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ANSWER

External to the program, generate a plot which depicts the performance of each of the algorithms.   

Generate a memory trace

Each memory trace is 1,000 addresses.

Loop over parts from 0 to 9

            Base address equals 25 times a uniform random value in [0,99], inclusive.

            Index over addresses within part from 0 to 99.

                        Address[100*part+index] = Base + uniform random in [0,49], inclusive.

Basically, process a memory trace (1000 random number array with a work set of 2-20, so you process the work set of an array of two then once you process the 1000 numbers you do it again with an array of 3 then 4 and so on until the workset is 20 and one it's 20 you go back to a workset of 2, you do this 1000 times. And you do this for each of the 4 algorithm

A fault is when the address is not found in virtual memory (work set) so when you have a value in the trace you go through the workset if you find the number in the workset than there is no fault but if you don't have faults until the workset is full. So while you have values of 0 in the workset you don't have faults. Increase the fault count only when you have to replace an entry in the working set, which should only happen after the set is full.



Page Fault (Fault):
Occurs when the page containing a referenced word is not in main memory. This causes an interrupt and requires the proper page be brought into main memory.

Algorithms used for the selection of a page to replace:

Least recently used (LRU)
Replaces the page that has not been referenced for the longest time
By the principle of locality, this should be the page least likely to be referenced in the near future

First-in-first-out (FIFO)
Treats page frames allocated to a process as a circular buffer
Pages are removed in round-robin style
Simple replacement policy to implement
Page that has been in memory the longest is replaced

Clock:
Requires the association of an additional bit with each frame
Referred to as the use bit
When a page is first loaded in memory or referenced, the use bit is set to 1
The set of frames is considered to be a circular buffer
Any frame with a use bit of 1 is passed over by the algorithm
Page frames visualized as laid out in a circle

Random:
Random replacement algorithm replaces a random page in memory. In the random algorithm, you check if the next address in the trace already exists in your working set. If it doesn't, choose a random address within your working set and replace it with the new one.

Sample 1:
Numbers you need to feed into the working set are calculated in the "generate memory trace" function, which generates 1000 addresses (rand values from 0-99 *25 + some base address calculation) that you feed to your working set. The suggestion to use numbers from 1-5 with a buffer size 3, is so that you can compare the number of faults you get in your program with the example in the book (see below). It's just a way to validate your answer
Page address stream 2 321 52 4 5 3 252 OPT IRL,目困困困申困率團串串團團 LRU 222 5 5 553 333 2*22222* F page fault occurring after the frame allocation is initially filled


Code for FIFO:

#include<iostream>

using namespace std;

int main()

{

    int num,bt[20],wt[20],tat[20],avwt=0,avtat=0,i,j;

    cout<<"Enter the number of processes(not more than 20):";

    cin>>num;

    cout<<"\nEnter Process Burst Time\n";

    for(i=0;i<num;i++)

    {

        cout<<"P["<<i+1<<"]:";

        cin>>bt[i];

    }

    wt[0]=0;    //waiting time for first process is 0

    //calculating waiting time

    for(i=1;i<num;i++)

    {

        wt[i]=0;

        for(j=0;j<i;j++)

            wt[i]+=bt[j];

    }

    cout<<"\nProcess\t\tBurst Time\tWaiting Time\tTurnaround Time";

    //calculating turnaround time

    for(i=0;i<num;i++)

    {

        tat[i]=bt[i]+wt[i];

        avwt+=wt[i];

        avtat+=tat[i];

        cout<<"\nP["<<i+1<<"]"<<"\t\t"<<bt[i]<<"\t\t"<<wt[i]<<"\t\t"<<tat[i];

    }

    avwt/=i;

    avtat/=i;

    cout<<"\n\nAverage Waiting Time:"<<avwt;

    cout<<"\nAverage Turnaround Time:"<<avtat;

    return 0;

}

C++ code for LRU:

#include<bits/stdc++.h>

using namespace std;

// Function to find page faults using indexes

int pageFaults(int pages[], int n, int capacity)

{

    unordered_set<int> s;

    unordered_map<int, int> indexes;

    int page_faults = 0;

    for (int i=0; i<n; i++)

{

        if (s.size() < capacity)

        {

            if (s.find(pages[i])==s.end())

            {

                s.insert(pages[i]);

page_faults++;

            }

indexes[pages[i]] = i;

        }

else

        {

if (s.find(pages[i]) == s.end())

            {

int lru = INT_MAX, val;

                for (auto it=s.begin(); it!=s.end(); it++)

                {

                    if (indexes[*it] < lru)

                    {

                        lru = indexes[*it];

                        val = *it;

                    }

                }

s.erase(val);

s.insert(pages[i]);

page_faults++;

            }

indexes[pages[i]] = i;

        }

    }  

    return page_faults;

}

int main()

{

    int pages[] = {7, 0, 1, 2, 0, 3, 0, 4, 2, 3, 0, 3, 2};

    int n = sizeof(pages)/sizeof(pages[0]);

    int capacity = 4;

    cout << pageFaults(pages, n, capacity);

    return 0;

}

C++ Code for OPT:

#include <bits/stdc++.h>

using namespace std;

bool search(int key, vector<int>& fr)

{

    for (int i = 0; i < fr.size(); i++)

        if (fr[i] == key)

            return true;

    return false;

}

int predict(int pg[], vector<int>& fr, int pn, int index)

{

    int res = -1, farthest = index;

    for (int i = 0; i < fr.size(); i++) {

        int j;

        for (j = index; j < pn; j++) {

            if (fr[i] == pg[j]) {

                if (j > farthest) {

                    farthest = j;

                    res = i;

                }

                break;

            }

        }

        if (j == pn)

            return i;

    }

    return (res == -1) ? 0 : res;

}

void optimalPage(int pg[], int pn, int fn)

{

    vector<int> fr;

    int hit = 0;

    for (int i = 0; i < pn; i++) {

        if (search(pg[i], fr)) {

            hit++;

            continue;

        }

        if (fr.size() < fn)

            fr.push_back(pg[i]);

        else {

            int j = predict(pg, fr, pn, i + 1);

            fr[j] = pg[i];

        }

    }

    cout << "No. of hits = " << hit << endl;

    cout << "No. of misses = " << pn - hit << endl;

}  

int main()

{

    int pg[] = { 7, 0, 1, 2, 0, 3, 0, 4, 2, 3, 0, 3, 2 };

    int pn = sizeof(pg) / sizeof(pg[0]);

    int fn = 4;

    optimalPage(pg, pn, fn);

    return 0;

}

