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Abstract

(From the main paper) We develop a high-fidelity simulation model of the patient arrival process to
an endocrinology clinic by carefully examining appointment and arrival data from that clinic. The data
includes the time that the appointment was originally made as well as the time that the patient actually
arrived, or if the patient did not arrive at all, in addition to the scheduled appointment time. We take a
data-based approach, specifying the schedule for each day by its value at the end of the previous day.
This data-based approach shows that the schedule for a given day evolves randomly over time. Indeed,
in addition to three recognized sources of variability, namely, (i) no-shows, (ii) extra unscheduled arrivals
and (iii) deviations in the actual arrival times from the scheduled times, we find that the primary source
of variability in the arrival process is variability in the daily schedule itself. Even though service systems
with arrivals by appointment can differ in many ways, we think that our data-based approach to modeling
the clinic arrival process can be a guideline or template for constructing high-fidelity simulation models
for other arrival processes generated by appointments.
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A Introduction

In this online supplement, we present additional material supplementing the main paper. As explained in the
introduction of the main paper, the appointment arrival data are from an endocrinology outpatient clinic of a
major teaching hospital in South Korea, collected over a 13-week period from July 2013 to September 2013.
Sixteen doctors work in this clinic and patients arrive to the clinic knowing which doctor they will meet;
hence, each doctor operates as a single-server system. Each doctor works in a subset of available days and
shifts. There are three shifts: morning (am) shifts, roughly from 8:30 am to 12:30 pm, afternoon (pm) shifts,
roughly from 12:30 pm to 4:30 pm, and full-day shifts. During the weekdays of the 13-week study period,
the 16 doctors worked for a total of 228 am shifts, 220 pm shifts, 25 full-day shifts. The shifts are not evenly
distributed among the doctors; the numbers ranged from 11 to 46.

Table 7 provides the distribution of shifts by doctor in the study period. The doctor we focused on to

develop our approach is doctor 9 in Table 7, for which the corresponding 22 am shifts are underlined.

Table 7: Shifts by Doctor over 13 Weeks (from July to September 2013)

Mon Tues Wed Thurs Fri All Weekdays
Doc | AM PM Both | AM PM Both | AM PM Both | AM PM Both | AM PM Both | AM PM Both
1 0 12 0 0 7 4 9 0 1 1 0 0 7 0 0 17 19 5
2 0 12 0 0 6 6 11 0 0 9 0 0 1 0 0 21 18 6
3 0 10 2 11 0 0 0 1 0 1 0 1 0 0 9 12 11 12
4 0 2 0 12 0 0 11 0 0 0 10 0 11 0 0 34 12 0
5 12 0 0 0 9 2 0 10 0 10 0 0 1 0 0 23 19 2
6 6 0 0 1 4 0 4 0 0 4 0 0 2 0 0 17 4 0
7 8 0 0 0 0 0 0 1 0 0 7 0 5 0 0 13 8 0
8 1 1 0 0 0 0 0 9 0 9 0 0 0 9 0 10 19 0
9 0 11 0 12 0 0 0 2 0 0 9 0 10 0 0 22 22 0
10 1 0 0 0 0 0 1 0 0 0 0 0 0 9 0 2 9 0
11 0 0 0 0 12 0 0 0 0 10 0 0 0 0 0 10 12 0
12 0 0 0 12 0 0 0 10 0 0 0 0 0 0 0 12 10 0
13 0 13 0 0 0 0 11 0 0 0 0 0 1 0 0 12 13 0
14 0 13 0 1 0 0 0 0 0 0 10 0 0 0 0 1 23 0
15 0 0 0 0 0 0 0 11 0 0 0 0 10 0 0 10 11 0
16 12 0 0 0 0 0 0 10 0 0 0 0 0 0 0 12 10 0
All 40 74 2 49 38 12 47 54 1 44 36 1 48 18 9 228 220 25

In Section C, we provide three tables, Tables 11 to 13, for the am shift of doctor 9; these are the refer-
enced tables but not included in the main paper because of space constraint. Next, we select three additional
doctor shifts and follow the steps of the approach we develop in the main paper to provide an independent
confirmation of our approach. We consider the pm shift of the same doctor analyzed in the main paper (doctor
9) to contrast am versus pm shifts. We include one other am shift (of doctor 4) and one other pm shift (of

doctor 14), selected because of their relatively high volume of patients. The three additional doctor shifts are



indicated in bold in Table 7. The actual figures and tables for the analysis of the three additional doctor shifts
are provided in Sections D to F.

Now we summarize our key observations in Tables 8 to 10. In summary, we find that the approach we
develop in the main paper can be easily applied to other doctor shifts. We also find that much is the same
for the am and pm shifts and across the three doctor shifts we analyze. One difference we find is that the
stochastic order in the lateness behavior (that the lateness consistently decreases over the day in the sense that
each successive ecdf is stochastically less than the one before) is more pronounced in the am shifts than the
pm shifts. In fact, this observation holds in general across the 16 doctors we have in the data: see Figures 12
in our companion study Kim et al. (2015). The plots for all the individual doctors also appear in Figures 13
to 17 in Kim et al. (2015).

We also found significant differences in the demand outside the main interval, which we discuss next in

Section B.

B Elaboration on the Scheduled Appointments Outside the Master Schedule

In §2.3 we have developed a natural way to infer the master schedule directly from the data. The master
schedule in Table 1 of the main paper is the middle region of 22 time slots in the interval [8 : 50,12 : 20].
However, that table shows that about 10% of the appointments fall outside of the main interval. From a
direct analysis of the data, we inferred that these exceptional appointments probably represent responses to
excess demand, beyond what would normally be desired. We first confirmed that by observing that there was
strong positive correlation between the days with large daily totals and the days with at least 5 scheduled
appointments after the main interval. In particular, Table 1 shows that 12 of the 22 days have 5 or more
appointments after the main interval, while 12 of the 22 days have at least 67 total appointments, and that 10
of those days appear in both. We also observed a somewhat larger number of appointments in the first interval
of the master schedule, also providing supporting evidence.

Those observations led us to consider the classification of service systems into two types: (i) low-demand
service systems and (ii) high-demand service systems. We inferred that the doctor we analyzed was operating
as a high-demand service system, although only about half the days seemed to be overloaded (which of course
depends on the definition). That motivated us to look for further explanation. We found at least a partial
explanation when we examined appointments for new and repeat patients. In particular, we found that the
repeat patients may be scheduled far ahead of the appointment date, presumably at the end of their previous
visit. Indeed, many were scheduled about 3 months before. To better understand repeat appointments, we

might need data over a much longer time interval than the 13 weeks we used. In contrast, as shown in Figure



3, new patients mostly scheduled in the two weeks or even only a few days before the appointment date.

We might measure the amount of excess demand by adding the total number of appointments in the slots
after the master schedule. Let No be the average number of appointments scheduled after the main interval
(for the given doctor, averaged over the 22 days) and let V| be the average excess (number) of appointments in
the first interval above the average inside. Let Ny = N + N;. For Dr. 9 am, Table 1 shows that Np = 5.27,
Ny = 0.65 so that N = 5.92. Compared to the average total number of 66.09, we get 5.92/66.09 ~ 9%;

compared to the average number in the main interval of 60.82, we get 5.92/60.82 ~ 10%;

B.1 A Comparison with the Other Doctor Shifts

It is thus interesting to compare these estimates to the other doctor shifts. First, for Dr. 9 pm, Table 14 shows
that 5 days have a daily total of at least 65, while 5 of the 22 days have at least 5 after the main interval, with
3 days being in common. Table 14 also shows that No = 2.50, N1 = 0.54 so that N7 = 3.04, which is lower
than in the am. Compared to the average total number of 58.02, we get 3.04/58.02 ~ 5.2%; compared to the
average number in the main interval of 56.32, we get 3.04/56.32 ~ 5.4%. This is lower than the am shift, but
not radically different.

In contrast, for Dr. 4 am, Table 22 tells a very different story. Table 22 shows that 4 of the 22 days have a
daily total of at least 72, while 4 of the 22 days have at least 5 after the main interval, with no days in common.
Moreover, for Dr. 4 am, Table 22 shows that Np = 1.09, N; = 0.43 so that N7 = 1.52. Overall, there does
seem to be a significant difference between Dr. 4 am and Dr. 9 am, with the new Dr. 4 am shift having less
exceptional demand. It seems likely that the schedule may being created differently for the two doctors. In
any case, we see significantly fewer appointments outside the main time interval.

Finally, we consider Dr. 14 pm. For Dr. 14 pm, the average total number of appointments is about half
the values in the previous shift. Thus, we might judge the days after the main interval with a lower threshold;
we use 3 instead of 5. Table 30 shows that 8 of the 23 days have total numbers at least 39, while only 2 days
have at least 3 appointments after the main interval, but these 2 are contained among the first 8. Moreover, for
Dr. 14 pm, Table 30 shows that No = 1.00, N1 = 0.36 so that N = 1.36. Compared to the average total
number of 65.35, we get 1.52/65.35 ~ 2.3%; compared to the average number in the main interval of 64.26,
we get 1.52/64.26 ~ 2.4%. Again, there does seem to be a significant difference between Dr. 14 pm and both
Dr. 9 am and pm, with Dr. 14 having less exceptional demand. Again, it seems likely that the schedule may
being created differently for the two doctors. While the master schedules are very similar, the extra demand

and its treatment seem quite different.



B.2 Negligible Impact on the Stochastic Arrival Process Model

These results invite further investigation in order to better understand the appointment schedule for the clinic.
However, it does not seem that these differences should seriously affect the stochastic arrival process models
for the doctors, in order to carry out the studies described in §1.3 of the main paper.

Given that patients make appointments to see designated doctors, and given that deviations from that
assignment are indeed rare, it seems natural to regard the different arrival processes for the different doctors as
mutually independent stochastic arrival processes in the clinic stochastic queueing network model. However,
given the significantly different numbers of appointments for different doctors, it is evident that the doctor
arrival processes should not nearly be regarded as i.i.d. It remains to investigate how these different daily
totals depend on the doctor and the kinds of patients that doctor treats. If we were to analyze the entire clinic,
it would be necessary to carry out the analysis in this paper for each doctor shift, as we have done for the four

doctor shifts considered.



Table 8: Summary of Dr 9 pm shift Compared to Dr 9 am shift.

Dr 9 am ‘ Dr 9 pm ‘ Note

Defining and Modeling the Daily Schedule

Figure 2 Figure 9 Evolution of the schedule. Similar in that the average of the 22 sets of percentage data jumps at regular
intervals, especially around 3 months before the appointment date.

Figure 3 Figure 10 Evolution of the schedule by new and repeat patients. Similar in that new patients are likely to schedule
their appointments much closer to the appointment date than the repeat patients.

Table 1 Table 14 Bs,j. Master schedule is similar with 7 = 10 min, 8 = 2.6 patients, v = 22 slots and main interval

[12:50, 16:20]. The daily totals within the main interval are stable, with mean 56.32 and variance 24.99.
The full daily totals for the entire am shifts are more variable, with mean 58.82 and variance 35.87.
Table 2 Table 15 The estimated distributions of B and N,.

The estimated distribution of B, is P(Bs = k) = 0.06, 0.29, 0.61,0.04,1 < k < 4, so that E[B,] =
2.63, E[BZ] = 7.35, Var(B;) = 0.433, and SD(B;) = 0.658. The variance is considerably less
than the mean, so we can conclude that the distribution of B, is much less variable than Poisson.

The estimated correlation ps in (2.10) is 2429522x0-233 — (077, which is sufficiently small that we
consider the i.i.d. model reasonable.

