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A leading NSGAII algorithm based on regional unbalanced subspace

GAN Xiang-Yu, ZHOU Xin-Zhi, YANG Xiu-Qing , XIANG Yong, YE Yi

(College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: In order to address the drawbacks such as a large amount of calculation, the difficulty in balan-
cing convergence speed, and uniformity of population distribution when solving multi-objective optimiza-
tion problems with traditional evolutionary algorithms, a leading NSGAII algorithm based on regional
unbalanced subspace (NSGAII-URS) is proposed. First, based on the NSGAII algorithm and the local
search algorithm, the population leading solution set is added in each genetic process to guide the popu-
lation to converge quickly. Then the target space, where the non-dominated solution is located, is even-
ly divided, the concepts of sparse subspace and free subspace are introduced. Finally, the unbalanced
subspace is optimized by a local search strategy based on sparse degree to further improve the uniformity
of the population distribution. The proposed algorithm is compared with five other advanced multi-objec-
tive evolutionary algorithms, verified by benchmark test function, and two general indicators of inverse
generation distance (IGD) and hypervolume (HV) are used for performance evaluation. Experimental
results show that the proposed NSGAII algorithm is significantly better than other compared multi-ob-
jective optimization algorithms in terms of solution distribution and convergence.
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Input N(ﬂ‘ﬁﬂ”ﬁ) s Tvax (%j(iﬁ:ﬂﬁ’fh?&)

()utput P()M/\X(ﬁ%?gﬁﬁ)
1) Initialize the population P with N random

individuals
2) while NotTerminate(Population) do
3) MatingPool= T-Select(P;)
4) Py =GA(Population(MatingPool))
5) if <<(2/3) * evaluation then
6) Px= LocalSelectionl (P;(F=1))
7 Py= P;+Py+Py
8) Py = E-Selectl(Py)
9 0=0+1
10) else
1D Py= LocalSelection2(P;(F=1))
12) Py= P;+Py+Py
13) Py = E-Select2(Py)

14) 0=0+1
15) end
16) end

17) return Poiq
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Fig. 1 Schematic diagram of the leading solution
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1) Initialize a set of unit vectors V=>{v,+**,v; }

Input
Output

2) Normalize the current non-dominated so-
lution P;(FN=1), denote the normalized
matrix as Objs
Objs=(ObjsZin) / (Zuax — Zin)

3) Ang=ACDis(Objs,V)

4) nn=unique(min(Ang))

5) L,=[1:len(P;(F=1))]

6) for i=1 len(nn) do

7)  mm=(,—nn())==0
8  L(mm)=[]
9) end

10) I, =/, calculate the subspace that’s not
allocated to the individual
11) for i=1—length(/;) do
12)  execute extreme optimization mutation
strategy
13) end
14) return Py
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Fig. 3 The optimization effect of NSGAII-URS on ZDT series functions
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Fig. 4 The optimization effect of NSGAII-URS on DTLZ series functions
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Tab. 3 The average and standard deviation of IGD on ZDT series test functions

Problem NSGAII-DLS GrEA MOEADD HypE RVEA NSGAII-URS
DT, M 1.7257¢2 1.3474¢2 4. 3780e-2 8. 7722¢-2 1.2811e1 5.1707¢-3
FrifE 2z (3.12¢3)—  (2.02e¢-3)— (9.43¢3)—  (38.5le2)—  (3.02e2)— (2.07e-4)
DT, Tiﬁj{ﬁ 2. 2648¢-2 2. 0225¢-2 5. 2589¢-2 4. 2223e-1 1. 8824e-1 7.3631e-3
brifE 2z (4.76e3)—  (1.47e2)— (1. 04e-2) — (9.29¢2)— (4. 47e¢2)— (2.26e-3)
DT Ttifj{a 1. 5835¢2 1.5438¢2 1.1432¢-1 2.5792¢-2 1. 6075¢-1 1. 0935¢-2
bR (6.78e3)—  (1.94e3)— (1.4le2)—  (L6le— (2. 11e2)— (1.98¢2)
IDT, T 7.7021e-2 3.2227¢-1 3.5190e-1 6.8758¢-1 1. 3299¢+0 5.2201e-3
FrifE2E (7.07e2)—  (2.25e D) — (1.35¢1D—  (2.50eD—  (4.87¢1)— (2. 88e-4)
DT, %ﬁj{ﬁ 7.0791e-2 5. 7766¢-2 1. 6422¢-1 5.9531e-2 3.4091e1 4.3293¢-3
FrifE 2z (3.5le—2)—  (2.99¢2)— (6.66e2)—  (2.72e2)—  (7.65¢2)— (2. 49¢-4)
+/—/= 0/5/0 0/5/0 0/5/0 0/5/0 0/5/0

