FlexArray (of strings) 2003-10-16
$ cat flexarray.cpp
#include <iostream>

#include <string>

struct FlexArray

{ string * array;

  int num, size; };

void init(FlexArray & a)

{ a.size=1;

  a.array=new string[a.size];

  a.num=0; }

void add(FlexArray & a, string s)

{ if (a.num>=a.size)

  { int newsize=a.size+1;   // or

             // a.size+3;      or

             // a.size*2;      or just about anything

    string * newarray = new string[newsize];

    for (int i=0; i<a.num; i+=1)

      newarray[i]=a.array[i];

    delete[] a.array;

    a.array=newarray;

    a.size=newsize; }

  a.array[a.num]=s;

  a.num+=1; }

sting get(const FlexArray & a, int index)

{ if (index<0 || index>=a.num)

    return "???";

  return a.array[index]; }

int how_many(const FlexArray & a)

{ return a.num; }

void main(void)

{ FlexArray names;

  init(names);

  FlexArray numbers;

  init(numbers);

  while (true)

  { string s;

    cin >> s;

    if (s=="end")

      break;

    else if (s[0]>='0' && s[0]<='9')

      add(numbers, s);

    else if (s[0]>='a' && s[0]<='z')

      add(names, s);

    else

      cout << "Rejected '" << s << "'\n"; }

  cout << "Names:\n";

  for (int i=0; i<how_many(names); i+=1)

    cout << "  " << get(names, i) << "\n";

  cout << "Numbers:\n";

  for (int i=0; i<how_many(numbers); i+=1)

    cout << "  " << get(numbers, i) << "\n";

  cout << "The end\n"; }
$ CC flexarray.cpp
$ a.out
hello

cat

1234

jim

999

sally

3743746

gugugugugug

end

Names:

  hello

  cat

  jim

  sally

  gugugugugug

Numbers:

  1234

  999

  3743746

The end

$ pico flexarray.cpp

// a modification made by a stupid programmer:

void main(void)

{ FlexArray names;

  init(names);

  FlexArray numbers;

  init(numbers);
  names.size=1000;        // pre-expand arrays at beginning

  numbers.size=1000;      // for better efficiency

  while (true)

  { string s;

    cin >> s;

    if (s=="end")

      break;

    else if (s[0]>='0' && s[0]<='9')

      add(numbers, s);

    else if (s[0]>='a' && s[0]<='z')

      add(names, s);

    else

      cout << "Rejected '" << s << "'\n"; }

  cout << "Names:\n";

  for (int i=0; i<how_many(names); i+=1)

    cout << "  " << get(names, i) << "\n";

  cout << "Numbers:\n";

  for (int i=0; i<how_many(numbers); i+=1)

    cout << "  " << get(numbers, i) << "\n";

  cout << "The end\n"; }
$ CC flexarray.cpp
$ a.out

hello

cat
Bus error (core dumped)

$
$ pico flexarray.cpp              

                               // significantly improved version
#include <iostream>

#include <string>

struct FlexArray

{ protected:
    string * array;

    int num, size;                   // this is line 7
  friend void init(FlexArray & a);   

  friend void add(FlexArray & a, string s);   

  friend string get(const FlexArray & a, int index);   

  friend int how_many(const FlexArray & a); };

void init(FlexArray & a)

{ a.size=1;

  a.array=new string[a.size];

  a.num=0; }

void add(FlexArray & a, string s)

{ if (a.num>=a.size)

  { int newsize=a.size+1;   // or

             // a.size+3;      or

             // a.size*2;      or just about anything

    string * newarray = new string[newsize];

    for (int i=0; i<a.num; i+=1)

      newarray[i]=a.array[i];

    delete[] a.array;

    a.array=newarray;

    a.size=newsize; }

  a.array[a.num]=s;

  a.num+=1; }

string get(const FlexArray & a, int index)

{ if (index<0 || index>=a.num)

    return "???";

  return a.array[index]; }

int how_many(const FlexArray & a)

{ return a.num; }

void main(void)   

{ FlexArray names;

  init(names);

  FlexArray numbers;

  init(numbers);

  names.size=1000;                // this is line 46
  numbers.size=1000;              // this is line 47
  while (true)

  { string s;

    cin >> s;

    if (s=="end")

      break;

    else if (s[0]>='0' && s[0]<='9')

      add(numbers, s);

    else if (s[0]>='a' && s[0]<='z')

      add(names, s);

    else

      cout << "Rejected '" << s << "'\n"; }

  cout << "Names:\n";

  for (int i=0; i<how_many(names); i+=1)  

    cout << "  " << get(names, i) << "\n";

  cout << "Numbers:\n";

  for (int i=0; i<how_many(numbers); i+=1)  

    cout << "  " << get(numbers, i) << "\n";

  cout << "The end\n"; }
$ CC flexarray.cpp
flexarray.cpp: In function `int main(...)':

flexarray.cpp:7: `int FlexArray::size' is protected

flexarray.cpp:46: within this context

flexarray.cpp:7: `int FlexArray::size' is protected

flexarray.cpp:47: within this context
$ pico flexarray.cpp
// remove lines 46 and 47