Adherence to the Schedule: Patient No-Shows and Unscheduled Arrivals

Table 3 Table 16 B, ;. Similar to Dr 9 am shift, the number of no-shows ranges from 2 to 10 per day, with an average
of 4.91 per day. The overall proportion of no-shows is 4.91/58.82 = 8.3%. The observed sample
variance of the average number of no-shows is 3.71, which is slightly smaller than the overall average
of 4.91, supporting the model with i.i.d. Bernoulli no-shows.

Table 11 Table 17 B.,,;. On average, 2.09 unscheduled patients per day.

Table 12 Table 18 Baju,j- On average 1.82 arrived per day among unscheduled patients. Unlike Dr 9 am shift, the
unscheduled arrivals are less likely to be outside the main interval.

Combining the summary data from Tables 14, 16 and 18, the means are E[N4] = E[Ns] — E[Nn] +
E[Ny] = 58.8 — 4.9+ 1.8 = 55.7. E[N4] = 55.7 is only about 5% less than E[Ng] = 58.8. From
the perspective of the daily totals, there is strong adherence to the schedule.

The sample variances are Var(Na) = 49.5, Var(Ng) = 35.9, Var(Ny) = 3.7 and Var(Ny) =
2.8. Similar to Dr 9 am shift, the variability of /N4 is primarily due to the variability of Ns. Unlike
Dr 9 am shift, Var(Na) > Var(Ns) and Var(Na)/E[Na] = 49.5/55.7 = 0.889 > 0.611 =
35.9/58.8 = Var(Ns)/E[Ns].

The Arrival Pattern over the Day: Patient Non-Punctuality

Table 4 Table 19 Details on patient non-punctuality within the main interval. In the main interval, the average no-show
rate is 8.5%, the average % late is 10.5%, and the average % late more than 15 minutes is 3.8%. On
average, patients arrive 54 minutes before their appointment time. Unlike Dr 9 am shift, the no-show
rates change over time, ranging from 6.4% to 13.1%.

Table 5 Table 20 Details on patient non-puncuality by new and repeat patients. Among new patients, the average no-
show rate is 7.8%, the average % late is 11.3%, and the average % late more than 15 minutes is 4.6%.
Among repeat patients, the average no-show rate is 8.3%, the average % late is 10.7%, and the average
% late more than 15 minutes is 3.5%. Similar to Dr 9 am shift, new patients tend to be more late than
the repeat patients. In general, patients tend to arrive early rather than late, reflecting strong adherence
to the schedule.

Figure 4 Figure 11 The lateness ecdfs in each 30-minute intervals. Different from Dr 9 am shift, the lateness ecdfs do not
have a clear stochastic order.
Figure 5 Figure 12 Earliness and lateness histograms and associated exponential fits. Similar to Dr 9 am shift, given the

limited data, the exponential fit for X~ might be judged adequate, but we might also want to allow for
greater variability in the lateness.

Table 13 Table 21 Bs,; — Bag,;. Similar to Dr 9 am shift, the difference is often large, which we have seen must be
primarily due to deviations from the scheduled arrival times, and especially earliness.
Figure 7 Figure 13 Histograms of the counting processes S(¢) and A(t). Similar to Dr 9 am shift, the histograms expose

systematic effects and show the variability. S(¢) is in general smaller than A(t) for 14 pm and 15 pm,
but then they are about the same at 16 pm and become smaller at 17 pm, which is caused by the earliness
of patient arrivals and patient no-shows.

Figure 8 Figure 14 Plots of the average number of scheduled and actual arrivas in each 10-minute interval. Similar to Dr
9 am shift, the estimated rate function for the schedule within the main interval is constant but the
estimated rate function of the actual arrivals is increasing and then decreasing because of the tendency
for patients to arrive early.




Table 9: Summary of Dr 4 am shift Compared to Dr 9 am shift.

‘ Note

Defining and Modeling the Daily Schedule

Dr 9 am ‘ Dr 4 am
Figure 2 Figure 15
Figure 3 Figure 16
Table 1 Table 22
Table 2 Table 23

Evolution of the schedule. Similar in that the average of the 34 sets of percentage data jumps at regular
intervals, especially around 3 months before the appointment date.

Evolution of the schedule by new and repeat patients. Similar in that new patients are likely to schedule
their appointments much closer to the appointment date than the repeat patients.

Bg,j. Master schedule is similar with 7 = 10 min, 8 = 3.5 patients, v = 18 slots and main interval
[9:00, 11:50]. The daily totals within the main interval are stable, with mean 64.26 and variance 39.53.
The full daily totals for the entire am shifts are more variable, with mean 65.35 and variance 27.87.
The estimated distributions of B and N,.

The estimated distribution of B, is P(Bs = k) = 0.01, 0.07, 0.31, 0.50,0.10,1 < k < 5, so
that E[B;s] = 3.58, E[BZ] = 13.58, Var(Bs) = 0.764, and SD(B,) = 0.874. The variance is
considerably less than the mean, so we can conclude that the distribution of B is much less variable
than Poisson.

The estimated correlation pgs in (2.10) is
consider the i.i.d. model reasonable.

TR0 e = 0.110, which is sufficiently small that we

Adherence to

the Schedule: Patient No-Shows and Unscheduled Arrivals

Table 3

Table 11
Table 12

Table 24

Table 25
Table 26

By, ;. Similar to Dr 9 am shift, the number of no-shows ranges from 1 to 10 per day, with an average
of 4.71 per day. The overall proportion of no-shows is 4.91/65.35 = 7.5%. The observed sample
variance of the average number of no-shows is 4.40, which is slightly smaller than the overall average
of 4.71, supporting the model with i.i.d. Bernoulli no-shows.

B.,,;. On average, 2.85 unscheduled patients per day.

Bg|u,j- On average 2.79 arrived per day among unscheduled patients.

Combining the summary data from Tables 22, 24 and 26, the means are E[N4] = E[Ns] — E[Nn] +
E[Ny] = 65.4 — 4.7+ 2.9 = 63.6. E[N4] = 63.6 is only about 3% less than E[Ng] = 65.4. From
the perspective of the daily totals, there is strong adherence to the schedule.

The sample variances are Var(Na) = 19.5, Var(Ng) = 27.9, Var(Ny) = 4.4 and Var(Ny) =
5.6. Similar to Dr 9 am shift, the variability of N4 is primarily due to the variability of Ng. Similar
to Dr 9 am shift, Var(Na) < Var(Ns) and Var(Na)/E[Na] = 19.5/63.6 = 0.307 < 0.427 =
27.9/65.4 = Var(Ns)/E[Ns].

The Arrival Pattern over the

Day: Patient Non-Punctuality

Table 4

Table 5

Figure 4

Figure 5

Table 13

Figure 7

Figure 8

Table 27

Table 28

Figure 17

Figure 18

Table 29

Figure 19

Figure 20

Details on patient non-punctuality within the main interval. In the main interval, the average no-show
rate is 7.5%, the average % late is 17.6%, and the average % late more than 15 minutes is 6.0%. On
average, patients arrive 25 minutes before their appointment time. Unlike Dr 9 am shift, the no-show
rates change over time, ranging from 5.5% to 9.0%.

Details on patient non-puncuality by new and repeat patients. Among new patients, the average no-
show rate is 7.4%, the average % late is 22.6%, and the average % late more than 15 minutes is 7.7%.
Among repeat patients, the average no-show rate is 7.2%, the average % late is 16.1%, and the average
% late more than 15 minutes is 5.2%. Similar to Dr 9 am shift, new patients tend to be more late than
the repeat patients. In general, patients tend to arrive early rather than late, reflecting strong adherence
to the schedule.

The lateness ecdfs in each 30-minute intervals. Similar to Dr 9 am shift, the lateness tends to decrease
over the day in the sense that each successive ecdf is stochastically less than the one before.

Earliness and lateness histograms and associated exponential fits. Similar to Dr 9 am shift, given the
limited data, the exponential fit for X~ might be judged adequate, but we might also want to allow for
greater variability in the lateness.

Bs,; — Bag,;. Similar to Dr 9 am shift, the difference is often large, which we have seen must be
primarily due to deviations from the scheduled arrival times, and especially earliness.

Histograms of the counting processes S(¢) and A(t). Similar to Dr 9 am shift, the histograms expose
systematic effects and show the variability. S(t) is in general smaller than A(t) for 10 am and 11 am,
but then they are about the same at 12 pm and become smaller at 13 pm, which is caused by the earliness
of patient arrivals and patient no-shows.

Plots of the average number of scheduled and actual arrivas in each 10-minute interval. Similar to Dr
9 am shift, the estimated rate function for the schedule within the main interval is constant but the
estimated rate function of the actual arrivals is increasing and then decreasing because of the tendency
for patients to arrive early.




Table 10: Summary of Dr 14 pm shift Compared to Dr 9 am shift.

[ Note

Defining and Modeling the Daily Schedule

Dr 9 am Dr 14 pm
Figure 2 Figure 21
Figure 3 Figure 22
Table 1 Table 30
Table 2 Table 31

Evolution of the schedule. Similar in that the average of the 34 sets of percentage data jumps at regular
intervals, especially around 3 months before the appointment date.

Evolution of the schedule by new and repeat patients. Similar in that new patients are likely to schedule
their appointments much closer to the appointment date than the repeat patients.

Bs ;. Master schedule is similar with 7 = 10 min, 5 = 2 patients, v = 18 slots and main interval
[13:30, 16:20]. The daily totals within the main interval are stable, with mean 33.39 and variance 28.52.
The full daily totals for the entire am shifts are more variable, with mean 34.39 and variance 38.25.
The estimated distributions of B and N,.

The estimated distribution of B is P(Bs = k) = 0.25, 0.59, 0.17,1 < k < 3, so that E[B,] = 1.94,
E[B2] = 4.14, Var(Bs) = 0.376, and SD(B;) = 0.614. The variance is considerably less than the
mean, so we can conclude that the distribution of B; is much less variable than Poisson.

The estimated correlation pg in (2.10) is W = 0.274, which is sufficiently small that we
consider the i.i.d. model reasonable.

Adherence to

the Schedule: Patient No-Shows and Unscheduled Arrivals

Table 3

Table 11
Table 12

Table 32

Table 33
Table 34

By,,;. Similar to Dr 9 am shift, the number of no-shows ranges from 0 to 8 per day, with an average
of 3.35 per day. The overall proportion of no-shows is 3.35/34.39 = 9.7%. The observed sample
variance of the average number of no-shows is 4.15, which is slightly larger than the overall average of
3.35, supporting the model with i.i.d. Bernoulli no-shows.

B.,;j. On average, 3.83 unscheduled patients per day.

Bg|u,j- On average 3.09 arrived per day among unscheduled patients.

Combining the summary data from Tables 30, 32 and 34, the means are E[Na] = E[Ns] — E[Nn] +
E[Ny] =34.4 — 3.4+ 3.1 = 34.1. E[N4] = 34.1 is only about 1% less than E[Ng] = 34.4. From
the perspective of the daily totals, there is strong adherence to the schedule.

The sample variances are Var(Na) = 22.8, Var(Ng) = 38.3, Var(Ny) = 4.2 and Var(Ny) =
14.7. Similar to Dr 9 am shift, the variability of /N4 is primarily due to the variability of Ng. Similar
to Dr 9 am shift, Var(Na) < Var(Ns) and Var(Na)/E[Na] = 22.8/34.1 = 0.669 < 1.113 =
38.3/34.4 = Var(Ns)/E[Ns].

The Arrival Pattern over the

Day: Patient Non-Punctuality

Table 4

Table 5

Figure 4

Figure 5

Table 13

Figure 7

Figure 8

Table 35

Table 36

Figure 23

Figure 24

Table 37

Figure 25

Figure 26

Details on patient non-punctuality within the main interval. In the main interval, the average no-show
rate is 10.4%, the average % late is 10.4%, and the average % late more than 15 minutes is 2.5%. On
average, patients arrive 52 minutes before their appointment time. Unlike Dr 9 am shift, the no-show
rates change over time, ranging from 5.7% to 13.8%.

