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�	Abstract

	Health care delivery systems of all kinds must operate under resource constrains.  This gives rise to design issues that are best addressed by engineering methods such as simulation modeling and analysis.  A simulator to help deal with veterinary practice design, planning, and operation issues has been developed.  An expert system for processing patient appointments was integrated with traditional process world view modeling capabilities to produce the simulator.  Simulator input variables and performance measures are described.  An example application in practice operation and design, including extensive statistical analysis, is presented.

Key words:	Health care systems, veterinary medicine, simulators, expert systems, meta-models, discrete event simulation.

1.	Introduction:	The Call for a Simulator

We describe the rational for and technical aspects of a veterinary practice simulator.  This simulator produces estimates of performance measures impacting facilities design, strategic planning, and operations issues commonly arising in veterinary practice.  A simulator supports model building by description of the entities comprising a system, their attributes, and the logic that relates them.  A simulator is domain specific and has built-in knowledge of how systems in that domain operate [Standridge, 1996].  Using a simulator avoids building a new model, or significantly adapting an existing model, for each system studied.  This veterinary practice simulator has built in decision rules modeling veterinarian and staff behavior as well as an expert system for patient scheduling.  This domain specific information does not need to be specified from scratch for each practice studied.   

The simulator was constructed from the process world view supplemented by the rule-based expert systems approach.  Simulator inputs quantify patient demand for veterinary service, the amount of time required for patient care procedures and related activities, the physical resources used in the practice, and parameters of operating policies.  The simulator estimates patient waiting times, the duration of time to completely serve patients, the number of patients served concurrently, and the utilization of physical resources.

Justification for a veterinary practice simulator is made easier by considering health care delivery on the whole. Conflagrations in human health care costs are calling for reform.  Long ago, the parties involved ceased to be just patient and doctor. The role played by complex systems of third party payers, government, employer-benefactors and health plan cooperatives have been intricately intertwined into the delivery system.  (Rising costs threaten to evoke the encroachment of such bureaucratic burden even into the veterinary domain.)  The enlarging body of medical knowledge has grown to require the development of new, yet to mature, information management technologies. The same growth has increased the options for the ill and healthy alike with treatment alternatives and preventative protocols. At the same time, nothing has changed in other aspects. Humans are largely the same biological organisms they have been for a long time. The sophistication of medicine has not removed the highly variant behavior of diseases and pathogens as well as the adaptive capability of microbes.  Variability in healing and the uncertainty of disease remain only marginally reduced. The health care providing system is still dependent upon human delivery components which are themselves a complex system as regards reliability and performance. Lastly, the patients are still facing injury and disease with the same mix of psychological traits which result in a spectrum of emotion ranging from fear to anger to denial to confidence to blame to passion. All of these compound the choices and actions of all players in the system of health care delivery. Many efforts are being made both integrated and independent to respond to the plight of the stricken. Finite resources of time, money, manufactured and natural materials as well as government policies constrain the efforts. As tradeoffs become critical, there is increasing demand for refined resource utilization and dissemination as well as organized systems of delivery which can be made dynamic by review, analysis and modification with robust analytical methods. 

The veterinary domain is not unlike the larger human medical services domain where complexity can be measured by the number of facets involved. The larger portion of these facets are further complicated in that they are characterized by random behavior with probability distributions. Most facets, including human involvement in decision making and the biological principles upon which illness and cure are based, are as important to the veterinary system as to the human medical counterpart. Veterinary medicine has all the same facets, but they are scaled down to a more tractable level of sophistication convenient for systems research.

To our knowledge, the veterinary practice simulator is the first published use of simulation in veterinary medicine for operations analysis.  However, simulation has long been used to address similar issues in human medical care, particularly in hospitals [Fetter and Thompson, 1965].  Simulation is a basic tool of health systems engineering, helping to design systems that meet customer needs while reducing costs and improving quality [Dasbach and Gustafson, 1989].  Simulation has been used in planning the number of hospital beds and allocating them among different departments (medical, surgical, coronary, etc.) [Wright, 1987; Vissilacopoulos, 1985; Dumas, 1985; Dumas, 1984; Sissouras and Moores, 1976].  Patient scheduling has been addressed using simulation [Kwak et al., 1976; Robinson et al., 1968].  The processes patients follow when receiving care is a natural application for simulation [Pallin and Kittell, 1992; Mahacek, 1992].  Simulation can be used to evaluate alternative patient care policies [Butler et al., 1992; Lowery and Martin, 1992].  Resource planning and allocation, patient scheduling, patient care processes, and patient care policies are all a part of a veterinary practice.  Thus, they are included in the veterinary practice simulator. �

	The veterinary profession as well as the pet-owning public have a great deal to be gained by model based systems research. The modeling tool will have to accommodate diversity and a broad scope of variable types. It will need to be robust to meet the challenge of so many who will evaluate the conclusions. It must be analytical enough to definitively settle issues that divide policy makers. It must be convincing to effect change. To that end, it must be capable of modeling the familiar but be extensible to address unforeseen problems.

2.	What Are The Specific Issues That Must Be Addressed By Veterinary Practice Simulation?

The variety of species seen by a veterinarian is diverse and may differ greatly between practices. This creates modeling requirements for a broad scope of input variables, a large number of heterogeneous subsystems, and a variety of constructs.�

2.1	Decision Issues

Decision issues are numerous and likely to have dissimilar characteristics.  These issues involve resource utilization, personnel, demand and scheduling.

Spatial resources are predominantly reception/waiting, examination, treatment and surgical areas. These areas may overlap as multipurpose stations but the different uses impose peculiar constraints (for instance dental procedures generate a large number of airborne contaminants incompatible with sound pre-operative or surgical procedures using the same location in the facility) or timing (a patient prepped for surgery should not be postponed from surgery by unrelated events in order to minimize anesthetic cost and risk). Equipment resources vary widely. Everything necessary to treat and prevent disease, from grooming to dentistry equipment to proctoscopy, is required inventory. Rapidly changing technologies of medicine impact the economics of the practice with costly equipment obsolescence simultaneous to an expanding instrumentation list calling for efficient utilization. The personnel required may be categorized into receptionist/office management, animal technicians, and professionals but the roles played by each frequently overlap. Although the organization of responsibilities is useful, random behavior of the patients and medical events require frequent deviations and/or adaptive policies for prioritization. Demands for service happens with observable frequency distributions but do not allow rigid scheduling. The differing types of services are associated with differing demand profiles. When demands conflict, policies for resolution determine suitability of outcome and impact performance in a variety of ways. Scheduling is important to render some order to the potential chaos resulting from random behavior of patients and biological processes. A clever set of rules is required to provide adaptive flexibility for staff assignments, prioritization and decisions in the real system and therefore to simulate such systems. 



