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1 INTRODUCTION

For this lab we took the 15 functions that we programmed in the previous lab and ran them
through 3 different optimization functions, each more accurate than the previous. We have
random search, which blindly tests randomized solutions looking for an optimum. Secondly
we have local search, which takes an initial randomized solution and then attempts to optimize
it until it’s at its minimum. Thirdly we have iterative local search, which combines the two
previous functions.

2 METHODS

A significant portion of the code from the previous lab was rewritten to allow the functions and
search methods to be run from the command line. Arguments specifying the dimensionality
of the solution, id of the function, id of the search method, and a seed are all handled by the
program. Using this backbone, we wrote a trivial python script that executes each search
method on all of the 15 functions being tested for each dimensionality. There currently is an
issue with run times being significant for a select few functions on high dimensionalties. As a
result some data points have been omitted.

3 ANALYSIS

There were various interesting results both in the new data, what the new functions were able
to find in terms of minimums, and how close some data points got to the last lab where the
search was purely random.
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Comparing the new data from the Iterative Local Search (ILS) and the Local Search (LS) with
the previous results, we see that the purely naive method that we used previously is actually
quite sufficient for a few select functions, namely: Sine Envelope Sine Wave, Pathological,
Rosenbrok, and Ackleys Two functions. Each of these functions evaluated to very similar
solutions in all three methods, naive, ILS and LS. Often being within 10% of each other.

The differences between the two new methods used in this lab, ILS and LS are mainly
negligible in their cumulative accuracy. There are some examples where the search methods
differ more than others. Griegwangk and Egg Holder differ the most between the two methods,
with a 100 - 200 % difference seen between the methods. For single runs of the functions
though, ILS is superior to LS as can be seen in the graphics below for two separate runs of ILS
on differing functions. The top line being the single run results, and the bottom being the
running best solution.

There were also a few problems with the experimentation, one being the fact that we
neglected the fact that the delta value within the LS and ILS functions could throw the function
outside of its specified bounds. The implementation checked each of these bounds each
function call, but only returned 0 if it exceeded them. Thus some results have erroneous values
of either 0 or some other integer value.

Another problem, as mentioned again in the conclusion, is the run time of these search
methods. In particular, function 5 and 13 ran extremely slow. Slow enough for the results
having to be omitted as it would take longer to obtain the results than we have time for the lab.
We hope to speed up the implementation prior to the next lab and include those results then.

All testing was done on an i7-3630QM with 16GB ram using a single thread. Complete results
can be viewed in the sections below.

4 CONCLUSION

The search functions in this lab seem to behave much more accurately than the random
search in the previous lab. Not only are the new functions seemingly accurate, but they also
appear to repeat their values consistently giving the appearance that they are coming up with
a somewhat correct answer. Unfortunately, it seems where these new functions fall down is in
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their performance. In the 30 dimension trials for this lab, there were multiple functions where
results had to be omitted because of running time issues. Some taking up to multiple hours to
run for their full permutation count. We hope to see functions which take care of these issues
in the upcoming labs.
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5 RESULTS
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Random Search Running Times in Seconds
Dimensions 10 20 30

Function 1 0.0028796196 0.0027256012 0.004216671
Function 2 0.0037307739 0.0027096272 0.0042328835
Function 3 0.0027823448 0.0035073757 0.003777504
Function 4 0.0041363239 0.0041460991 0.0026381016
Function 5 0.0037288666 0.003030777 0.0026414394
Function 6 0.0037727356 0.0028493404 0.0026321411
Function 7 0.0035896301 0.0027751923 0.0037312508
Function 8 0.0035607815 0.0028815269 0.0037713051
Function 9 0.0044622421 0.0026602745 0.0027508736
Function 10 0.0040593147 0.0027322769 0.0027010441
Function 11 0.0030579567 0.0026328564 0.0026137829
Function 12 0.0029666424 0.0026972294 0.0026974678
Function 13 0.0027945042 0.003254652 0.0025961399
Function 14 0.0028162003 0.004308939 0.0026042461
Function 15 0.0027165413 0.0028510094 0.0024940968

