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Pseudo code of MSDE 
Step1: Determine the initial set S using random number generator and initially assign mixed strategy as: 

 1 2( ), ( ) (0.5,0.5)i i ip p   

Step2: Calculate the objective function value f(Xi)  for all Xi. 
Step3: Set i=0. 
Step4: i=i+1. 
Step5: For Target vector Xi (parent vector) choose strategy (mutation operator) according to probability distribution 

i . If probability of pure strategy 1p  is greater than the probability of strategy 2p  then go to step 6 
otherwise go to step 7. 

Step6: Select three distinct points from population and generate perturbed individual Vi  using Equation (1) and go 
to step 8. 

Step7: Select one best point and other two distinct points from population and generate perturbed individual Vi by 
quadratic interpolation given in Equation (4). 

Step8: Recombine each target vector Xi with perturbed individual generated in step 6 or 7 to generate a trial vector 
Ui using Equation (2). 

Step9: If the trial vector is within the given range then go to step 10 otherwise bring the trial vector within range 
using ui,j =2* xmin,j - ui,j , if ui,j < xmin,j and ui,j =2* xmax,j - ui,j , if ui,j> xmax,j and go to step 10. 

Step10: Calculate the objective function value for vector Ui. 
Step11: Choose better of the two (function value at target and trial point) using Equation (3) for next generation. 
Step12: If the target vector Xi uses strategy p , where α =1, 2 and new point survive in next generation (G + 1)  

then    
 Otherwise  

 
Step13: If I < population size then go to step 4 else go to step 14. 
Step14: Check whether convergence criterion is met. If yes, stop; otherwise go to step 3. 
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fSWF: Schwefel, fRB: Rosenbrock, fQU: Quartic, 
fACK: Ackley, fGW: Griewenk, fPAT: Pathological, 
fCV: Colville, fH3: Hartman 3, fRG: Rastrigin, 
fPN1: Generalized penalized1, fCB6: Six hump Camel back 
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Mean fitness (Std) Average error 
Fun. Dim. 

DE MSDE DE MSDE 
t-value 

10 
-4189.83 

(4.1263e-007) 
-4189.83 

(3.00514e-007) 
0.000128469 0.000128368 0 

20 
-8379.66 

(9.66001e-007) 
-8379.66 

(8.31499e-007) 
0.000258515 0.000257919 0 fSWF 

50 
-20949.1 

(1.29067e-006) 
-20949.1 

(1.25273e-006) 
0.00064596 0.000645155 0 

10 
4.89922e-006 
(9.3006e-007) 

3.65155e-007 
(4.20151e-007) 

4.89922e-006 3.65155e-007 24.33 

20 
1.02463e-005 

(2.00048e-006) 
3.01699e-006 

(1.35368e-006) 
1.02463e-005 3.01699e-006 16.39 fACK 

50 
2.31386e-005 

(2.21348e-006) 
6.72181e-006 

(1.04039e-006) 
2.31386e-005 6.72181e-006 36.76 

fCV 4 
4.5118e-008 

(2.32542e-008) 
7.83712e-010 

(1.15383e-009) 
4.5118e-008 7.83712e-010 10.42 

10 
1.20068e-004 

(4.75295e-005) 
1.77752e-005 

(1.22154e-005) 
0.000120068 1.77752e-005 11.41 

20 
8.03444e-004 
(0.000154331) 

1.21088e-004 
(4.24884e-005) 

0.000803444 0.000121088 23.34 fQU 

50 
6.92452e-003 
(0.00125875) 

4.3024e-004 
(0.000126203) 

0.0003418 0.00002384 28.11 

fPAT 5 
5.14828e-004 
(0.000262477) 

0.000000 
(0.000000) 

0.000514828 0.000000 10.74 

10 
1.62983e-006 

(5.62915e-007) 
3.70693e-008 

(5.54947e-008) 
1.62983e-006 3.70693e-008 15.42 

20 
3.30759e-006 

(5.62531e-007) 
5.15673e-007 

(2.33515e-007) 
3.30759e-006 5.15673e-007 25.10 fRG 

50 
1.56347e+002 

1.55847  
1.7742e-006 
3.51253e-007 

156.347 1.7742e-006 549.47 

fRB 10 
1.81887e-006 

(1.77091e-006) 
5.57968e-005 
(0.000157562) 

