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Overview

When reusing components designed and developed by third parties, it is important to fully test and evaluate the components before relying on them to work properly and effectively. With the STL (now the Standard C++ Library), it is reasonably safe to assume the classes are going to work as they say they will under normal circumstances. They are widely used, and if the implementation is also well known and used, then it will most likely work as it is supposed to. Whether the classes are efficient is a different matter, and makes an important difference in whether to use the STL classes or write original classes specifically optimized for the application being developed.

Testing

Since we are using the STL map class heavily in our Terrain Map Facility, and will be using it in implementing the robot systems, we decided to test its performance. A data file was created from the /usr/dict/english file distributed with the Debian 2.0 Linux distribution, which consists of 45404 entries, each of which is an english word. To increase the number of data items to insert into the map, and to generate a value to go with the word, the dictionary file was run through a simple perl script (see Source Listings). A map of strings to integers was chosen, and a random integer value was generated by the script. Each word in the dictionary was duplicated twice, by appending a 2 and then a 3 to the end of the word, resulting in a total of (45404 * 3) = 136212 entries. These strings and integers were stored in a text file : 

(cat /usr/dict/english | ./generate_entries.pl > map_input.txt)

and the text file was read in by the STL test program. Each entry was inserted into the map (map <string, int> stl_map1;), and then the program terminated. Using the Linux time command, we timed the execution of the program on several different platforms. 

All platforms were running Linux, cs-tl2 and cs-tl3 with Red Hat 5.2 and the 2.0.36 kernel, xtort with Debian 2.0 and the 2.0.34 kernel. xtort is a Cyrix 6x86MMX 233Mhz machine with 32MB of RAM. While not an extremely reliable indication of processor speed, the Linux BogoMips rating calculated at boot “gives some indication of the processor speed” (Lars Wirzenius, BogoMips MINI-howto) and allowsfor rough comparisons in processing ability. xtort  has a BogoMips rating  of 187.19. cs-tl2 is a 200Mhz Intel Pentium II (to the best of the TAs’ knowledge), with 64MB of RAM and a BogoMips rating of 231.83. cs-tl3 is an Intel Pentium II 450Mhz Dual Processor box with 512MB of RAM. It has a (single processor) BogoMips rating of 400.59. The home directories on cs-tl2 are mounted as nfs shares from cs-tl3. To properly evaluate performance, the STL test program was run both from the net mounted share and the local /tmp directory of cs-tl2. 

The test program was run 5 times for each type of test. The types of tests were: 

1. Read input from file and insert into map.

2. Read input from reverse order input file and insert into map.

3. Read input from file (original), insert into map, and use the map size() member function to determine the number of elements.

4. Read input from file and terminate.

The read from file without insertion test was used to determine more accurately how long the actual insertion took. The size() function, according to the Budd data types textbook, is O(n), and insert() is O(n log n). From our results, size() is more likely constant time, in this STL implementation (GNU ANSI C++ Standard Library). 

Results 
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[Table 1: averaged results from multiple trials of stl_test on several platforms]

(all times in seconds)

[ Figure 1: graph of data item size vs. execution time in seconds]

[image: image2.wmf]Execution Time on xtort

0

2

4

6

8

10

12

14

0

50000

100000

150000

Data Items

Time (seconds)

 

[image: image3.wmf]Execution Time on xtort

0

2

4

6

8

10

12

14

0

50000

100000

150000

Data Items

Time (seconds)

 

[ Figure 2: graph with linear trend line]

Source Listing

generate_entries.pl


run_tests.pl


#!/usr/bin/perl

srand;

$count = 0;

print "\n";

while (<>) {

      $count = $count + 3;

      $num = int(rand 50000);

      $num2 = int(rand 50000);

      $num3 = int(rand 50000);

      chop;

      print "$_  $num \n";

      print "${_}2 $num2 \n";

      print "${_}3 $num3 \n";

  }

#!/usr/bin/perl

# run_tests.pl - run stl_test program on various sizes of input

#  data and time results

 $j = 1;

 for($i=4540; $i < 45404; $i = $i + 2270) {

  system "cat /usr/dict/english | head -n $i | ./test.pl > input.txt";

  system "wc ./input.txt";

  system "time ./stl_test_no_output";

  ++$j;

}

print "\n";

exit 0;


// stl_test.cpp - test the performance of the STL map class.

