
Simulation and Analysis of Operations of Health Clinics in Ontario Page 1 of 8 

 
COSC 3P96 – Discrete Event Simulation Project for 2018 Instructor: Vlad WOJCIK 
 
Simulation and Analysis of Operations of Health Clinics in Ontario 

 
PROJECT GOAL: 
 
To familiarize students with discrete event simulations of large industrial or service 
organizations, while analyzing the operations of health clinics, with focus on patient wait times. 
Attempt will be made to offer operational suggestions aimed at mitigating excessive waiting, and 
to compare the proposed solution to the quality of status quo. 
 
PROBLEM DEFINITION: 
 
We in Canada are very proud of our public Health Care System (HCS), available to the citizens 
on the basis of need rather than their ability to pay, but we all agree that the system is expensive 
and in need of improvements. Every inhabitant of Ontario has experienced excessive waiting 
delays when trying to contact his doctor. Indeed, half of booked doctor visits start late.1 
Questions arise: Why is that so? Must it be so? Or, could things be made more efficient? 
 
Every system in operation must earn its keep. Our HCS is no different. We pay for it through our 
taxes and expect smooth and efficient operations. Our MDs must be remunerated sufficiently to 
sustain the operations of our HCS. The compensation of our MDs will be outside of the scope of 
our study; we will focus on the current and desired operational characteristics of our HCS. 
 
Furthermore, in our project we will limit ourselves to analyzing family health clinics. Our 
results, however, will shed light on the apparent patient abuse of the emergency departments in 
our hospitals, resulting in excessive patient waiting times there. We will not study the nature of 
operations of specialist MDs, who function in somewhat different regime; however, our findings 
will hopefully be of use to hint methods of better scheduling of specialist operations. 
 
 
SIMULATION OF CURRENT PRACTICES 
 
Our family doctor is a member of a larger group of doctors, who together form a “clinic”. The 
clinic rents or owns a building or a large suite, other facilities, equipment, hires nurses and staff, 
including medical receptionist(s), responsible for patient bookings. In this way basic operating 
costs of the clinic are shared among member doctors. 
 
Each doctor has a number of patients he takes care of; they are “his” patients. Each patient thinks 
of his MD as “my doctor” and would prefer to be treated by that MD. In that way the continuity 
of care is assured. A given MD typically does not surrender “his” patients to another MD, unless 

																																																								
1	Dan Dakin, Half of all doctor’s appointments start late, but how can the problem be fixed? Brock News, 23 Jan 
2018	
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exceptional circumstances arise (our MD is on leave, or is sick (yes, our doctor can get sick 
too!), or is otherwise absent). In that way the MDs of the clinic support each other, but in 
essence, each of them has his own separate “practice.” 
 
Our MD sees his patients, who pay him “visits”. A priori, there are three types of visits: 
 

• Routine, follow up visits (say, to check on the progress of particular treatment), of typical 
face-time duration of 15 minutes on average, exponentially distributed; 

• General health checkups (each patient should have such checkup once a year, as a 
preventive measure), of typical duration of 30 minutes on average, exponentially 
distributed; 

• Walk-in, unscheduled visits – paid by known or unknown patients, perhaps visitors to 
Ontario, in sudden need of medical help. Typical face-time duration is 10 minutes on 
average, exponentially distributed. 

 
An Ontario family doctor provided the above data of the face-time durations.2 
 
Our typical family MD prefers routine visits, because they are the short, thus lucrative, as they 
allow the MD to quickly increase the count of patients seen in a current month. 
 
Second in his preference are general checkup visits. Our MD is professionally obliged to perform 
yearly general checkups of “his” patients. These visits are longer because of their more general 
nature than routine visits. These visits increase MD’s count of patient visits in a given month 
twice as slowly as routine visits. 
 
The least-liked by MDs are walk-in visits. Those, although very short, are most disruptive to the 
routine, as they cannot be scheduled, and the patients’ needs are less predictable; in some cases 
the patients really should not wait long. 
 
