHZ�E\WHV��VR�WKLV�LV
2����

4XHVWLRQ����7KLV�RQFH�DJDLQ�FDOOV�WKH�DVVLJQPHQW�RYHUORDG��ZKLFK�FRSLHV�HDFK�RI�WKH�Q�QRGHV�IURP�V��WR�V��
2�Q��

4XHVWLRQ����7KLV�FDOOV�WKH�SURFHGXUH�DQG�FRSLHV�WKH�SRLQWHU��QRW�WKH�VWDFN��DV�D�SDUDPHWHU��7KLV�LV�2����

4XHVWLRQ����7KH�YHFWRU�KDV�Q�6WDFNV�DQG�HDFK�RQH�LV�FRSLHG�IURP�D�VWDFN�ZLWK�Q�HOHPHQWV��2�Q���

4XHVWLRQ����1RZ��WKH�GHVWUXFWRU�LV�FDOOHG�RQ�HDFK�RI�WKRVH�VWDFNV��VR�LW�ZLOO�GHOHWH�Q��6WDFNQRGHV��2�Q���

4XHVWLRQ����7KLV�FDOOV�WKH�GHVWUXFWRU�RQ�WKH�VWDFN��ZKLFK�GHOHWHV�WKH�Q�QRGHV��2�Q��



6XSSRVH�WKDW�WKH�SURJUDP�WR�WKH�ULJKW�LV�FRPSLOHG�LQWR�WKH
H[HFXWDEOH�D�RXW��,Q�TXHVWLRQV���WKURXJK����SOHDVH�WHOO�PH
WKH�RXWSXW�RI�WKDW�FRPPDQG�ZKHQ�W\SHG�LQWR�WKH�VKHOO�

4XHVWLRQ����HFKR�%�_���D�RXW

4XHVWLRQ����HFKR�$$�_���D�RXW

4XHVWLRQ����HFKR�%$'�_���D�RXW

4XHVWLRQ����,I�WKH�VWULQJ�HQWHUHG�RQ�VWDQGDUG�LQSXW�KDV�Q
FKDUDFWHUV��ZKDW�LV�WKH�ELJ�2�UXQQLQJ�WLPH�RI�WKH�SURJUDP"

4XHVWLRQ����,I�WKH�VWULQJ�HQWHUHG�RQ�VWDQGDUG�LQSXW�KDV�Q
FKDUDFWHUV��ZKDW�LV�WKH�ELJ�2�PHPRU\�XVDJH�RI��WKH�VWDFN�"

%RQXV�4XHVWLRQ��6XSSRVH�WKH�SDUDPHWHU�V�ZHUH�QRW�D
UHIHUHQFH�SDUDPHWHU��7KHQ�ZKDW�LV�WKH�ELJ�2�PHPRU\�XVDJH
RI��WKH�VWDFN�"

�LQFOXGH��LRVWUHDP!
XVLQJ�QDPHVSDFH�VWG�

YRLG�D�FRQVW�VWULQJ�	V��LQW�LQGH[�
^
��LI��LQGH[�  �V�VL]H����UHWXUQ�

��FRXW����V>LQGH[@�

��LI��V>LQGH[@�  �
$
��FRXW��������

��D�V��LQGH[����
��
��FRXW����V>LQGH[@�
`

LQW�PDLQ��
^
��VWULQJ�V�

��FLQ�!!�V�
��D�V�����
��FRXW����HQGO�
��UHWXUQ���
`



$QVZHUV�WR�WRGD\
V�FOLFNHU�TXHVWLRQV�

4XHVWLRQ����7KLV�PDNHV�RQH�UHFXUVLYH�FDOO��ZKLFK�UHWXUQV�LQVWDQWO\��VR�LW�VLPSO\�SULQWV�
%
�WZLFH��7KH�DQVZHU�LV
�%%��

4XHVWLRQ����/HW
V�JR�WKURXJK�ZKDW�KDSSHQV�KHUH�

D��$$�����ÀUVW�SULQWV�
$
�
D��$$�����WKHQ�SULQWV�
�
��EHFDXVH�FKDUDFWHU���LV�
$
�
D��$$�����FDOOV�D��$$�����
D��$$�����SULQWV�
$