Details on patient non-puncuality by new and repeat patients. Among new patients, the average no-
show rate is 12.2%, the average % late is 10.4%, and the average % late more than 15 minutes is 2.6%.
Among repeat patients, the average no-show rate is 9.3%, the average % late is 10.3%, and the average
% late more than 15 minutes is 2.7%. In general, patients tend to arrive early rather than late, reflecting
strong adherence to the schedule.

The lateness ecdfs in each 30-minute intervals. Similar to Dr 9 am shift, the lateness tends to decrease
over the day in the sense that each successive ecdf is stochastically less than the one before.

Earliness and lateness histograms and associated exponential fits. Similar to Dr 9 am shift, given the
limited data, the exponential fit for X~ might be judged adequate, but we might also want to allow for
greater variability in the lateness.

Bs,j — Bg,;. Similar to Dr 9 am shift, the difference is often large, which we have seen must be
primarily due to deviations from the scheduled arrival times, and especially earliness.

Histograms of the counting processes S(t) and A(t) for t. Similar to Dr 9 am shift, the histograms
expose systematic effects and show the variability. S(t) is in general smaller than A(¢) for 14 pm and
15 pm, but then they are about the same at 16 pm and become larger at 17 pm, which is caused by the
earliness of patient arrivals and patient no-shows.

Plots of the average number of scheduled and actual arrivas in each 10-minute interval. Similar to Dr
9 am shift, the estimated rate function for the schedule within the main interval is constant but the
estimated rate function of the actual arrivals is increasing and then decreasing because of the tendency
for patients to arrive early.
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Table 11: The extra unscheduled arrivals, i.e., the same-day arrivals B,, ; scheduled for slot j on each of the

22 days.
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Table 12: The unscheduled arrivals that actually arrived (B,,, ;) for slot j on each of the 22 days.
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Table 13: The difference between the number of patients scheduled to arrive for slot j (B ;) and the number

of patients who actually arrived for slot j (B, ;) on each of the 22 days.
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D Doctor 9 PM Shifts

Figure 9: [Doctor 9 PM Shifts] The evolution of the daily cumulative number of patients scheduled over the
previous year for each of the appointment days (left) and the percentage of patients who are scheduled k days
in advance for each of the appointment days (right). The thick line indicates the average over the appointment
days.
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Figure 10: [Doctor 9 PM Shifts] The evolution of the daily cumulative number of patients scheduled and the
percentage of patients who are scheduled & days in advance for each of the appointment days for new patients
(left two panels) and repeat visits (right two panels). The thick line indicates the average over the appointment
days.
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Table 14: [Doctor 9 PM Shifts] The number of patients scheduled in each 10-minute time slot (displayed

vertically) on each appointment day (displayed horizontally).

time slot 22 days in July-October 2013 Avg  Var Var/Avg
11:00 o o0 o0 o0 o0 1 0 0O 0O 0O 0O O O O O O O O O O 0 0]0.05 0.05 1.00
11:10 o o0 o 0 o0 1 0 0O OO OOO0O O O0O 0O 0O 0O O 0O 0 0]005 005 1.00
11:20 o 0 0 0 0 000 0 0 0 0 OO0 0 0 0 0 0 0 0 0]000 0.00

11:30 o 0 0 0 0 0 0 0 0 0 0 0O 0 0 0 0 0 0 0 0 0]000 0.00

11:40 o 0 0 0 0 0 0O 0 0 0 0 0 0O 0 0 0 0 0 0 0 0 0]000 0.00

11:50 o 0 0 0 0 0 0O 0 0 0 0 0 0O 0 0 0 0 0 0 0 0 0]000 0.00

12:00 o o0 o0 o0 o o0 0 o0 o0 0 o0 0O 0 0O O O O 0O O O 0 0]0.00 o0.00

12:10 o o0 o0 o0 o o0 o0 o0 o0 0O o0 OO0 O O O O O O O O 0]0.00 o0.00

12:20 o o0 o o0 o o0 o0 o0 o0 0 o0 OO0 O O0O 0O O0O O O O O 0]0.00 o0.00

12:30 o o0 o o0 o o0 o0 o0 o0 0 o0 OO0 O O0O 0O O0O O O O O 0]O000 o0.00

12:40 o o0 o0 o0 o o0 o o0 o0 o0 o o0 o0 0 o0 0O 0O 0 O O 0 0]0.00 0.00
1250 T T T T T 7 6 473 474 4704 34 4740 3 47337475 0 20 0309 28 092
13:00 3 4 2 3 3 1 0 3 3 4 2 2 0 3 3 3 3 3 3 5 3 3|268 137 051
13:10 323 2 2 3 0 2 3 3 2 2 0 3 3 3 3 3 2 3 3 3|24 082 034
13:20 2 3 3 3 3 3 0 3 2 3 2 2 0 3 3 2 2 2 3 4 2 2|23 091 0.38
13:30 33 4 3 3 3 3 3 2 3 2 2 2 3 3 3 3 2 3 3 3 3|28 025 009
13:40 33 2 3 3 2 3 3 2 2 3 3 3 2 3 2 3 2 3 3 3 3]268 023 0.08
13:50 33 3 2 3 1 3 3 3 4 2 2 3 3 3 3 2 0 2 3 3 2|25 074 029
14:00 22 2 2 3 2 3 3 3 3 3 3 3 2 3 1 2 2 2 2 3 3]|245 035 014
14:10 32 2 2 2 3 3 2 3 3 2 4 3 3 2 3 3 3 2 3 3 3]|268 032 012
14:20 23 3 3 3 3 2 3 3 2 3 3 3 1 2 3 3 1 3 2 3 2|25 045 0.8
14:30 1 2 2 3 3 3 3 3 3 3 3 2 4 3 3 2 2 1 3 2 3 3|25 054 021
14:40 33 22 2 3 3 3 3 3 2 2 2 2 3 1 2 3 2 3 3 1|24 044 0.8
14:50 23 3 2 1 3 3 2 2 2 2 2 3 3 3 2 3 3 3 2 3 2]|245 035 014
15:00 1 3 2 2 3 3 2 3 3 3 3 3 1 3 2 1 3 3 3 3 2 3250 05 022
15:10 330 2 1 2 3 2 1 2 3 3 3 3 4 3 2 3 3 2 2 2|23 08 034
15:20 3 23 2 3 3 3 2 3 3 2 1 3 3 3 3 3 2 3 3 3 2264 034 013
15:30 23 3 3 3 3 2 3 3 3 3 1 3 3 3 3 3 3 3 3 3 1/[273 040 0.15
15:40 3 23 2 3 3 3 3 3 3 3 2 2 3 3 3 3 3 2 2 3 4277 028 010
15:50 3 3 3 3 3 3 3 3 3 3 3 2 3 1 3 3 3 3 3 3 2 2277 028 010
16:00 33 2 2 3 3 3 3 2 3 2 3 2 3 2 3 2 3 3 3 1 3[]25 035 013
16:10 33 2 3 3 1 3 2 3 3 2 1 0 3 2 3 3 1 2 2 3 3]|232 08 034
16:20 o 3 o0 1 0 2 3 3 3 3 2 2 0 3 2 3 3 1 2 2 3 1]|191 132 069
16:30 0 T T T T 7 00170 070 3727271732730 2 27327372 00 0|14 149 T06
16:40 o0 0 0 0003 0 0 1 00 0 3 2 3 2 1 0 0 0]068 127 187
16:50 o0 0 0 0 00000 0 0 O0O0O0O0 1 1 0 0 0 0]00 00 095
17:00 o o0 o0 o o o0 o0 o0 o0 0 o0 0O O0O O O0O 0O O0O 2 0 0 0 0]009 018 200
17:10 o o0 o0 o0 o 0 0 0O 0O 0 0 O O 0 O O O 3 0 0 0 0]014 041 3.00
Daily Total 57 63 52 54 57 62 53 66 60 68 58 54 43 61 67 61 65 62 63 58 59 51[58.82 3587 0.61
[12:50, 16:20] Total |57 62 52 54 57 57 51 61 59 65 55 51 43 59 62 56 59 51 60 58 59 515632 24.99 044
All slot avg 1517 14 14 15 16 14 1.7 1.6 1.8 1.5 14 1.1 16 1.8 1.6 1.7 1.6 1.7 1.5 1.6 1.3 1.55 1.96 1.26
All slot var 242119 18 21 19 21 20 19 23 1.7 1.8 2.0 20 2.1 19 1.8 1.8 2.0 23 2.0 19

All slot var/avg 1.6 13 1.4 12 14 12 15 1.1 1.2 1.3 1.1 1.2 1.8 1.2 12 1.2 1.0 1.1 12 1.5 13 14

12:50, 16:20] avg 26 2.8 24 25 26 26 23 28 2.7 30 25 23 2.0 27 28 25 27 23 2.7 26 2.7 23[256 069 027
12:50, 16:20] var 1.3 03 09 05 08 06 1.4 03 03 03 04 0.7 1.9 04 03 05 02 1.0 0.5 09 03 09

12:50, 16:20] var/avg 0.5 0.1 0.4 0.2 0.3 0.2 0.6 0.1 0.1 0.1 0.1 0.3 09 0.2 0.1 0.2 0.1 04 0.2 0.3 0.1 0.4

Table 15: [Doctor 9 PM Shifts] The estimated distribution of the batch sizes (B) within the main interval and

the estimated distribution of the total number of scheduled arrivals after the main interval (IV,).

P(Bs = k) P(No, =k)
number k 1 2 3 4 0 1 2 3 4 5 6 7 8 9 10 11
Estimated distribution | 0.06 029 0.61 0.04 | 0.36 0.09 0.09 023 000 0.14 005 000 000 000 000 0.05
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Table 16: [Doctor 9 PM Shifts] The number of no-shows (B, ; = Bs ;j — Ba| s,j) for each 10-minute time slot
7 (displayed vertically) on each appointment day (displayed horizontally).

