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ABSTRACT

simulation models and experimental designs are treated
(Miller, Ferrin, and Szymanski 2003; Wiinamaki and
Dronzek 2003).
In this study, a simulation model of the emergency department of a general hospital is constructed and used to examine patient flows, especially the patient waiting times.
First, the time intervals spent at each stage for both outpatients and patients arriving via ambulance are examined;
where the patients wait for available doctors, drips and so on,
where they are processed at the medical treatments, patient
moves. Then, the patient waiting time is examined. In this
study, a special-purpose data-generator is designed and developed to create experimental data to execute simulation.
The experimental data to be created includes the arrival time
of the patient and the category of the patient, based on the actual data. Preliminary simulation experiments indicated that
when more patients are expected to be processed at the emergency department, the patient waiting time would become
longer, unless the additional doctors and medical instruments
are allocated. Then, a stepwise procedure of operations planning is proposed to reduce the patient waiting time. Through
a series of simulation experiments, the patient waiting time
can be minimized, by adding appropriate numbers of designated doctors and medical instruments.

An entire emergency department of a general hospital is
simulated to examine patient flows. First, times needed for
both outpatients and patients arriving via ambulance to be
processed in the emergency department are examined. A
special-purpose data-generator is designed and developed
to create experimental data for executing a simulation. It is
found that the patients spend the longer part of their time
waiting, depending on the number of patients to be processed. In addition, it is found that the waiting time for
available emergency-treatment beds, doctors, drips, and
stretchers accounts for the major part of all the waiting
time in the emergency department. A stepwise procedure
of operations planning is proposed to minimize the patient
waiting times, and numerical examples are shown to illustrate the procedure.
1

INTRODUCTION

The simulation of hospital systems has been conducted to
provide hospital administration with tools that will give them
the ability to predict the performance under some operational
conditions in conjunction with hospital facilities (Austin and
Boxerman 1995; Fetter and Thompson 1965). Especially,
hospital emergency departments are frequent topic areas for
applying simulation. Recent research has reported on such
topics as the patient waiting times, reduction of the throughput time, and how to perform simulation experiments.
Several studies have focused on the patients who are
processed at various stages in the emergency departments.
From among them, patient flows and the throughput time
are analyzed inside the emergency departments (Garcia et
al. 1995; Mahapatra et al. 2003; McGuire 1994;Samaha,
Armel, and Starks 2003). In addition, the issues of scheduling the emergency-department staff are treated for analysis, and are reported (Centeno et al. 2003; Draeger 1992;
Evans, Gor, and Unger 1996). The issues focused on
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THE PROCESS OF PATIENTS IN AN
EMERGENCY DEPARTMENT

Gifu Prefectural Government of Japan is planning to rebuild the hospital wards, because the current building of
the hospital becomes superannuated. The emergency department of Gifu Prefectural Hospital has spaces for processing outpatients as well as patients arriving via ambulance. The overall layout of the emergency department is
shown in Figure 1. Resources such as the staff and medical facilities are summarized in Table 1. In this study, the
patients are classified into nine categories, and each patient
category is described in Table 2. The patients coming to
the emergency department are classified roughly into ones
2003
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Figure 1: Overall Layout of the Emergency Department and Selected Patient Flows
Table 1: Resources of the Emergency Department

transferred via ambulance, outpatients or ambulatory patients, and non-E.D. patients who need to take just medical
examination. Furthermore, the patients are classified into
three categories for both outpatients and patients arriving
via ambulance, that is, the first-, the second-, and the thirddegree symptoms, depending on seriousness of disease
symptoms. In addition, outpatients are classified into ones
on internal medicine and ones on surgery.
The outline of the patient flows and the associated
processes in the emergency department are shown in Figure 2. There are two entrances for the emergency departments of the hospital; one is for patients arriving via ambulance, and the other is for outpatients. In either case,
patients then proceed to the corresponding receptions. In
Figure 1, three selected examples are illustrated to show
the movement of the corresponding categories of patients.
For example, a patient in category A-2 (an outpatient)
takes a medical examination at an internal medicine consulting room, then is put on a drip, and leaves the emergency department. A patient in category I-7 arriving via
ambulance takes medical examination at the emergency
treatment room, and then goes to X-rays room, and takes
brain blood-vessel photography and is to be hospitalized.
In addition, a patient in category I-3 via ambulance is
taken computerized tomography (CT),then is put on a drip,
and is to be hospitalized. There are seventy (70) patterns
on patient flows inside the emergency department for nine
patient categories.

