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Impacts from Initialization techniques —
An optimal computational resource allocation problem

Mike Yi SUN and Victor O.K. Li

Department of Electrical and Electronic Engineering, The University of Hong Kong OF HONG KONG

Background & Purpose Simulation results
 Initialization techniques are always considered as e Notations & settings:

“computational-resource-free” e M1: without considering IniR
 Not true under computational expensive environment where e M2: IniR considered

single FE costs a lot e M3 =r_init/r_rand, the ratio between results from
e Optimally allocate the limited computational resources using IniT and using PRNG.

becomes important M3<1 means IniT better

M3>1 means PRNG better

e D=10,30 & 100; MaxFE(R)=50*D; No. of run=50
Optimal Computational Resource Allocation e Comparison between /niR considered and not considered:
PrOblem (OCRAP): Dimension | Function ORBL QOBL o1
M1 M2 M1 M2 M1 M2
Under given amount of computational resources (R), objective mean | M| wean | M3 || mean | M3 | mean | M3 || mean [ M3 | mean | M3
. o . ' fi | 292688 | 089 | 320.001 | 098 || 303,638 | 095 | 34175 | 1047 || 20656 | 0.633 | 225633 | 0.6%4
functlon Of the base problem (f)’ |n|t|a||zat|on technlque (Ian) and fa 1425.08 | 0.867 | 1678.31 | 1.022 || 1651.54 | L.005 | 1660.1 | 1.01 81483 [ 0.49 [ 811.026 [ 0494
fs [ 182025 | 0.929 | 203493 | 1.033 || 2032.96 | 1.032 | 2230.04 | 1.133 || 103826 | 0.527 | 1120.04 | 0.569
imizati i i i fa 30576 | 0.979 | 33092 | 1.06 || 311.04 | 0999 | 32026 | 1.055 || 182.32 | 0.584 | 1988 | 0637
optimization algorlthm (OA)’ to find an resource allocation scheme p=10 fs 18624 | 1.002 | 19.8205 | 1.067 || 18567 | 0.999 | 18807 | 1.012 || 16499 | 0.888 | 163709 | 0.88I
—lni : - fo 794 | 0.926 | 82361 | 0.961 || 87.439 | LO2 | 92705 | 1.082 || 73.167 | 0.854 | 78.779 | 0.919
(RA—Ian/(In|R+OptR)) where IniR and OptR are the resources fr [ 798850 | 0.88 | 883.785 | 0.973 || 904741 | 0996 | 110849 | 1.221 || 506.106 | 0.557 | 592475 | 0.652
- : : : fo [ 102563 | 1.013 | 101.49 | 1003 || 9974 | 0.985 | 101.49 | 1.003 || 85.656 | 0.846 | 8884 | 0.878
consumed by IniT and OA so that either the Optlmal solution fi 19527 | 0.974 | 20647 | 1.03 || 2039.07 | 1.017 | 2115.44 | 1.055 || 1373.82 | 0.685 | 1331.04 | 0.664
_ - - - _ - - : fo [ 270103 | 0.946 | 277006 | 007 || 276242 | 0.968 | 28722 | 1.006 || 17210.8 | 0.603 | 17850.1 | 0.625
(V—V*) of the ObjeCtIVE function (V-f(X)) is achieved with the least f3 42243 | 1.002 | 414344 | 0.983 || 415048 | 0.986 | 443737 | 1.052 || 26003.1 | 0.617 | 25415.6 | 0.603
total resources (IniR+OptR<R) or the best suboptimal solution D=0 | s usew a1 | 300 o | sy | Toos || 17 | 093 | eass | aors
%\ : : fo [ 4445645 | 0.972 | 455463 | 0.995 || 463.495 | 1.013 | 481.687 | 1.053 || 441.425 | 0.965 | 455731 | 0.996
(y'=y ) is achieved when resources are used up (|n|R+OptR=R) fr [ 121174 [ 0933 | 129144 | 0.995 || 131993 | 1.017 | 14311.4 | 1.102 || 7357.16 | 0.567 | 802341 | 0.618
fs 45458 | 0.977 | 460919 | 0.991 || 459.38% | 0.987 | 467.537 | 1.005 || 396.179 | 0.851 | 302518 | 0.844
fi | 9951.52 | 1.005 | 993503 | 1.004 || 9953.54 | 1006 | 101284 | 1.023 || 643326 | 0.65 | 6453.96 | 0.652
C tational resource is defined as number of FE used under f2 [ 462924 | 1.003 | 469329 | 1.017 || 464419 | 1.006 | 467461 | 1.013 || 294942 | 0.639 | 290347 | 0.629
ompu f3 [ 704188 | 0.993 | 713346 | 1.006 || 702866 | 0.992 | 721093 | 1.017 || 472779 | 0.667 | 481583 | 0.679
P tati | . . ¢ Due to th N | b — 100 fi [ 974192 | 0.994 | 990698 | 1.011 || 9819.86 | 1.002 | 10106.1 | 1.031 || 6172.86 | 0.63 | 6208.14 | 0.633
) fs 2074 | 1| 20754 | 1 20751 | 1 | 207547 | 1 19.814 | 0955 | 19.8229 | 0955
Coompu d |.ona EXPENSIVE enVIronmen ueto . e extreme fong fo [ 193739 | 0.937 | 1952.19 | 0.944 || 2072.97 | 1.002 | 2110.65 | 1.021 || 204743 | 0.99 | 20833 | 1.007
time requ”-ed by FE' other CaICUIathnS are neg||g|b|e. fr [14970_| 0.995 | 119493 | 1.034 || 117515 | 1017 | 120207 | 1.04 || 666019 | 0.576 | 678756 | 0.587
fs [ 193696 | 0.998 | 1941.86 | 1.001 || 194151 | 1.001 | 1961.03 | 1.011 || 1631.54 | 0.841 | 16116 | 0.831

