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I HTAggregation function

Weighted distance(also called Lp) scalarizing methods-- MOEA/DSER N B B —ZL R
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Lp=187, NN0FD ( weighted sum ) Lp=cofy, NNIRUIELEFK ( weighted Chebyshev)
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Fig. 3. Contour curves of the Ly scalarizing method with different p values.
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Fig. 5. Measurement of two distances in an L, scalarizing method.
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Fig. 6. Illustration of the influence of p to the ) distance.
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Robustness of Different Lp Scalarizing Methods on the PF Geometry
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Robustness of Different Lp Scalarizing Methods on the PF Geometry
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g"(x*|w. p) = g"(x'|w, p). for all X’ (5)
WRIFBPFAI AT (5), #81S: p > max (ki)
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PaS(Pareto Adative Lp Scalarizing) B\ #& H

L

HBipl: DA HERIENRGRE, HplE

AR IR Algorithm 1: Pareto Adaptive L, Scalarizing
B LBTEMESS= (x1, x2, -, xn), B MRED e, —YS L
= N — < em VS e ST nput: current population §, current generation index:
E; \qunll LB, EXPERT, TEYU gen, maximum generation index: maxGen, weight
MAREpE vector w, candidate p set:
min p, peP P={1.2.34.5.6.7,8.9..10, ¢}
¢ vk wd{ *[ ) < o &| ©) Output: p value for subproblem with weight vector w
s.t. Vx': g"t(x¥|w.p) <g (x w.p)
1|if rand = gen/maxGen then
2 foreach p* € P do
gglll(,j?, k . wid Exya
PFRA] = z*>kAl 3 zK argT;E(g (x|w, p9));
4 end
e Ho B ks
et 4 L K s | z< argmin dist (z*, w);
RIABIRORSDECFL, FIRSEUEIRLFE N1 AL ¢ | Setptobe the smallest p* with 2 = z°;
7 end
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Simple bi-objective minimization example for illustrating the PaS

TABLE 1
SCALAR VALUES OF SOLUTIONS USING VARIOUS
Lp SCALARIZING METHODS

w = (0.5.0.5) p=1 =2 p=3 p=roo | distance

Ffix1)=(0.2,07) ||o4s]| 03640 03506 035 | 03536

fix?) = (0.3,0.65) | 0475 [0.3579] 03286 0325 | 0.2475

f(x3) = (0.55,0.55) | 055 03889 [o.3270] Jo27s] [ ] o |

f(x1) = (0.8,0.4) 0.6 04472 04061 040 | 0.2828

BRI ZRIB4 TR , x1,x2,x3,x4 , IREMOEN (0.5,05)
Hp=11Y , BRI Ix1

Hp=20Y , XILEHEIx2

Hp=3l , RILHEIIx3

Hp=infly , BRILHEIIX3

Ex1,x2,x300 , x3BNEOERVERE(d2) FT/)\s
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Fig. 3. Contour curves of the L, scalarizing method with different p values.
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The best solution identified by various
gwd(x|w, pk) is different with large
probability

SEES 1 BRI BT ER -

ten nondominated solutions are generated
in the two-objective space and nine evenly
distributed

weight vectors are considered, which are
wl=(0.1,0.9),w2=(0.2,0.8),..., w9 = (0.9,
0.1). We then find the best solution, zk for
each gwd(x|w, pk).

The experiment is repeated 100 times
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MOEA/D-PaS

Algorithm 2: MOEA/D Using Pareto Adaptive L,
Scalarizing Methods, MOEA/D-PaS

Input: initial population, § « {x'.x*, ....x"}, initial
weights, W « (w!', w>, ... wV],
selection neighbourhood size, T, replacement
neighbourhood size, nr, maximum generation
index, maxGen

QOutput: §

1 Imtialize the candidate p set,
P=1{1,2,3,4,5,6,7,8,9, 10, cof;

2 Evaluate the objective function values of the initial S;

3 Update ideal and nadir vectors, z* and z"%;

4 Randomly assign each weight, w' with a candidate
solution, x';

5 Calculate the Euclidean distance between weights, w'
and W, i,je1,2,...,N;

6 Find T neighboring weights B(w') of w' and identify the
associated neighboring solutions B(x') of x';

7 Setp' =oc.i=1,2,....N, gen =0, the mating pool
Q = @, the probability of mating restriction § = 0.9;

8 while gen < max(ren do

9
10
11
12
13
14
15

16

17

19

21

I i

for i < 1 to N do
if rand = 5 then
| @« B(x"):
else
| 0«8
end
Randomly select three solutions x'', x> and x"*
from the mating pool, @;
Generate a new solution X" by performing
differential evolution (DE) and polynomial
mutation (PM) operators:
Evaluate the objective value of x™", and update
z* and ',
¢+ 0
while ¢ < nr||Q # ¥ do
randomly pick an index j from Q;
if gil'd{xﬂe'il'lwr"}jf} < gn'd{lewt" P!} then
xj — xhew:
c+—c+1
end
remove x/ from (;
end
end
Update the p', i=1,2,..., N using Algorithm 1:
gen «— gen + 1
end
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» MOEA/D

» MOEA/D-AS

MOEA/D with an adaptive use of the weighted sum and
Chebyshev methods),

» MOEA/D-SS

MOEA/D with a simultaneous use of the weighted sum and
Chebyshev methods.