It ems
Windo w
Clerk at t he win dow
Seat in a wait ing room
Internal medicin e co nsult ing room
M ult ip le-p urpo se t reatment room
Surgical consult ing room
Emergency treatment room
Drip room
Internist (full time)
Internist (sup p ortin g)
Internist (sup p ortin g; night time only)
Pediat rician (full time)
Pediat rician (sup p ort ing)
Pediat rician (su pp orting; night time only )
Surgeo n (ful time)
Surgeo n (sup p orting)
Surgeo n (sup p orting; night time only )
Nurse
Nurse (Sup p ort ing)
Nurse (Sup p ort ing, night t ime only )
CT room
X-ray s room
En doscop e room
Brain blood-ves sel p hot ograp hy room
Heart cat heter room
Stretcher

Nu mber
1
2
10
1
1
1
4
7
1
1
3
1
1
3
1
1
3
4
6
5
2
2
5
1
3
3

The travel times that are move-specific between selected pairs of locations inside the emergency department
are summarized in Table 3. The travel times are given as
2004
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Table 2: Patient Categories
Sy mbol
A
B
C
D
E
F
G
H
I
J
K

Patient Category
First-degree sy mp tom, internal medicine
Second-degree sy mp tom, internal medicine
T hird-degree symptom, internal medicine
First-degree sy mp tom, surgery
Second-degree sy mp tom, surgery
T hird-degree symptom, surgery
First-degree sy mp tom, emergency
Second-degree sy mp tom, emergency
T hird-degree symptom, emergency
Drip -only patient
Other ty p es of p atients

Outpatient
Arrivals

Description
Internal medicine p atients leaving on the day
Internal medicine p atients hosp italiz ed
Internal medicine p atients hosp italiz ed to an ICU
Surgery p atients leaving on the day
Surgery p atients hosp italiz ed
Surgery p atients hosp italiz ed to an ICU
Patient via ambulance leaving on the day
Patient via ambulance hosp italiz ed
Patient via ambulance hosp italiz ed to an ICU
Patient hospitaliz ed and drip-only p atients leaving
Non E.D. p atients

the patients take the test of drawing blood, and electrocardiogram test, depending on the symptoms. Then the patient goes to a CT room or an X-rays room, if necessary.
After taking a series of required tests, the patient goes to
the reception of the entrance and takes a seat to get the results of the tests. Finally, the patient moves to a consulting
room to see the doctor in charge. Depending on the result
of the diagnosis, the patient is to be hospitalized or leaves
the hospital.

Patient via Ambulance
Arrivals

Reception
Entrance/Reception
Waiting Room

Internal Medicine/Surgical
Consulting Room

Emergency Treatment Room

3
Drip Room

X-rays/CT/Heart Catheter Room/
Endoscope/Brain Blood Vessel
Photography Room

Medical Treatment

Hospitalized

DATA GENATOR FOR SIMULATION

The emergency department inside the buildings of the current Gifu Prefectural Hospital covers an area of 1,000
square meters, and the one of the planned buildings will
cover an area of 7,100 square meters, that is, approximately seven times as much as the current area. The main
reasons to expand the area of the emergency department
are to separate the entrance of patients arriving via ambulance from the outpatients, and to increase the capacity of
the emergency department. The new buildings will be built
a few years later; however, the number of the patients for
the emergency department is certainly expected to increase
after completion of the new hospital wards.
In case more patients are expected to be processed at the
emergency department, it is necessary to perform simulation
experiments under any possible situation. Hence, a specialpurpose data-generator is designed and developed to create
experimental data in order to examine more congested situations, taking the current situation in the emergency department. This data generator is written in Excel VBA. Experimental data created consist of the arrival time of the patient,
the way of arrival (i.e., a patient arriving via ambulance or an
outpatient), and the degree of the decease symptom.
The overall flow of the data generator proposed in this
study can be itemized mainly as follows:

Waiting/Drip Room

Going Home

No. of Patterns
11
5
5
9
6
1
16
6
9
1
-

Died

Figure 2: Outline of Patient Flows and Processes
the parameters for a uniform distribution (in seconds). For
example, it takes somewhere between 8.7 and 11.6 seconds
for a patient to move from the waiting room to the internalmedicine consulting room. The process times (in minutes)
for examinations, tests, diagnosis, and explanation and
treatment by doctors are summarized in Table 4. In addition, the inspection times to get the results of the designated tests after taking them are included in the table. The
entries for the times are the parameters for a uniform
(UNIF) distribution, a triangular (TRIA) distribution, or an
exponential (EXPO) distribution. Now, take outpatients
for surgery for example. First, a patient takes medical consultation. The time is distributed uniformly between 10
and 15 minutes. Then, the patient takes the initial diagnosis for EXPO(5) minutes, if he does not have taken it at the
waiting area of the reception. In cases of the first- and
second-degree symptoms, a surgery explains disease symptoms and a medical prescription to the patient. Twenty
eight percent of the patients have injections. Then the patient leaves the hospital. In case of third-degree symptom,