_ e Some curves
Problem Formulation: e Using Ql with DE to test different RA ratios

® General version: : . « D=30 f1 DE Q D=30 f6 DE Q|
i, {UniR + OptR), |y — y*|} = F(RA) i o e e
s.t. IniR + OptR < R o N
IniR > 0 w0 =
OptR > 0 o 300
* Simulation version:  min {(IniFE + OptFE),|y — y*|} = F(RA) e, i A ————
IniT,0A,f (e) 1% 2% 3% 4% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 1% 2% 3% 4% 5% 10% 15% 20% 25% 30% 3% 40% 45% S0% 55% 60K
s.t.  IniFE + OptFE < TotalFE
INiFE > 0 e Comparing Ql, OBL under different RA

OptFE > 0 D=30 f1 DE QI vs OBL D=30 f6 DE QI vs OBL

e=@==mean results QI  ==@==mean results OBL e=@==mean results Q] ==@==mean results OBL

Simulation cases

Initialization techniques:

e Pseudo Random Number Generator (PRNG) om0 o0 o0 om0 0 s o s s S G 2% 9% % 9% 106 5% 200 256 30 390 4 55 505 554 09
° OppOSItlon_Based Learnlng (OBL) [1] D=30 f7 DE Ql vs OBL D=30 f8 DE Ql vs OBL

e Quasi-Opposition-Based Learning (QOBL) [2] R —— R ——

e Quadratic Interpolation (Ql) [3] /___C:

Optimization algorithms:
e Differential Evolution (DE) [4] 2
o Chemlcal ReaCtlon Optlmlzatlon (CRO) [5] ’ 1% 2% 3% 4% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% ’ 1% 2% 3% 4% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60%

Benchmark functions:
e CEC14 computational expensive problem set

CEC14 COMPUTATIONAL EXPENSIVE PROBLEM SET

Conclusion
Formulate and solve the optimal computational resource allocation

Functions Search Ranges prObIem
] . . . .
Shifted Sphere function —20,20] h@)=Tuly=z—o Define the computational resource under the expensive environment

[

Shified Ellipsoid function -20,20] fo(a) = 3 gy =z — oo Conduct simulations analyze performances from different initialization

i=1

Shifted Rotated Ellipsoid function [—20, 20] f3(z) = f; iy2, y = M5 (z — 03) tech niq ues

i=1

D
Shifted Step function [—20, 20] falz) =3 (lui +05))%, y =z — o4
i=1

D 0
Shifted Ackley’s function [—32, 32 fs (x) = —20exp (—0.2\/1_5 3 yﬁ) — exp (}_J 3" cos {E?ryl-}) +204e, y=1x— o5
[ i=1 i=1

[ a D

Shifted Griewank’s function —600, 600] fo(z) =3 Q) — ] cos (y—z) +ly=z—oc Refe rence
i=1 i=1

D1
Shifted Rotated Rosenbrock’s function [—20,20] f7(z) = EL (mﬂ(y%? —vir1)” + (v — 1}2)’3’ = M7 [%) +1 [1] S. Rahnamayan, H. Tizhoosh, and M. Salama, “Opposition-based differential evolution,” Evolutionary Computation, IEEE
. ‘ . ; D _ - 5.12(z—os) Transactions on, vol. 12, no. 1, pp. 64-79, Feb 2008.

shifted Rotated Rastrigin's function [-20,20] s () = EL (v — 10 cos (2mys) +10), y = Ms 20 [2] S. Rahnamayan, H. Tizhoosh, and M. Salama, “Quasi-oppositional differential evolution,” in Evolutionary Computation, 2007. CEC
. 2007. IEEE Congress on, Sept 2007, pp. 2229-2236.
M et”CS: [3] M. Pant, M. Ali, and V. Singh, “Differential evolution using quadratic interpolation for initializing the population,” in Advance

. . . . . Computing Conference, 2009. IACC 2009. IEEE International, March 2009, pp. 375-380.

~ W|th (0) Ut InIR consi d e rEd (t I'a d |t|0 Na I Way) [4] R. Storn and K. Price, “Differential evolution-a simple and efficient adaptive scheme for global optimization over continuous
spaces,” 1995

. CO nS|d eri ng InIR [5] A. Lam, V. Li, and J. Yu, “Real-coded chemical reaction optimization,” Evolutionary Computation, IEEE Transactions on, vol. 16, no.

e Solve the OCRAP 3, pp. 339-353, June 2012.
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