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Problem 1: Multiple Choice Madness (24 points)

Circle exactly one answer for each of the following questions:

i. It is possible for C code to determine the endian-ness of the underlying CPU.

a) true b) false

ii. In C, a pointer is a variable that contains an address. If you add 2 to a pointer, then:
a) the resulting value is the address plus 2

b) the resulting value depends on what value the pointer points to

¢) the resulting value depends on the type of the pointer

d) asegmentation fault is thrown

iii. When you pass a struct as an argument to a C function, then:

a) the struct is passed by value (i.e., a copy of the struct is made,
including copying each field in the struct))

b) the struct is passed by reference (i.e., a pointer to the struct is passed)
c) acompiler error is thrown, since you cannot pass structs as arguments

d) what happens depends on the type of fields in the struct

iv. When you pass an array as an argument to a C function, then:

a) the array elements are passed by value (i.e., a copy of the array is made, including
copying each element of the array)

b) since arrays are really just pointers, a pointer to the first element of
the array is passed and no array elements are copied

c) acompiler error is thrown, since you cannot pass arrays as arguments

d) what happens depends on the type of the array



v. The purpose of a header guard is to:
a) prevent more than one .c file from including a particular .h file

b) prevent the header file from being included indirectly, as a side-effect of including
some other .h file that includes it

c) document the contents and purpose of the header file

d) prevent the header file from being included twice, directly or
indirectly

vi. A C++ reference:

a) serves as an alternative name for an object or variable (i.e., is an alias)
b) serves as a pointer to an object or variable
c) cannot be used as a parameter of a function
d) cannot be passed as an argument to a function
vii. What does “const” in the following code imply?
void foo (const int *x) { - }
a) the value of the pointer “x” cannot be changed inside the function foo
b) the function foo cannot have any side-effects

c) nothing; const in this case has no effect

d) the value that the pointer “x” points to cannot be changed inside the
function foo

viii. What does “const” in the following code imply?
void Foo::bar (int *x) { . } const;
a) the method bar( ) cannot mutate any of its parameters
b) the method bar( ) cannot have any side-effects at all
¢) the method bar() cannot mutate any of Foo’s state

d) the method bar( ) can only invoke const-y functions and methods



ix. Which of the following box and arrow diagrams correctly represents the following code?

int x = 5;

int *y = &x;
int &z = x;
int *w = &z;
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x. The destructor of an object that is heap-allocated:
a) is invoked when the function in which it is allocated returns
b) is never invoked

c) must be invoked manually

d) is invoked when somebody uses “delete” to deallocate the object



xi. A vtable:

a) exists for each class, and contains a function pointer for each method in the class

b) exists for each class, and contains a function pointer for each virtual
method in the class

c) exists for each object instance, and contains a function pointer for each method in the
object’s class

d) exists for each object instance, and contains a function pointer for each virtual method

in the object’s class

xii. Slicing occurs when:
a) the value of a derived class is assigned to an instance of a base class
b) a pointer to a derived class is cast to, and assigned to, a pointer to a base class
c) an N-element array is assigned to an M-element array, where M<N

d) an element is deleted from a std::vector
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CSE 333 Final Exam June 10,,, 11111011111,
Sample Solution
Question 1. (20 points) A bit of C++ hacking — STL version The question that is a lot
longer than the answer. It’s a social media world and Twitter wants you to digest some
data that they have. Write a program that reads input from stdin. Each line in the input
contains two strings: first, the name of a follower and second the name of a person they
follow. So, for instance, an input line of text containing

bob alice

means that “bob” follows “alice”. The output should contain one line for each person
who has one or more followers and contain the person’s name and number of followers.
Example: if alice has 12 followers and ed has 3,415, the output should be:

alice 12
ed 3415

The names in the output should be sorted (which is the default order in which an iterator
for maps access the data).

You should use a C++ STL map container to accumulate the data. Here is some brief
reference information about maps:

* A STL map is a collection of Pair objects. If pisa Pair,thenp.first and
p . second denote its two components. If the Pair is stored in a map, then
p.first isthe key and p. second is the associated value.

* As with any STL container, if m is a map, m.begin () and m.end () return
iterator values that might be useful. For a map, these iterators refer to the Pair
objects in the map.

* Ifit isan iterator, then *it can be used to reference the item it currently
points to, and ++1it will advance it to the next item, if any.

