Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2024.25.1.686

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 25, No. 1 pp. 686-694, 2024

A% n2adY HYNA AUNee B3 A3 AT
A&7} ol el 29 At
A‘lEH
Fal

2
=l
Al

[=}
QNS W ML S Skt

Proposal of Occupant Dynamics for Validating the Feasibility of
Resource Allocation in the Space Programming Process
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Abstract Meticulous estimation of resource allocation is essential in the design phase to establish a
rational and optimized architectural space. Abstract preliminary tasks of this nature face limitations with
simple calculation methods due to the complexity and variability associated with user flow. In this study,
a resource allocation simulation analysis method based on system dynamics is proposed. Using a
large-scale health examination center as an example, examination rooms are defined as stocks, and
processing capacities are defined as flows. The aim was to derive an optimal solution through forward
and backward resource rebalancing. Adjusting the flow based on three real-time indicators did not
reduce the number of resources, but the reallocation of six resources resulted in a significant decrease

in processing time and bottleneck time by up to 18%.
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Fig. 1. The bathtub metaphor for stock and flow
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SHAH
room name code service time(min) Te'sources
(init value)
Reception R uniform(2.0, 3.0) 3
Interview uniform(2.0, 3.0) 2
Changing Room male | Cm uniform(5.0, 8.0) 20
female | Cf uniform(8.0, 13.0) »20
Anthropometry A uniform(2.0, 3.0) 2
Blood Gathering B uniform(2.0, 3.0) 2
male Tm uniform(1.0, 1.5) 1
Collection Urine
female | Tf uniform(2.0, 3.0) 1
Ophthalmology 0 uniform(3.0, 5.0) 2
Hearing Test H uniform(2.0, 3.0) 1
Electrocardiogram EC uniform(5.0, 10.0) 2
Gynecology G uniform(5.0, 10.0) 1
Pulmonary Function PF uniform(2.5, 3.5) 2
XRay X uniform(2.0, 3.0) 1 Fig. 4. System Dynamics Simulation Diagram
Mammography M uniform(5.0, 10.0) 1
Bone Density BD uniform(3.0, 5.0) 1 3.3 XI_:E[I_ A|7_||‘§_I- E_J :’I:P_él‘ Hoft‘g
o | entemtso 20 | 4 3O A 48 W B A9 A
Endoscope EN uniform(5.0, 10.0) 5 EFold el 379 A#S AAIE TR A
Recovery Room RR uniform(30.0, 35.0) >22 6]'E% E:LEHUJE]-C}&E}‘
Nutrition Consultation | NC uniform(2.0, 3.0) 1 HhE A& o] IgoA] o] AREE HAZICRE
Result Explanation R uniform(2.0, 3.0) 3 yggstdaa M glaAAE 2ASe, ZE AAR
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Recepon  mmem(0) 3 SHOCK o s s =0 60
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Anthropometry ==} 2
Blood-Gathering ===} 2 Receiption -52.01 Receiption -0.19
Ophthalmology —-0 2 L Interview 97 .37 L Interview 0 44
Hearing Test -O 1 | @ Anthropometry -67.16 | @ Anthropometry -0.17
Electrocardiogram _-0 2 @ Blood-Gathering 0.05 | @ Blood-Gathering -0.1
Gynecology -0 1 - @ ophthaimology 33.14 ] @ ophthaimology 0.14
Puimonary Function ===} 2 - @ Hearing Test 25.19 1 @ Hearing Test 0.01
XRay -O 1 - @ Electrocardiogram 30 81 | | @ Electrocardiogram 0.2
Mammography -0 1 1 @ Gynecology -6.64 m @ Gynecology -0.07
Bone Density -0 1 ] @ Puimonary Function -88.29 ] @ Puimonary Function -0.37
utra sound Q) 1 @ XRay -0.49 L @ xRay 0.05
ual -O 1 - @ Mammography 31 31 ——— @ Mammography 0.28
Endoscope ————-0 Bone Density 0.05 Bone Density -0.09
Nutrition Consultation -0 1 ] @ uitra Sound 134.31 o @ uitra Sound 0.51
] @ UGl -19.47 [ ] @ UGl -0.06
o a ] @ Endoscope -146.94 [ ] @ Endoscope -0.42
2nging Room O 4 I @ Nutrition Cq 66.63 - @ Nutrition Consultation 0.08
Toilet(Col.urine) -0 1
200 100 0 100 20 08 04 02 0 0z 04 08
Recover Room (D) 1
(a) (b) (c)
Fig. 5. Interface for Metric Measurement and Resource Variable Adjustment
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Fig. 8. Rebalancing Process(x=time, y=stock)
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Table 2. Resource adjustment results