1.81887e-006 
 

5.57968e-005 1.87 

10 
9.48435e-007 

(3.33338e-007) 
5.85615e-008 

(4.37959e-008) 
9.48435e-007 5.85615e-008 14.49 

20 
3.68394e-006 

(9.27743e-007) 
5.40822e-007 

(2.69767e-007) 
3.68394e-006 5.40822e-007 17.81 fGW 

50 
9.66678e-006 

(1.00454e-006) 
1.69896e-006 

(4.23073e-007) 
9.66678e-006 1.69896e-006 40.03 

10 
9.38479e-007 

(1.77917e-007) 
1.8547e-007 

(3.77841e-008) 
9.38479e-007 1.8547e-007 22.67 

20 
3.80868e-006 
(8.9966e-007) 

1.55568e-006 
(4.87461e-007) 

3.80868e-006 1.55568e-006 12.06 fPN1 

50 
9.30713e-006 

(1.2164e-0060) 
6.37824e-006 

(1.25104e-006) 
9.30713e-006 6.37824e-006 12.82 

fCB6 2 
-1.03163 

(7.93442e-009) 
-1.03163 

(1.28681e-014) 
1.55038e-006 0.000268453 0 

fH3 3 
-3.8623 

(4.34641e-008) 
-3.8623 

(6.36759e-010) 
0.000482381 0.000482339 0 



���� �� �	
� �� ���� �� ������� �� �� ����	

����� �� ?�
��� �� ����	���� ��� ��	��� O �
�����
��	 ��� �����"� 	�
�
�� ����	���� �� 9� ����

No of function Eva. 
Fun. Dim. 

DE MSDE 
% Improvement 

10 26710 19690 26.28229 

20 56090 40450 27.88376 fSWF 

50 190700 141520 25.7892 

10 31040 14350 53.76 

20 57830 20390 64.74 fACK 

50 154490 39260 74.58 

fCV 4 76160 58780 22.82 

10 1e+006 1e+006 0.00 

20 1e+006 1e+006 0.00 fQU 

50 1e+006 1e+006 0.00 

fPAT 5 1e+006 27200 97.28 

10 52850 14060 73.3964 

20 345100 23160 93.2889 fRG 

50 1e+006 36580 96.342 

fRB 10 141340 888730 0.00 

10 60880 13980 77.03 

20 52690 16990 67.75 fGW 

50 121930 30080 75.33 

10 20600 8070 60.82524 

20 45250 13610 69.92265 fPN1 

50 213080 28880 86.44641 

fCB6 2 7190 2400 66.62 

fH3 3 5270 3070 41.74573 

  Σ  6659200 Σ   4441250 AR=33.3065 
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Mean fitness  Std 
Fun. Dim. 

DE MSDE DE MSDE 

50 -20337.8 -20924.8 836.725 48.2742 

100 -19599.9 -17510 771.349 407.162 

150 -22422.4 -20581.3 520.802 700.372 
fSWF 

200 -25550.6 -23108.3 397.804 423.306  

50 0.00390277 6.98221e-007 0.000390698 4.52771e-008 

100 3.81244 8.12885e-007 0.070367 5.95926e-007 

150 10.5221 9.29643e-007 0.215458 1.07938e-007 
fACK 

200 15.6727 1.98694e-006 0.150102 7.44813e-007 

50 0.0741305 0.00441708 0.0112104 0.00110143 

100 0.980489 0.0141425 0.147694 0.00333821 

150 45.2345 0.0201761 3.21039 0.0260641 
fQU 

200 408.698 0.0211157 27.574 0.0165785 

50 268.947 1.75744e-007 9.41583 3.38434e-008 

100 841.086 2.70473e-007 11.1428 4.53267e-008 

150 1463.33 2.75742e-007 32.5051 1.72157e-008 
fRG 

200 2202.76 4.91036e-007 32.3485 3.28364e-007 

50 0.000612059 2.30494e-007 0.000248435 3.77458e-008 

100 2.64676 2.57621e-007 0.185725 4.50721e-008 

150 98.2393 3.09592e-007 3.78594 8.87582e-008 
fGW 

200 535.535 4.11414e-007 14.579 3.17781e-007 

50 62787.6 7.07231e-007 44504.5 1.66856e-007 

100 2.12673e+007 7.84554e-007 1.17872e+006 1.26001e-007 

150 1.75373e+008 1.40968e-006 1.87007e+007 2.78722e-007 
fPN1 

200 6.82924e+008 4.05958e-006 3.93012e+007 3.06801e-006 
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Mean fitness Standard deviation (Std) No of fun. Evaluation
Fun 

