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I.  Introduction 
 

The Pre-Admission Testing Area (PATA) clinic is a critical component of healthcare quality at Mass 

General Hospital (MGH).  Its purpose is twofold:  to educate patients prior to elective surgery and to 

ensure the patient is healthy enough to undergo anesthesia safely.  Complete anesthesia preoperative 

history is recorded and physical exams are performed at the clinic.  The preoperative history information 

primarily includes:  

1) Review of previous surgical and anesthetic procedures 
2) History of Present Illness (HPI) 
3) Allergies 
4) Review of Symptoms (ROS) 
5) Documentation of vital signs, height and weight 
6) Documentation of physical exam 
7) Complete pre-admission medication list (PAML) 

 

Due to current capacity limitations however, only 30% of patients receiving elective surgery can be seen 

at PATA.  And the capacity that does exist is pushed to the limit. Error! Reference source not found. 

shows the build-up of patients throughout a typical day in the clinic.  In the middle of the day the 

numbers reach twice the optimum level.  As a result, the patients seen at PATA are subject to visit 

durations that average 2.5 hours.  Of that time, the patient spends 1.5 hours waiting to be seen either 

before or between steps in the process.  At peak levels, patient wait times can exceed 4 hours, 

increasing the total visit duration to 5 hours or more.  These wait times add undue stress for the 

patients and the staff, leading to low morale, fatigue, burn out and higher wait times. 
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Figure 1: Patient build up diagram on a typical day at PATA. 

In addition to patient and staff fatigue, insufficient capacity has other direct costs as well.  The 70% of 

patients not seen at PATA must undergo an anesthesia evaluation in the operating room (OR) prior to 

surgery.  This is significantly more expensive than performing the evaluation at PATA due to the higher 

costs of operating the OR.  Furthermore, these patients do not have access to the educational and 

holistic care resources that PATA offers. 

MGH has organized a task force to tackle the issue of insufficient capacity and excessive wait times at 

the PATA clinic.  The charter of the task force is to design a system that can safely and efficiently provide 

complete PATA evaluations for 100% of surgical patients prior to the day of surgery. 

The purpose of our research was to: 

1) Characterize the PATA patient visit process 
2) Model the process to establish a quantitative foundation for decisions to be made by 

the PATA task force  
3) Provide specific recommendations based on our analysis and observations to reduce 

wait time while maintaining throughput. 
 

II. Data Analysis and Process Assumptions 
 

The PATA process, shown in Figure 2, consists of several steps:  check –in, vitals, an exam by a registered 

nurse, an exam by a nurse practitioner, a medical doctor or a resident, and blood work.  In the current 

process the patient waits between every step for the necessary resources to be available for each step.  

For vitals and blood work, a technician and lab space are the required resources.  The two examination 
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steps can be conducted in any order: the RN exam can be done first or second.  Currently, an average of 

44% of patients will have surgery that requires an abdominal exam as part of the examination.  These 

patients are generally assigned to nurse practitioners and seen in rooms with beds.   

 

Figure 2: PATA process flow map 

Process Times 

The amount of time required for each process was calculated based on time study data, which was 

collected by MGH personnel between June 19 and July 13, 2009.  The time for each process varied 

widely by provider and by between patients seen by the same provider.  The process model uses 

averages of the observed times.  Some providers, including RNs, MDs and NPs also have to add 

information to patient charts. The model assumes half of the charting is done with the patient in the 

room, and half is be done “off-line”. Table 1 gives both the model assumption and the observed ranges 

for processing times. 
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Table 1: Processing times for providers. 

Process Examination Time 
 

Observed Range Charting Time Total 
Processing 

Time 

Check-in 1 minute - - 1 minute 

Lab – Vitals 10 minutes 3 – 20 minutes - 10 minutes 

Exam – Registered 
Nurse (RN) 

25 minutes 7 – 62 minutes 15 minutes 32 minutes 

Exam – Nurse 
Practitioner (NP) 

45 minutes 21 – 82 minutes 15 minutes 52 minutes 

Exam – MD/Resident 54/26 minutes 14 – 86 minutes 25/20 minutes 52 minutes 

Lab – Bloodwork 5 minutes 4 – 10 minutes - 5 minutes 

 

Number of Providers per day 

The number of providers assumed in the model is based on the average number of providers for each of 

the observed days.  Table 2 gives the model assumption and the range for the number of providers in 

the 16 observed days between June 19 and July 13, 2009. 

