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Extraction of Shape Information of Cost Function Using Dynamic
Encoding Algorithm for Searches(DEAS)
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Abstract :

This paper proposes a new measure of cost function ruggedness in local optimization with DEAS. DEAS is a

computational optimization method developed since 2002 and has been applied to various engineering fields with success. Since
DEAS is a recent optimization method which is rarely introduced in Korean, this paper first provides a brief overview and
description of DEAS. In minimizing cost function with this non-gradient method, information on function shape measured
automatically will enhance search capability. Considering the search strategies of DEAS are well designed with binary matrix
structures, analysis of search behaviors will produce beneficial shape information. This paper deals with a simple quadratic function
contained with various magnitudes of noise, and DEAS finds local minimum yielding ruggedness measure of given cost function.
The proposed shape information will be directly used in improving DEAS performance in future work.
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Bisectional Search (B, ,, )
Initialization:
Set a direction vector as a zero column;
Ay =0yt
Set Jon « M>>1and i1,

while ;<2” do
Add d as a least significant column;
Cr1x(m+1) = [anm d].

Decode the temporary matrix into a real vector as

Coxm1) —g’ X
Evaluate the cost;
J = 1(XD).
if J<J then

Save the current best optima;

min

B, (met) < Coxmstys dopr < d,
Xmin
end if
d«d+1
i—i+l
end while

(—X,Jmin <« J.

I3 1.BSSY| A= E.
Fig. 1. Pseudocode of BSS.
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Z el Az el ol ynivariate method[10]L} generating set search
(GSO[AME o) &HEe] &3k F Fiel & X3
B}y 72A4E Aot T (successful) HAo2 58}

3, J&ax] ¢Fe 749 Aol dHunsuccessful) B 02 IS

At gallog AHy 79 univariate method= H4E
WS, GSSE step length S HHzA5k ohA] EAgic)
o]2]3 BSS2] At ¢l AEe ol 2EY Zo|g A

of

DEAS7} 7318 ©a3%5& 74l @t 13
o &l dgole B35

Ag A 5 g H P
2} stz AAE o)l2EE AA 5,8, olEHIL Sk WEF
of] Lol gE A4S I9 24 BE ZAAE univariate
method, GSS, DEAS B.5 5; 9] H]-&3ke] po v|-87H o
Zoug & AR 73k ARk 2y} ol Wl
o] Fgo]l EgE A B f(p)< f(s) < f(s) A
A7t Ho] DEAST 5 & A2 721t 23 2(b)ol

MO - XAs38t- AIAEZE ==X H 13 &, M 8 & 2007. 8

T 2. 12340l A 9] BSSA] AP EE o)A,
Fig. 2. Neighborhood points generated at BSS in one dimension.

Unidirectional Search (B .z 1)+ ot Jmin )

Initialization: Load By 1):doprs/min OFBSS

while A better solution is attained do
do LIMIT CHECK
Eliminate / limit rows([0--- Oj or {1 --- 1]) from
current UDS with anindex [/ =n—h.

Enroll the indices of unlimited stringson z, , .
Set an extension vector; ez =[00:--0 l]T .

for i=1: 21 -1
do REDUNDANCY CHECK
if e is a redundant search direction with e,
then CONTINUE
Load the current best matrix into a temporary

matrix; U (1) < B:x(m+l)
for j=1:/
p=z())
Select the p-th row of U;
TNx(m+l) = U(p,1im+ 1.
if e(j)=1 then
if d,,(p)=0 then r'=r—1.
ese r' =1 +1.
end if
Ulplim+1D) =1,

end for
Decode the extended matrix into a real vector and
evaluate its cost function;

g
Unx(m+l)_>xnxl9 J = f(X).

if J <J, then
Save the current best optima;
B;x(ml) U, nyr € €< €
Xow <X J 0« J.

end if

e—e+l.

end for
end while

1% 3. UDSe] AtEE
Fig. 3. Pseudocode of UDS.
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Table 1. Relation of extension vectors and UDS directions.
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Fig. 4. Search example of BSS and UDS in two-dimensional space.