2.2	Taxonomy of Variables



The control variables of a veterinary practice can be organized into two categories: those which may be controlled directly and those which could be influenced but not controlled. While the boundaries between categories is not crisp, the former variables, such as the hours of service, time of closing or number of cages, can quickly or easily be changed.  The latter, such as the incidence of cases requiring surgical vs. treatment vs. examination services over a period of time and probability of a required return visit, cannot be easily altered.  They are characteristically those which deal with the specific practice environment and demand for services and are hereafter referred to as demand variables. The directly controllable variables can further be divided into two categories which separate (1) variables for resources or quantifiable elements of the system from (2) variables for rules or policies which are to govern system behavior. Examples of resource variables are the number of exam rooms, treatment areas, surgical suites, receptionists, technicians, doctors,  cages, and wards. Examples of policy variables are the rules of priority such as which type of client the receptionist should service first if all are  simultaneously waiting: one who is just arriving at the clinic, one who has just finished service and is ready for discharge or one who is calling on the phone to make an appointment or ask a patient question. Policy variables may be quantitative in nature, for example how long in minutes before closing should appointment making be prohibited. Policies include rules of compatibility or exclusion such as whether to schedule treatment for one patient at the same time as an exam for another or whether to schedule surgeries on Saturdays.

Resources vary in importance and cost. Rules can embody these aspects of the system. For instance,  doctors are a more expensive resource than technicians and receptionists and should be spared from phone call questions when possible. Patients who are undergoing anesthetic procedures should receive priority over conscious patients in order to expedite those procedures and minimize risk. Rules concerning the reception area should minimize the bottleneck of patients in that area to prevent aggression between incompatible species or personalities while waiting.

2.3	Intelligent Decision Making Elements



Veterinary practice systems are driven by human decision making in order to provide needed flexibility and avoid the inefficiencies that would result from less intelligent systems. The humans are faced with complex decision situations and employ complex decision processes. Thus, models must include complex decision making.

2.4	Scheduling Issues

The number of decisions required within the system process can be reduced by effective scheduling. Additional scheduling motivations arise from medical issues such as the need to initiate surgical procedures early in the day in order to not only complete the longer service times within the workday, but to provide more recovery time prior to staff departure at days end (most veterinary clinics do not have 24 hour attendance for hospitalized patients). Consequently, a lot of attention must be paid to the scheduling of patient arrival and appointments. Follow-up visits when necessary, are not all required at the same interval in the future. The overall result is an intermittently occupied calendar within which appointments must be scheduled as need arises. The parameters of expected duration, service type compatibility with other scheduled services and target interval for follow-up must be considered. If an appointment at the target interval for follow-up is not available, minimizing the deviation from the optimal interval must be considered. Human nature is such that practice success is optimized with reminders sent to animal owners for the patient’s annual exam and vaccination. These reminders are most commonly sent in batches which creates periodic surges in service demand. Additional surges arise from follow-ups by mail and by phone to these initial reminders. 

Veterinary practice arrival processes differ greatly from traditional scheduling problems in that services cannot simply be queued. Patient arrivals are not purely random. The arrival process for patients becomes a mixture of �natural arrivals and scheduled arrivals and the scheduled component offers some means of control.

3.	Architecture of the Simulator 

A veterinary practice is a system in which patient/owner entities enter and are serviced by the veterinarian. The service requires utilization of support staff consisting of receptionists and technical assistants. The pet is the patient and the owner of the pet is the client. The pet enters the practice and initiates activities in the owner's presence. The service rendered may be as an outpatient or as an inpatient. The spatial resources of the system are the exam rooms, treatment areas, surgical suite and cage ward. Additionally the practice utilizes a large array of resources peculiar to the practice of medicine, such as laboratory, radiographic, surgical and record keeping equipment.

The responsibilities of the receptionist are to meet the needs of the patient/owner entity relative to entrance and exit of the system and the scheduling of returns. In addition the receptionist is to answer the phone and conduct scheduling activities on the phone. The veterinarian tends to the medical needs of the patient between admission and discharge. As a professional, the veterinarian is a scarce resource. Service is conducted on inpatients and outpatients in the clinic and conducted on the phone to owners asking questions. Effort is made to minimize the veterinarian's time on the phone so as to spare this resource for the patient attendance. The technician has an assortment of responsibilities that are interposed between the activities of the receptionist and the facilitation of the veterinarian's activities and the transportation needs of the patient within the system. More specifically, the technician has the following list of responsibilities:



* convey the incoming inpatient to the ward or the client/patient to the exam room if outpatient

* remain with client/owner entities in the exam room assisting the veterinarian

* clean the exam room for the next exam and convey the client/patient entity back to the reception area for discharge

* convey the outpatient or client/outpatient entity to the treatment area for outpatient treatment and remain present to assist the veterinarian

* clean the treatment area for the next treatment and convey the outpatient or client/outpatient entity to the reception area for discharge 

* convey and prep the inpatient for treatment, remain to assist veterinarian, clean up area afterwards and convey inpatient back to ward

* convey and prep the surgical inpatient for surgery

* convey the inpatient from surgery and clean the patient, surgery and treatment area post-operatively

* convey the patient to the reception area on discharge

* if aware of the answer, handle phone questions that the receptionist cannot



The decision issues here are how to resolve conflicting demands for any of the staff. For instance, when the technician is finished with the patient and with cleaning up the treatment area, should they tend to a patient waiting to be conveyed to an exam room, one waiting for inpatient treatment, one waiting for surgery preparation, answer a phone question or bring out from the ward a patient who's owner is waiting for discharge? Issues involved in this decision include the presence of the owner or absence, entering patients vs. exiting patients, whether the veterinarian is waiting, the priority of the activity (i.e.,- surgery vs. treatment vs. exam vs. phone call) and perhaps the availability of a resource or workstation.

The receptionist must resolve conflict of demands upon them over the issues of entering vs. exiting entities, and the priority of phone calls vs. tending client/patient entities. The doctor must resolve conflict of demand to attend patients waiting for surgery, treatment, and exam. �

In order to simulate the decision making at various points in the process both conventional priority constructs of the simulation language and customized user subroutines were required. In order to emulate the scheduling of follow-up visits by the receptionist, an expert system was required. The parameters of the rules of this expert system became then, in effect, additional input variables (controllable rule type).

The veterinary practice simulator was constructed using SLAMSYSTEM software. SLAM II network constructs [Pritsker, 1987] were utilized whenever possible. User subroutines were used to initialize attributes of patient/client entities and to interface the simulation model with the scheduling expert system. Default simulator input variable values were established as follows.  Patient attributes were assigned randomly in accordance with distributions found in real practice. These findings were derived from the historical performance of the author's practice and that of the American Medical and Veterinary Research Institute (9 million patient case database). Where data were unavailable, reasonable assumptions were made based upon the author's experience in practice.