TDE MSDE TDE MSDE TDE MSDE 

fSWF -8379.66 -8379.66 2.61108e-007 8.31499e-007 679320 40450 

fACK 8.38861e-006 3.01699e-006 2.44146e-006 1.35368e-006 62800 20390 

fCV 1.56403e-007 7.83712e-010 1.07845e-007 1.15383e-009 30420 58780 

fQU 0.000413125 0.000121088 0.000166186 4.24884e-005 1e+006 1e+006 

fPAT 0.00201115 0.000000 0.00264581 0.000000 368240 27200 

fRG 10.5827 5.15673e-007 2.83003 2.33515e-007 1e+006 23160 

fRB 4.85175e-006 3.51466 2.95541e-006 0.378219 242140 1e+006 

fGW 0.00148201 5.40822e-007 0.00295796 2.69767e-007 54320 16990 

fPN1 2.61676e-006 1.55568e-006 5.65888e-007 4.87461e-007 125660 13610 

fCB6 -1.03163 -1.03163 1.11409e-008 1.28681e-014 9040 2400 

fH3 -3.8623 -3.8623 2.0025e-008 6.36759e-010 6500 3070 

3� ����&'�' �% ��*�� �����(& �� ��#��& �% �� ��(����)#' �'��( ��� ����1
#����� ��'�� !� 
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�	�	��� ��� ��������� �����	��� ��� ��� ���� �� 	���
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Fun. 
Mean fitness after 

NFE=300000 
Std 

NFE to achieve an 

accuracy 10-6 

 t-value 

 DEahcSPX MSDE DEahcSPX MSDE DEahcSPX MSDE  

fSWF 4.70e+02 3.82e-04 2.96e+02 6.12e-06 -- 63600 8.69

fACK 2.66e-15 1.45e-16 0.00e+00 6.28e-17 129211 30370 219.35

fRG 2.14e+01 0.00e+00 1.23e+01 0.00e+00 -- 30080 9.52

fRB 4.52e+00 2.19e+01 1.55e+01 1.05e-01 299913 -- -6.14

fGW 2.07e-03 0.00e+00 5.89e-03 0.00e+00 121579 22990 1.92

fPN1 2.07e-02 1.35e-19 8.46e-02 9.68e-27 96149 21950 1.34

����� !� ;�4� N� >>4� �� 	��
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Mean fitness after NFE=5000 Std t-value 
Fun. Dim 

BBDE MSDE BBDE MSDE  

30 -11649.008729 -12569.5 272.707782 0.0167741 18.48 
fSWF 

100 -34746.152554 -15032.4 3750.927593 486.798 -28.54 

30 0.0 5.28125e-012 0.0 3.78586e-012 -7.64 
fACK 

100 0.0 0.000136263 0.000001 7.03266e-005 -10.61 

30 37.551246 0.00 15.254959 0.00 13.48 
fRG 

100 616.194754 2.68118e-005 38.115845 1.87538e-005 88.54 

30 47.857080 26.0205 31.835408 0.120493 3.75 
fRB 

100 312.632070 97.1313 195.546311 0.0283949 6.03 

30 0.000657 0.00 0.002583 0.00 1.39 
fGW 

100 0.001640 2.23292e-006 0.005296 2.09332e-006 1.69 

fCB6 2 -1.031628 -1.031628 0.0 2.22045e-016 0 
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Fun. 
No of Function Evaluation to achieve 

accuracy 10-4 
Time (in sec) 

 DERL DEPC MSDE DERL DEPC MSDE 

fSWF 21738 24046 19690 0.86 0.37 0.20 

fACK 21983 29825 14350 0.75 0.80 1.10 

fRG 96428 26927 14060 2.11 0.42 0.20 

fRB 198584 512165 888730 7.28 10.52 14.88 

fGW 15231 47963 13980 0.67 0.75 0.30 

fPN1 9568 13732 8070 0.28 0.19 0.20 

fCB6 766 911 2400 0.04 0.04 0.01 

fH3 1032 1354 3070 0.03 0.03 0.02 
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Mean fitness Fun. Dim. 