#include <iostream>

#include <fstream>

#include <string>

#include <map>

#undef SIZE_TEST

int main() {

  map <string, int> stl_map1;

  ifstream fin("input.txt");

  string instring;

  int    invalue;

  while (fin >> instring >> invalue) {

    stl_map1[instring] = invalue;

  }

#ifdef SIZE_TEST

 cout << stl_map1.size() << endl;

#endif

  fin.close();

  return 0;

}



Testing Procedure

The run_tests.pl script was used to generate the results seen in Figure 1. The output from the script is as follows:

13623   27252  231252 ./input.txt

1.04user 0.03system 0:01.06elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+219minor)pagefaults 0swaps

  20433   40872  341836 ./input.txt

1.58user 0.03system 0:01.61elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+312minor)pagefaults 0swaps

  27243   54492  456702 ./input.txt

2.14user 0.05system 0:02.19elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+405minor)pagefaults 0swaps

  34053   68112  576787 ./input.txt

2.70user 0.07system 0:02.77elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+499minor)pagefaults 0swaps

  40863   81732  695007 ./input.txt

3.30user 0.06system 0:03.36elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+593minor)pagefaults 0swaps

  47673   95352  810383 ./input.txt

3.85user 0.12system 0:03.97elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+685minor)pagefaults 0swaps

  54483  108972  920443 ./input.txt

4.61user 0.08system 0:04.68elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+779minor)pagefaults 0swaps

  61293  122592 1029878 ./input.txt

5.05user 0.09system 0:05.14elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+871minor)pagefaults 0swaps

  68103  136212 1153651 ./input.txt

5.69user 0.10system 0:05.79elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+965minor)pagefaults 0swaps

  74913  149832 1260005 ./input.txt

6.31user 0.09system 0:06.41elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1059minor)pagefaults 0swaps  

  81723  163452 1375213 ./input.txt

7.12user 0.17system 0:07.39elapsed 98%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1153minor)pagefaults 0swaps

 88533  177072 1488803 ./input.txt

7.64user 0.24system 0:08.39elapsed 93%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1247minor)pagefaults 0swaps

  95343  190692 1604841 ./input.txt

8.13user 0.16system 0:08.61elapsed 96%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1340minor)pagefaults 0swaps

 102153  204312 1723071 ./input.txt

8.98user 0.20system 0:09.23elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1434minor)pagefaults 0swaps

 108963  217932 1835826 ./input.txt

9.58user 0.19system 0:09.79elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1529minor)pagefaults 0swaps

 115773  231552 1946488 ./input.txt

10.29user 0.15system 0:10.43elapsed 100%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1622minor)pagefaults 0swaps

122583  245172 2061429 ./input.txt

10.88user 0.20system 0:11.24elapsed 98%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1717minor)pagefaults 0swaps

 129393  258792 2176568 ./input.txt

11.50user 0.31system 0:11.83elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1811minor)pagefaults 0swaps

 136203  272412 2286891 ./input.txt

12.13user 0.22system 0:12.41elapsed 99%CPU (0avgtext+0avgdata 0maxresident)k

0inputs+0outputs (139major+1905minor)pagefaults 0swaps



The output from the Linux wc (wordcount) function is included to show the actual number of items inserted into the map without calling the size() member function. 