$ CC flexarray.cpp 

$ a.out

hello

cat

1234

jim

999

sally

3743746

gugugugugug

end
Names:

  hello

  cat

  jim

  sally

  gugugugugug

Numbers:

  1234

  999

  3743746

The end

$
Analysis of Computational Effort

Size changed by simple increment: newsize=a.size+1;
starting from an empty FlexArray,

add(“aaa”);
num=1, size=1,

no extra work

add(“bbb”);
num=2, size=2,

one string copied, total effort = 1
add(“ccc”);
num=3, size=3,

2 strings copied, total effort = 3
add(“ddd”);
num=4, size=4,

3 strings copied, total effort = 6
add(“eee”);
num=5, size=5,

4 strings copied, total effort = 10
add(“fff”);
num=6, size=6,

5 strings copied, total effort = 15
add(“ggg”);
num=7, size=7,

6 strings copied, total effort = 21
add(“hhh”);
num=8, size=8,

7 strings copied, total effort = 28
add(“iii”);
num=9, size=9,

8 strings copied, total effort = 36
add(“jjj”);
num=10, size=10,

9 strings copied, total effort = 45
add(“kkk”);
num=11, size=11,

10 strings copied, total effort = 55
add(“lll”);
num=12, size=12,

11 strings copied, total effort = 66
add(“mmm”);
num=13, size=13,

12 strings copied, total effort = 78
add(“nnn”);
num=14, size=14,

13 strings copied, total effort = 91
add(“ooo”);
num=15, size=15,

14 strings copied, total effort = 105
add(“ppp”);
num=16, size=16,

15 strings copied, total effort = 120
add(“qqq”);
num=17, size=17,

16 strings copied, total effort = 136
etc.

So in working out how the usage of the FlexArray (number of items inserted) relates to the computational effort required (and therefore the run time), we have a to work out what the formula is that takes 1 to 0, 2 to 1, 3 to 3, 4 to 6, 5 to 10, ... and 17 to 136.
Rather than play around with numeric tricks, some logic will give the answer.

When the 9th string (“iii”) is added, all 8 strings already in the array have to be copied, and that effort is on top of all the effort already expended in adding those 8 earlier strings. When the 8th string was added, that required copying the 7 already there, plus the effort required to get those 7 added. etc etc etc.


effort to add 1 string = 0.


effort to add 2 strings = 1 + effort to add 1, or 1+0


effort to add 3 strings = 2 + effort to add 2, or 2+1+0


effort to add 4 strings = 3 + effort to add 3, or 3+2+1+0


effort to add 5 strings = 4 + effort to add 4, or 4+3+2+1+0

The pattern is clear: the total effort required to add N strings is simply the sum of all the integers between 0 and N-1.

Perhaps you already know how to work out the sum of all the numbers between 0 and N-1, but in case you don’t, there is a very easy way to find the answer. How many numbers are there between 0 and N-1?    N, of course (simple example, numbers between 0 and 5-1 are 0, 1, 2, 3, 4, i.e. 5 numbers). Now, what is the average of the numbers between 0 and N-1?  The average of an unbroken sequence of numbers is the same as the average of the first and last of that sequence, so (0+N-1)/2, or ½(N-1).

So, we have N numbers, whose average value is ½(N-1), so what is their total? clearly N×½(N-1), or ½N2-½N, which we can say is approximately ½N2.

For incrementing, effort and time are proportional to N2.

Size changed by simple multiplication: newsize=a.size*2;
starting from an empty FlexArray,

add(“aaa”);
num=1, size=1,

no extra work

add(“bbb”);
num=2, size=2,

one string copied, total effort = 1
add(“ccc”);
num=3, size=4,

2 strings copied, total effort = 3
add(“ddd”);
num=4, size=4,

no extra work
add(“eee”);
num=5, size=8,

4 strings copied, total effort = 7
add(“fff”);
num=6, size=8,

no extra work
add(“ggg”);
num=7, size=8,

no extra work
add(“hhh”);
num=8, size=8,

no extra work
add(“iii”);
num=9, size=16,

8 strings copied, total effort = 15
add(“jjj”);
num=10, size=16,

no extra work
add(“kkk”);
num=11, size=16,

no extra work
add(“lll”);
num=12, size=16,

no extra work
add(“mmm”);
num=13, size=16,

no extra work
add(“nnn”);
num=14, size=16,

no extra work
add(“ooo”);
num=15, size=16,

no extra work
add(“ppp”);
num=16, size=16,

no extra work
add(“qqq”);
num=17, size=32,

16 strings copied, total effort = 31
etc.

This time, the formula becomes blindingly obvious if you don’t write down the entries where nothing

changes:



when 2 things have been inserted, total effort is 1



when 3 things have been inserted, total effort is 3



when 5 things have been inserted, total effort is 7



when 9 things have been inserted, total effort is 15



when 17 things have been inserted, total effort is 31


generalising:



when N things have been inserted, total effort is 2N-3

For multiplying, effort and time are proportional to N.

Admittedly we have different factors: incrementing gives ½N2 when doubling gives 2N, but it doesn’t take very big values of N for 2N to become faster than ½N2.

If the increment is larger than 1, the same reasoning shows that we still get an N2 formula, just with a different multiplier. If the increment to the array size is K, the total effort will be N2/2K.
