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Prediction of Pareto Dominance Using Nearest Neighbor Method Based on

Decision Space Transformation

LI Wen-Bin'?2 HE Jian-Jun' FENG Cai-Ying? GUO Guan-Qi>

Abstract In this paper, nearest neighbor prediction is used to decide Pareto dominance of candidate solutions in
expensive multi-objective optimization. For improving the accuracy of predicting Pareto dominance in decision space, a
transformation method of decision space is proposed. Based on correlation analysis of objective functions and decision
attributes, computationally efficient attribute tendency models of objective functions are set up. These models are used to
re-construct the decision space such that the knowledge of objective space is introduced and the neighborhood relation in
decision space can more effectively reflect that in the original objective space. Experiments of Pareto dominance prediction
are carried out on a group of typical multi-objective optimization problems. The results indicate that the prediction of

Pareto dominance using the proposed method is more accurate and efficient than the existing methods.
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are the original sample points and triangles are the
mapped sample points by the trend model y = g(x;).)
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UF1 =15 (0.92,0,-0.07,0,—0.07,0,---) (-0.51,-0.11,0,—0.12,- - -)
DTLZ2 =10 (—0.64, —0.64,0.01, —0.01, - - - ) (—0.64,0.64,0.01,0.01, - - - ) (0.94,0,0,0.01,0,--)
DTLZ4 =10 (—0.64, —0.64,0.01, —0.01, - - -) (—0.64,0.64,0.01,0, —0.01, - - - ) (0.94,—0.01,0,0.01,0,---)




298 H 3l 1k

s il

43 %

H b5 pR B, 77 H B2 0] 7 H AR e EOR BE ] B
FITARA AR, PR, %F MO 8] 3 4% 1 H Fr ek 48,
HR A P o & P e S B B A7 s B) AR . X 7 AN
TEAS[E AU 2 R 500 MO st i) STk A7 52 56, ik
P& 100 DNRFIREAR, Ho e P ok 2 0] 28 B 1 Jo 1 1 25
FEARSE o 48 2 3 F5 AR AR Bl 40 A TE T H AR R 2L
BRI R 2E AR KR 2E.

H#E 2 BaRn s, EEARS T HREEL
9 JE 1k, A 24 X6 B U e R s [ A7 o 24 ok S B e
S (R AE e, WD BT AT VR R A EE B AL,
TG AR i g e . 40 ZDT1, ZDT3 i
ZDT6 m¥HAREEL f1(x) 5 UF1 05 H ARk £
fi(x) Al folm). XF5 7 HbRRECIE LA KR
JE Ik, AT LA, IR B0 JE AT
GIEHER, TERUHT R AR ZS 1], b G 7 (8 F d5c i 40
R P B SR R v R R AR k2 T A 25 K
KP= A AR 22, BN e 20 325 T ) 4 o i 2k
1 ZDT1. ZDT3 1 ZDT6 )1 HFreREL fo(x) 5
KUR. DTLZ2 #l DTLZ4 W4 T HAnE%. K
15 7 N i 1 R WO O 5 = R = B TSR S G U g L
M, 1 H AR s iR 22 3 0 B BT A IR
GRS 2 6] 38 5 i i T AR AMA I B R 22 M, T
% b B 1) i R0 25 A Y S /)N, 3 W ke i
WS B AAMAR BT T, A, % IEREA AL
et MO i) g S 23 TRl YA A1 MRS BE AR R TR %L
H bR 23 A3 4B A1 A TR ABE, R 396 M 5 30 408 7 000
(I UERR .

4 % B#%r Pareto X HCM4E TGN SCIE
4.1 HiIE4APEBIH Pareto S ECEFUNE £

AR A 2 R A L T e O S [ AR e A i 41 Oy 1
f) Pareto =7 P 54055, R 4 A 20 i A e R
23 [6) B A SR U & A1 26 H b 2 18] b B9S2l ¢ &R
T, AT MO [ (m NHERRELL n did
FASE) N DNNGREA (2, 22, 2Y), A
BT H AR KX R B & . RE, XA
RS asTa), ARPEEE 3.2 Ak, MK A AT
25 TR e, LYK, GE 35 F AR AR AR B e A 2R kA7
AH A e, A o 1 e 5 25 ) v SR el 416 0 3%
BRI, XS WA RS m k3
AR E] m A RITAAEK (2F |k = 1,0 ,m).
X F o Ve AR AN o FEAR 5 P 3R 28 [A) R
Y B — > F I AR A 2 6T Y. H bR BR B Hx T 4D
(ming, |f;(2') — fi(2)], j = 1,--- ,m). &5, W
BB AR .1 H B bR BRI AR A Y H AR
#47 Pareto SCECVETII.

P, ST RAMEE MR o 5 o/, H Pareto S
PEFIN BE ANk 1.