1.
2.
3.
4.
5.
2005

to specify a percentage of decrease or increase
compared with the baseline condition;
to write the headings of cells A1 through D1;
to number the arriving patient in column A;
to write the arrival time in minutes in column B;
to write the patient category in column C;
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Table 3: From-To Chart on the Travel Times (in Seconds)
Fro m

To

E n t ran ce o f o ut pat ient
E n t ran ce o f am bulan ce

Ent rance

Recept io n

roo m

m edicine

Surgery

Mult iplepurp ose

Em ergen cy
treatm ent

Drip

t reat men t
ro o m

roo m

ro o m

(42 .6 ,5 6 .8)
(1 0 .8,1 4 .4 )
(0 .0,0 .0)
(8 .7,1 1 .6 )

To

Int ernal medicin e
Surgery
Mult iple-purp ose
treat ment ro om
E mergen cy
treat ment ro om
CT ro om 1
CT ro om 2

Mult iple-purp ose
t reat m ent roo m (2 n d)
E mergen cy
t reat m en t roo m (2 n d)

To

(1 0.8 ,1 4.4 )

Drip
W ait in g ro om
X-rays
CT ro o m 1 CT ro o m 2
ro o m
(1)(fo r t est)
roo m 1
(9 .0 ,1 2.0 )
(8 .7 ,11 .6 ) (5 0 .1,6 6.8 ) (5 3 .7,7 1.6 ) (3 8.7 ,5 1.6 )

(1 4.1 ,18 .8 )

(2 8 .5,3 8 .0 )

(10 .8 ,1 4 .4)

(4 7 .4,6 3.2 ) (5 1 .0,6 8.0 ) (3 6.6 ,4 8.8 ) (2 7.0 .,36 .0)

(1 1 .4,1 5 .2 )

(1 3.2 ,1 7.6 )

(14 .1 ,1 8 .8)

(4 9 .8,6 6.4 ) (5 3 .4,7 1.2 ) (3 8.7 ,5 1.6 )

(2 8.2 ,37 .6 )

(1 3 .2,1 7 .6 )

(1 9.2 ,2 5.6 )

(31 .5 ,4 2 .0)

(1 3 .5,1 8.0 ) (1 7 .7,2 3.6 ) (1 2.0 ,1 6.0 )

(4 3.5 ,58 .0 )

(1 9 .2,2 5 .6 )

(1 3.2 ,1 7.6 )
(1 6.8 ,2 2.4 )

(5 0.4 ,67 .2 )
(5 4.0 ,72 .0 )

(3 1 .2,4 1 .6 )
(3 4 .8,4 6 .4 )

(63 .3 ,8 4 .4)
(53 .4 ,7 1 .2)

(1 7 .4 ,2 3.2 )

X-ray s
Wait ing roo m
ro o m 2
(2 )(for t est )
(2 9.1 ,38 .8 )
(9 .0 ,1 2 .0)

(1 1.4 ,1 5.2 )

(74 .4 ,9 9 .2)
(78 .0 ,10 4 .0)

X-ray s roo m 1
X-ray s roo m 2
In t ern al m edicin e (2 nd)
Surgery (2 n d)

Fro m

In tern al

(4.2 ,5 .6 )

En t ran ce
Recept io n
W ait in g ro o m
Fro m

W ait ing

(1 3 .2,1 7.6 ) (1 6 .8,2 2.4 )
(5 0 .4,6 7.2 ) (5 4 .0,7 2.0 )

(2 0 .1,2 6 .8 )
(3 2 .1,4 2 .8 )

(9 .0 ,1 2.0 )
(1 1.4 ,1 5.2 )
(1 3.2 ,1 7.6 )
(1 9.2 ,2 5.6 )
Int ernal
m edicine
(2 n d)

Wait ing roo m (1 )(fo r test ) (8 .7 ,1 1.6 )
Wait ing roo m (2 )(fo r test ) (1 2,1 5.2 )

