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Abstract: To solve the time-consuming problem of the fitness assignment in the multi-objective evolutionary

algorithm, this paper proposes a novel fitness assignment—dominating tree. The dominating tree preserves the

necessary relationships among individuals, contains the density information implicitly, and reduces the comparisons

among individuals distinctly. In addition, a smart eliminating strategy based on the dominating tree maintains the

diversity of the population without extra expenses. A new multi-objective evolutionary algorithm based on

dominating tree is proposed on these innovations. By examining three performance metrics on six test problems, the

new algorithm is found to be competitive with SPEA2 and NSGA-II in terms of converging to the true Pareto front

and maintaining the diversity of the population, moreover, it is much faster than other two algorithms.
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Table1l The Better relationships among nodes in Fig.1
1 1 Better
N1 N2 N3 N4 NS
N1 0 1 0 0 0
N2 2 0 2 2 0
N3 0 1 0 2 0
N4 0 1 1 0 1
N5 0 0 0 2 0
,Better

2. If Better(x,X;)=1,then Better(x,,x;)=2.If Better(X,,X,)=2,then Better(x,,x;)=1.If Better(x;,X,)=0,then
Better(x,,X;)=0.
3. If Better(x;,X,)=1,Better(x,,X3)=1,then Better(x;,x;)=1.
4. 1f Better(X;,X;)=1,Better (x,,x3)=0,then Better(x;,X;)#2.
s . . 2 Pareto
X Xy X X S X X . 3 Pareto
s Xi X3 . 4
s s Pareto
:(1) Pareto ;(2)
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Fig.3 [Illustration of the creating process of the tree in Fig.2
3 2
) .ConstructTree 3

:AddinTree  AddinSbling ;

Pareto R
1
/* Creating a dominating tree. tree is the root of the whole tree. */
Input: all nodes in the population.
Output: the dominating tree.
Link ConstructTree() {
For each node (newnode) in the population
AddinTree(tree,newnode);
return tree;

}

count

,BalanceTree

/* Add newnode into the left subtree of the tree whose root node is root when newnode is dominated by root. */

AddinTree(Link root,Link newnode) {
root—>count=root—>count+newnode—>count;
if (root—>left-link==null)
then root—>|eft-link=newnode;
€else AddinSibling(root,root—>eft-link,newnode);

}

[* Newnode is compared with child whose parent node is parent when newnode is inserted into parent’s left

subtree.*/
AddinSbling(Link parent,Link child,Link newnode) {
switch (Better(newnode,child))
case 0: //nondominated
if (child—>right-link==null)
then child—right-link=newnode;
€lse AddinSibling(parent,child—>right-link,newnode);
case 1: //dominating
newnode takes the place of child,
AddinTree(newnode,child);

while there exists a pnode (a node in the newnode’s sibling chain) and Better(newnode,pnode)==1,

do {
delete pnode from the sibling chain;
AddinTree(newnode,pnode);
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}

BalanceTree(parent,newnode,L);
case 2: //dominated
AddinTree(child,newnode);
BalanceTree(parent,child,L);

}

/* Sort the sibling chain of the parent’s left subtree in their count descending order. If the count of movenode (a
node in the sibling chain) increases, it moves along the sibling chain in the left direction, or else in the right
direction */

BalanceTree(Link parent,Link movenode,int direction){
if (direction==L)

while the count of movenode is larger than that of its left nodes which is also in the same sibling chain;
do movenode with its left subtree moves along the sibling chain in the left direction.
if (direction==R)
while the count of movenode is smaller than that of its right nodes which is in the same sibling chain;
do movenode with its left subtree moves along the sibling chain in the right direction.

}
24
1. Pareto
: 5 n 5 5
pnode 3 : pnode R ; pnode R
; , 1
; , pnode , ;
s pnode s . R ,
2.
3. count count
2 1 ; 3 , , 1 2
9 3 9
3
31
DTEA R . count
3, , 3 N3
2.

/* Delete the worst node of the dominating tree */
Input: the dominating tree

Output: the worst node

Link DeleteWorstNode(Link root) {
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Link p=root—>|eft-link;
root—>count--;
if (p—>left-link == null)
root—>left-link = p—>right-link;
return p;
else
return DeleteWor st(root);
}
Link DeleteWorst(Link root){
Link p=root—>left-link;
Link g=p—>left-link;
p—>count--;
if (g—>left-link==null)
p—>left-link=g—>right-link;
else
g=DeleteWorst(p);
BalanceTreg(root,p,R);

return g;
}
count
count , >
1 bl 9
32
, DTEA
DTEA ( P ;t ):
Step 1. Randomly create P(0) with population size N. Set counter t=0.
Step 2. Creating a dominating tree using the construction algorithm.
Step 3. If stopping criterion is satisfied, then stop.
Step 4. Generate an offspring and insert it into the dominating tree.
Step 5. Eliminate a worst individual from the dominating tree.
Step 6. t:=t+1, then turn to Step 3.
N P(0).t ,
SBX )
DTEA