D��$$�����WKHQ�SULQWV�
�
��EHFDXVH�FKDUDFWHU���LV�
$
�
D��$$�����FDOOV�D��$$�����
D��$$�����UHWXUQV�LQVWDQWO\�
D��$$�����SULQWV�
$
�DJDLQ��DQG�WKHQ�UHWXUQV�
D��$$�����SULQWV�
$
�DJDLQ��DQG�WKHQ�UHWXUQV�

6R�WKH�DQVZHU�LV��$�$�$$��

4XHVWLRQ����/HW
V�JR�WKURXJK�ZKDW�KDSSHQV�

D��%$'�����ÀUVW�SULQWV�
%
�
D��%$'�����FDOOV�D��%$'�����
D��%$'�����SULQWV�
$
�DQG�WKHQ�
�
�
D��%$'�����FDOOV�D��%$'�����
D��%$'�����SULQWV�
'
�
D��%$'�����FDOOV�D��%$'�����
D��%$'�����UHWXUQV�LQVWDQWO\�
D��%$'�����SULQWV�
'
�DJDLQ�DQG�WKHQ�UHWXUQV�
D��%$'�����SULQWV�
$
�DJDLQ�DQG�WKHQ�UHWXUQV�
D��%$'�����SULQWV�
%
�DJDLQ�DQG�WKHQ�UHWXUQV�

7KH�DQVZHU�LV��%$�''$%�

4XHVWLRQ����7KHUH�DUH�Q�UHFXUVLYH�FDOOV��DQG�HDFK�FDOO�WR�D���GRHV�2����ZRUN��7KH�DQVZHU�LV�2�Q��

4XHVWLRQ����7KH�VWDFN�FRQWDLQV�ORFDO�YDULDEOHV�DQG�SURFHGXUH�SDUDPHWHUV�IRU�HDFK�UHFXUVLYH�FDOO��7KHUH�DUH�QR
ORFDO�YDULDEOHV��DQG�WZR�SURFHGXUH�SDUDPHWHUV��HDFK�RI�ZKLFK�LV�2�����WKH�UHIHUHQFH�SDUDPHWHUV�LV�D�SRLQWHU�
ZKLFK�LV�PRVW�FRPPRQO\���E\WHV��DQG�WKH�LQWHJHU�LV���E\WHV���6R�HDFK�FRQWH[W�RQ�WKH�VWDFN�LV�2����DQG�WKHUH�DUH�Q
RI�WKHVH��7KH�DQVZHU�LV�WKHUHIRUH�2�Q��

%RQXV�4XHVWLRQ��,I�V�LV�QRW�D�UHIHUHQFH�SDUDPHWHU��WKHQ�D�FRS\�RI�WKH�VWULQJ�ZLOO�EH�VWRUHG�RQ�HDFK�VWDFN�FRQWH[W�
7KDW�PHDQV�HDFK�UHFXUVLYH�FDOO�FRQVXPHV�2�Q��RQ�WKH�VWDFN��7KH�DQVZHU�LV�WKHUHIRUH�2�Q���



4XHVWLRQ����$VVXPLQJ�RSHQ�DGGUHVVLQJ��ZKDW�LV�WKH�UXQQLQJ�WLPH�RI�LQVHUWLQJ�DQ�HOHPHQW�LQWR�D�KDVK�WDEOH�ZLWK�Q
HOHPHQWV�DQG�D�ORDG�IDFWRU�RI����"