I 5. 2442 UDsIA RSk gl £
Fig. 5. Redundant point existing in continuous UDS.
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Fig. 7. Search example 1 of DEAS for rugged cost function.
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Fig. 8. Search example 2 of DEAS for rugged cost function.
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Table 2. Search aspects of DEAS when 6=0.

c -0.9 -0.6 -0.3 0 0.3 0.6 0.9
B4y Hh  IBSS | UDS |BSS | UDS [BSS [ UDS | BSS | UDS | BSS | UDS | BSS | UDS | BSS [ UDS
2Lt x|{Lfx]R|1T|R{1T|RI2|[R|2]R |2

L x|{rtt |1 |[RrR]ItIRIT|IL]1T]R]x
afLfx|RIV{R[1 Rt {L[T|L]t]R]x
s{R|1 L4 RI T (Rl L]T|[R[1]L]T

row 6|/R[(1 Lt L]t R]IT|RIT[R]V|L[1
length [ 7L |4 fR|1T L]V |[R|T]R|T|L]|]1]R|1
gl 1iRIVIRIPAT (R PLA LY R
9(R[1T{LI1T[R|IT]R]A|[LfT]R[T[L]1
o[R|rJL |1 (L]t |RrR]1T[R]T]R[T]L]
-0.9004 | -0.5996 | -0.2998 | -0.0010 | 0.2998 | 0.5996 | 0.9004

E 3.5=005Y 2] DEASS] B4
Table 3. Search aspects of DEAS when 5=0.05.

c -0.9 -0.6 -0.3 0 0.3 0.6 0.9
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s|R|l1|r|3it]alL |1 |R]IT|[R|[2]L]|1
gltfys{t|2]RrRl2|R{1]L}IT{RIT]R]1
W|R|2|R|2IR|2]JR|tIR|1T}LI2]R]|2

-0.9668 | -0.6191 [ -0.2373 | -0.0078 | 0.2188 | 0.6172 | 0.9121

E  4.5=01% "] DEASS] BH F-
Table 4. Search aspects of DEAS when 5=0.1.

c -0.9 -0.6 -0.3 0 0.3 0.6 0.9
B g [BSS|UDS |BSS | UDS [ BSS | UDS | BSS | UDS [ BSS | UDS | BSS | UDS [ BSS | UDS
2L x|L|{x|R[T[R|T]|R]|]2|R|[2]|R|Z2
3|L{x|RfT|L]JTV|R[T]|R[TIL]T[R|X
AlR|1|JR|[T|R]2]R|]2|L|V|L|I1T|R]x
5(RIT|R|[2]L|2fL]|2L{1|L}1L}2

row L2 R|l2|tL )1 L]t |2fL]|2|R|2
length Tz et lelajritiRi2 R ]L}
8{RI1T|IL|T|R[VT|[R|1T]|[R|[2|R|2(fL |1

9| L}t |R|IV|IR[T{R|T]L]|T]L}2]R|1
WIR[1 Lt |[L|1}Li47L]|1T|[R[T]|]R]2
-0.8330 | -0.4219 | -0.3359 [ -0.0400 | 0.2666 | 0.625 | 0.8906

E 5. 5=04% W] DEASS] B4 ¥
Table 5. Search aspects of DEAS when 5=0.4.

c -0.9 -0.6 -0.3 0 0.3 0.6 0.9
EHa) ek [BSS|UDS |BSS | UDS [ BSS [UDS {BSS | UDS | BSS [ 1DS | BSS | UDS [BSS | UDS
2L x{Lfx|t]|x|RI2|R|[2|R|2|R|2
3|Lyx|L|x}B|S{L|[T]|R[V][L|1T[L]T

4L xtri2iRrRETLLUVTTIRIEIREUIRT
S|Lx|R|lT}|LF21L|1T]|R})2]JR}T L} S

row 6L | x(Lft|R]2|L]t}L|[T|R]2|L]|1
length [7 L x|[L|[t]|RrR{2fL}2]L[1}R{1[R[T
giRI8|R|1TLl2|L|1|L|2]|R]2|[R]|2
9|RJT1T|R|T|R]}S|{L|1T LT L} TL]|2
WfLi2JR|2[R| TRt ]JL]|2[R[T]L]|T

-0.8750 | -0.6709 | -0.0869 | -0.0078 | 0.4375 | 0.6875 | 0.6875

E 6 % 2719} AR A%ste) vjm
Table 6. Relation of noise magnitude and the proposed ruggedness

measure.
b 0 0.05 0.1 0.4
ruggedness 0 3 4 6
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Fig. 9. Comparison of DEAS search performance under various
noise.
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