.DTEA

,DTEA
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count
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Table2 Test problems used in the study
2

Problem n Domain Objective functions Comments

025
1
f(x)= [H > (% —10cos(2mx, ) + 10)] o
QVm 100 [-5.,5]" 2 objectives
’ nonconvex

0.25
fy(x)= [%ZL ((% —1.5)> =10cos(2m(x, —1.5)) + 10))

f,(x) = Z:(—lOexp(— 0.24%7 + %, ) 2 objectives

KUR!2 3 [-5.,5]" nonconvex
f,0=>7" (% [** +5sinx’) disconnected
1
fi(x) = Exlxz(l +9(Xw))
1
prizi® 7 poup 100 = 2% 1=%)1+ 90Xy ) 3 objectives

: hyper-plane
f,(x) = 5(1 = X))+ 9(Xy))

g(Xy ) =100( x,, | +ZWM (% —0.5)* —cos(20m(x —0.5))))
f,(X) = 1+ g(Xy ))cos(Xm/2) cos(X,m/2)

f,(x) =1+ g(Xy ) cos(X,m/2)sin(X,m/2) 3 objectives
() = (1+ g(Xy, ))sin(x, 7/ 2) spherical
9(xw) =2, (% —0.5)°

f(X) =1+ g(Xy ))cos(X,m/2)cos(X,m/2)

f,(X) = (1+ g(Xyy ) cos(x,/ 2) sin(x,7/ 2) 3 objectives
f3(X) = 1+ 9(Xy, ) sin(x, 7/ 2) spherical
g(xy ) =100(] X, | +ZWM (% —0.5)* —cos(20m(x; —0.5))))

f,(x) = (1+ g(X,, ) cos(X“n/ 2) cos(x)'m / 2)

f,(X) =1+ g(Xy ) cos(x m/ 2)sin(x,"w/ 2) 3 objectives
f,00 = (1+ g(xy ))sin(x°n/2) spherical
9x) =Y, ., (% —05)

DTLZ2!™ 12 [o,17"

pTLZ3!™ 7 [o,11"

DTLZ4™ 12 [0,17"

3 3 C (D DTEA;S SPEA2;N
NSGA-II). QV  KUR,DTEA . , DTLZ1 ,DTEA ;
> . : ) ,DTEA

Table3 Convergence comparison of different algorithms using C

3 C
QV KUR DTLZ1 DTLZ2 DTLZ3 DTLZ4
C(D,S) 1 0.592 0.016 0.089 0.019 0.158
C(D,N) 1 0.553 0.006 0.118 0.019 0.078
C(S,D) 0 0.004 0.708 0.101 0.060 0.181
C(N,D) 0 0.004 0.572 0.081 0.056 0.192
4 3 A . , KUR,DTEA
‘DTEA , .31
( ) ),DTEA

,DTEA . , ,
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Table4 Distribution comparison of different algorithms using 4

4 A
Qv KUR DTLZ1 DTLZ2 DTLZ3 DTLZ4
DTEA 0.003 0.041 0.137 0.235 0.249 0.287
SPEA2 0.004 0.014 0.116 0.246 0.268 0.253
NSGA-IT 0.004 0.015 0.130 0.233 0.253 0.284
5 3 .DTEA . NSGA-II
1 NSGA-II SPEA2. ,
Table5 Comparison of different algorithms on running time (ms)
5 «C
Qv KUR DTLZ1 DTLZ2 DTLZ3 DTLZ4
DTEA 955 236 619 1083 1105 720
SPEA2 4237 3095 10 333 10 630 17 611 8339
NSGA-II 1 642 772 2 039 2553 3502 1753
, : ,DTEA SPEA2 NSGA-II
5
s ——DTEA.DTEA (1) Better
« 3 ) :(2) , ,
Pareto , ;3) >
.DTEA , ,DTEA
,DTEA . , 6
,DTEA NSGA-II  SPEA2 , ,DTEA
References:

[1] Deb K, Pratab A, Agarwal S, MeyArivan T. A fast and elitist multi-objective genetic algorithm: NSGA-II. IEEE Trans. on
Evolutionary Computation, 2002,6(2):182-197.

[2] Zitzler E, Laumanns M, Thiele L. SPEA2: Improving the strength Pareto evolutionary algorithm. TIK-Report 103, 2001.