MOEA/D-PaS MOEA/D MOEA/D-AS MOEA/D-58

2-ohjective problems

4 \‘ 7 L\ ‘:I_‘:
A} \ WEG41-2 031380000031 0 208200.0052)— O 287600.0019)— 029050000532~

WFEG42-2  OTRETI0.0038) 077 1000.0047)— 0.778400.0034) 07790000025~

WEG43-2  OL19070.0056) 00797001750 00796000047~ OL183%0.0013)~

WEFG44-2  0.9051(0.0038)  08R322(0,00500~  O9083(0.047=  0.9037(0.0022)=

WFG45-2  0.42901(0.0029) 04145000072} 04076(0.0041)~  0.4102(0.00193~

WEG46-2 054600000213  O5286(0.0071)~ 05307(0.0013)~  0.53392(0.00133~

WFG47-2  0.4625(0.0123)  0.4323(0.0197)  0.442900.0192)~  04703(0.0028)~

H V,TE . WFG48-2  0.5981(0.0232)  0.5094(0.0052) 0.4999%0.0024) (0.5398(0.0277)

4-ohjective problems

N\
1—b %% ﬁj\ﬁ I|\_i|_ EDZ K EDZ ;23- WFG414  0.5861(0.0028)  0.4668(0.0007)—  0.4876(0.0084)~  0.5516(0.0045)
’

WFG42-4 09100000079 0.8828(0.0072) OB958(0.01423= 0,901 5(0,0090)

WEFG43-4  0.361700.0443)  0.33540.0052)— 0.3575(0.0047) 0L3619(0,0020)=

WFEGH-4  0.9424(0.0053)  0.9401(0.0048)= 0L944000.011 1= 0,949 (0,0039)=

WEG45-4 06609000450 0.56140.0151) 0595100089~ 0.645350.011°70~

WEG46-4  0.8147(0.0194)  0.7318(0.0218)"  0.7731(0.0264)~  0.8255(0.003k4]

WEFG47-4 0691 1{0.0049)  04855(0.0582)~ 06441000157 0L67E89(0.0075)~

WFG4E-4  0.6956(0.01200  0.6564(0.0258)~ {].?24EJHJ.{E{] 0707 1{0.0207)=

T-objective problems

WEFG41-7  0.7204(0.03407  0.531%0.0212) 0.6286(0.0452) 06149000617

WFG42-7 095560000113 095000000697~ 09448(0.0009)=  0.0438(0.0052)~

WFG43-7 0425200219 0.3375(0.413) 0.366700.0501) 0,33 1900.0509)

WEGH-T  09487(0.0094)  0.93410(0.0027) 0.945400.00095)= CLO51900.0104)=

WEFG45-T  0.7596(0.0122)  0.6293(0.0035)~ 0.693600.0054) 0La527(0.0005)~

WFG46-7 0888400084 0.8112(0.00165)~ 08385000379~ 08399000027~

WEFG47-7  0.6584(0.0230)  0501100.0191)— 0.5222(0.0422)~ 0.3607(0.0272)~

WEFGAS-T  0.7497(0.0101)  0.694100,0240)—  0.7634(0,0138)=  0.7447(0.0283)=

f.—/=/+ 22/2/0 17/6/1 15/8/1
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C(A,B) > C(B,A),
W BAARIN SN2 E L B

