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Table 1. Distribution of Waiting Time for Physician’s
Exam.
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time(minute) frequency( %)
0=~ 20 316( 17.0)
21~ 40 346( 18.6)
41~ 60 432( 23.3)
61~ 80 61( 3.3)
81~100 181C 9.8)
101~120 244( 13.1)
121~140 23( 1.2)
141~160 66( 3.6)
161~180 106( 5.7)
181~200 6( 0.3)
201~220 18(C 1.0)
221~240 38( 2.0)
240+ 20 1.1)
Total 1,857(100.0)
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Table 2. Distribution of Waiting Time for Filling
Physician’s Prescriptions
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Table 3. Distribution of Escorting Persons
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Escorts Frequency( %)
time (minute) frequency( %) 0 895( 50.3)
0~ 10 107( 5.7) 1 689( 38.7)
11~ 20 263( 13.9) 2+ 196( 11.0)
21~ 30 544( 28.8) Total 1,780(100.0)
31~ 40 233( 12.3)
41~ 50 61( 32) " g _
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Fig. 1. Observed and Expected Frequencies of Waiting Time for Physician’s Exam.
ZIECHIZ|A|ZEe] BEAI(0) 2 O|EA|(E) EXX



0.9

0.8

0.7

0.6

0.5

0.4

Frequency (thousand)

0.3

0.2

OI

0.14

| 1 1 4

1

J]

1l L

10 20 30 40 50

(x¢=1791.7, df=11)
Fig. 2.

(Goodness of fit tes) S #Astnz x*AH&
AAG A, JAF7|ALe] A
5, AFE7 11, T34 }4
1791.7, AF=7F 1124, JF7]
SFAH AL AFEEE FHA
E}st o),

[e]
&5

CEREEDRE 2 Pt
Fol AB7IAHY,), TR 7 A12H(Y,
SAS(YpE, dARAY 3R\ B
a7E A9 08 Besl AFUNAHK).
Eobt) 7| A H(Kp), BEAF(K)REEH FAHT
g 2o (g

2o i=1, =, n)

60

70 80 90 100 110 120 130

Waiting time(minutes)

Observed and Expected Frequencies of Waiting Time for Filling Physician’s Prescription.
FoCh7|AIZEe] EEAI(0)2 0|2%|(E)

2XET
7b AFAEYS EH PFQ B ) A7k
27
Y =aX;
o _atlekl =% WadgrAz
A L R E L ELED)
‘W doka =g Fo HFAmdr)Al
7He] vl &2 A, aE d %A =YFo HFx
71X 7Fo] T}
U, 9AuA HFe B8 Sob 7| Algthe
R
YIZZBXiZ B':O lf 0<r<b,

B=1-b if b<r<1

'BE AdMEH (%)M, r& 0e1A 14}
19} Y3 (uniform  distribution) ol A &
W< (random number) o]t}
o, T8 BHaAg AdS

e}

59 nags >



3

Yi3=vXi3 =0 if O<r<c,
y=1 if c<r<1
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Fig. 3. Simulation Results by Reducing Waiting Time for Physician’s Examination.
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Fig. 4. Simulation Results by Changing the Filling Rate of Physician’s Prescription at Hospitals.
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Fig. 5. Simulation Results by Decreasing Number of Patients with no Escorting Persons.
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function ranl(idum)
dimension r(97)
data iff /0/
m1=259200
ial=7141
ic1=54773
rml=1./ml
m2=134456
ia2=8121
ic2=28411
rm2=1./m2
m3=243000
ia3=4561
ic3=51349
if (idum. It. 0. or. iff. eq. 0) then
iff=1
ix]1 =mod(ic1 —idum, m1)
ix] =mod(ial * ix1 +icl, m1)
ix2=mod(ix1, m3)
ix] =mod(ial * ix1 +icl, m1)
ix3=mod(ix1, m3)
do 11 j=1, 97
ix1 =mod(ial * ix1 +icl, m1)
ix2=mod(ia2 * ix2 +ic2, m2)
r(j) = (float (ix1) + float(ix2) *
rm2) * rm1
continue
idum=1
endif

ix] =mod(ial *ix1+icl, m1)
ix2=mod(ia2 * ix2 +ic2, m2)
ix3=mod(ia3 * ix3+ic3, m3)
=1+ (97 *ix3)/m3

if(j. gt. 97. or. j. It. 1) pause
ranl=r(j)

r(j) = (float(ix1) +float(ix2) * rm2) * rm1
return

end

function mod(ia, ib)
ic=ia/ib

mod=1ia— (ib * ic)
return

end

eS|

programs sim

¢ program for simulation
c file ‘modhldat’ is an input data file

c file ‘out. dat’ is an output file

real 0(1918,3), s(1918,3)

open(7 file="modhl.dat’)

open(8 file="out.dat’, status='new’)

idum=—12345

ii=0

id=0

day=300.0

tottime=0.0

simtime=0.0

totdx=0.0

totdrug=0.0

totfam=0.0

do 10 i=1, 1918
read(7,20) dx, drug, fam
format(4x, £3.0, 5x, 3.0, f1.0)
if(.not.(dx,eq.998,0or.dx.eq.999 or.



