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Genetic Operators Based on Tree Structure in Genetic Programming

M 71,
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(Kisung Seo and Cheulhyuk Pang)

Abstract : In this paper, we suggest GP operators based on tree structure considering tree distributions in structure space and
structural difficulties. The main idea of the proposed genetic operators is to place generated offspring into the specific region
which nodes and depths are balanced and most of solutions exist. To enable that, the proposed operators are designed to
utilize region information where parents belong and node/depth rates of selected subtree. To demonstrate the effectiveness of our
proposed approach, experiments of binomial-3 regression, multiplexer and even parity problem are executed. The experiments
results show that the proposed operators based on tree structure is superior to the results of standard GP for all three test

problems in both success rate and number of evaluations.

Keywonds : distribution of tree structures, genetic operators, genetic programming

L ME
GA(Genetic Algorithm)oll A 7§32 ¥dES HIE AEHS
ARREERL Qe ¥, GP(Genetic Programming)[1,2]& 714 €]
®PE EFTRE B3 s Ak EFFEE olEF}
o MAE BIFOEA JfAY HF pAAY 84E
7HAA H9aL, Bt A8AR1 tAR13 HAH 3L Ao
e 380 olFoA JHH2] ZHAY R EfTE
£ )83t gel uhe} bloat Z=[34], Q1 wEd
[5.6], 723 AHE{79] T FAZE AA G
Ef9] Fx2AA EAo] 3t Daida®] A{10-12]90A]
A 7hsst Er] 729 R AAFoE duA AE
3= Ef 720 £ e Aolrt Jow, dAH H
9 YolN #5314 UJehA] &3 o] wAd b gk
A<l GP g AiAs AG ol 23t MBEE T4
o= Qs FRAOFE Ef TRE X3V oH9H, A
ko] AYESFE BFY3 EFRE /A Foh E=9
HWe oo Eg(full-treen} F& Feje] Ef(narrow-tree)
T dske 54 ™Y F2E 7SI oEe A
AT
B AA Agtele AlEE J3pddAle ol Ef
29 494 a9 EXETF g 542 o8It E
BVHXWF Mg =E4e o|YHE o]gste] wujdlt
o] FYHE HNBEEY =EIZEE &3 olE B
2, mujAle] &AL Aol Daida7t EF3 EREE
29 O] WFeE F5E F UEF 2 FHE A
HEZE Mgl Sdeld A9 MBEEY ANEE
grow, full Z12]3 half & halfe] A 7}A] W2 ZA EF
—‘?—:‘TL_ B () B T ZFS HFoR AEg YIS

o

E =RiMe EFTRE /e E e GP FsidLt

* 2 2) & X} Corresponding Author)

=540 2008, 3. 28,  AEiEkA 2008, 7. 24,
X714, BEY - AR AR e
(ksseo@skuniv.ac kr/brilliant@skuniv.ac.kr)

Ag Aokehd, 2L AzArate]l FEHIFE Ase] 3
=} ©)32)(binomial-3) 3)AE4], HE|ZHM(multiplexer) 2
23 &4 Fe]El(even parity) EA[13]0l] thdte] ).

I E2le| =X S43} Gp TSR}
1. GP E2le| =Ml &4

EﬂA EﬂEH Z, z—LOlQJr ZF 5 74 ARE o] &3t
HH8E & gl 99 Age] o APz APH=
Eg] AAFEEE Zolo} k=4 BxE vehid I
B¥o] gEs ®RojFa gJuHi2). EFTFRY E¥FE 18
13} o] A 47he] Fdoz roAH, 49 (Dl dut
9] GP Rg}FAatalo] 9%k thR-ieol o] X7 YEhd
I, 99 (LIDo.E Holudr 1 Bxyt EojsH, 99
AVydls B3 243514 g=th

olg 3 ¥ Ef o T3 X
AEEL vehdth & oiREe vt EdEE o9 0ol

Eoﬂoﬂ]

235 ; /

o7

Rumber of Nodes
L
]

Depth

a8 ], =E9) Zo] Jy,
Fig. 1. nodes and depth region - Reprinted with permission
from[12].



