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Cooperative co-evolutionary algorithm for
multi-objective optimization problems with
changing decision variables
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Algorithm1: Pseudocode of the proposed framework

Input: the evolutionary generations, Gen;
Output: the archive, A(t).
Grouping the decision variables (Subsection 3.2);
t<0, Gen<+0;
Initialize sub-populations;
while the stop criterion is not satisfied do
Change examination (Subsection 3.3);
if the change happens then
t<—t+1;
Response to the problem change (Subsection 3.4);
end
Cooperatively co-evolve sub-populations with a pre-existing MOEA (Subsection 3.5);
Choose non-dominated solutions and save them in A(t);
Gen<+Gen+1;
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13 end
14 return A(t)
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Algorithm 2: Forming initial groups

Input: the size of objectives, M;
Output: the groups of decision variables, SX', SX?, ... SX¥,
for k=1toM do
For the kth objective, fi(X), execute the first stage of MEE and an information matrix,
IM?%, is obtained;

N =

end

Calculate IM,4 by Eq. (5);

Classify the decision variables based on IM, deduced from IMg4, with the second stage of
MEE;

return SX!, SX?% ... SXK
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Algorithm3: Dynamically adjust the groups of decision variables ~ MEE[CEDEREZHRDIIL—TEZBHICRE T S75%

Input: the sizes of objectives and original decision variables, M and D, respectively; the
information matrix, IMg, in the previous environment; the threshold, o;
Output: the groups of decision variables, SX*', SX?,---  SX*.
1 if a decision variable, xp+1, is added then

2 Initialize an information matrix, IM/,= zeros(D + 1, D + 1), and set IM/;(1 : D,1 :
D) = IMgy;
3 for k=1toM do
4 for j=1to D do
5 if MIC ((0f/0xp+1),z;) > a then
6 | IM}(D+1,5) = 1 and IM(j, D+1) = 1; M: IR
7 end D: IEDIREZZIDEL
8 end Xp+1 < =E(ERERECENE=ND.
9 end Xr ; E{CEEN SHIFREN D,
10 end
11 if a decision variable, x.., is removed then
12 ‘ Remove the rth row and column of IM,, denoted as IM/;
13 end
14 Derive IM from IM}; and classify the decision variables with the second stage of MEE;
15 return SX!,SX2 ... SXX
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Table 1
Grouping accuracy of the proposed grouping method on 8 benchmark functions in terms of Recall over time.

Fun. 0 1 2 3 4 5
DMOP1 1.00 1.00 1.00 1.00 1.00 1.00
DMOP2 1.00 1.00 1.00 1.00 1.00 1.00
DMOP3 1.00 1.00 1.00 1.00 1.00 1.00
DMOP4 1.00 1.00 1.00 0.98 0.99 1.00 Recallfg
DMOP5 1.00 1.00 1.00 1.00 1.00 1.00 (FIIL—=T1tD
DMOP6 0.98 0.96 0.99 0.95 0.95 0.96 BE. BIRXR)
DMOP7 1.00 0.98 0.95 0.96 0.98 0.98
DMOP8 1.00 1.00 0.99 0.98 0.99 1.00

7

f&ER

o HHBEEPE(t=0)TlE. DMOPELIND IR TTIIL—FIEAYV v R(ERecall DEXIE
. BEfEfFEE EEIC. DMOP1, DMOP2, DMOP3., DMOPS5 (3RS E(TZERK