time slot 22 days in July-October 2013 Avg Var Var/Avg
11:00 o o0 o0 o0 01 0O 0O O O0OO0OO0O O0O O0O O0O 0O O 0O 0O 0O 0 O01/005005 1.00
11:10 o o0 000 O0OOOOO0OO0OTO0OTO0OO0 O0O 0O 0O 0O 0O 0 0 O01]000 000
11:20 o o0 000 O0OOOO0OO0OO0OO0OTO0OTO0OO0O 0O 0O 0O 0O 0O 0 01000 000
11:30 o o0 0 o0 00O OO O0O 0000 0 O0 0O O0O O0O 0O O 0 O01/000 000
11:40 o o0 00000 0 0 0000 0 0 0O O O0O 0O O 0 O01/000 000
11:50 o o0 0 o0 000 0 0 0 000 0 0 0O O O0O 0O O O O01]000 000
12:00 o o0 00 000 0 0 0000 0 0 O0O O O0O 0O O 0 O01]000 000
12:10 o 0 000 0 0 0 0 0 0 O0O0 0 O0 0O O0O O0O 0O O 0 O01]000 000
12:20 o o0 o0 0 o0 0 0 0O o0 OO0 O 0O O O O O O O O 0 01000 0.00
12:30 o 0 o0 0 o0 0 0 0O 0 O 0 O 0O O O O O O 0O O 0 01000 0.00
12:40 o 0 o0 0 o0 0 o0 0 0 0O 0 0O 0O O 0O O 0O O O O 0 01000 0.00
1250 T T T T 7 000 0 T 00 0 1T 0 0 01 0 1 00 0 0 0 0 0 0/018016 086
13:00 o1 0 0 16 0 0 061 00 1 0 0 0 O OO 1 1 0 01027021 076
13:10 o o0 0 o0 o000 0 0O O0OO0OO0OO0 O0 O0O 0O O0O 0O 0O 0 0 11005005 100
13:20 o 1 o0 0 0 00 1 0 0O 0O O 0 O 0 1 0 O 1 0 0 01018016 0.86
13:30 o o0 1 0 0 0 0 01 0 0 OO0 OO O O0O O 1 1 0 01(018016 086
13:40 o o0 o0 1 0 00O OO0 O 0 O 0 0O o0 0 1 0 0 2 0 01(018025 138
13:50 1P o2 0 00 0 0 0 0 1 0 0 0 0 0O O 0O 0O 0 0 01018025 138
14:00 $1 0o 1 o0 1 0 0 0 0 1 0 0 0 0 0O O O 0O 0 0 0 01018016 086
14:10 o o0 o010 0001 0 0 1 1 000 1 0 0 0 0 01023018 081
14:20 1P o o0 1 0 0 0 0 0 0 001 0 0 0 0 0 1 1 1 01027021 076
14:30 o 0 0 o0 o0 O0OOOOOOO0OO0OO0O 1T 0O 0O 0O 0O 1 0 0100900 09
14:40 o o0 o0o0o0O0O01 001 00000 0 0 0 1 0 0 1018016 086
14:50 o o0 o0 o0 O0O0OOOOOOOO0OT1T O0OO0OO0O 0O 0O 0 1 11014012 09
15:00 1 o001 1 0 2 000 0 01 1 0 0 0 0 1 0 11041 035 085
15:10 o o0 o016 0 0O0OOOOT1TO0OO0OO0OO0O T O0OO0O 0O 1 1 01]023018 08I
15:20 o o0 0 o0 O0O0OOOOOOOT1TO0 1T 0 0 0 0 0 2 0101802 138
15:30 1 2101 0 1 0 0 01 1 0 0 0 2 0 0 0 I O 1|05 045 0283
15:40 o 000000001 1 00 2 1 01 0 0 1 0 0]032032 101
15:50 o 00001 0001 01 00 1 0 2 0 0 0 0 0102703 111
16:00 o 1 0 0 0 0 00O O0O1 001 00 0 0 0 1 0 1 11027021 076
16:10 o 0 o0 0 0 01 0 0 0O 0 O 0 O O0O 0O O O O O 1 01009009 095
16:20 o o0 o0 0 o0 00 1 0 OO0 1 0 O 1 0 0 0 1 0 0 0/(018 016 0.86
16:30 - T T T T 7 000 0 0 0 0 0 0 0 10 0 0 0 00 0 0 0 0 0 0/005005 T00
16:40 o 0 0 o000 0 0 0 0 000 0 0 0O O O0O 0O O O O01]000 000
16:50 o o0 00 000 0 0 0 000 0 0 0O O O0O 0O O 0 O01]000 000
17:00 o o0 00000 0 0 0 000 O0 0 0O O0O O0O 0O O 0 O01]000 000
17:10 o 0 o0 0 o0 0 0 0O 0 0O 0O O O O O O O O O O 0 0/000 0.00

Daily Total 555 5 4 3 3 5 3 6 4 6 4 5 6 4 5 0 7 10 7 6491 371 0.75
[12:50, 16:20] Total 555 5 4 2 3 5 3 5 4 6 4 5 6 4 5 0 7 10 7 6482 387 0.80
All slot avg 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.1 02 0.1 0.1 0.0 02 0.3 0.2 0.2{0.13 0.13  1.02
All slot var 0.1 0.2 02 0.1 0.1 0.1 0.1 02 0.1 0.1 0.1 0.1 0.1 0.2 0.1 02 0.2 0.0 02 0.3 0.2 0.1| (across all days)
All slot var/avg 09 1.3 1.3 09 09 09 09 1.3 09 09 09 09 09 1.3 09 14 1.3 08 1.0 1.1 0.9

12:50, 16:20] avg 02 02 02 02 02 0.1 0.1 02 0.1 02 02 03 02 02 03 02 02 00 03 05 03 0.3]{022 020 093
12:50, 16:20] var 02 03 03 02 02 0.1 0.1 03 0.1 02 02 02 02 0.3 02 03 03 00 02 04 03 02| (across all days)
12:50, 16:20] var/avg [0.8 1.2 1.2 0.8 0.9 1.0 09 1.2 09 08 09 08 09 1.2 0.8 1.4 12 0.7 0.8 1.0 0.8

Figure 11: [Doctor 9 PM Shifts] The lateness ecdfs in each of the 30-minute intervals.
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Table 17: [Doctor 9 PM Shifts] The extra unscheduled arrivals, i.e., the same-day arrivals B,, ; scheduled for

slot 7 on each appointment day.
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Table 18: [Doctor 9 PM Shifts] The unscheduled arrivals that actually arrived (B, ;) for slot j on each
appointment day.

time slot 22 days in July-October 2013 Avg Var Var/Avg
11:00 000O0O0OOOOOOOOOOOOOO0O0O0 0 0[000 000

11:10 000O0OO0OOOOOOOOOOOOOOOOO0 0/[000 000

11:20 000O0O0OOOOOOOOOOOOOOOOO0 0/[000 000

11:30 000O0OOOOOOOOOOOOOOOOOO0 0/[000 000

11:40 000O0OOOOOOOOOOOOOOOOOO 0/[000 000

11:50 000O0OOOOOOOOOOOOOOOOOO 0/[000 000

12:00 000O0OOOOOOOOOOOOOOOOOO 0/[000 000

12:10 000O0OOOOOOOOOOOOOOOOOO 0/[000 000

12:20 000O0OOOOOOOOOOOOOOOOOO 0/[000 000

12:30 000O0OOOOOOOOOOOOOOOOOO0 0/[000 000

12:40 000O0O0OOOOOOOOOOOOOT1O0O0O0 0[005 005 1.00

1250 T T T|/0T00 0000000001 000000 T 0[0I4 012" 09

13:00 000O0OOOOOOOT1O0O0OOOOOOOOO 0005 005 1.00
13:10 000O0OOOOOOOOOOOOOOOT1O0O0 0/[005 005 1.00
13:20 000O0OOOOOOOT1O0OOOOOOOOO 0005 005 1.00
13:30 000O0OOOOOOOOOOOOOOOOOO0 0/[000 000

13:40 000O0OO0O1O0O0OO0OT1O0O0OO0OO0OOOT1T1O0O0O0O0018 016 086
13:50 000O0OO0OOOOOOOOOOOOOT1OO0OO 0]005 005 1.00
14:00 0O10100O0OOOO0OOOOOOOOOO0OOO0OO0]009 00 095
14:10 000O0OO0OOOOOOOOOSOTILIOOO0OOO0O0 0005 005 1.00
14:20 000O0OO0OO0OOOOT1TOOOT1TOO0OOOOO0O0O0[009 00 095
14:30 10000O0O0OO0OOOOOOOOOOT1O0O0OO00][009 00 095
14:40 000O0O0OOOOOOOOOOOT1TO0O0O0O0O0O0/[005 005 1.00
14:50 000O0O0OOOOOT1TO0OOOOOOOOO0O0O0 0/[005 005 1.00
15:00 000O0OO0OOOOOOOOT1O0O0OZ200O0O0°O0 0014 022 1.60
15:10 000O0OOOOOOOOOOOOOOOOOO0 0/[000 000

15:20 000O0OOOOOOOOOOOOOOOOOO 0/[000 000

15:30 000O0OOOOOOOOOOOOOOOOOO 0/[000 000

15:40 000O0OOOOOOOOOOOOOOOOT1 0 0/[005 005 1.00
15:50 000O0OOOOOOOOOOOOT1O0O0OOO 0005 005 1.00
16:00 000O0OOOOOOOOOT1O0T1O0O0GO0OGO0OGOT1 0014 012 090
16:10 000O0OOOOOOOOOOOT1O0OOT1O0O0OOO0[009 00 095
16:20 00010O0O0OO0ODO0OO0OO0OOOOT1O0O0OT1O0O0O0 0014 012 090

“16:30° T T T[0T 0000 01T 000001 0000TTT00[02 018 08

16:40 000O0OOOOOOOOT1O0O0OOOOOOOO 0005 005 1.00
16:50 000O0OOOOOOOOOOOOOOOOOO 0/[000 000

17:00 000O0OOOOOOOOOOOOOOOOOO 0/[000 000

17:10 0000O0O0OOOOOOOOOOOOOO0O0O0 0/[/000 000

Daily Total 1 30201010321 23441622 2 0[1.8 244 1.34
[12:50,16:20]Total [T 2 0 2 0 1 0 0 0 3 2 0 2 2 4 4 1 5 1 1 2 0[150 217 1.44

Table 19: [Doctor 9 PM Shifts] Average numbers of scheduled arrivals for each 30-minute interval within the
main interval as well as the proportions of no-shows and lateness and the average earliness (X ~), lateness
(X ™) and overall deviation (X), plus 95% confidence intervals.

Interval Avg # Scheduled % No-show % Late % (Late>15 min) Avg(XT) Avg(X ™) Avg(X)

[12:50, 13:20) 82413 6.5+35 105+ 54 39439 26.1 £33.5 -59.2+10.9 -493 + 7.7
[13:20, 13:50) 7.9+ 0.6 64+39 9.6 £5.1 1.9+21 132+ 6.3 -61.44+£109 -54.0+£10.5
[13:50, 14:20) 7.7+ 0.6 7.7+438 10.7 + 4.8 57+38 21.0+ 102 -68.7+ 162 -58.6+13.8
[14:20, 14:50) 7.5+0.5 72+40 83+42 384+29 26.6 + 154 648+ 134 -5744+13.0
[14:50, 15:20) 7.34+0.6 11.0 £ 5.1 13.0 £ 6.7 2.8 +4.1 10.6 + 8.8 535+ 141 -458+ 149
[15:20, 15:50) 8.14+0.5 13.1 +44 92+438 4.0+3.7 142 +8.3 653+ 135 -574+12.1
[15:50, 16:20) 7.7+0.5 88 +45 11.8 49 34431 123+ 6.8 -65.0+ 149 -57.0£15.0
[12:50, 16:20) 544 +2.0 85+1.5 10.8 £ 2.2 38+1.2 18.1 £4.9 -62.6 =52 -54.0 £ 5.0
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Table 20: [Doctor 9 PM Shifts] Average numbers for new and repeat patients for the main interval and outside
of the interval as well as the proportions of no-shows and lateness and the average earliness (X ~), lateness
(X™) and overall deviation (X), plus 95% confidence intervals.

Interval Avg # Scheduled % No-show % Late % (Late>15 min) Avg(XT) Avg(X ™) Avg(X)

New 148 £ 1.7 7.8 +3.6 11.3 £ 3.8 46+23 18.1£7.1 -54.8 £ 8.0 -46.8 +7.8
New - [12:50, 16:20) 141+ 1.7 82438 103 +4.1 40+24 174 £7.7 -552 £+ 8.1 -47.7+79
New - outside 0.6 + 04 0.0+ 0.0 35.0 +33.9 20.0 £+ 30.2 154+123 -389+277 -20.3+26.7
Repeat 439+29 83419 10.7 £ 2.1 35+1.3 18.1 £ 6.1 -64.5+53 -55.8 +£5.1
Repeat - [12:50, 16:20) 403 +24 83+19 109 + 2.1 3.6t14 183+ 6.3 -65.3+£6.2 -56.5+£6.0
Repeat - outside 36+1.2 6.3+4.6 103 £ 12.1 2.8+4.0 165+ 21.1 -544+18.8 -473+18.7

Figure 12: [Doctor 9 PM Shifts] Earliness (X ™) and lateness (X ™) histograms and associated exponential
fits. Top to bottom: scheduled arrivals in [13,14), [14,15), and [15,16).
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Table 21: [Doctor 9 PM Shifts] The difference between the number of patients scheduled to arrive for slot j

(Bs,;) and the number of patients who actually arrived for slot j (B, ;) on each appointment day.
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# patients

20
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© N

Figure 13: [Doctor 9 PM Shifts] Histograms of the counting processes S(¢) and A(t) at four different times.