CIMOEAD, Pas) i PaS MOEAD) CUAS Pas) C(PaS,AS) C(55,Pas) C{PaS,55)
2-objective problems
WFG41 0.0052(0.0104) < 0.964000.0426) ) < 0.9748(0L0170) | 0L0401(0.0463) < 0.e904(0.0802)
WFG42 CLOREA0L066H) < (L784600.04604) 0.0346(00,0691) < O725900.0797) | (L1481(0.0574) ) 0.552800.1256)
WFG43 Q169 1(0.0867) < (LA2TH0,04581) L1 (.8606(0.0627) | 0L1825(0.0861) (LARIZ0,0927)
WEFG44 0.0026(0.0052) < 0.9384(0.0474) 0.0524(0.0835) < 0.568400,0774) | 0.3777(0.0462) ﬁ 0.389400,1057)
WEFG45 0011 1(0.0222) < 0.7765(0.0330) (LOOB2(0.0163) < OBT07(00826) | LO07E0.0156) < O7981(0.1276)
W46 (LOA3RI0.08T6) < OUT34800,0404) (LOO23(0,0050) < (L76620000732) | 0L 1063(0.0886) < CLATAR0,1032)
WEGAT QLO35700,07 14) < OL6E0E(0,0327) 0,007 3(0,0085) < (LA0S0008FTY | 0.0299(0,0294) < (L3000, 1941)
WEFG4E 0.07400.0921) = 0.5952(0.0458) (L0664(0.0668) 0.4243(0L0583) | 0.1164(0.0225) I;I O027(0L1011)
4-phjective problems T
WFG41 CLOOZ000,0041 ) < (L349500,0427) {1 < QLATER(0.0337) | 0,0446(0,0143) < (LOSR00.0341)
WFG42 () < 0.1355(0.0642) 0.0023(0.0045) < 0.170600.0854) | 0L0045(0.0052) < 00090000027 )
WEG43 (1] L (L2300 08700 L] < QASTIOO094R) | (L0227(0.0544) < (.224300.0964)
WG4 (L223000, 10349 < CLTTA3(0,0894) CLOOT 300,00/ 2) (L23ES(0. 1002y | L0224(0.0122) CLOSEMDORR)
WFG45 0002 1{0.0042) < 0.2781(0.0276) i) < 0318000.,0605) | 0L0301(0.0156) = 0.049700L0227)
WEFG46 0.0044(0.0051) < QL 1118(0.0638) (0044000251 0. 1467(0L,0686) | (LO173(0.0097) L= 0.0190(0.0113)
WFG4T QLOO2400,0047) < 0.262900,0793) 0L,0194(0,0243) O298(0.0461) | 0L,0474(0.0246) (L 141 800,0265)
WFG4E 0.0208(0.0417) < 0.4610(0.0898) 01725000928y | = | 0.1395(0.0819) | 0.0612(0.0315) I;I 0.0636(0,0822)
T-objective problems
WG4 (1)) L (LUGIZ0.0368) (LOT430.0280) < Q.066T(00278) | (LO186(0.0148) I = I CLOT &S] 200
WTFG42 (LOZ26300.0137) < CLOGSTE0017R) 0,0063(0,0450) CLOBOAMOL0427) | 000261 (0,0001 ) o CLOEAO0.036%)
WFG43 0.0156(0.0321) < 0.2500(0.0436) 0LO732(0.0698) < 0219800L0911) 0y 0.2708(0L0283)
WEFG44 ()] <= 0.26092(0.0503) (LOTOG0.04659) < 0.0532(000376) | (LOZBE(0L0T8) < QL 1R92(0L0138)
WIGA5 i < (1,238600,1076) L8]] (L1 3TH0L0607) L] CLLS3R(0.0700
WFG46 0.0797(0.0239) < 00y 001620000450 | = | 0.0126(0.0089) | 0.01550.0313) [ =]  0.0102(0.0304)
WEFG47 OLDBOM0.0286) < 0.2027(0.1093) (L012000.0551) < 0.250000.0029) | LO482(0.0225) < 0A4821(0.2415)
WEFG4S (0 < (202000, 1 185) L < (L.74140.5246) L] < 0421 1022700
£ <i=f= 24/0/0 i == 227200 § =i=f= L1770
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Fig. 14. Obtained p values for WFG41-4 over generations.
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TABLE IV

HV METRIC COMPARISON RESULTS (MEAN AND STD) OF MOEA/D-PAS,

MOEA/D-PAS2, AND MOEA/D-PFT FOR THE WFG41 PROBLEMS.

THE BEST RESULTS ARE MARKED IN BOLD TYPE

MOEA/D-PaS

MOEA/D-PaS2

MOEA/D-Pft

WEG41-2 | 0.3138(0.0031)  0.3013(0.0051) | 0.3234(0.0018)
WFG41-4 | 0.5861(0.0028)  0.5445(0,0078) | 0.6094(0.0019)
WFG41-7 | 0.7204(0.0340)  0.6903(0.0443) | 0.7504(0.0110)

C(PaS,PaS2) | = C'(PaS2,PaS) C'(PaS.Pft) < C'{PfL,PaS)
WFG41-2 | 06100121 [ < 0.013(0.0024) | 0.0016(0.0002) > | (LO541(0.0122)
WFG41-4 | 047(0.0098) | <  0.04(0.0257) 0.0056(0.0003) = | 0.1005(0.0454)
WFG41-7 | 0.39(0.0098) | «  0O.11(0.0317) 0.0316(0.0049) = | 0.1804{0.0315)

[$27~:]1 C(A,B)>C(B,A), 1iBHARUSFEE LEBYT

MOEA/D-Pft: {F FiEIPEIIR KI5 T ¥ 58 pf
MOEA/D-PaS: 4t H
MOEA/D-PaS2: FEHiplE RS, W& 14 Hifsc -

rand>gen/maxGen

HV:
MOEA/D-Pft > MOEA/D-PaS
C:
MOEA/D-Pft > MOEA/D-PaS
MOEA/D-PaS > MOEA/D-PaS2
[452]

1. H@E NS =4 7 — e e
2. 0 E%A, rand2gen/maxGen, JR4E
Tz AEH
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