Every clinic should take care of walk-in patients; this is a given, but it is treated as a necessary 
evil, the clinic preferring to cater to their usual patient base via the more lucrative appointment 
system. A clinic then normally sets aside a number of hours in a given day or two to take care of 
the walk-in patients. Alternatively, a clinic may set aside a day or two for that purpose. The 
walk-in visits cannot be scheduled. 
 
The trouble with this ad hoc nature of these visits is that a person in sudden need of med help is 
normally unaware which clinic at a given day or time functions on a walk-in basis. Such person 
is typically under stress and so not inclined to perform a thorough search for a nearby clinic (if 
any) currently operating on a walk-in basis, and goes to a hospital emergency instead. That leads 
to overcrowding in emergencies, further aggravated by the fact that treatment of a mildly urgent 
patient cases in a hospital emergency department is approx. five times more costly to HCS than 
similar treatment in a walk-in clinic. 
 
																																																								
2 Dr. Andrew Smith, B.Arts Sc. (Hons), MD, CCFP, Assistant Clinical Professor (Adjunct), 
Department of Family Medicine, McMaster University 
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Observe that the appointment-based pattern of clinic operation has its further weakness: It is 
quite possible that in the common waiting room of the clinic there will be patients, each waiting 
for “his” doctor who is not quite ready to see him, while other doctors, who ended seeing their 
current patients earlier than usual, may be idle and waiting for “their” patients, who did not 
arrive yet. In particular, this system is particularly vulnerable to a patient no show: an idle doctor 
will not “poach” a patient of his colleague. In such situation both patients and doctors wait, 
wasting their times. 
 
Simulate the work pattern of a typical MD attending to the routine visits and general checkup 
visits, all with prior appointments. Our doctor will work from 9 AM till 5 PM, with one-hour 
break from noon to 1 PM (to catch up with patient backlog and then have some lunch, if 
possible. There will be no appointments scheduled within his break period and the doctor needs 
20 minutes to consume his lunch). His first appointment is scheduled for 9 AM, and the last 
appointment is for 4:30 PM. 
 
There will be two variants of this simulation: 
 
Variant 1: We assume that all patients arrive strictly punctually for their appointments; 
Variant 2: The arrivals of patients are subject to accidental delays, normally distributed with 
mean 3 minutes and std. deviation 3 minutes, but all new arrivals must be scheduled for the 
current simulation time or for the future, and never for the past. 
 
In both simulation variants the majority of incoming patients will seek routine visits, but we will 
investigate three cases where 0%, then 5% and finally 10% of patients will be coming for general 
check-up. 
 
Let us consider patient wait times greater than 15 minutes as excessively long. We will be 
particularly interested in knowing how many patients need to wait excessively long for their MD. 
 
Given that in Variant 2 patients may be arriving late, we will equally assume that patient lateness 
greater than 15 minutes is excessive; the visits of such patients may be cancelled. If the MD is 
still busy with the previous patient, when new patient arrives excessively late, that incoming late 
visit will be cancelled and re-scheduled for another day. That is the clinic’s way to alleviate 
patient backlog. We will also be interested in how much time our MD spends daily waiting idly 
for late patients, and how many patients are exceedingly late, on average. 
 
Perform Variant 1 and Variant 2 simulations of a single MD treating this stream of incoming 
patients during a year (50 weeks (the doctor takes 2 weeks vacation); the doctor taking lunch 
breaks from noon to 1 PM. The doctor may go on lunch break only having attended to all 
patients who had morning appointments. The doctor does not work on weekends. 
 