The simulator models the patient/client care process as shown in Figure 2.  Entering entities are patient/client pairs which are a result of either novel interest or returning clients from former years in response to reminders of annual vaccination and exam. The arrival of an entity is mediated by the scheduling function of the receptionist (expert system). At the scheduled time, a patient enters the hospital for one of five type activities: exam, treatment (inpatient or outpatient), surgery (inpatient or outpatient). Treatments are conducted once (SID), twice (BID), or three times a day (TID). Surgery is performed as a batch daily in the early hours of operation. Resources of the hospital are doctors, receptionists, technicians, phones, and cages. Upon completion of the health care service, the patient is discharged. If follow-up is required, the receptionist (expert system) is consulted another time to schedule the return.

�Steps in a typical examination visit:

* The owner and pet arrive at the clinic door, enter and are greeted by the receptionist.

* The record of the patient is found and a review of presenting symptoms or indications for the visit is performed by the receptionist while a veterinary technician is notified of the client’s readiness for admission to an examination room.

* If necessary, the client and pet wait in the reception area for the examination room to be readied.

* The veterinary technician cleans the examination room as required after the previous use and thereafter brings the client and animal to the examination room and acquires preliminary objective examination parameters such as patient weight and temperature. Review of patient needs according to the owner or the medical record can be performed at this point as well. The technician is usually more capable with medical expertise than the receptionist who conducted the earlier review.

* Any laboratory sample collection (e.g., feces or blood) that can be performed in anticipation of the veterinarian’s examination or medication that can be drawn in preparation is performed.

* The veterinarian is notified of the state of readiness and promptly enters (perhaps after reviewing the medical record or up to the minute information from the visit thus far) to conduct a professional level of history collection followed by examination concomitant with further questioning and instruction as indicated in the process of examination.

* Conclusions generated by the process thus far are used to decide the fate of the patient after the examination. Either treatment is immediately rendered (e.g., vaccination) or planned appropriately (i.e., medical orders drafted in the medical record or workflow managing system).

* In the uneventful examination, the patient and client are directed or escorted by the technician toward the proper exit via the reception area.

* In addition to accepting payment for services, the receptionist deals appropriately with final discharge instructions which may include the necessity to schedule the next planned visit.

�Steps in a typical surgical visit:

* The entry to the clinic and reception is as above for an examination.

* Instead of escort to the examination area, the technician procures the patient from the owner and transports the patient to a ward cage and completes the establishment of the patient for the hospitalization.

* When the appointed time of day for surgery arrives the surgical patients are each handled in queue.

* The surgical preparation area is made ready and then the patient brought from the ward for preparatory treatment by the veterinary technician.

* The surgery area is prepared for the patient and the technician transports the patient from preparation to surgical area. Note: there may be a patient being moved from the surgical area to the preparation area from the immediately preceding procedure.

*Final preparations with the patient in the surgical suite are performed by the technician as the last step prior to actual veterinary service.

* Similar to the examination process, the veterinarian enters the service when all preparations are final. The technician is used as a scrub nurse, anesthesiologist, and surgical assistant.

*After completion of the procedure requiring veterinary expertise, the technician is left with finalizing the procedure and cleanup of patient and surgical suite.

* The patient must be removed from the surgical suite for recovery and sometimes ancillary treatment (e.g., cast or bandage) in the preparation area by the veterinary technician.

* When post-operative staging is complete, the technician transports the patient back to the ward cage and attends to any cleanup required in the preparation area once vacated.

* Often a surgical patient then becomes identical to a hospitalization patient for the duration of the stay in the clinic with treatments scheduled once, twice or three times daily. Some patients are discharged on the day of surgery (the steps involved in the treatment process are not enumerated here).

* After the surgery patient has completed it’s stay, the owner enters the clinic again and is reunited with the patient in the reception area where payment is collected. Similar to the examination visit, the discharge and post-operative medication instructions can be reviewed by the receptionist or the technician who escorts the pet from the ward.

4.	Key inputs and outputs.

4.1	Demand Variables

The key demand variables are the frequency of arrivals of each appointment type.  They must be consistent with the probability manifested in the available historical data. The probability tree of appointment type is given in Figure 1 and  consists of three main branches: exam, treatment and surgery. The latter two are further divided into inpatient and outpatient. Treatments are further divided by the frequency per day (SID - once daily, BID - twice daily, TID - three times daily). Additional demand variables are found in Table A.

	The probability of follow-up is also required and is dependent upon the number of visits for which the patient has already been seen for the problem. The interval between discharge and target for scheduled follow-up is an environmental variable. Other demand variables are the duration of all hospital services that make up the entire service process. Frequency of novel client interest both as phone call and walk-in arrival types, frequency of phone calls and reminder mailing and reminder follow-up all are demand variables as well. A last category of demand variable is the probabilities for behaviors outside practice control. This would include, for instance, the probability of a specific response to reminders and phone calls or the probability of phone call questions requiring the expertise of a technician or the veterinarian.

4.2	Arrivals 

Arrivals of entities are parametized by a group of variables. These are largely dictated by probabilities previously discussed. The arrivals are modulated by the number of patients seen in the previous year and other parameters concerning reminder mailing frequency and interval until follow-up as well as the probabilities for the various potential responses. Arrivals are controlled by the scheduling mechanisms.  The rule-based expert system approach is used to model the scheduling mechanism as discussed in section 5.

4.3	Resource Parameters

The default levels used for the number of resources (spatial, personnel, equipment ) are found in Table B.

4.4	Policy variables

Control variables of policy are subdivided into two categories: 1) parametric - such as time-of-day (surgery is usually restricted to the beginning of a day), duration of procedure, frequency with which appointment reminders are distributed, etc., and 2) relative - these are comparative variables of priority and compatibility. The control variables of relative policy, both those of priority and those of compatibility, have already been described in the sections on scheduling and resource priorities. They are easier to change than environmental or demand variables and therefore will more often be of experimental interest. The control variables of parametric policy are listed in Table C,� along with the values used in the example experiment described in section 6.

4.5	��Output Variables

The specific outputs which result from the simulator's execution are enumerated in Table D.

