CS 3370

Program 1 – “A dynamic deque of integers”

Write a program that implements a deque data structure in a single array of ints. A deque supports fast retrieval at both ends of its sequence. Begin by keeping front and back pointers to the middle of the array. (Note: when front == back, the deque is empty.). Inserting at the left with push_front moves front to the left (i.e., down) in the array. Similary, push_back moves back to the right (up). See the following diagram.
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Start with an initial array capacity of 10 (call it CHUNK, a compile-time constant). If push_front or push_back have no room to move, grow the internal array by CHUNK more spaces, keeping the data centered in the new array so both ends have room to grow. Implement the following class interface. Disallow copy and assignment.
class Deque {

    Deque();

    ~Deque();

    void push_front(int);

    void push_back(int);

    int& front();

// Throws if deque is empty
    int& back();

// Throws if deque is empty
    int& at(int pos);
// Throws if pos is out of range (0 through d.size()-1)
    void pop_front();
// No-op on underflow
    void pop_back();
// No-op on underflow
    int size() const;

    int* begin();

// Returns a pointer to the first element

    int* end();

// Returns a pointer to one past the last element

};
Throw exceptions of type std::logic_error, defined in the header <stdexcept>. Use the following test driver. It should merely print “Tests passed”. Make sure assertions are enabled (e.g., compile to Debug mode in Visual Studio).
#include <algorithm>

#include <cassert>

#include <iostream>

using namespace std;

int main() {

    // Populate

    Deque d;

    assert(d.size() == 0);

    for (int i = 0; i < 24; i += 2) {

        d.push_front(i);

        d.push_back(i+1);

    }

    assert(d.size() == 24);

    // Test push

    int nums[] = {22,20,18,16,14,12,10,8,6,4,2,0,1,3,5,7,9,11,13,15,17,19,21,23};

    assert(equal(d.begin(), d.end(), nums));

    // Test pop

    for (int i = 0; i < 6; ++i) {

        d.pop_back();

        d.pop_front();

    }

    assert(d.size() == 12);

    assert(equal(d.begin(), d.end(), nums+6));

    // Test front, back, and at

    assert(d.front() == 10);

    d.front() = 100;

    assert(d.front() == 100);

    assert(d.at(0) == 100);

    assert(d.back() == 11);

    d.back() = 110;

    assert(d.back() == 110);

    assert(d.at(d.size()-1) == 110);

    assert(d.at(1) == 8);

    d.at(1) = 80;

    assert(d.at(1) == 80);

    // Test boundaries and exceptions

    for (int i = 0; i < 100; ++i) {

        d.pop_back();

        d.pop_front();

    }

    assert(d.size() == 0);

    try {

        d.front();

        assert(0);

    }

    catch (...) {}

    try {

        d.back();

        assert(0);

    }

    catch (...) {}

    try {

        d.at(0);

        assert(0);

    }

    catch (...) {}
    cout << "Tests passed\n";

}
EXTRA CREDIT: Make Deque a class template to hold any type of data.
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