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Effective Subtrees in Simulated Annealing Programming
for Artificial Ant Problems
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MiITSUNORI MIKL ! YurcHiRo UEDA, 2
ToMOYUKI HIrovAsU™ and Yukr Matsurf?

Simulated Annealing Programming (SAP), an automatic programming
method, is an extension method of Simulated Annealing (SA) that allows SA
to handle tree structures. In this method, the point to exchange subtrees is
chosen randomly, and a subtree to insert is also generated randomly. If we can
discover some effective subtrees, the performance of SAP will be improved using
those subtrees. In this research, we discovered some effective subtrees in Santa
Fe trail problem. These subtrees can be classified into two kinds. One group
is independent of problems, another is depending on specific problems. The
effective subtrees which are independent of problems can be used as additional
terminal nodes, and the performance of the proposed method is found to be
very effective.
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Fig.1 Generation method in SAP.
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0 2 Santa Fe trail 00
Fig.2 Santa Fe trail problem.
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Fig.3 Target structure of subtrees.
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01 000000000 Santa Fe trail 000
Table 1 Ranking of subtrees (Santa Fe trail problem).

Subtrees

69/100 | Progn2 - move - move

52/100 | IfFoodAhead - move - left

35/100 | IfFoodAhead - Progn2 - move - move - right
25/100 | IfFoodAhead - Progn2 - move - move - left
22/100 | Progn3 - move - move - right

20/100 | Progn3 - right - left - left

17/100 | Progn2 - move - right

17/100 | IfFoodAhead - move - right

16/100 | Progn3 - move - move - left

15/100 | Progn2 - right - left

Appearance ratio

goooooooooooooobooooobooooooobooooboooOobooooooDooboo
goboooobooooooooooobooobooOooboooooo
4.3.1 0O O
gobooooooooobobooooooOoooOobOOoOoOoOooooboobooOooooDoobo
0000000000000 00000000000000O00DADFOOOOOOO GP
00000000000000299000000000000000000000000
goboooobooob 200000000
e JOOODO
goooi1gooooooooboooooboobobooooooboooboobooooo
obooooboooooooooooooooooooon
e JOOODODO
oooobooodooboooooooobooOooooobooOoOOOoOoOobOobooOobOoOoooon
uooobooooooooobooooooboo
4.3.2 00 OO
000000000000 ooo0oo0o0oo0o0ooo0ooUoOO SAPOOO
O000000000000000000 SantaFetrail 00000000000 OOOO
000000oU0o0o0oUOoU0o0ooOoU001000000ULDOOUOUDOD 30%00
goboobc3booooooobo3soboooooooooooooboo40000000D00
4000000
obobooooooooocOob wotdbooboboboboooobo 40000000

(© 2009 Information Processing Society of Japan



2465 0OO0OO0OO0OO0O0OOOOOOOCOOOOOOCOOOOOOOOOOOOCOOOOOCOOOOO0—0OO0O0000O0000O0

1.071

capsulation

N

o
[

I
[}

\ )
non-capsulation

o
N

AN
normal

Possibility of success
o
S

o

0 5 10 15 20
Annealing steps (X 104)

04 O00O0O0OO0OOOODOOO
Fig.4 Effectiveness of frequently-appearing subtrees.
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(a) Field A (b) Field B
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Fig.5 Test fields.

(c) Field C
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Table 2 Change in the evaluation function value for change in the field.

Santa Fe trail problem Field A Field B Field C
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Fig.6 Effectiveness of effective subtrees in Santa Fe trail problem.

000oooooog Vol 50 No. 10 2462-2470 (Oct. 2009)

00000 SAPO0O0OO0ODO SAPOO000DODOOOOOOOOOFieldCODOOOOSOO
00000od0oo0oooooooooooooooooooooooooDOoooosS
goboodoooboooooooobooobooooooooogon

5.3 OOO0OOdOd

O000000000SO00ooUooooO SAPOOOOO SAPOOOOOOOO
0000000000000 0000000000OoSsSooooooo0o0ooooOoooo
0000000000000 00000000SO00000O00OooOo00ooOg Field
cOOoOoOoOo SApPOO00OOOOOOO 1000000000000 0O0O0ODOOOO
gooad

oboo3sboooboooobocooboooooboboobooboooboboOoOoOoO 1o0b0oDbO
000300 10000000{Progn2-move-move} 0000 SOOD0OOO0O0OOO
00000000000 {Progn2 - move - left} O {IfFoodAhead - Progn2 - move - left -
left} 000000000000 00O0O0O0O0OODOOUOOOOODOOOOUDOODOOO
ooboooobooooooooboooooOoooooboooboooboooooOboOoobObooooboo

oooooooooooooobo 4000000 100000000000DOODO
gooboo400000000000DDOOO0OODOODOOOODODOO1I0O0O0ODODO
ooboooobo0oobboobooDo 40000

04000000000000 {Progn2-move-move} 100000000000 40
goboooooobobooobobOobbOob4000000D0ODODOUODODODODODOO
000 wrooooo0ob0l100o0o0b00oo0o0ob0oboboboDooOobDobDobDoooD

03 0D0O0000O000Field CO
Table 3 Ranking of subtrees (Field C).

Subtrees

82/100 | Progn2 - move - move

52/100 | Progn2 - move - left

49/100 | IfFoodAhead - Progn2 - move - left - left
44/100 | Progn2 - move - right

43/100 IfFoodAhead - Progn2 - move - right - right
41/100 | IfFoodAhead - left - right

38/100 | IfFoodAhead - Progn2 - move - move - right
37/100 | IfFoodAhead - right - left

35/100 | IfFoodAhead - Progn2 - move - move - left
12/100 | IfFoodAhead - move - left

Appearance ratio
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Table 4 Appearance of subtrees in each field.

Subtrees (in all fields) Subtrees (in one fields)

Progn2 - move - move
IfFoodAhead - move - left
IfFoodAhead - move - right
IfFoodAhead - Progn2 - move - move - left IfFoodAhead - Progn2 - move - right - move
IfFoodAhead - Progn2 - move - move - right | IfFoodAhead - right - IfFoodAhead - left - left
Progn2 - IfFoodAhead - move - right - move | Progn2 - IfFoodAhead - move - left - right
Progn3 - move - left - right

Progn2 - right - right Progn3 - left - right - right

Progn2 - left - left IfFoodAhead - move - Progn3 - left - left - move
IfFoodAhead - right - Progn2 - right - right | Progn3 - left - left - move

IfFoodAhead - move - Progn3 - right - move - right
Progn3 - right - move - right
IfFoodAhead - move - Progn2 - left - move

Progn3 - move - move - move
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Fig.7 Effectiveness of effective subtrees.
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Fig.8 Simple fields.
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Table 5 Effective subtrees independent of problems.

Appearance ratio (in 15 problems) Subtrees

12/15 | IfFoodAhead - move - right

11/15 | Progn2 - move - move
9/15 | IfFoodAhead - move - left
6/15 | IfFoodAhead - move - move
5/15 | IfFoodAhead - Progn2 - move - move - right
4/15 | Progn2 - move - IfFoodAhead - move - right
4/15 | Progn3 - move - move - move
3/15 | Progn2 - move - IfFoodAhead - move - left
3/15 | Progn2 - move - right
3/15 | IfFoodAhead - move - Progn2 - move - right
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Fig.9 Effectiveness of effective subtrees independent of problems.
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Fig. 10 Effectiveness of effective subtrees independent of problems.
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