4XHVWLRQ����$VVXPLQJ�RSHQ�DGGUHVVLQJ��ZKDW�LV�WKH�UXQQLQJ�WLPH�RI�LQVHUWLQJ�DQ�HOHPHQW�LQWR�D�KDVK�WDEOH�ZLWK�Q
HOHPHQWV�DQG�RQO\����HPSW\�VORWV"

4XHVWLRQ����$VVXPLQJ�VHSDUDWH�FKDLQLQJ��ZKDW�LV�WKH�UXQQLQJ�WLPH�RI�LQVHUWLQJ�DQ�HOHPHQW�LQWR�D�KDVK�WDEOH�ZLWK
Q�HOHPHQWV�DQG�D�ORDG�IDFWRU�RI�I"

4XHVWLRQ����:KDW�LV�WKH�UXQQLQJ�WLPH�RI�WKH�IROORZLQJ�FRGH�

��N� ���
��IRU��L� ����L�������
Q��L����N���

4XHVWLRQ����:KDW�LV�WKH�UXQQLQJ�WLPH�RI�WKH�IROORZLQJ�FRGH�

��N� ���
��IRU��L� ����L����
Q��L����^
����IRU��M� ����M����������M����N���
��`

4XHVWLRQ����:KDW�LV�WKH�UXQQLQJ�WLPH�RI�WKH�IROORZLQJ�FRGH�

��N� ���
��IRU��L� ����L����Q�
�Q���L�
 ����N���



$QVZHUV�WR�FOLFNHU�TXHVWLRQV

4XHVWLRQ����:KHQ�KDOI�RI�WKH�WDEOH�LV�HPSW\��\RXU�H[SHFWHG�QXPEHU�RI�SUREHV�WR�ÀQG�DQ�HPSW\�VORW�LV����VR�WKH
DQVZHU�LV�2����

4XHVWLRQ����:LWK�RQO\����HPSW\�VORWV��\RXU�H[SHFWHG�QXPEHU�RI�SUREHV�EHFRPHV�Q�����VR�WKH�DQVZHU�LV�2�Q���,
ZRQ
W�WHOO�\RX�KRZ�WR�FDOFXODWH�WKLV��MXVW�WUXVW�PH�

4XHVWLRQ����:LWK�D�ORDG�IDFWRU�RI�I��WKH�DYHUDJH�VL]H�RI�WKH�YHFWRU�LQ�D�KDVK�WDEOH�HQWU\�LV�I��VR�WKH�DQVZHU�LV�2�I��

4XHVWLRQ����7KH�ORRS�UXQV�����Q�WLPHV��ZKLFK�LV�2�Q��

4XHVWLRQ����7KH�RXWHU�ORRS�UXQV��Q�WLPHV��VR�LWV�QXPEHU�RI�LWHUDWLRQV�LV�2�Q���7KH�LQQHU�ORRS�UXQV��������WLPHV
VR�LWV�QXPEHU�RI�LWHUDWLRQV�LV�2�����2�Q��
�2���� �2�Q��

4XHVWLRQ����7KH�ORRS�UXQV�ORJ�Q���WLPHV�

ORJ�Q��� ��
ORJ�Q�

7KHUHIRUH��WKH�ORRS
V�UXQQLQJ�WLPH�LV�2�ORJ�Q��



6XSSRVH�WKDW�WKH�SURJUDP�WR�WKH�ULJKW�LV�FRPSLOHG�LQWR�WKH
H[HFXWDEOH�D�RXW��,Q�TXHVWLRQV���WKURXJK����SOHDVH�WHOO�PH
WKH�RXWSXW�RI�WKDW�FRPPDQG�ZKHQ�W\SHG�LQWR�WKH�VKHOO��,I�WKH
RXWSXW�LV�PXOWLSOH�OLQHV��VLPSO\�W\SH�LW�RQ�RQH�OLQH�VHSDUDWHG
E\�VSDFHV�

4XHVWLRQ����HFKR�����_���D�RXW�_�WDLO��Q��
4XHVWLRQ����HFKR�����_���D�RXW�_�WDLO��Q��
4XHVWLRQ����HFKR�����_���D�RXW�_�KHDG��Q��
4XHVWLRQ����7KH�WUHH�GUDZQ�EHORZ�UHSHVHQWV�WKH�UHFXUVLYH
FDOOV�WKDW�DUH�PDGH�ZKHQ�\RX�GR�WKH�IROORZLQJ�

HFKR�����_���D�RXW�_�WDLO��Q��

:KDW�NLQG�RI�WUDYHUVDO�ZRXOG�\RX�XVH�RQ�WKLV�WUHH�WR
FDOFXODWH�ZKDW�JHWV�SULQWHG"

4XHVWLRQ����:KDW�LV�WKH�RXWSXW"��8VH�WKH�WUHH�

�LQFOXGH��YHFWRU!
�LQFOXGH��LRVWUHDP!
XVLQJ�QDPHVSDFH�VWG�

LQW�D�LQW�E��LQW�F�
^
��FRXW����E�����������F����HQGO�
��LI��E�  ���__�F�  ����UHWXUQ�F
E�
��UHWXUQ�D�E���F��
�D�E�F����
`

LQW�PDLQ��
^
��LQW�E��F��DQV�

��FLQ�!!�E�!!�F�

��DQV� �D�E�F��
��FRXW����DQV����HQGO�
��UHWXUQ���
`



$QVZHUV�WR�WKH�&OLFNHU�4XHVWLRQV

4XHVWLRQ����,W�UHWXUQV��
�� ���LQVWDQWO\�

4XHVWLRQ����D������FDOOV�D������DQG�������DQG�UHWXUQV�WKHLU�SURGXFW��%RWK�D������DQG�D������UHWXUQ����VR�WKH
DQVZHU�LV���

4XHVWLRQ����D������FDOOV�D�������ZKLFK�UHWXUQV����DQG�WKHQ�D�������6R�WKH�DQVZHU�LV���������������

4XHVWLRQ����<RX�FDOFXODWH�WKH�DQVZHU�ZLWK�D�SRVWRUGHU�WUDYHUVDO����RQO\�DIWHU�\RX�KDYH�WKH�UHWXUQ�YDOXHV�RI
D�E���F��DQG�D�E�F����FDQ�\RX�FDOFXODWH�\RXU�UHWXUQ�YDOXH�

4XHVWLRQ����+HUH
V�WKH�WUHH�ÀOOHG�RXW�ZLWK�WKH�YDOXHV�IURP�WKH�SRVWRUGHU�WUDYHUVDO��7KH�DQVZHU�LV�����



6XSSRVH�WKDW�WKH�SURJUDP�WR�WKH�ULJKW�LV�FRPSLOHG�LQWR�WKH
H[HFXWDEOH�D�RXW��3OHDVH�DQVZHU�ZLWK�WKH�RXWSXW�RI�WKH
IROORZLQJ�

4XHVWLRQ����HFKR�$�_���D�RXW

4XHVWLRQ����HFKR�$$�_���D�RXW

4XHVWLRQ����HFKR�%$�_���D�RXW

4XHVWLRQ����HFKR�%%%$$�_���D�RXW

4XHVWLRQ����HFKR�$$$%%�_���D�RXW

�LQFOXGH��LRVWUHDP!
XVLQJ�QDPHVSDFH�VWG�

YRLG�D�FRQVW�VWULQJ�	V��LQW�LQGH[�
^
��LI��LQGH[�! �V�VL]H����UHWXUQ�

��LI��V>LQGH[@�  �
$
��^
����FRXW����
�
�
����D�V��LQGH[����
����FRXW����
�
�

��`�HOVH�^
����FRXW���������
����D�V��LQGH[����
��`�
`

LQW�PDLQ��
^
��VWULQJ�V�

��FLQ�!!�V�
��D�V�����
��FRXW����HQGO���
��UHWXUQ���
`



&OLFNHU�$QVZHUV

-XVW�FRPSLOH�DQG�UXQ�

81,;!�HFKR�$�_���D�RXW
��
81,;!�HFKR�$$�_���D�RXW
����
81,;!�HFKR�%$�_���D�RXW
����
81,;!�HFKR�%%%$$�_���D�RXW
����������
81,;!�HFKR�$$$%%�_���D�RXW
����������
81,;!�



%HORZ�DUH�IRXU�WUHHV�

7UHH�� 7UHH�� 7UHH�� 7UHH��

(DFK�TXHVWLRQ�KDV�DQ�DQVZHU�ZKLFK�LV�RQH�OHWWHU�

4XHVWLRQ����$ERXW�ZKLFK�QRGH�GR�ZH�URWDWH�WR�WXUQ�7UHH���LQWR�7UHH��"
4XHVWLRQ����$ERXW�ZKLFK�QRGH�GR�ZH�URWDWH�WR�WXUQ�7UHH���LQWR�7UHH��"
4XHVWLRQ����$ERXW�ZKLFK�QRGH�GR�ZH�URWDWH�WR�WXUQ�7UHH���LQWR�7UHH��"
4XHVWLRQ����7UHH���LV�QRW�DQ�$9/�WUHH��1DPH�D�QRGH�WKDW�LV�LPEDODQFHG�
4XHVWLRQ����7UHH���LV�QRW�DQ�$9/�WUHH��1DPH�D�QRGH�WKDW�LV�LPEDODQFHG�
4XHVWLRQ����7UHH���LV�QRW�DQ�$9/�WUHH��1DPH�D�QRGH�WKDW�LV�LPEDODQFHG�



$QVZHUV�WR�WKH�FOLFNHU�TXHVWLRQV�

4XHVWLRQ����)RU�WKLV�DQG�WKH�QH[W�WZR�TXHVWLRQV��\RX�ORRN�IRU�WKH�QRGH�ZKR�VZDSV�SDUHQW�FKLOG
UHODWLRQVKLS�IURP�WKH�ÀUVW�WUHH�WR�WKH�VHFRQG�WUHH��7KH�DQVZHU�LV�WKH�QRGH�WKDW�ZDV�WKH�FKLOG��,Q�WKLV�FDVH��,�
4XHVWLRQ����*�
4XHVWLRQ����2�
4XHVWLRQ����,��,WV�OHIW�VXEWUHH�KDV�D�KHLJKW�RI����DQG�LWV�ULJKW�VXEWUHH�KDV�D�KHLJKW�RI����$OO�RWKHU�QRGHV�DUH
EDODQFHG�
4XHVWLRQ����*��,WV�OHIW�VXEWUHH�KDV�D�KHLJKW�RI����DQG�LWV�ULJKW�VXEWUHH�KDV�D�KHLJKW�RI����$OO�RWKHU�QRGHV�DUH
EDODQFHG�
4XHVWLRQ����2��,WV�OHIW�VXEWUHH�KDV�D�KHLJKW�RI����DQG�LWV�ULJKW�VXEWUHH�KDV�D�KHLJKW�RI����$OO�RWKHU�QRGHV�DUH
EDODQFHG�



$OO�RI�WKH
TXHVWLRQV
EHORZ�SHUWDLQ
WR�WKH�WUHH�WR
WKH�ULJKW��)RU
HDFK�SDLU�RI
TXHVWLRQV�
LJQRUH�WKH
SUHYLRXV
TXHVWLRQV����LQ
RWKHU�ZRUGV�
HDFK�SDLU�RI
TXHVWLRQV
SHUWDLQV�WR
WKLV�WUHH�DQG
QRW�WR�WKH
UHVXOWV�RI
SUHYLRXV�$9/
WUHH
RSHUDWLRQV�

4XHVWLRQ����,I�,�LQVHUW����LQWR�WKH�WUHH��ZKDW�W\SH�RI�UHEDODQFLQJ�RSHUDWLRQ�ZLOO�,�GR��DQVZHU��]LJ]LJ��RU
�]LJ]DJ��"
4XHVWLRQ����$ERXW�ZKLFK�QRGH�ZLOO�,�SHUIRUP�WKH�URWDWLRQ�V�"

4XHVWLRQ����,I�,�LQVHUW����LQWR�WKH�WUHH��ZKDW�W\SH�RI�UHEDODQFLQJ�RSHUDWLRQ�ZLOO�,�GR��DQVZHU��]LJ]LJ��RU
�]LJ]DJ��"
4XHVWLRQ����$ERXW�ZKLFK�QRGH�ZLOO�,�SHUIRUP�WKH�URWDWLRQ�V�"

4XHVWLRQ����,I�,�LQVHUW����LQWR�WKH�WUHH��ZKDW�W\SH�RI�UHEDODQFLQJ�RSHUDWLRQ�ZLOO�,�GR��DQVZHU��]LJ]LJ��RU
�]LJ]DJ��"
4XHVWLRQ����$ERXW�ZKLFK�QRGH�ZLOO�,�SHUIRUP�WKH�URWDWLRQ�V�"

4XHVWLRQ����,I�,�GHOHWH����IURP�WKH�WUHH��ZKDW�W\SH�RI�UHEDODQFLQJ�RSHUDWLRQ�ZLOO�,�GR��DQVZHU��]LJ]LJ��RU
�]LJ]DJ��"
4XHVWLRQ����$ERXW�ZKLFK�QRGH�ZLOO�,�SHUIRUP�WKH�URWDWLRQ�V�"

4XHVWLRQ����,I�,�GHOHWH����IURP�WKH�WUHH��ZKDW�W\SH�RI�UHEDODQFLQJ�RSHUDWLRQ�ZLOO�,�GR��DQVZHU��]LJ]LJ��RU
�]LJ]DJ��"
4XHVWLRQ�����$ERXW�ZKLFK�QRGH�ZLOO�,�SHUIRUP�WKH�URWDWLRQ�V�"

4XHVWLRQ�����,I�,�GHOHWH����IURP�WKH�WUHH��ZKDW�W\SH�RI�UHEDODQFLQJ�RSHUDWLRQ�ZLOO�,�GR��DQVZHU��]LJ]LJ��RU
�]LJ]DJ��"
4XHVWLRQ�����$ERXW�ZKLFK�QRGH�ZLOO�,�SHUIRUP�WKH�URWDWLRQ�V�"