5.	Arrival Processes and Expert System

There are two categories of entities arriving at the practice: patient/client pairs and phone calls. The patient/client arrival can be further subdivided into novel interests and returns of former clients. The novel interests are modeled as an arrival process with exponentially distributed inter-arrival times. The returns are due to a variable sized batch of reminders mailed monthly. The outcome of this mail is either 1) a client call for an appointment or 2) a second reminder mailed after a given number of days (10 in this model). Similarly the outcome of the second mailed reminder is divided into calls for an appointment or further solicitation. One of three things ensue: 1) an immediate appointment is made by the client, 2) a call back after an exponentially distributed interval by the receptionist or 3) an abandonment of further solicitation. The probability of each outcome is an input variable. The number of mailed reminders initiating this arrival process is another variable which can follow a distribution or historical system data if available. The number of clients receiving a reminder each month is assumed to be a triangular distribution around a given mean. That mean is established as an input variable and a random value from such a distribution for the number of reminders mailed is generated for each month of simulation.

5.1	Initiating novel arrivals

The novel arrivals are assumed most likely to represent a phone call inquiry and therefore routed through the appointment making process even if for only minutes from the time of the call. Walk-in visits are handled in the same way as novel interests originating with a phone call. The process of the novel interest is mediated by the receptionist, dependent upon the availability of a phone and routed to the scheduling process for the next available minute service can scheduled. The outcome of the novel interest arrival thereafter is identical to the arrival of a call for an appointment.

A call for an appointment is handled by the receptionist as a preemption from receiving and discharging clients. �The scheduling process is consulted and the time for service to be initiated is found. Thereupon, the patient/client entities are processed by the hospital system. Every entity is therefore handled by scheduling the visit even if the service is performed on a "while you wait" basis. Although this method will err in slight over-utilization of the phone (where in fact the phone is not in use for walk-in visits), the discrepancy is considered insignificant for any system that is attempting to maintain a "by appointment only" policy. Additionally, the small error has the advantage of overestimation of phone utilization rather than underestimation.

Phone calls are modeled with exponentially distributed inter-arrival times. This arrival occurs during open clinic hours only. If the available phone lines are all busy, the call is lost. The level of staff required to attend the caller is established by probabilities but always begins with the receptionist who is preempted from other type activities to answer the phone. The probability of a technician's conversation requiring the veterinarian is dictated by probability parameters. Similarly the probability of any call ending in a need to return to the receptionist is handled by parameters that are variable.

The arrivals to a clinic are a mixture of initial visits, annual check-ups and return trips for previously seen problems. Scheduling follow-up appointments in an intermittently pre-occupied schedule is done by the receptionist on the patient's way out the door.

This scheduling was accomplished by the maintenance of an appointment calendar expert system that was invoked as necessary by the simulation. The expert system is an emulation of the rules used and function served by the receptionist for scheduling appointments. Follow-up appointments are scheduled at the nearest feasible time to that required, which depends on the preceding patient care. For example, scheduling a follow-up to surgery is most often a suture removal with a target of 10-14 days after surgery. In contrast, second doses of feline Leukemia vaccine should be 3 weeks following the first dose to avoid anaphylactic reactions. Meanwhile, a finding of tartar build-up during the annual physical exam should spawn a prophylactic teeth cleaning to avoid periodontal disease but the interval by which it follows the exam is not precise at all. The availability of the work areas within the hospital must be considered. Clearly, second vaccines will require no more than an exam room, while the dental procedure will require scheduling the workspace dedicated to dental procedures. The duration of the dental procedure will be far greater than the second vaccine. The receptionist must find a suitable time to schedule the appointment, beginning with the target interval. This is a trivial task if the required workspace is available at exactly that time. When that is not the case, the receptionist must find the nearest time that the clinic is open and the resources are available either before or after the target time slot. Additionally, the free time must be of adequate duration to accommodate the length of the procedure.

5.2	Expert System Reasoning

The detailed reasoning followed by the expert system is as follows. First a subset of the master appointment list is selected on the basis of starting times which fall in the interval of the target time plus or minus approximately 5000 minutes.  The subset is searched for two starting times which satisfy the constraining attributes of the desired appointment. If the target time is not occupied and there is no other appointment starting time for the anticipated duration of the visit, then the target is suitable as the starting time and the objectives are met. If this is not the case, the starting time closest to the target time satisfying the constraints that begins after the target time and the starting time closest to the target that begins prior to the target are discovered and compared. The closest of the two to the target is selected and is added (with other attributes) to the master list.

The search is made more efficient by not searching each of the minutes within the search interval. The process can skip the search of all minutes that lie within a period equal to the duration of a pre-existent appointment when one is found. Otherwise the search considers each minute following an "unoccupied" time until it either has found all minutes free for the duration of the desired appointment or finds a starting time of a previously scheduled appointment which begins before the desired appointment would end. If a previously scheduled appointment is found, the type of activity is compared to that of the desired event. If incompatible, the search resumes again at the point in time where the occupant activity is scheduled to end. Finding a starting time occupied but by an activity type which does not exclude concomitant scheduling of the desired type is still effectively "unoccupied". Thus each time an occupant is found, its type must be assessed as compatible with the desired activity or not. If the activities compared are mutually exclusive, then the time is considered occupied. If the activities are not incompatible, then the previously scheduled appointment is ignored and the search goes on accordingly. 

This is still an inadequate line of reasoning to avoid searching errors in the neighborhood of the target time. First, the search backward in time must begin far enough ahead of the first appointment afterward to account for the duration of the desired appointment. Second, the search forward needs to begin far enough after the first previously scheduled appointment prior to the target to account for the duration of that appointment. Finally, the search backward may not be allowed to propose starting an appointment prior to a point in simulation time which has already transpired (i.e.,- part of the simulation’s past). If no opening is found between the target time and the current time, then the closest allowable time following the target is selected by default. In addition, the times the practice is closed in the evenings and weekends must be taken into account.  These rules reflect the extent of common sense taken for granted in the human reasoning of the scheduling process which cannot be omitted when emulating with the machine.

6.	Using the simulator

6.1	Steady state and pre-loading

A simulation may be terminating (wherein an event within the system implies a stopping point) or non-terminating. If non-terminating, it may reach a steady-state, exhibit cyclic behavior, or remain unpredictable. Output analysis must be performed on the basis of the type of simulation. The domain of veterinary medicine is in a constant state of flux due to ongoing turnover of clientele, the random nature of animal birth, death, disease incidence and owner acquisition, and practice development as well as technologic, diagnostic, and therapeutic progress. A range of personnel factors from the role of the veterinarian's natural aging tenure to the employee turnover are constantly changing the service provided. It is inappropriate to assume that a steady-state model is the most accurate representation of this reality. Thus, a terminating simulation experiment was used.

Initial conditions may heavily influence a terminating simulation. The accumulated mean for performance measures was collected and the 90% confidence interval used to evaluate the precision with which these averages estimate the true mean [Law and Kelton, 1991].  Of the performance measures examined, the average time after closing that a "late discharge" was ready to exit the clinic required the longest simulation time, six months, to reach the desired precision of  +/- 10 minutes. Thus, the truncation point of six months was used as the loading interval for the simulator under these parameter settings. Data collections were cleared at the truncation point eliminating, in large part, the influence of the start-up behavior (warm-up period) in the simulation.