Surgery
(2 nd)
(10 .8 ,1 4 .4)
(11 .4 ,1 5 .2)

M ult ip lep urp o se
t reat m ent
ro o m (2 nd)
(1 4 .1,1 8.8 )
(1 3 .2,1 7.6 )

Em ergency Brain bloo d
t reat m ent
vessel
E ndo sco p e
ro o m (2 nd) p h o to grap h y
ro om
ro o m
(2 8 .5,3 8.0 )
(1 9 .2,2 5.6 ) (4 2.3 ,5 6.4 ) (6 6.6 ,88 .8 )

In t ern al m edicin e (2 nd)
Mult ip le-purpo se
t reat m en t roo m (2 n d)
E mergen cy

(9 .0 ,1 2 .0)

Heart
cath et er
roo m 2

(6 7.5 ,90 .0 )
(7 5.3 ,10 0 .4)

Table 4: The Process Times
T ime
U NIF(10,15)
TRIA(10,15,30)

(in minutes)
Remarks
After that, the p atient w ill leave.
-

T ime
EX PO(5)
T ime
UN IF(1,2)
UN IF(2,3)
0
EX PO(10) or (15)
U NIF(5,10)
U NIF(30,60)
U NIF(30,60)
U NIF(20,30)
T ime
U NIF(15,30)

2006

Insp ection time
EX PO (30)
EX PO (30)
EX PO (10) or (20)
EX PO (15)
EX PO (10)
-

Heart
cat h et er
roo m 3

(1 6 .5 ,2 2.0 ) (4 3 .8 ,5 8.4 )

(6 7.2 ,89 .6 )

t reat m en t roo m (2 n d)

1. Initial examination
T yp e of p atients
Pediatrics: slight degree
Others
2. Initial diagnosis
T yp e of p atients
Patients not taking a diagnosis
3. Various tests
Ty p e of test
Drawing blood
Electrocardiogram
Urin test
Computeriz ed tomograp hy (C.T .)
X-rays
Heart catheter
Endoscope
Brain blood-vessel p hotograp hy
4. Explanation and treatment
Item
Exp lanation and treatment

Heart
cat het er
ro om 1

Place
M edicine
consulting
room
C.T . room
X-ray s room
Heart catheter room
Endoscop e rom
B.B.V.P. room
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6.
7.

to write the degree of symptom in column D; and
to sort the data of arriving patients in time order.

Table 5: Sample of Generated Data
No.

A similar idea for the data generator for simulation
experiments appears in simulation of warehousing at distribution centers and the international-departure flights
(Takakuwa et al. 2000; Takakuwa and Oyama 2003). The
required input parameters are a percentage of decrease or
increase compared with the baseline condition, where the
baseline corresponds to the current condition on the current
emergency department, and a percentage of each type of
patients, i.e., outpatients and patients arriving via ambulance, and of each degree of the symptoms, as shown in
Figure 3. By inputting these parameters, the corresponding
schedule of patient arrivals would be created. Table 5
shows a sample output created by the proposed data generator. The generated data includes the arrival time of each
patient, the way of arrival, the degree of the disease symptoms. By making use of these generated data as an external file input for the simulation model, experiments can be
conducted under any specified condition.

Arrival Time

Arrival Way

Degree

(min.)

1: via ambulance

of symptom

0: other

4

(1,2,3)

1

96

1

3

2
3

219
271

0
0

2
2

4

529

0

1

5

653

0

1

6

617

0

3

7

763

0

1

8

756

0

1

9
10

836
792

0
0

1
1

:
:

:
:

:
:

:
:

PRELIMINARY ANALYSIS OF
PROCESSING PATIENTS

In this section, all associated areas of the emergency department are included in a simulation model that is used to
examine patient flows, and to collect important statistics
including all the waiting time. The simulation models in
this study were created using Arena (Kelton, Sadowski,
and Sadowski 2003).
First, as the experimental conditions of the preliminary
experiment, the numbers of patients are specified as 1.00,
1.20, 1.40, 1.60, 1.80, and 2.00 (i.e., Baseline+100%)
times compared with the baseline model to examine the
waiting time of the patients. The results of the experiments
are shown in Figure 4. In this figure, the horizontal axis
stands for the time length of one week starting from the
midnight of Tuesday. It can be observed that the system
starts at time 0 (minutes) with no patients present and all
resources idle; hence, the empty-and-idle assumption
would be moderate, and this emergency department can be
regarded as a terminating system for executing simulation
and performing statistical analysis. In addition, regarding
the percentage of the waiting time to the time-in-system,
summary statistics of the output variable are analyzed via a
factorial analysis of variance program for an experimental
design. The factor is the congestion of patients in the
emergency department, and ten replications of the simulation have been executed for each condition. Summary results of the analysis of variance for the output variable are
given in Table 6. The congestion of the patients has a
significant effect on the output variable, that is, the waiting time in the emergency department.

