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Abstract

This research aims to study and compare the 3 missing value estimation methods: Least
Square (LS), Particle Swarm Optimization (PSO), and Genetic Algorithm (GA), in randomized complete
block design using both real and simulated data. We consider constraints of missing values (m), such
asm =1, 2 and assume coefficients of variation (C.V.) of 10%, 30%, and 50%. Additionally, we examine
this experiment with three constants (h) 1, 2 and 3. The simulated data sizes are 9, 12, 15, 20, 21,
25, 28 and 35 with the number of treatments (t) equal to 3, 4, 5 and the number of blocks (b) equal
to 3, 5, or 7. The number of iterations for each situation is 50000. The criteria for comparing the
performance of missing value estimation methods for real and simulated data are the mean squared
error (MSE) and the average MSE (AVG MSE) values, respectively. Both values from these estimation
methods are insignificant. This means the methods are very high efficiency. The results are divided
to 2 parts. For the real data set, if m = 1, the lowest MSE value is from the GA method. Nevertheless,
the lowest MSE value is from the LS method when m = 2. For the simulated data, the LS method
also has the smallest AVG MSE values for all situations. Lastly, the GA and LS methods get the

smallest MSE values when h = 1.

Keywords: Randomized complete block design; Missing value; Least square; Particle swarm

optimization; Genetic algorithm
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Table 1 Real data set 1 (t=4 b=3 m=1)

Block 1 2 3
Treatment 1 17 34 23
2 15 26 (21)

3 11 23 18

4 12 14 13

“()” indicates the missing value.
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Table 2 Real data set 2 (t=6 b=4 m=2)

Genotypes Very Short Long very
short long

A (2) 3 3 4

B 3 (4) 5 6

C 1 2 1 2

D 1 1 2 2

E 2 2 2 2

F 1 1 2 3

“()” indicates the missing value.
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Table 3 MSE values of the real data set 1 (t=4, b=3, m=1) and set 2 (t=6, b=4, m=2)

Data sets Methods MSE

LS 0.08

1 PSO 0.43

GA 0.02

LS 0.02

2 PSO 0.21

GA 0.09

“Bold number” indicates the lowest value.
Table 4 AVG MSE values of simulated data when m=1
No. of Treatment 4 5
No. of Block
Criteria AVG MSE AVG MSE AVG MSE AVG MSE AVG MSE
LS 3.02 1.51 2.00 1.00 1.51
h=1 PSO 3.87 2.13 2.87 1.58 2.31
GA 1.91 1.08 1.34 0.76 1.09
LS 1.82 0.90 1.20 0.60 0.89
CV.=10% | h=2 PSO 3.61 1.96 2.65 1.49 2.14
GA 1.65 0.90 1.16 0.65 0.90
LS 1.28 0.65 0.87 0.43 0.64
h=3 PSO 3.50 1.92 261 1.44 2.07
GA 1.53 0.86 1.10 0.60 0.84
LS 26.95 13.57 17.92 8.98 13.53
h=1 PSO 34.87 18.97 26.00 14.13 20.70
GA 19.94 11.27 14.17 7.94 11.19
LS 16.20 8.13 10.80 5.33 8.04
CV.=30% | h=2 PSO 32.62 17.69 24.04 13.24 19.27
GA 17.23 9.75 12.43 6.89 9.72
LS 11.68 5.80 1.72 3.82 5.83
h=3 PSO 31.43 17.07 23.00 12.82 18.70
GA 16.01 8.99 11.47 6.51 8.93
8
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Table 4 AVG MSE values of simulated data when m=1 (Continue)

No. of Treatment 4 4
No. of Block
Criteria AVG MSE AVG MSE AVG MSE AVG MSE AVG MSE
LS 74.77 37.23 49.85 24.83 37.15
h=1 PSO 96.30 52.38 71.94 39.70 57.67
GA 61.88 34.61 44.90 25.03 34.53
LS 45.15 22.67 29.73 14.93 22.48
CV. =50% | h=2 PSO 90.95 48.96 66.81 37.44 53.09
GA 54.51 30.13 38.62 21.99 30.50
LS 32.28 15.97 21.47 10.71 16.07
h=3 PSO 87.84 47.93 65.20 35.60 52.17
GA 5191 28.36 36.67 20.38 29.02
“Bold number” indicates the lowest value.
Table 5 AVG MSE values of simulated data when m=2
No. of Treatment
No. of Block
Criteria AVG MSE AVG MSE AVG MSE AVG MSE