MSDE/rand/1 MSDE/rand 

/2 

MSDE/best/1 MSDE/best/

2 

MSDE/tar- 

to-best/1 

DE 

10 -4189.83 -4189.83 -4189.83 -4189.83 -4189.83 -4189.83 

20 -8379.66 -8379.66 -8142.78 -8379.66 -8379.66 -8379.66 fSWF 

50 -20949.1 -20949.1 -18955.4 -20238.5 -19172.6 -20949.1 

10 9.36269e-007 7.35553e-007 9.04351e-007 1.23575e-006 1.31125e-006 4.79698e-006 

20 2.81864e-006 2.99136e-006 4.87134e-006 3.20752e-006 4.58544e-006 1.05519e-005 fACK 

50 6.69271e-006 5.80025e-006 9.17246e-006 7.42857e-006 1.09127e-005 2.48575e-005 

fCV 4 5.20984e-010 6.07e-010 3.58381e-010 2.76867e-010 1.20257e-011 5.69121e-008 

10  2.15633e-05 1.01884e-005 2.25509e-005 4.89016e-005 4.57038e-005 0.000175087 

20 0.000102196 0.00011877 7.11829e-005 0.000119381 7.10113e-005 0.000783961 fQU 

50 0.00043024 0.000441801 0.000403578 0.000577908 0.000513707 0.00692452 

fPAT 5 0.000000 0.00000 0.00000 0.00000 0.00000 0.000514828 

10 3.70693e-008 1.74434e-008 1.2059e-007 7.49299e-008 0.00000 1.62983e-006 

20 5.15673e-007 3.03167e-007 9.56508e-007 4.4907e-007 0.00000 3.30759e-006 fRG 

50 1.7742e-006 1.51082e-006 3.57033e-006 2.0836e-006 0.00000 156.347 

fRB 10 5.57968e-005 0.000241223 0.000436838 0.163859 3.91871e-012 1.81887e-006 

10 5.82793e-008 1.8993e-008 1.01552e-007 6.05627e-008 0.00000 1.28814e-006 

20 4.2308e-007 4.17229e-007 8.99982e-007 5.97633e-007 0.00000 3.8824e-006 fGW 

50 1.89749e-006 1.35678e-006 3.1648e-006 1.74817e-006 3.25261e-020 9.66551e-006 

10 1.8547e-007 1.40694e-007 2.25764e-007 2.16883e-007 4.09094e-019 9.38479e-007 

20 1.55568e-006 1.17675e-006 1.37731e-006 9.53749e-007 4.89669e-017 3.80868e-006 fPN1 

50 6.37824e-006 7.21941e-006 5.88418e-006 6.12007e-006 5.73471e-013 9.30713e-006 

fCB6 2 -1.03163 -1.03163 -1.03163 -1.03163 -1.03163 -1.03163 

fH3 3 -3.8623 -3.8623 -3.8623 -3.8623 -3.8623 -3.8623 
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NFE Fun. Dim. 

MSDE/rand/1 MSDE/rand 

/2 

MSDE/best/1 MSDE/best/

2 

MSDE/tar- 

to-best/1 

DE 

10 19690 18760 11566 16875 81600 26710 

20 40450 44370 25900 29300 86787 56090 fSWF 

50 141520 233300 54100 95800 1e+006 190700 

10 14100 14640 12180 14120 15830 30910 

20 21100 21090 17990 20650 22010 57460 fACK 

50 36220 36870 28880 32880 33320 153390 

fCV 4 58410 53120 34690 41280 48790 80730 

10 1e+006 1e+006 1e+006 1e+006 1e+006 1e+006 

20 1e+006 1e+006 1e+006 1e+006 1e+006 1e+006 fQU 

50 1e+006 1e+006 1e+006 1e+006 1e+006 1e+006 

fPAT 5 27200 15560 26070 17640 51730 1e+006 

10 14060 13170 11470 13500 27540 52850 

20 23160 20550 17580 21150 40210 345100 fRG 

50 36580 34710 28640 33520 66490 1e+006 

fRB 10 888730 1e+006 1e+006 1e+006 1e+006 141340 

10 13930 13680 13630 13950 32350 66760 

20 16660 16790 15340 16520 45790 53830 fGW 

50 28420 28570 22600 26180 66980 121050 

10 8070 8340 7590 8180 24630 20600 

20 13610 13370 12120 13320 37930 45250 fPN1 

50 28880 28800 23070 26200 81330 213080 

fCB6 2 2580 2830 2450 2670 3760 7460 

fH3 3 3070 3230 2750 3080 3990 5270 
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Average Error Fun. Dim. 