* Some useful operations on all STL containers, including map:

o c.clear () —remove all elements from c

o c.size () —return number of elements in c

o c.empty () —true if number of elements in c is 0, otherwise false

* Some additional operations on maps:

o m.insert (x) —add copy of x to m (a key-value pair for a map)

o m[k] can be used to access the value associated with key k. If m[k] is
read and has has never been accessed before, then a <key,value> Pair is
added to the map with k as the key and with a value created by the default
constructor for the value type (0 or nul lptr for primitive types).

*  You are free to use the C++11 auto keyword, C++11-style for-loops for
iterating through containers, and any other features of standard C++11, but you
are not required to use these.

Write your answer on the next page. You may remove this page for reference while
working if you wish.

Page 1 of 13



CSE 333 Final Exam June 10,,, 11111011111,
Sample Solution

Question 1. (cont.) Write your program to read and summarize the Twitter follower data
below. You do not need to write #includes — assume that these are already provided.
You also may assume that input operations succeed until there is no more data. You do
not need to do error checking beyond that. To simplify things, use standard C++ input
and output (cin and cout).

Here is one fairly simple solution. There are, of course, many others that would
work. In particular, there are lots of ways to write the loop that iterates through the
map to print the results (use explicit iterators instead of the C++11 for loop, use
value copy instead of references, write explicit type declarations instead of auto,
etc.). If done correctly, any of those solutions received credit.

int main() {
// read and accumulate lists of followers
string follower, followed;
map<string,int> who;
while (cin >> follower >> followed) {
who[followed] += 1;
}
// print statistics
for (const auto &person: who) {
cout << person.first << " " << person.second << endl;

}

return O;

Page 2 of 13
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Question 7. (12 points) Sockets and packets, oh my! Circle true or false for each of the
following statements.

false
.

TCP guarantees reliable delivery of the packets that make up a stream,
assuming that the socket doesn’t fail because of an I/O error.

IP guarantees reliable delivery of packets, assuming that the socket
doesn’t fail because of an 1/O error.

Packets are delivered on a “best effort” basis, but may be dropped
along the way due to congestion, routing problems, or other issues.

Given a particular hostname (like www.amazon.com), getaddrinfo ()

will return a single IP address corresponding to that name.
getaddrinfo () returns a list of possible addresses.

A single server machine can handle connection requests sent to multiple
IP addresses.

The 1isten function returns a file descriptor number for a socket that a
server can use to exchange data with the connected client machine.
listen instructs the operating system to queue up incoming
connection requests from clients on a particular socket file descriptor.
accept returns a file descriptor the server can use to exchange
messages with clients.

A router stores information about the complete path needed to send a

IP packet to its destination.

Routers generally know which of their neighbors would be a good bet
to forward a packet on the next hop towards its destination, but they
generally do not have detailed information beyond that.

Page 10 of 11
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Question 2. (16 points) Smart pointers. The following program creates a short linked
list. But it leaks memory because it never deletes any of the heap-allocated data.

Fix this program so it has no memory leaks. However, you may not alter what the
program does, you may not replace pointers to data with copies of the data, and you may
not insert any delete statements. Instead, you should fix the leaks by changing the code
to use smart pointers appropriately instead of regular pointers. Cross out existing code
and write new code as needed. Legibility is a big help — please write clearly.

Changes needed shown in bold below.

#include <iostream> // needed only for printing list
#include <memory> // smart pointers (for solution)
using namespace std;

struct Node {
unique ptr<int> val ; // ptr to node’s data on heap
shared ptr<Node> next ; // next node in list or nullptr if none
bi
int main () {
// create list
shared ptr<Node> list( new Node() ); or list->val .reset(new int(17));
list->val = unique ptr<int>( new int (17) );

shared ptr<Node> p( new Node () );

p->val = unique ptr<int>( new int (42) );

-> = ;
p->next = nullptr or p->val .reset (new int (42));
list->next = p;

// print list
for (auto n = list; n != nullptr; n = n->next )
cout << *(n->val ) << " ",
cout << endl;
return 0;
}

Notes: The payload (val ) pointer could have also been a shared ptr, but since
each node has the only pointer to its data a unique ptr is more efficient. Pointers
to the list nodes need to be shared ptrs, however, to allow for assignments.

There are other ways to solve the problem and correct solutions received credit

provided they only modified the program to use smart pointers and did not change
it otherwise.

Page 3 of 8
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Question 2. (19 points) The following header file defines a class that holds a pair of
integers and includes a constructor and functions for accessing the values.