The simulation was run for a year beyond the truncation point. Additional replications of the simulation may be run until a confidence interval with a given width is reached. Based on the preliminary value of the confidence interval and the number of runs thus far, the number of additional replications required to reach this goal may be predicted.

6.2	Experiments

The demonstration scenario is as follows: A fictitious veterinary clinic has one veterinarian, two exam rooms, one receptionist, two technicians, a ward of ten hospitalization cages, one surgical suite and one area which is used for both in-hospital treatments and surgical prep. The current hospital policy is to disallow the scheduling of any appointment later than 60 minutes prior to closing.

A common problem for health service facilities is the variability in the time it takes to process the patient through the system, often resulting in service ending after closing time. When this occurs, staff must be paid overtime and the client is often inconvenienced if not dissatisfied with the hospital performance. The performance measure of interest then is the average time interval between the closing time of the clinic and the patient being ready for discharge, for those patients discharged after-hours. This quantity is an indicator of both overhead cost and client satisfaction. The relative frequency of late discharge of patients is also of interest. Should the patient be ready for discharge more than 4 hours after closing, it is assumed that the patient would be held overnight for convenience and not considered in the population of interest. Hereafter, this population of interest was referred to as "late discharges".

The question then posed is what would reduce late discharge time and frequency? Practice management might consider that increasing staff would be a likely remedy for excessive late discharges. Medical services involve much communication. The phone conversations of hospital staff occupy a large amount of the time not available for direct in-house activities but an essential part of the service none-the-less. One might subjectively wonder if the phones are often busy, would an increase in the number of phone lines allow more staff to deal with phone tasks more rapidly and reduce patient waiting time in-hospital? This action would, after all, cost less than the addition of another staff to the payroll. Simpler still, one might argue, would be a change in hospital policy where appointments are disallowed after 90 or 120 minutes prior to closing. This, however, might be detrimental to throughput by decreasing the number of patients seen and revenues, therefore, which support the service.

The simulator was run with all variables set as listed in Tables A, B, C, and D.  Synchronization of random stream generators and use of antithetic variates were employed to reduce variance while preserving independence between runs. Performance measure values were observed and� used to determine outcome averages and 90% confidence intervals. The initial configuration was a baseline of two technicians, two phone lines and a 60 minute pre-closing appointment cut-off. The simulator was then used to generate output in a similar fashion with three technicians instead of two (phones and policy remained unchanged). Subsequently, the simulator was run with two technicians and three phone lines and a fourth configuration with both three technicians and three phone lines. This grid of four configurations was repeated with a policy of disallowing appointments less than ninety minutes prior to closing. Finally, the same 2x2 grid of configurations was run with a policy of disallowing appointments less than 120 minutes prior to closing. Ten replications of all these configurations were run (five pairs of replications with antithetic variates).

The performance measures used for this analysis were (1) the total number of patients seen by the practice, (2) the number of patients ready for discharge after closing but within 4 hours of closing and (3) the time interval between closing and patient discharge. The objective was to find practice operating parameter values (values of simulator input variables) that minimize the latter two outcome variables. On the other hand, it would be erroneous to suggest that management make policy changes that reduce the late discharges if the number of patients seen declined. This latter quantity directly reflects quantity of service and represents a monetary measure when multiplied by the average fee collected per patient.

6.3	Experimental Results

The values of the outcome variables in each configuration of the system are tabulated in Table E. Quickly surveying the values for the total number of patients served reveals little change between system configurations with the exception that the third phone line is always associated with an increase in total served by a margin of roughly 75 patients over the year simulated. This could be expected from the insight that more phone lines mean fewer calls lost when the original two lines are found busy at the arrival of novel interest calls. The analysis of variance (ANOVA) must be consulted to judge the significance of the other measures to overall throughput, but the magnitude of change to the total number of patients seen suggested at this point of inspection is small but positive.

Statistical summaries of the values of the outcome variables in each configuration of the system are tabulated in Table F. Quickly surveying the values of the total number of patients served reveals little change between system configurations with the exception that the third phone line is associated with an increase in total served by roughly 80 patients per year on the average. More phone lines mean fewer calls lost when the original two lines are found busy at the arrival of novel interest calls. Thus, the change in total number of patients appears to be insignificant. The impact appears to be beneficial, if any at all exists.  Therefore the comparison of the affect of changes in the number of resources and in operational policies may be conducted with vigor and absence of fear that overall performance will suffer [Judd and McClelland, 1989].

 The 90% confidence interval half lengths for the average amount of time since closing for late discharges are found in Table E. Half lengths for the same confidence interval for the total patients served and the number of late discharges are also tabulated. Looking at those for the time interval studied, the half lengths indicate the desired precision in most cases.�

6.4	Sensitivity Analysis

The outcomes of diverse configurations must show a statistically significant difference of a magnitude that warrants the cost of the change to the system. For this purpose a sensitivity analysis is performed to determine by what degree the output is changed by each unit of change in the inputs. ANOVA tables for the outcomes of the comparative experiment are presented in Table G.

The omnibus "metamodel" of the simulation is

�EMBED Equation ���

where Yi =  the predicted value for the ith observation

Xik = the predictor variables for the ith observation

where k=1 is the contrast [code] between 2 or 3 technicians

where k=2 is the contrast [code] between 2 or 3 phone lines

where k=3 is the contrast [code] between 120 or mean of 60/90 minute cut-off 			policy

where k=4 is the contrast [code] between 60 or 90 minute cut-off policy

�SYMBOL 98 \f "Symbol"�0 = intercept (or the overall average)

�SYMBOL 98 \f "Symbol"�k = coefficient for the kth predictor variable

�SYMBOL 101 \f "Symbol"�i = remaining random error for the ith observation



The ANOVA table for the tardiness interval reveals the coefficient for technicians and for phone lines to insignificantly differ from zero. The following model for predictions based on the pre-closing cut-off policy is obtained:

Predicted Yi  =  47.6  -  5.3 Xi3  -  7.3 Xi4

A cut-off policy of 90 minutes will increase the tardiness of discharge when it occurs, by 14.6 (2 times 7.30) minutes on the average in contrast to a 60 minute policy.  A cut-off policy of 120 minutes will increase the tardiness of discharge when it occurs, by 15.87 (3 times 5.32) minutes on the average in contrast to the mean of the smaller two time policies. The cost is this value multiplied by the frequency of occurrence and in turn by the hourly wage for those who stay after hours.  If the wage of one technician and one receptionist remaining overtime is $7.00x1.5 and $5.00x1.5, respectively, then the overtime hourly cost is $19.50 per hour. The difference in cost is therefore a quarter of an hour's payroll or about $5.00 per event. The change of policy produces a disfavorable change in the performance measure. This results in an increased cost per occasion rather than a savings. The question then becomes, "How often does it occur?" We see in Table F that the frequency of occurrence is reduced to 31 occurrences on the average compared to 149 at the shortest prohibition policy.

