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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(xl ,Xz): 1 ,Better (X2,X3)=1 ,then Better(xl,)(3):

4. 1f Better(X;,X;)=1,Better (x,,x3)=0,then Better(x;,X;)#2.
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Fig.3 Illustration of the creating process of the tree in Fig.2
3 2
) .ConstructTree . 3
:AddinTree  AddinSbling ; count ,BalanceTree
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;

}

/* 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 p
2.
3. count count
2 1 ; 3 i 1 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 DeleteWorst(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

Vol.18, No.3, March 2007
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Table2 Test problems used in the study
2
Problem n Domain Objective functions Comments
0.25
f(x)= [ln > (% —10cos(2mx, ) + 10)]
2] n B 2 objectives
QV 100 [-5,5] . 0.25 nonconvex
fy(x)= [HZL ((% —1.5)> =10cos(2m(x, —1.5)) + 10))
f,(x) = Z:(—lOexp(— 0.24%7 + %, ) 2 objectives
KUR!M 3 [-5,51" 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 ‘+Zyﬁst ((x =0.5)* = cos(20n(x —0.5))))
f,(X) = 1+ g(Xy ))cos(X,m/2) cos(X,m/2)
f,(X) = 1+ g(Xy ) cos(X,m/ 2)sin(X,m/2) 3 obiecti
[19] n objectives
DTLZ2 12 [0.1] f,(x) = (1+ g(X,, ) sin(x,1/2) spherical
9(xy) = erm (% —0.5)
f(X) =1+ g(Xy ))cos(X,m/2)cos(X,m/2)
f,(X) = (1+ g(Xy ) cos(X 1/ 2) sin(X, 7/ 2) 3 obiecti
[19] n objectives
DTLZ3 7o £4(X) = (1+ g(Xyy )sin(x,7/2) spherical
g(Xy ) =100(] X HZWM ((x =0.5)> = cos(20n(x; —0.5))))
f,(x) = (1+ g(X,, ) cos(X“n/ 2) cos(x)'m / 2)
DTLZA™ 12 (o f,(X) =1+ g(Xy ) cos(x '/ 2) sin(xy"'n/ 2) 3 objectives
’ f,(0) =1+ g(xy ) sin(X;"n/2) spherical
9(Xy) = Zx.st (% —0.5)*
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 . s KUR,DTEA
:DTEA R 3.1
, ),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 - )
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 2059 3502 1753
, " ,DTEA SPEA2 NSGA-II
5
s ——DTEA.DTEA (1) Better
« 3 ) :(2) , ,
Pareto , ;3) >
.DTEA , ,DTEA
,DTEA . 4 6
,DTEA NSGA-II  SPEA2 , ,DTEA
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