


Complex Number Time Trials




==========================

After examining the ANSI "complex" header file on the CW5 CD, I was

curious about the relative speed of various implementations of the

arithmetic operators for a complex data class. I set up a simplified

complex class in order to make some timing measurements.

This report documents my comparison of different "flavors" of

implementation for arithmetic operators in complex data class.

The following definitions apply in this report:

o
"ATOMIC" simply means that the + and * operators are directly


implemented.

o
"Not ATOMIC" means that these operators implemented using their


corresponding compute-and-assign operators.

The routine declarations shown below are excerpted from the

file "Complex Trials.h".

------------------------------------------------------------------------

Flavor 1 - value in, value out

------------------------------------------------------------------------

#ifdef ATOMIC



friend complex operator+( const complex _LH, const complex _RH )





{ return ( complex( _LH.re + _RH.re, _LH.im + _RH.im ) ); }

#else



friend complex operator+( complex _LH, const complex _RH )





{ return ( _LH += _RH ); }

#endif



complex operator+=( const complex _RH )





{ re += _RH.re; im += _RH.im; return ( *this ); }

------------------------------------------------------------------------

Flavor 2 - value in, reference out

------------------------------------------------------------------------

#ifdef ATOMIC



friend complex& operator+( const complex _LH, const complex _RH )





{ return ( complex( _LH.re + _RH.re, _LH.im + _RH.im ) );
}

#else



friend complex& operator+( complex _LH, const complex _RH )





{ return ( _LH += _RH ); }

#endif



complex& operator+=( const complex _RH )





{ re += _RH.re; im += _RH.im; return ( *this ); }

------------------------------------------------------------------------

Flavor 3 - reference in, value out

------------------------------------------------------------------------

#ifdef ATOMIC



friend complex operator+( const complex& _LH, const complex& _RH )





{ return ( complex( _LH.re + _RH.re, _LH.im + _RH.im ) ); }

#else



friend complex operator+( const complex& _LH, const complex& _RH )





{ return ( complex(_LH) += _RH ); }

#endif



complex operator+=( const complex& _RH )





{ re += _RH.re; im += _RH.im; return ( *this ); }

#endif

------------------------------------------------------------------------

Flavor 4 - reference in, reference out

------------------------------------------------------------------------

#ifdef ATOMIC



friend complex& operator+( complex& _LH, complex& _RH )





{ return ( complex( _LH.re + _RH.re, _LH.im + _RH.im ) ); }

#else



friend complex& operator+( complex& _LH, complex& _RH )





{ return ( complex(_LH) += _RH ); }

#endif



complex& operator+=( complex& _RH )





{ re += _RH.re; im += _RH.im; return ( *this ); }

#endif

------------------------------------------------------------------------

Speed Measurement Approach:

------------------------------------------------------------------------

The complex class used for these measurements uses double vars for the

real and imaginary instance vars. It includes the following constructors

and operators:


complex( void );


complex( float_t, float_t )


complex( complex& )


operator+()


operator+=()

#define FLAVOR determines implementation flavor.

#define ATOMIC determines whether operator+() is implemented directly

or using operator+=().

I used MetroWerks CodeWarrior development environment, release 5 (CW5).

I used the ANSI clock() function to retrieve the tick count since startup,

to mark the beginning and end of the measurement, and placed each operator

in a loop. I ran the loop 10,000 times for the initial measurements.

For increased accuracy, I then ran the loop 100,000 times on the fastest

result.

I ran the measurements with the CW compiler set with peephole and CSE

optimization both OFF and ON, and saw no significant difference between

the two.

I also ran the measurements with 68020 code generation both OFF and ON.

Here I saw a significant difference in speed, but no difference in relative

ordering of the different implementation flavors.

------------------------------------------------------------------------

Speed Measurement Results Comparison:

------------------------------------------------------------------------

Environment:
Macintosh IIvx





System 7.1 w/Hardware System Update 3.0





MetroWerks CW5 C++ compiler





"Smart" model





68020 code option OFF





68881 code option OFF

           ------------------------------------------------------------

           |           ATOMIC           ||        Not ATOMIC          |

-----------|----------------------------||----------------------------|

|  FLAVOR  | operator+() | operator+=() || operator+() | operator+=() |

|==========|=============|==============||=============|==============|

|     1    |  113 ticks  |    67 ticks  ||   133 ticks |    66 ticks  |

|  10K rep |  188.3 µs   |   116.7 µs   ||   221.7 µs  |   110 µs     |

|----------|----------------------------------------------------------|

|     2    |   86 ticks  |    43 ticks  ||    82 ticks |    43 ticks  |

|  10K rep |  143.3 µs   |    71.7 µs   ||   136.7 µs  |    71.7 µs   |

|----------|----------------------------------------------------------|

|     3    |   79 ticks  |    47 ticks  ||    95 ticks |    46 ticks  |

|  10K rep |  131.7 µs   |    78.3 µs   ||   158.3 µs  |    76.7 µs   |

|----------|----------------------------------------------------------|

|     4    |   49 ticks  |    25 ticks  ||    46 ticks |    26 ticks  |

|  10K rep |   81.7 µs   |    41.7 µs   ||    76.7 µs  |    43.3 µs   |

|==========|=============|==============||=============|==============|

|     4    |  483 ticks  |   257 ticks  ||   464 ticks |   260 ticks  |

| 100K rep |   80.5 µs   |    43.8 µs   ||    77.3 µs  |    43.3 µs   |

-----------------------------------------------------------------------

Environment:
Macintosh IIvx





System 7.1 w/Hardware System Update 3.0





MetroWerks CW5 C++ compiler





"Smart" model





68020 code option ON
<==





68881 code option ON
<==

           ------------------------------------------------------------

           |           ATOMIC           ||        Not ATOMIC          |

-----------|----------------------------||----------------------------|

|  FLAVOR  | operator+() | operator+=() || operator+() | operator+=() |

|==========|=============|==============||=============|==============|

|     1    |  106 ticks  |    60 ticks  ||   134 ticks |    60 ticks  |

|  10K rep |  176.7 µs   |   100 µs     ||   223.3 µs  |   100 µs     |

|----------|----------------------------------------------------------|

|     2    |   80 ticks  |    31 ticks  ||    80 ticks |    31 ticks  |

|  10K rep |  133.3 µs   |    51.7 µs   ||   133.3 µs  |    51.7 µs   |

|----------|----------------------------------------------------------|

|     3    |   68 ticks  |    33 ticks  ||    99 ticks |    34 ticks  |

|  10K rep |  113.3 µs   |    55 µs     ||   165 µs    |    56.7 µs   |

|----------|----------------------------------------------------------|

|     4    |   30 ticks  |     9 ticks  ||    35 ticks |     9 ticks  |

|  10K rep |   50 µs     |    15 µs     ||    58.3 µs  |    15 µs     |

|==========|=============|==============||=============|==============|

|     4    |  305 ticks  |    87 ticks  ||   349 ticks |    87 ticks  |

| 100K rep |   50.8 µs   |    14.5 µs   ||    58.2 µs  |    14.5 µs   |

-----------------------------------------------------------------------

------------------------------------------------------------------------

ANALYSIS

------------------------------------------------------------------------

Most of the difference between the various implementation flavors can

probably be accounted for by the number of constructor  and destructor

calls in each flavor. (Note that the numbers listed are my estimates

of how many times each constructor & destructor is called, based on

the parameter types.)

Flavor 1. Value-in, value out:


friend complex operator+( complex _LH, complex _RH )





{ return ( complex( _LH.re + _RH.re, _LH.im + _RH.im ) ); }



Constructor:

1



Copy constructor:
2



Destructor:

3


friend complex operator+( complex _LH, complex _RH )





{ return ( _LH += _RH ); }



Constructor:

0



Copy constructor:
4



Destructor:

3


complex operator+=( complex _RH )





{ re += _RH.re; im += _RH.im; return ( *this ); }



Constructor:

0



Copy constructor:
2



Destructor:

1

Flavor 2. Value-in, reference out:


friend complex& operator+( complex _LH, complex _RH )





{ return ( complex( _LH.re + _RH.re, _LH.im + _RH.im ) ); }



Constructor:

1



Copy constructor:
2



Destructor:

2


friend complex&
operator+( complex _LH, complex _RH )





{
return ( _LH += _RH );
}



Constructor:

0



Copy constructor:
2



Destructor:

1


complex& operator+=( complex _RH )





{ re += _RH.re; im += _RH.im; return ( *this ); }



Constructor:

0



Copy constructor:
1



Destructor:

1

Flavor 3. Reference-in, value out:


friend complex operator+( complex& _LH, complex& _RH )





{ return ( complex( _LH.re + _RH.re, _LH.im + _RH.im ) ); }



Constructor:

1



Copy constructor:
1



Destructor:

1


friend complex operator+( complex& _LH, complex& _RH )





{ return ( complex(_LH) += _RH ); }



Constructor:

0



Copy constructor:
2



Destructor:

1


complex operator+=( complex& _RH )





{ re += _RH.re; im += _RH.im; return ( *this ); }



Constructor:

0



Copy constructor:
1



Destructor:

0

Flavor 4. Reference-in, Reference out:


friend complex& operator+( complex& _LH, complex& _RH )





{ return ( complex( _LH.re + _RH.re, _LH.im + _RH.im ) ); }



Constructor:

1



Copy constructor:
0



Destructor:

0


friend complex& operator+( complex& _LH, complex& _RH )





{ return ( complex(_LH) += _RH ); }



Constructor:

0



Copy constructor:
1



Destructor:

0


complex& operator+=( complex& _RH )





{ re += _RH.re; im += _RH.im; return ( *this ); }



Constructor:

0



Copy constructor:
0



Destructor:

0

------------------------------------------------------------------------

RECOMMENDATIONS

------------------------------------------------------------------------

1.
Use flavor 4: reference in, reference out. It's the fastest way.

2.
Use the Non-ATOMIC operator+(). That is, implement operator+()


using operator+=().

NOTE:
The complex class implementation in CodeWarrior's ANSI library



files uses flavor 1, which according to my measurements is the



SLOWEST way to do it! It is about 2.5 to 3.5 times slower than



flavor 4 for operator+() and about 2.5 to 6.7 times slower than



flavor 4 for operator+=().