(a) Specifying the Number of Coming Patients

(b) Specifying Percentage for Each Type of Patients

Table 6: Analysis of Variance
Source of
Sum of Degrees of Mean Computed
variation
squares freedom square
f
Congestion of patients 72792.9
5 14558.6
40.6
Error
19367
54
358.6
Total
92159.9
59

(c) Specifying Percentage for Each Degree of Symptom

Figure 3: Inputting Parameters
2007
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500

Baseline+100%
450

Baseline+80%
Baseline+60%

400

Baseline+40%
Baseline+20%

Waiting Time (min.)

350

Baseline
300
250
200
150
100
50
0
T uesday

Wednesday

T hursday

Friday

Saturday

Sunday

Monday

Day

Figure 4: The Patient Waiting Time
Next, as the number of patients, 1.20 times of ones of
the baseline model is specified to investigate times spent in
the emergency department and the patient waiting time for
one week, executing ten replications of the simulation.
Times spent in the emergency department and the patient
waiting time are summarized in Figures 5 and 6. The number of patients is 332, and the numbers of the first- degree, the second-degree, and the third-degree symptoms of
outpatients are 205, 26, and 10, respectively, and the numbers of the first-degree, the second-degree, and the thirddegree symptoms of patients arriving via ambulance are 45,
8, and 16, respectively. First, the amount of time at each
stage where the patients wait for available doctors, test
rooms, and so on, where they are to be processed, when they
move, are examined for all patients. Of the total time spent
in the emergency department (, i.e., 122.7 minutes), 32 percent was spent being put on a drip, 30 percent (i.e., 37.2
minutes) was waiting time, and 28 percent was spent in
medical treatments by pediatricians, internists, and surgeons.
Recept ion
4%

Treat ment
28%

T est
3%

In addition, it is found that the waiting time for available
treatment rooms accounts for 48 percent of all waiting time.
Recept io n
2%
St retch er

Drip
roo m 1 %

2%
P ediatrics
8%
Surgery
Treat m ent
roo m
48 %

13%

In ternal
m edicine
26 %

Figure 6: Breakdown of
Waiting Time
5

SIMULATION ANALYSIS

In this section, a procedure of operations planning is proposed to reduce the patient waiting times, using numerical
examples. Let us consider the case of the number of patients of (Baseline+100%) in Figure 4, that is, the number of
the patients is 544, and is twice as many as in the current
situation. It is observed that the patient waiting time is much
longer in the nighttime of the weekend from the figure.
The decision variables of this problem are listed as follows, where the figures in the parentheses are the initial values under the current situation: (1) the number of the emergency-treatment room (4 units), (2) the number of the
pediatricians (2 persons), (3) the number of the internists (2
persons), (4) the number of the surgeons (2 persons), (5) the
number of implements at the drip room (7 units), and (6) the

Inspect ion
t im e 3%

Drip
32%

Wait ing t ime
30%

Figure 5: Time Spent in the
Emergency Department
2008
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percent of the total time spent in the emergency department is
the waiting time, that is, 7.4 minutes. This figure is almost
the same under the current situation (i.e., the baseline). In
Iterations 4 through 9, some doctors would be occupied in
their works in day shifts of the weekend. In applying the
procedure actually, some constraints should be considered to
increase the values of the decision variables; the patient waiting time can be minimized under the actual constraints.