LS 1.89 1.28 1.46 0.98

h=1 PSO 3.89 2.89 3.27 2.33

GA 1.63 1.17 1.34 0.93

LS 1.15 0.77 0.88 0.59

C.V. = 10% h=2 PSO 3.90 291 3.27 2.34
GA 1.42 1.03 1.16 0.81

LS 0.83 0.56 0.63 0.42

h=3 PSO 3.89 291 3.26 2.33

GA 1.34 0.97 1.10 0.76

LS 16.94 11.60 13.12 8.80

h=1 PSO 31.24 23.50 26.36 18.76

GA 15.49 11.26 12.72 8.86

LS 10.36 6.94 7.92 5.31

CV. =30% h=2 PSO 31.35 23.47 26.51 18.83
GA 13.63 9.88 11.21 7.75

LS 7.51 5.01 5.69 3.82

h=3 PSO 31.46 23.46 26.33 18.79

GA 12.84 9.29 10.50 7.28

9
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Table 5 AVG MSE values of simulated data when m=2 (Continue)

No. of Treatment
No. of Block
Criteria AVG MSE AVG MSE AVG MSE AVG MSE

LS 47.11 32.18 36.39 24.47

h=1 PSO 86.17 64.79 72.41 51.69

GA 44.79 32.61 37.02 25.80

LS 28.83 19.28 22.01 14.73

C.V. =50% h=2 PSO 86.43 64.62 72.70 51.72
GA 40.01 28.99 32.73 22.80

LS 20.86 13.97 15.81 10.61

h=3 PSO 86.36 64.63 72.56 51.72

GA 37.88 27.39 30.97 21.51

“Bold number” indicates the lowest value.

4. afUsrenauazasu
PNMIAENYIaELIUTIUEUTTNSUTEI
Agamelunsuuuuuionduauysoidoniniue
wazudondudvidwauuudu 3 35 fie 35 LS 38 PSO
uaz3s GA feyaiililunmsmaasuidudeyaasauas
Joyadnaed gl m i1 1 uay 2 dmiudeyaisa
waztoyadnaesarlddl MSE wag AVG MSE
DunasilunsiSeudiou sudviu nansding
WUt fie1 CV. funntu Aaunanedou
fdsaounds (MSE) xfimsnniuse dwmiuteyasds
A m Wiy 138 GA Toie1 MSE siign uaz
Youasssiiil m wiiu 2 38 LS e MSE shilgn
dmiuteyadiasadisl m wirfu 1 ledinsd h
Wiy 1 3% GA Suunliliien AVG MSE shilan
ynanIunsal wawidernasil h 3ty (h = 2, 3)
B LS fuwnlilian AVG MSE siilan wazdimiu
Yoyadraesiiil m Wity 2 oA h wirdy 1

'
' =

38 LS uay GA fuwilinlaian AVG MSE snfign uaz
WA

h 11n%u (h = 2, 3) 35 LS TiA1 AVG MSE
fitdannaniunisal

q q
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dmuramsfinudeyadsanardayadnnes
dlofiarsanainnag MSE uay AVG MSE wWui
3En1sUszanaAarlinanisAnwfiuansneiu
Tuunsaanunisad Iﬂaﬁm%%yjaﬁuﬁ'a m=1
5 GA TN MSE dnfign wagiilo m=2 38 LS T
MSE ﬁwﬁqm dmiuteyadnans 35 LS Tie AVG
MSE #flan usiiilednsdl h Ta1des (h =1)

'
al

dulng3s LS uaeds GA vlvien AVG MSE dndian

q

YeAanAAaRINUNLIIBYBY Azadeh et al. [4]

5. YaLaUDLUY

o a v

1 ideAnwuavidIvuiieuds
76 LS 78 PSO way

B GA dwmSuununuuvdenduanysel Wevnuwus

Tuad

-

ol 13
nsUsERNAIgNg 3 35 Ao
warvionifudvinawvugy lasluasuided
frunMSUELIe9S PSO 91nA1 Mean, Mean of
Block uaz Mean of Treatment ¥83yAvaya
Afldgayme Fadfulunuideseldoiaminun
ABHFLY093E PSO WUUBUY Wy RansanA1Eud
P85 LS #5935 GA
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