« DMOP6, DMOP7. DMOPSTI(I1XEDOnI MNT/INEL\BEEIN DD

v
BRI —TIEFERG. BEOEBE EEICEILT DRELRETIEECDBETESD
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Table 2
Performance comparisons of different grouping strategies with different change frequencies.
Problem (n,7;) MIGD MHV Problem (n, 1) MIGD MHV
NSGA-II PCC- ucc- SCC- MEE-  NSGA-II PCC- ucc- SCC- MEE- NSGA-II PCC- ucc- sce- MEE-  NSGA-II PCC- ucc- sce- MEE-
NSGA-Il  NSGA-Il  NSGA-I  NSGA-II NSGA-I  NSGA-Il  NSGA-I  NSGA-II NSGA-l  NSGA-I  NSGA-I  NSGA-II NSGA-  NSGA-I  NSGA-I  NSGA-II
DMOP1 (1,15)  0.0094 0.0079 00106  0.0078 0.0073  0.9027 09192 0.9019 09201 09202  DMOP5 (1,15)  0.0454 0.1130 0.0521 0.0442 0.0496  0.2138 0.2235 02101 0.2638 0.2635
(0.0010)f  (0.0011)  (0.0017)f  (0.0010)  (0.0011) (0.0954)f  (0.0989) (0.0956)f  (0.0985)  (0.0984) (0.0253) (0.0255)f  (0.0240)t  (0.0110)  (0.0173) (0.0431); (0.0775)f (0.0487);  (0.0012)  (0.0011)
(1,20)  0.0087 0.0075 0.0097 0.0078 0.0073 09165 09194 09101 09197 0.9202 (1,20) 04562 0.0585 0.0417 0.0496 0.0493 02150 0.2533 02216 02630 0.2636
(0.0038);  (0.0008) (0.0012)f  (0.0018)  (0.0011) (0.0968)  (0.0995)  (0.0970)  (0.0991)  (0.0986) (0.0248)f  (0.0408)f  (0.0197) (0.0174)f  (0.0176)f (0.0622)f  (0.0271) (0.0510)f  (0.0019)  (0.0010)
(1,25)  0.0070 0.0073 0.0077 0.0068 0.0062  0.9697 0.9694 0.9683 0.9709 0.9821 (1,25)  0.0422 0.0410 0.0415 0.0416 0.0359  0.2563 0.2575 0.2569 0.2580 0.2671
(0.0001)  (0.0007)  (0.0001);  (0.0001)  (0.0001) (0.0002); (0.0003);  (0.0006)i (0.0003)  (0.0002) (0.0039)f  (0.0002); (0.0001); (0.0001)f  (0.0001) (0.0061); (0.0004);  (0.0003); (0.0003)i  (0.0002)
DMOP2 (1,15)  0.0075 0.0080 0.0097  0.0068 0.0069  0.2521 0.3208 02374 03255 03258  DMOP6 (1,15)  0.1933 02378 0.1944 0.1725 01472  0.0461 0.0280 0.0206 0.0452 0.0469
(0.0014)  (0.0009)f  (0.0023)f  (0.0006)  (0.0008) (0.0644);  (0.0026) (0.0817)f  (0.0017)  (0.0014) (0.0449)  (0.1478)  (0.0712) (0.0629)f  (0.0274) (0.0094) (0.0026);  (0.0051);  (0.0120)  (0.0203)
(1,20) 00077 0.0074 0.0087 0.0066 0.0064  0.2981 0.3220 02906  0.3258 0.3251 (1,20)  0.1767 02155 0.1821 0.1834 0.1448  0.0437 0.0310 0.0430 0.0412 0.0471
(0.0017)t  (0.0008)  (0.0032)f  (0.0006)  (0.0005) (0.0259)f  (0.0021)  (0.0453);  (0.0016)  (0.0018) (0.0468)f  (0.1292)f  (0.0510)t (0.0646)f  (0.0266) (0.0138)f  (0.0027);  (0.0094) (0.0227)t  (0.0105)
(1,25)  0.0069 0.0070 0.0074  0.0073 0.0062 03226 03243 03116 03239 0.3251 (1,25) 04115 02311 0.1367 0.1229 0.1052  0.0085 0.0461 0.0293 0.0620 0.0615