Table 2: Staffing levels for providers. 

Provider Observed Average 
(Model Assumption) 

Observed Range 

Registered Nurse 5 4 – 7 

Nurse Practitioner 3 2 – 4 

Medical Doctor/Resident 2/2 3 – 6 

Lab Technicians 3 - 

 

Rooms 

The PATA offices consist of 12 rooms.  Six of the rooms contain a bed that is used for abdominal exams 

and 6 do not.   

Lunch time assumptions 

During the optimization run, the model assumes the lunch schedule in Table 3.  Every individual provider 

gets a half hour for lunch, and there is an extra half hour of flexibility for RNs.  This is built in to account 

for occasions when people start and/or return from lunch later than scheduled. 

Table 3: Number of providers taking lunch according to time of day. 

Time RN MD NP Tech 

11:30 AM - 12:00 PM 2 1 1 1 

12:00 PM - 12:30 PM 2 2 1 1 

12:30 PM - 1:00 PM 2 1 1 1 
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III. Model Formulation/Validation 
 

The goal of this project is to minimize the length of visit for patients going through the PATA process by 

optimizing the schedule of patients and health care providers (nurses, doctors, nurse practitioners, and 

technicians). The average length of visit can be calculated by taking the area under the curve of the total 

patients in the system over the course of the day and dividing by the total number of patients processed 

during the day. However, since the total number of patients processed during the day is deterministic in 

our model, it can be treated as a constant. Thus, minimizing the average length of visit for patients going 

through the PATA process is the equivalent to minimizing the total number of patients in the system 

throughout the day. 

We developed a mathematical relationship for describing the interaction between provider and patient 

scheduling. This was accomplished by analyzing the process flow map previously developed for the PATA 

process and applying a modified version of Little’s Law. One salient feature of our model is that although 

patients are “processed” through each step in the process at a certain rate, they can only move from 

one step in the process to the next in whole units. That is, it is not appropriate to allow a fraction of a 

patient to be “processed” and move on to the next step in the process. Thus, for any time period i, the 

following diagram illustrates the basic building block of the model. 

 

Figure 3: General process flow in our model. 

 

Figure 3Figure 3 shows that as people arrive (X), they wait in a buffer that accumulates inventory (I) and 

a certain number of people are allowed to move into a process (M). While in the process, they are 

classified as either work in progress (W) or finished goods (F) and they convert from the former to the 

latter at a specified rate (R). Thus, a total of Rt patients are converted in such a way for a given time 

period i of length t. When a patient is completely finished, they can move on to the next step (O). It is 

important to note that patients can only move between buffers and process in whole units (integers) 

and that the rate at which they are processed within a process is a function of the resources allocated to 

perform that time during the specific time period. Thus, using this basic model as a building block, the 
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entire PATA process was described mathematically in order to minimize the total number of patients in 

the system at any point in time (I, W, and F) by optimizing the patient schedule (X) and the provider 

schedule, which determines the processing rates (R).  

Additionally, these same variables were used to describe the constraints under which the system 

operates. For example, there are a fixed number of rooms available so there is an upper limit on how 

many patients can be processed at one time even with an unlimited number of providers. Also, a certain 

percentage of patients require abdominal exams on a bed, but there is a fixed number of beds in PATA. 

Similarly, there is only room for a certain number of patients in the lab and in check-in at one time. 

Furthermore, there is only a certain number of each type of provider available at any given time. Finally, 

only one provider can work on one patient at one time. These constraints, along with several others 

related to integer, non-negative, and start-up conditions, were also represented using the framework 

discussed above along with the appropriate constants related to the PATA process. 

The complete formulation for minimizing the total number of patients in the PATA system throughout 

the day while still processing a minimum number of patients based on this basic model including the 

decision variables, objective function, and constraints discussed above can be found in Appendix A. Also, 

the implementation of this formulation using ILOG OPL can be found in Appendix B. 

