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Application of Procrustes Analysis Method for Efficient
Analysis of Simulation Quiputs

olge**, WhHEM, H) A
Young-Hae Lee**, Kyoung-Jong Park**, Kee S, Moon***

Abstract

Output onalysis is one of the most important fields of simulation to achieve the
accurate simulation results. This study shows how to analyze simulation cutput data in
the steady state using Procrustes analysis technique which has not been used in the
field of simulation yet. In this paper Procrustes analysis method is used te perform the
analysis of simulation output efficiently and effectively by applying the improved version
of the method. The experiments are conducted using M/M/1 queueing simulation model,
The results obtained by Procrustes analysis method show better estimates for average
waiting times and average queuve lengths which ore closer to true valves and narrower
confidence intervals than when replication-deletion method is used, Also it requires the
smaller aumber of simulation runs.
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Fig. 3.1 lllustration of individual configurations(m=3, n=5, p=2)
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Table 41 Qutput data for replication-
deletion method

AUN AVERAGE WAITING AVERAGE QUEUE
NUMBER TIME LENGTH
1 14,639 0.482
2 14.724 0.496
3 14.297 0.472
4 16.022 0.540
5 14,144 0.456
6 14.892 0.495
7 14.126 0.485
8 15.442 0.521
9 15.931 0.535
10 14.474 0.485

Table 4.2 Initial data for Procrustes analysis
from first run

DATA AVERAGE WAITING AVERAGE QUEUE
TIME LENGTH
1 14.813 0.497
2 14.952 0.502
3 14,819 0.497
4 14.846 0.499
5 14.633 0.490
& 14.836 0.495
7 14.866 0.496
8 15.023 0.501
9 14.965 0.499
10 15.183 0.507

o] 14.96950] 3L, FF Ul 712 el= 050059 H

& Zerh o o230 Hyolr 1
oft AT HFWrIAZe) ((149695-15)/15)
X10=-02%°12, Brrth7 o= ((0506-05)/05)
X100=+0.1%°]th. 90%2} A2 Fzhe 7]
"ol HFUIIA 7] [14.8336, 15.1054]0]
I, BF 712 ol [0.4989, 0.5021]¢] Bt
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Table 4.3 Initial data for Procrustes analysis

Table 4.5 Resulting data by Procrustes

from second run analysis
DATA AVERAGE WAITING AVERAGE QUELE RUN AVERAGE WAITING AVERAGE QUELE
TIME LENGTH NUMBER TIME LENGTH
1 15.488 0.519 1 15.584 0.518
2 15,571 0.522 2 15.338 0.510
3 15,5612 0.518 3 15.257 0.510
4 15.287 0.511 4 15.165 0.507
5 15.317 0.512 5 14,934 0.499
& 15.332 0.512 6 14.762 0.482
7 15.423 0.516 7 14.643 0.48%
8 16,323 0.513 8 14.830 0.496
9 15.450 0.519 9 14.745 0.493
10 15.281 0.51 10 14.844 0.498

Table 4.4 Initial data for Procrustes analysis
from third run

Table 4.6 Results by replication-deletion
method and Procrustes analysis

method(#=0.5)

VARI- | AVER- | VARI- | CONFIDENCE | AVERAGE i
ABLE | AGE ANCE | INTERVAL DIFFERENCE(%) :
RM | AWT | 14860 | 04312 | [14.483,15.275) - 087
AQL | 0.4967 | 0.0074 ] {0.4809,0.5125] - 068
PA| AWT | 14870 | 00550 | [14.834,15.109] -020
AQL | 03005 | 00001 | [0.4988,0.5021] + 010

DATA AVERAGE WAITING AVERAGE GUEUE

TIME LENGT

1 14.636 0.48%
2 14.723 0.492
3 14778 0.494
4 14.862 0.498
5 14,644 0.480
8 14.438 0.484
7 14.505 0.483
8 14,664 0.489
9 14.431 0.479
14.424 0.479
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RM : Replication-deletion method, PA: Procrustes analysis method
AWT: Average waiting time, AQL: Average queue iength
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Fig 4.1 Experimental results for average waiting time when p=0.2
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Fig 4.2 Experimental results for average waiting time when £=0.5
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Fig 4.3 Experimental results for average waiting time when £=0.75
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Table 4.7 Average deviation from true value

for AWT
Utilization{ ) PA AM |
0.2 0.512 1.331
03 0.338 1.565
0.4 1.009 1673
05 0.735 1.245
0.67 1.840 2.415
0.75 2.199 3,069
09 3.860 7.522

Table 4.8 Average deviation from true value

for AQL
Utilization( ) PA RM
0.2 0.601 1.620
0.3 1.164 1,200
04 1.931 2133
0.5 0.888 1.228
0.67 2.038 2420
Q.75 2.138 3135
049 4,043 7.860

o] 0.2014 0.971X] 8] BE F$o] B =8
A Ae Z2aF e L BY g Hi
7 aE g oA e B
P 3PS U 5 Aok YRS AF
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2Ry € F Uk
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2 FIEYL U B3 PAE T AU
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Table 4.9 Average half length of confidence
interval for AWT

Utilization( ) PA R M
D2 0,1588 0.0534
03 0.1589 0.1109
0.4 0.1469 0.2784
0.5 0.1445 0.6366
0.67 0.1582 2.2368
0.75 0.1548 3.4041
0.9 0.1098 13.2838

Table 4.10 Average half length of
confidence interval for AQL

Utilization{} P A R M
0.2 0.0058 0.0021
0.3 0.0044 0.0072
0.4 0.0049 0.0101
05 0.0038 0.0277
0.67 0.0045 0.0822
0.75 0.0052 0.1572
09 0.0143 1.3533
5 AE

£ d7dMe AEdelde g &
Aot el dA) dutd oz AMRE T =
-2 RS AEA MY means
X 24 71EE o8¢ dAs Az v
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