A 1. m B8 MO 8l

TE]R L AERK NN N WIGREA, R RRIRNES B
PRI PEIAR % R RO R;

BIR 2. WA KRR R Pl 0 o BRI % 4
TE SR ARV ZRAE AR DR SR 25 18] SR 25 3.2 5 v A 23 [A) AL #0073,

K2 AHEE R KR

Table 2 Nearest neighbor classification error before and after transformation

7 H R R RZEI

s eR 2

HHRT R B iR %

fi(x) f2 (2) fs (x) fi(x) fa (x) f3 (x)
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JFZs 1] 0.2072 0.2431 0.2459 0.8283 0.7537 0.8950
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4.2 SCHURASE

EHUE B 3 719 A [ 1 S 30 B 45 A0 0 4k o K
5 e 5 23 1) A8 48 1) Be 2 40 7 ¥ (Nearest neighbor
method based on decision space transformation,
DSTNN) 5 fif SRR PR AR I 2 P 5l 48 7 v
(Nearest neighbor classification based on Euclid-
ian distance measurement, ENNC)M | &4 /73 5
SN S B HSCRI 048 )74 (Nearest neigh-
bor classification based on equivalent similarity,
ESNNC)!'2 F1% A w5 Wrid £ (Gaussian process,
GP) BRI X — A H A ok Boor BB, AR
1) iy (AT (L 58 H AR A ) 5 YA 3EAT Pareto (L
PEFI A, X H PR il ST I A A S
MR EREA AN N = 200, = B F#HE Ak ) ke 4
G MHAAEREARR /N N = 1000. 43 515 454~
AT 100 YRSB4 Y0 S B 0 E 5T A i1 24
FEALE, MAFEASEAZE, W] 100 ¥k Pareto ¢
T S5 1) Pareto SCHCVERY IERAPE PR QISR 3 Jr
TN SR TR LR S R 4E R n A1
ToIRS L

H13% 3 W H, 1) DSTNN 553k [F] o 5509k
FH EE, 00 B oE A 1 B v R R, U R R T
MO A Ak 2 b ke AR A JE SRR 26, BT PAZ
B TE MO 5] 8 ) SR A A Ak B BRI 9
2) DSTNN FEIEAE#F A 23 8] 2 53 3 11 A P45 1)

DTLZ2. DTLZ4 #1 UF1 il o8 % F#B 2w
TR IEERPE; 3) Pareto SO I AY 1E A 5 B ok
2 (8] ) 4RO A K 1, XA ZDT1, ZDT3 Al
ZDTG 25 pR B AERAE AL nl 0, Rl AE R PR AR, 32

% 3 Pareto SCRCTEFTINAY-T-IIHEE
Table 3 Average precision of Pareto dominance

prediction

Pareto 7t (%)

‘T! Y. }'" ==
WREEC IR m e e Kk R

DSTNN 92.32 81.70 88.61 96.64
ENNC 10 64.79 40.58  42.30  74.88
ESNNC 83.23 70.32  75.24  88.31
ZDT1 GP 88.76 65.55  65.55  90.21
DSTNN 90.85 71.20 81.51 95.20
ENNC 30 54.32 17.36  23.26  63.41
ESNNC 68.90 37.49  40.28  80.54
GP 73.41 3297 3297  84.49
DSTNN 93.13 80.47 93.14 97.19
ENNC 3 76.84 75.54  69.03  79.20
ESNNC 68.82 56.95 68.85  72.26
ZDT3 GP 57.73 54.60  54.60  59.48
DSTNN 83.29 71.53 77.56 88.69
ENNC 10 59.33 34.81  38.61 70.03
ESNNC 77.86 72.05 66.85  84.12
GP 71.10 54.20  54.20  78.56
DSTNN 95.94 89.83 95.59 99.36
ENNC 3 53.68 42.23  48.88  55.90
ESNNC 49.78 43.06  49.49  52.97
ZDT6 GP 52.96 36.92  36.92  66.89
DSTNN 91.43 87.77 93.58 92.33
ENNC 10 44.30 37.80 47.55  46.10
ESNNC 64.86 66.12  60.53  66.44
GP 48.88 47.03  47.03  50.82
DSTNN 86.49 43.89 66.87 89.66
DTLZ2 ENNC 10 54.89 17.24 1742  58.87
ESNNC 90.92 22.68  28.41 95.31
GP 89.50 12.00 12.00 96.75
DSTNN 85.39 50.14 74.64 88.55
DTLZ4 ENNC 10 53.74 16.93 2042  57.23
ESNNC 72.23 48.38  44.56  79.99
GP 70.87 9.51 9.51 76.65
DSTNN 86.14 71.90 84.17 91.64
UF1 ENNC 10 60.08 54.86  50.23  65.76
ESNNC 60.84 65.23  70.69  71.49
GP 57.70 61.53 61.53 51.61
DSTNN 85.43 79.73 86.79 89.87
KUR ENNC 3 46.47 53.95  56.71 34.54
ESNNC 50.73 52.88  55.39  45.02
GP 44.19 41.79 4179 47.76
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