MSDE/rand/1 MSDE/rand 

/2 

MSDE/best/1 MSDE/best/

2 

MSDE/tar- 

to-best/1 

DE 

10 1.00000e-02 1.00000e-02 1.00000e-02 1.00000e-02 1.00000e-02 1.00000e-02 

20 2.00000e-02 2.00000e-02 2.36878e+02 2.00000e-02 2.00000e-02 2.00000e-02 fSWF 

50 4.50000e-01 4.50000e-01 1.99374e+03 7.10645e+02 1.77654e+03 4.50000e-01 

10 9.36269e-07 7.35553e-07 9.04351e-07 1.23575e-06 1.31125e-06 4.79698e-06 

20 2.81864e-06 2.99136e-06 4.87134e-06 3.20752e-06 4.58544e-06 1.05519e-05 fACK 

50 6.69271e-06 5.80025e-06 9.17246e-06 7.42857e-06 1.09127e-05 2.48575e-05 

fCV 4 5.20984e-10 6.07000e-10 3.58381e-10 2.76867e-10 1.20257e-11 5.69121e-08 

10 2.15633e-05 1.01884e-05 2.25509e-05 4.89016e-05 4.57038e-05 1.75087e-04 

20 1.02196e-04 1.18770e-04 7.11829e-05 1.19381e-04 7.10113e-05 7.83961e-04 fQU 

50 4.30240e-04 4.41801e-04 4.03578e-04 5.77908e-04 5.13707e-04 6.92452e-03 

fPAT 5 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 5.14828e-04 

10 3.70693e-08 1.74434e-08 1.20590e-07 7.49299e-08 0.00000e+00 1.62983e-06 

20 5.15673e-07 3.03167e-07 9.56508e-07 4.49070e-07 0.00000e+00 3.30759e-06 fRG 

50 1.77420e-06 1.51082e-06 3.57033e-06 2.08360e-06 0.00000e+00 1.56347e+02 

fRB 10 5.57968e-05 2.41223e-04 4.36838e-04 1.63859e-01 3.91871e-12 1.81887e-06 

10 5.82793e-08 1.89930e-08 1.01552e-07 6.05627e-08 0.00000e+00 1.28814e-06 

20 4.23080e-07 4.17229e-07 8.99982e-07 5.97633e-07 0.00000e+00 3.88240e-06 fGW 

50 1.89749e-06 1.35678e-06 3.16480e-06 1.74817e-06 3.25261e-20 9.66551e-06 

10 1.85470e-07 1.40694e-07 2.25764e-07 2.16883e-07 4.09094e-19 9.38479e-07 

20 1.55568e-06 1.17675e-06 1.37731e-06 9.53749e-07 4.89669e-17 3.80868e-06 fPN1 

50 6.37824e-06 7.21941e-06 5.88418e-06 6.12007e-06 5.73471e-13 9.30713e-06 

fCB6 2 3.00000e-05 3.00000e-05 3.00000e-05 3.00000e-05 3.00000e-05 3.00000e-05 

fH3 3 4.00000e-04 4.00000e-04 4.00000e-04 4.00000e-04 4.00000e-04 4.00000e-04 
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Mean of fitness and standard deviation for frequency modulation sound parameter problem. 
Dim. 

DE MSDE DEGL/SAW [55] SADE [28] NSDE [31] 

6 
2.25431e-01 
1.65639e-03 

6.27847e-017 
1.39884e-016 

4.8152e-09 
6.2639e-08 

7.8354e-02 
5.8254e-03 

9.4559e-03 
6.924e-01 

Mean of fitness and standard deviation for spread spectrum radar poly phase code design problem. 
Dim. 

DE MSDE DEGL/SAW [55] SADE [28] NSDE [31] 

19 
7.74390e-01 
1.86246e-02 

6.53674e-01 
1.91778e-02 

7.4439e-01 
5.84e-04 

7.5932e-01 
3.88e-05 

7.6094e+01 
4.72e-03 

20 
8.12229e-01 
7.38374e-02 

2.58407e-01 
1.89746e-02 

8.0304e-01 
2.73e-03 

8.3453e-01 
6.53e-04 

8.4283e-01 
3.44e-02 
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