Model Validation 

In order to validate the accuracy of the model based on the formulation described above, the total 

number of patients in the system throughout the day predicted by the model output was compared to 

the total number of patients in the system throughout a sample day at PATA. A fair comparison was 

obtained by prescribing that the patient and provider schedule used in the model be the same as the 

actual patient and provider schedule for the sample day. Using these constraints, there should be no 

difference between the total number of patients in the system throughout the day predicted by the 

model and the actual total number of patients in the system throughout the sample day. Any observed 

difference between these values can be used to estimate the model error. The results for this 

comparison are presented in Figure 4. A modeling error of 13.74% was calculated based on these results 

by dividing the total area between the model prediction line and the observed line to the total area 

under the observed line. The root mean square error was 2.6 patients. Some modeling error is almost 

certainly due to the variability of provider processing times over the course of the day, as well as 

measurement error. However, the error is small enough that the team concluded that the model 

captures the majority of the system dynamics. 
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Figure 4: Actual and predicted number of patients in the system for July 10th. 

 

IV. Results 
 

We ran variations of our model at a 30 minute time period fidelity (t=30 min). Although this level of 

fidelity introduces some error, it is not considered significant. 1  We are able to minimize average patient 

length of visit by both solving for both optimal patient appointment times and the order in which those 

patients see providers. Figure 5 shows the Gantt chart for an optimized day with 49 patients, a typical 

day for PATA, and also the number of patients they saw on July 10th, the day used for model validation. 

The chart shows the duration of each patient’s visit over the course of the day. For instance, Patient 35 

takes anywhere between 1.5 and 2 hours to process, which is very close to the theoretical processing 

time of 100 minutes. On the other extreme, Patient 49 spends somewhere between 2.5 and 3 hours in 

the system (corresponding to a waiting time between 50 and 80 minutes).   

                                                           
1
 There can be an underestimate of up to 15 minutes in patient length of visit due to the way we estimate a full 

patient leaving the system.  This is because it is possible to add fractions of different patients together to get one 
patient leaving process 11 (blood work). This error is considered negligible, as it occurs infrequently and is within 
the boundary of our time period fidelity. Increased model fidelity (smaller time bins) is expected to mitigate this 
error.  
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Figure 5: Gantt chart for patients 1-49 arriving on an optimal version of July 10th, 2009 

Figure 6 summarizes the distribution of optimized patient cycle times. The median of this distribution is 

clearly in the 90-120 minute range, and the average is about 108 minutes (1 hour and 48 minutes), 

which is significantly better than the current average at PATA (2 hours and 30 minutes), and very close 

to the theoretical cycle time (1 hour and 40 minutes). 

 

Figure 6: Distribution of cycle times for an optimized 49 patient day. 

The optimization routine found a near optimal solution with the patient schedule shown in Figure 7. In 

this schedule, patients are clearly scheduled in three “waves” of patients: one at the beginning of the 

day, one mid-morning, and one just after lunch. Patients in the second wave of patients are scheduled 

such that they are completed during lunch. As a corollary, no patients are scheduled at 11:30, the 

beginning of lunch for providers. Current practice is to have a more constant influx of patients over the 

course of the day, and there is a spike in patients arriving just before lunch, which is likely to contribute 

to the sub-optimal waiting time for patients. 

7:00 AM 9:00 AM 11:00 AM 1:00 PM 3:00 PM 5:00 PM

1

6

11

16

21

26

31

36

41

46



10 
 

 

Figure 7: Solution for patient scheduling with 49 patients. 

The optimization routine discovered an optimal provider schedule shown in Figure 8, which 

complements the patient schedule in Figure 7. In general, an optimal schedule for 49 patients tends to 

favor the RN to MD path, but has patients seeing NPs before RNs for approximately the first half of 

patients, and RNs before NPs for the second half of patients. The reason for this switch may be due to 

the fact that there are less NPs available during lunch, but patients with bed requirements still need to 

see NPs. This switching process, however, merits further investigation. The process by which MDs see 

patients before RNs is never used. A possible interpretation for this result is that since the MDs take 

longer to process patients than RNs, it is important to keep them constantly fed with patients to 

maximize their full capacity (subject to the other constraints in the problem). RNs processing patients 

before the MDs ensures that the MDs are not wasting their valuable time waiting for patients to arrive. 