Journal of Institute of Control, Robotics and Systems Vol. 14, No. 11, November 2008 1111

2 Yehe 4do] whds] Ack Q)Regiomfpammiswmmanmgﬁmmw@
o ez A% o $A0% A% Edug e o
5] 20i9 wofe Mol H3% 298 71 =

-

T Chonsy 8 sublies of parentl
a0 that nedaefiepth rate is less
thtan the subbree's of parent?

f e
E
5
o
I

2. GP FEledftAte] 2xE

GP9] RgAAR= TheFer WA e Afade] AlEE o
ok A AR EEH MEEY wE-S $fEA GA
9] uniform WHZHE 2-831ALHS9], EFle £X FA

o EHe AAE ol&3ld MA] WL F=s= I s Fuaghor o pavertt o wper o Frarens
[ﬂ _’ﬁ'QL /HH Ea""] 710]%5}—3 %Z} ] ]‘\L_._" ]1?:!4[ ] @ - Tru1i;’®miou(ills) ) Teeo in regiontib)
B8] A4 AFE Fo] bloat coded] WAL Foli W

BASE Fokel Gp AS FEE ol sk
AubAQl GP gAML e 7 2 #A

A AR AR B FHHQ GEo] Hre g \

SIS B3 A He AR R fUBEE A &

3 e stk 2499 f2ABeenonpe)s £

(phenotype)] 114 Aol7h Bol ekt He 53

A3 e

llp

- . .

= Chooss a sulirse of parent
o thad nodekbepth rate js greater
than the subtree’s of parenti

E

1
o ofl

I E2] 7 Jlse] Makeiai 2 7S

_ER| X 7|8te| XiStoi AR} Fig. 2. Crossover based on tree structure.
AR E8) T2 Pﬂk‘ﬂ AR F 2He )
o} E9w0) ?*S_*LH:: AZZEE NAY B A=

% 9
3 ( o wsko g ANE 9 Select two parents using roulette wheel selection
) Examine a region belonged for each parent

g 99 WA e ol == EwE Fec
e ¥3TE 4 2o s Eny) &x(full) Est
g A4S 12 8hal, o] gol UM =) A7 BleS

\
‘ Choose a subtree at random in parentl
Calculate node/depth mte for the subtree of
] parentl
If (region of parentl is
Aog AT R Y ==33s ARE F \ lower than region of parent2)
s 2 sAe] 7t §e(wide)ZE 1A, F-S{narrow) ! Choose a subtree of parent2
golxE gt A FaE 23 EiTR E0 U so that node/depth rate is
g Bx A 2% %i]é sebsity, o¥ e, ] less than the subfree’s of parentl
AR F517] Yol MHE k= Xl ==X else if (region of parentl is
Sfe & Albeta, dA Fe 4 A 2RE o)l5d Hshudr
AR Threle] mrjel AW E ST MBEZE A
\

upper than region of parent2)
Choose a subtree of parent2

gtk 0|2 B3l Beel ¥k MY AU 49 Mg so that node/depth rate s

A A AR AAAND ¢ YA =HA Bok greater than the subtree’s of
parentl

2. Eg| 3= 7{dte| wulf o44EK} else

a9 29k 1Y 36l BRI sdRte] dae
Fol gmslo] glek. el Ao HES A T A |
As BuAAE AR AT, o]ZoA SUMAe Ea) L again for generafion other offspring
TSl RRE MGG AN FUMNG 2EEREE g5 2ol ol aae) s,
B9 FEBUNAS HXUAE Lol

nol Ao AEAS s qEEnE dus Fig. 3. Pseudo code of the crossover based on ftree structure

o, w2 AR ﬂwsq ARl qHEA procedure.

Choose random subfree in parent2
Iterate above process




1112
BE o83 A4S AL EIE 99 @ 2xAZ 5
e AREDE dEsA Btk 2)

o 24, ”El AA7E FRE2 ARET 9 GGl EA
A "8 A5 FE2 AR MBREY F FEI 7H7<41°ﬂ’\1
g9E AHEEZHET We =SXJTE JPAE AHEZ
FolA e deS sHA "o wiE R R A7 2
22 AR ETE 59 S EAY B FE2 AFY HE
EY F =EIXETL 52 AREZE FoA HEE 3

A

|

=

3}

mlﬂ r_t

3. E2| 7= 7|Hke| E¢iH0| oAAR}

Edwo] ARE R pAe TEFF oA BX
Xl we), grow, full, “1E)3L half & halfe] ME T2 A
THA] WAFol A AFelA deste] Edmo] WA Al A
AEE MrEZY =33 rE A%

a9 49t a9 5o B 72 sk Bdwo] Ao
gaElFe] vEht Sltk sdde] d8E 93 AR R

(1] Region of parent is lower than reion(lD

!