The metamodel for number of tardy discharges derived from the multiple regression is below. The coefficients for technician and phone line contrast codes were again insignificantly different from zero.

Predicted Yi  =  83.0  +  26.0 Xi3  +  40.5 Xi4

A cut-off policy of 90 minutes will decrease the number of late of discharges by 81 (2 times 40.5) patients per year on the average in contrast to a 60 minute policy. A cut-off policy of 120 minutes will decrease the number of late discharges by 78 (3 times 26.0) patients on the average per year in contrast to the mean of the smaller two time policies. The calculated half length for the 90% confidence interval of the coefficients are each approximately 5 minutes which translates to the fact that the predicted value is within 10 minutes of the true value with a 90% probability.�

The metamodels together predict that the 90 minute policy will result in an average of 68 patients discharged late annually at an average of 50 minutes tardy. This represents a cost of 68 x 50min x $19.50/hour = $1,105.00. This is an improvement over the 60 minute policy which the simulator predicts releases an average of 150 patients at an average 35 minutes tardy per year at a cost of 150 x 35min x $19.50 = $1,706.25. That is an annual average savings of $601.25 in cost. Similarly the 120 minute policy simulation predicts an average of 31 patients released late at an average of 59 minutes resulting in a cost of 31 x 59min x $19.50 = $594.00. 

The remaining multiple regression of throughput on the predictor variables indicates an insignificant difference between zero and the coefficients for cut-off policies. The impact of the changes in the system therefore can be said to have no bearing on the overall system throughput. Meanwhile this regression also indicates no impact of the number of technicians but does, however, show a significant beneficial impact of the number of phone lines upon throughput. The magnitude of the impact indicated can similarly be derived from the coefficient of the following metamodel suggested by the results:

Predicted Yi  =  2419.8  +  40.8 Xi2

In this model the change in predictor variable is the number of phone lines, hence the change in unit predicted value (number of patients seen per year) can be said to be changed by roughly 80 (40x2) patients per year for each phone line (at least in the neighborhood of 2-3 phone lines) for a practice under the simulated conditions. The calculated half length of the confidence intervals for coefficients in this case is 6.92.� This means that the difference that a third phone line addition makes could be as much as 54 patients or as little as 27 patients with a probability of 90%.

7.	Conclusion

Model design and construction is often a revealing process. For instance, the question was raised, "How many patients are being discharged after closing hours and how long afterward?" At that point in construction, appointments were allowed to be scheduled to start up until closing time. Some practices exercise a policy of ending appointments before closing to achieve less overtime. By instituting a rule to this effect in the model, the analysis can first show the decrease in after-hours discharges and secondly provide a tool by which to analyze the best time to cut off appointments in the scheduling process. When the best performance is analytically derived, the conclusion, "stop appointment starts X minutes before closing time" can be issued to the employees of the system in an immediately understandable form.

The sophistication of this simulator is not extensive. The broad categories of visitation types could be vastly elaborated if warranted for specific problem solving. The classification of personnel into only three types may be inadequate for hospitals with staff of a more diverse nature. The applications herein have been limited to a single practitioner. The policies embodied may be inadequate in the case of more elaborate personnel make-up or increased veterinary professional staff. However, the power to answer questions is clear here where appropriate assumptions and generalizations are made. The complexity of the simulator should be minimized in order to economically produce valid results.

7.1	Meeting the Objective.

The simulator has been demonstrated as an experimental tool used to solve system configuration comparison questions. Advantages of quantified sensitivities, relative significance, combined measures, multiple output variables, statistical analysis of outcomes, the combinatorial potential for extensive input variable settings and hybridized variable composition have been made evident. Validation of the steady state enables substantial quantitative conclusions to be drawn from the output. As demonstrated here, simulation offers an additional wholistic advantage. Recommendations regarding the input variables of interest made on the basis of the simulator’s output are not made in ignorance of other system performance measures.

The outcomes of analysis when the simulator is successfully applied to a body of practices, the impact this output has, the changes made to those practices as well as the broad implications for the veterinary profession resulting from the conclusions present another level of reporting that should follow this proposed work. If successful, the application of industrial engineer's simulation tool could be put to great use in the improvement of patient care in veterinary  medicine and the efficiency that in turn allows for the reduction of stress upon the veterinarian could improve the level of patient care even further. As a model for human health care processes, this study should have further implications for the implementation of simulation in medical systems in general.
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Figure 1. Probability tree for activity types with Relative Frequencies
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Figure 2.  Structure of the Simulator.

�Table A. Demand Variables�tc "Table A. Demand Variables" \f table�

values used are in italics



distribution of length of inpatient stay  =  1 plus the largest integer less than or equal to a random number of days from an exponential distribution with a mean of 2.

duration of professional service = random number of minutes from an exponential distribution with a mean of 15

probability that follow-up is required:

	If visit number:                   Probability of follow-up:

	1			0.34

	2			0.34

	3			0.58

	4			0.58

	5			0.79

	6			0.58

	7			0.625

	8			0.625

	9			0.34

	10			0.34

	11			0.0

time until follow up is desired =  random number of minutes from a triangular distribution between 3 and sixty with a mean of 20

time it takes for receptionist to admit patient/client to waiting room = random number of minutes from a uniform distribution between 2 and 5

time it takes for receptionist to discharge patient/client from waiting room = random number of minutes from a uniform distribution between 10 and 20 if follow-up is required and between 5 and 15 if not

time it takes for technician to get the patient/client from the waiting room into an exam room and ready for the doctor  = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to tend patient/client after doctor's service, get patient/client back to reception area and clean(free) exam room  = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to get, prepare patient and treatment area for doctor's inpatient treatment   = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to return patient and clean treatment area after doctor's inpatient treatment   = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to get, prepare patient and prep area for surgical prep  = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to prepare patient for surgery  = random number of minutes from a uniform distribution between 5 and 20 

time it takes for technician to remove patient from and clean surgery  = random number of minutes from a uniform distribution between 3 and 15



�Table A. Demand Variables (continued)