(0.0001)  (0.0001)  (0.0002)f (0.0001);  (0.0002) (0.0005)f  (0.0006) (0.0006)i  (0.0001)  (0.0003) (0.0210)f  (0.0260)f  (0.0280)  (0.0130)  (0.0101) (0.0008); (0.0008)f  (0.0019);  (0.0007)  (0.0030)
DMOP3 (1,15)  0.0107 0.0104 00116  0.0103 0.0092  0.7560 0.7713 07506 07718 07765  DMOP7 (1,15)  0.0891 0.0842 0.0993 0.0808 0.0769  0.5838 0.6054 05710  0.6561 0.6421
(0.0028)f  (0.0010) (0.0023)f  (0.0009)  (0.0009) (0.0218)f  (0.0028) (0.0302)f  (0.0025)  (0.0025) (0.0100);  (0.0076)f  (0.0106); (0.0084)f  (0.0070) (0.2467);  (0.2427) (0.2548);  (0.2457)  (0.2395)
(1,20)  0.0088 0.0091 0.0105 0.0102 0.0090  0.7712 0.7760 0.7688 0.7753 0.7764 (1,20)  0.0833 0.0809 0.0957 0.0812 0.0768  0.6030 0.6265 0.5934 0.6396 0.6549
(0.0026)  (0.0008) (0.0012)f (0.0039)f  (0.0007) (0.0078)  (0.0030)  (0.0105)  (0.0023)  (0.0026) (0.0083)f  (0.0070) (0.0102); (0.0081)f  (0.0072) (0.2466);  (0.2411) (0.2401);  (0.2465)  (0.2471)
(1,25)  0.0090 0.0093 0.0095 0.0094 0.0083 07770 0.7760 0.7751 0.7760 0.7786 (1,25) 00894  0.0818 0.0919 0.0883 00831 07207 0.7290 0.7377 0.7437 0.7847
(0.0001)f  (0.0002)f  (0.0002) (0.0002);  (0.0001) (0.0002); (0.0003)  (0.0005)i (0.0005)  (0.0003) (0.0009)  (0.0007)  (0.0009)  (0.0011)  (0.0007) (0.0110)f (0.0072)f  (0.0134);  (0.0026)  (0.0027)
DMOP4 (1,15)  0.4904 0.3847 03831 03638 03578 03501 0.5450 05309 07158 07200 DMOP8 (1,15)  0.5651 0.7467 0.9780 0.5640 05471 0.0062 0.0025 0.0083 0.0742 0.0604
(0.0388);  (0.0461);  (0.0442)f  (0.0401)  (0.0469) (0.2346)f (0.3029) (0.2272);  (0.0969)  (0.0986) (0.0799)t  (0.0680)f  (0.0529)t (0.3369)f  (0.0909) (0.0017)f  (0.001)f  (0.0045);  (0.0098)  (0.0154)f
(1,200 04238 03524 03871 03591 03509  0.3891 0.5952 0.5842 0.6951 0.7166 (1,200 0.5301 0.6978 09149 0.5276 05137  0.0061 0.0027 0.0093 0.0791 0.0861
(0.0372)i  (0.0434);  (0.0384)f  (0.0404)  (0.0512) (0.2424)f (0.2840)f  (0.2339); (0.1102)i  (0.0969) (0.0551)  (0.0590); (0.0545)f (0.3200)f  (0.0738) (0.0185)f (0.0011);  (0.0080)  (0.0158);  (0.0094)
(1,25) 04545 0.3769 03914  0.2410 04390 02739 05328 05805  0.7675 0.7611 (1,25) 05762 0.6897 0.9070 05237 05012  0.0026 0.0034 0.0041 0.0489 0.0781
(0.0170)  (0.0330)  (0.0881) (0.0341)i  (0.0410) (0.0170)i (0.0140)f  (0.0937)f  (0.0190)  (0.0002) (0.0680)t  (0.0410)f  (0.0190)t (0.0270)f  (0.0280) (0.0023) (0.0031)f  (0.0030)f (0.0093);  (0.0081)
fasR
« NSGA-IIIIZEHFE (CIH U TMIGDDEFHAE <125,
« NSGA-II7ZFR< 77 )L TV X LDMIGDIE(E. ZCSEEDIENICHEV. (ZREFIRTDOTA MEETNE LB,
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Table 3
Performance comparisons of different strategies of selecting representative solutions with (n,, 7,)= (1, 25) and 7 =250

