#include <iostream>
#include <string>
#define MEMORY_SIZE     32
char _memory[MEMORY_SIZE];

void *hd_alloc(size_t size);

void hd_free(void *ptr);

char *hd_get_start_of_memory();

char *hd_get_end_of_memory();

void hd_show_heap();

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

    // mem1 = alloc(2)
    std::cout<<"mem1 = alloc(2)"<<std::endl;

    char *mem1 = (char *)hd_alloc(2);

    *mem1 = 'X';

    hd_show_heap();

    // mem2 = alloc(8)
    std::cout<<"mem2 = alloc(8)"<<std::endl;

    char *mem2 = (char *)hd_alloc(8);

    strcpy(mem2, "test");

    hd_show_heap();

    // mem3 = alloc(sizeof(int))
    std::cout<<"mem3 = alloc(sizeof(int))"<<std::endl;

    int *mem3 = (int *)hd_alloc(sizeof(int));

    *mem3 = 0x10203040;

    hd_show_heap();

    // free(mem2)
    std::cout<<"free(mem2)"<<std::endl;

    hd_free(mem2);

    hd_show_heap();

    // mem4 = alloc(3)
    std::cout<<"mem4 = alloc(3)"<<std::endl;

    char *mem4 = (char *)hd_alloc(3);

    strcpy(mem4, "HI");

    hd_show_heap();

    // mem5 = alloc(4)
    std::cout<<"mem5 = alloc(4)"<<std::endl;

    char *mem5 = (char *)hd_alloc(4);

    strcpy(mem5, "BYE");

    hd_show_heap();

    return 0;

}

void hd_show_heap() {

    char *msp = hd_get_start_of_memory();

    char *mep = hd_get_end_of_memory();

    char *mp;

    char buf1[256] = "[";

    char *ptr1 = buf1+1;

    char buf2[256] = "[";

    char *ptr2 = buf2+1;

    int len = 6;

    int len1 = 1, len2 = 2;

    for (mp=msp; mp<mep; ++mp) {

        char c = *mp;

        sprintf(ptr2, "[%4d]", (int)c);

        if (c == '\t') {

            c = 'A';

        } else if (c < 0) {

            c = 'A';

        } else if (c == 12) { // new line
            c = 'A';

        }

        sprintf(ptr1, "[%4c]", c);

        ptr1 += len, ptr2 += len;

        len1 += len, len2 += len;

    }

    *ptr1 = ']', *ptr2 = ']';

    len1 += 1, len2 += 1;

    for (int i=0; i<len1; ++i) {

        std::cout<<buf1[i];

    }

    std::cout<<std::endl;

    for (int i=0; i<len2; ++i) {

        std::cout<<buf2[i];

    }

    std::cout<<std::endl;

}

char *hd_get_start_of_memory() {

    return _memory;

}

char *hd_get_end_of_memory() {

    return _memory + MEMORY_SIZE;

}

void hd_free(void *ptr) {

    char *mp = (char *)ptr - sizeof(int);

    int offset = *(int *)mp;

    if (offset > 0)

        *(int *)mp = -offset;

}

void *hd_alloc(size_t size) {

    static char *hptr = hd_get_start_of_memory();

    size_t space = size + 2*sizeof(int);

    int offset;

    const char *end_of_memory = hd_get_end_of_memory();

    if (hptr + size >= end_of_memory) {

        hptr = hd_get_start_of_memory();

    }

    for (; hptr + size < end_of_memory; hptr += offset) {

        offset = *(int *)hptr;

        if (offset == 0) {

            offset = (int)size + sizeof(int);

            *(int *)hptr = offset;

            hptr += offset;

            return hptr - size;

        } else if (offset < 0                   // deallocated memory
                   && space <= -offset) {       // and enough space
            char *next_hptr = hptr - offset;

            offset = (int)size + sizeof(int);

            *(int *)hptr = offset;

            hptr += offset;

            *(int *)hptr = (int)(next_hptr - hptr);

            return hptr - size;

        }

    }

    return NULL;

}