room name code init adjust | increase
Reception R 3 2 -1
Interview I 2 2
Anthropometry A 2 1 -1
Blood Gathering B 2 1 -1
Ophthalmology (0] 2 2
Hearing Test H 1 1
Electrocardiogram EC 2 3 +1
Gynecology G 1 1
Pulmonary Function PF 2 1 -1
XRay X 1 1
Mammography M 1 1
Bone Density BD 1 1
Ultra Sound U 1 6 +5
UGI UG 1 1
Endoscope EN 5 3 -2
Nutrition Consultation NC 1 1
Total 28 28 +0
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Receiption -51.97
Interview 97.36

@ Anthropometry -67.11

@ Blood-Gathering 0.1
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@ Hearing Test 25.27

@ Electrocardiogram 30.78

@ Gynecology -6.62

@ Puimonary Function 73.15
XRay -97.32
Mammography -33.28
Bone Density 0.1

@ Uitra Sound 134.29
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@ Endoscope -146.81

@ Nutrition Consultation 66.55

Fig. 9. Cumulative stock for 240 minutes before

adjustment
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Receiption 45.35
Interview -0.03

| @ Anthropometry 30.23
® Biood-Gathering 0

| @ opnhthaimology 33.12

| Hearing Test 25.28

| @ Electrocardiogram -2.53

1 @ Gynecology 6.65

@ Pulmonary Function 12.44
| @ XRay -48.88

Mammography -0.98
Bone Density 0

] @ uira Sound 12.76

1 @ UGl 485

| @ Endoscope 16.86

] . Nutrition Consultation 16.68
-200 -100 0 100 200

Fig. 10. Cumulative stock for 240 minutes after
adjustment

ZA A50] ALE v Table 32 AHEY ZE
A0 §EUF FYRL 022 WEL flovt HTf
%ol 0.83914 0.34F 0.497451911, HAFE2 -0.42
oA -0.10& 0.32%F= S7Fstod, et 49 A=7t

Table 3. Comparison before and after adjustment

max min |max-min| median
peak 0.83 -0.42 1.25 0.20
‘ ‘per resource| 0.71 -0.09 0.80 0.17
Before
accumulation | 134.28 |-146.99 | 281.27 | 2.37
‘per resource| 134.28 | -44.15 | 178.43 | 11.70
peak 0.34 -0.10 0.44 0.20
‘per resource| 0.32 -0.10 0.42 0.13
After
accumulation 4532 | -48.87 | 94.19 9.50
‘per resource| 25.30 | -48.87 | 74.17 4.47
peak -0.49 0.32 -0.80 0.00
‘ per resource| -0.39 | -0.01 -0.38 -0.05
Increase
accumulation | -88.96 | 98.12 |-187.08| 7.13
‘per resource|-108.98 | -4.72 |-104.26| -7.23
15 150 134.28
10 JL S 100 1
05 & 0.34 = 50 4532
3 o me Lo 2 ey T
05 042 § 50 -44.15 -48.87
-1.0 Before After <C-100 Befpre After
A5 -150 12699
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Fig. 11. A method for constructing a CLD that avoids
the occurrence of negative stock.
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