
Part I. (50 points)

1) Measure the average time it takes to start up a process, by writing
a program that does it. Use five different processes from your
computer and report the time. (5 Points) (Hint: use Chrono)

Figure 1: Process startup time
2) Measure the average time it takes to start up a thread, by writing
a program that does it. (5 Points) (Hint: use Chrono) (you may create
your own thread in this case) (Just one thread is enough here.)

Figure 2: Thread startup time

3+)Run it several times, and present a histogram of your results for
process and threads separately. (10 Points)

Figure 3: Histogram of process startup time



4)What are mean and standard deviation for your observations for
both the process and threads? (10 Points)

5)What is the 95% confidence level interval for both? Please refer to
the link below to understand about 95% confidence interval. (10
Points)

Figure 4: Process startup data

Figure 5: Thread startup data



The data in the graph above was calculated using a function in the EXECL table, with startup

times measured in milliseconds for processes and nanoseconds for threads.

Rows 13 and 14 in the first table are the mean and standard deviation of process start time

respectively, and rows 13 and 14 in the second table are the mean and standard deviation of thread

start time respectively.

The red data in the first table is the 95% confidence level interval for the process, and the red

data in the second table is the 95% confidence level interval for the thread.

6) Why shouldn't it always take exactly the same amount of time to
perform this simple action for both? (10 Points)

Part II. (50 points)

This part will test how effective a thread implementation is over a
process. Write a program that will do the following.
1) Write a C++ program that uses a vector to perform a merge sort
on a queue of integers ( Use the following queue: 39 1 95 75 92 43 98
77 46 54 48 82 30 85 74 53 37 61 51 4 8 68 17 15 10 56 47 93 23 59
60 86 21 31 36 84 19 20 12 27 76 71 45 25 91 22 13 94 55 34 52 67
96 100 29 57 65 9 49 38 33 66 80 99 44 90 26 3 28 87 64 83 73 11
58 18 79 6 35 16 41 78 88 69 70 97 42 7 2 40 81 62 5 14 72 50 32 89
24 63.) The merge shot should be implemented as a method. You may
sort them in an ascending or a descending order. For this you may use
any reference that you want and borrow the code if needed. (10
Points)

Figure 6: Implementation of merge sort

2) Assuming that the entire program is a process by itself, calculate

the time to run the program as a whole. (Hint: Use std::chrono). (20

points)



Figure 7: Merge sort implementation and timing

3) Implement two threads and run the same program using the two
threads. Now, calculate the time it takes to run the program
successfully. (20 points) (Please remember that using threads the
program execution should take less time as compared to a process.)

Figure 8: Using two threads to execute the same program



The appendix part

Part I. (50 points)

// OS_Project.cpp: Master project file

#include <iostream>

//Import I/O header files

#include <stdlib.h>

//Standard Library header files that allow programs to use functions such as

free() and sexit()

#include <chrono>

//Introduces the chrono timing header to calculate the start time of the process

#include <windows.h>

//Introduction of the Windows library, which is an important header file for

writing Windows programs, in order to use ShellExecute function to start the

process ()

#include <thread>

using namespace std;

using namespace std::chrono;//Use the STD namespace to make all identifiers

valid

class Timer {

public:

Timer() :m_begin(high_resolution_clock::now()) {}

void reset() { m_begin = high_resolution_clock::now(); }

//The output of milliseconds

int64_t elapsed() const

{

return

duration_cast<chrono::milliseconds>(high_resolution_clock::now() -

m_begin).count();

}

//nanosecond

int64_t elapsed_nano() const

{

return

duration_cast<chrono::nanoseconds>(high_resolution_clock::now() -

m_begin).count();

private:

time_point<high_resolution_clock> m_begin;

};



void StratVisio()

{

cout << "Running the First Process." << endl;

Timer timer;

system("start Visio.exe");

//Executing Dos Commands

cout << "Sucess!" << endl;

cout << timer.elapsed() << "ms\n" << endl;

}

void StratTxt()

{

cout << "Running the Second Process." << endl;

Timer timer;

ShellExecute(0, "open", "C:\\Users\\Administrator\\Desktop\\介绍.txt",

NULL, NULL, SW_SHOWNORMAL);

cout << "Sucess!" << endl;

cout << timer.elapsed() << "ms\n" << endl;

}

void startWINWORD()

{

cout << "Running the Third Process." << endl;

Timer timer;

system("start WINWORD.EXE ");

cout << "Sucess!" << endl;

cout << timer.elapsed() << "ms\n" << endl;

}

void StratWeb()

{

cout << "Running the Fourth Process." << endl;

Timer timer;

ShellExecute(NULL, "open", "http://www.zknu.edu.cn", "", "", SW_SHOW);

//The shellexecute arguments are {specify parent window handle}, specify

actions, specify the file or program to open, and specify parameters for the

program to open;

//If you're opening a file this should be null, default directory, open

option

cout << "Sucess!" << endl;

cout << timer.elapsed() << "ms\n" << endl;