#ifndef Pair h

#define Pair h

template <class T>

class Pair {

public:
// Construct a Pair with given first and second values
Pair (int T first, 4nt T second)

first (first), second (second) { }

// accessors: return first and second items from Pair

it T first () const { return first ; }
int T second() const { return second ; }
private:

// instance variables
int T first ;
+nt T second ;

i

#endif // Pair h

(a) (6 points) We would like to generalize this class so it can be used to store any pairs of
values as long as the values have the same type (i.e., pairs of ints or pairs of strings,
etc.)

Show the changes needed to make this a generic class where the element type is a type
parameter instead of int. You should write your changes and additions in the above

code. Hint: you’ll need to start by adding template <class T> (or template
<typename T>, which is equivalent) at the beginning of the class definition.

(Changes shown in green bold above)

(continued on the next page)
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Question 2. (cont.) We would now like to add an addition (+) operator to the generic
Pair class on the previous page. If (a,b) and (c,d) are Pair values, then (a,b)+(c,d)
should yield a new Pair containing (a+c, b+d). Neither of the original Pair objects
should be modified. You do not need to check that addition (+) is defined on the items
stored in a Pair — that is handled for you by the compiler when the addition operator is
used.

(b) (5 points) Write the function declaration (not the implementation) to be added to the
header file Pair.h for the new operator+.

// return a new Pair that is the element-wise sum of
// this and other

Pair<T> operator+(const Pair<T> &other) const;

(You did not need to supply a comment, although that would be expected in a real
project.)

(c) (8 points) Give the code to implement this new addition operator as it would appear in
a separate file Pair . cc containing definitions of functions not implemented in
Pair.h. Hint: the implementation needs to begin with template <class T>.

template <class T>
Pair<T> Pair<T>: :operator+ (const Pair<T> &other) const {
return Pair<T>(first_ + other.first ,

second_ + other.second );

(The file containing this template would have to #include the Pair.h header,
and client code would need to include both the header and implementation to use it.
That wouldn’t make any difference in how the template is written and was not
considered while grading.)

Page 4 of 11
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Question 3. (32 points) The usual, demented, dreaded virtual function madness.
Consider the following program, which, when appropriate code is inserted in the blank
space in main, does compile and execute with no errors.

#include <iostream>
using namespace std;

class One {

public:
void f£1() { £3(); cout << "One::fl" << endl; }
virtual void f£2 () { cout << "One::f2" << endl; }
void £3 () { cout << "One::f3" << endl; }

}s

class Two: public One {

public:
void f4 () { cout << "Two::f4" << endl; }
void £2() { f1(); cout << "Two::f2" << endl; }
virtual void f£3() { f4(); cout << "Two::f3" << endl; }

}s

class Three: public Two {

public:
void £3() { f£2(); cout << "Three::f3" << endl; }
void f1() { cout << "Three::fl" << endl; }
public:
bi
int main() {

return 0;

Remove this page from the exam, then answer questions about this code on the next
pages. Do not write anything on this page. It will not be scanned for grading.

Page 6 of 14
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Question 3. (cont.) (a) (6 points) Complete the diagram below to show the layout of the
virtual function tables for the classes given on the previous page. Be sure that the order of
pointers in the virtual function tables is clear (i.e., which one is first, then next, etc.). One
of the function pointers is already included to help you get started.

function code

One vtbl

Notes: There are no
pointers to non-virtual
functions in vtables.

—__ |

In derived classes, pointers
for inherited functions must

appear in the same order Two vtbl

[onein]
[onert ]

they do in base classes,
followed by pointers to any
new functions found in the
derived class.

One::f3

Three::f3

(b) (10 points) Now, for each of the following sequences of code, assume that we try to
run the program with the given lines of code replacing the empty box in main. Either
write the output that is produced when that program is executed, or, if an error occurs,

give a concise description of the problem.

(1) One *x = new Two () ;
x=>f1 () ;

(i1) One *x = new Two();
x=>f3();

(i) Two *x = new Two();
x=>£3();

(iv) One *x = new Three();
x->f4();

(v) Three *x = new Three();
x=>£3();

(continued on next page)

One:
One:

One:

Two:
Two:

- £3
:fl

- £3

:f4
- £3

Compile error: no f4 in
class One

One: :£f3
One: :fl
Two: :£2
Three: :£3

Page 7 of 14
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Question 3. (cont.) (¢) (6 points) Now, assume that we change the original code by
writing the keyword virtual in front of every function declared in classes One, Two,
and Three. Complete the vtable diagram below to show the vtable layouts for the three
classes with this change. As before, be sure the order of pointers in each vtable is clear.