 

Figure 8: Optimal provider scheduling for patients arriving in the pattern observed on July 10th, 2009. 

We attempted to improve upon the results observed on July 10th by only optimizing provider scheduling 

subject to the patient arrival times actually observed, as PATA presumably has more control over 

provider schedules than on patients arriving on time. The results for this optimization process resulted 

0
1
2
3
4
5
6
7
8
9

10

P
at

ie
n

ts
 A

rr
iv

in
g

Optimal

Current



11 
 

in an average visit time of 145 minutes (2.41 hours):  this is certainly better than the current average 

visit time of 2.5 hours, but not by nearly as significant an amount as when both patient and provider 

schedules are optimized concurrently. 

In order to discover which resource, if increased, would likely provide the biggest reduction in average 

patient cycle time, we found a solution for the max patient throughput for the system, given average 

staffing levels and processing time. The maximum patient throughput for this system is 59 patients. The 

resource utilizations throughout the day for that solution are plotted in Figure 9. The plot indicates that 

the system has moving bottlenecks over the course of the day. For instance, adding an additional RN 

may help at 10 AM, but may not make any difference at 3 PM. Additional rooms may help at 10:30 AM, 

but not at 9:30 AM. The conclusion is that adding any particular resource will likely increase overall 

output, but may not help as much at certain portions of the day. If temporary increased resource 

allocation were possible, this could be a strategic opportunity for PATA to improve throughput in the 

most efficient way possible. 

 

Figure 9: Optimal resource scheduling for the max throughput solution (56 patients). 

Figure 10 shows the general relationship between the number of patients scheduled and the average 

processing time. For reference, observed values for 15 days are also plotted. Until about 50 patients, it is 

possible to process all patients such that the average length of visit is around 108 minutes (1 hour and 

48 minutes). This represents an average 28% reduction in length of visit against what is observed, 

achieved through an 84% reduction in patient waiting time (50 minutes to 8 minutes). After about 55 

patients, however, the system is near capacity, so average length of visit increases quickly with the 

number of patients scheduled over the day. In actuality, what is observed is that when PATA processes 

over 55 patients the process capacity tends to increase (either through temporary added resources or 

shorter process times), and/or the length of day is extended past 5 PM, process flexibility not included in 

our model.  
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Figure 10: Optimal and observed patient length of visit times. 

V. Conclusion and recommendations for further study 
 

This report demonstrates that it is possible to very realistically model the PATA operation using a mixed 

integer program. Experiments were run to understand the benefit of optimal scheduling of patients and 

providers for an average day at PATA (49 patients). Results indicate that PATA can reduce average length 

of patient visit by approximately 43 minutes, by reducing average wait time by 84% (50 minutes to 8 

minutes) through the use of optimal scheduling techniques. 

Immediate recommendations from this report are: 

¶ Continue to front-load patients early in the morning. 

¶ Have RNs see patients before MDs 

¶ Find ways to reduce process time and process variability 
 

Simple extensions and use of this model can result in a more detailed patient and resource scheduling 

for varying patient loads. It is also critical to establish guidelines for in-process recovery planning (i.e. 

running behind schedule). 

In addition, there are many opportunities for this model to inform strategic decision making. The model 

framework can be the basis of a cost-benefit analysis for adding or subtracting resources, including the 

building of a new facility. The framework can also be used to evaluate changes in the process, including 

changes in processing time and process flow. Finally, improvement efforts can be prioritized by 

performing sensitivity analysis on resource constraints and scheduling (i.e. when patients arrive late). 
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Appendix A – Problem Formulation 

 

Decision Variables: 