For both variants produce the following daily statistics: 
 

1. The average and standard deviation of the number of patients seen; 
2. The average and standard deviation of patient waiting time; 
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3. The average and standard deviation of the number of patients who had to wait 
excessively long; 

4. The average and standard deviation of patient excessively long waiting times; 
5. The average and standard deviation of number of visits cancelled due to lateness; 
6. The average and standard deviation of the number of lunches the doctor was forced to 

skip due to oppressive workload; 
7. The average and standard deviation of the total daily number of hours the doctor spent 

treating patients; 
8. The average and standard deviation of the total daily number of overtime hours (i.e. after 

5 PM) the doctor spent treating patients; 
9. The average and standard deviation of the total daily number of hours the doctor spent 

waiting idle for patients who did not arrive yet. 
 
Repeat the above simulations (Variant 1 and Variant 2) in order to study the effects of 
misbehavior of a greedy and unscrupulous MD who overbooks: specifically, he books one extra 
patient for 9 AM each day, and then again one extra patients for 1 PM, just after his lunch break. 
 
 
Let us turn our attention now to the doctor(s) working at a walk-in clinic. Let us assume that, as 
before, these doctors work from 9 AM till 5 PM, with one-hour break between noon and 1 PM 
(used to catch up with possible patient backlog and then have some lunch, if still possible. As 
before, the doctor needs 20 minutes to consume his lunch). There is a continuous stream of 
patients arriving every 15 minutes on the average, but randomly (we are talking exponential 
distribution here); all without appointments. These patients are especially unwilling to wait, and 
in some cases, they really should not wait long, for medical reasons. Their visits last 10 minutes 
on the average, distributed exponentially. 
 
The fist patient can be admitted at 9 AM or later, while the last patient will be admitted to the 
facility at 4:30 PM or earlier. Patients arriving outside this time interval are re-directed to other 
health care facilities, including the emergency department of a nearby hospital. 
 
Consider the work results of a single MD treating this stream of incoming patients during a year 
(50 weeks, the doctor taking lunch breaks from noon to 1 PM while his patients sit and wait. The 
doctor does not work during weekends). The clinic opens it doors at 9 AM and does not accept 
any patients coming after 4:30 PM, redirecting them to other clinics or emergency department in 
a nearby hospital. The doctor, however, will see all the patients admitted to the clinic, before 
going home. 
 
Simulate this situation to produce the following daily statistics: 
 

10. The average and standard deviation of the number of patients seen; 
11. The average and standard deviation of the patient waiting time; 
12. The average and standard deviation of the number of patients who had to wait 

exceedingly long; 
13. The average and standard deviation of patient exceedingly long waiting time; 
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14. The average and standard deviation of the number of days the doctor was forced to skip 
lunch due to oppressive workload; 

15. The average and standard deviation of the total daily number of hours the doctor spent 
treating patients; 

16. The average and standard deviation of the total daily number of overtime hours (i.e. after 
5 PM) the doctor spent treating patients; 

17. The average and standard deviation of the total daily number of hours the doctor spent 
waiting idle for patients. 

 
The walk-in patients particularly do not like to wait; indeed, some should not wait, due to their 
medical condition. Let us suppose we add extra doctors, to alleviate waiting burden of the 
patients. As before, let us define again wait times greater than 15 minutes as excessively long. 
 
How many doctors need the walk-in clinic to employ to ensure that 80% of arriving patients 
do not wait exceedingly long? Repeat the previous simulation for 90% and 95% of patients. 
Simulate such clinic systems and print the statistics as above. Please assume that the doctors take 
staggered lunch breaks: the first doctor from noon to 1 PM, the 2nd from 12:30 PM to 1:30 PM, 
the 3rd from 1 PM till 2 PM. Then the pattern becomes cyclical: 4th doctor has lunch timing of the 
1st doctor,  5th of the 2nd, etc., etc. 
 
Might it be that the more doctors such a walk-in clinic employs, the better is the quality of 
patient service, but the doctors wait more on patients and less they work and therefore less would 
earn if they were not to be paid for their waiting time?  
 
 
SIMULATION OF A SUGGESTED OPERATIONAL MODEL OF A NOVEL CLINIC 
 
We describe a novel clinic, managed electronically with assistance of a dedicated computer, 
running an operations algorithm, which we will henceforth modestly call “Vlad’s Algorithm”. 
 