From left to right: 14 pm, 15 pm, 16 pm and 17 pm.
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Figure 14: [Doctor 9 PM Shifts] Plots of the average numbers of scheduled (left) and actual (right) arrivals in
each of the 10-minute intervals.

Average in each 10-min interval
Average in each 10-min interval

11 12 13 14 15 16 17
time of day time of day

11 12 13 14 15 16 17
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E Doctor 4 AM Shifts

Figure 15: [Doctor 4 AM Shifts] The evolution of the daily cumulative number of patients scheduled over the
previous year for each of the appointment days (left) and the percentage of patients who are scheduled k days
in advance for each of the appointment days (right). The thick line indicates the average over the appointment
days.
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Figure 16: [Doctor 4 AM Shifts] The evolution of the daily cumulative number of patients scheduled and the
percentage of patients who are scheduled & days in advance for each of the appointment days for new patients
(left two panels) and repeat visits (right two panels). The thick line indicates the average over the appointment
days.
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Table 22: [Doctor 4 AM Shifts] The number of patients scheduled in each 10-minute time slot (displayed
vertically) on each appointment day (displayed horizontally).

time slot 34 days in July-October 2013 Avg  Var Var/Avg
7:50 o o o o o o o0 o0 o o o o o o o o0 o0 0 o0 00 o0 o000 0 O0 O O0O 0 O 0 0 01000 000

8:00 o o o o o0 o0 o0 o0 0 o0 0000 o0 00 0 o0 0 00 0 0 0 0 o0 0 0 0 o0 O 0 01]000 o000

8:10 o o o o o0 o0 o0 o0 o0 o0 0000 o0 000 o0 0 0 0 o0 0 0 0 o0 0 0 0 o0 O 0 01]000 o000

8:20 o o o o o0 o o0 o0 o0 o0 0000 o0 000 o0 0 0 0 0 0 0 0 o0 0O 0 0 o0 O 0 0]000 o000

8:30 o o o o o0 o0 o0 o000 0000 o0 000 o0 0 00 o0 0 0 0 0 0O 0 0 o0 O 0 0]000 o000

8:40 o o o o o0 o0 o0 o0 o0 o0 o0 000 o0 000 o0 0 00 o0 0 0 0 0 O 0 0 o O 0 0]000 o000

8:50 o o o o o0 o o0 o0 o0 o0 o0 000 o0 000 o0 000 o0 0 0 0 0 O 0O 0 o0 O 0 0]000 o000
9000 T T T T T B3T3 4TY 4T3 A 4T 4T  5T3 33334 3737 4T3 075 3005 470 073 3[32 2157 065
9:10 4 4 3 4 4 4 4 3 4 4 4 4 4 3 4 5 4 4 3 4 3 4 3 3 0 4 5 0 4 3 0 0 3 3(132 179 0.54
9:20 3 5 4 5 4 4 4 4 3 4 4 4 4 4 4 4 2 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 3 3138 031 0.08
9:30 3 3 3 4 3 4 4 2 3 3 3 3 4 3 4 4 3 4 3 4 1 2 3 4 4 4 3 5 4 5 3 3 2 31332 071 0.21
9:40 5 4 4 4 4 3 3 4 4 4 4 4 4 3 2 3 4 3 4 4 2 3 3 4 3 4 2 3 4 3 4 3 3 41350 050 0.14
9:50 2 4 4 4 4 4 4 4 3 4 3 4 4 4 3 4 3 4 4 3 4 4 4 3 3 3 3 3 3 4 5 3 4 41362 036 0.10
10:00 5 3 5 3 4 3 4 1 3 4 5 5 4 3 3 2 3 2 1 4 2 4 3 2 4 4 5 4 4 3 4 3 5 4347 123 0.35
10:10 3 4 3 3 4 4 4 3 4 4 4 3 4 3 4 4 3 4 3 3 4 3 2 4 3 3 4 1 4 4 4 3 3 4]344 050 0.14
10:20 4 3 4 4 2 4 3 4 4 4 3 4 3 4 3 4 3 4 4 4 4 3 4 3 3 4 4 3 4 4 2 4 4 4135 037 0.10
10:30 5 3 4 5 3 5 2 2 5 4 4 3 3 4 3 3 3 4 4 4 3 4 3 3 2 4 4 3 5 4 5 4 1 4135 098 0.27
10:40 5 3 4 3 5 4 4 4 3 4 4 4 4 3 4 2 3 4 3 3 4 4 4 4 4 3 3 3 4 4 3 3 4 4365 042 0.11
10:50 4 4 4 3 3 2 4 3 3 3 4 3 3 4 3 4 4 1 5 4 3 4 3 4 2 5 4 4 5 3 4 4 2 21|34 086 0.25
11:00 4 5 4 2 4 4 4 2 4 4 4 3 5 3 3 4 3 4 3 4 4 4 2 3 3 4 4 4 4 5 4 3 4 41368 059 0.16
11:10 3 4 3 4 4 3 4 3 4 4 4 3 4 3 3 4 4 2 2 4 3 4 4 3 3 4 4 3 5 4 4 3 4 4]35 044 0.12
11:20 4 4 3 3 4 4 5 3 4 4 4 4 4 2 3 4 3 4 5 5 3 5 4 2 3 5 4 3 5 3 2 3 3 3/[365 078 0.21
11:30 4 4 3 4 4 4 3 4 4 4 4 4 4 4 3 2 4 3 4 3 3 2 3 4 4 4 4 2 4 3 4 3 4 3|353 044 0.12
11:40 4 5 4 4 4 3 3 4 4 4 4 4 5 4 3 5 2 3 5 4 3 4 2 4 4 3 4 4 4 3 4 4 4 41379 053 0.14
11:50 5 5 5 3 5 4 5 2 2 4 3 3 5 2 5 4 5 3 5 4 3 5 5 5 3 5 4 3 5 5 3 2 5 4(40 121 0.30
12:00 0 2 0 40 0 0 0 0 0 0 0 0 00 00 0 0 0 0 0 0 0 3 0 0 40 0 5 4 2 0071 221 3.14
12:10 o o o0 o o o o0 o o o o0 o0 o0 o0 o0 O0OUO0O SO0 0 O0OTO0OO0 0O O0O T3 0 0 5 0 0 3 2 0 0038 127 3.33
12:20 o 0 o o o o o o o o o o o o o o o o o o o o o0 o0 o0 0 o0 0o 0 0 0 0O 0 O0]O0.00 0.00

Daily Total 70 74 68 70 68 67 67 56 65 70 69 66 73 59 62 65 59 60 66 67 56 67 60 61 58 72 68 60 77 68 67 58 63 666535 27.87 043
[9:00, 11:50] Total 70 72 68 66 68 67 67 56 65 70 69 66 73 59 62 65 59 60 66 67 56 67 60 61 52 72 68 51 77 68 59 52 61 666426 39.53 0.62
All slot avg 25 26 24 25 24 24 24 20 23 252524 26 2.1 22 23 21 2.1 24 24 20 24 2.1 22 2.1 26 24 2.1 2.8 24 24 2.1 23 24233 3.41 1.46
All slot var 4.1 39 3.7 34 37 3.6 3.7 29 34 3.7 3.7 34 42 28 32 36 29 32 39 36 2.7 3.7 3.1 32 27 41 3.7 32 46 3.7 3.8 2.7 32 35 (across all days)
All slot var/avg 16 1515 14 15151514 1515151516 13 1516 14 15 17 15 14 16 14 15 13 16 15 15 1.7 1.5 1.6 1.3 14 15

9:00, 11:50] avg 3.9 40 38 3.7 3.8 3.7 3.7 3.1 3.6 39 38 3.7 4.1 33 34 3.6 3.3 33 37 3.7 3.1 3.7 33 34 29 40 38 28 43 3.8 33 29 34 3.7|3.57 0.80 0.22

9:00, 11:50] var 0.8 06 04 0.6 0.5 04 06 09 0.5 0.1 03 04 04 04 06 08 0.6 0.8 1.2 04 0.7 0.7 0.7 0.7 1.5 05 05 1.8 0.3 0.5 2.1 1.4 1.1 05 (across all days)

9:00, 11:50] var/avg|0.2 0.1 0.1 0.2 0.1 0.1 0.2 0.3 0.1 0.0 0.1 0.1 0.1 0.1 0.2 0.2 0.2 02 03 0.1 02 02 0.2 02 0.5 0.1 0. 0.6 0.1 0.1 0.6 0.5 0.3 0.1
Table 23: [Doctor 4 AM Shifts] The estimated distribution of the batch sizes (Bs) within the main interval

and the estimated distribution of the total number of scheduled arrivals after the main interval (V).

P(Bs = k) B(N, = k)
number k 1 2 3 4 5 0 1 2 3 4 5 6 7 8 9
Estimated distribution | 0.01  0.07 031 050 0.10 | 079 000 006 000 003 000 006 000 003 003

Figure 17: [Doctor 4 AM Shifts] The lateness ecdfs in each of the 30-minute intervals.
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0.85
0.73
0.73
0.76
1.07
1.07
0.85
0.70
0.88
1.22
0.93
0.97

(across all days)
0.88

(across all days)

Avg Var Var/Avg

0 [0.00 0.00
0 [0.00 0.00
0 [0.00 0.00
0 10.00 0.00

0.26 0.20
01032 035
01032 035

0.44 0.38
01032 023

0 [0.00 0.00
0 [0.18 0.15
0 1029 021
01029 021
0 [0.15 0.13
0026 032 122
0°|0:00° 0:00
0 [0.00 0.00
0 ]0.00 0.00
2 [471 440

1.5 1.0

0
0
0

2
0
0
6

_0
0
7

Bgs,j — Bgys,;) for each 10-minute time slot

’I'L,j -

34 days in July-October 2013

3
0.1 0.1 0.1 0.3 02 0.1 02 0.1 0.1 0.1 0.0 0.3 02 02 0.1 0.1 0.1 0.3 02 0.1 02 03 0.1 0.1 0.1 0.1 0.3 0.1 02 02 0.4 0.3 0.2 0.1]{0.17 0.16

0.1 0.1 0.1 0.3 02 0.1 02 0.1 0.1 0.1 0.0 02 03 02 0.1 0.1 0.1 0.3 02 0.1 02 03 0.1 0.1 0.1 0.1 0.3 0.1 03 02 0.2 03 03 0.1
02 02 02 04 03 0.1 03 0.1 0.1 02 0.1 04 03 03 02 02 02 04 03 02 03 04 02 02 02 02 04 02 03 03 0.6 04 03 0.1/026 0.23

0.1 0.1 02 04 02 0.1 02 0.1 0.1 0.1 0.1 03 0.5 02 02 02 0.1 04 02 02 02 04 02 02 02 02 04 0.1 04 02 03 04 05 0.1

0.9 09 09 1.0 09 1.0 08 1.0 1.0 09 1.0 0.8 1.5 09 09 09 09 1.0 0.8 0.9 0.9 1.1 0.9 0.9 09 09 1.0 09 1.7 09 0.7 1.1
9:00, 11:50] var/avg | 0.9 0.9 0.8 0.9 0.8 0.9 0.7 0.9 09 09 1.0 0.6 1.4 0.8 0.8 0.8 0.9 09 0.7 08 0.8 0.9 0.8 0.8 0.8 0.8 0.9 09 1.6 08 0.5 09 1.4 0.9

Table 25: [Doctor 4 AM Shifts] The extra unscheduled arrivals, i.e., the same-day arrivals B, ; scheduled for

Table 24: [Doctor 4 AM Shifts] The number of no-shows (B
slot j on each appointment day.