 XὭ= Number of patients arriving at time i 

 ὙὮὭ= Effective rate of process j at time i  

 ὍὭ= Inventory at time Ὥ 

 ὓὮὭ=  Number of patients that move into process j at time Ὥ 

 ὡὮὭ=  Number of patients that are being worked on in process j at time Ὥ 

 ὊὮὭ=  Number of patients that have finished process j at time Ὥ 

 ὕὮὭ=  Number of patients that move out of process j at time Ὥ 

 ὔὖ5Ὥ= Number of nurse practicioners working in process 5 at time Ὥ 

 ὔὖ7Ὥ= Number of nurse practicioners working in process 7 at time Ὥ 

 Ὑὔ3Ὥ= Number of registered nurses committed to process 3 at time Ὥ 

 Ὑὔ4Ὥ= Number of registered nurses committed to process 4 at time Ὥ 

 Ὑὔ9Ὥ= Number of registered nurses committed to process 9 at time Ὥ 

 Ὑὔ10Ὥ= Number of registered nurses committed to process 10 at time Ὥ 

 ὓὈ6Ὥ= Number of medical doctors and residents working in process 6 at time Ὥ 

 ὓὈ8Ὥ= Number of medical doctors and residents working in process 8 at time Ὥ 

 Ὕ2Ὥ= Number of medical doctors and residents working in process 2 at time Ὥ 

 Ὕ6Ὥ= Number of medical doctors and residents working in process 6 at time Ὥ 

  

Objective Function: Min  В ὍὭ+ В ὡὮὭ+ ὊὮὭὮὭ   

 

Constraints: 
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Maximum processing rate:  Ὥᶅ ὙὭ2 ὅὝὩὧὬ,ὠ ὝzὭ2 

     Ὥᶅ ὙὭ3 ὅὙὔ ὙzὔὭ3 

     Ὥᶅ ὙὭ4 ὅὙὔ ὙzὔὭ4 

     Ὥᶅ ὙὭ5 ὅὔὖ ὔzὖὭ5 

     Ὥᶅ ὙὭ6 ὅὓὈ ὓzὈὭ6   

     Ὥᶅ ὙὭ7 ὅὔὖ ὔzὖὭ7   

     Ὥᶅ ὙὭ8 ὅὓὈ ὓzὈὭ8 

     Ὥᶅ ὙὭ9 ὅὙὔ ὙzὔὭ9 

     Ὥᶅ ὙὭ10 ὅὙὔ ὙzὔὭ10  

     Ὥᶅ ὙὭ11 ὅὝὩὧὬ,ὄ ὝzὭ11  

 

Integer constraints: ὭᶅὮ ὍὭ,ὢὭ,ὡὭ,ὓὭ,ὕὭ,ὔὖὮὭ,ὙὔὮὭ,ὓὈὮὭ,ὝὮὭ integer  

 

Non-negative:  ὭᶅὮ ὢὭ,ὍὭ,ὙὮὭ,ὡὮὭ,ὓὮὭ,ὊὮὭ,ὕὮὭ 0   

 

System starts the day empty:  Ὅ0 = 0  Ὦᶅ ὊὮ0 = 0  Ὦᶅ ὡὮ0 = 0   

 

System ends the day empty:  Ὅ(ὩὲὨ) = 0 Ὦᶅ ὊὮ(ὩὲὨ) = 0   Ὦᶅ ὡὮ(ὩὲὨ) = 0   

 

Balanced flow constraints:   ὭᶅὮ ὡὮὭ= ὡὮὭ1 + ὓὮὭ ὙὮὭὸ   

     ὭᶅὮ ὊὮὭ= ὊὮὭ1 + ὙὮὭὸ ὕὮὭ  

     Ὥᶅ ὍὭ= ὢὭ+ ὍὭ1 ὓ1Ὥ 

     Ὥᶅ ὕ1Ὥ= ὓ2Ὥ 

     Ὥᶅ ὕ2Ὥ= ὓ3Ὥ+ ὓ4Ὥ+ ὓ5Ὥ+ ὓ6Ὥ 

     Ὥᶅ ὕ3Ὥ= ὓ7Ὥ 
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     Ὥᶅ ὕ4Ὥ= ὓ8Ὥ     

     Ὥᶅ ὕ5Ὥ= ὓ9Ὥ   

     Ὥᶅ ὕ6Ὥ= ὓ10Ὥ 

     Ὥᶅ ὕ7Ὥ+ ὕ8Ὥ+ ὕ9Ὥ+ ὕ10Ὥ= ὓ11Ὥ 

 