We have changed the philosophy of the clinic: 
 
In this clinic cooperating MDs merged their practices. They think of any patient of the clinic as 
“our patient”. This patient thinks of each of them as “my doctor”. There are no appointments in 
this clinic. Regular and walk-in patients come as they please. A doctor can tell the patient: “Take 
these two pills daily and see us in two weeks.” Any doctor of the team can attend to each patient. 
Regular medical records are meticulously kept, in electronic form, and electronically signed by 
each doctor treating each patient. In this way continuity of care is maintained, but also quality 
assurance: it may be even enhanced, given that all doctors have easy access to all patient records, 
so mistakes, if any, are more easily spotted and corrected. 
 
This arrangement also frees the doctors from their daily grind: a doctor can disappear for an hour 
or two, to pick a kid from school, or to do some grocery shopping. With a very short notice given 
to colleagues, a doctor can go fishing with his kid for a day or so. A doctor can take a well-
deserved holiday. If a doctor wants to move to another town, temporarily or permanently, this is 
facilitated too, as he does not need to rebuild his patient base from scratch in a new location. 
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 “Vlad’s Algorithm” is as follows: 
 
 

Consider a health care facility employing N family physicians MD1, MD2, MD3,.. MDN. 
 
Their clinic takes care of a certain number of registered patients. Walk in patients are also 
taken care of simultaneously, thus alleviating congestion at hospital emergency 
department. All patients are processed in the same way, while the receptionist classifies 
their needs as NORMAL or URGENT. 
 
Each registered patient has a list of physicians he “likes” and will receive care from any 
of them, but will refuse to be treated by physicians he “dislikes” (for whatever reason: 
bad bedside manners, bad breath, etc. The reasons are immaterial.) Upon registration to 
the clinic every patient is told that the more physicians he “likes” the shorter his wait 
times will likely be. Walk in patients must “like” all physicians, by default. 
 
Upon arrival to the facility every patient gives his reason for seeking medical attention. 
For registered patients the system (running on receptionist’s computer) peruses the list of 
MDs the patient “likes” making a temporary sublist of MDs compatible with the list of 
“liked” MDs currently present in the clinic and inserts this patient at end of an eQueue. 
This eQueue contains all patients waiting at the facility, each of them waiting for a 
particular subset of his “liked” and currently present physicians MD1, MD2, MD3, .. , 
MDN. The eQueue is sorted by patient status (all patients with URGENT needs are filed 
before patients with NORMAL needs), the second sort key being chronological (i.e. 
FIFO). 
 
Suppose at a given moment, a particular physician, say MD3, becomes available. 
Inspection of eQueue is made whether the first patient “likes” him. If so, this is ideal: that 
patient is removed from eQueue and given to MD3 for treatment. 
 
What happens if the first patient in eQueue “dislikes” MD3?  No problem. Then the 
second patient in the eQueue is checked for his compatibility with MD3. If the 2nd 
patient “likes” MD3, he is removed from the eQueue and given to MD3 for treatment. 
The first patient remains on top of the eQueue and still waits for any of the physicians he 
“likes” to become available. 
 
What happens if the 2nd patient in the eQueue also “dislikes” MD3? Well, then the check 
is made whether third patient “likes” MD3, and so on, and so on. 
 
Now, you may ask: what happens if we scan the entire eQueue and do not find a patient 
who “likes” MD3? In this situation MD3 has to wait, until a patient arrives who “likes” 
MD3. This is real life: every MD should seek such medical training and such bedside 
manners as to be “liked” by as any patients as possible. There is nothing new here. 
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Observe that in this algorithm each patient in the eQueue waits simultaneously on all physicians 
he “likes” so his wait time is reduced, because when he is sufficiently advanced in his eQueue 
position he will grab his first “liked” MD who becomes available. It is also recommended that 
patients “like” as many physicians as possible, but the algorithm gives them a possibility of 
insisting to see a particular MD on a particular visit, at cost of a possibly longer wait. 
 
