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Hospitals are one of the key parts of the health system that are responsible for providing
services to patients. The optimal allocation of hospital beds is one of the important issues
that plays a significant role in the financial and clinical performance of hospitals.
Therefore, in this article, an algorithm in six main steps, including data collection,
simulation, scenario definition, simulation model execution, calculation of the importance
degree of output variables, and ranking of scenarios, has been developed using a computer
simulation approach and considering the bed-sharing policy among different hospital
departments. The main criteria considered in this study include patient rejection (PR), the
percentage of resource utilization (RU), and the length of the queue (LQ). Due to the
nature of uncertainty in the problem, a fuzzy DEMATEL method has been used for ranking
scenarios. Finally, the best scenarios have been identified from the total scenarios
considered, which can be taken into account by hospital managers in decision-making to
improve the overall performance of their medical unit using optimal scenario assumptions.
The presented algorithm has been investigated on a case study, and its results have been
analyzed and reviewed. The considered case study hospital has two inpatient departments.
The first department is designated for triage patients and first-type clinic patients, while
the second department is for second-type clinic patients. In the conducted case study, the
weights of each decision criterion are 0.33, 0.09, 0.27, and 0.30 ,respectively. A total of
36 scenarios have been defined for the case study. In the end, based on the developed
model, scenario number 20 has been chosen as the best scenario. In this scenario, the
percentage of patient rejection for triage is 9/5%, the resource utilization percentage is
70%, and the average number of people waiting in line for first and second-type clinic
patients is 19.73 and 1.27, respectively.
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Time between triage and clinic patient arrivals

Percentage of male/female triage patients

Percentage of patients assigned to wards 1 and 2

Pereentage of male/female patients in ward 1

required information for
the simulation

w

Step 2: Define decision and

Percentage of male/female patients in ward 2

Length of stay of triage patients {days)

Length of stay of patients in ward 1 (davs)

Length of stay of patients in ward 2 (days)

response variables and
simulate the system

w

Step 3: Define scenarios

Response variable: Average percentage of
rejections from triage, average percentage of
resource utilization, average number waiting in
ward 1, average number waiting in ward 2

Decision variable: Percentage of resource capacity
of each ward (bed) that is allocated to another
ward

Step 4: Run the simulation

according to decision
variables and define levels

Step 6: Ranking scenarios
according to the weight of

» model and obtain the values of
the response variables

!

Step S: Calculate the importance of

[

each factor and simulation
results

response variables using fuzzy
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Ward 2 Ward 1 Vari o . o .
Female Male | Female | Male ariable 2 (%) Variable 1 (%) Scenario
- - - - 0 0 1
3 2 - - 20 0 2
6 4 - - 40 0 3
8 6 - - 60 0 4
11 8 - - 80 0 5
14 10 - - 100 0 6
- - 2 2 0 20 7
3 2 2 2 20 20 8
6 4 2 2 40 20 9
8 6 2 2 60 20 10
11 8 2 2 80 20 11
14 10 2 2 100 20 12
- - 4 4 0 40 13
3 4 4 20 40 14