Patients who need an abdominal exam:  Ὥᶅ ὓ3Ὥ+ M5Ὥ S(M3Ὥ+ M4Ὥ+ M5Ὥ+ M6Ὥ)   

 

Number of patient space at check-in:  Ὥᶅ ὡ1Ὥ+ Ὂ1Ὥ ὅ  

 

Number of patient space available in lab: Ὥᶅ ὡ2Ὥ+ Ὂ2Ὥ+ ὡ11Ὥ+ Ὂ11Ὥ ὒ   

  

One patient per room available:  Ὥᶅ В (ὡὮὭ
10
Ὦ= 3 + ὊὭὮ) ὃ  

 

Abdominal patients need to wait in rooms with beds: Ὥᶅ В ὡὮὭ+ ὊὮὭὮ= 3,5,7,8 B   

 

Only one resource can work on one patient:  Ὥᶅ Ὕ2Ὥ= ὡ2Ὥ+ Ὂ2Ὥ 

       Ὥᶅ Ὑὔ3Ὥ= ὡ3Ὥ+ Ὂ3Ὥ 

       Ὥᶅ Ὑὔ4Ὥ= ὡ4Ὥ+ Ὂ4Ὥ 

       Ὥᶅ ὔὖ5Ὥ= ὡ5Ὥ+ Ὂ5Ὥ 

       Ὥᶅ ὓὈ6Ὥ= ὡ6Ὥ+ Ὂ6Ὥ 

       Ὥᶅ ὔὖ7Ὥ= ὡ7Ὥ+ Ὂ7Ὥ   

       Ὥᶅ ὓὈ8Ὥ= ὡ8Ὥ+ Ὂ8Ὥ 

       Ὥᶅ Ὑὔ9Ὥ= ὡ9Ὥ+ Ὂ9Ὥ 

       Ὥᶅ Ὑὔ10Ὥ= ὡ10Ὥ+ Ὂ10Ὥ 

       Ὥᶅ Ὕ11Ὥ= ὡ11Ὥ+ Ὂ11Ὥ 

 



16 
 

Resources available:  ὔὖ5Ὥ+ ὔὖ7Ὥ ὗὔὖ,Ὥ 

    Ὑὔ3Ὥ+ Ὑὔ4Ὥ+ Ὑὔ9Ὥ+ Ὑὔ10Ὥ ὗὙὔ,Ὥ   

    ὓὈ6Ὥ+ ὓὈ8Ὥ ὗὓὈ,Ὥ 

    Ὕ2Ὥ+ Ὕ11Ὥ ὗὝ,Ὥ 

 

One provider per bed:  Ὥᶅ ὔὖ5Ὥ+ ὔὖ7Ὥ+ Ὑὔ3Ὥ+ Ὑὔ9Ὥ ὄ  

 

One provider per room:  Ὥᶅ ὔὖ5Ὥ+ ὔὖ7Ὥ+ Ὑὔ3Ὥ+ Ὑὔ4Ὥ+ Ὑὔ9Ὥ+ Ὑὔ10Ὥ+ ὓὈ6Ὥ+ ὓὈ8Ὥ ὃ  

 

Patients that enter the process must leave the process:  Вὓ11ὮὭ = ВὢὭὭ   

 

Minimum number of patients to be processed per day:  ВὢὭὭ Ὃ  

 

Define: 

 ὸ= size of period Ὥ 

 Ὥ =  number of time periods in the day 

 Ὧ= buffer 

 Ὦ= process 

 ὃ= number of rooms (constant from data)  

 ὄ= number of beds (constant from data)  

 ὅ= number of patients that can check-in at once (constant)  

 ὒ= number of patients that can be in the laboratory at once (constant)  

 Ὓ= fraction of patients needing abdominal exam (constant from data)  

 Ὃ= total number of patients seen in one day 

 ὙὭ1 = 1 person per minute 

 CὝὩὧὬ,ὠ= capacity of a technician when taking vitals  
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  CὝὩὧὬ,ὄ= capacity of a technician when taking blood   