number of stretchers (3 units). The breakdown of the patient
waiting time is examined as the performance measures of
simulation experiments. The patient waiting time comprises
the following items, where the figures in the parentheses are
the percentages of the waiting time under the initial conditions: (1) the emergency-treatment beds (59%), (2) the pediatricians (6%), (3) the internists (19%), (4) the surgeons
(11%), (5) drip (1%), and (6) the stretchers (1%). In addition, 54 percent of the time in system is waiting time, and
this is much higher than under the baseline situation.
In the following procedure, decision variables indicating larger parts of the waiting time are selected to increase
one unit of their values in sequence. First, because the patient waiting time for the emergency-treatment beds (i.e.,
59%) is the longest among those in the breakdown, the
number of the emergency-treatment beds is chosen to
raise, that is, from 4 to 5 units, at the next iteration of a
simulation experiment. After performing simulation, the
percentage of the patient waiting time is reduced from 59
to 47 percent. Hence, it can be concluded that the patient
waiting time would be drastically reduced by adding one
more emergency-treatment bed. Next, in Iteration 2, the
patient waiting time for the emergency-treatment beds (i.e.,
47%) is the longest once again, the number of the emergency-treatment beds is chosen to raise to 6.
In the similar way, the procedure is continued until Iteration 9, as shown in Table 7. In the meantime, it is sometimes
necessary to increase the numbers of more than one decision
variable at the same time. In Iteration 4 in Table 7, for example, the numbers of emergency-treatment beds and the
surgeons are increased simultaneously to 9 units and 3 persons, respectively, by experimental intuition. The 95% confidence interval on the average percentage of the waiting time
in time-in-system for each iteration is shown in Figure 7. In
Iteration 9, where the number of the emergency-treatment
beds is 10 (units), the number of the pediatricians is 3 (persons), the number of internists is 4 (persons), the number of
surgeons is 4 (persons) the number of implements at the drip
room is 8 (units), and the number of stretchers is 4 (units), 8

Percen tage of Waitin g Time
in Tim e-in -System

60%
50%
40%
30%
20%
10%
0%
1

2

3

4

5

6

7

8

9

It eration

Figure 7: 95% Confidence Interval on the Average
Percentage of Waiting Times
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CONCLUSIONS
1.

2.

3.

A simulation model of the planned emergency
department of a general hospital is constructed
and used especially to examine the patient waiting
time in time-in-system.
A special-purpose data-generator is designed and
produced in order to create experimental data to
execute simulation experiments under the various
conditions of congestion in the emergency department.
The total time spent in the emergency department
comprises mainly drip, waiting, and treatment.
Furthermore, the patients spend the longer part of
their time waiting, depending on the number of
patients to be processed. In addition, it is found
that the waiting time for available emergency-

Table 7: Process of Implementing the Procedure
It eratio n

Degree

P ercent age of

of

Waitin g T ime

Em ergency-

Co ngest io n

in Tim e-in-

T reat m ent

Sy st em

Bed

Baseline
1
2

Breakdo wn of Wait ing Tim e for:
P ediat rician

In t ern ist

Surgeon

Drip

St ret cher

No . of

No. of

No . of

No. o f

No . of

No. o f

Emergency-

Pediat ricians

Internist s

Surgeo ns

Im plement s

Stret ch ers

T reat ment

(persons)

(p erso ns)

(persons)

at Drip

(un it s)

Beds (unit s)

Room (unit s)

8%

19%

5%

47%

22%

1%

2%

4

2

2

2

7

3

54%

59%(*A)

6%

19%

11%

1%

1%

4

2

2

2

7

3
3

46%

47%(*A)

7%

26%

14%

1%

2%

5 (*1)

2

2

2

7

3

Baseline

42%

43%(*A)

8% 24%(*B)

18%

2%

3%

6 (*3)

2

2

2

7

3

4

+

37%

34%(*A)

6%

22% 29%(* B)

2%

4%

8(*1,3)

2

3(*2)

2

7

3

5

100%

22%

20%

14% 33%(*A)

18%

4%

7%

9 (*1)

2

3

3(*2 )

7

3

6

17%

21%

11%

18% 27 %(* A)

7%

11 %

9

2

4(*3)

3

7

3

7

16%

20%(*A)

19%

22%

10%

7% 17%(*B)

9

2

4

4(*3 )

7

3

8

12%

11%

22 %(* A)

24%

14% 14%(*B)

6%

10 (*1)

2

4

4

7

4(*3 )

9

8%

11%

14%

30%

16%

8%

10

3(*2 )

4

4

8(*3)

4

6%

*1: T o increase t h e number of th e item as day and night sh ifts o f t he weekend.
*2: T o increase t h e number of th e item as day shift of t he weekend.
*3: T o increase t h e number of th e item as day and night sh ifts o f t he all days.
*A: Th e largest v alue to in crease t he number of th e correspo nding it em.
*B: Th e seco nd largest v alue t o in crease t he number of t he correspo ndin g it em.
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4.

treatment beds, doctors, drips, and stretchers accounts for the major part of all the waiting time in
the emergency department.
A stepwise procedure of operations planning is
proposed to minimize the patient waiting time, by
increasing the number of decision variables indicating longer part(s) of the waiting time. Numerical
examples are shown to illustrate the procedure.
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