10

drug.eq.998.or.drug.eq.999.or.
fam.eq.8)) then
if(fam.eq.9) then
fam=0
endif
ii=ii+1
o(ii, 1)=dx
o(ii, 2)=drug
o(ii, 3)=fam
totdx =totdx +dx
totdrug=totdrug+drug
totfam =totfam +fam
tottime=tottime + (fam+ 1) *
(dx+drug)
endif
continue

den=tottime/day

write( %, %) ’input average waiting time
to see a doctor’

read( * %) atime

write( % %) ’input percent of outside
prescription’

read( *,% ) presc

write( %, %) ’input percent of decrease
accompanying persons’

read(*,%) accom

if (atime.eq.999.or.presc.eq.999.or.accom.

eq.999) then stop
endif

tdx=0

dx=0

tdrug=0

tfam=0

tden=0

do 300 kk=1, 10

id=0
simdx=0
simdrug=0
simfam=0
simtime=0
do 30 i=1, ii
s(i,1) = (atime/77.4609) —o(i,1)
if (prescne.0) then
rm=ranl(idum)
if (rnlt. presc) then
s(i,2)=0
else
s(i,2) = (1 —presc) * o(i,2)
id=id+1
endif
else
id=id+1
s(i,2) =0(i,2)
endif
if (accomne() then
rm=ranl (idum)
if (rm.ltaccom) then
s(i,3)=0
else
s(i,3)=0(i,3)
endif
else
s(1,3)=0(,3)
endif
simdx=simd +s(i,1)
simdrug=simdrug+s(i,2)
simfam = simfam +s(i,3)
simtime=simtime + (s(i,3) +1) +
(s(i,1) +5(i,2))

continue

avedx = simdx/ii
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avedrug=simdrug/id

avefam = simfam/ii

simden=simtime/day

cden= (simden/den) * 100
write(8,50)avedx, avedrug, avefam, cden
format(3fl4.4)

tdx =tdx +avedx

tdrug=tdrug+ avedrug

tfam=tfam +avefam

tden=tden +simden

300

continue

atdx=tdx(kk—1)

atdrug=tdrug/(kk—1)
atfam=tfam/(kk—1)
atden=tden/(kk—1)

atcden= (atden/den) * 100

write( % %) atdx, atdrug, atfam, atcden
stop

end



{(Summary)

Simulation Study to Reduce Patient Density at

Out-Patient Clinics of Tertiary Hospitals

Hyeoun-Ae Park*, Jeong-Soo Choi**

This study is an attempt to examine ways of
reducing population density at out-patient clinics
of tertiary hospitals in the health care delivery
system. Three measures and their combinations
are modelled in an out-patient flow system as
a single channel multi-phase process. The three
measures examined in the model are : 1) intro-
ducing a patient scheduling system, 2) allowing
patients to fill their prescriptions outside of the
hospitals, and 3) limiting the number of patients’
escorting. The correctness of fit of the exponen-
tial models was tested by the X? test.

FORTRAN-based programs using MS-FTN
were written and run on an IBM AT compatible
computer for simulation of these three measures
and their combinations. Data from the study of
tertiary hospitals within the large catchment area
were utilized by method of resubstitution.
Pseudo-random numbers from a uniform distri-
bution over(0.1) were obtained to determine
whether an individual would have his/her presc-
ription filled at hospital and whether he/she
would bring any escorts. This was done by com-

paring the random numbers with the predeter-

mined rate for filling prescriptions at hospitals
and rate of patients with no escorts.

The following are the findings of this study -
1) the exponential model did not fit either the
waiting time for physician’s examinations or the
wating time for filling a physician’s prescription
well, so, we used actual data rather than using
any exponential functions for the simulation
study. 2) By introducing a 30 minute interval
patient scheduling system, out-patient population
density can be reduced up to 50%. 3) By is-
suing 50% of physicians’ prescription to phar-
macies outside of hospitals, out-patient popula-
tion density can be reduced up to 28%. 4)
By limiting the number of escorts to one, the
population density is reduced about 7%. 5)
When we combined the three measures, the ef-
fect was much greater. For instance, if 30 minute
interval patient scheduling system was used, 50
% of the patients have their prescriptions filled
outside the hospitals and all patients bring no
more than 1 escort, we can expect an 80%

reduction in out-patient population density.

* Senior Researcher, Korea Institute for Health and Social Affairs.

** Researcher, Korea Institute for Health and Social Affairs.
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