 CὙὔ= capacity of a nurse  

 Cὔὖ= capacity of a nurse practitioner 

 CὓὈ= capacity of a doctor or resident 

 QὝὩὧὬ,Ὥ= number of nurses available at time Ὥ 

 QὙὔ,Ὥ= number of nurses available at time Ὥ 

 Qὔὖ,Ὥ= number of nurses available at time Ὥ 

 QὓὈ,Ὥ= number of nurses available at time Ὥ 
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Appendix B – ILOG OPL Implementation of Problem Formulation 

 

********************************************  

 * OPL 6.1.1 Model  

 * Author: Five Alive  

 * Creation Date: Jul 23, 2009 at 1:26:15 PM  

 *********************************************/  

 int  pph = 2;  

 int  NbH = 10;  

 float  t  = 1/pph;  

 int  NbPeriods = pph * NbH;  

 range  Period = 1..NbPeriods;  

 int  NbProcess = 11;  

 range  Process = 1..NbProcess;  

 int  NbRooms = 12;  

 int  NbLab = 3;  

 int  NbBeds = 6;  

 int  NbCheckIn = 1;  

 float  S = 0.44;  

 float  CapacityRec = 60;  

 float  CapacityTechV = 60/10;  

 float  CapacityTechB = 60/5;  

 float  CapacityRN = 60/32;  

 float  CapacityNP = 60/52;  

 float  CapacityMD = 60/52;  

 int  QuantityTech[Period] = [5,5,5,5,5,5,5,5,3,3,3,5,5,5,5,5,5,5,5,5];  

 int  QuantityRN[Period] = [5,5,5,5,5,5,5,5,3,3,3,5, 5,5,5,5,5,5,5,5];  

 int  QuantityNP[Period] = [3,3,3,3,3,3,3,3,2,2,2,3,3,3,3,3,3,3,3,3];  

 int  QuantityMD[Period] = [5,5,5,5,5,5,5,5,3,3,3,5,5,5,5,5,5,5,5,5];  

 int  MinPatients = 59;  
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 { int } set = {3,4,9,10};  

  

 dvar  int + Patients[Period];  

 dvar  float + EffectiveCap[Period][Process];  

 dvar  int + Inventory[0..NbPeriods];  

 dvar  int + MoveIn[Period][Process];  

 dvar  float + WIP[0..NbPeriods][Process];  

 dvar  float + Finished[0..NbPeriods][Process];  

 dvar  int + MoveOut[Period][Process];  

 dvar  int + NbNP5[Period];  

 dv ar  int + NbNP7[Period];  

 dvar  int + NbRN3[Period];  

 dvar  int + NbRN4[Period];  

 dvar  int + NbRN9[Period];  

 dvar  int + NbRN10[Period];  

 dvar  int + NbMD6[Period];  

 dvar  int + NbMD8[Period];  

 dvar  int + NbTech2[Period];  

 dvar  int + NbTech11[Period];  

   

 minimize  

sum (i in  Period) Inventory[i] + sum (i in  Period, j in  Process) 

WIP[i][j] + sum (i in  Period, j in  Process) Finished[i][j];  

    

 subject  to  {  

  forall  (i in  Period) {  

  R1_max: EffectiveCap[i][1] <= CapacityRec;  

   R2_max: EffectiveCap[i][2] <= CapacityTechV  * NbTech2[i];  

   R3_max: EffectiveCap[i][3] <= CapacityRN * NbRN3[i];  

  R4_max: EffectiveCap[i][4] <= CapacityRN * NbRN4[i];  

   R5_max: EffectiveCap[i][5] <= CapacityNP * NbNP5[i];  
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   R6_max: EffectiveCap[i][6] <= CapacityMD * NbMD6[i];  

   R7_max: Effecti veCap[i][7] <= CapacityNP * NbNP7[i];  

   R8_max: EffectiveCap[i][8] <= CapacityMD * NbMD8[i];  

  R9_max: EffectiveCap[i][9] <= CapacityRN * NbRN9[i];  

  R10_max: EffectiveCap[i][10] <= CapacityRN * NbRN10[i];  