4 40 40 15
8 6 4 4 60 40 16
11 8 4 4 80 40 17
14 10 4 4 100 40 18
- - 6 7 0 60 19
3 2 6 7 20 60 20
6 4 6 7 40 60 21
8 6 6 7 60 60 22
11 8 6 7 80 60 23
14 10 6 7 100 60 24
- - 8 9 0 80 25
3 2 8 9 20 80 26
6 4 8 9 40 80 27
8 6 8 9 60 80 28
11 8 8 9 80 80 29
14 10 8 9 100 80 30
- - 10 11 0 100 31
3 2 10 11 20 100 32
6 4 10 11 40 100 33
8 6 10 11 60 100 34
11 8 10 11 80 100 35
14 10 10 11 100 100 36
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Value Parameter Value Parameter
Exponential | The time between the patient's | Exponential The time between patients' arrival at triage
(schedule) arrival at Cilinc (n=8.5h)
45 Percentage of female patients in 55 Percentage of male patients in triage
triage
55 Percentage of patients assigned 45 Percentage of patients assigned to ward 1
to ward 2
35 Percentage of female patients in 65 Percentage of male patients in ward 1
ward 1
70 Percentage of female patients in 30 Percentage of male patients in ward 2
ward 2
Tr(2,3,4) Duration of hospitalization of patients (clinic ward 1)
Tr(2,3,5) Duration of hospitalization of patients (triage)
Tr(2,4,5) Duration of hospitalization of patients (clinic ward 2)
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Individual standard deviations were used to calculate the intervals.
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Average number in Average number in Average percentage Average percentage of Scenario
queue(ward 2) queue(ward 1) of resource usage (%) | rejections from triage (%)
0.19 0.11 54.90 100 1
1.27 0.03 55.10 100 2
43.59 0.01 51.10 100 3
100.30 0.00 47.10 100 4
223.68 0.00 37.90 100 5
350.73 0.00 23.10 100 6
0.19 0.41 61.20 62.50 7
1.27 0.10 61.80 62.50 8
43.59 0.03 57.90 62.50 9
100.30 0.01 53.80 62.50 10
223.68 0.00 44.70 62.50 11
350.73 0.00 29.90 62.50 12
0.19 3.18 65.40 32.60 13
1.27 0.40 66.70 32.60 14
43.59 0.10 63.00 32.60 15
100.30 0.03 58.80 32.60 16
223.68 0.01 49.60 32.60 17
350.73 0.00 34.80 32.60 18
0.19 75.70 64.00 9.50 19
1.27 19.74 69.80 9.50 20
43.59 0.88 68.10 9.50 21
100.30 0.19 63.50 9.50 22
223.68 0.06 54.10 9.50 23
350.73 0.02 39.20 9.50 24
0.19 174.40 58.50 2.40 25
1.27 74.28 67.70 2.40 26
43.59 19.71 69.10 2.40 27
100.30 0.88 65.70 2.40 28
223.68 0.19 56.20 2.40 29
350.73 0.06 41.10 2.40 30
0.19 286.19 51.30 0.40 31
1.27 147.33 63.50 0.40 32
43.59 74.07 66.20 0.40 33
100.30 19.71 65.60 0.40 34
223.68 0.88 57.30 0.40 35
350.73 0.19 42.30 0.40 36
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Corresponding triangular
fuzzy number

Linguistuc judgments

(0,0,0.25)

No influence (N)

(0,0.25,0.5)

Very low influence (VL)

(0.25,0.5,0.75) Low influence (L)

(0.5,0.75,1) High influence (H)
(0.75,1,1) Very high influence (VH)
Average queue length of ward 2. Average rejection percenta

0.300

Average quene length of ward T, o
1m Average resource utilization
percentage 0.094
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12 11 10 9 8 7 6 5 4 3 2 1 Scenario

0.588 | 0.450 | 0.326 | 0.269 | 0.225 | 0.225 | 0.727 | 0.589 | 0.465 | 0.408 | 0.364 | 0.363 Score
- 31 23 21 17 18 - 32 30 27 26 Rank

24 23 22 21 20 19 18 17 16 15 14 13 Scenario
0.392 | 0.253 | 0.129 | 0.072 | 0.050 | 0.114 | 0.478 | 0.340 | 0.216 | 0.159 | 0.115 | 0.120 Score

29 20 11 - 7 33 24 15 13 9 10 Rank

36 35 34 33 32 31 30 29 28 27 26 25 Scenario
0.356 | 0.217 | 0.113 | 0.115 | 0.154 | 0.310 | 0.365 | 0.226 | 0.101 | 0.064 | 0.083 | 0.195 Score

25 16 6 8 12 22 28 19 5 - 4 14 Rank

g ylaw oy o g o e Y Jau
Decision variables
Response variables Value of Value of
variable 2 variable 1 .
Average Average Percentage | Percentage variable | variable | Scenario
1 1 0, 0
number in number in of . of . Woman | Man | Woman | Man 2 (%) 1 (%)

queue queue resource rejection
(ward 2) (ward 1) usage (%) (%)

127 19.736 69.80 9.50 3 2 6 7 20 60 20
43.586 19.711 69.10 2.40 6 4 8 9 40 80 27 Best
43.586 0.883 68.10 9.50 6 4 6 7 40 60 21
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