Conclusions

The insert() function appears to be linear, at least based on our tests. This could possibly be due to the fact that our data set sizes are still too small to properly gauge the true nature of the insert. The size() function on the other hand, definitely appears to be constant time, and if the implementation stores a size attribute, which would add little overhead to the class, it would be constant, and this makes sense. Interestingly enough, cs-tl2 performed about as well off the network share as it did off the local drive. xtort’s slower IDE hard drive also demonstrated its inferiority to the higher end SCSI hard drives of cs-tl2 and cs-tl3. Another lesson learned, testing of this type is much easier under Linux, where tools such as perl, cat, wc and head can be strung together to automate tasks very easily. 

� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���








1

[image: image4.wmf]xtort

cs-tl2

cs-tl2 (/tmp)

cs-tl3

Read & Insert

12.99

7.67

7.72

4.35

13.183

7.71

7.69

4.36

12.668

7.67

7.8

4.35

12.155

7.69

7.77

4.36

11.992

7.87

7.74

4.36

average

12.5976

7.722

7.744

4.356

- file read

8.9314

5.758

5.956

3.336

Read & Insert

11.714

4.42

Reversed Input File

11.698

4.41

11.732

4.41

11.745

4.41

11.684

4.42

average

11.7146

4.414

- file read

8.0484

3.394

Read & Insert

12.286

4.37

And size()

12.04

4.36

12.05

4.37

11.897

4.38

11.833

4.36

average

12.021

4.368

- file read

8.355

3.348

Read Only

4.234

1.8

1.86

1.02

3.625

1.85

1.77

1.02

3.511

2.54

1.77

1.02

3.491

1.8

1.76

1.02

3.47

1.83

1.78

1.02

average

3.6662

1.964

1.788

1.02

[image: image5.wmf]Execution Time on xtort

0

2

4

6

8

10

12

14

0

50000

100000

150000

Data Items

Time (seconds)

 

[image: image6.wmf]Execution Time on xtort

0

2

4

6

8

10

12

14

0

50000

100000

150000

Data Items

Time (seconds)

 

_982407261.xls
Chart1

		13623

		20433

		27243

		34053

		40863

		47673

		54483

		61293

		68103

		74913

		81723

		88533

		95343

		102153

		108963

		115773

		122583

		129393

		136203



Execution Time

Data Items

Time (seconds)

Execution Time on xtort

1.06

1.61

2.19

2.77

3.36

3.97

4.68

5.14

5.79

6.41

7.39

8.39

8.61

9.23

9.79

10.43

11.24

11.83

12.41



Sheet1

		

		Timing Information														Insert Timing Based on Data Set Size

						xtort		cs-tl2		cs-tl2 (/tmp)		cs-tl3				Data Items		Execution Time

		Read & Insert				12.99		7.67		7.72		4.35				13623		1.06

						13.183		7.71		7.69		4.36				20433		1.61

						12.668		7.67		7.8		4.35				27243		2.19

						12.155		7.69		7.77		4.36				34053		2.77

						11.992		7.87		7.74		4.36				40863		3.36

				average		12.5976		7.722		7.744		4.356				47673		3.97

				- file read		8.9314		5.758		5.956		3.336				54483		4.68

		Read & Insert				11.714						4.42				61293		5.14

		Reversed Input File				11.698						4.41				68103		5.79

						11.732						4.41				74913		6.41

						11.745						4.41				81723		7.39

						11.684						4.42				88533		8.39

				average		11.7146						4.414				95343		8.61

				- file read		8.0484						3.394				102153		9.23

		Read & Insert				12.286						4.37				108963		9.79

		And size()				12.04						4.36				115773		10.43

						12.05						4.37				122583		11.24

						11.897						4.38				129393		11.83

						11.833						4.36				136203		12.41

				average		12.021						4.368

				- file read		8.355						3.348

		Read Only				4.234		1.8		1.86		1.02

						3.625		1.85		1.77		1.02

						3.511		2.54		1.77		1.02

						3.491		1.8		1.76		1.02

						3.47		1.83		1.78		1.02

				average		3.6662		1.964		1.788		1.02





Sheet1

		



Execution Time

Data Items

Time (seconds)

Execution Time on xtort



Sheet2

		