   R11_max: EffectiveCap[i][11] <= CapacityTechB * NbTech11[i];   

  }  

  No_Inventory_Beg: Inventory[0] == 0;  

  No_Inventory_End: Inventory[NbPeriods] == 0;  

  forall  (j in  Process){   

   No_Finished_Inventory_Beg: Finished[0][j] == 0;  

   No_WIP_Beg: WIP[0][j] == 0;  

   No_Finished_End: Finished[NbPeriods][j]  == 0;  

   No_WIP_End: WIP[NbPeriods][j] == 0;  

  }  

  forall (i in  Period) {  

   forall (j in  Process) {  

WIP[i][j] == WIP[i - 1][j] + MoveIn[i][j] -  

t*EffectiveCap[i][j];  

Finished[i][j] == Finished[i - 1][j] + t*EffectiveCap[i][j] -  

MoveOut[i][j];  

   }  

  }  

  forall (i in  Period) {  

Inventory_1: Inventory[i] == Patients[i] + Inventory[i - 1] -  

MoveIn[i][1];  

   Flow_1: MoveOut[i][1] == MoveIn[i][2];  

   Flow_2: MoveOut[i][2] == sum(j in  3..6) MoveIn[i][j];  

   Flow_3: MoveOut[i][3] == MoveIn[i][7];  

  Flow_4: MoveOut[i][4] = = MoveIn[i][8];  

  Flow_5: MoveOut[i][5] == MoveIn[i][9];  

  Flow_6: MoveOut[i][6] == MoveIn[i][10];  
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  Flow_7: sum(j in  7..10) MoveOut[i][j] == MoveIn[i][11];  

 }  

 forall (i in  Period) {  

Abdominal_Exam: MoveIn[i][3] + MoveIn[i][5] >= S*( sum(j in  3..6) 

MoveIn[i][j]);  

  CheckIn: WIP[i][1] + Finished[i][1] <= NbCheckIn;  

Lab: WIP[i][2] + WIP[i][11] + Finished[i][2] + Finished[i][11] <= 

NbLab;  

Rooms: sum (j in  3..10) WIP[i][j] + sum (j in  3..10) 

Finished[i][j] <= NbRooms;  

Beds: ( sum (j in  set) WIP[i][j] + sum (j in  set) Finished[i][j]) 

<= NbBeds;  

 }  

 forall  (i in  Period) {  

  NbNP5[i] == WIP[i][5] + Finished[i][5];  

   NbNP7[i] == WIP[i][7] + Finished[i][7];  

  NbRN3[i] == WIP[i][3] + Finished[i][3];  

  NbRN4[i] == WIP[i][4] + Finished[i][4];  

   NbRN9[i] == WIP[i][9] + Finished[i][9];  

    NbRN10[i] == WIP[i][10] + Finished[i][10];  

   NbMD6[i] == WIP[i][6] + Finished[i][6];  

   NbMD8[i] == WIP[i][8] + Finished[i][8];  

    NbTech2[i] == WIP[i][2] + Finished[i][2];  

   NbTech11[i] == WIP[i][11] + Fin ished[i][11];  

  }  

  forall  (i in  Period) {  

   Q_NP: NbNP5[i] + NbNP7[i] <= QuantityNP[i];  

Q_RN: NbRN3[i] + NbRN4[i] + NbRN9[i] + NbRN10[i] <= 

QuantityRN[i];  

  Q_MD: NbMD6[i] + NbMD8[i] <= QuantityMD[i];  

  Q_Tech: NbTech2[i] + NbTech11[i] <= QuantityTech[i] ;  

Providers_Bed: NbNP5[i] + NbNP7[i] + NbRN3[i] + NbRN9[i] <= 

NbBeds;  
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Providers_Room: NbRN3[i] + NbRN4[i] + NbRN9[i] + NbRN10[i] + 

NbNP5[i] + NbNP7[i] + NbMD6[i] + NbMD8[i] <= NbRooms;  

 }   

  sum (i in  Period) MoveOut[i][11] == sum (i in  Period) Patients[i];   

  sum (i in  Period) Patients[i] >= MinPatients;  

}  

 