�tc "Table A. Demand Variables (continued)" \f table�time it takes for technician to return patient to ward and clean up post-op area after surgical procedure   = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to set up a patient in a ward cage  = random number of minutes from a uniform distribution between 3 and 7

time it takes for technician to get patient and bring to departing owner   = random number of minutes from a uniform distribution between 1 and 5

time it takes for technician to clean up after discharged patient   = random number of minutes from a uniform distribution between 1 and 3

time it takes receptionist to give phone greeting and determine needs of a phone caller or make an appointment = random number of minutes from an exponential distribution with a mean of 5

time it takes technician to answer question of phone caller or determine need of more conversation with either doctor or receptionist  = random number of minutes from a uniform distribution between 2 and 10

time it takes doctor to answer question of phone caller = random number of minutes from a triangular distribution between 2 and 25 with a mean of 5

frequency of new client interest = random number of days from an exponential distribution with a mean of 1.4 used for the inter-arrival interval -i.e., 5 per week

probability of phone response to first reminder sent = 0.5

interval of responses to first reminders sent = random number of days from an exponential distribution with a mean of 7

probability of a phone response to second reminder = 0.3

interval of responses to second reminders sent = random number of days from an exponential distribution with a mean of 7

probability of appointment response to follow-up phone call = 0.5

probability of delayed phone response to follow-up phone call = 0.5

interval of responses to follow-up phone call = random number of days from an exponential distribution with a mean of 2

probability of phone call handled by receptionist = 0.4

probability of phone call handled by technician = 0.4

frequency of phone calls with questions for staff = random number of minutes from an exponential distribution with a mean of 60

��Table B. Control Variables - resources�tc "Table B. Control Variables - resources" \f table�

values used are in italics

number of phone lines = 4*

number of receptionist = 1

number of technicians = 2*

number of doctors = 1

number of surgery suites = 1

number of ward cages = 10

number of exam rooms = 2

number of treatment/prep areas = 1

* varied in comparative experiment

Table C. Control Variables - parametric policies�tc "Table C. Control Variables - parametric policies" \f table�

values used in italics

number of hours open on Saturday = 3

number of minutes before closing to cut off exam appointments = 60*

opening time = 0900 hours

closing time = 1800 hours

Saturday Opening time = 0900 hours

Saturday Closing time = 1200 hours

frequency of reminders sent (number sent depends upon this interval) = monthly

interval between first reminder and second reminder = 10 days

interval between second reminder and follow-up phone call = 10 days

number of clients per month receiving mail reminders = random number of people from a triangular distribution between 90 and 110 with a mean of 100

* varied in comparative experiment

�Table D. Output Variables�tc "Table D. Output Variables" \f table�

mean, Standard Deviation, min, max, no. of observations of

	time in system

	visits per patient

	duration of visits for exam

	duration of visits for outpatient treatment

	duration of visits for outpatient surgery

	duration of visits for inpatient treatment

	duration of visits for inpatient surgery



average time waiting for exam room

average time waiting for treatment area

average time waiting for surgical suite

average time waiting for ward cage to admit patient

average time waiting for technician to take patient to cage

average time waiting for receptionist to attend client entering facility

average time waiting for receptionist to attend discharging patient after service performed

average time waiting for technician to escort patient/client into examination room and prepare for exam

average time ready exam patient waiting for doctor

average time treatment patient waits for technician to begin a treatment

average time treatment patient waits for treatment site in order to receive treatment

average time treatment patient waits for doctor to begin treatment

average time surgery patient waits for technician to begin a surgical prep

average time surgery patient waits for treatment site in order to receive pre-surgical preparation

average time surgery patient waits for surgical site in order to begin surgery

average time surgery patient waits for doctor to begin surgery

�Table D (continued). Output Variables�tc "Table D (continued). Output Variables" \f table�

average time surgery patient waits for treatment site in order to receive post-surgical treatment

average time spent waiting on phone for technician to answer a question

average time spent waiting on phone for doctor to answer a question

amount of time exam room is being utilized

amount of time treatment/prep site is being utilized

amount of time surgical site is being utilized

amount of time technician is busy

amount of time receptionist is busy

amount of time doctor is busy

maximum amount of cages utilized

maximum number of patient/clients waiting for receptionist to attend upon arrival

maximum number of patients undergoing sid treatment at one time

maximum number of patients undergoing bid treatment at one time

maximum number of patients undergoing tid treatment at one time

maximum number of patients waiting for an exam room at one time

maximum number of patients waiting for anything in the list for which there is an average time above

maximum number of patients waiting for surgical procedures on same day

maximum number of patients waiting in reception area for cage at one time

maximum number of patients waiting for technician to discharge at one time

maximum number of patient/clients waiting for receptionist to attend for discharge

number of phone calls lost because all lines were busy

distribution of duration of visit

distribution of number of visits per patient

distribution of duration of visit for exam patients

distribution of duration of visit for outpatient treatment patients

distribution of duration of visit for outpatient surgery patients

distribution of duration of visit for inpatient treatment patients

distribution of duration of visit for inpatient surgery patients

�

Table E - Summary of Simulation Results.

� EMBED Excel.Sheet.5  ���

*Minimum allowable time between last appointment and closing time.

CI = confidence interval.

�Table F - Comparison of Alternatives.

� EMBED Excel.Sheet.5  ���

�Table G.1. ANOVA table for Tardiness Interval
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Table G.2. ANOVA table for quantity of Late Discharges
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�Table G.3 ANOVA Table for Total Patients Served
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�PAGE \# "'Page: '#'�'"  �� You seem to have changed this to say that we artificially simplified the system for the purposes of research when, in fact, we might ought to point out that veterinary medicine provides this simplification naturally.

�PAGE \# "'Page: '#'�'"  �� [removed:]

 Breadth and Variety

The variety of species and broad scope of veterinary practices require a large number of services and problem types. Although specialization within the veterinary profession is growing, most veterinarians occupy the population of small (companion) animal practitioners, large animal practitioners or mixed-practice. The large animal practitioner population are further subdivided predominantly into equine and food animal practitioners. The recent popularity of exotic animal practice has caused many practitioners to involve themselves in less traditional species (avian, reptilian, mustilids, and peculiarities like llamas and Vietnamese Pot-bellied Pigs, etc.). The exotic animal interests are most often supported by mainstream practices which have made relatively few modifications to the facility. This only further extends the requirement for breadth in the scope of a veterinary practice simulator. It further underscores the flexibility required to model the variety of veterinary practices.
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�PAGE \# "'Page: '#'�'"  �� Reference to table of GAC11. Say, if you have not noticed, you can double click on the bracketed string at the head of this annotation and it will automatically bring the corresponding site in the document to center screen. Vice versa works too, i.e.,- click the same type symbol in a document and the annotation window will open the that specific annotation comment.
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�PAGE \# "'Page: '#'�'"  ��   This is an example of policy which is hard coded into the simulator rather than kept as an input variable. [this sentence might be entered here].