Problem Metric Random-based strategy Preference-based strategy Clustering-based strategy
DMOP1 MSP 0.0131 0.0116 0.0108
(0.0026)f (0.0028) (0.0022)

MGD 0.0035 0.0022 0.0016

(0.0012)f (0.0013)t (0.0009)

MMS 0.9706 0.9944 0.9999

(0.0157)f (0.0148) (0.0152)

DMOP2 MSP 0.0102 0.01 0.0087
(0.0015)f (0.0021)f (0.0013)

MGD 0.0088 0.0057 0.0025

(0.0027)t (0.0016)t (0.002)

MMS 0.9879 0.9968 0.9676

(0.0165) (0.0126) (0.0104)f

DMOP6 MSP 0.0242 0.0195 0.0207
(0.0083)f (0.0058) (0.0067)

MGD 0.3534 0.2283 0.2308

(0.2522)f (0.1704) (0.1513)

MMS 1 1 1

(0) (0) (0)

DMOP7 MSP 0.0408 0.0404 0.0395
(0.0056) (0.0043) (0.005)

MGD 0.0258 0.0193 0.0158

(0.0028)f (0.0032)f (0.0038)

MMS 1 1 1

(0) (0) (0)
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Table 4
The experimental results in terms of the MIGD and MHV metrics of MOPSO, SPEA2, MEE-MOPSO and MEE-SPEA2

Problem MIGD MHV
MOPSO SPEA2 MEE-MOPSO MEE-SPEA2 MOPSO SPEA2 MEE-MOPSO MEE-SPEA2
DMOP1 0.0074 0.0075 0.0062 0.0071 0.8699 0.7831 0.8800 0.8702
(0.0003)¢ (0.0002)f (0.0001) (0.0003) (0.0003) (0.0003)t (0.0005) (0.0003)
DMOP2 0.0071 0.0070 0.0061 0.0070 0.3230 0.2925 0.3241 0.3243
(0.0002)f (0.0002)f (0.0001) (0.0003) (0.0005) (0.0003) (0.0007) (0.0007)
DMOP3 0.0093 0.0092 0.0054 0.0089 0.7754 0.6985 0.7773 0.7770
(0.0002)f (0.0002)f (0.0001) (0.0001)f (0.0006) (0.0004)1 (0.0003) (0.0006)
DMOP4 0.3489 0.4891 0.4352 0.2021 0.2994 0.7212 0.6690 0.7608
(0.0930)¢ (0.0501)f (0.0226)f (0.0370) (0.0224)¢ (0.0218) (0.0990)¢ (0.0002)
DMOP5 0.0406 0.0412 0.0406 0.0406 0.2631 0.2368 0.2628 0.2632
(0.0001) (0.0026) (0.0001) (0,0001) (0.0003) (0.0002) (0.0010) (0.0042)
DMOP6 0.2354 0.3778 0.1203 0.0791 0.0323 0.0102 0.0574 0.0655
(0.0265)¢ (0.0264)t (0.0106)t (0.0042) (0.0039)t (0.0019)+ (0.0035) (0.0014)
DMOP7 0.0882 0.0878 0.0827 0.0839 0.7487 0.6981 0.7806 0.7287
(0.0040) (0.0017) (0.0008) (0.0012) (0.0191) (0.0027)t (0.0034) (0.0106)
DMOP8 0.9313 0.4524 0.5487 0.3742 0.0101 0.0579 0.0660 0.0573
(0.1057)t (0.0873)t (0.0560)f (0.0221) (0.0072)¢ (0.0107) (0.0135) (0.0193)

o/ B

- DMOP5. DMOP7D4D®D77)LT U X ABITMIGD EMHV A MU XDRATAREIREWN TRV, MEE-MOPSOH KU
MEE-SPEA2N'EREIRVMIGDEZ £ B, ZDEH(FE, IRSNITISEEEEN. DMOP5. DMOP7Z{bDE®D/ L — i@
tty ML T DREERDBDHEZZ T IC<WEEZSND.
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Table 5
The values of MIGD and MHV obtained by MOEA/DVA, LMEA and MEE-NSGA-II.

Problem MIGD MHV
MOEA/DVA LMEA MEE-NSGA-II MOEA/DVA LMEA MEE-NSGA-II
DMOP1 0.0408 0.0414 0.0394 0.4799 0.4797 0.4798
(0.0002)t (0.0002)t (0.0002) (0.0018) (0.0012) (0.0013)
DMOP2 0.0406 0.0407 0.0393 0.2158 0.2145 0.2165
(0.0003) (0.0002) (0.0001) (0.0004)t (0.0006)t (0.0000)
DMOP3 0.0452 0.0453 0.0426 0.4329 0.4338 0.4432
(0.0004)1 (0.0002)f (0.0001) (0.0002)t (0.0001)f (0.0001)
DMOP4 0.0426 0.0455 0.0444 0.1804 0.1773 0.1796
(0.0001) (0.0001)t (0.0003)t (0.0001) (0.0006)t (0.0004)t
DMOP5 0.8173 0.2686 0.3102 0.0156 0.0360 0.0394
(0.0105)¢ (0.0040) (0.0098)t (0.0009)+ (0.0003)t (0.0004)
DMOP6 0.4964 0.1232 0.1881 0.0235 0.0478 0.0395
(0.0226)t (0.0049) (0.0041)t (0.0018)t (0.0007) (0.0011)t
DMOP7 0.1336 0.1271 0.1244 0.4898 0.5154 0.5159
(0.0017)t (0.0017) (0.0006) (0.0097)t (0.0011) (0.0018)
DMOPS8 0.1798 0.1703 0.1710 0.4015 0.4289 0.4266
(0.0012)t (0.0012) (0.0020) (0.0026)t (0.0016) (0.0017)

’f*%/ ZE8

MOEA/DVAYSLMEA (. REZLEDOHBEEFREHRAET D LS (CAEOREFHIZHEE L. RBbEBENZLUIZEE(C
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Table 6
Comparisons of different algorithms on the portfolio selection problem.