(2) FBIEFIHV). HV @85 ir ki3 ng Pa-
reto F AL MAETE H bras (6] BT 78 35 A3 BB KN L %48
Bl LA I iy B e B A et A AR

\PF,|

HV, = volume( 191 ;) (19
A, PF, 2 ¢ N 2525 0 3-A31Y Pareto BijiiT . /2
2% A RTE B AR, HV B K 3 B 53
BRI Pareto BT SUHEBRGT , 4341 5 5.

508 6 MR BITE ZDT R 50K ek 5 1
KT HV f8hr)is 1745 58, v] i, NSGAIT-URS &
BAE ZDT, ~ZDT, . ZDT, . ZDTs F4430 HV {E
- FBRUE 22 X/ NF X AR #E ZDT, [
25 THE HypE JHAH T I3 51 4 R4 2 A W
WACE. 3R 6 27 DTLZ RN ek T
HV f8ts iz 1455, v] W DTLZ, ~DTLZ; L
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% 59 % )l K FFRCH RAF RO % 23

AL AR B IGD A8 2 oA I Hny. 1E
DTLZ, FWs2 T8 MOEADD, 7£ DTLZ, I #§
2 FH3L NSGATI-DLS, 78 J5 £2 1 TAE al i 48
] LA T B R AR BIESR.

H1 LA SEER AN 3B T AT, ARSI AE bR b
AR TE BT X80 H AR A = H b Ak 1) i, A
SCHEH ) NSGATIURS B 7 B 3675 5 ) 26
AR
%4 DTLZ 2FIMK R H E 1IGD Wy FEHEMIRAEZE
Tab.4 The average and standard deviation of IGD on DTLZ series test functions