Simulate the operations of such clinic formed by 10 physicians. Assume that the patient bases 
of the two traditional clinics have merged, so that two thirds (67%) of the patients are old, 
registered patients of the 1st clinic, while one third (33%) are the walk-in patients of the 2nd 
clinic. As before, the walk-in patients must “like” all MDs in the clinic, while the registered 
patients are more fussy: 70% of them “likes” all MDs, but 10% “dislikes” one MD, another 10% 
“dislikes” two MDs, and lastly, another 10% “dislikes” three MDs. 
 
How to determine the preferences of arriving regular patients? Upon arrival, use a random 
number generator of uniform distribution to select “liked” MDs. 
 
We will simulate the performance of this novel clinic under three different workload conditions, 
namely: 
 

• Light load: Patients arrive at the rate of 20 persons per hour, as if each of them was 
seeking a general check-up. This will obviously not be the case, because other services 
will be needed too, but these services are shorter, thus giving the MDs some breathing 
time; 

• Medium load: Patients arrive at the rate of 40 persons per hour, as if each of them was 
seeking a routine visit. This will obviously not be the case, because general check-ups 
may be needed too, and these check-ups are longer, thus depriving the MDs of some 
breathing time (and of lunches, perhaps?); 

• Stress load: Patients arrive at the rate of 60 persons per hour, as if each of them was a 
walk-in patient. Again, this obviously not being the case, because the majority of services 
sought will be non walk-in, thus depriving the doctors of most breathing time. 

 
 
ANALYSIS OF THE RESULTS 
 
This, not the programming, is the most important part of the project. We all genuinely want to 
know whether “Vlad’s Algorithm” has merit. Consequently, finishing writing your programs is 
just the beginning of the entire project exercise. You will have to perform many simulations. 
Plan your time accordingly. Establish a file naming system for simulation results. Each result file 
should contain not only the results, but also listing of parameters used to drive the simulation and 
a brief comment stating the intent of each particular run. 
 
You are to produce a Report, which is to contain your simulation results (both in numerical and 
graphical form (histograms, preferably in colour): 
 

• The analysis of performance of traditional clinics; 
• The analysis of performance of the novel clinic; 
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• Comparison of performance of all types of clinics; 
• Your analysis and professional recommendation re the usefulness of Vlad’s Algorithm or 

lack thereof; 
 
As well as: 
 

• Appendix 1. The listing of all programs producing the raw simulation results; 
• Appendix 2: The printout of all files containing raw simulation results, organized in a 

reader-friendly way. 
 
Good luck! 
 
In closing, observe that the proposed algorithm can be further modified and customized but we 
do not want to introduce those changes here for simplicity. We want you to accept the concept 
first. 
 
It is quite possible for the novel, computerized clinics advertise on the Web their patient’s 
waiting times as function of the check-in times. This would lead to an adaptive workload 
balancing, making both doctors and patients happy. 
 
It is also possible to organize emergency departments using this methodology, as well as clinics 
in which family physicians and specialist cooperate. Just think of changing “moods” of patients 
who might selectively “like” physicians of various specialties, depending on their (i.e. patient’s) 
medical condition. 
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SUBMISSION FORMAT 
 
Both hardcopy (paper) and electronic submission is required. 
 
Hardcopy submission: Your submission envelope with the standard Cover Page should contain 
your Report as defined above. The envelope should be dropped in the submission box on or 
before deadline date / time. 
 
Electronic submission: Please create a directory on Sandcastle and place within it all the files 
(and only the files) of the Report submitted on paper. To submit issue the command 
submit3p96, which is interactive in its nature. Obviously, you are allowed to submit your project 
only once. Should you encounter difficulties, please report them to Mr. Cale Fairchild. 
 
Similarly, the electronic submission should be performed on or before deadline date / time. 