Metric NSGA-II SPEA2 MOEA/DVA LMEA MEE-NSGA-II
MHV 0.0073 0.0072 0.0070 0.0072 0.0077
(std.) (0.00020)f (0.00017)t (0.00017)t (0.00018)f (0.00013)

fask
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Fig. 4. Average of HV over 20 runs versus time on the portfolio selection problem.
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DMOP 1~ 8

Table 1: Benchmark MOPs with changing decision variables

Problems and

characteristics Definition
A(X1(#) = wi(t)z1, f2(X11(1) = (1 = V/(F1/9)) 1P
S4s
?Zl\rll)gll")l o(Xr1(®) =1+ 525 (g wilt) (i — 51_:@)2) t=1|z]
Type I1(B) X(t)=(X1(t),Xr1(t)) = (w1(t)z1,w2(t)z2, - ,wp(t)zp),

Non — concave

wi(t)=1,1=1,2,---S,w;(t) € {0,1},i=S+1,--- ,S +s.

D = S + p(t),p(t) = Ef:;+1wi(t),0 € oy €1 =1:2D:

AXr(t)=1- exp( —4z1)sin® (67wz1), f2(X11(2)) = 9(1 - (f1/9)?)

H(X1(t) = 21, 2(X(2)) = 9(1 = (f1/9)*)

DMOP2
’(I‘Zy?)’:%ZB) 9 X)) =1+ 523 ‘_iwi(t)(mi = ﬁm)z + S:;“’t(t)(xi %%51) )
Concave t, X(t), wi(t), p(t), S, s, D, and x; are the same as those in DMOP1.
DMOP3 AX1®) = 21, (X11(9) = 91 = V/(F1/9) = (f1/g)sin(10mf1))

Tty 900 =1+ 5t (S - e+ X w0 - 56)°
Disconnected t, X(t), wi(t), p(t), S, s, D, and z; are the same as those in DMOP1.
DMOP4 fi(X1 (1) = =1, f2(X11(8) = 9(1 - V(f1/9))+7®)

Type 1A O(X11(0) = 14100~ 1) + 3 @) ~ 10cos(ina)

Non — concave

t, X(t), w;i(t), p(t), S, s, D and z; are the same as those in DMOP1.

S+40.5s]|

(e §Xrr(®) = 1+ 5 ()20 + ,_ZH wi(t) (@i — sin(z1))*%
Type I(A S+s
Cz)r];ca.\fe ) * '—S+|Z::5 |+1wi(t)(1'i — cos(z2))"%,

t, X(1), ;‘)i(t), p(t), S, s, D, and z; are the same as those in DMOP1.
DMOP6 f1(X(t)) = 0.5z122(1 + g); f2(X(t)) = 0.521 (1 — z2)(1 + g);
(DTLZ1) f3(X(t)) =0.5(1 - avl)(l +9)
Typa XE) g(X() = (D-2) + z: wi®)((@i — 572g7)° — cos(20m (i — 7)),
Multimodal t, X(t), wi(t), p(t), S s, D, and z; are the same as those in DMOP1I.

f(X(t)) = (1 + g) cos(0.5mz1) cos(0.57z2)

f2(X(t)) = (1 + g) cos(0.5mz1) sin(0.57z2)
DMOPT f3(X(t)) = (1 + g) sin(0.57z, )
(DTLZ2) = L > wi (t)(zi — 2 S+|0.58|w- z; — sin(z1))?
) 9X(0) = gagy + L @i O)(m — 09+ 3 wn(t)(ai — sin(z)
Concave S+ts

FY w®@ - cos@)?,

1=S+40.55|41
t, X(t), wi(t), p(t), S, s, D, and z; are the same as those in DMOP1.
}‘1 Eigt%g = 8 + gg cosgg.gﬂa:lg cos(((()).;m:rz))
) t)) = (1 + g) cos(0.5mx ) sin(0.57x

DMOP8 = sin(0.57x
(DTLZ3) f3(X(t)) =(1+9) (505 1) )
Type I(A) §X(®) = (D=2 + 3 wi(t) (o — In(e))? — cos(20m(z: — In(a))
Concave =
Multimodal + Sf: w; () ((z; — In(z2))? — cos(20m(z; — In(z3)))),

i=S41
t, X(t), wi(t), p(t), S, s, D, and z; are the same as those in DMOP1.




