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On The Supply of Building Blocks 1

[ Overview]

e GA design decomposition

e Building block supply

e Objective

e Supply of a single BB

e Supply for partition success

e Population-sizing for BB supply

e SUMmMary
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[GA Design Decomposition]

("\ e Goldberg, Deb, & Clark, 1992

1. Know what GASs are processing—>building blocks
(BBs)

2. Know thy BB challengers—BB-wise difficult
problems.

3. Ensure an adequate supply of raw BBs

4. Ensure increased market share for superior BBs
’..\_/ 5. Know BB takeover and convergence time
,':..;‘\J 6. Make decisions well among competing BBs
n 7. Mix BBs well
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[Building Block Supply]

(ff.\ e Previous work:
/ — Holland, 1975; Goldberg, 1989; Reeves, 1993,

e Spatial & temporal approach
@U e Selectorecombinative GAs
& e BB growth usually supersedes supply
(\ e Supply sometimes governs population size
~ . Complex models exist (Harik et al, 1997)

/.;"'.'LJ e Better models are needed
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[ Objective]

S

2, |

g \ e Develop facetwise models

S 7 — Supply of a single BB
i' . . .
'H\ — Supply of all schemata in a partition

""'*;-j'f{J e Population sizing for BB supply

& o Verify models with empirical results

-
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[Supply Of A Single Building Block]

N
A | |
. \ e Cconsider a string:
S f — Of length /¢
A
'H\ — Containing alphabets of cardinality x

|
R — Has schemata of order k

e 1 randomly generated strings

-
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[Single Building Block Supply]

e §
2 ",
s
é':L

\ e Total number of schemata: y*

'/ e Desired schema is not in a string: 1 - %

' ) e It is not in any of n strings: [1 — %}n

o
RN S

e At least one string has the desired schema

- 1\]" n
f_\ pk:1—[1—<k>] wl—exp<—k>
7 X X

/,f‘__\ ° n>XkZ pk—>1
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Results: Supply

Of A Single BB
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[Supply For Partition Success]

""-\-.'
(, e Earlier we considered only one schema
~, -

-;{] e At least one copy of all schemata

H\ — Don't know which schema is good
':ﬁ" — Want a good share of all of them

A o Exact model is complex
:\ e Approximations

'_"\',< — n > ny
AR — BB successes are independent
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[ Exact Model]

N

- . .

“\ e Consider not having at least one schema
"“'.; e Illustration through a test case

'H\ — Unit length BB, k=1

B — Tertiary alphabet, y = 3

e GGeneralize the result

-
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[Partition Success: £=1,y = 3]

(’«-\ o hy: FXQIK P kEKPAKK o kkDkK
< | e Absence of at least one schema

- (aII hl) OR (aII hg) OR (aII hg)
- (hl or hg) OR (hl or hg) OR (hg or hg)

e [Otal ways of absence: 3-2" — 3
e Total possible ways: Yy = 3"

e Partition success
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[ Exact Model]

e X =2 pS:1_2n1—1
e X =3 ps=1- :2;—:11
3n—3-2n"141

e x =4I ps=1- qn—1
e (Generalize the result

1 R i—1 Xk k n_
Pl | L DTN ) )
i=1
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[Approximation Of Exact Model]

e Consider the exact model

1 _Xk_l : Xk n
ps =1- 2% > (= Z. (x" = 1)
=1

e Assume n > x*: (x*—-1)">(x*-2)"> ... >1
e Consider only the first term

k 1\"
ps = 1—=—x"|1- T
X
1—Xkexp(—%>
X

Q

Ds
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[Approximate Model]

A.. e Schema partition success is independent
- \ « Recall, single BB success probability:

S 7/ n

~. pr=1—x"exp (‘7)

.H\ X

-

-2l o Using independence assumption
by k

X
n
X

*j e (1—r/n)"=~e". n>x" 1—-2)"~1—nx
7N ps ~ 1 —x"exp (—%)

X
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Exact Model vs Approximate Model

S

o
o0

~0.7

o
o

o o
w N

o©
[N

Probability of one or more copies of each of n, schemata, p
o
(6]

H # 1 1 1 1 1 1 1 1
4

10 12 14 16 18 20
Population size, n

N
(o2}
©

Illinois Genetic Algorithms Laboratory
Department of General Engineering

University of Illinois at Urbana-Champaign GECCO, JU|y 7-11, 2001
Pt ligal e i e D.E. Goldberg, K. Sastry, T. Latoza




On The Supply of Building Blocks 15

Results: Partition Success

Population size, n Population size, n
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[Population Sizing For BB Supply]

e

A | | |

- \ e Require a population size

S 7 — All schemata are present

-i' ag . .

'H\ — Success probability asymptotically reaches 1
--...}..IJ'E';J — Tolerate small failure probability «

‘ — Partition success, ps = 1 — x* exp (-%)
_\ — Equate p,=1-—a

..‘\v< n = x" (klogx — log a)
/“i‘;\
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[ Population-Sizing Model ]

e m building blocks of length k
e At most one BB need not be present
o Failure probability, a = =

n = x" (klogx — log a)
e Large problem: m > y*

n=0 (Xk log m)

o Complex problem: y* > m

n=0 (Xk log m)
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Results: Population Sizing

Population size, n
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[Summary]

N

f o .

. \ e Facetwise models

H 7 — Supply of a single schema
R

'H\ — Supply of all raw BBs

:4 — Population sizing for BB supply

% e Two asymptotic cases

H:\ — Large problem: O (x"logm)
",,:_/ — Complex problem: n = O (x*logm)
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