[9:00, 11:50] Total

All slot avg

All slot var
9:00, 11:50] var

All slot var/avg
9:00, 11:50] avg

time slot
7:50
8:00
8:10
8:20
8:30
8:40
9:10
9:20
9:30
9:40
9:50
10:00
10:50
11:00
11:10
11:20
11:30
11:40
11:50
12:00
12:10
12:20
Daily Total

7 (displayed vertically) on each appointment day (displayed horizontally).
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Table 26: [Doctor 4 AM Shifts] The unscheduled arrivals that actually arrived (B,),, ;) for slot j on each
appointment day.

time slot 34 days in July-October 2013 Avg Var Var/Avg
7:50 000O0OO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOO0 0]000 000

8:00 000O0OO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOO0 0]000 000

8:10 0O000O0OO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOO0 0]000 000

8:20 0O000O0OO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOO0 0]000 000

8:30 0O000O0OO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOO0 0]000 000

8:40 o00O0OO0OO0OO0OO0OOOOOOOOOOOOOOOOOOOOOO0OOO0OO0O0 0]000 000

8:50 o000O0OO0OO0ODO0OOOOOOOOOOO0OOO0OOOO0OOO0OOO0OOO0OO0OO0O0O0 0]000 000

900 T T T T 7 0000000000000 0000100000000000¢0¢00T00[003 003 T00
9:10 000O0OO0OO0OO0OO0OO0OO0OO0OOOT1O0OOOOTI1O0OOOOOOOOOOOOO0OT1 1[012 0.11 0.91
9:20 000O0OO0OO0OO0OO0OOOOOOOOOT1O0OOOOOOOOOOOOOOOT1 1{009 008 094
9:30 0000O0OO0OO0O10O0OO0OO0OO0OO0OOO0OOOOOTI1T1®O0O0OO0OOOOOOO0OO0OT1 0[012 0.11 0.91
9:40 o00O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOOT1O0O0OO0OO0OT1T1TO0OO0OT1O0O2O0O0T1QO0T1O00]|024 025 1.05
9:50 o00O0O0OO0OO0OO0OO0OO0OOO0OOO0OOOTITO0OOOOOOTLTO0OOO0OOO0OOO0OO0O0O0]00 00 097
10:00 o0000O0OO0O1O0O0O0OO0OO0O1O0OO0O0OO0OT1O0OT1O0OO0OOOO0OOOT1TOT1®O0OOOO0]|018 015 085
10:10 0o0000O0O0O00O0O00O0OO0O0OO0O0O0OO0O01O0O0O0OT1O0OT1T1O0200O0O0T1O0]{021 023 1.11
10:20 o00000O0O0O0O00O0O00O0OO0O0O1O0O0O0O0O0O0O0OO0O1O0T1O0O0O0OO0OOOOOO0 0][00 008 09
10:30 0o0000O0OO0O00O0O00O0OO0O0O1O010O0O0OO0OO0OO0OO0OT1O0O0OT1O0O0OO0OO0OO0O0[012 011 0.91
10:40 00000O0O0O00O00O0OO0OO0OO0O1T1O01100O0O0O0O0O0T1O0O0O0O0OO0O0|015 013 088
10:50 00000O0O0O0O0O0OO0OO0O10O0OO0OO0OO0O1O0O0OO0OO0OO0OO0O1O0O0OO0OOT1O0O0OO0O1]{015 013 088
11:00 000010O0O00O0O0O00O0O0OO0OO0O101O0O0OO0OO0OO0OT1O0OT1O0O0OO0OOOOOOO0|015 013 088
11:10 o00000O0OO0OT1O0O0OO0OO0OO0OO0OO0OO0OOT1200O0O0OT1T1SQ0O0O0OGO0OO0OOOO0O 0[018 021 1.19
11:20 000O0OO0OO0OO0OO0OO0OO0OO0OO0OO0O1O0OO0OT1O0O0OO0OO0OOOOOOT1T1O0T1?200 0][021 023 1.11
11:30 000O0O0OO0O0O0OO0OO0OO0OO0OO0OOT110O0O0OT1T1Q210UO0UO0O0GO0O0T1O0O0O0 0]024 025 1.05
11:40 000O0O0OO0O0O0OO0OO0OO0OO0OO0OOOOT1O0OT1O010T11O01O0O0T1O0O0O0GO0O0|021 017 082
11:50 000O0OO0O0O0OO0OOOOOOOT1O0OOOOOOOOOOT1O0OT1O0O0OOT1T1O0 0[015 013 088
T12:00 0 © T T 7 7000000000000 000000000T000000000T00[006 006 097

12:10 000O0OO0OO0OOOOOOOOOOOOOOOOOOOOOOOOO?2T10 0][00 014 1.63
12:20 000O0O0OO0OOO0OOOOOO0OOOO0OOOO0OOOOOOOOOOOOOO0O0 0]000 000

Daily Total 10001 003000104437 37255547246 15534 3[27 544 1.95
[9:00,11:50] Total [O O 0 O 1 0 0 3 0 0 O I O 4 4 3 7 3 7 2 5 5 4 4 7 2 4 6 1 5 3 2 4 3[265 533 201

Table 27: [Doctor 4 AM Shifts] Average numbers of scheduled arrivals for each 30-minute interval within
the main interval as well as the proportions of no-shows and lateness and the average earliness (X ~), lateness
(X™) and overall deviation (X), plus 95% confidence intervals.

Interval Avg # Scheduled % No-show % Late % (Late>15min)  Avg(X™T) Avg(X ™) Avg(X)

[9:00,9:30) 104 £ 1.0 57429 184 £ 44 8.14+4.0 205+80 277427 -189+£3.7
[9:30, 10:00) 104 +£04 9.0+£24 23.1 £4.1 82+25 195+£55 -31.1+£32 -195+34
[10:00, 10:30) 1054+ 04 8.6+29 183+59 8.8 +3.7 168 £3.6 -299+35 -214+46
[10:30,11:00) 10.7 £ 0.5 9.0£3.0 183+ 4.5 64+3.0 123 £35 -33.1+£3.1 -248+37
[11:00,11:30) 109 +£ 0.6 70+£22 15.0£3.8 35+21 9.7+20 -399+5.7 -32245.0
[11:30,12:00) 11.3+£0.5 55421 8.1+28 0.7+ 0.8 9.0+45 -418+38 -3734+33
[9:00,12:00) 60.3 £ 2.0 75+£13 17.6 £2.0 6.0+ 1.3 158 £2.1 -33.7+20 -251421

Table 28: [Doctor 4 AM Shifts] Average numbers for new and repeat patients for the main interval and outside
of the interval as well as the proportions of no-shows and lateness and the average earliness (X ~), lateness
(X ) and overall deviation (X), plus 95% confidence intervals.

Interval Avg # Scheduled % No-show % Late % (Late>15 min) Avg(XT) Avg(X ™) Avg(X)

New 92+ 1.1 74 +2.7 226 £5.5 7.7 +29 20.5 £ 9.1 -304 +£53 -19.8 4.8
New - [9:00, 12:00) 85+ 1.0 82432 227+ 6.1 8.6 +3.6 21.1+£94 -283+4.38 -184+54
New - outside 0.7+0.3 26+55 15.8 £ 18.1 0.0 + 0.0 8.4 +6.6 -46.8 £244  -38.0+£225
Repeat 56.1 £ 2.1 72+ 1.3 16.1 £ 1.9 52+1.3 151+ 1.9 -35.1+2.1 27.0+22
Repeat - [9:00, 12:00) 51.8+22 75+£15 16.8 + 2.0 55+13 152 4+2.0 -342 423 -26.0 24
Repeat - outside 44+0.8 5.7 +5.1 6.3+45 1.1+1.6 20.0 + 32.7 424+ 84 -38.5+ 8.0
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Figure 18: [Doctor 4 AM Shifts] Earliness (X ~) and lateness (X ™) histograms and associated exponential

fits. Top to bottom: scheduled arrivals in [9,10), [10,11), and [11,12).
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Table 29: [Doctor 4 AM Shifts] The difference between the number of patients scheduled to arrive for slot j

(Bs,;) and the number of patients who actually arrived for slot j (B, ;) on each appointment day.

34 days in July-October 2013

, ,

cnoqaidiofo~d—aaTT~daoT~syyoc0

ocTocoMYo—~TVlocat—~o oo ~aTtAaNn|—o o

01,07,.07,.1_,;7,.7,.221,]0]27_.1_,,2210032,400
| |

07,.001,.0?.:],.41223134334134203,524

—~ococqgqolraNco—~a~4 R At AT a0 —mlooco
| |
1,54,41,31,11_2312]_.0805025,000

Ao Teo T T—T0oa~—~afo—~m<to

co

=}
coc To
=}

-1

| |
Do —naToNTFoldt —~oOoFon—<F 000
" i T b

|

coTTToTIMoqd~~o~T~TooYamaluao

71,.01207_.7_.I60011_.21_.045,000
|

P T meTmoTo—a o~ —~—nooo

o
7,._0,221,1,.l,].4|227_~.|_.l7_.0344,000
h

cocoqQ T QT
co T o

|

D vl
coTa0YlaanaTTTaoc oA~ ~Tmnlooco
01,.1,7,.07,.0”01,01,7,.07_.7_.321_.0211223”1_.00
o ToTIIPTASOTTOTAANS T T ~nY TOOO
chcoTodlcargan —camoco—-Gmovsloos
0807,.1,1,,.0”1,1,1]1,3]]?_.1212.03323”000
cANoTYVNTOP~—~ Vo~ —0O~—awcoo
07,.7,.1,7,.43”003032143102041034”000

000337,.].,47,.101,].]]262?..7..24335,000

cnoTTmloc—~acNo -~~~ —~coTn—alooco
| |
OOI,.I,.OA,wQ_JI,.l?,.]7,.|_4|_0103003l45,000

AT TANO~m —N O~ T T =~ N —=%@MTOO

cqoocataolcgqags—a—~rcco—~amamnloco
OI,.OI,.?,.O:J_.WOJ.ZOIOI_7_.2110314034”000
CNNNoRAPm— Yo —~NOoT 0O TOoOAT—~FAOCO O
0301,47,.3”21101,17..1_11_.01_.021342”000

0I,.0|,7,.6<_Jll7.|,44|2207_~304l_.234,000

ocT QTN Tloma oYM onocoa—~natlooco
| |

oY TN T T T ~locococc—~—=TNAa~nnAaCANnOOoO
| |

037,.0041_141,027_.7_.01210112222,200

-3

¥

-3

w 31,1,14]032121_7,.225,000

Moo~~~ A+t —adadncaoSo

-1

0
20

i I

ot T T clco T == 7T~ ~——~0nNnO—=cnnmnnooo

time slot

|

| cocoogoooocoo29 20
2SS 82828 8CS8383CHAnYwedan N0 HN
RN ART R ANT R SSSESSar e H NN A
166 60 60 60 00 000 33 B D B B = A

! !

Figure 19: [Doctor 4 AM Shifts] Histograms of the counting processes S(t) and A(t) at four different times.