Problem NSGAII-DLS GrEA MOEADD HypE RVEA NSGAII-URS
DTLZ SEHAE 6. 8292¢-2 1.5927¢1 7.1747¢-2 4. 3532¢-1 7.2257¢2 7.0230¢-2
- FrifE 2 (2.38¢3) +  (2.22e1)— (8.92¢2)— (2. 40e- 1) — (8. 88e-2)— (2.53e3)
DTLZ SEHA(E 6. 1449¢-3 2.0320¢-2 3.1078¢-2 1. 3455¢2 8.5747¢2 9. 9496¢-3
- PR (3.35¢4) +  (8.02e4)—  (1.19e3)—  (1.97eD—  (1.33e2)— (1. 60e-3)
DTLZ T 5. 8938¢-3 2. 2040e-2 5. 9778e-2 1. 9675¢-1 9. 369662 5. 8430e-3
o brifi 2 (4.99e-4) = (3.73e4)— (8.75¢2)— (4. 68e-2)— (2.67e2)— (2.59¢-4)
DTLZ X 1.0462¢-1 7.9738¢-2 5. 2154e-1 8.5796¢-1 1.8713e1 7.5741e-2
- bR (8.39e3)— (2.69e-3)— (2.50e-1)— (2. 49e-2)— (2. 90e-2)— (3.70e-3)
+/—=/= 2/2/1 0/4/0 0/4/0 0/4/0 0/4/0
x5 ZDT RIMREE E HV BFEHEFIRESE
Tab.5 The average and standard deviation of HV on ZDT series test functions
Problem NSGAII-DLS GrEA MOEADD HypE RVEA NSGAII-URS
ZDT I 6.9975¢e-1 7.0363e-1 6. 6276e-1 6. 5565¢e-1 5. 51621 7.1876e-1
: brifE2z (4. 22e3)— (3.09e3)— (1.27e2)— (1. 69e2)— (3. 68e2)— (2. 68e4)
JDT SEHI 4.1573¢-1 4.1874¢-1 3.6871e-1 1. 3127e-1 2.1176¢-1 4. 4074¢e1
: PR (6. 48e-3) — (1. 73e2)— (1. 48e2)— (4. 34e2)— (3.07e2)— (3.15¢3)
JDT FHIE 5.9207¢-1 5.9020e-1 5.0374e-1 6. 3246¢-1 4. 7304¢-1 6. 0940¢-1
’ Frif (1. 64e2)— (2.18e-3)— (9.85e-3)—  (4.84e2) =  (1.87e2)— (3. 60e-2)
JDT SEHIE 6.1993¢-1 4. 2214¢-1 3.1044¢-1 2.1519¢-1 5.5036¢-3 7.1914¢-1
! Frifi 2 (8.59¢-2)— 1. 74e 1) — (1. 23e-1)— (1. 38e-1)— (1. 90e-2) — (2. 80e-4)
JDT SEHi 2. 99131 3.1553¢1 2. 0452¢-1 3.1167¢e-1 7.4028e-2 3.8767¢-1
’ FrifE (4. 03e-2)— (3. 49e-2)— (5. 84e-2)— (3. 24e-2)— (3.30e-2)— (2. 42¢-4)
+/=/= 0/5/0 0/5/0 0/5/0 0/4/1 0/5/0
% 6 DTLZ 23K EE £ 1GD B FHEMIRAEE
Tab. 6 The average and standard deviation of HV on DTLZ series test functions
Problem NSGAII-DLS GrEA MOEADD HypE RVEA NSGAII-URS
DTLZ THIE 5.3398e1 5.1205¢1 5. 4688¢-1 3.7539¢1 5.3545¢1 5.3979¢1
- PRt (1.20e3)—  (L1lleD—  (4.24e2) + (L. 40eD)—  (3.98¢2)— (5. 14e3)
DTLZ SEHIE 1.9841e1 1. 8854¢-1 1. 8228¢-1 1. 9404e-1 1.4512¢1 1.9678¢-1
’ b2 (2.48¢4) +  (4.28e4)— (7.58e4)— (4. 67e4)— (9. 83e3)— (1. 46¢-3)
D12 SEHA 1. 9943¢-1 1. 8780¢-1 1. 6836¢-1 1. 1424e-1 1. 3890e-1 1. 9947¢-1
e FrifE % (1.43¢4) = (2.18e4)— (3.63¢2)— (1. 0de2)— (2.65¢2)— (1. 64e-4)
DTLZ I 2. 4009¢-1 2. 6692¢-1 2.0524¢-1 1. 8990e-1 2. 0350e-1 2.6934¢1
o bR (5. 27e3)— (3.21e-3)— (1. 86e-2)— (3.0le-3)— (1. 34e2)— (1.75e-3)
+/=/= 1/2/1 0/4/0 1/3/0 0/4/0 0/4/0
5 & B NSGAIIL i8R GIE, DI i i 45 b i) AR Ry 5
£0

REEAT R R N F —AROCBE M 39 5 T e 1)
Pareto fefL AT T AL £E R 1. T APt )& %
L ARSI A T A B A — TR R 0 B AR U 2 — A SO A ARG
F T 55. NSGAI-URS Bk 7 G AN, UL A A v 1) A5 52 e i S 43 X 38 L e o7 2k il 25
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