�PAGE \# "'Page: '#'�'"  �� [removed:] Random numbers are generated 21 times in the system's network of pathways for entities. At sites that are parallel single arcs with common nodes on both ends, an assignment of one stream to both branches and no other generator assures that different runs will call on that stream in the same order for the same purpose. In cases where there is only one resource unit involved, the call of a random generator in its regard will be certain to occur in the same order as well. Such random generations allow a group of more than ten runs to be certain of using the same randomly generated number for the same event in all runs. This synchrony reduces variance as described in the chapter on output analysis. The seeds for random streams were also assigned to pairs of runs in a fashion which allowed the use of antithetic variates to minimize variance as described in that same chapter. Five runs were performed with different seeds for each of the ten random streams assigned to the twenty one generators such that each run would produce synchronized random numbers and allow a matching five runs with the antithetic variates of each randomly generated number in the simulation. Each run utilized a different set of seed values to maintain independence between runs. Each configuration of the experimental input variables (-i.e., x1 technicians, y1 phone lines and z1 minutes cut-off) was run with the same set of random streams to produce synchronized common random numbers and thereby reduce the variation. The mean of each pair of values for all outcome variables measured was determined and five values thus derived were .......... This procedure resulted in five pairs of output for...  

�PAGE \# "'Page: '#'�'"  ��We no longer have any explanation for why we only have two or three data points when we did ten runs.

�PAGE \# "'Page: '#'�'"  ��  [removed] When contrast-coded predictors, Xij, are utilized for the model and the number of observations in each category are equal, the confidence intervals for coefficients of the metamodel can be calculated using the following equation:

�EMBED Equation ���

where MSE is the Mean Square Error and Fcrit is the critical F value for the degrees of freedom (2 for cut-off policy), remaining degrees of freedom (7), and desired level of tolerance (�SYMBOL 97 \f "Symbol"� = 0.05). The Fcrit taken from critical value tables is 4.12 for 2 degrees of freedom with 7 degrees remaining at �SYMBOL 97 \f "Symbol"�=0.05. Taking the MSE of 65.18 from Table L.1. and plugging in the contrast-coded predictor variables, the half length of confidence intervals for all coefficients of the ANOVA for the tardy interval is then

�EMBED Equation ���

That is to say that there is a 90% probability that the true value for the third coefficient of the tardy interval metamodel is within 5.32 + 4.73. As well, the fourth coefficient is 7.30+4.73. In other words there is a 90% probability that a cut-off policy of 90 minutes will increase the tardiness of discharge when it occurs, by 14.6 + 9.46 (2 times 7.30 + 2(4.73)) minutes on the average in contrast to a 60 minute policy. For the fourth coefficient, 15.96+14.19(3 times 5.32 + 3(4.73)) minutes. These are wide ranges for the statements made from the analysis but they still only amount to a half of an hour, roughly speaking. Again the frequency of far more importance and the confidence interval for that value is as follows.



Similarly from Table L.2., the half length of the confidence intervals for all coefficients of the ANOVA for the number of late discharges is

�EMBED Equation ���

This means the third and fourth coefficients for the metamodel predicting the number of late discharges should be (90% probability) considered potentially off by as much as 2.80.  The impact of 81 fewer late discharges per year as a result of changing the 60 minute cut-off policy to 90 minutes could be off by as much as 5.6 (2x2.80) and the statement about change to 120 minutes off by as much as 8.4 (3x2.80) patients. These are acceptable ranges.
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Table D. Demand Variables�tc "Table D. Demand Variables" \f table�

values used are in italics



distribution of length of inpatient stay  =  1 plus the largest integer less than or equal to a random number of days from an exponential distribution with a mean of 2.

duration of professional service = random number of minutes from an exponential distribution with a mean of 15

probability that follow-up is required:

	If visit number:                   Probability of follow-up:

	1			0.34

	2			0.34

	3			0.58

	4			0.58

	5			0.79

	6			0.58

	7			0.625

	8			0.625

	9			0.34

	10			0.34

	11			0.0

time until follow up is desired =  random number of minutes from a triangular distribution between 3 and sixty with a mean of 20

time it takes for receptionist to admit patient/client to waiting room = random number of minutes from a uniform distribution between 2 and 5

time it takes for receptionist to discharge patient/client from waiting room = random number of minutes from a uniform distribution between 10 and 20 if follow-up is required and between 5 and 15 if not

time it takes for technician to get the patient/client from the waiting room into an exam room and ready for the doctor  = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to tend patient/client after doctor's service, get patient/client back to reception area and clean(free) exam room  = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to get, prepare patient and treatment area for doctor's inpatient treatment   = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to return patient and clean treatment area after doctor's inpatient treatment   = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to get, prepare patient and prep area for surgical prep  = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to prepare patient for surgery  = random number of minutes from a uniform distribution between 5 and 20

time it takes for technician to remove patient from and clean surgery  = random number of minutes from a uniform distribution between 3 and 15

�Table D. Demand Variables (continued)

�tc "Table D. Demand Variables (continued)" \f table�time it takes for technician to return patient to ward and clean up post-op area after surgical procedure   = random number of minutes from a uniform distribution between 3 and 15

time it takes for technician to set up a patient in a ward cage  = random number of minutes from a uniform distribution between 3 and 7

time it takes for technician to get patient and bring to departing owner   = random number of minutes from a uniform distribution between 1 and 5

time it takes for technician to clean up after discharged patient   = random number of minutes from a uniform distribution between 1 and 3

time it takes receptionist to give phone greeting and determine needs of a phone caller or make an appointment = random number of minutes from an exponential distribution with a mean of 5

time it takes technician to answer question of phone caller or determine need of more conversation with either doctor or receptionist  = random number of minutes from a uniform distribution between 2 and 10

time it takes doctor to answer question of phone caller = random number of minutes from a triangular distribution between 2 and 25 with a mean of 5

frequency of new client interest = random number of days from an exponential distribution with a mean of 1.4 used for the inter-arrival interval -i.e., 5 per week

probability of phone response to first reminder sent = 0.5

interval of responses to first reminders sent = random number of days from an exponential distribution with a mean of 7

probability of a phone response to second reminder = 0.3

interval of responses to second reminders sent = random number of days from an exponential distribution with a mean of 7

probability of appointment response to follow-up phone call = 0.5

probability of delayed phone response to follow-up phone call = 0.5

interval of responses to follow-up phone call = random number of days from an exponential distribution with a mean of 2

probability of phone call handled by receptionist = 0.4

probability of phone call handled by technician = 0.4

probability of phone call handled by doctor = 0.2

frequency of phone calls with questions for staff = random number of minutes from an exponential distribution with a mean of 60
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