[3] Knowles JD, Corne DW. The Pareto archived evolution strategy: A new baseline algorithm for Pareto multi-objective optimization.
In: Proc. of the 2003 IEEE Conf. on Evolutionary Computation. 1999. 98-105. http://ieeexplore.ieee.org/iel5/6342/16952/
00781913.pdf?isnumber=16952&arnumber=781913

[4] Atashkari K, Nariman-Zadeh N, Pilechi A, Pilechi A, Yao X. Thermodynamic Pareto optimization of turbojet engines using
multi-objective genetic algorithm. Int’l Journal of Thermal Sciences, 2005,AID.2338:1-11.

[5] Yen G, Lu H. Dynamic multiobjective evolutionary algorithm: Adaptive cell-based rank and density estimation. IEEE Trans. on
Evolutionary Computation, 2003,7(3):253-274.

[6] Zitzler E, Thiele L. Multi-Objective evolutionary algorithms: A comparative case study and the strength Pareto approach. IEEE
Trans. on Evolutionary Computation, 1999,3(4):257-271.

[71 Veldhuizen DAV, Lamont GB. Multi-Objective evolutionary algorithms: Analyzing the state-of-the-art. IEEE Trans. on
Evolutionary Computation, 2000,18(2): 125-147.

[8] Fonseca CM, Fleming PJ. Multi-Objective optimization and multiple constraint handling with evolutionary algorithms—Part I: A

unified formulation. IEEE Trans. on Systems, Man and Cybernetics—Part A: Systems and Humans, 1998,28(1):26-37.


http://ieeexplore.ieee.org/iel5/6342/16952/

516 Journal of Software Vol.18, No.3, March 2007

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[12]
[13]
[14]

XinY, Xu Y. Recent advances in evolutionary computation. Journal of Computer Sciences and Technology, 2006,21(1):1-18.
Zitzler E, Deb K, Thiele L. Comparison of multi-objective evolutionary algorithms: Empirical results. IEEE Trans. on Evolutionary
Computation, 2000,18(2):173-195.

Fieldsend JE, Everson RM, Singh S. Using unconstrained elite archives for multi-objective optimization. IEEE Trans. on
Evolutionary Computation, 2003,7(3):305-323.

Cui XX, Lin C. A preference-based multi-objective concordance genetic algorithm. Journal of Software, 2005,16(5):761-770 (in
Chinese with English abstract). http://www.jos.org.cn/1000-9825/16/761.htm

Lei DM, Wu ZM. Crowding-Measure based multi-objective evolutionary algorithm. Chinese Journal of Computers, 2005,28(8):
1320-1326 (in Chinese with English abstract).

Zeng SY, Wei W, Kang LS, Yao SZ. A multi-objective evolutionary algorithm based on orthogonal design. Chinese Journal of
Computers, 2005,28(7):1153—-1162 (in Chinese with English abstract).

Jensen MT. Reducing the run-time complexity of multi-objective EAs: The NSGA-II and other algorithms. IEEE Trans. on
Evolutionary Computation, 2003,7(5):503-515.

Mostaghim S, Teich J, Tyagi A. Comparison of data structures for storing Pareto-sets in MOEAs. In: Proc. of the World Congress
on Computational Intelligence. 2002. 843—849. http://ieecexplore.icee.org/iel5/ 7875/ 21693/01007035.pdf?isnumber= &arnumber=
1007035

Shi C, Li Y, Kang LS. A new simple and highly efficient multi-objective optimal evolutionary algorithm. In: Proc. of the 2003
IEEE Conf. on Evolutionary Computation. 2003. 1536—1542. http://iecexplore.iece.org/ ie15/9096/28878/01299855.pdf?isnumber=
&arnumber=1299855

Deb K, Agrawal RB. Simulated binary crossover for continuous search space. Complex Systems, 1994,1(9):115-148.

Deb K, Thiele L, Laumanns M, Zitzler E. Scalable multi-objective optimization test problems. In: Proc. of the 2002 Congress on
Evolutionary Computation. 2002. 825-830. http://iecexplore.ieee.org/iel5/7875/ 21693/01007032.pdf?isnumber=&arnumber=
1007032

Deb K, Samir A, Pratap A, Meyarivan T. A fast elitist non-dominated sorting genetic algorithm for multi-objective optimization:

Technical Report.

s . . ,2005,16(5):761-770. http://www.jos.org.cn/1000-9825/16/761.htm
s . . ,2005,28(8):1320-1326.
s s s . . ,2005,28(7):1153-1162.

(1978 ), , .

1979 ), , ,

B >


http://ieeexplore.ieee.org/iel5/
http://ieeexplore.ieee.org/
http://ieeexplore.ieee.org/iel5/7875/

	多目标进化算法的回顾
	基本定义
	MOEA中使用的技术

	占优树及其性质
	现有适应值指派的不足之处
	占优树的结构
	占优树排序算法
	占优树的性质

	基于占优树的多目标进化算法
	淘汰策略
	主程序

	实验与讨论
	总  结