DMOP1, DMOP4, DMOP7MDEMPF

True PFs of DMOP1 and DMOP4 True PF of DMOP7

f,(x)

0 0.2 0.4 f1 ) 0.6 0.8 1

(a) (b)
Figure 1: The true PFs of DMOP1, DMOP4, and DMOP7
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Table 2
Performance comparisons of different grouping strategies with different change frequencies.
Problem (n,t,) MIGD MHV
NSGA-I1 PCC- ucc- SCC- MEE-  NSGA-II PCC- ucc- Scc- MEE-
NSGA-II NSGA-II NSGA-II NSGA-II NSGA-II NSGA-II NSGA-II NSGA-II
DMOP1 (1,15) 0.0094 0.0079 0.0106 0.0078 0.0073 0.9027 0.9192 0.9019 0.9201 0.9202
(0.0010)¢ (0.0011)  (0.0017)t (0.0010) (0.0011) (0.0954)t (0.0989)  (0.0956)f (0.0985) (0.0984)
(1,20) 0.0087 0.0075 0.0097 0.0078 0.0073 0.9165 0.9194 0.9101 0.9197 0.9202
(0.0038)t (0.0008)  (0.0012)t (0.0018) (0.0011)  (0.0968) (0.0995) (0.0970) (0.0991) (0.0986)
(1,25) 0.0070 0.0073 0.0077 0.0068 0.0062 0.9697 0.9694 0.9683 0.9709 0.9821
(0.0001) (0.0007)  (0.0001)t (0.0001) (0.0001) (0.0002){  (0.0003)  (0.0006); (0.0003)t (0.0002)
DMOP2 (1,15) 0.0075 0.0080 0.0097 0.0068 0.0069 0.2521 0.3208 0.2374 0.3255 0.3258
(0.0014)  (0.0009)f  (0.0023)t (0.0006) (0.0008) (0.0644)t (0.0026)  (0.0817)f (0.0017) (0.0014)
(1,20) 0.0077 0.0074 0.0087 0.0066 0.0064 0.2981 0.3220 0.2906 0.3258 0.3251
(0.0017)t (0.0008)  (0.0032)t (0.0006) (0.0005) (0.0259)f (0.0021)  (0.0453)f (0.0016) (0.0018)
(1,25) 0.0069 0.0070 0.0074 0.0073 0.0062 0.3226 0.3243 03116 0.3239 0.3251
(0.0001) (0.0001)  (0.0002);  (0.0001)f (0.0002) (0.0005)t (0.0006)  (0.0006)t (0.0001) (0.0003)
DMOP3 (1,15) 0.0107 0.0104 0.0116 0.0103 0.0092 0.7560 0.7713 0.7506 0.7718 0.7765
(0.0028)t (0.0010)  (0.0023)t (0.0009) (0.0009) (0.0218)f (0.0028)  (0.0302)f (0.0025) (0.0025)
(1,20) 0.0088 0.0091 0.0105 0.0102 0.0090 0.7712 0.7760 0.7688 0.7753 0.7764
(0.0026) (0.0008)  (0.0012);  (0.0039)f (0.0007) (0.0078) (0.0030) (0.0105) (0.0023) (0.0026)
(1,25) 0.0090 0.0093 0.0095 0.0094 0.0083 0.7770 0.7760 0.7751 0.7760 0.7786
(0.0001)t  (0.0002)f  (0.0002)f  (0.0002)t (0.0001) (0.0002)f  (0.0003);  (0.0005)f (0.0005)t (0.0003)
DMOP4 (1,15) 0.4904 0.3847 0.3831 0.3638 0.3578 0.3501 0.5450 0.5309 0.7158 0.7200
(0.0388); (0.0461)f  (0.0442)t (0.0401) (0.0469) (0.2346)f (0.3029)f  (0.2272)f (0.0969) (0.0986)
(1,20) 0.4238 0.3524 0.3871 0.3591 0.3509 0.3891 0.5952 0.5842 0.6951 0.7166
(0.0372);  (0.0434)f  (0.0384)t (0.0404) (0.0512) (0.2424)f  (0.2840)t  (0.2339)f  (0.1102)t (0.0969)
