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Lab 4  

Topic:  Time Complexity

Get the files Timer.h, Timer.cpp, LOOPTIMEa.cpp, LOOPTIMEb.cpp, LOOPTIMEc.cpp, Factorial.cpp, Factorial.two.cpp, BigInt.h, and BigInt.cpp from the COSC 2030 web page.

Part 1.  A Simple Loop

Put the files Timer.h, Timer.cpp,and LOOPTIMEa.cpp into a project.

In this program, a Timer is used to time code segments that may be very short.  The average time is determined by running the code segment repeatedly, until the total time is at least 2.0 seconds.  The number of runs is counted and the average time is calculated as total time / number of runs.  The code reports both the number of runs and the average time.  

Study the code in LOOPTIMEa.cpp.  Be sure you understand how the Timer is used.

For the following experiments, the number you will use for the time is the reported average time.  It is labeled “seconds per run”.

Build the project and run the program.  Enter different values for n until you find one that requires 8 to 12 seconds per run.  

Select a multiple of 16 near the value you found.  Using this multiple of 16 as your n value, run the program five times and fill in the first two columns of the following table:

Size
Time (seconds per run)
Time / Size

n / 16
=

n / 8
=

n / 4
=

n / 2
=

n
=

Calculate Time / Size for each size.  The ratio should be approximately constant.  

A program with this timing behavior has Linear Time Complexity.  The timing function is proportional to n.  We say the timing function has exact order n:  T(n)  (n).

Part 2.  A Slower Simple Loop

Repeat the procedure used in Part 1, by using LOOPTIMEb.cpp instead of LOOPTIMEa.cpp.  The only difference is the task code, which is much slower in LOOPTIMEb.

The n that requires 8 to 12 seconds should be smaller for this program.


Size
Time (seconds per run)
Time / Size

n / 16
=

n / 8
=

n / 4
=

n / 2
=

n
=

The ratio Time / Size should be approximately constant.  The constant should be larger for this program.  

A program with this timing behavior has Linear Time Complexity.  We say the timing function has exact order n:  T(n)  (n).

Part 3.  A Different Time Complexity 

Repeat the procedure of Part 1 using LOOPTIMEc.cpp.  This version times a code segment that has two nested loops.  Select an appropriate value for n and record Size and Time as before.

Then calculate three ratios.


Size
Time
T / Size
T / Size^2
T / Size^3

n / 16
=

n / 8
=

n / 4
=

n / 2
=

n
=

Each ratio tests a timing function.  The first ratio tests whether the Time is proportional to the Size.  The second ratio tests whether the Time is proportional to the square of the Size.  The third ratio tests whether the Time is proportional to the cube of the Size.

Which of the ratios is approximately constant?

Since the second ratio is approximately constant as the Size is varied over a wide range, we conclude that the timing function for this code segment grows as the square of the size of the problem.

An algorithm with this timing behavior has Quadratic Time Complexity.  We say the timing function has exact order n2:  T(n)  ( n2).

For the other two columns, how does the ratio change as the size increases?

How could the information provided by these columns be used to refine a conjecture about the growth rate of the timing function for the code segment?

Part 4.  Logarithmic time complexity

Change the Timed Code Segment section of  LOOPTIMEa.cpp to time this code segment.  Use the “a” version so that task() is very fast.

for( long i=1; i<=n; ++i ) {


long j=1;


while( j <= i ) {



task();



j *= 2;


}

}


Size
Time
T / Size
T / Size^2

n / 16
=

n / 8
=

n / 4
=

n / 2
=

n
=

The Time should grow slower than Size^2 and slightly faster than Size.

Each time the Size doubles, T / Size^2 is cut in half.  This indicates the timing function is closer to linear than to quadratic.  

Each time the Size doubles, T / Size increases by the same small amount.  This indicates a logarithmic factor in the timing function.

Calculate  Time / ( Size * log( Size ) )  for each line of the table.  This ratio should be approximately constant for this code segment.

The Time Complexity class of this code segment, T(n)  (n log(n)),  is frequently encountered in the study of algorithms.  It does not have a commonly used name.

Part 5.  A Challenge for those of you who understood the first four parts and finished in record time.

Factorial with BigInt

The files Factorial.cpp and Factorial.two.cpp calculate n! exactly using BigInt for the exact integer calculations.  BigInt is an extended numeric class.  It extends the capabilities of integer numeric types.  BigInt can store non-negative integers of (almost) any size.  It can add two BigInts together.  It cannot multiply, so the two versions of Factorial use repeated additions to perform the multiplications required in the calculation.

Run Factorial and record times.  


Size
Time

n / 16
=

n / 8
=

n / 4
=

n / 2
=

n
=

Try several timing functions.  What timing function gives an approximately constant ratio for the five Sizes?

Run Factorial.two and record times.  


Size
Time

n / 16
=

n / 8
=

n / 4
=

n / 2
=

n
=

Try several timing functions.  What timing function gives an approximately constant ratio for the five Sizes?