From left to right: 10 am, 11 am, 12 pm and 13 pm.
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Figure 20: [Doctor 4 AM Shifts] Plots of the average numbers of scheduled (left) and actual (right) arrivals in
each of the 10-minute intervals.
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F Doctor 14 PM Shifts

Figure 21: [Doctor 14 PM Shifts] The evolution of the daily cumulative number of patients scheduled over the
previous year for each of the appointment days (left) and the percentage of patients who are scheduled k days
in advance for each of the appointment days (right). The thick line indicates the average over the appointment
days.
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Figure 22: [Doctor 14 PM Shifts] The evolution of the daily cumulative number of patients scheduled and the
percentage of patients who are scheduled & days in advance for each of the appointment days for new patients
(left two panels) and repeat visits (right two panels). The thick line indicates the average over the appointment
days.
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Table 30: [Doctor 14 PM Shifts] The number of patients scheduled in each 10-minute time slot (displayed
vertically) on each appointment day (displayed horizontally).

time slot 23 days in July-October 2013 Avg  Var Var/Avg
12:00 o o0 o0 o0 0 0 0 0 0O O0OO0OTO0OO0 O0O O0O O0O 0O O0 0 0O O 0 0000 0.00
12:10 o o0 o0 o000 0 0 0 000 0 O0OO0OOO0OO0O O0O 0O 0O 0 0000 0.00
12:20 o o0 o0 o000 0 0 0000 0 O0O0OO0OO0OO0O O0 0O 0O 0 0000 0.00
12:30 o o0 o0 o0 0 0 0 0 0 0 00 O0O0OOOO O 0O 0O 0 0 0]000 000
12:40 o o0 o0 o0 0 0 0 0 0 0 00 O0O0OOO O O0O 0O 0 0 0 0]000 000
12:50 o o0 o0 o0 0 0 0 0 0 0 000 O0OO0OO OO0 O0O 0 0 0 0]000 000
13:00 o o0 o0 o0 0 0 0 0 0 0 00 O0O0OOO O O0O 0O 0 0 0 0]000 000
13:10 o o0 o0 o000 0 0 0 0000 O0O0OO0O O0OO0O 0 0 0 0 0]000 000
13:20 o0 o0 o0 0 0 0 0 0 0 0 0 0O 0O 0O 0 0 0 0 0 0]000 0.00
1330 © T T T T T 2373 3 73737173 T71 2733 273 17127337172 22270727 0337
13:40 122 3 3 3 2 3 2 1 2 2 2 2 1 2 2 2 3 2 2 3 0]204 05 029
13:50 21 2 3 2 2 2 2 2 3 1 3 2 2 2 3 2 2 2 1 1 2 2/|20 03 018
14:00 2 22 2 2 3 2 3 2 1 2 2 1 3 3 0 1 2 3 2 0 3 3|20 08 041
14:10 21 3 2 2 2 2 2 2 2 2 2 2 21 12 1 3 3 1 1 1183 042 0.23
14:20 2 2 1 2 2 2 2 2 1 2 2 3 3 2 3 1 2 3 2 2 1 2 2(20 03 018
14:30 22 1 223 3 1 2 0 2 2 1 3 3 1 2 2 2 2 2 1 2|18 057 031
14:40 22 1 3 112 2 2 2 1 2 2 2 2 1 2 1 3 2 0 1 1|16 051 031
14:50 1 22 2 0 2 2 3 1 2 2 2 1 2 2 2 2 2 2 2 1 2 1|17 038 022
15:00 2 2 3 2 2 3 1 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 019 03 019
15:10 1 3 2 3 2 2 2 2 1 2 2 2 2 1 3 1 3 2 1 2 0 2 0178 072 041
15:20 1 22 2 2 3 2 1 0 1 3 2 3 3 3 1 2 2 1 2 1 2 2|18 066 036
15:30 2 1 1 2 2 2 2 2 2 1 2 2 2 2 2 1 2 1 2 2 1 2 1|[L7 022 013
15:40 1 2 1r o0 1 1 2 2 1 2 3 3 2 2 2 1 0 1 2 1 1 2 1|14 062 042
15:50 2 2 3 2 2 2 3 2 2 2 2 2 1 1 2 2 2 1 2 2 2 0 1|18 042 023
16:00 1 1r 2 2 2 2 1 2 2 2 3 2 2 3 3 1 3 2 2 1 2 1 1|18 048 026
16:10 1 2 2 2 2 2 2 1 2 2 2 1 2 2 2 1 3 2 0 2 1 2 2|174 038 022
16:20 3 3 21 1 1 2 2 2 3 1 1 2 3 1 2 3 2 2 2 1 2 1|18 057 031
1630 - T T T T T 000 0 0 0 I 2720 0 0 2 2 22 073 0 1 1 0 1 0[08 09 117
16:40 o o0 00000 0 0000 00 3 0 0 0 1 0 0 0 0017 042 243
16:50 o 0 0 0 0 0 0 0 0O 0O 0O O 0O 0O 0O 0 0 0 0O O O 0 O0/0.00 0.00
Daily Total 30 35 35 38 33 40 37 39 28 31 36 40 37 41 45 24 39 32 39 36 20 33 23[34.39 3825 1.11
[13:30, 16:20] Total |30 35 35 38 33 39 35 37 28 31 36 38 35 39 40 24 36 32 37 35 20 32 23[33.39 2852 0.85
All slot avg 10 12 12 1.3 1.1 1.3 1.2 13 09 1.0 1.2 1.3 1.2 14 1.5 08 1.3 1.1 1.3 1.2 07 1.1 08| 1.15 1.13 099
All slot var 09 12 12 14 1.1 14 1.1 1.3 08 1.1 1.2 1.3 1.2 1.3 1.5 07 14 1.0 1.3 1.1 06 1.1 0.8 (across all days)
All slot var/avg 09 1.0 1.1 1.1 1.0 1.1 09 1.0 09 1.0 1.0 0.9 09 1.0 1.0 09 1.1 0.9 1.0 09 09 1.0 1.1
13:30, 16:20] avg 1.7 19 19 21 1.8 22 19 21 1.6 1.7 2.0 2.1 1.9 22 22 1.3 20 1.8 2.1 1.9 1.1 1.8 1.3] 1.86 052 028
13:30, 16:20] var 04 04 05 0.6 05 05 03 04 04 06 04 03 04 04 05 05 06 03 06 03 05 0.5 0.7 (across all days)
13:30, 16:20] var/avg [0.2 0.2 0.3 03 03 0.2 0.1 0.2 02 03 02 02 02 02 0.2 04 03 02 0.3 0.1 04 03 0.5

Table 31: [Doctor 14 PM Shifts] The estimated distribution of the batch sizes (B;) within the main interval
and the estimated distribution of the total number of scheduled arrivals after the main interval (V).

P(Bs =k) P(No, = k)
number k 1 2 3 0 1 2 3 4 5
Estimated distribution | 0.25 059 0.17 | 0.52 0.13 026 0.04 0.00 0.04
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Table 32: [Doctor 14 PM Shifts] The number of no-shows (B,, ; = B ; — Ba| s,j) for each 10-minute time
slot 5 (displayed vertically) on each appointment day (displayed horizontally).

time slot 23 days in July-October 2013 Avg Var Var/Avg
12:00 o o0 o0 o0 0 O0 O O O0O O0OO0OTO0OO0O O0O O0O O0O 0O O0O 0O 0O O 0 01000 0.00
12:10 o o0 000000 0 0 000 0 00 O0OO0OO0O 0O 0O 0 01000 0.00
12:20 o o0 0 o0 o000 0 0 0 0000 00 O0O OO0 0O O 0 01000 0.00
12:30 o o0 o0 o0 o000 0 0 0 0000 0 0 O0O OO0 0O 0O 0 01000 0.00
12:40 o o0 o0 0 0 00O OO0 OO0 O O0O O0O O0O 0O O0O O0O 0O 0O 0O 0 01]000 000
12:50 o o0 o0 0 o0 0O 0O OO0 OO0 OO0 O O0O O O0O O0O O O 0 0 01]000 0.00
13:00 o o0 o0 0 o0 00 0O o0 OO0 O O0O O O0O O O0O 0O O 0O 0 0 01]000 0.00
13:10 o o0 o0 o0 o0 00O 0O 0 0 0 0 00 0 0O OO O0O 0O 0O 0 01000 000
13:20 o o0 o0 0 0 0 0 0 0 0O 0 0 0 0 0 0 0 0 0 0 0 0 01000 0.00
1330 0 T T T T 00 0 10 0 0 0 0 0 2 1 T 00 0 0 0 0 0 0 10303 103"
13:40 o o0 o0 0 o0 00 01 00 00 OO0 0O O0 O0O O0 1 1 0 01013012 091
13:50 o o0 1 1 0 01 00 O0OO0OOO0OT1T OO O0O 0O O O I 1 10302 073
14:00 o o0 1 1 0 00 OOOT1TOO0OUO0OT1TO0OO0O0 0 O O 0 01017015 086
14:10 o o0 o0 o0 o001 0 0 0 1 0 000 O0O0OO0OO O 1T 0 01013012 091
14:20 o 1.0 0 0001 01 001 00 0 0 0 0 0 0 0 01017 015 0.86
14:30 20 0 000001 00 0 1 060 0 0 0 0 0 0 0 001702 139
14:40 o o0 o0 o0 1 0001 1 0 001 00 0 0 0 1 0 1 0102 020 077
14:50 o1 1.0 0 00 00 001 01 00 0 0 0 0 0 0 11022018 082
15:00 o o0 o010 00O0O0OOOOT1TO0T1T O0O0OO0OO0OO0OO0O 0 01013012 091
15:10 o o0 o010 0001 001 00 2 01 0 0 2 0 0 0103504 120
15:20 o o0 0000000 00001 00 1T 1 0 0 0 0 01013012 091
15:30 o o0 o0 1 0 o001 000000001 0 0 0 0 1 01017015 086
15:40 o1 0 0 1 0 0 0O O OOOOT1O0TO0OTO0OTOOO O O 01013012 091
15:50 o o0 o0 16 10 021 0 0 00000 OO O O O O 01022027 124
16:00 o o0 000 0 0 0 0 0 0 00 0 1 0 O OO O O O O01]004 004 1.00
16:10 o o0 00000000101 1 1 00 0 0 1 0 0 01]022018 082
16:20 o o0 00 00 01 0 0 0 0 0 1 0 0 0O 0O 0 0 0 0 01009008 095
1630 - T T T T T 000 0 0 00 0 0 0 0 0 0 00 00 0 0 0 0 0 0 0000000 ~  ~
16:40 o o0 o000 000 0 0 000 0 0 0 0O OO O O 0 01000 000
16:50 o 0 0 0 0 0 0O 0 0 0 0O 0O 0O 0O 0 0O 0O 0 0 0 O O O0/000 000

Daily Total 33 3 6 4 0 2 5 5 2 3 4 5 8 6 0 3 1 0 5 3 3 3335415 124
[13:30, 16:20] Total 3 3 3 6 4 0 2 5 5 2 3 4 5 8 6 0 3 1 0 5 3 3 3335415 124
All slot avg 0.1 0.1 0.1 02 0.1 0.0 0.1 02 02 0.1 0.1 0.1 0.2 03 0.2 0.0 0.1 0.0 0.0 0.2 0.1 0.1 0.1|0.11 0.11 1.02
All slot var 02 0.1 0.1 02 0.1 0.0 0.1 02 0.1 0.1 0.1 02 0.1 0.2 02 0.0 0.1 0.0 0.0 02 0.1 0.1 0.1| (across all days)
All slot var/avg 1.6 09 09 0.8 09 1.0 1.3 09 1.0 09 14 09 08 1.2 09 1.0 1.3 09 09 0.9

13:30, 16:20] avg 02 02 02 03 02 00 0.1 03 03 0.1 02 02 03 04 03 0.0 02 0.1 00 03 02 0.2 0.2/0.19 0.18 0.95
13:30, 16:20] var 03 0.1 0.1 02 02 0.0 0.1 03 02 0.1 0.1 03 0.2 03 04 0.0 0.1 0.1 0.0 03 0.1 0.1 0.1| (across all days)
13:30, 16:20] var/avg | 1.6 0.9 0.9 0.7 0.8 09 1.2 0.8 09 09 14 08 0.6 1.1 09 1.0 1.2 0.9 09 09

Table 33: [Doctor 14 PM Shifts] The extra unscheduled arrivals, i.e., the same-day arrivals B,, ; scheduled
for slot 7 on each appointment day.