Local Search Running Times in Seconds
Dimensions 10 20 30

Function 1 0.2714903355 0.3662781715 0.8037896156
Function 2 0.0122189522 0.1061990261 0.0311796665
Function 3 0.0036041737 0.0034754276 0.0039658546
Function 4 0.0045986176 0.0037958622 0.0057651997
Function 5 3.5046873093 107.3777658939 237.3515529633
Function 6 0.0053646564 0.0071499348 0.0078163147
Function 7 0.1593027115 0.1934890747 36.0658888817
Function 8 0.0124971867 0.1606588364 0.0684037209
Function 9 0.0049269199 0.0049231052 0.0069723129
Function 10 0.0056340694 0.0120668411 0.0046567917
Function 11 0.0049116611 0.1781361103 3.4641461372
Function 12 0.0035014153 0.0031409264 0.0071520805
Function 13 0.0022878647 0.0031747818 0.008487463
Function 14 0.0166265965 0.1419093609 0.2867805958
Function 15 0.0709223747 0.0597565174 0.1033499241

Iterative Local Search Running Times in Seconds
Dimensions 10 20 30

Function 1 5.355587244 21.5247523785 47.5882720947
Function 2 0.4999251366 1.151144743 2.4649145603
Function 3 0.0042607784 0.0112228394 0.0144929886
Function 4 0.0058951378 0.0114533901 0.0161828995
Function 5 150.1059572697 2928.3961615563 N/A
Function 6 0.0101454258 0.0255510807 0.0222308636
Function 7 32.4964332581 41.5021996498 168.8056237698
Function 8 0.3526818752 1.6770370007 3.8826031685
Function 9 0.0110986233 0.0125215054 0.0229070187
Function 10 0.0899729729 0.2644715309 0.7342042923
Function 11 30.093629837 165.0208876133 384.6772966385
Function 12 297.458874464 25.3617525101 21.2174470425
Function 13 0.0197796822 0.0436241627 0.0463643074
Function 14 1.5726833344 7.7616007328 9.7854065895
Function 15 6.6486163139 23.9164574146 32.7224471569
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6 PREVIOUS RESULTS

Function Dimensionality Mean Median Deviation Avg. Time
Schwefel’s 10 40.03647 0.0623 547.27404 3.1285

20 -273.92765 16.52 883.3137 2.942
30 -63.79153 255.3487 925.71758 3.132

De Jong’s 10 3775.96667 3772 3116.12957 0.667
20 3748.5 4105 2885.095608 0.132
30 3429.8334 3429 2608.0073 0.0933

Rosenbrock 10 2093118197.7 951513386 2466626292.4 0.90
20 2109933654.57 997811808.5 2696811330.46 1.679
30 1784558137.97 543961363 2372214627.61 2.98

Rastrigin 10 318.2 262.5 289.575003684 1.04
20 202.2666667 111 232.951516834 1.98
30 309.9 246 264.111829763 2.788

Griegwangk 10 27.326983 22.8316 19.94304775 1.32
20 22.247975 18.4916 17.41881647 4.98
30 25.04950833 24.1043 19.11108789 5.67

Sine Envelope Sine Wave 10 -4.70534 -4.6083 0.2380683 1.112
20 -9.805175 -9.6732 0.3503130 2.223
30 -15.1282 -15.0166 0.410964 4.121

Stretched V Sine Wave 10 -5.85114 -5.8511 4.5168102e-15 3.55
20 -12.3524 -12.35 5.420172e-15 6.88
30 -18.8536 -18.8537 3.61344822e-15 9.87

Ackley’s One 10 187.917 184.0721 33.190007 3.1298
20 389.45238 382.962 40.1378 4.6731
30 593.39786 599.1116 64.28003 8.7728

Ackley’s Two 10 217.1978 217.922 2.26465 3.055
20 456.7024 459.70244 6.447889 7.001
30 698.9139 700.1936 4.42437 8.4356

Egg Holder 10 -374.3114 -529.396 877.367109 1.998
20 -197.32204 -339.2197 1196.0543 4.7621
30 -533.43484 -507.8253 1366.0572 6.9981

Rana 10 126.682 92.4435 762.991158 5.1433
20 44.632258 144.748 897.22947 9.4239
30 147.21517 280.21517 1161.5825 14.221

Pathological 10 4.7605744 4.5666 0.320334 3.1561
20 10.02892 9.9324 0.485784 3.9714
30 15.28425 15.1622 0.66075 4.9912

Michalewicz 10 0.904288 0.942 0.544008 1.3241
20 1.73464 1.5955 0.733736 3.1149
30 2.108609 1.9897 0.974908 4.8229

Masters Cosine Wave 10 0.6488827 0.5623 2.0702 2.3341
20 -1.492407 -1.0483 2.270724 3.4256
30 0.885458 0.9459 3.441345 5.3243

Shekel’s Foxhole 10 -0.2105669 -0.2023 0.038925 4.5623
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