Sheet3

		






_982409101.xls
Chart2

		13623

		20433

		27243

		34053

		40863

		47673

		54483

		61293

		68103

		74913

		81723

		88533

		95343

		102153

		108963

		115773

		122583

		129393

		136203



Execution Time

Data Items

Time (seconds)

Execution Time on xtort

1.06

1.61

2.19

2.77

3.36

3.97

4.68

5.14

5.79

6.41

7.39

8.39

8.61

9.23

9.79

10.43

11.24

11.83

12.41



Sheet1

		

		Timing Information														Insert Timing Based on Data Set Size

						xtort		cs-tl2		cs-tl2 (/tmp)		cs-tl3				Data Items		Execution Time

		Read & Insert				12.99		7.67		7.72		4.35				13623		1.06

						13.183		7.71		7.69		4.36				20433		1.61

						12.668		7.67		7.8		4.35				27243		2.19

						12.155		7.69		7.77		4.36				34053		2.77

						11.992		7.87		7.74		4.36				40863		3.36

				average		12.5976		7.722		7.744		4.356				47673		3.97

				- file read		8.9314		5.758		5.956		3.336				54483		4.68

		Read & Insert				11.714						4.42				61293		5.14

		Reversed Input File				11.698						4.41				68103		5.79

						11.732						4.41				74913		6.41

						11.745						4.41				81723		7.39

						11.684						4.42				88533		8.39

				average		11.7146						4.414				95343		8.61

				- file read		8.0484						3.394				102153		9.23

		Read & Insert				12.286						4.37				108963		9.79

		And size()				12.04						4.36				115773		10.43

						12.05						4.37				122583		11.24

						11.897						4.38				129393		11.83

						11.833						4.36				136203		12.41

				average		12.021						4.368

				- file read		8.355						3.348

		Read Only				4.234		1.8		1.86		1.02

						3.625		1.85		1.77		1.02

						3.511		2.54		1.77		1.02

						3.491		1.8		1.76		1.02

						3.47		1.83		1.78		1.02

				average		3.6662		1.964		1.788		1.02





Sheet1

		



Execution Time

Data Items

Time (seconds)

Execution Time on xtort



Sheet2

		





Sheet3

		






_982407097.xls
Sheet1

		

		Timing Information														Insert Timing Based on Data Set Size

						xtort		cs-tl2		cs-tl2 (/tmp)		cs-tl3				Data Items		Execution Time

		Read & Insert				12.99		7.67		7.72		4.35				13623		1.06

						13.183		7.71		7.69		4.36				20433		1.61

						12.668		7.67		7.8		4.35				27243		2.19

						12.155		7.69		7.77		4.36				34053		2.77

						11.992		7.87		7.74		4.36				40863		3.36

				average		12.5976		7.722		7.744		4.356				47673		3.97

				- file read		8.9314		5.758		5.956		3.336				54483		4.68

		Read & Insert				11.714						4.42				61293		5.14

		Reversed Input File				11.698						4.41				68103		5.79

						11.732						4.41				74913		6.41

						11.745						4.41				81723		7.39

						11.684						4.42				88533		8.39

				average		11.7146						4.414				95343		8.61

				- file read		8.0484						3.394				102153		9.23

		Read & Insert				12.286						4.37				108963		9.79

		And size()				12.04						4.36				115773		10.43

						12.05						4.37				122583		11.24

						11.897						4.38				129393		11.83

						11.833						4.36				136203		12.41

				average		12.021						4.368

				- file read		8.355						3.348

		Read Only				4.234		1.8		1.86		1.02

						3.625		1.85		1.77		1.02

						3.511		2.54		1.77		1.02

						3.491		1.8		1.76		1.02

						3.47		1.83		1.78		1.02

				average		3.6662		1.964		1.788		1.02





Sheet1

		



Execution Time

Data Items

Time (seconds)

Execution Time on xtort



Sheet2

		





Sheet3

		