One vtbl

The vtable pointers in One
can appear in any order.
The pointers in the derived

function code

classes must be in the same
order, followed by the new
pointer to f4, which is

added in class Two.

_|

e

(d) (10 points) As before, show the output produced after changing all of the member
functions in the classes to be virtual and then replacing the empty box in main with
each of the following sequences of code. Either write the output that is produced when
the program is executed, or, if an error occurs, give a concise description of the problem.

(1) One *x
x=>f1 () ;

new Two () ;

(i1) One *x
x=->£3();

new Two () ;

(i) Two *x = new Two();
x=>£3();

(iv) One *x = new Three();
x->f4();

(v) Three *x = new Three();
x=>£3();

Two:
Two:
One:

Two:
Two:

Two:
Two:

:f4
- £3
- fl

:f4
- £3

:f4
- £3

Compile error: no f4 in
class One

Three: :fl
Two::£f2
Three: :£3
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Question 4. (18 points) A bit of concurrency. Here is yet another small program that
creates a handful of threads and lets them run concurrently. (Header files and usings

omitted to save space, but this does compile and execute without crashing.)

const int NUM THREADS = 3;
static int result = 0; // global var. changed by threads
static pthread mutex t lock; // unused variable (for now)
struct t args { // arguments for one thread:

int amount; // amount to add to global result

int count; // number of times to add amount to result
bi
// Given a t args struct, add amount to result,
// repeated count times.
void *update result(void *arg) {

struct t args *p arg = (struct t args *) arg;

for (int 1 = 0; 1 < p_arg->count; i++) {
pthread mutex lock(&lock); // added for part (c)
result += p arg->amount;
pthread mutex unlock (&lock) ; // added for part (c)

}
return NULL;
}
int main(int argc, char** argv) {

struct t args args[NUM THREADS] = {{5, 4}, {20, 6}, {-5, 2}};
pthread t thrds[NUM THREADS];
// initialize lock
pthread mutex init(&lock, NULL) ; // added for part (c)
// create threads
for (int 1 = 0; i < NUM THREADS; i++) {

if (pthread create(&thrds[i], NULL, &update result, &args[i])

= 0) {
cerr << "pthread create failed" << endl;

}
}
// wait for threads to finish
for (int 1 = 0; 1 < NUM THREADS; i++) {

if (pthread join(thrds[i], NULL) != 0) {

cerr << "pthread join failed" << endl;

1
}
// destroy mutex (good practice but not required for static
// mutex variables - only required for dynamic or automatic)
pthread mutex destroy (&lock) ; // added for part (c)
// print final value of result and exit
cout << "Total: " << result << endl;
return 0;

(continued on the next page, but leave this page in the exam. You may need to write
some changes in the above code.)

Page 5 of 9
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Question 4. (cont) When we run this program it starts three threads, waits for them all to
finish, and then prints the final value of the variable result.

(a) (2 points) What value should this program print if the threads do not interfere with
each other (i.e., if, for example, the three threads were executed sequentially, one after
the other, rather than running concurrently):

Expected value if no interference: 130

(b) (6 points) When the threads run concurrently, what is the possible range of values that
the program could print? (i.e., what are the possible final values for variable result?)
Give the minimum and maximum possible values. If concurrent execution always
produces the same output, just list that value as both the minimum and maximum.

(Hint: to answer this part of the question, it helps to assume that if we execute the
program repeatedly, the concurrent thread scheduling will occur in as many different,
unpredictable ways as possible.)

Minimum possible value: -10
Maximum possible value: 140

Reason (not required): Since there is no synchronization, any of the updates can be
lost if one thread reads the value of result and then another thread writes a new
value before the first thread can write its updated value. The second write will
replace the first one, and the update from the other thread will be lost.

(c) (10 points) If it is possible for concurrent execution to produce different results, show
the minimal changes needed to guarantee that the global variable result has the
expected final value that it would have if the threads executed sequentially (i.e., the value
given in your answer to part (a)). Your solution should, however, still allow for as much
concurrent execution of the different threads as possible. For example, it is not
reasonable to rewrite the code so the threads run sequentially, one after the other or
otherwise rewrite the existing code so that it is substantially different.

Show your changes by writing them on the code on the previous page.

A lock is needed to to synchronize updates to result. Code changes shown in bold
green on the previous page.
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