H

~~ Ghoose a node from larger branch
and grow generation

{2) Reglon of parent is upper than region())

\ : : .
‘= Choose anode from smaller branch
and full generation

I™ 4. Fx7e] EAR o] Aqkxt
Fig. 4. Mutation based on tree structure.

Select a parent using roulette wheel selection
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Calculate node numbers of each branch of parent
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Fig. 5. Pseudo code of the mutation based on tree structure
procedure.
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Table 1. GP -3 Parameter setting,

500 for binomial-3,
Number of .
. 2000 to 10,000 for multiplexer,
generations .
100 to 7,000 for even-parity
Population size 500
Initializati
pezaton half and_half
method -~
Initialization
2-6
depth
Maximum depth 17, ( 25 for 1l-multiplexer )
Crossover rate 0.9
Mutation rate 0.1
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Table 3. Regression problem test results.
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Regression ( f(z) =2+ 32> +3z+1)

Value success No. of
Operator
range rate Evals
noERC 100% 4,850.0
standard [-1,1] 85% 149,676.5
Crossover Q—ZQ] 85% 23,794.1
& [-3,3] 85% 116,740.6
mutation [-10,10] 85% 109,411.8
[-100,100] |  95% 143,000.0
ERC 100% 4,875.0
standard no °
[-1,1} 100% 79,650.0
Crossover
& [-2,2] 90% 29,583.3
[-3,3] 95% 37,526.3
d
prof‘fe [-10,10] 95% 69,3947
mUEHen 00,1001 | 95% 70,210.5
noERC 100% 6,742.5
[-1,1] 100% 59,840.0
proposed
[-2,2] 95% 39,2263
CIOSSOVEr 7 3 3] 90% 67,9778
-3, ° R .
\
ony -10,10] 85% 104,161.8
[-100,100] 85% 85,121.9
noERC 100% 4,552.5
proposed [-1,1] 95% 70,368.4
Crossover [-2,2] 85% 37,629.4
& [-3,3] 85% 26,968.8
mutation [-10,10] 90% 65,975.0
[-100,100] |  85% 54,182.4
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Fig. 7. Distribution of tree structures generated by proposed
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operators for 500 individuals by generation (binomial-3
regression with ERC[-100,1007).
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Table 4. Multiplexer problem test results.

multiplexer - 203 A% H ik

Operator no. of bits success rate | No. of Evals
standard 6bit 45% 979,444.4
crossover
& ) ,
mutation 11bit 0% )
standard
Crossover 6bit 60% 293,892.9
&
proposed 11bit 5% 4,518,500.0
mutation
proposed 6bit 60% 1 56,208 3
crossover
only 11bit 0% -
proposed 6bit 0% 164,807.7
crossover
&
. 11bit 60% 6172143
mutation
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Fig. 9. Distribution of tree structures generated by proposed
crossover & mutation for 500 in dividuals by generation
(6-multiplexer).
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Table 5. Even parity problem test results.

even parity - 203 4% H74k
Operator no. of bits rsuooess rate No. of Evals
standard 3bit 100% 35,815.8
crossover .
4bit 75% 1,987,333.3
&
mutation Sbit 0% -
standard 3bit 100% 11,578.9
crossover
& 4bit 90% 602,500.0
proposed
. Sbit 20% 2,037,625.0
mutation
3bit 100% 14,4545
proposed
Crossover 4bit 100% 479,575.0
only
Sbit 30% 2,428,083.3
proposed 3bit 100% 1 5,2667
Crossover
& 4bit 95% 237,631.6
mutation Shit 75% 2,924,100.0

a0, FERrEe] gkt ot s0074A ) o E el
A U E A< 2] E).

Fig. 10. Distribution of tree structures generated by proposed
crossover & mutation for 500 in dividuals by generation
(even 3bit parity).
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