time slot 23 days in July-October 2013 Avg  Var  Var/Avg
12:00 o0000O0O0O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OUOOOOO 0 0 0/]000 0.00
12:10 0o000O0O0O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OUOOOOOO0O 0 0/]000 0.00
12:20 o000O0O0O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OUOOOOOO0O 0 0/]000 000
12:30 0000O0O0OO0OO0OO0OO0OOOOOOOTOOOOOO O 0/]000 0.00
12:40 000O0O0O0OO0OO0OO0OO0OOOOOOOTOOOOOO O O0/]000 0.00
12:50 000O0OO0OO0OO0OO0OOOOOOOOTOOOOOO O 0/]000 0.00
13:00 000O0OO0OO0OOOOOOOOOOTOOOOOO O O0/|000 0.00
13:10 000O0OO0OO0OOOOOOOOOOTOOOOOO O O0/|000 0.00
13:20 000O0OO0OO0OO0OOOOOOOOOTOOOOOO0 0 O0/000 000
13300 7 T 7|00 0000010000000 T 0000 I 0 0013 012 09T
13:40 000O0O010O0O0O0OO0OO0OO0OO0OO0OO0OO0OUOTOOOO 0 2017 024 1.39
13:50 o0000O0OO0OO0O0OO0OO0OO0OO0O1O0O0OUOOOOOT1T 1 1017 0I5 0.86
14:00 00000O0OO0OO0OO0O1O0O0OO0OO0OO0OT1T1TO0O0OO0OT1T O O0}017 015 0.86
14:10 000O0OO0OO0OO0OO0OO0OOOOOOOTOOOOOT1T 1 1013 012 0.91
14:20 000O0OO0OO0OO0OO0OT1O0OO0OOOOOTO®OOOOT1 0 0/009 0.08 0.95
14:30 0000O0O0O0OO0O1020O01O0O0TG0TO0O0O0O0GO0O I 0]022 027 1.24
14:40 0000O0OI110O0O0OO0OO0OO0OO0OOT1TO0OT1O0OOTZ2 1 103 033 0.94
14:50 0000O00O0O0OO0O0OO0OO0OO0OO0O1O0O0OTOOT1TOOOT1T 0 1017 015 0.86
15:00 000O0OO0OO0OO0OO0OOOOOOOOT OTOOOOO 1 1009 008 0.95
15:10 oOo00O0OO0OO0OO0OO0OOO0OOOOOOTOOT1TO0O 2 0 2020 038 1.47
15:20 o000O0O0O0OO0O0T1100O0OO0OO0CT1TOOOOO 0 0013 012 0.91
15:30 o000O0O0OO0OO0OO0O11O0OO0OO0OOOTT1TO0OO0OOZ2 0 002 027 1.24
15:40 o0010000O0O0O00O0OO0O0OO0OT1TT1TO0O0O0O0O O 0013 012 0.91
15:50 o0000O0O0O0O0O000O0OO0O0O0O0OUOTTOOO I 1017 015 0.86
16:00 0o000O0O0OO0O0O0O1O0O0OO0OO0OO0OUOO0OO0OOO0OTO0O 2 0013 021 1.61
16:10 1P ooooo0oo0o1ro0oo0oo0o1mro0oo0oo0o1 0000 0 0 0017 015 0.86
16:20 o001 100001000001 O0O0O0OOO0OT1T O 0022 018 0.82
716:30° 0 7 T T/T0 000101 0TT 1010271000 0 1 1|05 03 067
16:40 o0000O0OO0O0O0O0O0O0O0O1O0O0O0OUOOOOOO I 0]009 008 0.95
16:50 0O0000000O000O0O0O0O01 0 O0O0T1TO0O0 0O 0]009 008 0.95
Daily Total 20 1 21 21437 13312107 220 13 10 11|38 1470 384
[13:30,16:20]Total [1 0 1 2 1 1 1 3 3 6 0 1 3 0 1 8 6 2 1 0 13 8 10[3.13 13.03 4.16
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Table 34: [Doctor 14 PM Shifts] The unscheduled arrivals that actually arrived (B,,, ;) for slot j on each
appointment day.

time slot 23 days in July-October 2013 Avg  Var  Var/Avg
12:00 0O0O0O0OO0OO0OOOOOOOOOOO0OOO0OO0OO0O 0 0 0]000 000

12:10 oO0O0O0OO0OO0OOOOOOOOOOO0OOOOO 0 0 0]000 000

12:20 000000O0OO0OO0OO0OOO0OO0OO0OOOOO0OO0OO 0O 0 0f000 000

12:30 000000O0O0O0OO0OO0OOO0OO0OO0OOOOO0OO0OO 0 0 0f000 000

12:40 0000000O0O0OO0OO0ODOO0OO0OO0OOOOO0OO0OO 0 0 0f000 000

12:50 000000O0OO0OO0OO0ODO0OO0OO0OO0OOOOO0OO0O 0 0 0f[000 000

13:00 000000O0O0O0OO0OO0OO0O0OO0OO0OOOOO0OO0O 0 0 0f[000 000

13:10 o0o00O0OO0OO0OO0OO0OO0OO0OO0OOO0OOOOOOO O 0 0]000 0.00

13:20 oO0O00O0OO0OO0OO0OO0OO0OOOOO0OOO0OOO0OOO 0 0 0]000 000
13:30° 7 7 T 7[007000000T0000000T00 00 I 00[0i37012 09T
13:40 0000100O0O0OO00O0O0OO0OO0OOT1O0O0O0O 0 02017 024 139
13:50 0000000O0O0O0OO0OO0O0OT1O0O0OO0OOO0OO0OO 1 1 1[017 015 086
14:00 0000000O0OO0O100O0O0OO0OT1T100O0 0 O0O0f013 012 091
14:10 o000O0OO0OO0OO0OO0OO0OO0OO0OOO0OOO0OOO0OOO 1 0 1009 008 0.95
14:20 0O0O0O0OO0OO0OO0OO0OTI1O0OOOOOOO0OOOOO O 0 0]004 004 1.00
14:30 o000O0O0OO0O10200T1O0O0O0O0O0O0O0O0OTGO0CT10]022 027 1.24
14:40 o000O011O0O0O0O0ODO0OO0OO0OOT1O0O0OO0OO0OT1T O0O0]017 015 0.86
14:50 oOo000O0OO0OO0OO0OO0OO0OO0OOT1TO0OOOT1TO0OOO 1T 0 1017 015 0.86
15:00 oOo00O0OO0OO0OO0OOOOOOOOOOOOOO O 0 0]000 000

15:10 0O0O0O0OO0OO0OO0OO0OOO0OOOOOOT1IO0O0O0OO0O 2 0 1]017 024 1.39
15:20 Oo00O0OO0OO0OO0OO0OT110O0O0OO0OOOOOOO O 0 0]009 008 0.95
15:30 0O00O0OO0OO0OO0ODO0OO0O1O0OO0OOO0OOOTO0OOO 2 00]017 024 1.39
15:40 o0010O0O0OO0OO0ODO0OO0OOOOOTI110O0O0OTGO0OO0]013 012 0.91
15:50 0Oo00O0OO0OO0OO0ODO0OO0OO0OOO0OOOOOTLTO0OOO O 1 1]013 012 0.91
16:00 oO00O0OO0OO0OO0ODO0OO0OT1O0OO0OOO0OOO0OOO0OOO0O 0 I 0009 008 0.95
16:10 1 00000O0OCT1O0OO0OO0OTI1O0OO0OO0OTILTO0OOOOO O00]017 015 0.86
16:20 00 10000010000O0O1000O0O0O 1 0O0[017 015 086
16:30° 0 7 T T[1T0000 T 0TO01 01010271000 0 TT1[0487035 074"
16:40 oO0O0O0OO0OO0OO0ODO0OOO0OOT1IO0OO0OOO0OOO0OOO0O O I 0009 008 0.95
16:50 0O000O0O0OO0OO0OO0ODO0OOOOO0OT1TO0OOO0OT1TO0 0 0 0]009 008 0.95
Daily Total 20 1 1 1 2143703312870 10106 8|30 926 3.00
[13:30,16:20]Total [1 0 1 1 1 1 1 3 3 6 0 1 3 01 6 6 0 0 0 10 4 7][243 7.80 3.20

Table 35: [Doctor 14 PM Shifts] Average numbers of scheduled arrivals for each 30-minute interval within
the main interval as well as the proportions of no-shows and lateness and the average earliness (X ~), lateness
(X™) and overall deviation (X), plus 95% confidence intervals.

Interval Avg # Scheduled % No-show % Late % (Late>15 min) Avg(XT) Avg(X ™) Avg(X)

[13:30, 14:00) 6.3+0.6 13.1 £ 6.6 10.1 £5.8 3.6+£43 120+£6.0 -57.7+11.8 -50.8+11.3
[14:00, 14:30) 5.8+0.6 95+£57 11.0£74 09+1.8 724+3.0 -69.4+ 163 -62.24+16.7
[14:30, 15:00) 53+0.6 13.8+6.3 12.1 £ 79 3.6+42 14.1+122 -733+18.0 -61.0+16.0
[15:00, 15:30) 5.6 +0.7 10.5 £ 6.6 104 £5.6 3.0£35 15.7£10.8 -51.5+£11.7 -451+124
[15:30, 16:00) 504+05 109 +£17.3 102 £6.2 2.74+3.1 85+65 531+ 151 -48.0+ 154
[16:00, 16:30) 55+0.6 57445 83+49 09+ 1.8 48 £4.0 4144+74 -37.4 + 6.7
[13:30, 16:30) 315+£23 104 £2.5 104 +2.8 25+13 122 +4.0 -59.3 +£5.7 -52.0+5.6

Table 36: [Doctor 14 PM Shifts] Average numbers for new and repeat patients for the main interval and
outside of the interval as well as the proportions of no-shows and lateness and the average earliness (X ™),
lateness (X ™) and overall deviation (X), plus 95% confidence intervals.

Interval Avg # Scheduled % No-show % Late % (Late>15 min) Avg(XT) Avg(X ™) Avg(X)

New 122+ 1.5 122+ 5.6 104 £ 3.6 2.6 +2.6 77127 -51.54+99 -452 4+9.0
New - [13:30, 16:30) 112+ 14 125+ 5.7 104 +34 28 +27 82+ 3.1 -52.3 £ 10.6 -457+9.4
New - outside 1.0+ 04 6.7+ 14.3 143 +21.0 0.0+ 0.0 3.1 +339 -48.1 +28.7 -40.8+26.3
Repeat 222425 93+33 10.3+3.3 27+1.3 13.6 £ 4.6 -62.6 £ 6.7 -5494+7.0
Repeat - [13:30, 16:30) 20.3 £ 2.1 10.0 £ 3.5 104 £ 3.2 29+ 14 13.8 £ 4.6 -64.3 + 8.1 -56.6 + 8.4
Repeat - outside 1.94+0.6 1.3+238 11.8 £ 129 0.0+ 0.0 51+78 -42.6 £19.0 -37.1£19.0
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Figure 23: [Doctor 14 PM Shifts] The lateness ecdfs in each of the 30-minute intervals.
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Table 37: [Doctor 14 PM Shifts] The difference between the number of patients scheduled to arrive for slot j

(Bs,;) and the number of patients who actually arrived for slot j (B, ;) on each appointment day.

23 days in July-October 2013
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Figure 24: [Doctor 14 PM Shifts] Earliness (X ~) and lateness (X ) histograms and associated exponential
fits. Top to bottom: scheduled arrivals in [13,14), [14,15), and [15,16).
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Figure 25: [Doctor 14 PM Shifts] Histograms of the counting processes S(t) and A(t) at four different times.
From left to right: 14 pm, 15 pm, 16 pm and 17 pm.
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Figure 26: [Doctor 14 PM Shifts] Plots of the average numbers of scheduled (left) and actual (right) arrivals
in each of the 10-minute intervals.
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