(1,25) 0.4545 0.3769 0.3914 0.2410 0.4390 0.2739 0.5328 0.5805 0.7675 0.7611
(0.0170) (0.0330) (0.0881)  (0.0341)f (0.0410) (0.0170)t  (0.0140);  (0.0937)f (0.0190) (0.0002)
DMOP5 (1,15) 0.0454 0.1130 0.0521 0.0442 0.0496 0.2138 0.2235 0.2101 0.2638 0.2635
(0.0253)  (0.0255)f  (0.0240)t (0.0110) (0.0173) (0.0431)f (0.0775)f  (0.0487)f (0.0012) (0.0011)
(1,20) 0.4562 0.0585 0.0417 0.0496 0.0493 0.2150 0.2533 0.2216 0.2630 0.2636
(0.0248);  (0.0408)t (0.0197) (0.0174)f  (0.0176)f (0.0622)f (0.0271)  (0.0510)f (0.0019) (0.0010)
(1,25) 0.0422 0.0410 0.0415 0.0416 0.0359 0.2563 0.2575 0.2569 0.2580 0.2671
(0.0039);  (0.0002);  (0.0001); (0.0001)f (0.0001) (0.0061)f  (0.0004)  (0.0003)f (0.0003)t (0.0002)
DMOP6 (1,15) 0.1933 0.2378 0.1944 0.1725 0.1472 0.0461 0.0280 0.0206 0.0452 0.0469
(0.0449) (0.1478) (0.0712)  (0.0629)t (0.0274)  (0.0094) (0.0026){  (0.0051)f (0.0120) (0.0203)
(1,20) 0.1767 0.2155 0.1821 0.1834 0.1448 0.0437 0.0310 0.0430 0.0412 0.0471
(0.0468); (0.1292);f  (0.0510);  (0.0646)f (0.0266) (0.0138)f  (0.0027)t (0.0094)  (0.0227)t (0.0105)
(1,25) 0.4115 0.2311 0.1367 0.1229 0.1052 0.0085 0.0461 0.0293 0.0620 0.0615
(0.0210)t  (0.0260)f  (0.0280)t (0.0130) (0.0101) (0.0008){  (0.0008){  (0.0019)f (0.0007) (0.0030)
DMOP7 (1,15) 0.0891 0.0842 0.0993 0.0808 0.0769 0.5838 0.6054 0.5710 0.6561 0.6421
(0.0100)t  (0.0076)f  (0.0106)f  (0.0084)t (0.0070) (0.2467)t (0.2427)  (0.2548)t (0.2457) (0.2395)
(1,20) 0.0833 0.0809 0.0957 0.0812 0.0768 0.6030 0.6265 0.5934 0.6396 0.6549
(0.0083)t (0.0070)  (0.0102);  (0.0081)f (0.0072) (0.2466)t (0.2411)  (0.2401)f (0.2465) (0.2471)
(1,25) 0.0894 0.0818 0.0919 0.0883 0.0831 0.7207 0.7290 0.7377 0.7437 0.7847
(0.0009) (0.0007) (0.0009) (0.0011) (0.0007) (0.0110) (0.0072)f  (0.0134)f  (0.0026)t (0.0027)
DMOP8 (1,15) 0.5651 0.7467 0.9780 0.5640 0.5471 0.0062 0.0025 0.0083 0.0742 0.0604
(0.0799)t  (0.0680)f  (0.0529);  (0.3369)f (0.0909) (0.0017)i  (0.001)f  (0.0045);  (0.0098)  (0.0154)
(1,20) 0.5301 0.6978 0.9149 0.5276 0.5137 0.0061 0.0027 0.0093 0.0791 0.0861
(0.0551)t  (0.0590)f  (0.0545);  (0.3200)t (0.0738) (0.0185); (0.0011)f  (0.0080)f  (0.0158)f (0.0094)
(1,25) 0.5762 0.6897 0.9070 0.5237 0.5012 0.0026 0.0034 0.0041 0.0489 0.0781
(0.0680)f  (0.0410)f  (0.0190)f  (0.0270)t (0.0280) (0.0023)f  (0.0031){  (0.0030)f  (0.0093)t (0.0081)
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