}

void StratPOWERPNT()

{

cout << "Running the Fifth Process." << endl;

Timer timer;

ShellExecute(NULL, "open", "POWERPNT.EXE", NULL, NULL, SW_SHOWNORMAL);

cout << "Sucess!" << endl;

cout << timer.elapsed() << "ms\n" << endl;

}

void Close()

{

system("taskkill /f /im msedge.exe");

system("taskkill /f /im notepad.exe");

system("taskkill /f /im Visio.exe");

system("taskkill /f /im WINWORD.EXE");

system("taskkill /f /im POWERPNT.EXE");

}

void Thread1()

{

int i;

int a, b, c;

for (i = 100;i <= 999;i++) {

a = i / 100; // hundred

b = (i / 10) % 10; //ten

c = i % 10;

if (a * a * a + b * b * b + c * c * c == i) {}

//cout << i << endl;

}

void CreatThread()

{

cout << "Running the First Thread." << endl;

Timer timer1;

thread t1(Thread1);

cout << timer1.elapsed_nano() << "ns\n" << endl;

t1.detach();

}

int main(int argc, char* argv[])



{

/*StratVisio();

StratTxt();

startWINWORD();

StratWeb();

StratPOWERPNT();

Close();*/

CreatThread();

return 0;

}

Part II.

#include <iostream>

#include <iomanip>//Formatted output

#include <chrono>

//Introduces the chrono timing file used to calculate the start time of a process

#include <cmath>

#include <thread>

using namespace std::chrono;//Use the STD namespace to make all identifiers valid

using namespace std;

//Merge sort (from small to large)

//Function parameters: array to be sorted, left and right boundaries.

//Returned value: None void

class Timer {

public:

Timer() :m_begin(high_resolution_clock::now()) {}

void reset() { m_begin = high_resolution_clock::now(); }

//The output of milliseconds

int64_t elapsed() const

{

return duration_cast<chrono::milliseconds>(high_resolution_clock::now() -

m_begin).count();

}

// nanosecond

int64_t elapsed_nano() const

{

return duration_cast<chrono::nanoseconds>(high_resolution_clock::now() -

m_begin).count();

}

private:



time_point<high_resolution_clock> m_begin;

};

void Merge(long* data, long left, long mid, long right);

void MergeSort(long* data, long left, long right)

{

if (left >= right)//exit

{

return;

}

else

{

int mid = (left + right) / 2;//binary

MergeSort(data, left, mid);//Process the left-hand subsequence

MergeSort(data, mid + 1, right);//Process the right-hand subsequence

//Merge sort

Merge(data, left, mid, right);

}

}

//Function Merges subsequences

//Function arguments: Requires an array to merge, left, middle, and right index

Pointers

void Merge(long* data, long left, long mid, long right)

{

int i = left, j = mid + 1, k = left;

int temp[10000] = { 0 };//Temporary array

//Assign to a temporary array

while (i <= mid && j <= right)//Left subsequence to mid, right subsequence to

right

{

if (data[i] < data[j])

{

temp[k++] = data[i++];

}

else

{

temp[k++] = data[j++];

}

}

while (i <= mid)//The left subsequence is left unassigned, and the remaining

elements are assigned

{

temp[k++] = data[i++];



}

while (j <= right)

{

temp[k++] = data[j++];

}

for (int i = left;i <= right;i++)

{

data[i] = temp[i];

}

}

void countPrime() {

int count = 1000 - 1;

for (int i = 2; i <= 1000; i++) {

for (int j = 2; j <= sqrt(i); j++) {

if (i % j == 0) {

count--;

break;

}

}

}

//cout << count;

}

void CreateThread1()

{

Timer timer1;

cout << "One\n";

thread t1(countPrime);

cout << timer1.elapsed_nano() << "ns\n" << endl;

t1.detach();

}

void CreateThread2()

{

Timer timer2;

cout << "Two\n";

thread t2(countPrime);

cout << timer2.elapsed_nano() << "ns\n" << endl;

t2.detach();

}

int main()

{



long data[100] = {

39,1, 95,75, 92,43,98,77,46,54 ,

48,82,30,85, 74,53,37,61,51,4,

8, 68,17,15, 10,56,47,93,23,59,

60,86,21,31, 36,84,19,20,12,27,

76,71,45,25, 91,22,13,94,55,34,

52,67,96,100,29,57,65,9, 49,38,

33,66,80,99, 44,90,26,3, 28,87,

64,83,73,11, 58,18,79,6, 35,16,

41,78,88,69, 70,97,42,7, 2, 40,

81,62,5, 14, 72,50,32,89,24,63, };

Timer timer;

MergeSort(data, 1, 99);

for (int i = 1;i <= 99;i++)

{

cout << data[i]<<" ";

}

cout <<"\nMerge sort takes " << timer.elapsed() << "ms\n" << endl;

/*CreateThread1();

CreateThread2();*/

}