$QVZHUV

4XHVWLRQ����:KHQ�,�LQVHUW�����,�JHW�

1RGH����LV�LPEDODQFHG��DQG�WKH�LPEDODQFH�JRHV�OHIW�ULJKW��6R�LW
V�D�]LJ]DJ�

4XHVWLRQ����7R�À[��,�URWDWH�WZLFH�DERXW�WKH�JUDQGFKLOG�RI�WKH�LPEDODQFHG�QRGH��7KDW
V�QRGH�����+HUH
V�WKH�UHVXOW�

4XHVWLRQ����:KHQ�,�LQVHUW�����,�JHW�



1RGH����LV�LPEDODQFHG��DQG�WKH�LPEDODQFH�JRHV�ULJKW�ULJKW��6R�LW
V�D�]LJ]LJ�

4XHVWLRQ����7R�À[��,�URWDWH�RQFH�DERXW�WKH�FKLOG�RI�WKH�WKH�LPEDODQFHG�QRGH��7KDW
V�QRGH�����+HUH
V�WKH�UHVXOW�

4XHVWLRQ����:KHQ�,�LQVHUW�����,�JHW�



1RGH����LV�LPEDODQFHG��DQG�WKH�LPEDODQFH�JRHV�ULJKW�OHIW��6R�LW
V�D�]LJ]DJ�

4XHVWLRQ����7R�À[��,�URWDWH�WZLFH�DERXW�WKH�JUDQGFKLOG�RI�WKH�WKH�LPEDODQFHG�QRGH��7KDW
V�QRGH�����+HUH
V�WKH
UHVXOW�

4XHVWLRQ����:KHQ�,�GHOHWH�����,�UHSODFH�LW�ZLWK�QRGH�����7KH�UHVXOW�LV�



1RGH����LV�LPEDODQFHG��DQG�WKH�LPEDODQFH�JRHV�OHIW�OHIW��6R�LW
V�D�]LJ]LJ�

4XHVWLRQ����7R�À[��,�URWDWH�RQFH�DERXW�WKH�FKLOG�RI�WKH�WKH�LPEDODQFHG�QRGH��7KDW
V�QRGH�����+HUH
V�WKH�UHVXOW�

4XHVWLRQ����:KHQ�,�GHOHWH�����,�JHW�



1RGH����LV�LPEDODQFHG��DQG�WKH�LPEDODQFH�JRHV�OHIW�OHIW��6R�LW
V�D�]LJ]LJ�

4XHVWLRQ�����7R�À[��,�URWDWH�RQFH�DERXW�WKH�FKLOG�RI�WKH�WKH�LPEDODQFHG�QRGH��7KDW
V�QRGH�����+HUH
V�WKH�UHVXOW�

4XHVWLRQ�����:KHQ�,�GHOHWH�����,�UHSODFH�LW�ZLWK�WKH�ODUJHVW�QRGH�LQ�LWV�OHIW�VXEWUHH����������DQG�WKHQ�GHOHWH�QRGH
����+HUH
V�WKH�UHVXOW�



1RGH����LV�LPEDODQFHG��DQG�WKLV�LV�D�FDVH�ZKHUH�WKH�WZR�VXEWUHHV�RI�WKH�FKLOG������DUH�WKH�VDPH�KHLJKW��<RX�WUHDW
WKLV�DV�D�]LJ]LJ�

4XHVWLRQ�����7R�À[��,�URWDWH�RQFH�DERXW�WKH�FKLOG�RI�WKH�WKH�LPEDODQFHG�QRGH��7KDW
V�QRGH�����+HUH
V�WKH�UHVXOW�



&OLFNHU�4XHVWLRQV

4XHVWLRQ
���,V�WKH
WUHH�WR
WKH�ULJKW
D�ELQDU\
KHDS"
3OHDVH
DQVZHU
�<HV��RU
�1R��

4XHVWLRQ����:KHQ�WKH�IROORZLQJ�ELQDU\
KHDS�LV�VWRUHG�LQ�D�YHFWRU��ZKDW�LV�WKH�LQGH[
RI�WKH�QXPEHU���"

4XHVWLRQ����:KHQ�WKH�IROORZLQJ�ELQDU\
KHDS�LV�VWRUHG�LQ�D�YHFWRU��ZKDW�LV�WKH�LQGH[
RI�WKH�QXPEHU���"

4XHVWLRQ����,I�WKH�YDOXH����LV�SXVKHG�RQWR
WKH�KHDS��LQ�ZKDW�LQGH[�RI�WKH�YHFWRU�ZLOO�LW
EH�VWRUHG"

4XHVWLRQ����,Q�WKH�IROORZLQJ�KHDS��ZH�FDOO�3RS����:KDW�ZLOO�EH
WKH�LQGH[�RI�WKH�YDOXH����LQ�WKH�YHFWRU�YHUVLRQ�RI�WKH�KHDS��ZKHQ
3RS���LV�GRQH"



$QVZHUV

,I�DQ\�RI�WKHVH�DUH�XQFOHDU��SOHDVH�JR�RYHU�WKH�OHFWXUH�QRWHV�IRU�KHDSV�

4XHVWLRQ����<HV�
4XHVWLRQ������
4XHVWLRQ������
4XHVWLRQ������
4XHVWLRQ�������


