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(ABSTRACT) 

Scheduling workers in a restaurant is a difficult and time consuming task that 

involves matching the needs of the restaurant with respect to filling various shifts for 

different positions, the varying availabilities of the workers, along with their seniority 

levels and qualifications, among other factors. The restaurant manager/scheduler must 

adhere to these individual workers' restrictions, while at the same time satisfy the 

restaurant's needs. Another issue that a manager tries to accommodate is to equitably 

assign shifts to workers, attempting to balance their expressed wishes with their relative 

merits and qualifications; although in practice, this goal is rarely achieved. In this thesis, a 

mathematical model is developed to solve the scheduling problem, with attention focused 

on maximizing worker satisfaction levels, considering their seniority levels and their 

qualifications, while meeting with the restaurant's needs of filling various required shifts 

for various positions with capable workers. We show that this model possesses a hidden 

network structure that can be revealed via some simple variable substitutions. 

Consequently, an efficient network-flow approach can be used to solve the model and 

derive an optimal (integer) solution. We illustrate the model and the proposed algorithmic 

approach by generating a schedule using real data obtained via specially designed surveys 

from the Cheddar's restaurant in Newport News, Virginia. Further results on a variety of



test problems are used to evaluate the performance of the algorithm, and suitable pre- and 

post-processor considerations are addressed to permit the use of this technology in a 

productive environment.
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Chapter 1 

Introduction: Problem Description 

This thesis is concerned with optimally scheduling employees in a restaurant by 

using optimization techniques and the power of modern day computers. In effect, a 

scheduling tool will be produced that can be used by any restaurant where scheduling 

workers is a time consuming and challenging task. 

There are essentially two parts to the restaurant scheduling problem. The first part 

is determining the requirements, the second part is satisfying the requirements in an 

acceptable manner. Generally speaking, managers decide on the labor requirements based 

on such factors as sales volume trends, time of year, ability of the workers, number of 

workers on staff, day of week, as well as other factors. Satisfying these requirements is 

simply 'matching up' the shifts that must be filled with capable workers in a manner that is 

acceptable to both management and labor. 

Determining the requirements of a restaurant is usually quite straightforward, and 

this information is typically time invariant, except perhaps for some seasonal fluctuation. 

Satisfying the requirements with suitable workers, however, proves to be more 

challenging, and the related data varies constantly from week to week.



LI Restaurant Scheduling Requirements 

In a restaurant, there are many positions that must be filled. Also, there are varying 

numbers of workers required to fill these positions over the course of a day. These 

different 'shifts' of a position may or may not require experienced workers. Deciding if a 

worker can work certain shifts within a given position requires a manager's judgment. In a 

restaurant, shifts vary in length and are heavily dependent on restaurant volume (the 

number of customers being served at a given time). Thus, restaurants tend to experience a 

busy period around lunch time as well as a busy period around dinner time (shaped, 

naturally, after people's eating habits). This is important when deciding scheduling 

requirements. 

1.2. Labor Pool 

The second step in scheduling is to quantify the availability of the workers. This is 

usually done by asking the workers (whose mix might vary) in advance their availabilities 

for the upcoming period, which usually varies from one week to one month in duration. 

Then, the task simply becomes one of filling the requirements while satisfying as many of 

the worker's requests as possible. When a conflict arises, the restaurant's requirements 

come first. Then, seniority and/or a worker's performance is considered second, in 

deciding who has to work when they requested not to work. (The amount that seniority 

matters varies, and is up to the scheduling manager.) Sometimes, a 'preferred schedule’ is 

submitted by the workers, and management tries to satisfy as many requests as possible. 

Other times, management may simply ask what shifts a worker cannot work, and thus



reserve a greater flexibility in the process. (Both types of information might also be 

simultaneously solicited.) Also, certain workers are allowed/not allowed to work in the 

different positions at certain times (further restrictions placed on scheduling by 

management), usually based on seniority and ability considerations. 

Hence, the labor pool is essentially the quantified availabilities of the workers in 

the restaurant. The task of management, when constructing the schedule, is simply to 

satisfy all of the restaurant's requirements, while at the same time, satisfying as many 

workers’ requests as possible. As mentioned above, seniority is a consideration (to a 

varying degree from restaurant to restaurant) when ‘denying' a schedule request. Thus, it is 

more desirable to satisfy the more senior workers' requests, although this is not always 

possible. Furthermore, there are different types of requests, for reasons like school, 

another job, parental constraints, sporting activities, or other justifiable explanations. Not 

all such requests are for serious reasons, and might simply reflect personal preferences and 

convenience. These two types are sometimes identified and separated, as in the case of 

waiter scheduling. These restrictions/request considerations will be made more clear in the 

example that follows. 

1.3 > Example of a Typical Restaurant Scheduling Problem 

Let us now consider an example for scheduling workers in a hypothetical 

restaurant. The first task is to determine the scheduling requirements. For simplification 

purposes, let us base our requirements on four similar time segments in a restaurant, as 

explained in the following table. These segments have similar characteristics and we can 

assume that the restaurant requirements will be the same for each of the four different 

segments.
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Hence, each day is identified by the different segments: 
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Let us determine the requirements for each of the four segments. First, consider 

the number of customers expected in the restaurant for each day of the week based on 

historical information. If we assign our restaurant hours of operation as 11 A.M. until 12 

Midnight, Sunday-Thursday, and 11 A.M. until 2 A.M. Friday-Saturday, we can determine 

the customer information by day of week. For example, we present below a summary (see 

Appendix A-1 for ‘Customers in Restaurant Data', Appendix A-2 for 'Customers in



Restaurant Graph’) of the projected number of customers that are present in the restaurant 

(their arrival time is irrelevant) at lunch time on Monday: 

  

Number of Customers 

Time of day in Restaurant 

1100 0 

1130 46 

1200 94 

1230 162 

1300 134 

1330 94 

1400 66 

1430 40 

1500 28 

1530 20 

Based on this customer demand information, we can formulate our needs for the 

various positions. To begin with, let us display the different principal positions in the 

restaurant (with sub-positions where applicable) for which we must determine the 

requirements along with the corresponding estimated requirements based on the customers 

in the system. (The term "position" will refer to a (principal position, sub-position) 

combination. ) 

Notation: p=principal position number 
Sp—humber of sub-positions for principal position p (for s=1,2,..,p) 

Principal positions Estimated Requirements 

Cook: p=1 1 for every 25 customers 

sub-positions: $1=5 
s=1: broil 

s=2: fry 
s=3: pantry 

s=4: backup 
s=5: prep/fill



Dishwasher: p=2 1 most of the time 
sub-positions: sy=1 

Expediter: p=3 1 during lunch/dinner rush (2 on weekends) 

sub-positions: s3=1 

Waiter: p=4 about 1 for every 12 customers (but stay longer 

sub-positions: s4=3 for checkout, waiting for customers to leave, etc.) 

s=1: easy section 

s=2: medium section 

s=3: hard section 

Bus person: p=5 around 1 for every 60 customers (when over 60) 

sub-positions: s5=1 

Hostess: p=6 1 or more, depending on volume 

sub-positions: sg=1 

Bartender: p=7 1 during lunch, 2 on weeknights, 3 on weekends 
sub-positions: s7=2 

s=1: day 
s=2: night 

Cocktail: p=8 1 or 2 during lunch, 2-4 on during nights 
sub-positions: sg=1 

Food Runner: p=9 1 or 2 on weekend nights 
sub-positions: sg=1 

Based on the anticipated customer volume, we can determine the personnel 

requirements for each time period, for each day. Given the number of customers in our 

hypothetical restaurant on a Monday lunch shift, and given that the number of waiters 

must ‘lead’ and 'follow' the customer flow, we can hypothetically determine the number of 

waiters required for this lunch period. Note that the number of waiters does not precisely 

match the customer data because there is usually a set-up and closing-duty time that 

requires waiters to actually be there longer than needed. As a sample calculation, at 12:30 

p.m. we have 162 customers in our restaurant and this will require (based on the one- 

waiter-per-twelve-customers rule) about 14 waiters. However, we always want to be



prepared for unexpected customers, and should therefore engage additional waiters. (For 

this example, 15 is the maximum number that can be on the floor.) We present below the 

total waiter requirement data for the lunch period on a Monday schedule. (See Appendix 

A-3 for "Worker Requirements Data’, and Appendix A-4 for 'Graphs of Worker 

Requirements Data' for complete information. ) 

Total Number of Waiters Required 

  

Time of Day (over all sub-positions) 

0930 0 

1000 2 

1030 3 

1100 6 

1130 10 

1200 15 

1230 15 

1300 15 

1330 15 

1400 12 

1430 10 

1500 6 

1530 4 

Based on the foregoing requirements, we can determine starting and ending shift 

times, along with expected lengths of these shifts. Please realize that these are estimates 

and are rarely correct, as management usually sends people home whenever they deem 

necessary. However, for generating requirements, these data are a good starting point. 

Specified below is the cook shift requirements data for a Saturday schedule (see Appendix 

A-5 for complete 'Detailed Shift Data’, and Appendix A-6 for 'Shift Summary Data’.) 

Position-p=1: Cook 

Shift Number _ Sub-Position Start Time Finish Time Duration (hours) 

] 3 730 1600 8.5



2 4 800 1600 8 

3 3 900 1600 7 

4 2 900 1600 7 

5 1 1000 1730 8 

6 ] 1030 1830 8 

7 2 1200 1930 7.5 

8 3 1600 2030 4.5 

9 2 1600 2200 6 

10 ] 1600 2300 7 

11 5 1700 2400 7 

12 4 1730 0030 7 

13 l 1730 0100 7.5 

14 2 1800 0330 9.5 

15 3 1830 0400 9.5 

16 4 1930 0400 8.5 

Referring to the preceding 16 cook shifts, we now specify how these shift lengths 

were actually determined, using the first few lunch shifts for illustration purposes. Below 

are the cook requirement data for the appropriate duration: 

  

Number of Number of 

Time of Day Cooks Needed Time of Day Cooks Needed 

0700 0 1700 7 

0730 1 1730 8 

0800 2 1800 9 

0830 2 1830 9 

0900 4 1900 9 

0930 4 1930 9 

1000 5 2000 9 

1030 6 2030 8 

1100 6 2100 8 

1130 6 2130 8 

1200 7 2200 7 

1230 7 2230 7 

1300 7 2300 6 

1330 7 2330 6 

1400 7 2400 5 

1430 7 0030 4 

1500 7 0100 3 

1530 7 0130 3 

1600 6 0200 3 

1630 6 0230 3 

1700 7 0300 3



The first shift obviously starts at 0730, and in this example ends at the first time 

there is a reduction in the number of cooks required, which is at 1600. Shifts 2-4 start at 

0800, 0900, and 0900 respectively and all end at 1600, when the night workers begin their 

shifts. The other shifts start and end when there is a rise or fall in the number of cooks 

required, as well as when a cook has worked a sufficient amount of time. In the latter 

case, a new worker comes in to replace the worker who has worked a sufficient amount 

of time, while in most cases a worker comes in to a newly defined need-based shift. 

Please realize that the foregoing shift times and durations were not arbitrarily 

made up, but conform with the previously generated requirements for the restaurant. Most 

of the shifts are less than 8 hours in duration, with a few exceptions. Also note that the 

front of house shifts (waiters, bus persons, hostesses, etc.) are generally shorter than the 

back of house (cooks, expediters, dish washers, etc.) ones. (This is common in the 

restaurant industry.) The ending times are not definite; they are rarely the actual scheduled 

ending time, mainly because the restaurant is so dependent on volume. However, in order 

to construct a model, we must assume ending shift time guidelines to formulate our 

problem. 

Next, let us examine our labor pool. As in Appendix A-7, ‘Labor Pool with 

Availabilities', we have a list of workers available to work in the restaurant for the two 

weeks for which we are going to schedule them, listed by position type from p=1 up to 

p=9. We could generate a longer or shorter schedule; the minimum practiced in industry is 

one week, with a maximum of a month. Two weeks is a good 'middle ground’ for this 

example. (We will assume that p=9 will be filled by the new workers hired as and when 

they become available, and we will also disregard p=3 due to the insignificance of this 

position.)



Now, given these availabilities and the work force, we are to begin the arduous 

task of generating a schedule. Before beginning, let us note some ‘rules of thumb' or 

‘guidelines to keep in mind’: 

1) We know the shifts we have to fill, and they are pre-determined by 

management, but can change as management deems necessary. 

2) We know the workers and their availabilities. 

3) The workers, as listed, are ranked according to their skills (highest to lowest), 

and for a given level of skill, according to their time of service (thus a newer skilled 

worker is ranked above a less skilled older worker). However, when generating a 

schedule, this seniority level may or may not be an issue, depending on the day and the 

shift. In other words, seniority can matter on Friday nights a great deal and not at all on 

Tuesday during lunch time. 

4) We know the maximum number and minimum number of shifts that a specific 

worker can work. 

5) We will try to not violate either the requirements or the availabilities, but if we 

must violate something, we will violate the availabilities and not change our restaurant 

requirements. 

6) We will try to not schedule a worker for both a lunch and a dinner shift. 

7) A worker can only work shifts that he/she is capable of working. 

8) We will assume that newer workers (towards the bottom) are not to be given 

the sub-positions for which they are not qualified. 

9) We will try not to schedule a worker for a night shift and then the following 

morning (although we will be forced to do so when necessary). 

10



10) The desirability of all shifts can be assigned on an individual basis. Also, a 

‘default desirability’ will be implemented. (For the example problem, this will not be a 

consideration, but for the model formulation, it will become relevant.) 

11) Each worker is hired for only one position, but can substitute (as their working 

knowledge progresses) among sub-positions. Working more than one position (cook and 

waiter, for example) can be handled by management on a case-by-case basis. 

(Consequently, for the most part, the scheduling of workers over different sub-positions of 

a given position can be done independently.) 

12) Kitchen workers will tend to work the hardest sub-positions for which they are 

qualified to work. Also, it is not desirable for a waiter to work the same shift every night, 

and a varying amount of consideration (restaurant dependent) is given to assigning a 

waiter a variety of shifts. The desirability of shifts, along with worker skill levels, jointly 

determine which shifts get assigned to each worker. 

Typically, it consumes hours of manual labor for a feasible schedule to be 

generated. The goal of this thesis is to significantly reduce this time via a computerized 

algorithmic/optimization approach. (See Appendix A-8 for a 'Final Two-Week Schedule’ 

generated for the present example problem.) 

To summarize, the task of scheduling workers extends from evaluating the 

restaurant's needs, to generating the required shifts, to evaluating the labor pool, to 

assigning workers to shifts. There are some observations that must be made in regard to 

the foregoing example: 

1) Our labor pool's availabilities were modeled after a real situation. 

2) We have considered seniority, although not quantifiably at this point. 

11



3) We have considered the sub-positions that each worker can fill, and have not 

violated this restriction. 

4) We have not tracked worker hours, although we have used intelligence in not 

assigning too many shifts to a worker, or too few. However, the proposed model will 

automate this feature. 

Based on the concepts revealed by this example, we are ready to formalize the 

scheduling problem, more precisely in greater detail. 

12



Chapter 2 

Literature and Software Review 

Scheduling workers for shift-work is often a complex, dynamic, and challenging 

problem that has consistently been a headache for managers over the years. Indeed, "The 

issue of work scheduling within an organization is as old as organizations themselves" 

‘(Ahmadi et al., 1986). In some situations where work hours and worker availabilities are 

constant, this is usually not a problem. However, for other instances, where workers have 

varying availability, qualifications and desirabilities, and the business demand fluctuates as 

well, problems quickly surface as the scheduler tries to accommodate both the workers’ 

and organizations' requests and requirements. 

After the advent of linear programming during World War II, the use of 

mathematical models to aid in decision making became more prevalent, and research in the 

area of scheduling began appearing in the late 50's and 60's. However, this research was 

restricted because the power required of computational machinery was still lacking. 

During the 70's, this changed as computers were more readily available to university 

researchers. Yet, nothing in the past can be compared to the power of the personal 

computer (available to individuals and businesses, easily affordable to both) that is 

13



prevalent in society today. All of the research, models, mathematics, and studies that have 

been conducted in the past are on the threshold of invading all service organizations in 

many forms of software. (This has happened in areas such as inventory, accounting, and 

purchasing). Some scheduling software has been developed for large organizations, such 

as manufacturing facilities and hospitals. However, a great void still exists for smaller 

applications in areas like hotels, restaurants, and other such service organizations. These 

types of environments require highly specific, customized software, that presently is not 

available. 

Before proposing a model and software to possibly fill this pervasive, and from an 

Opportunistic viewpoint, lucrative void (approximately 6,000 chain restaurants spend 

between 5-20 hours/month on scheduling, while software might reduce this time to 

minutes), one must understand the research that has been done in the area of scheduling. 

First, we will briefly analyze the work-force and attitudes towards shift-type organizations, 

as well as preferences as far as work schedules are concerned. Then, an examination of 

models and their applications will be examined to understand the literature and what has 

been accomplished thus far. The application of different models to problems is very 

important because this is where research can really pay off for society in the form of 

increased productivity and efficiency for the organization, as well as the accompanying 

reduction in costs. A commercial software package that is presently used for scheduling 

will then be examined. 

2.1 Workers and Organizations 

Before labor unions and other worker organizations were in place, workers were 

usually at the mercy of management and the owners. Over the years, workers have gained 

14



a larger voice in how and when they work. In the 1800's, for example, some coal miners 

would work 80-100 hour weeks routinely, while most modern day workers enjoy the 

stable 40-hour week. Ahmadi et al. (1986) point out that, "Within the last two decades, 

however, the traditional work schedule has been challenged by alternative methods of 

scheduling." They explore workers' attitudes concerning the 40-hour week, and conclude 

that workers do prefer alternative schedules over the traditional 5-day 8-hour week. One 

alternative they prefer is the 4-40 week, which is four 10-hour days followed by a three 

day off-period. The paper concludes by proclaiming: 

"It appears to be the consensus of opinion that the advantages 
of a modified work schedule to the employee and employer 
would outweigh the disadvantages. The results of this study 
indicate that a modified work schedule would increase output 
and improve employee morale and supervisor-employee relations." 

Their study was restricted to situations that involved a constant work schedule, and not 

shift work. In other words, workers worked the same hours week after week. Shift work 

presents different, often more complex, problems. 

Shift work in organizations poses an interesting dilemma. In order to stay 

competitive and attract customers, businesses must stay open longer (sometimes 24-hours 

a day) and provide more services, thus requiring extra workers and effort. Also, for 

organizations such as hospitals, having workers always on duty is a must. Hence, workers 

must be attracted to fill these positions and shifts. Companies have to pay more to fill 

these shifts, and not only by way of wages. Coleman (1989) points out that the effect "of 

reduced alertness on productivity and safety are costing companies an estimated $70 

15



billion a year." Essentially, there are three forces that shape the schedule in these service 

organizations: health requirements, employee desires, and business needs. 

    
   

    

    

  

    

  

Health 

Requirements 

Employee 
Desires 

Business 

Needs      

Figure 1: Elements that influence the scheduling process (1989) 

These forces combine, not always in equal proportions, to form the schedule. In some 

instances, health requirements are minimal and employee desires are easily satisfied, while 

in other cases, business needs are the major consideration. When dealing with shift 

schedules, many hidden costs hinder the effort. These costs, according to Coleman, 

include: 

eLack of alertness 
Reduced safety 

ePoor quality product 

eHigh costs of replacing personnel turnover and bid-outs 

eExcessive overtime 

eReduced productivity 
eOperator error leading to unscheduled downtime or product loss 
eDecreased motivation and vigilance 

16



Attempts can be made to lower these costs by making shift work more bearable, including 

monetary and benefit considerations. 

In summary, dealing with shift work proves to be quite challenging, with many 

problems feeding off other problems that create a very complex situation involving several 

factors. 

2.2 Manpower Scheduling 

There are a wide variety of scheduling situations that have been explored in the 

literature. After reviewing several of these, one will appreciate the complexity of the 

problem and understand why scheduling is such a widely studied field. 

Lev and Kwatny (1988) solved a problem in which trips are made to Europe that 

include scientists and business persons. The problem was that a group of these people 

would spend approximately a month in Europe and attend as many meetings as possible. 

However, each meeting had to be attended by a certain combination of people. The 

meetings were scattered throughout Europe, and travel expenses were substantial. 

Previously, the problem was solved manually, which caused problems because of conflicts, 

having to make many phone calls, and coordination problems in Europe. The solution was 

found by minimizing the number of repeat visits and attending as many meetings as 

possible, via a computerized optimization approach. 

Telephone operator scheduling, with varying forecasted requirements, is quite a 

complex situation. On one hand, costs in providing a sufficient number of operators must 

be minimized, while service cannot be compromised. Thus, the challenge becomes one of 

\7



alternatively pursuing both of these goals. Keith (1979) provides a method for determining 

the optimal solution via linear programming, but in the process encounters fractional (real 

number) solutions. In a second step, he proposes a heuristic to find an acceptable integer 

solution, while remaining close to the continuous optimum. Integer programming was 

explored initially, but computational costs were unreasonable for this approach. The model 

developed "resulted in savings involving schedule preparation and savings due to more 

efficient schedules" (Keith, 1979). 

Another scheduling situation arises when shift and days-off considerations come in 

to play. By using a set covering formulation, along with associated subproblems, Morris 

and Showalter (1983) present an "integrative tour scheduling formulation." They concern 

their solution with solving the 24 hours a day, 7 days a week situation, and as did Keith 

(1979), and find that the best way to approach the problem is by rounding down the 

associated linear programming optimal solution. The varying factor in this case is which 

days, as well as which shifts, are to be assigned, unlike as in operator scheduling, where 

the five working days are fixed and shifts need to be determined. The results were good, 

with both minimal error (deviation from the continuous optimum) and acceptable 

computational speed. However, the problem solved is not extremely complex. 

Breaks and meal-times are an aspect of scheduling that has been studied by 

Bechtold and Jacobs (1990). The integer linear programming formulation they present for 

this problem makes quite a few assumptions, although realistic, that might ‘handcuff a 

manager in a service organization if this model were implemented. However, 

computational times are quite small (less than 5 seconds on their Cyber 850 computer). 

The number of variables considered for the set-covering model did not exceed 200 

(apparently a limit). Hence, their model might not be appropriate for all service 

organization situations, where great detail exists as do many more variables. 

18



In Thompson (1990), the evaluation of same-skilled workers with part-time or 

limited availability workers is presented using two linear programming models. Thompson 

notes that most scheduling research has been too narrowly focused with unrealistic 

restrictions that are not adhered to in the real-world. Hence, he employs 15-minute 

planning intervals (instead of 30 minutes or longer), as well as large break windows. 

Various considerations are presented in the model, including overstaffing costs and 

understaffing costs. 

Another paper concerned with part-time workers in service organizations is that of 

Mabert and Showalter (1990). The model used here is a generalized set covering problem 

of the following form: 

Minimize DCX 

nN 

subjectto:. = ayx; 27, for t =1,2,...,m 
j=l 
x, =0 and integer for / =1,2,..., 

m = number of periods 

n = number of alternate tour schedules being considered; 

Cj = number of hours included in tour schedule j; 

xj = number of employees assigned to tour schedule j; 

aj =, if time period t is a work period in tour schedule j; 

=0; otherwise 
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rt = number of employees required for time period t 

The size of the associated problems for their situation ranged from (m,n)=(60, 4) to (60, 

650. However, due to computational limitations, the larger problems were not readily 

solvable. Hence, they used a relaxed linear programming approach borrowed from 

Showalter and Mabert that "generates 'near-optimal' solutions to these problems" (see 

Mabert and Showalter, 1990). We remark here that this model is applicable to our 

problem as well. However, as we shall see, an alternate formulation leads to a network 

structured problem for which optimal integer answers can be easily obtained via the 

solution of a specially (network) structured linear program. 

Now, let us move into the area of situation specific scheduling. There are many 

areas deserving attention that have yet to be researched thoroughly, but some such areas 

have received attention. The scheduling situations are diverse and range from the Atlantic 

Naval Fleet to umpires in major league baseball. We discuss some relevant work in this 

vein below, and refer the reader to the bibliography for other articles. (See the papers by 

Brown et al. (1990), and Evans (1988).) 

One area that has not received much attention is that of scheduling workers in a 

restaurant. Managers in restaurants spend an inordinate amount of time scheduling 

workers for shifts that must be filled. The problem is complex due to the varying 

availabilities, seniority levels, and worker preferences. Love and Hoey (1990) helped 

implement a solution procedure for a problem faced by a restaurant owner. In 1984, Al 

Boxley, the owner and operator of some McDonald's restaurants, decided that too much 

time was being spent on labor scheduling (over eight hours per week). So, the first task 

was to develop a mathematical model to accurately fit the problem. The model developed 

was an integer linear program that was decomposed into two network flow subproblems. 
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We will show later that the problem can actually be posed as a single pure network flow 

problem, had they made a few adjustments in the formulation of their problem. The 

proposed algorithm was implemented on a computer, with a goal of determining improved 

schedules with less effort, employing user-friendly software. The results were very good. 

After implementation, managers reduced the schedule preparation time by about 80 to 90 

percent. Furthermore, the schedules were better, with increased worker approval and 

satisfaction. Wasted labor was also reduced, increasing operating efficiency even further. 

This is the best example of labor scheduling being applied to a restaurant environment, 

although the solution was specific to these few stores and not expanded into other areas. 

Glover and McMillan (1984) also solved a similar restaurant scheduling problem. 

Their solution was again for a specific case with hard constraints that do not seem to be 

transferable to other restaurant problems. Another difficulty with their solution method 

was that it was geared toward the limited computing power of their day, which was also 

the case with the McDonald's scheduling procedure. They did implement their solution in 

the fast food environment, as well as the supermarket environment, both with success. 

With the use of their system, better schedules (approaching optimality) can be generated 

within one or two hours. Also, manual assignments can occur before the computer fills in 

the remaining shifts. The time savings in this case was estimated to be between six to 

twelve hours per week. Again, these results are positive. 

Computerized solutions to the scheduling problem have also been determined for 

other fields. For example, scheduling commercial airplanes to gates at major airports is 

similar to scheduling workers to shifts in the restaurant chain industry. A plane must have 

a gate, much like a shift must have a worker. Also, airplanes provide restrictions as to the 

type of gate they require. Some of these restrictions include: the size of the gate, 

international flight considerations (inspections, tariffs, security, etc.), other planes that 

21



block that gate, airplanes arriving before and after that plane (cushion time 

considerations), market restrictions (large market airplanes are usually grouped together), 

and crew considerations. This scheduling task is quite tedious in large airports. For 

example, at the Dallas-Ft. Worth International Airport, American Airlines has over sixty- 

five gates and around six hundred flights per day that arrive, depart, or both. Needless to 

say, the task of manually determining the best way to gate these planes is quite an 

endeavor. In fact, much time was spent accomplishing this task for many years. Realizing 

the need for an automated method of gating planes, American Airlines Decision 

Technologies developed GatePlan, an automated gating decision support tool. This 

software program greatly increased the efficiency of gate schedules, while reducing the 

amount of time required to minutes, instead of hours. Furthermore, sensitivity analyses 

could be performed for what-if situations. American Airlines has benefited greatly from 

this software. The program has been implemented at many airports, including Dallas-Ft. 

Worth, Chicago, Los Angeles, San Francisco, San Jose, Washington National, 

Raleigh/Durham, and Nashville (the major American Airlines hubs). The program is 

flexible, easy to use, but yet sophisticated and, when using a 486 microprocessor, 

amazingly fast. 

StaffWorks is another software program that was designed for automating the 

manpower scheduling process. However, StaffWorks was specifically designed for service 

industries with mathematical modeling and object oriented programming techniques 

involved. Some of the places that StaffWorks has been installed include: The Gap; 

Western Auto; Nash Finch grocery stores; Hastings Books, Music and Video stores; and 

Straus. StaffWorks was written and is supported by Campbell Software, Inc., which is 

based in Evanston, Illinois. Although StaffWorks appears to be sophisticated and complex, 

judging by the clientele and software description, it is not particularly suited for the 
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restaurant environment. One of StaffWorks goals is minimizing payroll, which in a 

restaurant environment (especially waiters) is not really a consideration. The schedules 

produced by StaffWorks are very clear, concise, and are easily derived. The program, only 

on the market for three years, does look promising, although its use is limited to the 

environments for which it was designed. 

The existing literature appears to concentrate on specific situations, presenting a 

model for a specific problem and then implementing the model for that problem. The two 

software packages, GatePlan and StaffWorks, seem to overcome this handicap and can be 

used in a variety of situations, although their scope is still rather narrow. By our 

assessment, there does not exist a model that offers the flexibility to represent well and to 

effectively solve the restaurant scheduling problem. The issue of employee satisfaction is 

an issue that has not been addressed effectively by management. When managers schedule 

workers in restaurants, their primary concern is that of satisfying the restaurants’ needs. By 

also incorporating employee desirabilities, we will show that the scheduling manager's 

concerns can be satisfied, while at the same time generating schedules that are more 

compatible with employee preferences. We will also show that this problem admits a 

mathematical model that possesses a special network structure that readily permits one to 

derive optimal integer solutions, even for large sized problems. By using the powerful 

personal computers and network-flow software that are readily available, we will also 

show that large problems can be solved quickly and effectively. 
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Chapter 3 

Construction of a Mathematical Model 

for the Restaurant Scheduling Problem 

In this chapter, we will introduce some notation to specify the characteristics of 

both the restaurant requirements and the worker availabilities and then proceed to develop 

a mathematical model for the scheduling problem. 

The requirements of a restaurant can be denoted as follows: 

s il 
=
 

NS
 y u Number of positions in a restaurant 

Sy
 I 

_
 NS o Mi Number of days in the scheduling horizon 

aN
 

Number of shifts for position p on day d 

N Bn = Seniority level required to work shift £, position p, on day d 

Tok = Start time for shift k, position p, on day d 

Tk = Finish time for shift £, position p, on day d@ 
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Accompanying this aspect is the ‘fulfillment end' of the scheduling problem. In 

other words, we need to consider the workers, their availabilities, and the types of 

positions they can work. Throughout, the scheduling horizon is assumed to span D days, 

and the data below pertains to this horizon. 

S
S
 

i 
i 

I! 

ba
y 

“
l
S
 

w
 

1 

Se
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= Total number of workers 

if worker j can work position p, on day d, shift k 

otherwise 

desirability of position p, shift k, on day d for worker j 

worker /'s seniority level, 1 being lowest and 10 being highest 

amount seniority matters, 0 being lowest (not at all) to 10 (it matters absolutely) 

for position p, on day da, for shift k (for shift type considerations) 

amount seniority matters, 0 being lowest (not at all) to 10 (it matters absolutely) 

for number of shifts assigned as a percentage of the number of shifts requested. 
(This is a shift equitability factor in terms of the parameter R fi defined below.) 

The (maximum) number of shifts worker j has requested to work over D days. 

The minimum acceptable shifts that worker / can be assigned. 

Start time availability of worker / on day d 

finish time availability of worker j on day d 

{Q: Q is comprised of a set of two (shift, position, and day) combinations such 

that no more than one such combination can be assigned to worker /} V/ 

if worker / on day d is assigned position p, shift k 

otherwise 
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Before proceeding further, a bit of clarification is in order. The restaurant 

requirement specifications can be interpreted as follows. P specifies the total number of 

positions in the restaurant. This includes all sub-positions within each principal position, as 

defined earlier in Chapter 1. Recall that there are various numbers of sub-positions for 

each principal position, and P represents the total number of these (principal position, sub- 

position) combinations, denoted simply as "positions." Note that not all principal positions 

warrant sub-positions. For example, in the kitchen at the 'cook' principal position there are 

broil cooks, fry cooks, pantry cooks, a line-leader, a back-up, etc., sub-positions. Each of 

these sub-positions requires special training and only the senior-most workers (who are 

most skilled) can work ‘all' of these sub-positions. In scheduling for the cook position, the 

worker's ability to work each different position must be evaluated when filling the different 

shifts. If a worker is not qualified (his/her seniority does not meet the requirements) for a 

position, he/she cannot work that position. Also, for other principal positions, such as 

dishwasher, there are no sub-positions. Each restaurant operates differently, but this 

consideration must be evaluated for scheduling purposes. Therefore, we have chosen to 

identify all such job slots or assignments simply as positions, to encompass various 

different situations. 

Naturally, in the overall restaurant scheduling problem, if for some group of job 

slots or positions there exists a dedicated pool of workers that cannot be assigned to other 

positions outside this group, then such a problem can be solved independently from the 

rest of the problem. We assume, in such a case, that the problem specification refers to 

this type of a separable problem whenever applicable. 

The number of days in the scheduling horizon is denoted as D. This value can 

range from as short as a week to as long as a month, typically. Finally, shifts (a length of 

time pertaining to a certain position which a single worker 'fills' by working this time) are 
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identified by specifying appropriate start and finish times, as well as the task to be 

performed on that shift (attending to a section of tables, for example, for a waiter shift.) In 

some cases, two shifts can begin and end at the same time, while in other cases shifts are 

more distinguished. 

The remaining parameters are concerned with seniority level requirements, the 

number of shifts per position per day, and the shifts’ start and ending times. The use of 

these parameters will become clear when worker availabilities are discussed in the next 

section. 

The next part of the scheduling problem considers the work force and their 

availabilities. A restaurant has a given number of workers, J. Each of these workers can 

only work for specified amounts of time each day (some workers are more flexible than 

others, however.) Also, each worker can work certain positions p on certain days. Some 

workers can only work one position all of the time, while other workers can work varying 

positions on different days. Thus, by specifying workers’ availabilities and the positions for 

which they are available, a schedule can be generated that will attempt to satisfy all of 

these requirements; both those of the restaurant and those of the workers. 

There is also a specification Oj, for each worker j, comprised of sets Q, each of 

which contains two particular shifts for which worker j can work at most one. This can be 

enforced as the user sees fit; in some cases it will not be applied, while in others, it might 

be used more often. For example, two shifts that might be included in this set are a closing 

shift on a Friday night and an opening shift on a Saturday morning. The time between 

these two shifts is usually quite small. Thus, scheduling a worker for both shifts is 

undesirable. 

The first step is to use the above information (start and finish times for shifts, 

workers' availabilities, blocking considerations, workers’ seniority levels, and_ shift 
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requirements) to determine all of the 6 values for all workers, days, positions, and shifts. 

Also, the sets Oj, Vj, can then be constructed if applicable. 

The seniority level of all workers also comes into consideration for 'driving' the 

scheduling process. There are two seniority factors, L and M, that are used for this 

purpose. L is utilized in assigning specific shifts to workers and is for the total number 

of shifts to be assigned. If Z is high, the more senior workers will tend to get the shifts 

they want, while if M/ is high, the more senior workers will tend to get a greater 

percentage of shifts that they would like to work. 

The next step in scheduling is to determine the required number of workers for 

each position, shift, and day—thus spelling out the time slots that need to be filled, each 

with one suitable worker. Various factors go into making these decisions, including time 

of year, day of week, expected volume, past performance of workers, etc. It is beyond the 

scope of this thesis to 'spell out' how these requirements are determined. It will be 

assumed that management will be able to easily quantify both the restaurant's needs and 

the workers' skill levels and availabilities. 

After determining the availabilities of the workers (6 values), the appropriate shifts 

to fill (K values), along with the type of worker to fill each shift (NV values), the goal then 

becomes that of filling the shifts in the best possible way. Presently, managers at 

restaurants use a pencil and paper and fill in the shifts, erasing and changing as necessary. 

Although not spelled out specifically, there is a ‘driving objective’ in the manager's mind, 

governed by seniority and skill-reward considerations. There are also constraints that the 

manager must adhere to, as specified below. 

1) All the shifts should be covered by an available, qualified worker. 

2) A worker can have at most one shift per day. 
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3) A worker cannot be assigned fewer than his/her acceptable number of shifts, nor 

can he/she be assigned more shifts than he/she has requested. 

4) A worker cannot be assigned any pair of shifts that are in conflict due to union 

or management restrictions. 

Using the above notation, these four constraint sets can be modeled as follows where the 

x-variables are restricted to be binary valued. 

xe =| Vp,k,d (1) 

ine) del 

D> x S1 Vid (2) 
(p,k): 54 =1 

Aj<s > paps xd < Rj Vi (3) 

(p.k,d): 64 =1 

oxo <1 VQ e€Q,,j=12....,J (4) 

(p,k.d) 

Equation (1) basically asserts that all shifts, over all days, and for each position, 

must have one and only one worker assigned to it, and if a worker is assigned to a shift, 

he/she must be able to work that shift. Equation (2) restricts workers to having either zero 

or one admissible shift in a given day. Equation (3) imposes upper and lower limits on the 

number of shifts that a worker is assigned over the horizon of D days. Equation (4) 
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restricts the assignment of workers to at most one shift from a blocking set of shifts. In 

this regard, motivated by the foregoing discussion, we will assume that: 

QONQ’=¢ VO,O0' €Q,, for each; =1,2,...,J (5) 

There is also an implicit objective function that drives the scheduling process. 

Essentially, there are two terms in this objective function, concerned with the number of 

shifts a worker is assigned over the scheduling horizon and the type of shifts he/she is 

assigned on each specific day. We will assume that the seniority factor (on a scale from 1 

to 10) also takes into account performance and ability. Thus, it is a ‘rating’ for each 

worker. Also, the desirability of a shift is how eager a worker is to be assigned to a 

particular shift. A desirability level of | is the lowest, while a value of 10 is very high. 

Note that the desirability of a shift can be different for different workers, or a ‘default 

desirability’ can be used for all workers. (This is a flexibility that is restaurant-dependent.) 

Now, the objective can be specified as follows: 

Maximize the sum of two components. The first component is 

the total satisfaction level achieved by assigning different types 

of shifts to the workers over all the days in the horizon. The 

second component is the total satisfaction level in the shift 

assignment distribution (number of shifts per worker). 
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The reasoning behind this objective function is as follows: MM is a gauge as to how 

important it is for the shifts to be distributed equitably, while Z is a gauge as to how 

satisfied each worker is with each shift he/she is assigned. The objective function therefore 

attempts to balance the number of shifts assigned to each worker, along with the types of 

shifts and satisfaction levels associated with the assignments, and can be stated as follows. 

  

Maximize: 

Da dAI — ApyG pXpk 
d dj d4{s k d [SEIS sp Lpaxpe Sj Gor + (RM) IS] #4 4 — 6) 

(pkdjy 5 4=I ‘ 

Hence, we are essentially trying to do two things. The first is to satisfy as many workers as 

possible, judging by what shifts they prefer, over the horizon. Simultaneously, we are 

trying to adjust the schedule to make it as equitable as desired, with respect to the number 

of shifts assigned. The variable Ap€(0, /) is used as a gauge to balance the two 

desirabilities, for each position p. R is the average of the quantities Rj V j, and Gp is the 

average of the quantities Gm V defined combinations of (4,d,/), for each p=1.,...,P. 

These values are used in the second term in order to make its value commensurate with 

that of the first term. Hence, Ap p=l,...,.P can then be used to intuitively balance roughly 

commensurate terms, although its derivation might be difficult. 

The entire restaurant scheduling problem RSP can now be summarized as follows: 
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RSP: Maximize 

subject to: 

where 

dj _ d dj Cok =A ,L, 1 jC pk 

SESE (78 

ax =1 Vp,k,d 
j:6 qj - 

LD hk <1 Vij,d 
(p,k): 6 4,= =] 

{4 <> D 2 “om § - & hy 

(p.k.d): 64 =1 

> xo, <1 VQ €Q,,j=1,2,...,J 

(p.k.d) @Q 

x binary 

+ (l- Ap )GpRMS ; | R; V(p,k,d,j): 55, =1 

(7b) 

(7c) 

(7d) 

(Je) 

(7f) 

(7g) 
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Before solving the problem, let us examine the number of variables and constraints 

for a typical problem. This is done to provide a better understanding of the complexity 

posed by the problem. First, we will list the relevant parameters or variables with a 

corresponding ‘high end' estimate for the total number of possible values. (Also, we will 

briefly describe the role played by the parameter/variable in the equations.) For some of 

the parameters/variables, we will state a range of values. This is done because for certain 

job classifications (principal positions), there might be just one sub-position, while for 

others there may be up to six sub-positions. Furthermore, in some instances, when a 

parameter has a changing number of values (number of shifts per position, for example), 

we will guess at an average number over all positions. 

Parameters Possible # of values 

or Variables or combinations Description 

P 3-20 # of positions 

D 7-31 # of days in horizon 

K 5-15 # of shifts per position 

J 15-100 # of workers 

Loe 9300 seniority consideration 

S i 100 worker seniority level 

Gi 465-2790 shift desirabilities for each worker 

M I seniority consideration 

Rj 100 shifts requested 

ne 465-2790 worker admissibility indicator 
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Ok 465-2790 assignment variables for each worker 

Given the above possible number of values for the different variables, we can 

enumerate the number of constraints. The index values (for p, d, &, and /) range from 1 to 

the high value presented above (P, D, K, and /). Using this information, for constraint set 

(1) there are P*K*D, or a total of 105-9300 (low-high) equations. For constraint set (2), 

there are /*D, or 105-3100 equations. For constraint set (3), there are 2*/ 30-200 

equations (two for each worker). The final constraint set varies largely in size, depending 

on how many ‘blocking situations! the user inputs. The minimum is 0, while the maximum 

will probably be less than 1000. The total number of structural constraints can therefore 

range from 240 to 13,600, depending on the size of the problem. Of course, as noted 

previously, this overall problem might have several smaller, separable sub-components. 

We have specified the approximate number of variables and constraint equations 

that one might encounter for this model. The next task is one of developing an algorithm 

for solving the problem, and hence prescribing suitable implementation strategies. 
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Chapter 4 

Development of an Efficient Solution 

Procedure for the Model 

On the face of it, the proposed model (7a)-(7f) is an overwhelming 0-1 integer 

program. Given the anticipated size of this problem, an exact solution of this problem can 

be quite elusive, despite the special structures (assignment and set-packing constraints) 

inherent in the formulation. However, it turns out that if we relax constraints (7e), and 

handle these restrictions whenever they are present via a special blocking method to be 

described subsequently (recall that not all problems might contain such restrictions), the 

resulting problem can be manipulated into a minimal cost network flow programming 

problem. This is a specially structured linear program for which highly effective solution 

techniques exist for solving large scale instances (see Bazaraa, Jarvis and Sherali, 1990, 

for example), and more importantly, extreme point optimal solutions are guaranteed to be 

integer (0-1) valued. Hence, the 0-1 integer program can then be solved as a specially 

structured linear programming problem. 

The network reformulation of this problem can be made evident by using four 

stages of nodes, along with arcs connecting them in a prescribed way, so that the three 
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sets of constraints (7b, 7c, and 7d) can be satisfied. (Please refer to the following page for 

an illustration of this network structure). As noted above, constraint (7e) will be 

disregarded at this point because it will be handled for specific cases in a special manner. 

The source node 0 at the far left contains a supply equal to the total number of 

shifts for all positions and over all the days in the horizon given by >, >, KS . On the far 

pd 

right, the demand nodes are depicted, where nex represents the node for shift & of 

position p on day d, having a demand of one unit. Hence, the total supply at 0 equals the 

total number of these demand nodes, or the total demand. The network flow problem 

attempts to distribute this total supply across the network to the demand nodes in an 

optimal fashion, according to the cost coefficients present in the third set of arcs, as well 

as the upper and lower bound restrictions imposed on the three sets of arcs. For the first 

two sets of arcs, the cost is zero; thus the only constraint for these arcs are the lower 

(minimum number required) and upper (maximum number allowed) bounds. For the third 

set of arcs, the cost coefficient comes into play and determines an optimal schedule. The 

function of these arcs and the intervening nodes is explained next. 

The first set of arcs prescribes the minimum number and the maximum number of 

shifts each worker can receive. These data should be obtained from each individual 

worker, and approved by management. By not violating these upper and lower bounds, all 

workers will receive an appropriate and acceptable number of shifts. Consequently, the 

first set of nodes represents all the workers j=/,2,...,/, and the flow reaching each node / 

represents the total number of shifts assigned to worker j as given by (7d). Hence, this 

enforces (7d). 
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The second set of arcs simply restrict each worker to at most one shift per day. In 

some instances, when a worker cannot work on a given day at all, the upper bound on that 

corresponding arc will be zero, thus not allowing a shift to be assigned to that worker on 

that particular day. (Actually, such an arc is not constructed in the model.) Otherwise an 

upper bound of one is imposed on the arc. Hence, for each worker, a flow of one on the 

arcs emanating from worker /'s node to the second set of nodes which represent (worker /, 

day d), d=1,2,...,D, combinations, reveals the particular days to which the assigned shifts 

of a worker are allocated. These flows are represented by the quantity given in (7c), and 

so, the upper bound of one on these arcs enforces constraint (7c). 

The last set of arcs is perhaps the most important set. The idea behind these arcs 1s 

to optimally distribute the assigned availability of each worker on each given day to an 

admissible shift so as to maximize total satisfaction. (Note that the network assigns the 

negative of the model cost coefficients on these arcs, since this is a minimum cost network 

flow problem.) The concept behind the 0 oe coefficients is applied at this stage. A given 

node (j,d@) at the second level is connected to a given node nee at the final level if and only 

if 0 ae =1. The flow on the corresponding arc is precisely xo Hence, for each demand 

node n“,, the sum of the flows on all incoming arcs is given by the expression in (7b), pk» 

which must equal one, the demand at node nek: Therefore, this set of arcs enforces 

constraint (7b). (Note that the upper bound of one here is redundant, and can be omitted.) 

Note also that working backwards through the network, the flow on the second set of arcs 

connecting each worker node j to each (worker j, day d) combination node can be 

designated as 
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dj _ dj yos S Sed, vid 
~A _ (p,k): oo ke =1 

where the 6-restrictions are enforced by the third set of arcs as above. Similarly, the flow 

on the first set of arcs from the super-source node 0 to the worker j nodes can then be 

represented as: 

zi=Sy% = > yD x4, Vj =l,...,J 
d (p-k.dy:5 9 =I 

Consequently, this set of arcs enforces (7d). 

The restatement of the scheduling problem that reveals the hidden network 

structure when the constraints (7e) are omitted is given below, with the standard notation 

wherein positive right-hand sides denote supplies, negative right-hand sides denote 

demands, and right-hand sides of zero are associated with the transshipment nodes. 

Minimize >>>» (= oe) * pk (8a) 
+ G _ (p.k.d.j)-0 Fp =] 

subject to: —- >” xo =-—] Vp,k,d (8b) 

pod =a ON 

Dd x4 - yt =0 Vid (8c) 
(pk): 0 d= 
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a yt -2 =0V ij (8d) 

D2! = SOK; (8e) 
J pd 

O< x9 <1 U(p,k,d,j) 2 ae =l (8f) 

O< y4 s1Vd,j (8g) 

A, S 2! SR, Vj (8h) 

4,1 Handling of Complicating Constraints 

As far as incorporating (7e) is concerned, whenever such constraints are present, 

one can adopt Lagrangian relaxation techniques along with branch-and-bound methods 

(see Nemhauser and Wolsey, 1988, for example), but it is probably simplest to enforce 

these constraints at the level of worker availability specifications. Recall that for each j, a 

set O; © Q restricts the worker j from working both shifts specified in Q;. The worker 

can be asked a priori to select one shift for possible assignment, and so, these constraints 

(7e) would automatically be enforced via the corresponding d-specification. Alternatively, 

one can solve the network flow problem (8), and if any constraints in (7e) are violated (if 

none are, then the optimal solution also solves (7)), they can be enforced manually by 
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restricting one of the corresponding d6-parameters to zero, and resolving the problem 

(using the advanced start solution available) until the solution to some problem (8) yields 

an optimal solution that is feasible to (7e). 

In a similar manner, other complicating constraints can be handled via such post- 

optimality considerations. For example, we had stated earlier that a worker might not 

prefer to be assigned the same shift every day in the horizon. If the network based solution 

presents such an undesirable outcome, then by blocking the assignment of certain shifts to 

the particular worker(s) using the d-variables, another run (or a set of additional runs) can 

be made until this interactive process produces a desirable solution. This approach is 

feasible because of the relative ease with which the network flow problem can be solved. 

In summary, the proposed network formulation (barring the heuristic treatment of 

constraints (7e)) will take the model presented in the previous chapter and solve it in an 

optimal fashion, producing good, real solutions very efficiently. Much flexibility is allowed 

in prescribing this solution, and this can be seen by examining the method used to calculate 

the cost coefficients for the third set of arcs. Because of the somewhat arbitrariness of this 

specification, a premature termination of the algorithm along with a feasible, but only 

near-optimal, solution is also quite acceptable in practice. 
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Chapter 5 

Illustrative Case Study 

In this chapter, we will present a real case study based on data provided by 

Cheddar's, a restaurant in Newport News, Virginia, and solve the corresponding problem 

using the proposed network-flow approach. 

There will be three steps in applying this approach. The first step will be to 

determine the restaurant requirements and the second will be to determine worker 

availabilities, satisfaction levels, and other related specifications. The final step will be to 

solve the problem utilizing the network flow model presented in the previous chapter. 

The first problem is to determine the number of positions, along with the 

corresponding number of shifts for each position over a scheduling horizon. A summary of 

this information is given below: 

  

Number of Number of Total 

Position Day Lunch Shifts Dinner Shifts Shifts 

Hostess 1-4 2 2 16 

Hostess 5-6 2 4 12 

Hostess 7 2 2 4 
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Bartender 1-4 1 1 8 

Bartender 5-6 1 2 6 

Bartender 7 1 1 2 

Waiter 1-7 6 6 84 

Total 132 

In summary, there are three positions for the seven-day horizon. On days 5 and 6 (Friday 

and Saturday), there are more shifts for both the hostess and bartender positions, while the 

number of shifts for the waiter position remains the same. Hence, there are a total of 132 

shifts that must be filled during the entire week. The aim is to prescribe how to fill these 

shifts in an optimal manner. 

The next bit of information needed is the seniority level required to work each 

position. This information was obtained from Heather Moss, the scheduling manager at 

the restaurant. For the three positions, she stated that the waiter position was the only one 

for which seniority levels were considered. For the hostess position, a minimal training 

was required and any hostess could work any shift. For the bartender position, although 

significantly more training was required, only workers that passed this training were 

employed; hence, any bartender could work any shift. For the waiter position, however, 

different shifts presented different levels of difficulty, and based on a 1-10 rating scale, the 

following seniority level requirements were imposed on the various shifts: 

Seniority Level Required To Work Various Shifts 

  

Day 

Shift 1 2 3 4 5 6 7 
I 2 2 2 2 2 
2 1 ] | l 1 ] | 
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3 6 6 6 6 6 6 6 

4 1 1 l l ] ] Il 

5 6 6 6 6 6 6 6 

6 4 4 4 4 4 4 4 

7 4 4 4 4 4 4 4 

8 4 4 4 4 4 4 4 

9 2 2 2 2 2 2 5 

10 4 4 4 4 6 6 6 

1] 4 4 4 4 7 7 7 

12 2 2 2 2 2 2 5 

A few observations should be made before proceeding further. First of all, there is little 

variation in the required seniority data over the seven day horizon; however, this is not 

absent. Also, this information had never been previously determined by the manager 

numerically, these were simply guesses based on her experience. Likewise, she claimed to 

have a ‘rough idea’ as to which workers were qualified for each shift. In this example only 

twelve shifts (six lunch shifts and six dinner shifts) are being considered for simplicity, 

while in practice there are sometimes more. For the purposes of this model, however, the 

data are quite adequate and sufficient. 

The next step in gathering the data is to determine the remaining parameters by 

using information provided by the workers, as well as seniority levels provided by 

management. This process was conducted by using three separate questionnaires, one for 

each position. (See Appendix A-9-'Employee Questionnaires'.) In order to adequately fill 

the three positions over the horizon, twelve hostesses, five bartenders, and twenty waiters 

were used. After collecting the employee data, along with the remaining data from 

management, the information was stored on data files on a 486 Packard Bell computer. 

Then, a software program was written to manipulate the data and produce the arcs 

required to solve the problem. Because of the separability of the problems, a total of three 
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separate networks, one for each position, was generated. Please see the following pages 

for the networks formulated to solve this problem. 

As discussed earlier, each network is comprised of four classes of nodes and three 

sets of arcs. The data obtained from the workers were used to determine the lower and 

upper bounds for all three sets of arcs. The data were also used to calculate the cost 

coefficients for the third set of arcs. The third set of arcs is quite sparse due to restricted 

worker availabilities. 

Although 1,599 arcs were constructed over the three networks using the computer 

program, only a sample will be presented here. The first set of arcs deal with minimum and 

maximum number of shifts. A sample set is given below: 

  

Lower Upper 

From To Bound Bound Cost 

Source 0 Worker 1 2 4 0 

Source 0 Worker 2 4 6 0 

Source 0 Worker 3 3 4 0 

Source 0 Worker 4 3 5 0 

Source 0 Worker 5 2 4 0 

Source 0 Worker 6 4 7 0 

Source 0 Worker 7 7 14 0 

Source 0 Worker 8 3 5 0 

Source 0 Worker 37 4 5 0 

The second set of arcs deals with whether or not a worker is eligible to work on 

certain days. If the upper bound is one, then a worker can work, while if the upper bound 

is zero, he/she is not able to work that day. (Note that such arcs, having an upper bound 
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of zero, are not actually constructed for the network model.) Given below is a sample of 

these arc specifications: 

From To Lower Upper Cost 

Worker 1 Worker 1, day 1 0 1 0 
Worker 1 Worker 1, day 2 0 1 0 

Worker 1 Worker 1, day 3 0 1 0 

Worker 1 Worker 1, day 4 0 1 0 

Worker 1 Worker 1, day 5 0 1 0 

Worker 2 Worker 2, day 6 0 1 0 

Worker 2 Worker 2, day 7 0 0 0 

Worker 37  =Worker 37, day 3 0 1 0 

Worker 37 =Worker 37, day 4 0 1 0 

Worker 37 Worker 37, day 5 0 1 0 
Worker 37. ~— Worker 37, day 6 0 1 0 

Worker 37. = Worker 37, day 7 0 1 0 

Note that in the above table, there is only one arc that has an upper bound of zero. In fact, 

of the 259 total potential arcs, there are only 20 that have an upper bound of zero, and 

which are therefore absent from the model. This is because the worker responses were 

obtained from a relatively flexible group, and most workers could work either a lunch or a 

dinner shift for each day in the scheduling horizon. This is usually the case, as the workers 

typically want to be semi-flexible in order to be assigned more shifts. 
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The final arc set is the most lengthy and important. The main reason is because the 

cost coefficients come into play and determine which assigned schedules are good and 

which ones are better, in an attempt to achieve an overall desirable (optimal) schedule. 

The computations necessary to specify these arcs are quite complex, and a powerful 486 

microprocessor will be needed to obtain results in a reasonable amount of time. (The 

computational deficiencies that computers had in the past was the inhibiting factor for 

methods prescribed herein. However, this is no longer a problem.) Given below are some 

sample arcs: 

From To Lower Upper Cost 

Worker 1, day 1 Day 1, pos 1, shift 1 0 l -301 

Worker 1, day 1 Day 1, pos 1, shift2 0 1 -337 

Worker 1, day 1 Day 1, pos 1, shift3 0 ] -303 

Worker 1, day 1 Day 1, pos 1, shift4 0 1 -353 

Worker 1, day 5 Day 5, pos 1, shift3 0 1 -371 

Worker 1, day 5 Day 5, pos 1, shift4 0 1 -407 
Worker 1, day 5 Day 5, pos 1, shift5 0 1 -294 

Worker 1, day 5 Day 5, pos 1, shift6 0 1 -287 

Worker 21, day 3 Day 3, pos 3, shift1 0 1 -71 

Worker 21, day 3 Day 3, pos 3, shift2 0 1 -47 
Worker 21, day 3 Day 3, pos 3, shift3 0 1 -83 

Worker 21, day 3 Day 3, pos 3, shift4 0 1 -47 

Worker 21, day 3 Day 3, pos 3, shift 5 0 1 -377 
Worker 21, day 3 Day 3, pos 3, shift6 0 1 -77 

Worker 37, day 7 Day 7, pos 3, shift 1 0 1 -48 
Worker 37, day 7 Day 7, pos 3, shift2 0 1 -36 
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Worker 37, day 7 Day 7, pos 3, shift4 0 1 -36 

Note again that the foregoing sets of arcs are to be compartmentalized by position for 

constructing the three separate networks. The above workers, were grouped according to 

their position, correspond to the following coded indices: 

  Worker Numbers Position 

1-12 1-Hostess 

13-17 2-Bartender 

18-37 3-Waiter 

In summary, a computer program can be used to input all of the raw data and to solve the 

formulated network problem. In this example, the appropriate number of arcs and nodes 

within each set are specified for each network on the respective network illustrations. The 

total size of each network is given below: 

Position 1: Hostess Number of Nodes: 123 Number of Arcs: 352 

Position 2: Bartender Number of Nodes: 56 Number of Arcs: 104 

Position 3: Waiter | Number of Nodes: 233 Number of Arcs: 1143 

Before presenting a solution to the foregoing problem, we first discuss pre- 

processing, an algorithmic, and post-processing procedures that must be used for solving 

the problem. After exploring these considerations and concerns, we will display a solution 

to the sample problem, along with that for eight other test case scenarios. 
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Chapter 6 

Processing Considerations and Concerns 

Before discussing solutions, we first consider the information processing and the 

methodology needed for implementing the restaurant scheduling model. Raw data must be 

obtained from workers and management, then manipulated into the desired format. The 

information is then input into a network solver, and the output is transformed into a usable 

schedule. These two aspects of input and output data manipulation are known as pre- and 

post-processing, both of which are best performed with the assistance of a computer. 

\ 

6.1 Pre-Processing 

Gathering information from the restaurant manager and from employees via a 

scheduling questionnaire is the first step in the pre-processing phase. The next step is 

inputting the data into a computer in the form of data files. For this purpose, we 

constructed a program, entitled EZPLAN, to manipulate the data files into a usable 

format. These files serve as an input to a minimum cost network solver. (We employed the 

program NETFLO developed by Kennington and Helgason, 1980, for this purpose). We 

also developed a heuristic schedule generator based on the structure of the problem. The 
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initial tasks of preparing the input for these solution procedures constitute the pre- 

processing phase of the solution methodology. 

The data collection was accomplished by using the questionnaire given in 

Appendix A-10. Alternatively, in a small restaurant, a manager may be able to supply the 

information if he/she is familiar with worker concerns, desires, and preferences. Inputting 

the data into data files is then accomplished using a simple text-editor program. The 

required list of data files used in the program EZPLAN are specified below. The data are 

all integer valued. 

Name of File 

SENIORIT.DAT 

MINWORK.DAT 

MAXWORK.DAT 

SHIFTDAT.DAT 

SENREQ.DAT 

SENMAT DAT 

Information Contained 

Seniority level of each 

worker 

Minimum number of shifts 

requested by each worker 

over the scheduling horizon 

Maximum number of shifts 

requested by each worker 
over the scheduling horizon 

Number of shifts per day 
for each position 

The seniority level required 

per shift, per position, 
per day 

How much seniority matters 
per shift, per position, 

per day for shift type 
considerations (in 

making assignments) 

Size (Number of Data Points) 

Total number of workers 

Total number of workers 

Total number of workers 

The number of days in the 
horizon times the number of 

positions 

Total number of shifts over 

the horizon (for all positions) 

Total number of shifts over 

the horizon (for all positions) 
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PDES.DAT Desirability expressed by each The total number of shifts a 

worker for each shift for worker is qualified for, for 
which he/she is qualified each worker (a summation) 

AVAIL.DAT Availability of each worker The total number of shifts a 

for each shift for which he/she worker is qualified for, for 

is qualified each worker (a summation) 

WORKPOSN.DAT _ The number of workers The total number of positions 
qualified for each position 

LAMBDA.DAT The lambda value (see The total number of positions 

model discussion) for each 

position 

An efficient, logical construction of data files is used to preclude a total reconstruction of 

the files, when the data varies from one usage to the next. This is particularly important in 

those instances involving large numbers of data points. (For example, 8 positions, 25 shifts 

per week per position, and 6 workers for each position would cause PDES.DAT and 

PAVAIL.DAT to both contain 1200 data points.) 

6.2 Exact and Heuristic Schedule Generators 

We created a program, EZPLAN, that inputs the data, manipulates the data, 

generates a network-flow model, and then generates a schedule. The last step is 

accomplished via a heuristic scheme described below, and also via a network solver, that 

optimally solves the network model. 

Except for the network solver NETFLO which is a FORTRAN code, EZPLAN 

was written in C, using a Turbo C++ compiler, on a Packard Bell 486 personal computer. 

The complete listing of the program can be found in Appendix A-11- ‘Program Listing’. 

54



The first four functions, readworkinfo (_), readshifinfo (), readsenshifs (_), and 

readworkshifts (.), input the information previously discussed in the form of linked lists of 

structures (using malloc () to dynamically allocate memory as needed). Certain values and 

variables are determined using the raw data; this information is appropriately stored. 

The next four functions dispworkinfo ( ), dispshifinfo (_), dispsenshifs (_), and 

dispworkshifs (_) display the information. Although these functions are not necessarily 

required, per se, they are useful in deriving the final schedule, displaying the information, 

and troubleshooting problems that might develop at a later point (e.g. incorrect, misread 

data, memory problems, etc.). After these first eight functions are developed, the more 

complicated functions that process the information are generated next. 

The function arcvals { ) constructs the network-flow model and stores the 

associated values in the three sets of arcs as discussed earlier. The structure list utilizes 

pointers to link all arcs together in the computer's memory. Also, the to/from node 

numbers for each arc are determined for added convenience. Within the first set of arcs, 

the primary concern is lower and upper bounds (no cost) which correspond to minimum 

and maximum number of shifts per worker over the horizon. The second set of arcs relates 

to a given worker's availability for each day in the scheduling horizon. The final set of arcs 

computes the cost-coefficients associated with the satisfaction levels of each shift for each 

worker. The function constructs the network quite efficiently, depending on the size of the 

problem. (In our eight test cases, no longer than 20 seconds were required using a 486 SX 

25 Mhz microprocessor.) 

Two approaches can be taken to generate a schedule, after the network flow- 

model has been constructed. The first approach used is a straight-forward heuristic 

procedure. A flow-chart for this arc is depicted in Figure 1. After the algorithm has 

completed its computations, the schedule is stored in a file named SCHEDULE.DAT, that



can be accessed (and printed) easily to review the generated schedule. Note that this 

completes the overall procedure because the post-processing is embedded within the 

algorithm. 

A second method that is used in solving the scheduling problem is NETFLO, an 

optimization-based network solver written in FORTRAN. In order to prepare the 

information for NETFLO, additional considerations and tactics must be implemented, as 

they are required by NETFLO. The four elements of information required for NETFLO 

are: 

1. The total number of arcs and nodes 

2. The supply/demand at each node (zero when the node is a transshipment node) 

3. The number of arcs entering each node 

4. The lower bound, upper bound, and cost for each arc 

The function netflo ( ) in the program EZPLAN stores the above information in a file 

named NETSTUFF.DAT. The associated data required for this purpose was previously 

calculated within the function arcva/s ( ). The function netffo ( ) stores the resulting 

information in the file NETSTUFF.DAT in the manner prescribed by NETFLO. Careful 

attention must be taken when preparing input for the NETFLO program, since any 

transposition error will cause NETFLO to crash. The second part of the ne#/fo (_) function 

has the capability of taking the output from NETFLO and generating a schedule. This is 

covered in the post-processing section of this chapter. 

In summary, the functions discussed earlier input the information from the data 

files and construct the network flow model. Next, either of two methods for solving the 
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problem is utilized. One method operates heuristically, and is self-contained within the 

overall program, generating the prescribed schedule directly in the required format, while 

the other involves using another program, NETFLO, to optimally solve the model. This 

second method requires additional post-processing steps as described next. 

6.3 Post-Processing 

After running NETFLO using the input file NETSTUFF.DAT as described in the 

foregoing section, assuming that a feasible solution exists, an output file is produced by 

this program. This file contains an optimal solution, specified in terms of arcs that carry 

positive flows. This information must be transferred back to the EZPLAN environment, 

however, in order to generate the schedule. 

The second part of the neZffo ( ) function in EZPLAN inputs that subset of the 

third set of arcs that carry a positive flow as produced by NETFLO, and translates this 

information into shifts assigned to workers. The new schedule is stored in a file called 

NETANAL.DAT, which can be reviewed and printed as necessary. 

In summary, the post-processing is rather simple, but very important in translating 

cryptic program outputs into managerial reports. Customized variations of these reports 

are also possible by further augmenting the post-processing routine. 
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Chapter 7 

Computational Experience 

The first solution derived in this chapter is for the Illustrative Case Study described 

in Chapter 5. The second set of solutions is based on eight test cases that we developed 

using random number generation and patterns discovered from the employee 

questionnaires. In each case, we compare the solutions produced by the heuristic 

procedure and the exact network solver NETFLO. 

7.1 Illustrative Case Study Results 

In the first test case, recall that there were three positions (hostess, bartender, and 

waiter/waitress), with 12, 5, and 20 workers for each, respectively. The complete schedule 

(both heuristic and optimal) can be found in Appendix 12-'Case Study Schedule’. For 

clarification purposes, a few shift assignments are shown here, along with a suitable 

explanation for them. 

HEURISTIC SOLUTION 

Position 1, day 1, shift 1, has worker 1 with cval of 40 
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Position 1, day 1, shift 2, has worker 12 with cval of 135 

Position 1, day 1, shift 3, has worker 8 with cval of 200 

Position 2, day 5, shift 3, has worker 13 with cval of 162 

Position 2, day 6, shift 1, has worker 17 with cval of 202 

Position 3, day 7, shift 10, has worker 33 with cval of 196 

Position 3, day 7, shift 11, has worker 20 with cval of 110 

Position 3, day 7, shift 12, has worker 19 with cval of 110 

OPTIMAL SOLUTION 

Position 1, day 1, shift 1, has worker 7 with cval of 9 

Position 1, day 1, shift 2, has worker 12 with cval of 135 

Position 1, day 1, shift 3, has worker 10 with cval of 135 

Position 2, day 5, shift 3, has worker 13 with cval of 162 

Position 2, day 6, shift 1, has worker 17 with cval of 202 

Position 3, day 7, shift 10, has worker 33 with cval of 196 

Position 3, day 7, shift 11, has worker 20 with cval of 110 

Position 3, day 7, shift 12, has worker 32 with cval of 110 

The positions range from 1-3, days from 1-7, shifts from 1-12, and worker numbers from 

1-37, while the cval is the satisfaction associated with assigning the particular shift to the 

specified worker. 
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Before proceeding, a few comments should be made concerning the flexibility of 

the model. Given the relative arbitrariness in specifying various parameters in the data, the 

same problem scenario can admit virtually thousands of distinct schedules as being viable 

and acceptable. Thus, once the model is used in practice, a scheduling manager can adjust 

the parameters and fine-tune them to match his/her intangible preferences. (For example, 

the lambda values could all be adjusted slightly and generate a completely different 

schedule.) Therefore, we will assume that these intangible parameters are ideally adjusted, 

and we will concentrate our analysis on the resulting schedules, assuming the existence of 

an "optimum" for each particular situation. 

Returning to the test case, the main issue is to optimize (maximize) total 

satisfaction. Accordingly, the three schedules pertaining to the optimum, the heuristic, and 

the absolute worst solutions obtained generate the following objective function values: 

  

Optimum Heuristic Absolute Worst 

Total satisfaction 16980 14794 4177 

Number of 0 0 0 

unassigned shifts 

Percent of optimal 100% 82.9% 0% 
within range 

Number of nodes 412 412 412 

Number of arcs 1599 1599 1599 

Note that the heuristic procedure produced a feasible solution. For the optimal 

solution, some of the workers only receive their minimum number of requested shifts, 
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while others recetve the maximum. This is because when constructing the worker profiles, 

some are considered part time workers and have low availabilities, preferences, and in 

some cases seniority levels. The model can be adjusted, however, to more equitably assign 

the shifts, which in some restaurants might be a goal. However, in most restaurants, there 

exist workers who only work a few shifts per horizon because the restaurant job is not the 

worker's main source of income or priority. The important thing to emphasize, again, is 

that we are assuming that the model has been constructed ideally for this situation. The 

computational time required by the computer for the NETFLO program, which ran on an 

IBM 3090 computer, was a mere few seconds. Conversely, the heuristic required about 5 

minutes on a Packard Bell 486 SX, 25 Mhz computer. Compared to the 3-5 hours per 

week that managers spend scheduling workers manually, these times are a great 

improvement. The real time considerations will be dependent on the interactions between 

the managers and the model. Furthermore, an initial 'setup time’ for the first time that a 

manager tries to implement computerized scheduling will probably be substantial, in order 

to adequately and effectively implement the model. Over a reasonable period of time, 

however, these times will be greatly offset by the time savings the computer and model 

will produce. 

7.2 Test Case Problems and Results 

Each of the eight test cases was constructed using a different number of positions 

in the restaurant. In some restaurants, for instance, only a few positions might pose 

scheduling difficulties, while other positions employ workers with permanent schedules. 

Also, the number of shifts for the weekdays and weekends, as well as the number of 

workers, was altered for each test case. Information such as minimum acceptable shifts per 
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week and seniority levels were determined using a random number generator, but based on 

the questionnaire responses, in order to accurately formulate the test case problems. In 

formulating the problems, the following criteria were used: 

  

Test Case Number _-—> 1 2 3 4 5 6 7 8 

Total Number of Positions 8 7 6 5 4 3 2 

Total Number of Workers 41 43 43 52 37 44 44 19 

Total Number of Shifts 178 197 185 228 150 187 224 99 

Overall Average 

Shifts/Week/Worker 4.34 4.58 4.30 4.38 4.05 4.25 5.09 5.21 
  

Mote specifically, we used the following information for each position: 

  

Test Case Number —> 1 2 3 4 5 6 7 8 

Weekday Shifts Position 1 3 8 8 6 10 4 20 15 
Weekend Shifts Position 1 3 10 10 10 12 4 20 12 

Total Shifts/Week Position 1 21 60 60 50 74 28 140 99 

Workers/Position 1 5 12 14 12 18 7 28 19 

Weekday Shifts Position 2 4 3 6 4 9 12 
Weekend Shifts Position 2 6 5 9 6 12 12 

Total Shifts/Week Position 2 12 32 25 48 32 69 84 

Workers/Position 2 8 6 10 8 15 16 

Weekday Shifts Position 3 6 3 3 10 3 12 

Weekend Shifts Position 3 7 5 5 15 3 15 

Total Shifts/Week Position 3 44 25 25 80 21 90 

Workers/Position 3 10 6 6 18 5 22 

Weekday Shifts Position 4 3 3 4 3 3 
Weekend Shifts Position 4 5 3 4 5 4 

Total Shifts/Week Position 4 25 21 28 25 23 

Workers/Position 4 6 4 6 6 6 

Weekday Shifts Position 5 1 2 4 3 
Weekend Shifts Position 5 2 2 2 5 

Total Shifts/Week Position 5 9 14 24 25 

Workers/Position 5 2 3 6 6 

Weekday Shifts Position 6 3 3 3 
Weekend Shifts Position 6 5 2 4 
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Total Shifts/Week Position 6 25 19 23 

Workers/Position 6 6 5 6 

Weekday Shifts Position 7 4 4 
Weekend Shifts Position 7 4 3 

Total Shifts/Week Position 7 28 26 

Workers/Position 7 6 5 

Weekday Shifts Position 8 2 
Weekend Shifts Position 8 

Total Shifts/Week Position 8 14 

Workers/Position 8 3 

  

The construction of the above test cases, which are fictitious, but realistic, restaurant 

scenarios, were used to formulate the problem in a variety of ways, representing the 

myriad of possible restaurant situations prevalent in the restaurant industry. One factor in 

particular, the average shifts/week/worker can be used to analyze the ‘realism’ of the test 

case. Considering the number of workers that work part time and full time, between four 

and six shifts per week/per worker is considered a realistic value for this quotient. The 

other variables, such as the importance of seniority and lambda values, were chosen based 

on random number generation and restaurant experience. 

In solving the test cases, the optimum, the absolute worst, and heuristic solutions 

were again determined using both the EZPLAN program and NETFLO. These schedules 

can be found in Appendix 13-'Test Case Schedules'. Cases and results are summarized as 

follows: 

(Note: the CPU for the optimum was an IBM 3090, for the heuristic a 486 SX, 25 Mhz) 
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Optimum Heuristic Absolute Worst 

TEST CASE 1 

1273 arcs, 505 nodes 

Total Satisfaction 32036 30898 10027 

Unassigned Shifts 0 0 0 

Percent of Optimality 100% 94.8% 0% 
CPU time (seconds) 4.69 215.32 na. 

Iterations 1095 n.a. n.a. 

TEST CASE 2 

1608 arcs, 541 nodes 

Total Satisfaction 46400 44278 12659 

Unassigned Shifts 0 0 0 

Percent of Optimality 100% 93.7% 0% 
CPU time 4.69 333.84 n.a. 

Iterations 1221 n.a. n.a. 

TEST CASE 3 

1694 arcs, 529 nodes 

Total Satisfaction 42162 39506 9490 

Unassigned Shifts 0 0 0 

Percent of Optimality 100% 91.9% 0% 
CPU time 4.69 315.98 n.a. 

Iterations 1695 n.a. n.a. 

TEST CASE 4 

2825 arcs, 645 nodes 

Total Satisfaction 77189 72323 12839 

Unassigned Shifts 0 I 9) 
Percent of Optimality 100% 92.4% 0% 
CPU time 7.30 907.91 n.a. 

Iterations 1477 n.a. n.a. 

TEST CASE 5 

1857 arcs, 447 nodes 

Total Satisfaction 47695 44930 8656 
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Unassigned Shifts 0 0 0 
Percent of Optimality 100% 92.9% 0% 
CPU time 4.69 245.21 n.a. 

Iterations 1158 n.a. n.a. 

TEST CASE 6 

3089 arcs, 540 nodes 

Total Satisfaction 24949 23315 3630 

Unassigned Shifts 0 0 0 
Percent of Optimality 100% 92.3% 0% 
CPU time 7.30 717.08 na. 

Iterations 2030 n.a. na. 

TEST CASE 7 
4908 arcs, 577 nodes 

Total Satisfaction 65108 61288 7009 

Unassigned Shifts 0 ] 9) 
Percent of Optimality 100% 93.4% 0% 
CPU time 12.50 1551.26 n.a. 

Iterations 2840 n.a. n.a. 

TEST CASE 8 

1786 arcs, 252 nodes 

Total Satisfaction 24494 23201 2865 

Unassigned Shifts 0 0 0 
Percent of Optimality 100% 94.0% 0% 

CPU time 4.69 115.93 n.a. 

Iterations 1242 n.a. n.a. 

In addition to these eight runs, an additional problem was constructed to see how 

large a one position problem can be formulated without causing memory problems on the 

computer. Using the computer program EZPLAN, a limit of 40 workers, working a total 

of 220 shifts in one week, proves to be the largest 'safe' one position problem the 

computer can handle. This problem contains 5,430 arcs and 381 nodes, requiring 1037.42 

seconds for the heuristic and 12.5 seconds for the IBM 3090 machine. This memory 
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limitation is due to the complex data structures, both for workers and the network-flow 

problem formulation. In order to alleviate this deficiency, additional improvements should 

be made to the program, employing more complex C programming, while also improving 

memory management techniques. 

Note that the heuristic procedure performs quite effectively. As mentioned earlier, 

given the somewhat arbitrariness of the data, the observed deviation from optimality for 

the solutions produced is quite acceptable. Currently, managers are making semi-educated 

guesses as far as satisfaction levels are concerned in generating schedules. Actually, in our 

experience with restaurant managers and schedules, some of their schedules are actually 

not feasible and they often require many workers to work shifts for which they had 

specified they were not available. In practice, without the aid of computers, this deficiency 

in the generation of schedules is anticipated by both workers and managers. 

One other point that should be made is that in two of the above test cases, we see 

that the heuristic does not generate a completely feasible solution. (In each case, the 

solution fails to schedule one shift, while the optimal solution reveals that the problem is 

indeed feasible.) In these two instances, finding a worker to fill these shifts will either 

result in a constraint violation or an alteration of the schedule. 

In summary, we have applied the scheduling model and solution procedures to 

eight different test cases. The heuristic procedure typically produces near optimal, near 

feasible solutions, requiring at most around 20 minutes using a Packard Bell 486 SX 25 

Mhz microprocessor. Its main benefit is that it is self-contained in one program using a 

stand-alone system, and a single programming language. In some situations, this might 

offset the deficiency of a non-optimal solution and the requirement of minute schedule 

manipulation. In other situations, running NETFLO in conjunction with the EZPLAN 

program might prove to be a better scheduling alternative. Again, it is important to 
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emphasize that both methods are a dramatic improvement over manual scheduling, and 

time considerations of the model are based on limitations of the computer. 
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Chapter 8 

Conclusions and Recommendations 

for Further Research 

This thesis attempts to provide an alternative to manual scheduling -- an alternative 

that produces superior results in a shorter time. The first chapter explained the restaurant 

scheduling problem and provided an example of manually preparing a schedule. This 

manual process generally requires approximately fifteen hours per month. The central 

problem, as we explained, was matching a restaurant's needs with worker availabilities and 

preferences. We also explained the restaurant requirements process in detail. After 

explaining the problem, we reviewed the literature and showed that similar problems had 

been solved, with one problem in particular possessing a similar, but more specialized, 

structure to our problem (Love and Hoey 1990). However, the model was an integer 

programming model that required a heuristic decomposition into a pair of network 

problems for its solution. 

In formulating the problem, we took into account all practical scheduling 

considerations and concerns. This problem formulation phase was developed with the 

assistance of several restaurant managers in order to generate a representative model. 

A manipulation of the problem revealed a network-flow problem structure that 
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permitted us to develop a specialized heuristic approach or to use a network solver 

NETFLO, which is a FORTRAN network simplex program designed to efficiently solve 

such a problem. The proposed heuristic was shown to produce solutions between 85% 

and 95% of the optimal solution. Furthermore, entering the data, formulating the network 

model, and solving the model were all performed by a program, EZPLAN, written in C 

and run on a 486 computer, using a Turbo C++ compiler. 

Although our stated goal of developing a mathematical model and solution 

procedure for the restaurant scheduling problem has been achieved, further research and 

work does remain. One possibility is to develop a more effective and efficient heuristic 

procedure, or to implant a network solver also written in C. Some experimentation 

involving a decreasing objective value step-function associated with the assignment of 

shifts above the minimum might be one area of improvement to the heuristic worthy of 

examination. Joining the network solver with the pre- and post-processing functions, 

however, will probably provide the best results. The most important task that remains, 

however, is to develop a user-friendly software, and to transport this solution procedure 

to the restaurant environment. Then, feedback and comments should be used to make the 

program better, as well as to make its use simpler for the scheduling manager. 

Only after restaurant managers throughout the restaurant industry are able to 

produce schedules in a timely, more-optimal fashion, utilizing the power of computers, 

and the solution techniques of Operations Research, will this idea be completely carried to 

its fruition. This thesis, however, is an important step in that process. 
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Appendix A-1 

‘Customers in Restaurant Data' 
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Time of Day 

1100 

1130 

1200 

1230 

1300 

1330 

1400 

1430 

1500 

1530 

1600 

1630 

1700 

1730 

1800 

1830 

1900 

1930 

2000 

2030 

2100 

2130 

2200 

2230 

2300 

2330 

2400 

0030 

0100 

0130 

0200 

46 

94 

162 

134 

94 

66 

40 

28 

20 

16 

24 

64 

76 

92 

123 

134 

178 

162 

154 

148 

124 

108 

88 

64 

c
o
c
 

cS 

46 

94 

162 

134 

94 

66 

40 

28 

20 

16 

24 

64 

76 

92 

123 

134 

178 

162 

154 

148 

124 

108 

88 

64 

o
r
c
 

oS 

Customers in Restaurant 

Day of Week 
W H 

0 0 
46 46 
94 94 
162 162 
134 134 
94 94 
66 66 
40 40 

28 28 
20 20 

16 16 
24 24 
64 64 
716 16 

92 92 
123 123 
134 134 
178 178 
162 162 
154 154 
148 148 
124 124 
108 108 
88 88 

64 64 
38 38 
0 0 
0 0 

0 0 
0 0 
0 0 

F 

0 

46 

94 

162 

134 

94 

66 

40 

28 

20 

22 
38 
72 
84 
124 
148 
176 
180 
180 
180 
180 
172 
164 
122 
98 
88 
76 
62 
58 
38 
0 

34 

68 

86 

112 

128 

136 

118 

86 

64 

22 

38 

72 

84 

124 

148 

176 

180 

180 

180 

180 

172 

164 

122 

98 

88 

76 

62 

38 

38 

0 

34 

68 

86 

112 

128 

136 

118 

64 
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Appendix A-2 

‘Customers in Restaurant Graph’ 
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Appendix A-3 

"Worker Requirements Data’ 
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Monday-Thursday Requirements 

P=9 P=8 P=7 P=6 P=5 P=4 P=3 P=2 P=1 Time of Day 

0700 

0730 

0 0800 
0830 
0900 

0930 

1000 
1030 
1100 
1130 
1200 
1230 
1300 
1330 
1400 
1430 
1500 
1530 

10 

15 

15 

15 

15 

12 

10 

1600 
1630 
1700 
1730 
1800 
1830 
1900 
1930 
2000 
2030 

10 

12 

15 

15 

15 
15 
13 
10 

2100 
2130 
2200 
2230 
2300 
2330 
2400 
0030 
0100 
0130 
0200 
0230 
0300 
0330 
0400 
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Friday Requirements 

P=9 P=8 P=7 P=6 P=5 P=4 P=3 P=2 =1 Time of Day 

0700 

0730 

0800 
0830 
0900 

0930 

1000 

1030 

1100 

1130 

1200 

0 

10 

15 

15 

15 

1230 
1300 
1330 
1400 
1430 
1500 
1530 

12 

10 

1600 
1630 
1700 
1730 
1800 
1830 
1900 
1930 
2000 
2030 

10 

12 

15 

15 

15 

15 

15 

15 

15 2100 
2130 
2200 
2230 15 

15 

12 

10 

2300 
2330 
2400 
0030 
0100 
0130 
0200 
0230 

0) 0300 
0330 
0400 
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Saturday Requirements 

P=9 P=8 P=7 P=6 P=5 P=4 P=3 P=2 P=] Time of Day 

0700 

0730 

0800 

0830 0 

0 0900 

0930 

1000 

1030 

1100 

1130 

1200 

1230 

1300 

1330 

1400 

1430 

1500 

1530 

12 

15 

15 

15 

15 

12 

10 

1600 
1630 
1700 
1730 
1800 
1830 
1900 
1930 
2000 
2030 

10 

12 

15 

15 

15 

15 

15 

15 2100 
2130 
2200 
2230 15 

15 

12 

10 

2300 

2330 

2400 
0030 
0100 
0130 
0200 
0230 0 

0300 

0330 

0400 
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Sunday Requirements 

P=9 P=8 P=7 P=6 =5 P=4 P=3 P=2 P=1 Time of Day 

0 0700 

0730 

0800 
0830 
0900 

0930 

1000 
1030 
1100 
1130 
1200 
1230 
1300 
1330 
1400 
1430 
1500 
1530 

12 

15 

15 

15 

15 

15 

12 

10 

1600 
1630 
1700 
1730 
1800 
1830 
1900 
1930 
2000 
2030 

10 

12 

15 

15 

15 

15 

15 

15 

13 

10 

2100 
2130 
2200 
2230 0 

2300 
2330 
2400 
0030 

wr, 

0 0100 
0130 
0200 
0230 
0300 

0330 

0400 
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Appendix A-4 

‘Graphs of Worker Requirements Data’ 
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Appendix A-5 

‘Detailed Shift Data’ 
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Position-P=1,Cook 

Shift Number 

e
o
n
 

A
 

U
n
 
&
 

WY 
N
e
 

\O
 

10 

Il 

12 

13 

14 

Monday-Thursday 

Position-P=2, Dishwasher 

Shift Number 

1 

2 

Position-P=3, Expediter 

Shift Number 

] 

2 

Postion-P=4, Waiter 

Shift Number 

ee 
W
h
 =
 

Sub-Position Start Time Finish Time Duration 

5 800 1430 6.5 

4 800 1500 7 

3 900 1600 7 

2 900 1600 7 

] 1000 1730 75 

1 1030 1730 7 

2 1200 1800 6 

3 1600 2100 5 

2 1630 2230 6 

1 1730 2330 6 

1 1730 2330 6 

2 1730 0100 7.5 

3 1800 0130 75 

4 1800 0200 8 

Start Time Finish Time Duration 

0830 1700 8.5 

1700 0130 8.5 

Start Time Finish Time Duration 

1130 1430 3.0 

1730 2200 4.5 

Sub-Position Start Time Finish Time Duration 

3 1000 1400 4.0 

2 1000 1400 4.0 

2 1030 1400 3.5 

2 1100 1430 3.5 
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5 1 1100 1430 3.5 

6 1 1100 1500 4.0 

7 2 1130 1500 3.5 

8 2 1130 1500 3.5 

9 2 1130 1500 3.5 

10 2 1130 1530 4.0 

ll 3 1200 1530 4.0 

12 2 1200 1600 4.0 

13 2 1200 1600 4.0 

14 3 1200 1600 4.0 

15 2 1200 1600 4.0 

16 2 1600 2100 5.0 

17 2 1600 2100 5.0 

18 2 1600 2130 5.5 

19 1 1600 2130 5.5 

20 1 1600 2130 5.5 

21 3 1600 2200 6.0 

22 2 1630 2230 6.0 

23 2 1630 2230 6.0 

24 I 1700 2300 6.0 

25 2 1700 2330 6.5 

26 3 1730 2400 6.5 

27 2 1730 2400 6.5 

28 2 1800 0030 6.5 

29 3 1800 0030 6.5 

30 3 1800 0100 7.0 

Postion-P=5, Busperson 

Shift Number Start Time Finish Time Duration 

1 1130 1400 2.5 

2 1200 1500 3.0 

3 1730 2200 4.5 

4 1830 2300 45 

Position-P=6, Hostess 

Shift Number Start Time Finish Time Duration 

1 1030 1400 3.5 

1200 1600 4.0 

3 1600 2130 5.5 

4 1800 0030 6.5 

Position-P=7, Bartender 

Shift Number Sub-Position Start Time Finish Time Duration 
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] ] 

2 2 
3 2 

Position-P=8, Cocktail 

Shift Number 

1 

3 
4 

Position-P=9, Food Runner 

Shift Number 

NONE 

Position-P=1, Cook 

Shift Number 

O
n
D
 

NA 
UO 

&® 
W
N
 =
 

NO
 

10 

11 

12 

13 

14 
15 

16 

Position-P=2, Dishwasher 

0930 1600 

1600 2230 

1730 0130 

Start Time Finish Time 

1100 1400 

1130 1600 

1600 2300 

1800 0100 

Start Time Finish Time 

Friday 

Sub-Position Start Time 

5 800 

4 800 

3 900 

2 900 

1 1000 

1 1030 

2 1200 

3 1600 

2 1600 

l 1600 

5 1700 

4 1730 

} 1730 

2 1800 

3 1830 

4 1930 

6.5 

8.0 

Duration 

3.0 

4.5 

7.0 

7.0 

Duration 

Finish Time Duration 

1430 6.5 

1500 7 

1600 7 

1600 7 

1730 75 

1830 8 

1930 75 

2030 4.5 

2200 6 

2300 7 

2400 7 

0030 7 

0100 75 

0330 9.5 

0400 9.5 

0400 8.5 
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Shift Number 

1 

2 
3 

Position-P=3, Expediter 

Shift Number 

1 

2 

3 

Postion-P=4, Waiter 

Shift Number 

C
T
I
A
 

UM 
&
W
N
 
—
.
 

Start Time 

0830 

1500 

2130 

Start Time 

1130 

1700 

1800 

Sub-Position 

N
W
N
 

N 
W
h
 

hw 
NY 
N
e
 

me
 
Y
N
 

d
O
 

Ww 
w
w
 
N
W
 
h
h
 

eS 
N
w
 
N
h
 

Ww 
Nh 

Nh 

Finish Time 

1500 

2130 

0400 

Finish Time 

1430 

2200 

0100 

Start Time 

1000 
1000 
1030 
1100 
1100 
1100 
1130 
1130 
1130 
1130 
1200 
1200 
1200 
1200 
1200 

1600 
1600 
1600 
1600 
1600 
1600 
1630 
1630 
1630 
1630 
1700 
1700 
1800 
1800 

Duration 

6.5 

6.5 
6.5 

Duration 

3.0 

5 

7 

Finish Time 

1400 
1400 
1400 
1430 
1430 
1500 
1500 
1500 
1500 
1530 
1530 
1600 
1600 
1600 
1600 

2330 
2330 
2330 
2400 
2400 
0030 
0030 
0100 
0130 
0130 
0130 
0200 
0230 
0300 

Duration 

4.0 

4.0 

3.5 

3.5 

3.5 

4.0 

3.5 

3.5 

3.5 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

wa
n 

wa
 

nA 
O
O
 
D
H
 
O
O
 
O
H
 

OH
 

Wn
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30 

Postion-P=5, Busperson 

Shift Number 

] 
2 

3 
4 

5 

Position-P=6, Hostess 

Shift Number 

1 

3 
4 

5 

Position-P=7, Bartender 

Shift Number 

1 

2. 

3 
4. 

Position-P=8, Cocktail 

Shift Number 

1 

3 
4 

5 

Position-P=9, Food Runner 

Shift Number 

] 

Start Time 

1130 

1200 

1630 

1730 

1800 

Start Time 

1030 

1200 

1600 

1700 

1800 

Sub-Position 

NO
 

Start Time 

1100 

1130 

1600 

1630 

1800 

Start Time 

1800 

1800 

1800 

Finish Time 

1400 

1500 

2200 

2330 

0130 

Finish Time 

1400 

1600 

2200 

2330 

0300 

Start Time 

0930 

1600 

1630 

1800 

Finish Time 

1400 
1600 

2230 

0200 

0400 

Finish Time 

2200 

2330 

0300 

Duration 

2.5 

3.0 

3.5 
6 
7.5 

Duration 

3.5 

4.0 

6 
6.5 
9 

Finish Time 

1600 

2130 

0130 

0400 

Duration 

3.0 
4.5 

6.5 

9.5 
10 

Duration 

Duration 

6.5 

5.5 

9 

10 
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Position-P=1, Cook 

Shift Number 

1 5 

2 4 

3 3 

4 2 

5 1 

6 1 

7 2 

8 3 

9 2 

10 1 

11 5 

12 4 

13 1 

14 2 

15 3 

16 4 

Position-P=2, Dishwasher 

Shift Number 

1 

2 
3 

Position-P=3, Expediter 

Shift Number 

1 

2 
3 

Postion-P=4, Waiter 

Shift Number 

Sub-Position 

Start Time 

0830 

1500 
2130 

Start Time 

1100 

1700 

1800 

Sub-Position 

Saturday 

Start Time 

730 

800 

900 

900 

1000 

1030 

1200 

1600 

1600 

1600 

1700 

1730 

1730 

1800 

1830 

1930 

Finish Time 

1500 

2130 
0400 

Finish Time 

1530 

2200 
0100 

Start Time 

Finish Time Duration 

1600 

1600 

1600 

1600 

1730 

1830 

1930 

2030 

2200 

2300 

2400 

0030 

0100 

0330 9.5 

0400 9.5 

0400 8.5 

ra 
G
n
 

a
 

I
N
I
A
 
A
R
A
I
T
C
 
C
I
I
D
 

& 
~ Un

 

Duration 

6.5 

6.5 
6.5 

Duration 

4.5 

Finish Time Duration 

91



S
r
A
I
A
 

aA 
W
N
 

=
 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Postion-P=5, Busperson 

Shift Number 

1 
2 

3 
4 

> 

Position-P=6, Hostess 

Shift Number 

1 

W
W
 
N
N
W
 

w
n
 
N
S
 
N
N
 
W
h
 

Nh 
WwW 

Ww 
N
N
W
 
W
h
 

Nh 
em 
b
w
 

N
N
 

Ww 
bh 

bd 

Start Time 

1100 

1200 

1630 

1730 

1800 

Start Time 

1030 

1200 

1600 

1000 

1000 

1030 

1100 

1100 

1100 

1100 

1100 

1130 

1130 

1130 

1130 

1200 
1200 

1200 

1600 

1600 

1600 

1600 

1600 

1600 

1630 

1630 

1630 

1630 

1700 

1700 

1800 

1800 

1800 

Finish Time 

1430 

1600 

2200 

2330 

0130 

Finish Time 

1530 
1600 

2200 

1430 

1430 

1430 

1500 

1500 

1530 

1530 

1530 

1600 

1600 

1600 

1600 

1600 

1600 

1600 

2330 

2330 

2330 

2400 

2400 

0030 

0030 

0100 

0130 

0130 

0130 

0200 

0230 

0300 

0300 

Duration 

3.5 
4.0 

5.5 
6 

7.5 

Duration 

5 

4 

6 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.0 

4.0 

4.0 

7.5 
7.5 
7.5 

8.5 

8.5 

8.5 

8.5



4 

5 

Position-P=7, Bartender 

Shift Number 

1 

2 

3 
4 

Position-P=8, Cocktail 

Shift Number 

1 

3 

4 

5 

Position-P=9, Food Runner 

Shift Number 

1 
2 

Position-P=1, Cook 

Shift Number 

m
e
 
C
O
N
A
N
 

&
 
W
h
e
 

—
 

&
 

1700 2330 

1800 0300 

Sub-Position Start Time 

1 0930 

2 1600 

2 1630 

2 1800 

Start Time Finish Time 

1100 1500 

1130 1600 

1600 2230 

1630 0200 

1800 0400 

Start Time Finish Time 

1800 2200 

1800 2330 

Sunday 

Sub-Position Start Time 

5 730 

4 800 

3 900 

2 900 

1 1000 

1 1030 

2 1200 

3 1600 

2 1600 

1 1600 

] 1700 

Finish Time 

1600 

2130 

0130 

0400 

Duration 

4 

4.5 

6.5 
9.5 
10 

Duration 

Finish Time 

1600 
1600 
1600 
1600 
1630 
1700 
1730 
2100 
2230 
2330 
2330 

Duration 

6.5 

5.5 
9 
10 

Duration 

8.5 
8 
7 
7 
6.5 
6.5 
5.5 
5 
6.5 
7.5 
6.5 
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12 

13 

14 

Position-P=2, Dishwasher 

Shift Number 

1 

2 

Position-P=3, Expediter 

Shift Number 

J 

2 

Postion-P=4, Waiter 

Shift Number 

O
n
 

A
 

c
n
 
&
 

WY 
HN 

m= 
f
t
p
 

et
 

ee
t 

e
e
 

A 
n
m
 
W
N
 

=
 

©
 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

we
) 

Start Time 

0830 

1700 

Start Time 

1100 

1730 

Sub-Position 

ws
) 

Ww 
W
N
 

ht 
W
W
M
 

N
e
 
N
h
 

O
w
 

N
D
 

BO
 

N
o
e
 

ee
 
N
O
D
 

B
N
 

1730 

1730 

1800 

Finish Time 

1700 

0200 

Finish Time 

1530 

2230 

Start Time 

1000 

1000 

1030 

1100 

1100 

1100 

1100 

1100 

1130 

1130 

1130 

1130 

1200 

1200 

1200 

1600 

1600 

1600 

1600 

1600 

1600 

1630 

1630 

1700 

1700 

0100 

0130 

0200 

Duration 

8.5 

9 

Duration 

4.5 

Finish Time 

1430 
1430 
1430 
1500 
1500 
1530 
1530 
1530 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

2100 
2100 
2130 
2130 
2130 
2200 
2230 
2230 
2300 
2330 

Se
 

Duration 

4.5 
4.5 
4 

4 
4 

4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.0 
4.0 
4.0 

5.0 

5.0 

5.5 

5.5 

5.5 

6.0 

6.0 

6.0 

6.0 

6.5 
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26 

27 

28 

29 

30 

Postion-P=5, Busperson 

Shift Number 

l 

2 

3 
4 

Position-P=6, Hostess 

Shift Number 

1 

3 
4 

Position-P=7, Bartender 

Shift Number 

I 

2 

3 

Position-P=8, Cocktail 

Shift Number 

] 
2 

3 

4 

Position-P=9, Food Runner 

Shift Number 
NONE 

WwW 
h
e
 

N
 

WwW
 
b
o
 

Start Time 

1100 

1200 

1730 

1830 

Start Time 

1030 

1200 

1600 

1800 

Sub-Position 

1 

2 

2 

Start Time 

1100 

1130 

1600 

1800 

Start Time 

1730 

1730 

1800 

1800 

1800 

Finish Time 

1430 

1600 

2200 

2300 

Finish Time 

1530 

1600 

2130 

0030 

Start Time 

0930 

1600 

1730 

Finish Time 

1500 

1600 

2300 

0100 

Finish Time 

2400 

2400 

0030 

0030 

0100 

Duration 

3.5 
4.0 

4.5 
4.5 

Duration 

wm
 

5.5 
6.5 

Finish Time 

1600 

2230 
0130 

Duration 

4 

4.5 

7.0 
7.0 

Duration 

6.5 

6.5 

6.5 

6.5 

7.0 

Duration 

6.5 

6.5 

8.0 
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Appendix A-6 

‘Shift Summary Data’ 
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Shift Requirements for all positigns-Monday-|Thursday Schedule 

Pos/Sub ‘Shift Start Finish Duration Position Shift Start Finish Duration 

ook Waiter(cont. 

Sub-Position Sub-Position 

5 1 800 1430 6.5 2 15 1200 1600 4 
4 2 800 1500 7 2 16 1600 2100 5 

3 3 900 1600 7 2 17 1600 2100 5 
2 4 900 1600 7 2 18 1600 2130 5.5 

1 5 1000 1730 7.5 1 19 1600 2130 5.5 

1 6 1030 1730 7 1 20 1600 2130 5.5 

2 7 1200 1800 6 3 21 1600 2200 6 

5 8 1600 2100 5 2 22 1630 2230 6 

2 9 1630 2230 6 2 23 1630 2230 6 

1 10 1730 2330 6 1 24 1700 2300 6 

1 11 1730 2330 6 2 25 1700 2330 6.5 

2 12 1730 100 7.5 3 26 1730 2400 6.5 

3 13 1800 130 7.5 2 27 1730 2400 6.5 

‘4 14 1800 200 8 2 28 1800 30 6.5 

6.714286 3 29 1800 30 6.5 

3 30 1800 100 7 

Dishwasher 4.9 

1 830 1700 8.5 

2 1700 130 8.5 Busperson 
8.5 1 1130 1400 2.5 

f 2 1200 1500 3 

Expediter 3 1730 2200 4.5 

1 1130 1430 3 4 1830 2300 4.5 

2 1730 2200 4.5 3.625 

3.75 

aiter Hostess 

ub-Position 1 1030 1400 3.5 

3 1 1000 1400 4 2 1200 1600 4 | 

2 2 1000 1400 4 3 1600 2130 5.5 

2 3 1030 1400 3.5 4 1800 30 6.5 

2 4 1100 1430 3.5 4.875 

1 5 1100 1430 3.5 Bartender 

1 6 1100 1500 4 Sub-Positio 
2 7 1130 1500 3.5 1 1 930 1600 6.5 

2 8 1130 1500 3.5 2 2 1600 2230 6.5 

2 9 1130 1500 3.5 2 3 1730 130 8 

2 10 1130 1530 4 7 

3 11 1200 1530 4 

2 12 1200 1600 4 Cocktail 

2 13 1200 1600 4 1 1100 1400 3 

3 14 1200 1600 4 2 1130 1600 4.5 

3 1600 2300 7 

4 1800 100 7 

5.375 
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hift Requirements for all positigns-Friday Schedule 

Position hift Start inish uration Position Shift Start inish Duration 
Cook Waiter(cont. 
Sub-Positio ub-Position | 

5 1 800 1430 6.5 3 18 1600 2330 7.5 
4 2 800 1500 7 2 19 1600 2400 8 
3 3 900 1600 7 2; 20 1600 2400 8 
2 4 900 1600 7 3; 21 1600 30 8.5 
1 9 1000 1730 7.5 2) 22 1630 30 8 
1 6 1030 1830 8 1 23 1630 100 8.5 
2 7 1200 1930 7.5 2) 24 1630 130 9 
3 8 1600 2030 45 2| 25 1630 130 9 
2 9 1600 2200 6 3} 26 1700 130 8.5 
1 10 1600 2300 7 2| 27 1700 200 9 
5 11 1700 2400 7 3} 28 1800 230 8.5 
4; 12 1730 30 7 3} 29 1800 300 9 
1 13 1730 100 7.5 2| 30 1800 300 9 
2 14 1800 330 9.5 6.083333 
3 15 1830 400 9.5 Busperson 
4 16 1930 400 8.5 1 1130 1400 2.9 

7.3125 2 1200 1500 3 
ishwasher 3 1630 2200 5.5 

1 830 1500 6.5 4 1730 2330 6 
2 1500 2130 6.5 5 1800 130 7.5 
3 2130 400 6.5 4.9 

6.5 Hostess 
Expediter 1 1030 1400 3.5 

1 1130 1430 3 2 1200 1600 4 
2 1700 2200 5 3 1600 2200 6 
3 1800 100 7 4 1700 2330 6.5 

Waiter 5 5 1800 300 9| 
Sub-Position Bartender 5.8) 

3 1 1000 1400 4 Sub-Positio 
2 2 1000 1400 4 4 4 930 1600 6.5 
2 3 1030 1400 3.5 2 2 1600 2130 5.5 
2 4 1100 1430 3.5 2 3 1630 130 9 
1 ) 1100 1430 3.5 2 4 1800 400 10 | 
1 6 1100 1500 4 7.75 
2 7 1130 1500 3.9 Cocktail 
2 8 1130 1500 3.5 i 1100 1400 3 
2 9 1130 1500 3.5 2 1130 1600 4.5 
2 10 1130 1530 4 3 1600 2230 6.5 
3 11 4200 1530 4 4 1630 200 9.5 
2 12 41200 1600 4 5 1800 400 0) 
2 13 1200 1600 4 6.7 | 
3 14 1200 1600 4 Food Runner 
2| 15 1200 1600 4 1 1800 2200 4 
2 16 1600 2330 7.5 2 1800 2330 5.5 
2 17 1600 2330 7.5 4.75   
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hift Requirementsjfor all positigns-Saturday Schedule | 

osition hift Start inish Duration — Position Shift Start inish Duration 

ook Waiter(cont. 
ub-Position Sub-Position 

5 1 730 1600 8.5 3 18 1600 2330 7.5 

4 2 800 1600 8 2 19 1600 2400 8 

3 3 900 1600 7 2 20 1600 2400 8 

2 4 900 1600 7 3 21 1600 30 8.5 

1 5 1000 1730 7.5 2 22 1630 30 8 

“4 6 1030 1830 8 1 23 1630 100 8.5 

2 7 1200 1930 7.5 2 24 1630 130 9 

3 8 1600 2030 4.5 2 25 1630 130 9 

2 9 1600 2200 6 3 26 1700 130 8.5 

1 10 1600 2300 7 3 27 1700 200 9 

5 11 1700 2400 7 2 28 1800 230 8.5 

4 12 1730 30 7 2 29 1800 300 9 

1 13 1730 100 7.5 3 30 1800 300 9 

2 14 1800 330 9.5 6.333333 

3 15 1830 400 9.5 Busperson 
4 16 1930 400 8.5 1 1100 1430 3.5 

7.5 2 1200 1600 4 

Dishwasher 3 1630 2200 5.5 

1 830 1500 6.5 4 1730 2330 6 

2 1500 2130 6.5 5 1800 130 7.5 

3 2130 400 6.5 5.3 
6.5 Hostess 

xpediter 1 1030 1530 5 
1 1130 1530 4.5 2 1200 1600 4 

2 4700 2200 5 3 1600 2200 6 

3 1800 100 7 4 1700 2330 6.5 

Waiter 5.5 5 1800 300 9 

Sub-Position Bartender 6.1 

3 1 1000 1430 4.5 Sub-Positio 

2 2 1000 1430 4.5 1 i 930 1600 6.5 

2 3 1030 1430 4 2 2 1600 2130 5.5 

3 4 1100 1500 4 2 3 1630 130 9 

2 5 1100 1500 4 2 4 1800 400 10 

2 6 1100 1530 4.5 7.75 

1 7 1100 1530 4.5 Cocktail 

2 8 1100 1530 45 1 1100 1500 4 

2 9 1130 1600 4.5 2 1130 1600 45 

3 10 1130 1600 45 3 1600 2230 6.5 

3 11 1130 1600 45 4 1630 200 9.5 

2 12 1130 1600 45 5 1800 400 10 

2 13 1200 1600 4 6.9 

3 14 1200 1600 4 Food Runner 

3 15 1200 1600 4 1 1800 2200 4 

2 16 1600 2330 7.5 2 1800 2330 5.5 

2 17 1600 2330 7.5 4.75 
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hift Requirements/for all positigns-Sunday Schedule 

Position Shift Start Finish Duration Position Shift Start Finish Duration 

ook aiter(cont. 

Sub-Position ub-Position 

5 1 730 1600 8.5 1 18 1600 2130 5.5 

4 2 800 1600 8 1 19 1600 2130 5.5 

3 3 900 1600 7 1 20 1600 2130 5.5 

2 4 900 1600 7 2 21 1600 2200 6 

1 5 1000 1630 6.5 2 22 1630 2230 6 

1 6 1030 1700 6.5 1 23 1630 2230 6 

2 7 1200 1730 5.5 1 24 1700 2300 6 

5 8 1600 2100 5 2 25 1700 2330 6.5 
2 9 1630 2230 6 2 26 1730 2400 6.5 

1 10 1730 2330 6 3 27 1730 2400 6.5 

1 11 1730 2330 6 2 28 1800 30 6.5 

2 12 1730 100 7.9 2 29 1800 30 6.5 

3 13 1800 130 7.9 3 30 1800 100 7 

4 14 1800 200 8 5.15 

6.785714 Busperson 
Dishwasher 1 1100 1430 3.5 

1 830 1700 8.5 2 4200 1600 4 

2 1700 200 9 3 1730 2200 45 

8.75 4 1830 2300 4.5 

Expediter 4.25 

1 1100 1530 4.5 Hostess 

2 1730 2230 5 1 1030 1530 5 

aiter 4.75 2 1200 1600 4 

ub-Position 3 1600 2130 5.5 

3 1 1000 1430 4.5 4 1800 30 6.5 

2 2 1000 1430 4.5 5.25 

2 3 1030 1430 4 Bartender 

3 4 1100 1500 4 1 1 930 1600 6.5 

2 5 1100 1500 4 2 2 1600 2230 6.5 

2 6 1100 1530 45 2 3 1730 130 8 

1 7 1100 1530 4.5 7 

2 8 1100 1530 4.5 Cocktail 

2 9 1130 1600 4.5 1 1100 1500 4 

3 10 1130 1600 4.5 2 1130 1600 45 

3 11 1130 1600 4.5 3 1600 2300 7 

2 12 1130 1600 45 4 1800 100 7 

2 13 1200 1600 4 5.625 

3 14 1200 1600 4 

3 15 1200 1600 4 Food Runne 

2 16 1600 2100 5 

2 17 1600 2100 5 
                    
  

100 

   



Appendix A-7 

‘Labor Pool, With Availabilities' 
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Availabilities 

-cannot work at all 

-Can on lu 1 

on din 1 
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1 |T-2 -3 |H-4 -6 7 -9 -1 
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ason E. 
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Appendix A-8 
"Final Two-Week Schedule’ 
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Worker Schedule 

D-Day 
N-Night 

Qualified for T-T otal 

Sub-Positions 
(out of 1-5) M-1 |T-2 W-3 H-4 F-5 A-6 S-7 M-8 |T-9 -10H-11F-12 A-13 S-14D WN 

P1 

Cocks 

Il John H. 5| 10} 10 5| 6 5| 13 5 6| 10 6| 7 4) 11 

All Greg O. 10 11; 10| 15 5 10) 11 5| 13] 13 5| 3 8; 11 

All ank P. 11; 11 6| 10; 13| 10 6| 10| 11 5| 10! 3 8| 11 

2,3,4,5 Aaron B. 7| 14 9| 13 7 4| 12 9 9 14 3 7| 10 

All Mark H. 5; 6] 11; 13 6 5| 6 5 6 9| 7 3; 10 

2,3,9 Eric O. 13/} 13} 13 9 4 8 7 7| 13 4 7| 5 6; 11 

4,5 Jason J. 1 2 12; 2 14 14 16 1 4 4 8 

1,2,3,5 Ray J. 3; 6 4; 11 7 15 8| 4 3 7 

1,2,9 Chris P. 9| 12 5} 12} 14 7{| 11} 10 10; 7 11| 3 8] 11 
1,2,3,5 (Charles C. 6; 4 6 3 6| 13) 13 8 3; 12) 6 4; 10 

2,3,5 Greer A. 3 7 8 9 3} 12 3 9 4 4 8 

5 Tom T. 8 8 11 8 8 8 1; 1 6| 7 

5 Kevin A. 1 1 1 1 1 5 0 5 
1,2,3,5 RonaldR. 3| 12) 7 8| 14 3} 12 3} 10 8) 13] 4 7) 11 

4,5 Tyrone O. 14 1) 12) 14 14 14 16| 14; 1 7 8 

24,5 George O. 2 9 2 9 9 2 9 12| 14 4| 4 6| 10 

6 Marilyn M. 8 8 11 1 11 1 4 5 

1,2,4,55 Monte A. 4| 7 7 4| 10) 11 4 4 4 2| 8 2! 10 

1,3,5 William O. 3 5 3} 15 3 3 6| 15 3| 7 2 9 

1,2,4,5 Billy B. 12 4; 4 9 12 5| 7 4 9| 7 6 4| 10 

4,5 athan R. 2 14 16) 13 2 2| 12} 2 4 4 8 

5 Garth B. y 1 8 1; 11 3 2 5 

4,5 Harry |. 1| 14 2| 16 2 2 2| 12 5 3 8 

1 otal+--> 98} 106) 204 

Average— 4| 46| 89       
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orker Schedul 
-Da 

N-Night 

Qualified for T-Total 

ub-Positions 
(out of 1-3) -1 1-2 W-3 H-4 F-5 A-6 S-7 M-8 |T-9 M-1 H-11F-12 A-13 S-14 N 

P4 

Waiter/Waitress 

All Mary M. 15| 14| 30| 29; 30 15| 14| 29] 22 27 4| 6| 10 
All Henry D. 30} 21| 30! 29] 28 30; 30] 21) 30 21; 18| 28 QO; 12| 12 

All Janet J. 15| 14) 11] 14 14; 15/ 14] 11) 14 9 0 9 

All Margy H. 29) 30) 29] 26) 26 11} 29! 30] 29) 30] 25 1; 10) 11 

All ohn J. 14; 11 21; 27) 27| 14) 11 18} 22] 29 5| 6; 11 

All tamin R. 26; 29; 21| 21; 18 29; 26/ 29| 21 19; 21| 30 0; 12| 12 
All arold H. 9; 13) 28) 28) 30] 15 9| 13; 28 24| 11 1 7 5| 12 

All Lyn D. 21| 26) 27] 27! 27 28| 21| 26/ 27 20! 30 O| 11; 11 

All Evette E. 28) 13} 17] 14) 21 4; 28! 13] 15| 26 1); 15 8] 4! 12 

All Lori D. 13 1; 25 1; 11) 14 13 1; 25) 13) 15 2| 26) 10) 3) 13 

All Kev K. 28; 27| 22| 25| 15] 11 28| 27| 22 12| 25 3; 8] 11 

All Jeanine J. 12; 25; 6] 13 1} 10 5 25 6| 12} 14] 14| 4{ 11 2| 13 

All Rene H. 11; 10; 12] 23) 25 26; 11] 10 1 29| 24 6 5| 11 

Ail Robert I. 26/ 22; 24] 18] 25 26| 28 28; 22 0 9 9 

All enny J. 10} 23) 18) 18) 13 4 10; 23) 18) 27) 13 4 6 6| 12 

All Oprah W. 27| 22| 17 20; 10; 27) 22| 17 1 7 8 
All Geraldo G. 8; 18; 10] 17} 22; 16 8} 18; 10] 26| 27! 27 5 8; 13 

ll arah H. 25| 17} 16) 16; 20] 19 2 17; 16) 25] 28; 26; 11 2{| 11] 13 

All Sanjay S. 7 9; 15} 15) 12 4| 7 9; 15| 11] 11 11 0; 11 

Il Chystal C. 4 3) 9| 24) 19) 17 3 3 9} 22} 29] 25) 10 7 6] 13 

All Chester I. 3 8| 24| 20| 17) 2 6 8| 24/ 21; 30 5| 6) 11 
All Ricky R. 2| 12 10; 26] 22) 2 12! 13] 14 7 2 9 

ll Amy O. 23| 16 8} 12 9 1 1 16 8 1; 10; 15 8| 10 3} 13 

All irstie K. 1 1 8} 22| 15 1; 12 10 10 8 1 9 

All onald R. 22 2; 10) 7 22 2| 9 1 6| 2 8 

1,2 George B. 18 20 2; 16} 29) 21 20| 23 19} 21 1 9) 10 

1,2 arilyn P. 24 7 9} 4/ 13) 13 7; 21 2 9 3| 10 1| 11 

1,2 Betty F. 20; 4 8 3} 12 20 4 8 9| 16 7 3/| 10 

1,2 Rosalyn R. 5; 4] 3] 7] 2| 3 2} 4] 3] 7} 3) 8] 13} 13} O} 13 
41,2 Amanda S. 6 19 4; 6 8| 24 3 19 3); 4 16; 7 4| 11 

1,2 Jenn C. 23 23; 28} 23) 12 23| 24 17| 17 1 8) 9 

1,2 [Tracy A. 7 5 9| 17| 25; 7 20| 17 3! 6 6| 4| 10 

1,2 John M. 17) 2 5 3 6; 12) 17} 2 S| 4 8 5| 12] 11 2| 13 

1,2 Brook B. 16 20 9| 16 18| 16] 20 5 2| 6 8 
1,2 Cynthia M. 19 5 8| 18 12| 17| 7 6} 2 5 3 8 

1,2 Fanny F. 20 24; 16) 23 16 24; 23 0O| 7i 7 

1 Beanie B. 5 19 7| 18! 24 5 6 7| 20 5, 4 9 

1 PeeWee H. 19 6 19; 19} 19 19 5 18 2| 6 8 

iM arry B. 6 5 7| 6 6 5| 6 7 8 0 8 

1 erome J. 24 23! 20; 20| 24 23/ 23; 19 0 8 8 

Total+-> 210| 210) 420 

| Avergage— 5.3; 5.3] 11 i     
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Appendix A-10 

"Employee Questionaires' 
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(Hostess) 

Employee Questionnaire 

Please take a few moments and answer the following questions honestly and 

thoroughly. The information that you are providing will be used in producing a 

software program to automate the scheduling process (Currently, there is not a 

software program for this purpose-this will be a first!!!). The goal is to produce 

schedules that further satisfy the workers and management in a very short amount 

of time, via automation on a computer. Thank you for your time and consideration. 

The software will hopefully be completed within 4-6 months. 

NONE OF THIS INFORMATION WILL BE USED IN GENERATING A REAL 

SCHEDULE, IT IS FOR DATA GATHERING PURPOSES ONLY!!! 

Questions: 

What is your name? 

How long have you worked at Cheddar's? 
  

Excluding special requests, what is your permanent availability (not preferences!) 

for a one week period (considering other jobs, school, etc.)? Please_be_honest, 

remember this information will not be used for making a real schedule. 

Please use this as a key: L-Can only work Lunch 

D-Can only work Dinner 

L/D-Can work either Lunch or Dinner 

X-Cannot work at all 

Mon. Tue. Wed. Thu. Fri. Sat. Sun. 

ee 

Now, please list your preferences. These are the shifts you would like to work. 

Please use this as a key: I-Would like to work Lunch 

d-Would like to work Dinner 

i/d-Would like to work either Lunch or Dinner 

x-would like not to work 

118



Mon. Tue. Wed. Thu. Fri. Sat. Sun. 

L | ft | {| {| | | 

Now, please rank the following shifts on a scale of 1 to 10 for each day, in respect for 

the desire for which you have to work them. If you really want to work a certain 

shift, you will place a high number (8,9,or 10) by it (you can place high marks by 

more than one shift), while if you don't want to work a shift, you'll give it a low rank 

(1,2, or 3). The eventual goal is to make you as happy as possible, so please be 

accurate. 

brief example: 

Mon. 
L | 
| | In this example, the worker has a high desire for shift L, 

D4 a moderate desire for shifts D2 and L», and hates shift D. 

D |__| 

Note: all boxes should have some number in it from 1-10. If you prefer working day 

shifts, then that will be taken care of in the above preference section (1, d, or I/d). So, 

for these boxes, on a given day rank each and every shift as a measure of how much 

you would prefer that shift. If you have questions, see a manager. 

Mon. Tue. Wed. Thu. Fri. Sat. Sun. 

  

  

  

  

  

LL | | | _| | L-10:30 
Ly | J [| | L2-11:45 (12:00,Sat) 
Di | | | | | D-4:30 

D,| {| | | _| | D2-5:30 (5:00, Sun) 
D3IN/A_IN/A__IN/A__|N/A__| | Ss IN/A__| D3-5:00 (Fri,Sat) 
SSIN/A_|N/A__|N/A_|N/A_| | _IN/A_| SS-6:30 (Fri,Sat) 
  

Finally, what is the greatest number of shifts you would like per week? 

What is the least number of shifts you would like in one week? 

Thank you for this information. Please take this form back to the office or give it to 

a manager. 
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(Bartender) 

Employee Questionnaire 

Please take a few moments and answer the following questions honestly and 

thoroughly. The information that you are providing will be used in producing a 

software program to automate the scheduling process. The goal is to produce 

schedules that further satisfy the workers and management in a very short amount 

of time. Thank you for your time and consideration. The results will hopefully occur 

within 4-6 months. 

NONE OF THIS INFORMATION WILL BE USED IN GENERATING A REAL 

SCHEDULE, IT IS FOR DATA GATHERING PURPOSES ONLY!!! 

Questions: 

What is your name? 

How long have you worked at Cheddar's? 
  

  

Excluding special requests, what is your permanent availability for a one week 

period (considering other jobs, school, etc.)? Please_be_ honest, remember this 

information will not be used for making a real schedule. 

Please use this as a key: ..-Can only work Lunch 
D-Can only work Dinner 

L/D-Can work either Lunch or Dinner 

X-Cannot work at all 

Mon. Tue. Wed. Thu. Fri. Sat. Sun. 

Now, please list your preferences. These are the shifts you would /ike to work. 

Please use this as a key: I-Would like to work Lunch 

d-Would like to work Dinner 

I/d-Would like to work either Lunch or Dinner 

x-would like not to work 
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Mo Tue. Wed. Thu. Fri. Sat. Sun. 

ttsetttlti 

Now, please rank the following shifts on a scale of 1 to 10 for each day, in respect for 

the desire for which you have to work them, given that you will be assigned a shift. 
If you really want to work a certain shift, you will place a high number (8,9,or 10) 

by them, while if you don't want to work a shift, you'll give it a low rank (1,2, or 3). 
The eventual goal is to make you as happy as possible, so please be accurate. 

example: Mon. Tue. Wed. Thu. Fri. Sat. Sun. 

L- L-_L- L- L- L- L- 

D- D- __—iD- D- D- D- D- 

D»-__D. D)-__. 

Observations from example: 

This person does not like working lunches on Tues or Thurs. 

This person really likes working Wed night 

This person likes working weekend shifts 

This person hates working Monday night 

you; 

Mon. Tue. Wed. Thu. Fri. Sat. Sun. 
a 

L- L-___L- L- L- L- L- 

D- D-_—D- D- D- D- D- 

Finally, what is the greatest number of shifts you would like per week? 

What is the least number of shifts you would like in one week? 

Thank you for this information. Please take this form back to the office or give it to 

a manager. 
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(Waiter) 
Employee Questionnaire 

Please take a few moments and answer the following questions honestly and 

thoroughly. The information that you are providing will be used in producing a 

software program to automate the scheduling process (Currently, there is not a 

software program for this purpose-this will be a first!!!). The goal is to produce 

schedules that further satisfy the workers and management in a very short amount 

of time, via automation on a computer. Thank you for your time and consideration. 

The software will hopefully be completed within 4-6 months. 

NONE OF THIS INFORMATION WILL BE USED IN GENERATING A REAL 

SCHEDULE, IT IS FOR DATA GATHERING PURPOSES ONLY!!! 

Questions: 

What is your name? 

How long have you worked at Cheddar's? 
  

  

Excluding special requests, what is your permanent availability (not preferences!) 

for a one week period (considering other jobs, school, etc.)? Please_be_honest, 

remember this information will not be used for making a real schedule. 

Please use this as a key: L-Can only work Lunch 

D-Can only work Dinner 

L/D-Can work either Lunch or Dinner 

X-Cannot work at all 

Mon. Tue. Wed. Thu. Fri. Sat. Sun. 

Now, please list your preferences. These are the shifts you would like to work. 

Please use this as a key: l-Would like to work Lunch 

d-Would like to work Dinner 

I/d-Would like to work either Lunch or Dinner 

x-would like not to work 

Mon. Tue. Wed. Thu. Fri. Sat. Sun. 

Ye | | 
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Now, please rank the following shifts on a scale of 1 to 10 for each day, in respect for 

the desire for which you have to work them. If you really want to work a certain 

shift, you will place a high number (8,9,or 10) by it (you can place high marks by 

more than one shift), while if you don't want to work a shift, you'll give it a low rank 

(1,2, or 3). The eventual goal is to make you as happy as possible, so please be 

accurate. 

brief example: 

Mon. 

1| | 

2| | In this example, the worker has a high desire for shift 2, 

3 | | a moderate desire for shifts 1 and 4, and no desire for shift 3. 

4) 4 

Note: all boxes should have some number in it from 1-10. If you prefer working day 

shifts, then that will be taken care of in the above preference section (1, d, or I/d). So, 

for these boxes, on a given day rank each and every shift as a measure of how much 

you would prefer that shift. If you have questions, see a manager. 

  

  

  

  

  

  

  

  

  

  

  

  

Mon. Tue. Wed. Thu. Fri. Sat. Sun. 

I | | _] _| _| _| 

2| |S | _| _| _| _| 

3, Ct | _| _| _! 

4, | | _| _| _| 

S| | _| _| _| _| 

6| | | __| _| | _| _| 

7d | __| | _| _| _| 

8] | _| _| _| _| 

- 9 __| _| _| _ _| 

10, | _| _| _ _| _| 

1ii S| _| _| _| _| _| 

| 7 | _| _| _| _| _| 
  

Finally, what is the greatest number of shifts you would like per week? 

What is the least number of shifts you would like in one week? 

Thank you for this information. Please take this form back to the office or give it to 

a manager. 
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Appendix A-11 

‘Program Listing’ 
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/* Include files for use */ 

#include <stdio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <time.h> 

#include <math.h> 

#include <alloc.h> 

#include <dos.h> 

#include <conio.h> 

#include <dir.h> 

[AREER I GRIGIO IOIO IOI OO IOR IA IO IO AIR / 

/* MAIN PROGRAM IS NEXT a@!!! 1TH! */ 
void readworkinfo(float avemax.int wpos[10].int numworks,struct worker *pworker); 

int readshifinfo(int numpositions.int numdays.struct shiftdat *pshiftdat); 
void readsenshifs(int numpositions.int numdays,struct seniority *pseniority,struct shiftdat *pshiftdat): 

struct workinfo * readworkshifs(float avcdes.int totshifts,int numworks,int numpositions,int 

numdays,struct shifidat *pshiftdat.struct workinfo *pworkinfo,struct worker *pworker.struct seniority 
*pseniority); 

void dispworkinfo(struct worker *pworker), 

void dispshifinfo(struct shiftdat *pshifidat), 
void dispsenshifs(struct seniority *pseniority): 
void dispworkshifs(struct workinfo *pworkinfo). 

void manip(); 

struct onearc * arcvals 
(float avedes,float avemax.int numworks,struct onearc *ponearc,struct twoarc *ptwoarc. 
struct threearc *pthreearc.struct worker *pworker,struct shiftdat *pshifidat, 
struct seniority *pseniority.struct workinfo *pworkinfo); 

void assigns(int numworks); 

void netflo(int totshifts,int numworks); 

char netc; 

struct worker{ 
int seniority; 

int position; 

int maxwork; 
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int minwork; 

int tnode; 

struct worker *next; 

struct worker *last; 

}; 

struct shiftdat{ 

int position; 
int day; 

int numshifts; 

struct shiftdat *next; 

35 

struct seniority { 

int position; 
int day; 
int shift; 

int required; 
int matters; 

struct seniority *next; 

}; 

struct workinfo{ 

int worker; 

int position; 

int day; 
int shift, 
int desirability; 
int availability; 

struct workinfo *next; 
struct workinfo *prev; 

}; 

struct onearc{ 

int from; 

int to; 

int lower; 

int upper; 

struct onearc *next; 

struct onearc *prev; 

struct twoarc *nextdiff; 

} 
struct twoarc{ 

int from; 

int to; 

int worker; 
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int day; 

struct twoarc *next; 

struct twoarc *prev; 

struct threearc *nextdiff. 

}; 

struct threearc{ 

int from; 

int to; 

int cost; 

int position; 

int day; 
int worker; 

int shift; 

struct threearc *next; 

struct threearc *prev; 

33 

struct fill{ 

int position; 
int day; 

int shift; 

int filled; 

int worker; 

int cval; 

struct fill *next; 

struct fill *prev; 

; 

struct tops{ 

int position]; 
int position2; 

int day]; 
int day2; 

int shift1; 

int shift2; 

int cvall; 

int cval2; 

int worker; 

int minshift; 

int maxshift; 
int numassigned; 

struct tops *next; 
struct tops *prev; 

i 

struct fill *pfill; 
struct fill *basepfill=NULL; 

struct tops *ptops; 
struct tops *baseptops=NULL; 
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struct onearc *ponearc; 

struct twoarc *ptwoarc; 

struct threearc *pthreearc; 

struct onearc *baseponearc=NULL: 
struct twoarc *baseptwoarc=NULL: 

struct threearc *basepthreearc=NULL: 

struct worker *pworker; 

struct worker *basepworker=NULL: 
struct shiftdat *pshiftdat; 

struct shiftdat *basepshiftdat=NULL: 
struct seniority *pseniority; 

struct seniority *basepseniority=NULL; 

struct workinfo *pworkinfo; 

struct workinfo *basepworkinfo=NULL: 

clock_t startc,stopc; 

int main(void) 

{ 

int numworks=0; 

int numpositions=1, 
int numdays=7; 
int totshifts; 

float avedes; 

float avemax; 

long int length; 

char choice; 

chdir("D:\TC\BIN\WITH\DATA9"),  /*Change directory for data */ 
int count; 

int wpos[10]; 

FILE *sfp; 

sfp=fopen("workposn.dat"."r"): 
for(count=0;count<10;count++) 

{ 
fscanf(sfp,"%od" .&wpos[count]); 

numworks=numworks+wpos[count]; 

s 

fclose(sfp); 

choice='8'; 

while(choice!='m') 

{ 
clrscrQ); 
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printf("\n\nOPTIONS FOR THE NEW AND IMPROVED PROGRAM!!!****\n\n\n"); 
printf("ZOOROPA, the appliance of science......... \n"); 

- printf("a) Read in info for workers (min/max/seniority) .\n"); 

printf("b) Read in number of shifts/posn data\n"), 

printf("c) Read in shift req/mat data\n"); 
printf("d) Read in des/avail data\n"): 

printf("e) Display info on workers\n"); 
printf("f) Display shift/posn info\n"): 

printf("g) Display shift req/mat data\n"); 
printf("h) Display des/avail data\n"): 

printf("j) Determine/Display arc values.\n"); 
printf("k) Make assignments. display assignments.\n"); 
printf("l) Prepare info for netflo.\n"): 
printf("m) Quit and be happy!!!!\n"); 

choice="9"; 

while((choice>'m’ || choice<'a')& &(choice!='1')) 

{ 
printf("\n\nWhat is your option?"); 

choice=getche(): 

} 

switch(choice) 

{ 
case ‘a’: 

pworker = (struct worker *) malloc (numworks * sizeof(struct worker)); 

printf("\nnumworks is %od. sizeof is %d, mallocked %d bytes\n" numworks,sizeof(struct 

worker),(numworks*sizeof(struct worker))): 

if(!pworker) 

{ 
printf("memory request failed for pworker!!!\n"); 

} 
else 

{ 
basepworker=pworker: 
readworkinfo(avemax.wpos.numworks,pworker); 

} 
break; 

case 'b': 

pshiftdat= (struct shiftdat *) malloc (numpositions*numdays*sizeof(struct shiftdat)): 

printf("\nnumpositions is Yd, numdays is %d, sizeof is Yd, and mallocked %u 
bytes.\n",numpositions,numdays.sizeof(struct shiftdat),(numpositions*numdays*sizeof(struct shifidat))): 

if(!pshiftdat) 

printf("memory request failed for pshiftdat! !\n"); 
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else 

{ 
basepshiftdat=pshiftdat; 

totshifts=readshifinfo(numpositions,numdays, pshiftdat); 

} 
break; 

case 'c': 

pseniority= (struct seniority *) malloc (totshifts*sizeof(struct seniority)): 

printf("\ntotshifts is %od. sizeof is Yod, and mallocked “%ou\n",totshifts,sizeof(struct 

seniority),(totshifts*sizeof(struct seniority))). 

if(!pseniority) 
printf("memory request failed for pseniority!\n"); 

else 

{ 
basepseniority=pseniority; 

readsenshifs(numpositions,numdays, pseniority,pshiftdat); 

} 
break; 

case 'd': 

pworkinfo=readworkshifs(avedes.totshifts, numworks, numpositions,numdays, pshiftdat.pworkinfo, 

pworket,pseniority); 

basepworkinfo=pworkinfo: 

break; 

‘case 'e’: 

dispworkinfo(basepworker). 
break; 

case ‘f": 

dispshifinfo(basepshiftdat). 
break; 

case ‘g': 
dispsenshifs(basepseniority), 

break; 

case ‘h': 

dispworkshifs(basepworkinfo). 

break; 

case ‘j': 
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baseponearc=arcvals(avedes.avemax.numworks, ponearc, ptwoarc, pthreearc, basepworker.bascpshi 

fidat,basepseniority,basepworkinfo): 

case 'k': 

case 'l': 

case 'm': 

break; 

if(basepworker!=NULL) 

{ 

free(basepshiftdat): 

assigns(numworks); 

$ 

{ 
printf("don't have enough info, retard! !\n"); 

netc=getch(): 

} 

else 

break; 

netflo(totshifts,numworks).: 

break; 

if(basepseniority!=NULL) 
free(basepseniority). 

if(basepworkinfo!=NULL) 

{ 
while(basepworkinfo->next!=NULL) 

{ 
basepworkinfo=basepworkinfo->next; 

free(basepworkinfo->prev); 

} 
} 
printf(“here we go!\n"): 
if(baseponearc!=NULL) 

{ 
while(baseponearc->next!=NULL) 

{ 
baseponearc=baseponearc->next; 

free(baseponearc->prev); 

5 
baseptwoarc=baseponearc->nextdiff, 
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3 

void readworkinfo(float avemax,int wpos[10].int numworks,struct worker *pworker) 

{ 

while(baseptwoarc->next!=NULL) 

{ 
baseptwoarc=baseptwoarc->next; 

free(baseptwoarc->prev); 

} 
basepthreearc=baseptwoarc->nextdiff, 
while(basepthreearc->next!=NULL) 

{ 
basepthreearc=basepthreearc->next; 

free(basepthreearc->prev); 

} 
3 
if(basepfill!=NULL) 

{ 
while(basepfill->next!=NULL) 

{ 
basepfill=basepfill->next; 
free(basepfill->prev). 

} 
while(baseptops->next!=NULL) 

{ 
baseptops=baseptops->next; 

free(baseptops->prev): 

$ 
} 
break; 

3 
} 
return 0; 

int count; 

int totnum; 

float totmax; 

int count2; 

int count3; 

int temp; 
int wonum; 

FILE *sfp1; 

FILE *sfp2; 

FILE *sfp3; 

totnum=0; 

totmax=0.0; 

sfp1=fopen("seniorit.dat"."r"); 
sfp2=fopen("maxwork.dat","r"): 

sfp3=fopen("minwork.dat","r"): 
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wonum=2; 

for(count=0;count<8;count++) 

{ 
for(count2=0;count2<wpos[count];count2++) 

{ 
if((count==0)&&(count2==0)) 

pworker->last=NULL; 

else 

pworker->last=pworker-1; 
fscanf(sfp1."%d".&temp),; 

pworker->scniority=temp; 

pworker->tnode=wonum; 

fscanf(sfp2."%d" .&temp); 

pworker->maxwork=temp; 
totnum=totnum+ 1; 

totmax=totmax+(float)temp; 

fscanf(sfp3."%od" &temp); 

pworker->minwork=temp; 

pworker->position=count; 
pworker->next=pworker+1; 
pworker=pworker+ 1; 
wonum=wonum-+ 1: 

} 
} 

pworker=pworker-1; 

pworker->next=NULL; 

avemax=totmax/(float)totnum: 

fclose(sfp1); 

fclose(sfp2); 

fclose(sfp3); 

int readshifinfo(int numpositions.int numdays.struct shiftdat *pshiftdat) 

{ 
int count; 

int count?2; 

int temp; 
int totshifts; 

FILE *sfp1; 

totshifts=0; 

sfp1=fopen("shiftdat.dat"."r"): 
for(count=0;count<numpositions:count++) 

{ 
for(count2=0;count2<numdays;count2++) 

{ 
pshiftdat->position=count: 
pshiftdat->day=count2; 

fscanf(sfp1."%d".&temp); 
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pshiftdat->numshifts=temp; 

totshifts=totshifts+temp; 

if((count==(numpositions-1))&&(count2==(numdays-1))) 

pshifidat->next=NULL; 

else 

{ 
pshiftdat->next=pshiftdat+1; 

pshiftdat=pshiftdat+ 1; 

} 

} 
} 

fclose(sfp1); 

return totshifis; 

} 

void readsenshifs(int numpositions.int numdays.struct seniority *pseniority,struct shiftdat *pshiftdat) 

{ « 

int count; 

int count2; 
int count3; 

int temp; 

int temp2; 

FILE *sfp1; 
FILE *sfp2; 

sfp1=fopen("senreq.dat"."r"); 
sfp2=fopen("senmat.dat"."r"). 

for(count=0;count<numpositions:count++) 

{ 
for(count2=0;count2<numdays:count2++) 

{ 
for(count3=0:count3<pshiftdat->numshifts;count3++) 

{ 
fscanf(sfp1."%d",&temp); 
fscanf(sfp2,"%d",&temp2); 

pseniority->position=count; 

pseniority->day=count2; 

pseniority->required=temp; 
pseniority->matters=temp2; 

pseniority->shift=count3; 
if(((count==numpositions-1)&&(count2—=numdays- 

1))&&(count3—=pshiftdat->numshifts-1)) 

pseniority->next=NULL; 

else 

{ 
pseniority->next=pseniority+1; 
pseniority=pseniority+1; 

} 
} 

pshiftdat=pshiftdat->next, 
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} 

3 
fclose(sfp1); 

fclose(sfp2),; 

struct workinfo * readworkshifs(float avedes.int totshifts,int numworks,int numpositions.int 

numdays,struct shiftdat *pshiftdat.struct workinfo *workinfo,struct worker *pworker,struct seniority 

*pseniority) 

{ 
int count; 

int count2; 

int count3; 

int count4; 

int Currpos; 

int currsen; 

int temp; 
int temp2; 

int totnum=0; 

float totdes=0.0; 

struct seniority *senbase; 
struct shiftdat *base; 
struct workinfo *first=NULL: 

struct workinfo *current, *previous: 
FILE *sfp1; 
FILE *sfp2; 

senbase=pseniority, 

base=pshiftdat; 
sfp1=fopen("pdes.dat","r"). 
sfp2=fopen("avail.dat","r"): 

avedes=0.0; 

for(count=0;count<numworks:count++) 

{ 
currpos=pworker->position: 

currsen=pworker->seniority, 

pshifitdat=base; 
pseniority=senbase: 
for(count2=0;count2<numpositions;count2++) 

{ 
for(count3=0.count3<numdays;count3++) 

{ 
for(count4=0:count4<pshifidat->numshifts;count4++) 

{ 

if(count2—=currpos) 
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{ 
fscanf(sfp1,"%d" ,&temp); 

fscanf(sfp2,"%d",&temp2); 

} 
else 

{ 
temp=0; 

temp2=0; 

pworkinfo=(struct workinfo *) malloc (sizeof (struct 

workinfo)); 

if(first==NULL) 

{ 
first=pworkinfo, 

pworkinfo->prev=NULL; 

} 

{ 
pworkinfo->prev=previous; 
previous->next=pworkinfo. 

3 
pworkinfo->worker=count,; 

pworkinfo->position=count2; 
pworkinfo->day=count3; 

pworkinfo->shift=count4; 
pworkinfo->desirability=temp; 
if(temp!=0) 

{ 
totdes=totdes+(float)temp; 

totnum=totnum+ 1; 

3 
pworkinfo->availability=temp2; 

{* printf("looking at pos %ed, day %od, shift %od. for pos 

else 

%d, day Yd, shift %d.\n", 
pseniority->position, pseniority->day,pseniority- 

>shift,count2,count3 ,count4); 

printf("Worker “od has seniority of %d, required is 
%d\n",count,currsen, pseniority->required): 

*/ 

if((pworkinfo- 
>availability==1)&&(currsen>=pseniority->required)) 

pworkinfo->availability=1, 
else 

pworkinfo->availability=0; 

previous=pworkinfo; 

pseniority=pseniority->next; 
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pshiftdat=pshiftdat->next; 

} 
} 

pworker=pworker->next. 

} 
fclose(sfp1); 

fclose(sfp2); 

pworkinfo->next=NULL; 

avedes=totdes/(float)totnum: 

return(first); 

3 

void dispworkinfo(struct worker *pworker) 

{ 

while(pworker->next!=NULL) 

{ 
printf("\nPosition is number %d\n",pworker->position); 

printf("Seniority level is %d\n" pworker->seniority),; 

printf("Min shift per horizon is %d\n",pworker->minwork); 

printf("Max shift per horizon is Yod\n",pworker->maxwork); 

pworker=pworker->next: 

printf("\nHit any key for next worker\n"); 

} 
printf("\nPosition is number “%d\n",pworker->position); 

printf("Seniority level is Yod\n" , pworker->seniority); 
printf("Min shift per horizon is %d\n",pworker->minwork); 

printf("Max shift per horizon is %d\n",pworker->maxwork); 

printf("\nHit any key for next worker\n"); 

netc=getch(); 

} 

void dispshifinfo(struct shiftdat *pshiftdat) 

{ 

while(pshiftdat->next!=NULL) 

{ 
printf("\nPosition is number “%ed\n" pshiftdat->position); 
printf("Day is number %d\n".pshiftdat->day); 
printf("Num shifts is “od\n" .pshiftdat->numshifts); 
pshiftdat=pshiftdat->next: 
printf("\nHit any key for next worker\n"), 

3 
printf("\nPosition is number %d\n" pshiftdat->position); 

printf("Day is number “d\n".pshiftdat->day); 

140



printf("Num shifts is %od\n" pshiftdat->numshifts); 

printf("\nHit any key for next worker\n"); 
netc=getch(); 

} 

void dispsenshifs(struct seniority *pseniority) 

{ 
while(pseniority->next!=NULL) 

{ 
printf("Position is %od\n" pseniority->position); 
printf("Day is Yod\n".pseniority->day); 

printf("Seniority requircd is %d\n",pseniority->required); 
printf("Seniority mattcrs Yod\n" pseniority->matters); 

printf("Shift number is %d\n\n",pseniority->shift); 

pseniority=pseniority->next; 

3 
printf("Position is %od\n" .pseniority->position); 
printf("Day is %d\n" pseniority->day), 

printf("Seniority required is %d\n",pseniority->required); 
printf("Seniority matters %d\n\n",pseniority->matters); 

printf("SHift number is Yod\n\n" pseniority->shifi); 

} 

void dispworkshifs(struct workinfo *pworkinfo) 

{ 
char netc; 

int count=0; 

int count2; 

int temp; 

while(pworkinfo->next!=NULL) 

{ 
printf("Worker number is %d\n",,pworkinfo->worker); 

printf("Day is %ed. shift is Yd ",pworkinfo->day,pworkinfo->shift); 
printf("desirability is Yod, availability is %d\n\n" ,pworkinfo->desirability.pworkinfo- 

>availability); 

pworkinfo=pworkinfo->next; 
printf(“count is %d\n" count): 

count2=pworkinfo->worker: 
if(count2!=temp) 

count=0; 

temp=count2; 

count=count+ 1; 

} 
printf("Worker number is %ed\n" ,pworkinfo->worker); 

printf("Day is Yd. shift is %d".pworkinfo->day,pworkinfo->shift); 
printf("desirability is Yod. availability is Y%od\n\n",pworkinfo->desirability, pworkinfo- 

>availability); 

} 

14]



void manip() 

{ 
$ 

struct onearc * arcvals 

(float avedes,float avemax,int numworks,struct onearc *ponearc,struct twoarc *ptwoarc, 

struct threearc *pthreearc,struct worker *pworker,struct shiftdat *pshiftdat, 

struct seniority *pseniority,struct workinfo *pworkinfo) 

FILE *sfp; 
struct onearc *baseponearc; 

int matter; 

int mval; 

int maxwork; 

int avail; 

int stnodes; 

int desire; 

int senior; 

int found; 

int count; 

int count2; 

int count3; 

int count4,; 

int tnodes; 

int fnodes; 

int tempwork; 

int cval; 

int tempha; 

float lambda[10]; 

float lambda?2; 

float cone; 

float ctwo; 

char netc; 

struct worker *basepworker; 

struct shiftdat *baseshiftdat; 

struct seniority *baseseniority; 
struct workinfo *baseworkinfo; 

struct onearc *previous; 

struct twoarc *tprevious; 

struct threearc *hprevious; 

sfp—fopen("lambda.dat","r"); 
for(count=0;count<10;count++) 

fscanf(sfp,"“f",&lambda[count]); 
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fclose(sfp); 

basepworker=pworker; 
baseshiftdat=pshiftdat; 
baseseniority=pseniority; 
baseworkinfo=pworkinfo; 
mval=5; 

previous=NULL,; 
while(pworker->next!=NULL) 

{ 
ponearc=(struct onearc *) malloc (sizeof(struct onearc)); 
ponearc->from=1; 

ponearc->to=pworker->tnode; 

ponearc->lower=pworker->minwork; 

ponearc->upper=pworker->maxwork; 

if(previous==NULL) 

{ 
ponearc->prev=NULL; 

baseponearc=ponearc; 

3 

t 
previous->next=ponearc; 

ponearc->prev=previous; 

3 
previous=ponearc; 
pworker=pworker->next; 

} 
ponearc=(struct onearc *) malloc (sizeof(struct onearc)); 
ponearc->from=1, 
ponearc->to=pworker->tnode; 
ponearc->lower=pworker->minwork; 
ponearc->upper=pworker->maxwork; 
previous->next=ponearc; 
ponearc->prev=previous; 
ptwoarc=(struct twoarc *) malloc (sizeof(struct twoarc)); 

ponearc->nextdiff=ptwoarc; 
ptwoarc->prev=NULL; 

ponearc->next=NULL; 
tnodes=0; 

else 

while(pworkinfo->next!=NULL) 

{ 
if( ((pworkinfo->availability==1)&&(tprevious->day!=pworkinfo->day)) || (tnodes==0) 

{ 
if(tnodes!=0) 

{ 
ptwoarc=(struct twoarc *) malloc (sizeof(struct twoarc)); 
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} 
if(pworkinfo->prev!=NULL) 

{ 
tprevious->next=ptwoarc; 

ptwoarc->prev=tprevious; 

} 
ptwoarc->from=2+pworkinfo->worker; 

ptwoarc->to=numworks+2+tnodes; 

tnodes=tnodes+1; 

ptwoarc->worker=pworkinfo->worker; 
ptwoarc->day=pworkinfo->day; 

if(pworkinfo->next->next!=NULL) 

tprevious=ptwoarc; 

3 
pworkinfo=pworkinfo->next; 

} 
if((tprevious->worker==pworkinfo->worker)&&(tprevious->day!=pworkinfo->day)) 

{ 
ptwoarc=(struct twoarc *) malloc (sizeof(struct twoarc)); 

ptwoarc->prev=tprevious; 

tprevious->next=ptwoarc; 

ptwoarc->next=NULL; 

ptwoarc->from=2+pworkinfo->worker; 

ptwoarc->to=numworks+2+tnodes; 

ptwoarc->worker=pworkinfo->worker; 

ptwoarc->day=pworkinfo->day; 
tnodes=tnodes+1; 

} 
else 

{ 
ptwoarc->next=NULL; 

} 
pthreearc=(struct threearc *) malloc (sizeof(struct threearc)); 

ptwoarc->nextdiff=pthreearc; 
pworkinfo=basepworkinfo; 
tempha=pworkinfo->worker; 

stnodes=tnodes; 

pworker=basepworker; 
tempwork=0; 

fnodes=numworks+2; 

hprevious=NULL; 

tnodes=tnodes-1; 

while(pworkinfo->next!=NULL) 

{ 

if(tempha!=pworkinfo->worker) 

tnodes=stnodes-1; 

tnodes=tnodes+1; 

if(pworkinfo->availability==1) 
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{ 

if(hprevious!=NULL) 
pthreearc=(struct threearc *) malloc (sizeof(struct threearc)); 

if(pworkinfo->day!=tempwork) 

{ 
fnodes=fnodes+1; 

tempwork=pworkinfo->day; 

if(pworkinfo->day—0) 

{ 
pworker=pworker->next; 

} 
j 

pthreearc->from=fnodes; 

pseniority=basepseniority; 

found=0; 
while((found==0)&&(pseniority->next!=NULL)) 

{ 
if(pseniority->position==pworkinfo->position) 

{ 
if(pseniority->day==pworkinfo->day) 

{ 
if(pseniority->shift==pworkinfo->shift) 

{ 
found=1; 
matter=pseniority->maitters; 

} 
5 

} 
pseniority=pseniority->next; 

$ 
if(pseniority->position==pworkinfo->position) 

{ 
if(pseniority->day==pworkinfo->day) 

{ 
if(pseniority->shift==pworkinfo->shift) 

{ 
found=1,; 

matter=pseniority->matters, 

} 
3 

$ 

if(found==0) 

{ 
printf("prob rich in first\n"); 

netc=getchQ); 

} 
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pthreearc->to=numworks+2+tnodes; 

avail=pworkinfo->availability; 
senior=pworker->seniority; 
desire=pworkinfo->desirability; 

maxwork=pworker->maxwork; 

lambda2=1.0-lambda[pworkinfo->position]; 

cone=lambda[pworkinfo- 
>position]*(float)matter*(float)avail*(float)desire*(float)senior, 

/* 

ctwo=avemax*(float)mval* (float)senior*(((lambda2)*avedes*(float)avail)/(float)maxwork); 

*/ 

cval=(int)cone+(int)ctwo; 

pthreearc->cost=cval; 
pthreearc->position=pworkinfo->position; 

pthreearc->day=pworkinfo->day; 
pthreearc->shift=pworkinfo->shift; 
pthreearc->worker=pworkinfo->worker; 
if(hprevious==NULL) 

{ 
pthreearc->prev=NULL; 

basepthreearc=pthreearc; 

} 
else 

{ 
hprevious->next=pthreearc; 
pthreearc->prev=hprevious; 

} 
hprevious=pthreearc; 

} 
tempha=pworkinfo->worker; 

printf("there are now %d nodes at worker “d\n",tnodes, pworkinfo->worker); 

pworkinfo=pworkinfo->next; 

} 

if(pworkinfo->availability—=1) 

{ 
pthreearc=(struct threearc *) malloc (sizeof(struct threearc)); 

if(pworkinfo->day!=tempwork) 

{ 
fnodes=fnodes+ 1; 

} 
pthreearc->from=fnodes; 
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pthreearc->to=1+tnodest+numworks+2; 

pseniority=basepseniority; 
found=0; 

while((found==0)&&(pseniority->next!=NULL)) 

{ 
if(pseniority->position==pworkinfo-> position) 

{ 
if(pseniority->day==pworkin{o->day) 

t 
if(pseniority->shift==pworkinfo->shift) 

{ 
found=1; 

matter=pseniority->matters,; 

} 
} 

3 
pseniority=pseniority->next; 

3 
if(pseniority->position==pworkinfo->position) 

{ 
if(pseniority->day—pworkinfo->day) 

{ 
if(pseniority->shift==pworkinfo->shift) 

{ 
found=1; 

matter=pseniority->matters; 

5 
s 

3 

pseniority—basepseniority; 
if(found==0) 

{ 
printf("Problem here, figure it out Rich!!\n"); 

netc=getch(); 

$ 

avail=pworkinfo->availability; 
senior=pworker->seniority; 
desire=pworkinfo->desirability; 
maxwork=pworker->maxwork; 

lambda2=1.0-lambda[pworkinfo->position]; 
cone=lambda[pworkinfo->position]*(float)matter* (float)avail* (float)desire*(float)avail; 

ctwo=avemax*(float)mval*(float)senior*((lambda2*avedes* (float)avail)/(float)maxwork); 

cval=(int)cone+(int)ctwo; 

pthreearc->cost=cval; 

pthreearc->position=pworkinfo->position; 
pthreearc->day=pworkinfo->day; 

pthreearc->shifi=pworkinfo->shift, 
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pthreearc->worker=pworkinfo->worker, 

} 

if(hprevious==NULL) 

{ 
pthreearc->prev=NULL; 

$ 
else 

{ 
hprevious->next=pthreearc; 
pthreearc->prev=hprevious; 

pthreearc->next=NULL; 

5 
ponearc=baseponearc; 

count=0; 

sfp=fopen("arcvals.dat","w"); 

while(ponearc->next!=NULL) 

{ 
fprintf(sfp,"Arc %od is from %ed, to Yed\n",count,ponearc->from,ponearc->to); 

count=count+1; 

ponearc=ponearc->next; 

} 

fprintf(sfp,"Arc %od is from %od, to Y%ed\n",count,ponearc->from,ponearc->to); 

count=count+1; 

ptwoarc=ponearc->nextdiff, 

while(ptwoarc->next!=NULL) 

{ 
fprintf(sfp,"Arc %od is from %od, to Yod\n",count,ptwoarc->from,ptwoarc->to); 

ptwoarc=ptwoarc->next; 

count=count+1; 

} 
fprintf(sfp," Arc Yod is from %od, to Yed\n" count, ptwoarc->from,ptwoarc->to); 

count=count+1; 

pthreearc=ptwoarc->nextdiff, 

while(pthreearc->next!=NULL) 

{ 
fprintf(sfp,"Arc %od is from %od, to %ed position %d, day %od, shift 

%d\n" count,pthreearc->from,pthreearc->to, 

pthreearc->position, pthreearc->day,pthreearc->shift); 
count=count+ 1; 

pthreearc=pthreearc->next; 

} 
fprintf(sfp."Arc %od is from Yd, to Yed position Yod, day %od, shift 

%d\n" ,count,pthreearc->from,pthreearc->to, 

pthreearc->position, pthreearc->day, pthreearc->shift); 

fclose(sfp): 

return(baseponearc); 
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void assigns(int numworks) 
{ /*open function 1 */ 

int count; 

long totcval; 
int count2; 

int count3; 

int count4; 

int stoploop; 
int makeswitch, 

int makeswitch2; 

int stoploop2; 

int stoploop3; 

int stoploop4; 

int stoploop5; 
int stopper; 

int posassign; 

int shiftassign; 
int dayassign; 

int bestcval1; 

int bestcval; 

int cvalassign; 
int bestwork; 

int newminus|; 

int newminus2; 

int checkget; 

int madeassign; 
int minget; 

struct fill *prevfill; 
struct tops *prevtops; 
struct tops *cantops; 

FILE *sfp; 

/*initialize fill structure*/ 

madeassign=1; 

startc=clock(); 

pseniority=basepseniority; 

while(pseniority->next!=NULL) 

{ 
pfill=(struct fill *) malloc (sizeof(struct fill); 

if(!pfill) 

{ 
printf("error allocating!!!\n"); 

} 
if(pseniority==basepseniority) 

{ 
pfill->prev=NULL; 
basepfill=pfill; 

} 
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else 

{ 
prevfill->next=pfill; 
pfill->prev=prevfill; 

} 
pfill->position=pseniority->position; 
pfill->day=pseniority->day; 
pfill->shift=pseniority->shift; 

pfill->filled=0; 
pfill->worker=99, 
prevfill=pfill; 
pseniority=pseniority->next; 

3 
pfill=(struct fill *) malloc (sizeof(struct fill)); 

pfill->prev=prevfill; 
prevfill->next=pfill, 
pfill->next=NULL; 

pfill->position=pseniority->position; 
pfill->day=pseniority->day; 
pfill->shift=pseniority->shift; 
pfill->filled=0; 

pfill->worker=99; 

pworker=basepworker; 

for(count=0;count<numworks;count++) 

{ 
ptops=(struct tops *) malloc (sizeof(struct tops)); 

if(count==0) 

{ 
ptops->prev=NULL,; 

baseptops=ptops; 

} 
else 

{ 
ptops->prev=prevtops; 
prevtops->next=ptops; 

} 
ptops->numassigned=0; 
ptops->worker=count; 

ptops->minshift=pworker->minwork; 

ptops->maxshift=pworker->maxwork; 
prevtops=ptops; 
pworker=pworker->next; 

$ 
ptops->next=NULL; 

/*start of assignment loop*/ 
stopper=0; 

minget=2; 
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while(stopper==0) = /*open big loop*/ 

{ 
bestcval1=0; 

ptops=baseptops; 

for(count=0;count<numworks;count++) 

{ /*open */ 

ptops-> position 1=27; 

ptops->position2=27; 

ptops->day 1=27; 

ptops->day2=27; 

ptops->shift1=27; 

ptops->shift2=27; 
ptops->cval1=0, 

ptops->cval2=0; 

ptops=ptops->next; 

} /*close*/ 

ptops=baseptops; 
stoploop=1; 

while(ptops->next!=NULL) 

{ /*open*/ 

if(minget==2) 

checkget=ptops->minshift; 
else 

checkget=ptops->maxshift; 
if(ptops->numassigned!=checkget) /*minimum specified here! !*/ 

stoploop=0; 

ptops=ptops->next; /*once they all have 2, stop!!*/ 

}  /*close*/ 

if(minget==2) 

checkget=ptops->minshift; 

else 

checkget=ptops->maxshift; 

if(ptops->numassigned!=checkget) 

stoploop=0; 

if(stoploop==1) 

{ 
if(minget==2) 

{ 
stoploop=0; 

minget=1; 

madeassign=1; 

} 
} 

ptops=baseptops; 
if(stoploop!=0) 

stopper=1; 

if(madeassign=—0) 

{ 
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stoploop=1; 

stopper=1; 

$ 
while(stoploop==0) 

{ /*open*/ 
pthreearc=basepthreearc; 

{  /*open*/ 
stoploop2=0; 

while(stoploop2!=1) 
{ /*open*/ 
if(ptops->worker—pthreearc->worker) 
{ /*open*/ 

if(pthreearc->cost>bestcval 1) 

{ /*open*/ 
pfill=basepfill; 
stoploop3=0; 

while(stoploop3!=1) 
{ /*open*/ 
if(((pfill->position==pthreearc->position)&&(pfill- 

>shift==pthreearc->shift))&&(pfill->day—pthreearc->day)) 

{ /*open*/ 
makeswitch=pfill->filled; 

stoploop3=1; 

} /*close*/ 

pfill=pfill->next; 
} /*close*/ 

pfill=basepfill, 
stoploop3=0; 

makeswitch2=0, 

while(stoploop3!=1) 
{ /*open*/ 
if(((pfill->worker==pthreearc->worker)&&(pfill- 

>day==pthreearc->day))&&(pfill->filled—1)) 

{ /*open*/ 
makeswitch2=1; 

stoploop3=1; 
} /*close*/ 

if(pfill->next==NULL) 

stoploop3=1, 
else 

pfill=pfill->next; 

} /*close*/ 

if(minget—2) 

checkget=ptops->minshift; 

else 
checkget=ptops->maxshift; 

if(ptops->numassigned!=checkget) 

{ /*open*/ 
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if((makeswitch==—0)&&(makeswitch2==0)) 

{ /*open*/ 

ptops->position1=pthreearc->position; 

ptops->day |=pthreearc->day; 
ptops->shift1=pthreearc->shift; 

ptops->cval1=pthreearc->cost; 
bestcval1=pthreearc->cost; 

} /*close*/ 

} = /*close*/ 

} /*close*/ 

} /*close*/ 
if(pthreearc->next!=NULL) 

pthreearc=pthreearc->next; 
else 

stoploop2=1, 
} /*close*/ 

} /*close*/ 

if(ptops->next!=NULL) 

ptops=ptops->next; 

else 

stoploop=1; 

} /*close*/ 

ptops=baseptops; 
stoploop=0; 

bestcval=0; 
while(stoploop==0) 

{ /*open*/ 
pthreearc=basepthreearc; 

{ /*open*/ 
stoploop2=0; 
while(stoploop2!=1) 

{  /*open*/ 

if(ptops->worker==pthreearc->worker) 
{ /*open*/ 
if(pthreearc->cost>ptops->cval1) 
{ /*open*/ 
if(ptops->day 1 !=pthreearc->day||ptops->shift 1 !=pthreearc->shift) 

{ /*open*/ 

pfill=basepfill; 
stoploop3=0; 

while(stoploop3!=1) 
{ /*open*/ 
if(((pfill->position==pthreearc->position)&&(pfill- 

>shift==pthreearc->shift))&&(pfill->day—=pthreearc->day)) 

{ /*open*/ 
makeswitch=pfill->filled; 
stoploop3=1; 

} /*close*/ 
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pfill=pfill->next; 
} /*close*/ 

pfill=basepfill; 
stoploop3=0; 

makeswitch2=0; 

while(stoploop3!=1) 

{ /*open*/ 
if((pfill->worker==pthreearc->worker)&&(pfill- 

>day==pthreearc->day)) 
{ /*open*/ 
makeswitch2=1; 

stoploop3=1; 
} /*close*/ 

if(pfill->next==NULL) 

stoploop3=1; 

else 
pfill=pfill->next; 

} /*close*/ 

if(minget==2) 

checkget=ptops->minshift; 
else 

checkget=ptops->maxshift; 

if(ptops->numassigned!=checkget) 

{ 
if((makeswitch=—0)&&(makeswitch2==0)) 

{ /*open*/ 
ptops->position2=pthreearc->position,; 
ptops->day2=pthreearc->day; 
ptops->shifi2=pthreearc->shift; 

ptops->cval2=pthreearc->cost; 

} 
} /*close*/ 

}  /*close*/ 

} /*close*/ 

} /*close*/ 
if(pthreearc->next!=NULL) 

pthreearc=pthreearc->next; 
else 

stoploop2=1; 

} /*close*/ 

} /*close*/ 

if(ptops->next!=NULL) 
ptops=ptops->next; 

else 
stoploop=1; 

} /*close*/ 

/*make assignment*/ 
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ptops=baseptops; 

posassign=55, 
dayassign=55, 

shiftassign=55; 

cvalassign=0; 

while(ptops->next!=NULL) 
{ /*open*/ 

if(minget==2) 

checkget=ptops->minshift; 

else 

checkget=ptops->maxshift; 

if((ptops->cval 1>cvalassign)&&(ptops->numassigned!=checkget)) /*min here! !{!*/ 

{ /*open*/ 
cvalassign=ptops->cval1; 
posassign=ptops-> position 1; 

dayassign=ptops->day I; 

shiftassign=ptops->shift1; 
[* printf("new highest is %od for worker “ed\n",cvalassign, ptops->worker); 
*/ } /*close*/ 

ptops=ptops->next; 
} /*close*/ 

if(minget==2) 

checkget=ptops->minshift; 

else 

check get=ptops->maxshift; 

if((ptops->cval 1>cvalassign)&&(ptops->numassigned!=checkget)) 
{ /*open*/ 
cvalassign=ptops->cval1; 
posassign=ptops->position]; 

dayassign=ptops->day 1; 
shiftassign=ptops->shift 1; 

} /*close*/ 

ptops=baseptops; 

stoploop4=0, 

bestwork=999; 

stoploop5=1; 

cantops=NULL; 

while(stoploop4==0) 

{ /*open*/ 
if(((posassign==ptops-> position 1 )&&(dayassign==ptops- 

>day 1))&&(shiftassign==ptops->shift1)) 
{ /*open*/ 

if(minget==2) 
checkget=ptops->minshift; 

else 
checkget=ptops->maxshift; 
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if((cantops-=NULL)&&(ptops->numassigned!=checkget)) 

{ /*open*/ 
cantops=ptops; 
stoploop5=0; 

I* printf("considering worker “od for “od\n" ,ptops->worker,ptops- 
>cvall); 

*/ 
+ /*close*/ 

else if (ptops->numassigned!=checkget) 

{ /*open*/ 
if(ptops->shifi2==27) 

newminus 1=5000; 

else 

newminus |=ptops->cvall; 

if(cantops->shift2==27) 
newminus2=5000; 

else 

newminus2=cantops->cval 1; 

if((minget-1)*newminus1+ptops->cval1>(minget- 
1)*newminus2+cantops->cval1) 

{ /*open*/ 

/* printf("switching to %d for %d (minus is %d)\n",ptops- 

>worker,ptops->cval 1 newminus2); 

*/ stoploop5=0; 

cantops=ptops; 

} /*close*/ 

} /*close*/ 

} /*close*/ 

if(ptops->next!=NULL) 
ptops=ptops->next; 

else 

stoploop4=1; 
} /*close*/ 

pfill=basepfill; 
madeassign=0; 
while(stoploop5==0) 

{ 
if(((cantops->position 1==pfill->position)& &(cantops->day 1==pfill->day))&&(cantops- 

>shift1==pfill->shift)) 

{ 
pfill->worker=cantops->worker; 
pfill->filled=1; 
pfill->cval=cantops->cval1; 
stoploop5=1; 

madeassign=1; 
cantops->numassigned=cantops->numassigned+ 1; 
printf("position %od, day %od, shift Yod assigned to Yod cval of Yed\n", pfill- 

>position, 
pfill->day,pfill->shift, pfill->worker,cantops->cval 1); 
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/* 

printf("he's got %d now.\n" ,cantops->numassigned), 

j 
if(pfill->next!=NOLL) 

pfill=pfill->next; 

} 
if(madeassign==0) 

} /*close big loop */ 

pfill=basepfill; 

ptops=baseptops; 

while(ptops->next!=NULL) 

{ open while 
printf("Worker “ed first choice-position Yd, day %ed, shift %od, cval Yed\n", 

ptops->worker,ptops->position | ,ptops->day 1 ,ptops->shift1,ptops->cval1); 
printf(" second choice-position %d, day “od, shift %od, cval %ed\n", 

ptops->position2, ptops->day2,ptops->shift2,ptops->cval2); 

ptops=ptops->next, 
} close while */ 

sfp=fopen("schedule.dat","w"); 

while(pfill->next!=NULL) 

{  /*open while */ 
printf("Position %d, day “ed, shift Yod, has worker Yd with cval of %d\n", 

pfill->position, pfill->day , pfill->shift, pfill->worker, pfill->cval); 
fprintf(sfp,"Position %od, day %d, shift %d, has worker %ed with cval of %d\n", 

pfill->position,pfill->day,pfill->shift, pfill->worker,pfill->cval), 
pfill=pfill->next; 
} /*close while */ 

printf("Position %d, day %od, shift Yod, has worker %d with cval of %d\n", 

pfill->position,pfill->day,pfill->shift, pfill->worker, pfill->cval); 
fprintf(sfp,"Position Yd, day od, shift Yd, has worker %od with cval of Yed\n", 

pfill->position, pfill->day, pfill->shift, pfill->worker, pfill->cval); 

totcval=0; 

for(count=0;count<numworks;count++) 

{ /*open count */ 
pfill=basepfill; 

printf("\n"); 

while(pfill->worker!=count) 

pfill=pfill->next; 
fprintf(sfp,"\nWorker “od, position %od, is assigned: ",(count+1),(pfill->position+1)); 
pfill=basepfill; 
stoploop4=0; 

while(stoploop4=—0) 
{ /*open while*/ 
if(pfill->worker==count) 

{ 
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printf("Worker “ed has position “od, day “ed, shift %od cval of 

%d.\n", count, pfill->position, pfill->day, pfill->shift, pfill->cval); 
totcval=totcval+(long)pfill->cval; 

fprintf(sfp," (day %od, shift %d) ",pfill->day,pfill->shift); 

} 
if(pfill->next!=NULL) 

pfill=pfill->next; 

else 

stoploop4=1; 

} /*close while */ 

} /*close count */ 

stopc=clockQ); 

printf("\ngrand total of cvals is Yeld\n",totcval); 

fprintf(sfp,"\ngrand total of cvals is %ld",totcval); 

printf("\ntotal seconds is %of\n",(stopc-startc)/CLK_TCK); 
fprintf(sfp,"\ntotal seconds is Yof\n" ,(stopc-startc)/CLK_TCK), 

fclose(sfp); 

netc=getchQ); 

} /*close function*/ 

void netflo(int totshifts,int numworks) 

{ 
int totnodes; 

int totarcs; 

int temp; 

int count; 

int first; 

int end; 

int num1; 

int num2; 

int num3; 

int stop; 

FILE *sfp; 
FILE *sfp2; 
FILE *dfp; 

totnodes=0; 

totarcs=0; 

ponearc=baseponearc; 

ptwoarc=baseptwoarc; 

pthreearc=basepthreearc; 
for(count=0;count<numworks;count++) 

cvaltots|count}=0; 

/*figure out total number of nodes,arcs */ 

sfp=fopen("netstuf2.dat","w"), 
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sfp2=fopen("netbad2.dat","w"); 

while(ponearc->next!=NULL) 

{ 
totarcs=totarcs+1; 

ponearc=ponearc->next; 

} 
totarcs=totarcs+ 1; 

ptwoarc=ponearc->nextdiff; 
while(ptwoarc->next!=NULL) 

{ 
totarcs=totarcs+ 1; 

ptwoarc=ptwoarc->next; 

} 
totarcs=totarcs+ |; 

pthreearc=ptwoarc->nextdiff; 

while(pthreearc->next!=NULL) 

{ 
totarcs=totarcs+1; 

if(pthreearc->to>totnodes) 

totnodes=pthreearc->to; 

pthreearc=pthreearc->next; 

} 
totarcs=totarcs+ 1; 

if(pthreearc->to>totnodes) 
totnodes=pthreearc->to; 

fprintf(sfp,"%od\n" totnodes); 

fprintf(sfp,"%od\n" ,totarcs); 

fprintf(sfp,"Yod\n" totshifts); 
fprintf(sfp2,"%od\n",totnodes); 
fprintf(sfp2,"%od\n" ,totarcs); 

fprintf(sfp2,"%od\n" ,totshifts); 

temp=totnodes-totshifts; 

for(count=0;count<(totnodes-1);count++) 

{ 
if(count>=(temp-1)) 

{ 
fprintf(sfp2,"-1\n"); 

fprintf(sfp,"-1\n"); 

} 
else 

{ 
fprintf(sfp,"O\n"); 

fprintf(sfp2,"0\n"); 

} 
} 

fprintf(sfp,"O\n"); 

fprintf(sfp2,"0\n"); /*node 1 has none coming in!*/ 

for(count=2;count<totnodes+ 1 ;count++) 

{ 
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ponearc=baseponearc; 
ptwoarc=baseptwoarc; 
pthreearc=basepthreearc; 
temp=0; 

while(ponearc->next!=NULL) 

t 
if(ponearc->to==count) 

temp=temp+ 1; 

ponearc=ponearc->next; 

} 
if(ponearc->to==count) 

temp=temp+ 1; 

ptwoarc=ponearc->nextdiff; 

while(ptwoarc->next!=NULL) 

{ 
if(ptwoarc->to==count) 

temp=temp+1, 

ptwoarc=ptwoarc->next; 

} 
if(ptwoarc->to==count) 

temp=temp+1; 

pthreearc=ptwoarc->nextdiff, 
while(pthreearc->next!=NULL) 

{ 
if(pthreearc->to—count) 

temp=temp+1; 

pthreearc=pthreearc->next,; 

$ 
if(pthreearc->to==count) 

temp=temp+1; 

fprintf(sfp,"%d\n",temp); 
fprintf(sfp2,"%d\n" temp); 

3 
ponearc=baseponearc; 
ptwoarc=baseptwoarc; 
pthreearc=basepthreearc; 

while(ponearc->next!=NULL) 

{ 
fprintf(sfp,"%ed\n" ,ponearc->from); 

fprintf(sfp,"“%od\n" ,ponearc->to); 
fprintf(sfp,"0\n%d\n2\n",ponearc->upper); 

fprintf(sfp2,"%d\n" ,ponearc->from); 
fprintf(sfp2,"%od\n" ,ponearc->to); 

fprintf(sfp2,"0\n%d\n2\n",ponearc->upper); 

ponearc=ponearc->next; 

} 
fprint{(sfp,"Yod\n" ,ponearc->from); 

fprintf(sfp,"“od\n" ,ponearc->to); 
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fprintf(sfp,"0\n%od\n%d\n" ,ponearc->upper, ponearc->lower); 
fprintf(sfp2,"%od\n",ponearc->from); 

fprintf(sfp2,"%d\n" ,ponearc->to); 
fprintf(sfp2,"0\n%d\n2\n", ponearc->upper); 

ptwoarc=ponearc->nextdiff, 
while(ptwoarc->next!=NULL) 

{ 
fprintf(sfp,"Yod\n" ,ptwoarc->from); 

fprintf(sfp,"%ed\n" ,ptwoarc->to); 

fprintf(sfp,"O\n1\n0\n"); 

fprintf(sfp2,"%d\n",ptwoarc->from); 

fprintf(sfp2,"%od\n" ,ptwoarc->to); 

fprintf(sfp2,"0\n1\n0\n"); 

ptwoarc=ptwoarc->next; 

} 
fprintf(sfp2,"%od\n" ptwoarc->from); 

fprintf(sfp2,"Y%od\n" ptwoarc->to); 

fprintf(sfp2,"0\n1\n0\n"); 

fprintf(sfp,"“od\n", ptwoarc->from); 

fprintf(sfp,"“od\n" ,ptwoarc->to); 

fprintf(sfp,"0\n1\n0\n"); 

pthreearc=ptwoarc->nextdiff, 

while(pthreearc->next!=NULL) 

{ 
fprintf(sfp,"%od\n",pthreearc->from); 

fprintf(sfp,"Yod\n" pthreearc->to); 

fprintf(sfp2,"%d\n" ,pthreearc->from); 

fprintf(sfp2,"%d\n" ,pthreearc->to); 

if(pthreearc->cost>0) 

/*plus/minus*/ { 

fprintf(sfp,"-Yed\n" pthreearc->cost); 

fprintf(sfp2,"%d\n" ,pthreearc->cost); 

3 

{ 
fprintf(sfp,"Yed\n", pthreearc->cost); 

fprintf(sfp2,"%od\n" ,pthreearc->cost); 

} 
fprintf(sfp," 1\n0\n"); 

fprintf(sfp2," 1\n0\n"); 

pthreearc=pthreearc->next; 

} 
fprintf(sfp,"%ed\n" pthreearc->from); 

fprintf(sfp,"“od\n" ,pthreearc->to); 

fprintf(sfp2,"%od\n",pthreearc->from); 

fprintf(sfp2,"%ed\n" ,pthreearc->to); 

else 
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if(pthreearc->cost>0) 

/*plus/minus */ { 

fprintf(sfp2,"%d\n" pthreearc->cost); 

fprintf(sfp,"-Yod\n" ,pthreearc->cost); 

{ 
else 

fprintf(sfp,"%od\n" ,pthreearc->cost); 

fprintf(sfp2,"%od\n" pthreearc->cost); 

} 
fprintf(sfp," 1\n0\n"); 

fprintf(sfp2," 1\n0\n"); 

fclose(sfp); 

fclose(sfp2),; 

printf("Read in optimal output from netflo??\n"); 

netc=getchQ); 

if(netc=="'y') 

{ 
sfp=fopen("netbest2.dat","r"); 

dfp=fopen("netsched.dat","w"); 

num1=1; 

end=0; 

pthreearc=basepthreearc; 
while(pthreearc->next!=NULL) 

{ 
if(pthreearc->to>end) 

end=pthreearc->to; 
pthreearc=pthreearc->next,; 

$ 

while(num2!=end) 

{ 
fscanf(sfp,"“%od Yod %d",&num1,&num2,&num3); 

stop=0; 

pthreearc=basepthreearc; 
while((stop==0)&&(pthreearc->next!=NULL)) 

{ 
if((pthreearc->to==num2)&&(pthreearc->from==num1)) 

cval of %d\n", 

>shift,pthreearc->worker, pthreearc->cost); 

>worker]+pthreearc->cost; 

else 

{ 
stop=1; 

fprintf(dfp,"Position %d, day %od, shift Yd goes to worker %od 

pthreearc->position,pthreearc->day, pthreearc- 

cvaltots[pthreearc->worker]=cvaltots[pthreearc- 
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pthreearc=pthreearc->next, 

} 
if((pthreearc->to==num2)&&(pthreearc->from==num1)) 

{ 
stop=1; 

if(num2=—end) 

fprintf(dfp,"Position %od, day %od, shift %ed goes to worker “od 

cval of Yed\n", 

pthreearc->position, pthreearc->day, pthreearc- 

>shifi, pthreearc->worker, pthreearc->cost); 

} 

} 
fclose(sfp); 

for(count=0;count<numworks;count++) 

{ 
pthreearc=basepthreearc; 
while(pthreearc->worker!=count) 

pthreearc=pthreearc->next; 
fprintf(dfp,"\nWorker %od, position %d, is assigned: ",(pthreearc- 

>worker+1),(pthreearc->position+1)); 

while(pthreearc->next!=NULL) 

{ 
sfp=fopen("netbest2.dat","r"); 

fscanf(sfp,"Y%od Yod od" &num 1 ,&num2,&num3); 

first=1; 

while((num2!=end)&&(pthreearc->worker<=count)) 

{ 
if(first==1) 

{ 
first=2; 

} 

fscanf(sfp,"%d Yd 
else 

%d" S&num 1 ,&num2,&num3); 

if(((pthreearc->to==num2)&&(pthreearc- 

>from==num1))&&(count==pthreearc->worker)) 

{ 
fprintf(dfp," (day “od, shift %d) 

",(pthreearc->day+1),(pthreearc->shift+1)); 

printf("\nWorker “od has position “od, day 
%d, shift Yod, cval of %d.",count,pthreearc->position, 

pthreearc->day,pthreearc->shift, pthreearc- 

>cost); 

} 
} 

pthreearc=pthreearc->next,; 
fclose(sfp); 
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} 
sfp=fopen("netbest2.dat","r"); 
fscanf(sfp,"%od Yod Yod",& num 1,&num2,é&num3); 

first=1; 

while(num2!=end) 

{ 
if(first==1) 

{ 
first=2; 

} 

fscanf(sfp."%d “od 

else 

%d",&num1,&num2,&num3); 

if(((pthreearc->to==num2)&&(pthreearc- 

>from—num1))&&(count==pthreearc->worker)) 

fprintf(dfp,” (day %d, shift %od)",(pthreearc- 
>day+1),(pthreearc->shifi+ 1)); 

3 
fclose(sfp); 

fclose(dfp); 
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Appendix A-12 

'Case Study Schedule’ 

165



All optimal solutions have day # and shift # starting at 1, while the heuristic 

solutions day # and shift # all begin at 0, for clarification purposes. 

Illustrative Case Study (Optimal Solution) 

Worker 1, position 1, is assigned: (day 4, shift 2) (day 6, shift 3) 

Worker 2, position 1, is assigned: (day 4, shift 4) (day 5, shift 5) 
Worker 3, position 1, is assigned: (day 2, shift 1) (day 3, shift 1) 

(day 5, shift 1) (day 6, shift 1) 
Worker 4, position 1, is assigned: (day 5, shift 6) (day 6, shift 6) 

Worker 5, position 1, is assigned: (day 6, shift 5) (day 7, shift 3) 

Worker 6, position 1, is assigned: (day 1, shift 4) (day 2, shift 4) 
(day 3, shift 4) (day 5, shift 4) (day 6, shift 4) (day 7, shift 4) 

Worker 7, position 1, is assigned: (day 1, shift 1) (day 5, shift 2) 

Worker 8, position 1, is assigned: (day 2, shift 3) (day 3, shift 3) 
(day 4, shift 3) (day 5, shift 3) 

Worker 9, position 1, is assigned: (day 6, shift 2) (day 7, shift 2) 
Worker 10, position 1, is assigned: (day 1, shift 3) (day 7, shift 1) 

Worker 11, position 1, is assigned: (day 2, shift 2) (day 4, shift 1) 
Worker 12, position 1, is assigned: (day 1, shift 2) (day 3, shift 2) 
Worker 13, position 2, is assigned: (day 5, shift 3) (day 6, shift 2) 

Worker 14, position 2, is assigned: (day 3, shift 2) (day 4, shift 2) 
(day 6, shift 3) (day 7, shift 2) 

Worker 15, position 2, is assigned: (day 1, shift 2) (day 2, shift 2) 
Worker 16, position 2, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 1) (day 4, shift 1) (day 5, shift 1) (day 7, shift 1) 
Worker 17, position 2, is assigned: (day 5, shift 2) (day 6, shift 1) 

Worker 18, position 3, is assigned: (day 1, shift 8) (day 2, shift 9) 
(day 3, shift 8) (day 4, shift 8) (day 5, shift 7) (day 7, shift 9) 

Worker 19, position 3, is assigned: (day 1, shift 4) (day 2, shift 2) 
(day 4, shift 12) (day 5, shift 12) (day 6, shift 4) (day 7, shift 4) 

Worker 20, position 3, is assigned: (day 6, shift 1) (day 7, shift 11) 
Worker 21, position 3, is assigned: (day 1, shift 9) (day 3, shift 10) 

(day 5, shift 9) (day 6, shift 9) 
Worker 22, position 3, is assigned: (day 2, shift 8) (day 3, shift 1) 

(day 6, shift 3) (day 7, shift 8) 
Worker 23, position 3, is assigned: (day 4, shift 2) (day 7, shift 3) 
Worker 24, position 3, is assigned: (day 1, shift 5) (day 2, shift 5) 

(day 3, shift 5) (day 4, shift 10) (day 5, shift 5) (day 6, shift 10) 

Worker 25, position 3, is assigned: (day 1, shift 6) (day 3, shift 6) 
(day 4, shift 6) (day 6, shift 2) (day 7, shift 6) 

Worker 26, position 3, is assigned: (day 1, shift 10) (day 2, shift 10) 

(day 5, shift 10) 
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Worker 27, position 3, is assigned: (day 1, shift 3) (day 2, shift 3) 

(day 3, shift 2) (day 4, shift 3) (day 5, shift 6) (day 6, shift 6) 

Worker 28, position 3, is assigned: (day 4, shift 4) (day 5, shift 2) 
Worker 29, position 3, is assigned: (day 2, shift 12) (day 3, shift 3) 

(day 4, shift 5) (day 5, shift 3) (day 6, shift 5) (day 7, shift 5) 

Worker 30, position 3, is assigned: (day 1, shift 1) (day 2, shift 7) 

(day 3, shift 7) (day 4, shift 1) (day 5, shift 1) (day 7, shift 1) 

Worker 31, position 3, is assigned: (day 1, shift 11) (day 2, shift 11) 

(day 3, shift 11) (day 4, shift 9) 
Worker 32, position 3, is assigned: (day 2, shift 4) (day 3, shift 4) 

(day 4, shift 11) (day 5, shift 4) (day 6, shift 12) (day 7, shift 12) 

Worker 33, position 3, is assigned: (day 1, shift 12) (day 3, shift 12) 

(day 5, shift 11) (day 6, shift 11) (day 7, shift 10) 

Worker 34, position 3, is assigned: (day 1, shift 2) (day 2, shift 6) 
(day 3, shift 9) 

Worker 35, position 3, is assigned: (day 6, shift 7) (day 7, shift 2) 

Worker 36, position 3, is assigned: (day 4, shift 7) (day 7, shift 7) 

Worker 37, position 3, is assigned: (day 1, shift 7) (day 2, shift 1) 

(day 5, shift 8) (day 6, shift 8) 

Illustrative Case Study (Heuristic Solution) 

Worker 1, position 1, is assigned: (day 0, shift 0) (day 4, shift 3) 

(day 5, shift 2) 
Worker 2, position 1, is assigned: (day 4, shift 4) (day 5, shift 3) 
Worker 3, position 1, is assigned: (day 1, shift 0) (day 2, shift 0) 

(day 4, shift 0) (day 5, shift 0) 
Worker 4, position 1, is assigned: (day 2, shift 2) (day 5, shift 5) 

(day 6, shift 3) 
Worker 5, position 1, is assigned: (day 5, shift 1) (day 6, shift 1) 
Worker 6, position 1, is assigned: (day 0, shift 3) (day 1, shift 3) 
Worker 7, position 1, is assigned: (day 3, shift 1) (day 6, shift 0) 

Worker 8, position 1, is assigned: (day 0, shift 2) (day 6, shift 2) 
Worker 9, position 1, is assigned: (day 2, shift 3) (day 3, shift 3) 

(day 4, shift 5) (day 5, shift 4) 

Worker 10, position 1, is assigned: (day 1, shift 2) (day 3, shift 2) 

Worker 11, position 1, is assigned: (day 1, shift 1) (day 3, shift 0) 
(day 4, shift 2) 

Worker 12, position 1, is assigned: (day 0, shift 1) (day 2, shift 1) 

(day 4, shift 1) 
Worker 13, position 2, is assigned: (day 0, shift 1) (day 4, shift 2) 

(day 5, shift 1) 
Worker 14, position 2, is assigned: (day 0, shift 0) (day 1, shift 1) 
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(day 2, shift 1) (day 3, shift 1) (day 5, shift 2) (day 6, shift 1) 

Worker 15, position 2, is assigned: (day 1, shift 0) (day 2, shift 0) 

Worker 16, position 2, is assigned: (day 3, shift 0) (day 4, shift 0) 

(day 6, shift 0) 
Worker 17, position 2, is assigned: (day 4, shift 1) (day 5, shift 0) 

Worker 18, position 3, is assigned: (day 0, shift 10) (day 1, shift 10) 

(day 2, shift 7) (day 3, shift 7) (day 4, shift 7) (day 6, shift 8) 

Worker 19, position 3, is assigned: (day 0, shift 3) (day 1, shift 3) 

(day 3, shift 10) (day 4, shift 11) (day 5, shift 7) (day 6, shift 11) 
Worker 20, position 3, is assigned: (day 5, shift 10) (day 6, shift 10) 

Worker 21, position 3, is assigned: (day 0, shift 4) (day 2, shift 5) 

(day 5, shift 4) 
Worker 22, position 3, is assigned: (day 1, shift 7) (day 2, shift 4) 

(day 4, shift 4) (day 5, shift 5) 

Worker 23, position 3, is assigned: (day 3, shift 5) (day 5, shift 3) 

(day 6, shift 2) 

Worker 24, position 3, is assigned: (day 0, shift 0) (day 1, shift 0) 

(day 2, shift 0) (day 3, shift 9) (day 4, shift 2) (day 5, shift 8) 

Worker 25, position 3, is assigned: (day 0, shift 5) (day 2, shift 10) 

(day 3, shift 1) (day 4, shift 1) (day 5, shift 1) (day 6, shift 4) 
Worker 26, position 3, is assigned: (day 1, shift 11) (day 2, shift 9) 

(day 4, shift 9) 
Worker 27, position 3, is assigned: (day 0, shift 6) (day 1, shift 2) 

(day 2, shift 1) (day 3, shift 6) (day 4, shift 6) (day 5, shift 2) 

Worker 28, position 3, is assigned: (day 0, shift 11) (day 4, shift 5) 

Worker 29, position 3, is assigned: (day 2, shift 2) (day 3, shift 4) 

(day 6, shift 6) 
Worker 30, position 3, is assigned: (day 0, shift 2) (day 1, shift 6) 

(day 2, shift 6) (day 3, shift 2) (day 4, shift 0) (day 6, shift 0) 

Worker 31, position 3, is assigned: (day 0, shift 9) (day 1, shift 9) 
(day 3, shift 8) (day 4, shift 8) 

Worker 32, position 3, is assigned: (day 1, shift 1) (day 2, shift 3) 
(day 3, shift 11) (day 4, shift 3) (day 5, shift 11) (day 6, shift 7) 

Worker 33, position 3, is assigned: (day 0, shift 1) (day 2, shift 11) 
(day 3, shift 3) (day 5, shift 9) (day 6, shift 9) 

Worker 34, position 3, is assigned: (day 0, shift 8) (day I, shift 5) 

(day 2, shift 8) (day 6, shift 3) 
Worker 35, position 3, is assigned: (day 3, shift 0) (day 5, shift 0) 

(day 6, shift 1) 
Worker 36, position 3, is assigned: (day 1, shift 8) (day 6, shift 5) 
Worker 37, position 3, is assigned: (day 0, shift 7) (day 1, shift 4) 

(day 4, shift 10) (day 5, shift 6) 
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Appendix A-13 

"Test Case Schedules’ 
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All optimal solutions have day # and shift # starting at 1, while the heuristic 

solutions day # and shift # all begin at 0, for clarification purposes. 

Test Case 1 (Optimal Solution) 

Worker 1, position 1, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 3, shift 3) (day 4, shift 1) (day 6, shift 2) 

Worker 2, position 1, is assigned: (day 2, shift 3) (day 4, shift 2) 

(day 5, shift 2) (day 6, shift 1) (day 7, shift 3) 
Worker 3, position 1, is assigned: (day 1, shift 3) (day 5, shift 1) 

(day 6, shift 3) 

Worker 4, position 1, is assigned: (day 3, shift 2) (day 7, shift 2) 

Worker 5, position 1, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 1) (day 4, shift 3) (day 5, shift 3) (day 7, shift 1) 

Worker 6, position 2, is assigned: (day 1, shift 2) (day 4, shift 1) 

(day 7, shift 1) 

Worker 7, position 2, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 2) (day 5, shift 1) 
Worker 8, position 2, is assigned: (day 2, shift 2) (day 3, shift 1) 

(day 4, shift 2) (day 5, shift 2) (day 6, shift 1) 
Worker 9, position 3, is assigned: (day 1, shift 4) (day 2, shift 1) 

(day 3, shift 4) (day 4, shift 4) (day 7, shift 1) 

Worker 10, position 3, is assigned: (day 1, shift 1) (day 2, shift 2) 
(day 3, shift 2) (day 4, shift 1) (day 5, shift 2) (day 6, shift 4) 

Worker 11, position 3, is assigned: (day 3, shift 5) (day 7, shift 5) 

Worker 12, position 3, is assigned: (day 2, shift 4) (day 3, shift 1) 
(day 4, shift 3) (day 5, shift 4) (day 6, shift 2) (day 7, shift 3) 

Worker 13, position 3, is assigned: (day 5, shift 6) (day 7, shift 6) 
Worker 14, position 3, is assigned: (day 1, shift 3) (day 2, shift 5) 

(day 3, shift 3) (day 4, shift 5) (day 6, shift 1) (day 7, shift 7) 

Worker 15, position 3, is assigned: (day 1, shift 6) (day 6, shift 6) 
Worker 16, position 3, is assigned: (day 2, shift 3) (day 4, shift 6) 

(day 5, shift 1) (day 6, shift 3) (day 7, shift 4) 
Worker 17, position 3, is assigned: (day 1, shift 5) (day 2, shift 6) 

(day 3, shift 6) (day 5, shift 5) (day 6, shift 7) 
Worker 18, position 3, is assigned: (day 1, shift 2) (day 4, shift 2) 

(day 5, shift 3) (day 6, shift 5) (day 7, shift 2) 

Worker 19, position 4, is assigned: (day 1, shift 3) (day 3, shift 3) 

(day 5, shift 1) (day 6, shift 1) (day 7, shift 4) 
Worker 20, position 4, is assigned: (day 4, shift 3) (day 5, shift 3) 

(day 7, shift 2) 
Worker 21, position 4, is assigned: (day 1, shift 2) (day 2, shift 3) 

(day 3, shift 2) (day 4, shift 1) (day 6, shift 3) (day 7, shift 1) 
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Worker 22, position 4, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 6, shift 4) (day 7, shift 5) 
Worker 23, position 4, is assigned: (day 2, shift 2) (day 3, shift 1) 

(day 4, shift 2) (day 6, shift 2) (day 7, shift 3) 

Worker 24, position 4, is assigned: (day 5, shift 2) (day 6, shift 5) 

Worker 25, position 5, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 4, shift 1) (day 5, shift 1) (day 6, shift 2) (day 7, shift 2) 

Worker 26, position 5, is assigned: (day 3, shift 1) (day 6, shift 1) 

(day 7, shift 1) 
Worker 27, position 6, is assigned: (day 1, shift 1) (day 2, shift 2) 

(day 5, shift 1) (day 6, shift 4) 

Worker 28, position 6, is assigned: (day 1, shift 2) (day 2, shift 1) 
(day 3, shift 1) (day 4, shift 1) (day 7, shift 2) 

Worker 29, position 6, is assigned: (day 4, shift 3) (day 5, shift 2) 
(day 6, shift 5) (day 7, shift 5) 

Worker 30, position 6, is assigned: (day 2, shift 3) (day 3, shift 2) 

(day 5, shift 3) (day 6, shift 2) (day 7, shift 1) 

Worker 31, position 6, is assigned: (day 3, shift 3) (day 6, shift 3) 

(day 7, shift 3) 

Worker 32, position 6, is assigned: (day 1, shift 3) (day 4, shift 2) 

(day 6, shift 1) (day 7, shift 4) 

Worker 33, position 7, is assigned: (day 4, shift 2) (day 5, shift 2) 

(day 7, shift 4) 

Worker 34, position 7, is assigned: (day 2, shift 1) (day 3, shift 3) 
Worker 35, position 7, is assigned: (day 1, shift 3) (day 3, shift 1) 

(day 4, shift 1) (day 5, shift 1) (day 6, shift 1) (day 7, shift 3) 

Worker 36, position 7, is assigned: (day 1, shift 4) (day 2, shift 3) 
(day 3, shift 2) (day 4, shift 3) (day 5, shift 3) (day 6, shift 2) 

Worker 37, position 7, is assigned: (day 1, shift 1) (day 2, shift 2) 
(day 3, shift 4) (day 4, shift 4) (day 6, shift 4) (day 7, shift 2) 

Worker 38, position 7, is assigned: (day 1, shift 2) (day 2, shift 4) 

(day 5, shift 4) (day 6, shift 3) (day 7, shift 1) 
Worker 39, position 8, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 2) (day 4, shift 2) (day 5, shift 2) (day 7, shift 1) 
Worker 40, position 8, is assigned: (day 3, shift 1) (day 6, shift 1) 

(day 7, shift 2) 
Worker 41, position 8, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 4, shift 1) (day 5, shift 1) (day 6, shift 2) 

Test Case 1 (Heuristic Solution) 

Worker 1, position 1, is assigned: (day 1, shift 1) (day 2, shift 2) 

(day 3, shift 1) (day 5, shift 1) (day 6, shift 2) 
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Worker 2, position 1, is assigned: (day 0, shift 1) (day 1, shift 2) 
(day 3, shift 2) (day 4, shift 1) (day 5, shift 0) 

Worker 3, position 1, is assigned: (day 0, shift 2) (day 2, shift 0) 

(day 4, shift 0) (day 5, shift 2) 

Worker 4, position 1, is assigned: (day 0, shift 0) (day 2, shift 1) 

(day 6, shift 1) 
Worker 5, position 1, is assigned: (day 1, shift 0) (day 3, shift 0) 

(day 4, shift 2) (day 6, shift 0) 

Worker 6, position 2, is assigned: (day 0, shift 1) (day 3, shift 0) 

(day 6, shift 0) 
Worker 7, position 2, is assigned: (day 0, shift 0) (day 1, shift 0) 

(day 2, shift 1) (day 4, shift 0) 

Worker 8, position 2, is assigned: (day 1, shift 1) (day 2, shift 0) 

(day 3, shift 1) (day 4, shift 1) (day 5, shift 0) 
Worker 9, position 3, is assigned: (day 0, shift 3) (day 1, shift 0) 

(day 2, shift 3) (day 6, shift 0) 

Worker 10, position 3, is assigned: (day 0, shift 0) (day 1, shift 1) 
(day 2, shift 1) (day 3, shift 0) 

Worker 11, position 3, is assigned: (day 1, shift 2) (day 3, shift 4) 

(day 4, shift 1) (day 6, shift 4) 

Worker 12, position 3, is assigned: (day 1, shift 3) (day 2, shift 0) 

(day 5, shift 1) (day 6, shift 2) 
Worker 13, position 3, is assigned: (day 0, shift 4) (day 5, shift 3) 

(day 6, shift 5) 

Worker 14, position 3, is assigned: (day 0, shift 2) (day 1, shift 4) 
(day 2, shift 2) (day 4, shift 5) (day 5, shift 2) (day 6, shift 6) 

Worker 15, position 3, is assigned: (day 3, shift 3) (day 4, shift 3) 
(day 5, shift 5) 

Worker 16, position 3, is assigned: (day 2, shift 5) (day 3, shift 5) 
(day 4, shift 0) (day 5, shift 4) (day 6, shift 3) 

Worker 17, position 3, is assigned: (day 0, shift 5) (day 1, shift 5) 
(day 3, shift 1) (day 4, shift 4) (day 5, shift 6) 

Worker 18, position 3, is assigned: (day 0, shift 1) (day 2, shift 4) 

(day 3, shift 2) (day 4, shift 2) (day 5, shift 0) (day 6, shift 1) 
Worker 19, position 4, is assigned: (day 2, shift 2) (day 4, shift 0) 

(day 5, shift 0) (day 6, shift 1) 
Worker 20, position 4, is assigned: (day 0, shift 1) (day 3, shift 2) 

(day 4, shift 2) (day 6, shift 2) 

Worker 21, position 4, is assigned: (day 1, shift 2) (day 2, shift 1) 
(day 3, shift 0) (day 5, shift 2) 

Worker 22, position 4, is assigned: (day 0, shift 0) (day 1, shift 0) 
(day 5, shift 4) (day 6, shift 3) 

Worker 23, position 4, is assigned: (day 0, shift 2) (day 1, shift 1) 
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(day 2, shift 0) (day 3, shift 1) (day 5, shift 1) (day 6, shift 4) 

Worker 24, position 4, is assigned: (day 4, shift 1) (day 5, shift 3) 

(day 6, shift 0) 
Worker 25, position 5, is assigned: (day 0, shift 0) (day 1, shift 0) 

(day 3, shift 0) (day 4, shift 0) (day 5, shift 0) (day 6, shift 0) 
Worker 26, position 5, is assigned: (day 2, shift 0) (day 5, shift 1) 

(day 6, shift 1) 
Worker 27, position 6, is assigned: (day 0, shift 0) (day 1, shift 0) 

(day 2, shift 1) (day 4, shift 0) (day 5, shift 3) (day 6, shift 3) 
Worker 28, position 6, is assigned: (day 1, shift 1) (day 2, shift 0) 

(day 3, shift 0) (day 5, shift 1) (day 6, shift 1) 
Worker 29, position 6, is assigned: (day 3, shift 2) (day 4, shift 1) 

(day 5, shift 4) (day 6, shift 4) 

Worker 30, position 6, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 4, shift 2) (day 6, shift 0) 
Worker 31, position 6, is assigned: (day 0, shift 1) (day 5, shift 2) 

(day 6, shift 2) 

Worker 32, position 6, is assigned: (day 0, shift 2) (day 3, shift 1) 

(day 5, shift 0) 

Worker 33, position 7, is assigned: (day 0, shift 2) (day 6, shift 3) 

Worker 34, position 7, is assigned: (day 0, shift 0) (day 1, shift 0) 

(day 2, shift 2) (day 3, shift 1) 

Worker 35, position 7, is assigned: (day 2, shift 0) (day 3, shift 0) 

(day 4, shift 0) (day 5, shift 0) (day 6, shift 2) 

Worker 36, position 7, is assigned: (day 0, shift 3) (day 1, shift 2) 

(day 2, shift 1) (day 3, shift 2) (day 4, shift 2) (day 5, shift 1) 

Worker 37, position 7, is assigned: (day 1, shift 1) (day 2, shift 3) 
(day 3, shift 3) (day 4, shift 1) (day 5, shift 2) (day 6, shift 1) 

Worker 38, position 7, is assigned: (day 0, shift 1) (day 1, shift 3) 

(day 4, shift 3) (day 5, shift 3) (day 6, shift 0) 

Worker 39, position 8, is assigned: (day 0, shift 1) (day 1, shift 0) 

(day 2, shift 1) (day 3, shift 1) (day 4, shift 1) (day 6, shift 0) 
Worker 40, position 8, is assigned: (day 2, shift 0) (day 5, shift 0) 

(day 6, shift 1) 
Worker 41, position 8, is assigned: (day 0, shift 0) (day 1, shift 1) 

(day 3, shift 0) (day 4, shift 0) (day 5, shift 1) 

Test Case 2 (Optimal Solution) 

Worker 1, position 1, is assigned: (day 2, shift 5) (day 3, shift 2) 
(day 4, shift 6) (day 5, shift 6) (day 6, shift 2) (day 7, shift 10) 

Worker 2, position 1, is assigned: (day 1, shift 2) (day 2, shift 7) 
(day 3, shift 8) (day 5, shift 8) (day 6, shift 3) (day 7, shift 8) 
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Worker 3, position 1, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 3) (day 5, shift 7) (day 7, shift 9) 
Worker 4, position 1, is assigned: (day 1, shift 3) (day 3, shift 6) 

(day 4, shift 4) (day 5, shift 4) (day 6, shift 5) (day 7, shift 6) 
Worker 5, position 1, is assigned: (day 6, shift 6) (day 7, shift 1) 
Worker 6, position 1, is assigned: (day 1, shift 5) (day 2, shift 8) 

(day 4, shift 8) (day 5, shift 3) (day 7, shift 4) 

Worker 7, position 1, is assigned: (day 2, shift 3) (day 4, shift 5) 

(day 6, shift 10) 

Worker 8, position 1, is assigned: (day 2, shift 2) (day 3, shift 7) 

(day 5, shift 1) (day 6, shift 4) (day 7, shift 5) 

Worker 9, position 1, is assigned: (day 1, shift 4) (day 2, shift 4) 
(day 4, shift 1) (day 6, shift 1) 

Worker 10, position 1, is assigned: (day 1, shift 7) (day 3, shift 4) 

(day 4, shift 3) (day 5, shift 5) (day 6, shift 7) (day 7, shift 2) 

Worker 11, position 1, is assigned: (day 1, shift 6) (day 3, shift 1) 
(day 4, shift 7) (day 5, shift 2) (day 6, shift 8) (day 7, shift 7) 

Worker 12, position 1, is assigned: (day 1, shift 8) (day 2, shift 6) 

(day 3, shift 5) (day 4, shift 2) (day 6, shift 9) (day 7, shift 3) 

Worker 13, position 2, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 4, shift 4) (day 5, shift 2) (day 6, shift 1) 

Worker 14, position 2, is assigned: (day 2, shift 4) (day 7, shift 3) 
Worker 15, position 2, is assigned: (day 4, shift 1) (day 6, shift 5) 

(day 7, shift 4) 

Worker 16, position 2, is assigned: (day 1, shift 1) (day 3, shift 1) 
(day 5, shift 4) (day 6, shift 3) (day 7, shift 2) 

Worker 17, position 2, is assigned: (day 1, shift 3) (day 3, shift 2) 

(day 6, shift 6) (day 7, shift 1) 

Worker 18, position 2, is assigned: (day 1, shift 4) (day 2, shift 1) 
(day 4, shift 3) (day 5, shift 3) (day 6, shift 4) (day 7, shift 5) 

Worker 19, position 2, is assigned: (day 3, shift 3) (day 5, shift 1) 
(day 6, shift 2) 

Worker 20, position 2, is assigned: (day 2, shift 3) (day 3, shift 4) 

(day 4, shift 2) (day 7, shift 6) 
Worker 21, position 3, is assigned: (day 2, shift 1) (day 3, shift 1) 

(day 5, shift 1) (day 6, shift 5) (day 7, shift 3) 
Worker 22, position 3, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 4, shift 3) (day 5, shift 2) (day 6, shift 2) (day 7, shift 4) 
Worker 23, position 3, is assigned: (day 1, shift 1) (day 7, shift 1) 

Worker 24, position 3, is assigned: (day 2, shift 3) (day 3, shift 3) 
(day 6, shift 4) (day 7, shift 5) 

Worker 25, position 3, is assigned: (day 3, shift 2) (day 4, shift 2) 

(day 6, shift 1) (day 7, shift 2) 
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Worker 26, position 3, is assigned: (day 1, shift 3) (day 4, shift 1) 

(day 5, shift 3) (day 6, shift 3) 

Worker 27, position 4, is assigned: (day 2, shift 2) (day 3, shift 2) 

(day 4, shift 2) (day 6, shift 1) (day 7, shift 3) 

Worker 28, position 4, is assigned: (day 1, shift 1) (day 3, shift 3) 

(day 5, shift 1) (day 6, shift 2) 

Worker 29, position 4, is assigned: (day 1, shift 2) (day 2, shift 3) 
(day 4, shift 1) (day 5, shift 3) (day 6, shift 3) (day 7, shift 1) 

Worker 30, position 4, is assigned: (day 1, shift 3) (day 2, shift 1) 
(day 3, shift 1) (day 4, shift 3) (day 5, shift 2) (day 7, shift 2) 

Worker 31, position 5, is assigned: (day 1, shift 2) (day 3, shift 2) 

(day 4, shift 1) (day 6, shift 2) (day 7, shift 1) 

Worker 32, position 5, is assigned: (day 2, shift 1) (day 5, shift 1) 
(day 6, shift 1) 

Worker 33, position 5, is assigned: (day 1, shift 1) (day 2, shift 2) 

(day 3, shift 1) (day 4, shift 2) (day 5, shift 2) (day 7, shift 2) 
Worker 34, position 6, is assigned: (day 2, shift 1) (day 3, shift 2) 

(day 5, shift 2) (day 7, shift 2) 

Worker 35, position 6, is assigned: (day 1, shift 1) (day 3, shift 3) 
(day 4, shift 3) (day 5, shift 1) (day 6, shift 2) (day 7, shift 1) 

Worker 36, position 6, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 4, shift 2) (day 6, shift 1) 
Worker 37, position 6, is assigned: (day 3, shift 1) (day 4, shift 1) 

(day 5, shift 3) 

Worker 38, position 6, is assigned: (day 1, shift 3) (day 2, shift 3) 
Worker 39, position 7, is assigned: (day 2, shift 3) (day 3, shift 4) 

(day 5, shift 1) (day 6, shift 2) (day 7, shift 1) 

Worker 40, position 7, is assigned: (day 1, shift 2) (day 2, shift 1) 
(day 3, shift 3) (day 4, shift 3) (day 5, shift 4) (day 7, shift 3) 

Worker 41, position 7, is assigned: (day 1, shift 1) (day 2, shift 4) 

(day 3, shift 2) (day 4, shift 1) (day 5, shift 2) (day 6, shift 1) 
Worker 42, position 7, is assigned: (day 1, shift 3) (day 4, shift 2) 

(day 5, shift 3) (day 7, shift 2) 
Worker 43, position 7, is assigned: (day 1, shift 4) (day 2, shift 2) 

(day 3, shift 1) (day 4, shift 4) (day 6, shift 3) 

Test Case 2 (Heuristic Solution) 

Worker 1, position 1, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 3, shift 5) (day 4, shift 2) (day 5, shift 1) (day 6, shift 9) 

Worker 2, position 1, is assigned: (day 0, shift 1) (day 1, shift 6) 

(day 2, shift 0) (day 3, shift 6) (day 4, shift 7) (day 6, shift 7) 
Worker 3, position 1, is assigned: (day 1, shift 0) (day 2, shift 4) 
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(day 3, shift 4) (day 4, shift 6) (day 6, shift 8) 

Worker 4, position 1, is assigned: (day 1, shift 5) (day 2, shift 5) 

(day 3, shift 3) (day 4, shift 3) (day 5, shift 4) (day 6, shift 4) 

Worker 5, position 1, is assigned: (day 2, shift 1) (day 4, shift 5) 
(day 5, shift 0) (day 6, shift 5) 

Worker 6, position 1, is assigned: (day 0, shift 4) (day 1, shift 7) 
(day 3, shift 7) (day 5, shift 2) (day 6, shift 3) 

Worker 7, position 1, is assigned: (day 0, shift 7) (day 1, shift 1) 

(day 2, shift 7) (day 5, shift 9) (day 6, shift 6) 
Worker 8, position 1, is assigned: (day 0, shift 2) (day 4, shift 0) 

(day 5, shift 3) (day 6, shift 0) 
Worker 9, position 1, is assigned: (day 0, shift 3) (day 1, shift 3) 

(day 3, shift 0) (day 5, shift 7) 

Worker 10, position 1, is assigned: (day 0, shift 0) (day 2, shift 3) 
(day 3, shift 2) (day 4, shift 4) (day 5, shift 6) (day 6, shift 1) 

Worker 11, position 1, is assigned: (day 0, shift 5) (day 2, shift 6) 

(day 4, shift 1) (day 5, shift 5) 
Worker 12, position 1, is assigned: (day 0, shift 6) (day 1, shift 4) 

(day 3, shift 1) (day 5, shift 8) (day 6, shift 2) 

Worker 13, position 2, is assigned: (day 1, shift 2) (day 3, shift 3) 
(day 4, shift 1) (day 5, shift 1) (day 6, shift 0) 

Worker 14, position 2, is assigned: (day 0, shift 1) (day 1, shift 1) 

(day 5, shift 0) 
Worker 15, position 2, is assigned: (day 2, shift 0) (day 3, shift 0) 

(day 5, shift 4) (day 6, shift 2) 

Worker 16, position 2, is assigned: (day 0, shift 0) (day 2, shift 3) 

(day 5, shift 2) (day 6, shift 1) 

Worker 17, position 2, is assigned: (day 0, shift 2) (day 2, shift 1) 

(day 4, shift 3) (day 5, shift 5) 

Worker 18, position 2, is assigned: (day 0, shift 3) (day 1, shift 0) 

(day 3, shift 2) (day 4, shift 2) (day 6, shift 4) 
Worker 19, position 2, is assigned: (day 2, shift 2) (day 5, shift 3) 

(day 6, shift 3) 

Worker 20, position 2, is assigned: (day 1, shift 3) (day 3, shift 1) 
(day 4, shift 0) (day 6, shift 5) 

Worker 21, position 3, is assigned: (day 1, shift 0) (day 2, shift 0) 
(day 4, shift 2) (day 5, shift 4) (day 6, shift 2) 

Worker 22, position 3, is assigned: (day 0, shift 1) (day 1, shift 1) 

(day 3, shift 2) (day 4, shift 1) (day 5, shift 1) (day 6, shift 3) 
Worker 23, position 3, is assigned: (day 0, shift 0) (day 4, shift 0) 

(day 5, shift 3) (day 6, shift 0) 

Worker 24, position 3, is assigned: (day 1, shift 2) (day 2, shift 2) 
(day 5, shift 0) (day 6, shift 4) 
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Worker 25, position 3, is assigned: (day 2, shift 1) (day 3, shift 1) 
(day 5, shift 2) (day 6, shift 1) 

Worker 26, position 3, is assigned: (day 0, shift 2) (day 3, shift 0) 

Worker 27, position 4, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 1) (day 5, shift 1) (day 6, shift 0) 

Worker 28, position 4, is assigned: (day 0, shift 2) (day 2, shift 2) 

(day 4, shift 0) (day 5, shift 0) 

Worker 29, position 4, is assigned: (day 0, shift 1) (day 1, shift 2) 

(day 3, shift 0) (day 4, shift 2) (day 5, shift 2) (day 6, shift 1) 

Worker 30, position 4, is assigned: (day 0, shift 0) (day 1, shift 0) 
(day 2, shift 0) (day 3, shift 2) (day 4, shift 1) (day 6, shift 2) 

Worker 31, position 5, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 0) (day 6, shift 0) 
Worker 32, position 5, is assigned: (day 0, shift 0) (day 1, shift 0) 

(day 4, shift 0) (day 5, shift 1) 

Worker 33, position 5, is assigned: (day 0, shift 1) (day 2, shift 0) 
(day 3, shift 1) (day 4, shift 1) (day 5, shift 0) (day 6, shift 1) 

Worker 34, position 6, is assigned: (day 1, shift 0) (day 4, shift 1) 

(day 6, shift 1) 

Worker 35, position 6, is assigned: (day 0, shift 0) (day 1, shift 2) 
(day 2, shift 0) (day 3, shift 0) (day 4, shift 0) (day 6, shift 0) 

Worker 36, position 6, is assigned: (day 0, shift 2) (day 2, shift 1) 

(day 3, shift 1) (day 5, shift 0) 

Worker 37, position 6, is assigned: (day 0, shift 1) (day 2, shift 2) 

(day 4, shift 2) 
Worker 38, position 6, is assigned: (day 1, shift 1) (day 3, shift 2) 

(day 5, shift 1) 
Worker 39, position 7, is assigned: (day 1, shift 2) (day 2, shift 3) 

(day 3, shift 2) (day 4, shift 0) (day 5, shift 1) (day 6, shift 0) 

Worker 40, position 7, is assigned: (day 0, shift 1) (day 1, shift 1) 
(day 2, shift 2) (day 5, shift 0) (day 6, shift 2) 

Worker 41, position 7, is assigned: (day 0, shift 0) (day 1, shift 3) 
(day 2, shift 1) (day 3, shift 3) (day 4, shift 3) 

Worker 42, position 7, is assigned: (day 0, shift 2) (day 3, shift 0) 

(day 4, shift 2) (day 6, shift 1) 

Worker 43, position 7, is assigned: (day 0, shift 3) (day 1, shift 0) 

(day 2, shift 0) (day 3, shift 1) (day 4, shift 1) (day 5, shift 2) 

Test Case 3 (Optimal Solution) 

Worker 1, position 1, is assigned: (day 4, shift 4) (day 5, shift 2) 
(day 6, shift 1) (day 7, shift 6) 

Worker 2, position 1, is assigned: (day 1, shift 5) (day 2, shift 6) 

177



(day 4, shift 5) . 

Worker 3, position 1, is assigned: (day 1, shift 4) (day 2, shift 4) 

(day 3, shift 2) (day 4, shift 2) (day 6, shift 7) (day 7, shift 1) 

Worker 4, position 1, is assigned: (day 1, shift 3) (day 2, shift 1) 

(day 3, shift 1) (day 5, shift 3) (day 6, shift 9) (day 7, shift 9) 

Worker 5, position 1, is assigned: (day 2, shift 5) (day 7, shift 3) 
Worker 6, position 1, is assigned: (day 2, shift 8) (day 7, shift 8) 

Worker 7, position 1, is assigned: (day 3, shift 4) (day 6, shift 8) 

Worker 8, position 1, is assigned: (day 1, shift 6) (day 3, shift 7) 

(day 4, shift 8) (day 5, shift 7) (day 6, shift 6) (day 7, shift 2) 

Worker 9, position 1, is assigned: (day 3, shift 8) (day 5, shift 1) 

(day 6, shift 10) (day 7, shift 4) 
Worker 10, position 1, is assigned: (day 1, shift 2) (day 2, shift 7) 

(day 3, shift 6) (day 4, shift 1) (day 6, shift 3) (day 7, shift 10) 

Worker 11, position 1, is assigned: (day 1, shift 8) (day 2, shift 3) 

(day 3, shift 3) (day 4, shift 6) (day 5, shift 6) (day 6, shift 4) 

Worker 12, position 1, is assigned: (day 1, shift 7) (day 4, shift 7) 

(day 5, shift 5) (day 6, shift 2) (day 7, shift 7) 

Worker 13, position 1, is assigned: (day 1, shift 1) (day 2, shift 2) 

(day 3, shift 5) (day 4, shift 3) (day 5, shift 8) (day 6, shift 5) 
Worker 14, position 1, is assigned: (day 5, shift 4) (day 7, shift 5) 

Worker 15, position 2, is assigned: (day 2, shift 3) (day 5, shift 1) 
(day 6, shift 1) (day 7, shift 5) 

Worker 16, position 2, is assigned: (day 1, shift 1) (day 2, shift 1) 
(day 3, shift 3) (day 4, shift 3) (day 6, shift 3) (day 7, shift 2) 

Worker 17, position 2, is assigned: (day 5, shift 3) (day 6, shift 5) 
Worker 18, position 2, is assigned: (day 6, shift 2) (day 7, shift 3) 
Worker 19, position 2, is assigned: (day 1, shift 3) (day 3, shift 2) 

(day 4, shift 2) (day 5, shift 2) (day 7, shift 4) 
Worker 20, position 2, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 3, shift 1) (day 4, shift 1) (day 6, shift 4) (day 7, shift 1) 

Worker 21, position 3, is assigned: (day 1, shift 1) (day 3, shift 1) 
(day 6, shift 4) (day 7, shift 1) 

Worker 22, position 3, is assigned: (day 5, shift 3) (day 6, shift 5) 
Worker 23, position 3, is assigned: (day 4, shift 1) (day 5, shift 2) 

(day 6, shift 1) (day 7, shift 3) 
Worker 24, position 3, is assigned: (day 2, shift 3) (day 6, shift 3) 

(day 7, shift 5) 
Worker 25, position 3, is assigned: (day 1, shift 2) (day 2, shift 1) 

(day 3, shift 3) (day 4, shift 2) (day 6, shift 2) (day 7, shift 2) 

Worker 26, position 3, is assigned: (day 1, shift 3) (day 2, shift 2) 
(day 3, shift 2) (day 4, shift 3) (day 5, shift 1) (day 7, shift 4) 

Worker 27, position 4, is assigned: (day 1, shift 2) (day 2, shift 1) 
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(day 4, shift 3) (day 7, shift 2) 
Worker 28, position 4, is assigned: (day 2, shift 2) (day 3, shift 3) 

(day 4, shift 1) (day 6, shift 3) (day 7, shift 4) 
Worker 29, position 4, is assigned: (day 1, shift 1) (day 3, shift 4) 

(day 4, shift 4) (day 5, shift 3) (day 6, shift 1) 

Worker 30, position 4, is assigned: (day 1, shift 3) (day 2, shift 4) 

(day 3, shift 2) (day 4, shift 2) (day 5, shift 1) (day 6, shift 2) 
Worker 31, position 4, is assigned: (day 5, shift 4) (day 7, shift 1) 

Worker 32, position 4, is assigned: (day 1, shift 4) (day 2, shift 3) 

(day 3, shift 1) (day 5, shift 2) (day 6, shift 4) (day 7, shift 3) 

Worker 33, position 5, is assigned: (day 2, shift 3) (day 3, shift 1) 

(day 5, shift 4) (day 6, shift 2) (day 7, shift 2) 
Worker 34, position 5, is assigned: (day 2, shift 2) (day 7, shift 1) 

Worker 35, position 5, is assigned: (day 1, shift 1) (day 3, shift 4) 

(day 4, shift 1) (day 5, shift 2) 

Worker 36, position 5, 1s assigned: (day 1, shift 4) (day 3, shift 3) 

(day 4, shift 3) (day 6, shift 1) 
Worker 37, position 5, is assigned: (day 1, shift 3) (day 2, shift 4) 

(day 4, shift 2) (day 5, shift 1) 

Worker 38, position 5, is assigned: (day 1, shift 2) (day 2, shift 1) 
(day 3, shift 2) (day 4, shift 4) (day 5, shift 3) 

Worker 39, position 6, is assigned: (day 1, shift 2) (day 4, shift 1) 
(day 5, shift 3) (day 6, shift 1) (day 7, shift 3) 

Worker 40, position 6, is assigned: (day 1, shift 1) (day 4, shift 2) 
(day 6, shift 3) 

Worker 41, position 6, is assigned: (day 1, shift 3) (day 2, shift 2) 

(day 3, shift 2) (day 5, shift 1) (day 6, shift 2) (day 7, shift 4) 

Worker 42, position 6, is assigned: (day 2, shift 1) (day 3, shift 3) 
(day 4, shift 3) (day 7, shift 2) 

Worker 43, position 6, is assigned: (day 2, shift 3) (day 3, shift 1) 

(day 5, shift 2) (day 6, shift 4) (day 7, shift 1) 

Test Case 3 (Heuristic Solution) 

Worker 1, position 1, is assigned: (day 3, shift 3) (day 5, shift 6) 

Worker 2, position 1, is assigned: (day 0, shift 4) (day 2, shift 2) 
(day 3, shift 4) 

Worker 3, position 1, is assigned: (day 0, shift 7) (day 1, shift 3) 
(day 6, shift 7) 

Worker 4, position 1, is assigned: (day 0, shift 6) (day 1, shift 4) 
(day 2, shift 3) (day 4, shift 0) (day 5, shift 8) (day 6, shift 8) 

Worker 5, position 1, is assigned: (day 0, shift 5) (day 4, shift 2) 

(day 6, shift 0) 
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Worker 6, position 1, is assigned: (day 1, shift 2) (day 2, shift 7) 
(day 4, shift 7) 

Worker 7, position 1, is assigned: (day 3, shift 1) (day 5, shift 0) 

(day 6, shift 5) 

Worker 8, position 1, is assigned: (day 1, shift 7) (day 2, shift 6) 

(day 3, shift 7) (day 4, shift 6) (day 5, shift 4) (day 6, shift 1) 

Worker 9, position 1, is assigned: (day 0, shift 2) (day 2, shift 0) 

(day 5, shift 9) (day 6, shift 3) 
Worker 10, position 1, is assigned: (day 1, shift 6) (day 2, shift 1) 

(day 3, shift 0) (day 4, shift 5) (day 5, shift 2) (day 6, shift 9) 
Worker 11, position 1, is assigned: (day 0, shift 0) (day 2, shift 5) 

(day 3, shift 5) (day 4, shift 3) (day 5, shift 3) (day 6, shift 2) 

Worker 12, position 1, is assigned: (day 0, shift 3) (day 1, shift 5) 

(day 3, shift 6) (day 4, shift 4) (day 5, shift 7) (day 6, shift 6) 
Worker 13, position 1, is assigned: (day 0, shift 1) (day 1, shift 1) 

(day 2, shift 4) (day 3, shift 2) (day 5, shift 5) (day 6, shift 4) 

Worker 14, position 1, is assigned: (day 1, shift 0) (day 4, shift 1) 
(day 5, shift 1) 

Worker 15, position 2, is assigned: (day 1, shift 2) (day 4, shift 0) 
(day 5, shift 2) (day 6, shift 4) 

Worker 16, position 2, is assigned: (day 0, shift 0) (day 2, shift 2) 

(day 3, shift 2) (day 5, shift 0) (day 6, shift 1) 
Worker 17, position 2, is assigned: (day 4, shift 2) (day 5, shift 4) 
Worker 18, position 2, is assigned: (day 1, shift 0) (day 5, shift 3) 

(day 6, shift 3) 

Worker 19, position 2, is assigned: (day 0, shift 2) (day 2, shift 1) 

(day 3, shift 1) (day 4, shift 1) (day 6, shift 2) 

Worker 20, position 2, is assigned: (day 0, shift 1) (day 1, shift 1) 
(day 2, shift 0) (day 3, shift 0) (day 5, shift 1) (day 6, shift 0) 

Worker 21, position 3, is assigned: (day 0, shift 2) (day 2, shift 0) 
(day 6, shift 0) 

Worker 22, position 3, is assigned: (day 3, shift 2) (day 4, shift 2) 
(day 5, shift 3) (day 6, shift 3) 

Worker 23, position 3, is assigned: (day 0, shift 1) (day 3, shift 0) 
(day 4, shift 1) (day 5, shift 4) (day 6, shift 2) 

Worker 24, position 3, is assigned: (day 0, shift 0) (day 1, shift 2) 
(day 5, shift 2) (day 6, shift 4) 

Worker 25, position 3, is assigned: (day 1, shift 0) (day 2, shift 2) 

(day 3, shift 1) (day 5, shift 1) (day 6, shift 1) 

Worker 26, position 3, is assigned: (day 1, shift 1) (day 2, shift 1) 
(day 4, shift 0) (day 5, shift 0) 

Worker 27, position 4, is assigned: (day 0, shift 0) (day 1, shift 0) 

(day 3, shift 1) (day 6, shift 1) 
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Worker 28, position 4, is assigned: (day 1, shift 1) (day 2, shift 2) 

(day 3, shift 0) (day 5, shift 1) (day 6, shift 3) 
Worker 29, position 4, is assigned: (day 0, shift 1) (day 2, shift 1) 

(day 3, shift 3) (day 4, shift 2) (day 5, shift 0) 

Worker 30, position 4, is assigned: (day 0, shift 2) (day 1, shift 3) 
(day 2, shift 3) (day 3, shift 2) (day 4, shift 0) 

Worker 31, position 4, is assigned: (day 1, shift 2) (day 4, shift 3) 

(day 5, shift 2) (day 6, shift 0) 

Worker 32, position 4, is assigned: (day 0, shift 3) (day 2, shift 0) 
(day 4, shift 1) (day 5, shift 3) (day 6, shift 2) 

Worker 33, position 5, is assigned: (day 1, shift 0) (day 2, shift 0) 

(day 4, shift 3) (day 5, shift 1) (day 6, shift 1) 
Worker 34, position 5, is assigned: (day 1, shift 2) (day 6, shift 0) 
Worker 35, position 5, is assigned: (day 0, shift 0) (day 2, shift 3) 

(day 3, shift 0) (day 4, shift 1) 
Worker 36, position 5, is assigned: (day 0, shift 3) (day 2, shift 2) 

(day 3, shift 2) (day 5, shift 0) 
Worker 37, position 5, is assigned: (day 0, shift 2) (day 1, shift 3) 

(day 3, shift 1) (day 4, shift 0) 

Worker 38, position 5, is assigned: (day 0, shift 1) (day 1, shift 1) 

(day 2, shift 1) (day 3, shift 3) (day 4, shift 2) 

Worker 39, position 6, is assigned: (day 0, shift 1) (day 3, shift 0) 
(day 4, shift 2) (day 5, shift 0) (day 6, shift 2) 

Worker 40, position 6, is assigned: (day 0, shift 0) (day 3, shift 1) 
(day 5, shift 3) (day 6, shift 3) 

Worker 41, position 6, is assigned: (day 0, shift 2) (day 1, shift 1) 

(day 2, shift 1) (day 4, shift 1) (day 5, shift 1) (day 6, shift 0) 

Worker 42, position 6, is assigned: (day 1, shift 0) (day 2, shift 2) 

(day 3, shift 2) (day 6, shift 1) 

Worker 43, position 6, is assigned: (day 1, shift 2) (day 2, shift 0) 

(day 4, shift 0) (day 5, shift 2) 

Test Case 4 (Optimal) 

Worker 1, position 1, is assigned: (day 2, shift 3) (day 5, shift 6) 

(day 6, shift 6) (day 7, shift 9) 
Worker 2, position 1, is assigned: (day 1, shift 1) (day 3, shift 2) 

(day 6, shift 2) 

Worker 3, position 1, is assigned: (day 3, shift 4) (day 4, shift 2) 
Worker 4, position 1, 1s assigned: (day 1, shift 6) (day 5, shift 1) 

(day 6, shift 10) (day 7, shift 10) 
Worker 5, position 1, is assigned: (day 5, shift 4) (day 6, shift 7) 

(day 7, shift 5) 
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Worker 6, position 1, is assigned: (day 2, shift 6) (day 3, shift 5) 
(day 4, shift 5) (day 6, shift 5) (day 7, shift 7) 

Worker 7, position 1, is assigned: (day 1, shift 2) (day 2, shift 5) 

(day 3, shift 6) (day 4, shift 4) (day 6, shift 8) (day 7, shift 2) 

Worker 8, position 1, is assigned: (day 6, shift 1) (day 7, shift 1) 

Worker 9, position 1, is assigned: (day 1, shift 3) (day 2, shift 4) 

(day 3, shift 1) (day 5, shift 2) (day 7, shift 4) 
Worker 10, position 1, is assigned: (day 2, shift 2) (day 4, shift 3) 

(day 5, shift 3) (day 6, shift 9) (day 7, shift 3) 

Worker 11, position 1, is assigned: (day 1, shift 5) (day 2, shift 1) 
(day 3, shift 3) (day 4, shift 6) (day 6, shift 4) (day 7, shift 6) 

Worker 12, position 1, is assigned: (day 1, shift 4) (day 4, shift 1) 

(day 5, shift 5) (day 6, shift 3) (day 7, shift 8) 
Worker 13, position 2, is assigned: (day 2, shift 3) (day 6, shift 1) 
Worker 14, position 2, is assigned: (day 1, shift 2) (day 4, shift 3) 

(day 5, shift 3) (day 6, shift 8) (day 7, shift 4) 

Worker 15, position 2, is assigned: (day 3, shift 4) (day 4, shift 5) 

(day 6, shift 6) (day 7, shift 7) 

Worker 16, position 2, is assigned: (day 2, shift 2) (day 7, shift 2) 
Worker 17, position 2, is assigned: (day 1, shift 6) (day 2, shift 6) 

(day 3, shift 3) (day 5, shift 6) (day 6, shift 4) (day 7, shift 9) 

Worker 18, position 2, is assigned: (day 2, shift 5) (day 3, shift 5) 

(day 5, shift 2) (day 6, shift 9) (day 7, shift 1) 

Worker 19, position 2, is assigned: (day 1, shift 5) (day 2, shift 4) 
(day 3, shift 6) (day 4, shift 6) (day 6, shift 3) (day 7, shift 3) 

Worker 20, position 2, is assigned: (day 1, shift 4) (day 2, shift 1) 

(day 4, shift 2) (day 5, shift 1) (day 6, shift 2) (day 7, shift 8) 

Worker 21, position 2, is assigned: (day 1, shift 1) (day 3, shift 1) 
(day 4, shift 4) (day 5, shift 5) (day 6, shift 5) (day 7, shift 6) 

Worker 22, position 2, is assigned: (day 1, shift 3) (day 3, shift 2) 
(day 4, shift 1) (day 5, shift 4) (day 6, shift 7) (day 7, shift 5) 

Worker 23, position 3, is assigned: (day 1, shift 8) (day 2, shift 8) 
(day 3, shift 3) (day 4, shift 10) (day 6, shift 4) (day 7, shift 4) 

Worker 24, position 3, is assigned: (day 2, shift 9) (day 3, shift 7) 
(day 5, shift 9) (day 6, shift 14) (day 7, shift 14) 

Worker 25, position 3, is assigned: (day 6, shift 12) (day 7, shift 11) 

Worker 26, position 3, is assigned: (day 1, shift 2) (day 3, shift 4) 
(day 4, shift 6) (day 5, shift 2) (day 6, shift 5) (day 7, shift 5) 

Worker 27, position 3, is assigned: (day 1, shift 6) (day 2, shift 3) 

(day 4, shift 2) (day 5, shift 8) (day 6, shift 10) (day 7, shift 12) 
Worker 28, position 3, is assigned: (day 1, shift 4) (day 3, shift 5) 

(day 4, shift 8) (day 6, shift 6) (day 7, shift 8) 
Worker 29, position 3, is assigned: (day 1, shift 7) (day 3, shift 10) 
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(day 4, shift 3) (day 5, shift 5) (day 6, shift 2) (day 7, shift 13) 
Worker 30, position 3, is assigned: (day 2, shift 4) (day 3, shift 9) 

(day 4, shift 1) (day 5; shift 6) (day 6, shift 7) (day 7, shift 7) 
Worker 31, position 3, is assigned: (day 5, shift 10) (day 6, shift 9) 

(day 7, shift 10) 
Worker 32, position 3, is assigned: (day 2, shift 2) (day 6, shift 11) 
Worker 33, position 3, is assigned: (day 2, shift 6) (day 4, shift 9) 

(day 5, shift 7) (day 6, shift 1) (day 7, shift 15) 

Worker 34, position 3, is assigned: (day 1, shift 3) (day 2, shift 10) 
(day 3, shift 2) (day 7, shift 3) 

Worker 35, position 3, is assigned: (day 1, shift 5) (day 3, shift 6) 
(day 4, shift 7) (day 5, shift 4) (day 6, shift 8) (day 7, shift 1) 

Worker 36, position 3, is assigned: (day 1, shift 9) (day 6, shift 3) 

(day 7, shift 6) 

Worker 37, position 3, is assigned: (day 2, shift 5) (day 3, shift 1) 

(day 7, shift 9) 
Worker 38, position 3, is assigned: (day 1, shift 10) (day 2, shift 7) 

(day 4, shift 5) (day 7, shift 2) 
Worker 39, position 3, is assigned: (day 5, shift 1) (day 6, shift 15) 

Worker 40, position 3, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 8) (day 4, shift 4) (day 5, shift 3) (day 6, shift 13) 
Worker 41, position 4, is assigned: (day 4, shift 2) (day 6, shift 4) 

(day 7, shift 4) 

Worker 42, position 4, is assigned: (day 1, shift 3) (day 2, shift 2) 

(day 3, shift 3) (day 6, shift 1) (day 7, shift 1) 
Worker 43, position 4, is assigned: (day 2, shift 1) (day 4, shift 1) 

(day 6, shift 5) (day 7, shift 2) 
Worker 44, position 4, is assigned: (day 1, shift 2) (day 3, shift 1) 

(day 4, shift 3) (day 5, shift 1) (day 7, shift 3) 

Worker 45, position 4, is assigned: (day 2, shift 3) (day 3, shift 2) 

(day 5, shift 2) (day 6, shift 3) (day 7, shift 5) 

Worker 46, position 4, is assigned: (day 1, shift 1) (day 5, shift 3) 

(day 6, shift 2) 
Worker 47, position 5, is assigned: (day 5, shift 2) (day 6, shift 3) 

(day 7, shift 1) 
Worker 48, position 5, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 1) (day 6, shift 4) (day 7, shift 2) 
Worker 49, position 5, is assigned: (day 2, shift 2) (day 5, shift 3) 

(day 6, shift 1) (day 7, shift 3) 
Worker 50, position 5, is assigned: (day 1, shift 3) (day 4, shift 2) 

(day 6, shift 2) (day 7, shift 5) 
Worker 51, position 5, is assigned: (day 3, shift 2) (day 4, shift 3) 

(day 5, shift 1) (day 7, shift 4) 
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Worker 52, position 5, is assigned: (day 1, shift 2) (day 2, shift 3) 

(day 3, shift 3) (day 4, shift 1) (day 6, shift 5) 

Test Case 4 (Heuristic) 

Worker 1, position 1, is assigned: (day 1, shift 2) (day 5, shift 5) 
(day 6, shift 3) 

Worker 2, position 1, is assigned: (day 0, shift 0) (day 2, shift 3) 
(day 4, shift 5) (day 5, shift 6) (day 6, shift 6) 

Worker 3, position 1, is assigned: (day 1, shift 0) (day 2, shift 2) 

(day 3, shift 1) 

Worker 4, position 1, is assigned: (day 0, shift 5) (day 4, shift 0) 

(day 5, shift 4) (day 6, shift 4) 

Worker 5, position 1, is assigned: (day 0, shift 1) (day 5, shift 7) 

(day 6, shift 5) 

Worker 6, position 1, is assigned: (day 1, shift 5) (day 2, shift 4) 

(day 3, shift 5) (day 5, shift 0) (day 6, shift 7) 
Worker 7, position 1, is assigned: (day 2, shift 5) (day 3, shift 3) 

(day 6, shift 1) 
. Worker 8, position 1, is assigned: (day 4, shift 4) (day 5, shift 8) 

(day 6, shift 0) 

Worker 9, position 1, is assigned: (day 0, shift 2) (day 1, shift 3) 
(day 2, shift 0) (day 4, shift 1) (day 5, shift 9) 

Worker 10, position 1, is assigned: (day 1, shift 1) (day 3, shift 2) 

(day 4, shift 3) (day 5, shift 1) (day 6, shift 2) 
Worker 11, position 1, is assigned: (day 0, shift 4) (day 1, shift 4) 

(day 3, shift 4) (day 5, shift 3) (day 6, shift 9) 
Worker 12, position 1, is assigned: (day 0, shift 3) (day 2, shift 1) 

(day 3, shift 0) (day 4, shift 2) (day 5, shift 2) (day 6, shift 8) 

Worker 13, position 2, is assigned: (day 1, shift 2) (day 3, shift 0) 
(day 5, shift 4) 

Worker 14, position 2, is assigned: (day 0, shift 1) (day 3, shift 2) 
(day 4, shift 2) (day 5, shift 7) (day 6, shift 3) 

Worker 15, position 2, is assigned: (day 1, shift 3) (day 3, shift 4) 
(day 5, shift 5) (day 6, shift 6) 

Worker 16, position 2, is assigned: (day 2, shift 2) (day 3, shift 5) 
(day 5, shift 8) (day 6, shift 4) 

Worker 17, position 2, is assigned: (day 0, shift 5) (day 1, shift 5) 
(day 2, shift 1) (day 4, shift 5) (day 5, shift 3) (day 6, shift 8) 

Worker 18, position 2, is assigned: (day 1, shift 4) (day 2, shift 4) 

(day 4, shift 1) (day 5, shift 0) (day 6, shift 0) 

Worker 19, position 2, is assigned: (day 0, shift 4) (day 1, shift 1) 
(day 2, shift 5) (day 5, shift 2) (day 6, shift 2) 
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Worker 20, position 2, is assigned: (day 0, shift 3) (day 1, shift 0) 

(day 3, shift 1) (day 4, shift 0) (day 5, shift 1) (day 6, shift 7) 

Worker 21, position 2, is assigned: (day 0, shift 0) (day 2, shift 0) 
(day 3, shift 3) (day 4, shift 4) (day 6, shift 5) 

Worker 22, position 2, is assigned: (day 0, shift 2) (day 2, shift 3) 

(day 4, shift 3) (day 5, shift 6) (day 6, shift 1) 
Worker 23, position 3, is assigned: (day 0, shift 7) (day 1, shift 9) 

(day 2, shift 2) (day 3, shift 9) (day 5, shift 1) (day 6, shift 3) 

Worker 24, position 3, is assigned: (day 1, shift 8) (day 2, shift 4) 
(day 4, shift 8) (day 5, shift 8) (day 6, shift 13) 

Worker 25, position 3, is assigned: (day 0, shift 0) (day 2, shift 7) 

(day 6, shift 2) 

Worker 26, position 3, is assigned: (day 3, shift 1) (day 4, shift 1) 

(day 5, shift 4) (day 6, shift 4) 

Worker 27, position 3, is assigned: (day 0, shift 5) (day 1, shift 2) 
(day 4, shift 7) (day 5, shift 10) (day 6, shift 10) 

Worker 28, position 3, is assigned: (day 0, shift 3) (day 1, shift 0) 
(day 3, shift 8) (day 5, shift 9) (day 6, shift 7) 

Worker 29, position 3, is assigned: (day 0, shift 8) (day 3, shift 2) 

(day 4, shift 6) (day 6, shift 8) 
Worker 30, position 3, is assigned: (day 1, shift 7) (day 2, shift 8) 

(day 4, shift 5) (day 5, shift 11) (day 6, shift 9) 
Worker 31, position 3, is assigned: (day 2, shift 9) (day 3, shift 0) 

(day 4, shift 9) (day 5, shift 2) (day 6, shift 11) 
Worker 32, position 3, is assigned: (day 1, shift 1) (day 2, shift 3) 

(day 5, shift 5) (day 6, shift 6) 

Worker 33, position 3, is assigned: (day 1, shift 5) (day 4, shift 3) 
(day 5, shift 7) (day 6, shift 0) 

Worker 34, position 3, is assigned: (day 0, shift 2) (day 2, shift 1) 

(day 3, shift 4) (day 4, shift 4) (day 5, shift 0) 
Worker 35, position 3, is assigned: (day 0, shift 4) (day 1, shift 6) 

(day 2, shift 5) (day 3, shift 6) (day 5, shift 3) 
Worker 36, position 3, is assigned: (day 0, shift 9) (day 5, shift 6) 

(day 6, shift 5) 
Worker 37, position 3, is assigned: (day 1, shift 4) (day 2, shift 0) 

(day 3, shift 7) (day 5, shift 13) (day 6, shift 14) 

Worker 38, position 3, is assigned: (day 0, shift 6) (day 1, shift 3) 
(day 2, shift 6) (day 4, shift 0) (day 6, shift 1) 

Worker 39, position 3, is assigned: (day 0, shift 1) (day 3, shift 5) 
(day 5, shift 14) (day 6, shift 12) 

Worker 40, position 3, is assigned: (day 3, shift 3) (day 4, shift 2) 

(day 5, shift 12) 

Worker 41, position 4, is assigned: (day 3, shift 1) (day 5, shift 3) 
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(day 6, shift 3) 

Worker 42, position 4, is assigned: (day 0, shift 2) (day 1, shift 1) 

(day 2, shift 2) (day 5, shift 0) (day 6, shift 0) 
Worker 43, position 4, is assigned: (day 1, shift 0) (day 3, shift 0) 

(day 5, shift 4) (day 6, shift 4) 

Worker 44, position 4, is assigned: (day 0, shift 1) (day 2, shift 0) 
(day 3, shift 2) (day 4, shift 0) (day 6, shift 2) 

Worker 45, position 4, is assigned: (day 1, shift 2) (day 2, shift 1) 

(day 4, shift 1) (day 5, shift 2) (day 6, shift 1) 

Worker 46, position 4, is assigned: (day 0, shift 0) (day 4, shift 2) 

(day 5, shift 1) 

Worker 47, position 5, is assigned: (day 3, shift 0) (day 4, shift 1) 

(day 5, shift 3) (day 6, shift 0) 

Worker 48, position 5, is assigned: (day 0, shift 0) (day 1, shift 0) 

(day 2, shift 0) (day 6, shift 1) 

Worker 49, position 5, is assigned: (day 1, shift 1) (day 4, shift 2) 
(day 5, shift 0) (day 6, shift 2) 

Worker 50, position 5, is assigned: (day 0, shift 2) (day 5, shift 2) 

(day 6, shift 4) 

Worker 51, position 5, is assigned: (day 2, shift 1) (day 3, shift 2) 
(day 4, shift 0) (day 6, shift 3) 

Worker 52, position 5, is assigned: (day 0, shift 1) (day 1, shift 2) 

(day 2, shift 2) (day 3, shift 1) (day 5, shift 4) 

Test Case 5 (Optimal) 

Worker 1, position 1, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 5, shift 8) (day 6, shift 3) (day 7, shift 4) 
Worker 2, position 1, is assigned: (day 4, shift 3) (day 6, shift 10) 

(day 7, shift 6) 

Worker 3, position 1, is assigned: (day 3, shift 5) (day 4, shift 10) 
(day 5, shift 1) (day 6, shift 9) (day 7, shift 10) 

Worker 4, position 1, is assigned: (day 3, shift 6) (day 5, shift 9) 
Worker 5, position 1, is assigned: (day 1, shift 9) (day 2, shift 4) 

(day 4, shift 4) (day 5, shift 2) (day 6, shift 1) (day 7, shift 9) 

Worker 6, position 1, is assigned: (day 1, shift 2) (day 2, shift 5) 
(day 3, shift 3) (day 4, shift 9) (day 6, shift 2) (day 7, shift 1) 

Worker 7, position 1, is assigned: (day 1, shift 3) (day 2, shift 2) 
(day 5, shift 7) (day 7, shift 2) 

Worker 8, position 1, 1s assigned: (day 1, shift 8) (day 2, shift 7) 
(day 3, shift 10) (day 4, shift 5) (day 7, shift 5) 

Worker 9, position 1, is assigned: (day 3, shift 4) (day 4, shift 7) 
(day 7, shift 8) 
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Worker 10, position 1, is assigned: (day 3, shift 2) (day 7, shift 3) 
Worker 11, position 1, is assigned: (day 1, shift 4) (day 6, shift 8) 

Worker 12, position 1, is assigned: (day 2, shift 3) (day 4, shift 2) 

(day 5, shift 6) (day 6, shift 6) (day 7, shift 11) 
Worker 13, position 1, is assigned: (day 1, shift 7) (day 3, shift 1) 

(day 5, shift 10) (day 6, shift 11) (day 7, shift 7) 
Worker 14, position 1, is assigned: (day 1, shift 5) (day 2, shift 9) 

(day 3, shift 7) (day 4, shift 1) (day 5, shift 5) (day 6, shift 12) 

Worker 15, position 1, is assigned: (day 2, shift 6) (day 3, shift 9) 
Worker 16, position 1, is assigned: (day 1, shift 6) (day 2, shift 10) 

(day 3, shift 8) (day 4, shift 6) (day 5, shift 3) (day 6, shift 4) 
Worker 17, position 1, is assigned: (day 1, shift 10) (day 2, shift 8) 

(day 5, shift 4) (day 6, shift 5) (day 7, shift 12) 

Worker 18, position 1, is assigned: (day 4, shift 8) (day 6, shift 7) 

Worker 19, position 2, is assigned: (day 2, shift 1) (day 4, shift 1) 

(day 5, shift 1) (day 6, shift 4) (day 7, shift 3) 

Worker 20, position 2, is assigned: (day 1, shift 1) (day 2, shift 3) 

(day 3, shift 3) (day 4, shift 2) (day 6, shift 5) (day 7, shift 4) 

Worker 21, position 2, is assigned: (day 1, shift 2) (day 7, shift 5) 
Worker 22, position 2, is assigned: (day 1, shift 3) (day 2, shift 4) 

(day 4, shift 4) (day 5, shift 2) (day 6, shift 6) (day 7, shift 6) 

Worker 23, position 2, is assigned: (day 3, shift 1) (day 5, shift 3) 

(day 6, shift 1) 
Worker 24, position 2, is assigned: (day 3, shift 2) (day 4, shift 3) 
Worker 25, position 2, is assigned: (day 1, shift 4) (day 2, shift 2) 

(day 3, shift 4) (day 6, shift 2) (day 7, shift 1) 

Worker 26, position 2, is assigned: (day 5, shift 4) (day 6, shift 3) 

(day 7, shift 2) 
Worker 27, position 3, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 3, shift 2) (day 4, shift 2) (day 5, shift 3) (day 6, shift 3) 
Worker 28, position 3, is assigned: (day 2, shift 3) (day 5, shift 2) 

(day 6, shift 2) (day 7, shift 3) 

Worker 29, position 3, is assigned: (day 1, shift 3) (day 2, shift 1) 
(day 3, shift 1) (day 7, shift 2) 

Worker 30, position 3, is assigned: (day 4, shift 3) (day 6, shift 1) 
(day 7, shift 1) 

Worker 31, position 3, is assigned: (day 1, shift 1) (day 3, shift 3) 

(day 4, shift 1) (day 5, shift 1) 
Worker 32, position 4, is assigned: (day 5, shift 3) (day 6, shift 2) 

Worker 33, position 4, is assigned: (day 1, shift 3) (day 2, shift 2) 
(day 3, shift 2) (day 4, shift 3) (day 6, shift 4) (day 7, shift 4) 

Worker 34, position 4, is assigned: (day 2, shift 1) (day 3, shift 1) 

(day 6, shift 3) (day 7, shift 1) 
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Worker 35, position 4, is assigned: (day 5, shift 1) (day 7, shift 3) 

Worker 36, position 4, is assigned: (day 1, shift 1) (day 2, shift 3) 

(day 3, shift 3) (day 4, shift 2) (day 5, shift 2) (day 6, shift 1) 

Worker 37, position 4, is assigned: (day 1, shift 2) (day 4, shift 1) 

(day 7, shift 2) 

Test Case 5 (Heuristic) 

Worker 1, position 1, is assigned: (day 0, shift 0) (day 1, shift 5) 
(day 2, shift 0) (day 5, shift 2) (day 6, shift 3) 

Worker 2, position 1, is assigned: (day 1, shift 8) (day 3, shift 0) 

(day 4, shift 4) 
Worker 3, position 1, is assigned: (day 1, shift 0) (day 3, shift 9) 

(day 4, shift 2) (day 6, shift 9) 

Worker 4, position 1, is assigned: (day 1, shift 9) (day 2, shift 4) 

(day 4, shift 5) 
Worker 5, position 1, is assigned: (day 0, shift 8) (day 1, shift 3) 

(day 4, shift 1) (day 5, shift 7) (day 6, shift 8) 

Worker 6, position 1, is assigned: (day 0, shift 1) (day 1, shift 1) 
(day 3, shift 8) (day 5, shift 1) 

Worker 7, position 1, is assigned: (day 0, shift 2) (day 4, shift 7) 
(day 6, shift 1) 

Worker 8, position 1, is assigned: (day 0, shift 7) (day 2, shift 9) 

(day 3, shift 1) (day 5, shift 10) (day 6, shift 10) 
Worker 9, position 1, is assigned: (day 1, shift 4) (day 2, shift 3) 

(day 3, shift 6) (day 6, shift 7) 

Worker 10, position 1, is assigned: (day 0, shift 5) (day 5, shift 8) 
(day 6, shift 4) 

Worker 11, position 1, is assigned: (day 0, shift 9) (day 2, shift 1) 

(day 3, shift 4) (day 5, shift 6) 

Worker 12, position 1, is assigned: (day 1, shift 2) (day 4, shift 3) 
(day 5, shift 5) (day 6, shift 6) 

Worker 13, position 1, is assigned: (day 0, shift 6) (day 2, shift 5) 
(day 3, shift 2) (day 5, shift 4) (day 6, shift 5) 

Worker 14, position 1, is assigned: (day 0, shift 4) (day 2, shift 6) 

(day 3, shift 3) (day 4, shift 0) (day 5, shift 11) 

Worker 15, position 1, is assigned: (day 2, shift 8) (day 5, shift 0) 

(day 6, shift 11) 
Worker 16, position 1, is assigned: (day 2, shift 7) (day 3, shift 5) 

(day 4, shift 8) (day 5, shift 3) (day 6, shift 2) 
Worker 17, position 1, is assigned: (day 0, shift 3) (day 1, shift 6) 

(day 2, shift 2) (day 4, shift 6) (day 5, shift 9) (day 6, shift 0) 
Worker 18, position 1, is assigned: (day 1, shift 7) (day 3, shift 7) 
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(day 4, shift 9) 

Worker 19, position 2, is assigned: (day 0, shift 1) (day 1, shift 0) 

(day 3, shift 0) (day 5, shift 3) (day 6, shift 2) 

Worker 20, position 2, is assigned: (day 1, shift 2) (day 2, shift 0) 

(day 4, shift 2) (day 5, shift 4) (day 6, shift 3) 

Worker 21, position 2, is assigned: (day 2, shift 2) (day 4, shift 3) 

(day 6, shift 4) 
Worker 22, position 2, is assigned: (day 0, shift 2) (day 3, shift 3) 

(day 5, shift 5) (day 6, shift 5) 

Worker 23, position 2, is assigned: (day 0, shift 0) (day 2, shift 3) 
(day 4, shift 1) (day 5, shift 0) 

Worker 24, position 2, is assigned: (day 2, shift 1) (day 3, shift 2) 
(day 4, shift 0) 

Worker 25, position 2, is assigned: (day 0, shift 3) (day 1, shift 3) 

(day 5, shift 1) (day 6, shift 0) 
Worker 26, position 2, is assigned: (day 1, shift 1) (day 3, shift 1) 

(day 5, shift 2) (day 6, shift 1) 

Worker 27, position 3, is assigned: (day 0, shift 1) (day 1, shift 1) 
(day 2, shift 1) (day 4, shift 0) 

Worker 28, position 3, is assigned: (day 1, shift 2) (day 3, shift 1) 

(day 5, shift 1) (day 6, shift 2) 
Worker 29, position 3, is assigned: (day 0, shift 2) (day 2, shift 0) 

(day 4, shift 2) (day 6, shift 1) 
Worker 30, position 3, is assigned: (day 1, shift 0) (day 3, shift 2) 

(day 5, shift 0) (day 6, shift 0) 

Worker 31, position 3, is assigned: (day 0, shift 0) (day 2, shift 2) 
(day 3, shift 0) (day 4, shift 1) (day 5, shift 2) 

Worker 32, position 4, is assigned: (day 0, shift 1) (day 1, shift 0) 

(day 4, shift 2) (day 5, shift 1) (day 6, shift 3) 

Worker 33, position 4, is assigned: (day 2, shift 1) (day 3, shift 2) 
(day 5, shift 3) (day 6, shift 2) 

Worker 34, position 4, is assigned: (day 2, shift 0) (day 5, shift 2) 
(day 6, shift 0) 

Worker 35, position 4, is assigned: (day 0, shift 0) (day 3, shift 1) 

(day 4, shift 0) 

Worker 36, position 4, is assigned: (day 0, shift 2) (day 1, shift 2) 
(day 2, shift 2) (day 4, shift 1) (day 5, shift 0) 

Worker 37, position 4, is assigned: (day 1, shift 1) (day 3, shift 0) 

(day 6, shift 1) 

Test Case 6 (Optimal) 

Worker 1, position 1, is assigned: (day 1, shift 3) (day 2, shift 2) 
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(day 4, shift 3) (day 5, shift 3) (day 6, shift 3) 

Worker 2, position 1, is assigned: (day 2, shift 3) (day 3, shift 1) 

(day 4, shift 4) (day 5, shift 2) (day 6, shift 1) (day 7, shift 3) 

Worker 3, position 1, is assigned: (day 3, shift 2) (day 6, shift 2) 

Worker 4, position 1, is assigned: (day 1, shift 1) (day 2, shift 1) 

(day 3, shift 4) (day 4, shift 2) (day 5, shift 4) (day 7, shift 4) 

Worker 5, position 1, is assigned: (day 1, shift 2) (day 3, shift 3) 
(day 7, shift 2) 

Worker 6, position 1, is assigned: (day 6, shift 4) (day 7, shift 1) 
Worker 7, position 1, is assigned: (day 1, shift 4) (day 2, shift 4) 

(day 4, shift 1) (day 5, shift 1) 

Worker 8, position 2, is assigned: (day 1, shift 3) (day 2, shift 8) 

(day 3, shift 5) (day 4, shift 3) (day 5, shift 7) (day 6, shift 1) 

Worker 9, position 2, is assigned: (day 1, shift 8) (day 2, shift 9) 

(day 3, shift 3) (day 5, shift 3) (day 6, shift 7) (day 7, shift 10) 
Worker 10, position 2, is assigned: (day 2, shift 4) (day 7, shift 7) 

Worker 11, position 2, is assigned: (day 4, shift 8) (day 6, shift 8) 
(day 7, shift 8) 

Worker 12, position 2, is assigned: (day 1, shift 9) (day 2, shift 1) 
(day 3, shift 4) (day 6, shift 9) (day 7, shift 12) 

Worker 13, position 2, is assigned: (day 1, shift 2) (day 2, shift 3) 
(day 3, shift 1) (day 4, shift 2) (day 6, shift 2) (day 7, shift 11) 

Worker 14, position 2, is assigned: (day 1, shift 7) (day 2, shift 5) 
(day 4, shift 4) (day 5, shift 4) (day 6, shift 4) (day 7, shift 1) 

Worker 15, position 2, is assigned: (day 1, shift 5) (day 3, shift 9) 

(day 4, shift 9) (day 5, shift 2) (day 6, shift 5) (day 7, shift 2) 
Worker 16, position 2, is assigned: (day 1, shift 4) (day 3, shift 2) 

(day 4, shift 6) (day 5, shift 5S) (day 6, shift 11) (day 7, shift 4) 

Worker 17, position 2, is assigned: (day 1, shift 6) (day 3, shift 8) 
(day 6, shift 10) 

Worker 18, position 2, is assigned: (day 2, shift 6) (day 5, shift 1) 
Worker 19, position 2, is assigned: (day 2, shift 2) (day 3, shift 7) 

(day 4, shift 5) (day 5, shift 6) (day 6, shift 6) (day 7, shift 3) 

Worker 20, position 2, is assigned: (day 3, shift 6) (day 4, shift 7) 

(day 5, shift 9) (day 6, shift 3) (day 7, shift 5) 
Worker 21, position 2, is assigned: (day 5, shift 8) (day 7, shift 9) 

Worker 22, position 2, is assigned: (day 1, shift 1) (day 2, shift 7) 
(day 4, shift 1) (day 6, shift 12) (day 7, shift 6) 

Worker 23, position 3, is assigned: (day 2, shift 10) (day 7, shift 2) 

Worker 24, position 3, is assigned: (day 6, shift 9) (day 7, shift 15) 
Worker 25, position 3, is assigned: (day 5, shift 4) (day 6, shift 8) 

Worker 26, position 3, is assigned: (day 1, shift 1) (day 2, shift 5) 

(day 3, shift 10) (day 4, shift 12) (day 5, shift 9) (day 6, shift 13) 
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Worker 27, position 3, is assigned: (day 3, shift 6) (day 7, shift 6) 

Worker 28, position 3, is assigned: (day 2, shift 7) (day 3, shift 3) 

(day 4, shift 9) (day 5, shift 11) (day 6, shift 3) (day 7, shift 10) 
Worker 29, position 3, is assigned: (day 1, shift 7) (day 3, shift 1) 

(day 4, shift 6) (day 5, shift 1) (day 6, shift 7) (day 7, shift 4) 
Worker 30, position 3, is assigned: (day 1, shift 9) (day 2, shift 3) 

(day 3, shift 2) (day 6, shift 11) (day 7, shift 8) 
Worker 31, position 3, is assigned: (day 1, shift 10) (day 2, shift 12) 

(day 3, shift 5) (day 4, shift 4) (day 5, shift 12) (day 7, shift 9) 
Worker 32, position 3, is assigned: (day 4, shift 3) (day 5, shift 7) 
Worker 33, position 3, is assigned: (day 1, shift 5) (day 6, shift 14) 

Worker 34, position 3, is assigned: (day 2, shift 11) (day 4, shift 11) 
Worker 35, position 3, is assigned: (day 2, shift 6) (day 3, shift 11) 

(day 5, shift 6) (day 6, shift 4) (day 7, shift 1) 

Worker 36, position 3, is assigned: (day 1, shift 3) (day 6, shift 6) 
(day 7, shift 11) 

Worker 37, position 3, is assigned: (day 1, shift 6) (day 4, shift 5) 
Worker 38, position 3, is assigned: (day 2, shift 1) (day 3, shift 8) 

(day 4, shift 8) (day 5, shift 5) (day 6, shift 15) (day 7, shift 5) 

Worker 39, position 3, is assigned: (day 1, shift 8) (day 3, shift 12) 

(day 4, shift 7) (day 5, shift 8) (day 6, shift 10) (day 7, shift 14) 

Worker 40, position 3, is assigned: (day 1, shift 12) (day 2, shift 8) 
(day 3, shift 4) (day 5, shift 3) (day 6, shift 1) (day 7, shift 12) 

Worker 41, position 3, is assigned: (day 1, shift 11) (day 4, shift 1) 
(day 7, shift 7) 

Worker 42, position 3, is assigned: (day 1, shift 4) (day 2, shift 4) 

(day 3, shift 7) (day 4, shift 2) (day 6, shift 5) 
Worker 43, position 3, is assigned: (day 1, shift 2) (day 2, shift 2) 

(day 4, shift 10) (day 5, shift 10) (day 6, shift 12) (day 7, shift 3) 

Worker 44, position 3, is assigned: (day 2, shift 9) (day 3, shift 9) 
(day 5, shift 2) (day 6, shift 2) (day 7, shift 13) 

Test Case 6 (Heuristic) 

Worker 1, position 1, is assigned: (day 0, shift 2) (day 1, shift 0) 
(day 3, shift 2) (day 4, shift 2) 

Worker 2, position 1, is assigned: (day 1, shift 2) (day 2, shift 0) 

(day 4, shift 1) (day 5, shift 0) (day 6, shift 2) 

Worker 3, position 1, is assigned: (day 0, shift 3) (day 3, shift 0) 
(day 5, shift 1) 

Worker 4, position 1, is assigned: (day 0, shift 0) (day 2, shift 3) 
(day 3, shift 1) (day 4, shift 3) (day 6, shift 3) 

Worker 5, position 1, is assigned: (day 0, shift 1) (day 2, shift 1) 
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(day 6, shift 1) 
Worker 6, position 1, is assigned: (day 1, shift 1) (day 2, shift 2) 

(day 3, shift 3) (day 5, shift 3) (day 6, shift 0) 

Worker 7, position 1, is assigned: (day 1, shift 3) (day 4, shift 0) 

(day 5, shift 2) 

Worker 8, position 2, is assigned: (day 0, shift 2) (day 1, shift 0) 

(day 2, shift 4) (day 5, shift 7) (day 6, shift 7) 
Worker 9, position 2, is assigned: (day 1, shift 8) (day 2, shift 2) 

(day 3, shift 5) (day 4, shift 2) (day 5, shift 6) (day 6, shift 8) 
Worker 10, position 2, is assigned: (day 0, shift 6) (day 1, shift 3) 

(day 3, shift 2) (day 5, shift 0) 

Worker 11, position 2, is assigned: (day 0, shift 1) (day 1, shift 2) 
(day 3, shift 7) 

Worker 12, position 2, is assigned: (day 0, shift 4) (day 2, shift 3) 

(day 4, shift 7) (day 5, shift 8) (day 6, shift 5) 

Worker 13, position 2, is assigned: (day 0, shift 8) (day 2, shift 0) 
(day 3, shift 1) (day 5, shift 1) (day 6, shift 1) 

Worker 14, position 2, is assigned: (day 0, shift 7) (day 1, shift 4) 

(day 2, shift 7) (day 4, shift 3) (day 5, shift 3) (day 6, shift 4) 
Worker 15, position 2, is assigned: (day 0, shift 5) (day 2, shift 8) 

(day 4, shift 1) (day 5, shift 2) (day 6, shift 11) 

Worker 16, position 2, is assigned: (day 0, shift 3) (day 1, shift 1) 
(day 2, shift 1) (day 3, shift 6) (day 4, shift 4) (day 6, shift 3) 

Worker 17, position 2, is assigned: (day 3, shift 3) (day 5, shift 9) 
(day 6, shift 10) 

Worker 18, position 2, is assigned: (day 1, shift 5) (day 3, shift 8) 

(day 4, shift 0) 
Worker 19, position 2, is assigned: (day 1, shift 7) (day 2, shift 6) 

(day 3, shift 4) (day 4, shift 5) (day 5, shift 5) (day 6, shift 2) 
Worker 20, position 2, is assigned: (day 2, shift 5) (day 4, shift 8) 

(day 5, shift 4) (day 6, shift 6) 
Worker 21, position 2, is assigned: (day 4, shift 6) (day 5, shift 10) 

(day 6, shift 9) 
Worker 22, position 2, is assigned: (day 0, shift 0) (day 1, shift 6) 

(day 3, shift 0) (day 5, shift 11) (day 6, shift 0) 

Worker 23, position 3, is assigned: (day 3, shift 9) (day 4, shift 6) 
(day 5, shift 4) (day 6, shift 6) 

Worker 24, position 3, is assigned: (day 2, shift 2) (day 4, shift 10) 
(day 5, shift 8) (day 6, shift 12) 

Worker 25, position 3, is assigned: (day 2, shift 10) (day 4, shift 3) 
(day 5, shift 7) (day 6, shift 9) 

Worker 26, position 3, is assigned: (day 0, shift 0) (day 2, shift 8) 

(day 3, shift 11) (day 4, shift 8) (day 6, shift 5) 
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Worker 27, position 3, is assigned: (day 0, shift 4) (day 5, shift 12) 

(day 6, shift 11) 

Worker 28, position 3, is assigned: (day 1, shift 6) (day 2, shift 1) 
(day 3, shift 3) (day 4, shift 4) (day 6, shift 10) 

Worker 29, position 3, is assigned: (day 0, shift 6) (day 1, shift 1) 

(day 2, shift 7) (day 4, shift 7) (day 5, shift 6) (day 6, shift 7) 

Worker 30, position 3, is assigned: (day 0, shift 8) (day 1, shift 9) 

(day 2, shift 9) (day 3, shift 6) (day 5, shift 10) 

Worker 31, position 3, is assigned: (day 0, shift 3) (day 2, shift 4) 

(day 3, shift 4) (day 4, shift 11) (day 5, shift 3) (day 6, shift 1) 

Worker 32, position 3, is assigned: (day 0, shift 5) (day 3, shift 2) 

(day 4, shift 2) (day 6, shift 3) 
Worker 33, position 3, is assigned: (day 1, shift 4) (day 4, shift 0) 

(day 5, shift 13) 

Worker 34, position 3, is assigned: (day 1, shift 10) (day 3, shift 10) 

(day 5, shift 5) 

Worker 35, position 3, is assigned: (day 1, shift 5) (day 4, shift 5) 
(day 6, shift 0) 

Worker 36, position 3, is assigned: (day 0, shift 7) (day 5, shift 2) 

(day 6, shift 13) 

Worker 37, position 3, is assigned: (day 0, shift 9) (day 3, shift 8) 
(day 5, shift 9) 

Worker 38, position 3, is assigned: (day 0, shift 10) (day 3, shift 7) 
(day 5, shift 14) (day 6, shift 4) 

Worker 39, position 3, is assigned: (day 1, shift 3) (day 2, shift 11) 

(day 3, shift 5) 

Worker 40, position 3, is assigned: (day 0, shift 11) (day 1, shift 11) 

(day 5, shift 0) 

Worker 41, position 3, is assigned: (day 0, shift 2) (day 1, shift 2) 
(day 2, shift 0) (day 3, shift 0) 

Worker 42, position 3, is assigned: (day 1, shift 0) (day 2, shift 6) 
(day 3, shift 1) (day 6, shift 2) 

Worker 43, position 3, is assigned: (day 0, shift 1) (day 1, shift 7) 
(day 2, shift 5) (day 4, shift 9) (day 5, shift 11) (day 6, shift 14) 

Worker 44, position 3, is assigned: (day 1, shift 8) (day 2, shift 3) 

(day 4, shift 1) (day 5, shift 1) (day 6, shift 8) 

Test Case 7 (Optimal Solution) 

Worker 1, position 1, is assigned: (day 1, shift 1) (day 2, shift 8) 
(day 3, shift 3) (day 5, shift 8) (day 6, shift 3) (day 7, shift 12) 

Worker 2, position 1, is assigned: (day 2, shift 7) (day 3, shift 19) 

(day 4, shift 18) (day 6, shift 15) (day 7, shift 10) 
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Worker 3, position 1, is assigned: (day 1, shift 10) (day 3, shift 16) 
(day 4, shift 14) (day 5, shift 12) (day 6, shift 9) (day 7, shift 19) 

Worker 4, position 1, is assigned: (day 1, shift 15) (day 2, shift 3) 
(day 3, shift 20) (day 4, shift 19) (day 6, shift 18) (day 7, shift 11) 

Worker 5, position 1, is assigned: (day 1, shift 20) (day 3, shift 7) 

(day 6, shift 1) (day 7, shift 2) 

Worker 6, position 1, is assigned: (day 1, shift 13) (day 5, shift 15) 

Worker 7, position 1, is assigned: (day 4, shift 17) (day 6, shift 5) 

Worker 8, position 1, is assigned: (day 1, shift 12) (day 2, shift 2) 

(day 3, shift 6) (day 4, shift 12) (day 5, shift 13) (day 6, shift 14) 

Worker 9, position 1, is assigned: (day 1, shift 7) (day 2, shift 9) 

(day 3, shift 13) (day 5, shift 7) (day 6, shift 10) (day 7, shift 8) 
Worker 10, position 1, is assigned: (day 3, shift 4) (day 4, shift 16) 

(day 5, shift 18) (day 6, shift 2) (day 7, shift 3) 

Worker 11, position 1, is assigned: (day 1, shift 8) (day 2, shift 4) 
(day 3, shift 18) (day 4, shift 8) (day 5, shift 5) (day 7, shift 15) 

Worker 12, position 1, is assigned: (day 1, shift 9) (day 2, shift 6) 
(day 3, shift 2) (day 4, shift 9) (day 7, shift 5) 

Worker 13, position 1, is assigned: (day 1, shift 14) (day 2, shift 12) 

(day 3, shift 5) (day 4, shift 2) (day 5, shift 4) (day 7, shift 14) 
Worker 14, position 1, is assigned: (day 1, shift 11) (day 2, shift 11) 

(day 3, shift 12) (day 4, shift 6) (day 5, shift 3) (day 6, shift 16) 
Worker 15, position 1, is assigned: (day 1, shift 6) (day 2, shift 15) 

(day 4, shift 11) (day 5, shift 17) (day 6, shift 13) (day 7, shift 16) 
Worker 16, position 1, is assigned: (day 1, shift 5) (day 4, shift 5) 

(day 5, shift 6) (day 7, shift 13) 

Worker 17, position 1, is assigned: (day 1, shift 3) (day 2, shift 18) 
(day 3, shift 17) (day 5, shift 1) (day 6, shift 8) (day 7, shift 6) 

Worker 18, position 1, is assigned: (day 2, shift 19) (day 3, shift 11) 

(day 4, shift 7) (day 5, shift 11) (day 6, shift 7) (day 7, shift 20) 

Worker 19, position 1, is assigned: (day 1, shift 18) (day 2, shift 20) 
(day 3, shift 14) (day 4, shift 13) (day 5, shift 20) (day 6, shift 19) 

Worker 20, position 1, is assigned: (day 4, shift 3) (day 7, shift 4) 
Worker 21, position 1, is assigned: (day 1, shift 17) (day 2, shift 10) 

(day 3, shift 8) (day 7, shift 9) 
Worker 22, position 1, is assigned: (day 1, shift 16) (day 2, shift 14) 

(day 3, shift 9) (day 5, shift 16) (day 6, shift 17) (day 7, shift 17) 
Worker 23, position 1, is assigned: (day 2, shift 1) (day 3, shift 10) 

(day 4, shift 4) (day 5, shift 14) (day 6, shift 4) (day 7, shift 18) 
Worker 24, position 1, is assigned: (day 1, shift 4) (day 2, shift 17) 

(day 3, shift 1) (day 4, shift 1) (day 5, shift 2) (day 6, shift 12) 

Worker 25, position 1, is assigned: (day 2, shift 5) (day 5, shift 9) 
Worker 26, position 1, is assigned: (day 1, shift 19) (day 4, shift 10) 
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(day 6, shift 6) (day 7, shift 7) 

Worker 27, position 1, is assigned: (day 2, shift 16) (day 4, shift 15) 

(day 5, shift 10) (day 6, shift 20) (day 7, shift 1) 
Worker 28, position 1, is assigned: (day 1, shift 2) (day 2, shift 13) 

(day 3, shift 15) (day 4, shift 20) (day 5, shift 19) (day 6, shift 11) 

Worker 29, position 2, is assigned: (day 1, shift 5) (day 2, shift 12) 
(day 3, shift 1) (day 4, shift 10) (day 5, shift 2) (day 7, shift 9) 

Worker 30, position 2, is assigned: (day 1, shift 1) (day 3, shift 2) 

(day 4, shift 5) (day 5, shift 1) (day 6, shift 11) (day 7, shift 8) 

Worker 31, position 2, is assigned: (day 1, shift 11) (day 2, shift 8) 

(day 3, shift 8) (day 5, shift 6) (day 7, shift 12) 

Worker 32, position 2, is assigned: (day 1, shift 6) (day 2, shift 6) 

(day 3, shift 10) (day 4, shift 3) (day 5, shift 12) (day 6, shift 9) 
Worker 33, position 2, is assigned: (day 1, shift 8) (day 2, shift 5) 

(day 3, shift 5) (day 4, shift 8) (day 5, shift 4) (day 6, shift 7) 

Worker 34, position 2, is assigned: (day 1, shift 12) (day 2, shift 7) 

(day 4, shift 1) (day 5, shift 11) (day 6, shift 5) (day 7, shift 5) 

Worker 35, position 2, is assigned: (day 1, shift 10) (day 2, shift 9) 

(day 3, shift 6) (day 4, shift 6) (day 5, shift 7) (day 7, shift 3) 

Worker 36, position 2, is assigned: (day 1, shift 9) (day 4, shift 9) 
(day 6, shift 3) 

Worker 37, position 2, is assigned: (day 2, shift 2) (day 6, shift 4) 
(day 7, shift 6) 

Worker 38, position 2, is assigned: (day 2, shift 3) (day 3, shift 9) 
(day 4, shift 7) (day 5, shift 9) (day 6, shift 6) (day 7, shift 4) 

Worker 39, position 2, is assigned: (day 1, shift 3) (day 3, shift 7) 

(day 4, shift 4) (day 6, shift 12) (day 7, shift 7) 
Worker 40, position 2, is assigned: (day 1, shift 4) (day 3, shift 3) 

(day 5, shift 5) (day 6, shift 1) (day 7, shift 11) 

Worker 41, position 2, is assigned: (day 2, shift 11) (day 3, shift 11) 
(day 4, shift 11) (day 5, shift 3) (day 6, shift 8) (day 7, shift 10) 

Worker 42, position 2, is assigned: (day 1, shift 7) (day 2, shift 10) 
(day 3, shift 12) (day 5, shift 10) (day 6, shift 2) (day 7, shift 2) 

Worker 43, position 2, is assigned: (day 1, shift 2) (day 2, shift 1) 
(day 4, shift 2) 

Worker 44, position 2, is assigned: (day 2, shift 4) (day 3, shift 4) 

(day 4, shift 12) (day 5, shift 8) (day 6, shift 10) (day 7, shift 1) 

Test Case 7 (Heuristic Solution) 

Worker 1, position 1, is assigned: (day 0, shift 0) (day 2, shift 3) 
(day 4, shift 7) (day 5, shift 2) 

Worker 2, position 1, is assigned: (day 1, shift 0) (day 2, shift 5) 
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(day 4, shift 0) (day 5, shift 12) (day 6, shift 16) 

Worker 3, position 1, is assigned: (day 1, shift 6) (day 2, shift 15) 
(day 3, shift 13) (day 4, shift 11) (day 6, shift 18) 

Worker 4, position 1, is assigned: (day 0, shift 14) (day 1, shift 14) 

(day 2, shift 19) (day 3, shift 18) (day 4, shift 8) (day 5, shift 17) 

Worker 5, position 1, is assigned: (day 0, shift 4) (day 1, shift 5) 

(day 2, shift 6) (day 4, shift 2) (day 5, shift 9) 

Worker 6, position 1, is assigned: (day 0, shift 1) (day 1, shift 15) 

(day 3, shift 2) (day 6, shift 11) 
Worker 7, position 1, is assigned: (day 2, shift 14) (day 4, shift 19) 

(day 5, shift 13) (day 6, shift 6) 

Worker 8, position 1, is assigned: (day 0, shift 17) (day 1, shift 1) 
(day 2, shift 8) (day 3, shift 11) (day 4, shift 14) (day 6, shift 14) 

Worker 9, position 1, is assigned: (day 0, shift 18) (day 1, shift 8) 
(day 2, shift 12) (day 4, shift 6) (day 5, shift 11) (day 6, shift 13) 

Worker 10, position 1, is assigned: (day 0, shift 10) (day 3, shift 15) 

(day 4, shift 17) (day 5, shift 1) (day 6, shift 9) 
Worker 11, position 1, is assigned: (day 0, shift 19) (day 2, shift 17) 

(day 3, shift 16) (day 4, shift 4) (day 5, shift 0) 

Worker 12, position 1, is assigned: (day 0, shift 11) (day 2, shift 1) 
(day 5, shift 18) (day 6, shift 4) 

Worker 13, position 1, is assigned: (day 0, shift 6) (day 1, shift 11) 
(day 2, shift 4) (day 3, shift 1) (day 4, shift 3) (day 6, shift 1) 

Worker 14, position 1, is assigned: (day 1, shift 4) (day 2, shift 11) 
(day 3, shift 5) (day 4, shift 12) (day 5, shift 15) 

Worker 15, position 1, is assigned: (day 0, shift 12) (day 1, shift 9) 

(day 3, shift 8) (day 4, shift 16) (day 5, shift 10) (day 6, shift 7) 

Worker 16, position 1, is assigned: (day 1, shift 16) (day 3, shift 4) 
(day 5, shift 8) (day 6, shift 10) 

Worker 17, position 1, is assigned: (day 0, shift 2) (day 1, shift 17) 

(day 2, shift 9) (day 4, shift 1) (day 5, shift 7) (day 6, shift 2) 

Worker 18, position 1, is assigned: (day 0, shift 5) (day 1, shift 7) 

(day 2, shift 10) (day 3, shift 6) (day 4, shift 13) (day 6, shift 8) 

Worker 19, position 1, is assigned: (day 0, shift 8) (day 1, shift 19) 
(day 2, shift 13) (day 3, shift 12) (day 4, shift 15) (day 6, shift 5) 

Worker 20, position 1, is assigned: (day 1, shift 3) (day 3, shift 7) 

(day 5, shift 19) (day 6, shift 3) 
Worker 21, position 1, is assigned: (day 1, shift 18) (day 2, shift 7) 

(day 4, shift 10) 

Worker 22, position 1, is assigned: (day 0, shift 16) (day 1, shift 13) 

(day 2, shift 2) (day 3, shift 10) (day 5, shift 16) (day 6, shift 12) 
Worker 23, position 1, is assigned: (day 1, shift 2) (day 2, shift 16) 

(day 3, shift 3) (day 4, shift 5) (day 5, shift 3) (day 6, shift 17) 

196



Worker 24, position 1, is assigned: (day 0, shift 3) (day 2, shift 18) 

(day 3, shift 0) (day 5, shift 14) 

Worker 25, position 1, is assigned: (day 0, shift 15) (day 3, shift 17) 
(day 5, shift 6) 

Worker 26, position 1, is assigned: (day 0, shift 7) (day 1, shift 10) 

(day 3, shift 9) (day 5, shift 5) (day 6, shift 19) 

Worker 27, position 1, is assigned: (day 0, shift 9) (day 3, shift 14) 

(day 4, shift 9) (day 5, shift 4) (day 6, shift 0) 
Worker 28, position 1, is assigned: (day 0, shift 13) (day 1, shift 12) 

(day 2, shift 0) (day 3, shift 19) (day 4, shift 18) (day 6, shift 15) 
Worker 29, position 2, is assigned: (day 0, shift 7) (day 1, shift 6) 

(day 3, shift 9) (day 4, shift 1) (day 6, shift 11) 

Worker 30, position 2, is assigned: (day 0, shift 1) (day 2, shift 9) 
(day 3, shift 4) (day 5, shift 5) (day 6, shift 1) 

Worker 31, position 2, is assigned: (day 0, shift 10) (day 1, shift 7) 
(day 2, shift 7) (day 3, shift 5) (day 4, shift 0) 

Worker 32, position 2, is assigned: (day 0, shift 5) (day 1, shift 5) 
(day 4, shift 11) (day 5, shift 11) (day 6, shift 7) 

Worker 33, position 2, is assigned: (day 0, shift 2) (day 1, shift 4) 

(day 2, shift 4) (day 4, shift 7) (day 5, shift 3) 
Worker 34, position 2, is assigned: (day 1, shift 2) (day 3, shift 0) 

(day 4, shift 10) (day 5, shift 4) (day 6, shift 3) 

Worker 35, position 2, is assigned: (day 0, shift 9) (day 1, shift 8) 

(day 2, shift 5) (day 3, shift 7) (day 4, shift 5) (day 5, shift 10) 
Worker 36, position 2, is assigned: (day 0, shift 11) (day 3, shift 8) 

(day 4, shift 3) (day 5, shift 2) (day 6, shift 2) 

Worker 37, position 2, is assigned: (day 0, shift 6) (day 1, shift 1) 
(day 2, shift 3) (day 6, shift 8) 

Worker 38, position 2, is assigned: (day 0, shift 8) (day 1, shift 11) 
(day 2, shift 8) (day 3, shift 6) (day 4, shift 8) (day 5, shift 8) 

Worker 39, position 2, is assigned: (day 2, shift 6) (day 3, shift 3) 

(day 4, shift 2) (day 5, shift 7) (day 6, shift 0) 

Worker 40, position 2, is assigned: (day 1, shift 0) (day 2, shift 10) 
(day 3, shift 1) (day 4, shift 4) (day 5, shift 0) 

Worker 41, position 2, is assigned: (day 0, shift 4) (day 1, shift 10) 
(day 2, shift 1) (day 3, shift 10) (day 4, shift 6) (day 6, shift 9) 

Worker 42, position 2, is assigned: (day 0, shift 3) (day 1, shift 9) 
(day 2, shift 0) (day 4, shift 9) (day 5, shift 1) (day 6, shift 6) 

Worker 43, position 2, is assigned: (day 0, shift 0) (day 2, shift 11) 
(day 3, shift 2) (day 5, shift 6) (day 6, shift 10) 

Worker 44, position 2, is assigned: (day 1, shift 3) (day 2, shift 2) 

(day 3, shift 11) (day 5, shift 9) (day 6, shift 4) 
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Test Case 8 (Optimal Solution) 

Worker 1, position 1, is assigned: (day 1, shift 9) (day 2, shift 11) 

(day 3, shift 4) (day 4, shift 12) (day 5, shift 2) (day 6, shift 6) 

Worker 2, position 1, is assigned: (day 3, shift 3) (day 4, shift 4) 
Worker 3, position 1, is assigned: (day 1, shift 1) (day 2, shift 13) 

(day 4, shift 10) (day 5, shift 11) (day 6, shift 7) (day 7, shift 5) 

Worker 4, position 1, is assigned: (day 1, shift 11) (day 2, shift 10) 

(day 4, shift 15) (day 5, shift 10) (day 6, shift 9) (day 7, shift 7) 

Worker 5, position 1, is assigned: (day 1, shift 3) (day 2, shift 9) 

(day 3, shift 10) (day 4, shift 11) (day 5, shift 6) (day 7, shift 12) 

Worker 6, position 1, is assigned: (day 1, shift 7) (day 2, shift 15) 

(day 3, shift 15) (day 4, shift 13) (day 5, shift 8) (day 6, shift 1) 

Worker 7, position 1, is assigned: (day 2, shift 2) (day 3, shift 5) 
(day 4, shift 1) (day 6, shift 4) (day 7, shift 11) 

Worker 8, position 1, is assigned: (day 1, shift 15) (day 2, shift 3) 

(day 4, shift 3) (day 5, shift 5) (day 6, shift 8) (day 7, shift 10) 

Worker 9, position 1, is assigned: (day 1, shift 14) (day 2, shift 8) 

(day 3, shift 14) (day 5, shift 13) (day 6, shift 3) (day 7, shift 8) 
Worker 10, position 1, is assigned: (day 1, shift 2) (day 3, shift 9) 

(day 4, shift 9) (day 5, shift 7) (day 6, shift 11) (day 7, shift 4) 

Worker 11, position 1, is assigned: (day 2, shift 12) (day 3, shift 11) 
(day 4, shift 5) (day 5, shift 9) (day 6, shift 2) (day 7, shift 9) 

Worker 12, position 1, is assigned: (day 1, shift 6) (day 3, shift 7) 

(day 5, shift 1) 

Worker 13, position 1, is assigned: (day 1, shift 4) (day 2, shift 1) 

(day 3, shift 8) (day 4, shift 7) (day 7, shift 6) 

Worker 14, position 1, is assigned: (day 2, shift 6) (day 5, shift 3) 

Worker 15, position 1, is assigned: (day 1, shift 5) (day 2, shift 7) 

(day 3, shift 6) (day 4, shift 8) (day 5, shift 4) (day 7, shift 2) 

Worker 16, position 1, is assigned: (day 1, shift 8) (day 3, shift 12) 
(day 4, shift 6) (day 5, shift 14) (day 6, shift 5) 

Worker 17, position 1, is assigned: (day 1, shift 12) (day 2, shift 4) 
(day 3, shift 1) (day 4, shift 14) (day 5, shift 15) (day 6, shift 10) 

Worker 18, position 1, is assigned: (day 1, shift 13) (day 2, shift 5) 

(day 3, shift 2) (day 4, shift 2) (day 6, shift 12) (day 7, shift 1) 
Worker 19, position 1, is assigned: (day 1, shift 10) (day 2, shift 14) 

(day 3, shift 13) (day 5, shift 12) (day 7, shift 3) 

Test Case 8 (Heuristic Solution) 

Worker 1, position 1, is assigned: (day 0, shift 8) (day 2, shift 11) 

(day 3, shift 0) (day 4, shift 1) (day 5, shift 11) 
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Worker 2, position 1, is assigned: (day 0, shift 3) (day 2, shift 2) 

(day 3, shift 6) (day 4, shift 14) (day 5, shift 5) (day 6, shift 10) 

Worker 3, position 1, is assigned: (day 0, shift 0) (day 1, shift 12) 

(day 2, shift 3) (day 4, shift 11) (day 6, shift 4) 

Worker 4, position 1, is assigned: (day 0, shift 10) (day 1, shift 9) 
(day 3, shift 14) (day 6, shift 6) 

Worker 5, position 1, is assigned: (day 0, shift 1) (day 1, shift 6) 
(day 2, shift 1) (day 3, shift 10) (day 4, shift 5) (day 6, shift 11) 

Worker 6, position 1, is assigned: (day 1, shift 7) (day 4, shift 7) 

(day 5, shift 0) (day 6, shift 3) 

Worker 7, position 1, is assigned: (day 0, shift 12) (day 2, shift 4) 

(day 3, shift 9) (day 4, shift 4) (day 5, shift 9) 

Worker 8, position 1, is assigned: (day 0, shift 14) (day 1, shift 14) 

(day 3, shift 12) (day 4, shift 0) (day 5, shift 2) (day 6, shift 9) 
Worker 9, position 1, is assigned: (day 0, shift 13) (day 1, shift 2) 

(day 3, shift 3) (day 4, shift 12) (day 5, shift 7) (day 6, shift 7) 

Worker 10, position 1, is assigned: (day 0, shift 7) (day 2, shift 8) 

(day 3, shift 8) (day 4, shift 6) (day 5, shift 10) (day 6, shift 8) 
Worker 11, position 1, is assigned: (day 0, shift 9) (day 1, shift 11) 

(day 2, shift 10) (day 3, shift 7) (day 4, shift 8) (day 5, shift 8) 

Worker 12, position 1, is assigned: (day 0, shift 5) (day 1, shift 13) 

(day 2, shift 5) (day 4, shift 2) (day 5, shift 6) 

Worker 13, position 1, is assigned: (day 1, shift 0) (day 2, shift 7) 

(day 4, shift 3) (day 5, shift 4) (day 6, shift 5) 

Worker 14, position 1, is assigned: (day 1, shift 10) (day 2, shift 12) 
(day 3, shift 11) (day 5, shift 3) 

Worker 15, position 1, is assigned: (day 0, shift 2) (day 1, shift 5) 
(day 2, shift 14) (day 3, shift 2) (day 4, shift 10) (day 6, shift 1) 

Worker 16, position 1, is assigned: (day 0, shift 4) (day 1, shift 3) 
(day 2, shift 13) (day 3, shift 13) 

Worker 17, position 1, is assigned: (day 0, shift 11) (day 1, shift 4) 

(day 2, shift 0) (day 3, shift 5) (day 4, shift 13) 
Worker 18, position 1, is assigned: (day 0, shift 6) (day 1, shift 8) 

(day 2, shift 6) (day 3, shift 1) (day 5, shift 1) (day 6, shift 0) 
Worker 19, position 1, is assigned: (day 1, shift 1) (day 2, shift 9) 

(day 3, shift 4) (day 4, shift 9) (day 6, shift 2) 
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Vita 

The world was a lonely and bitter place as social injustices were rampant. 

Scheduling nightmares plagued the restaurant industry throughout the land. This problem 

would only worsen over the decades, but two courageous people had a plan. Richard B. 

Wade, Jr. was born on April 27, 1970 in a small, lonely hospital in a border town in 

southern Texas. It was apparent this child prodigy would one day achieve greatness, as 

from his crib he devised a more efficient method for scheduling the nurses in the hospital. 

Oh, the impact he would have.... 

Richard B. Wade, Jr. received his Bachelor's Degree in Industrial Engineering from 

Arizona State University. He was very involved in organizations, honor societies, and 

clubs at that great University, and his involvement led to the Presidency of the Engineering 

and Applied Sciences College Council. In this capacity, he served as the student 

representative to the dean, faculty, administration, and other student government leaders. 

Also, he ran meetings, organized events, and hosted a Regional Engineering Conference. 

Realizing the need to enhance his technical competency, he attended Virginia 

Polytechnic Institute and State University where he obtained a Master's Degree in 

Industrial and Systems Engineering, with an emphasis in Operations Research. 

Presently, he is pursuing a career in the aviation field, but he also plans on one day 

implementing the work in this thesis into the restaurant, fast-food, and hotel industries. 

Richard's interests include basketball, volleyball, and pool. He hopes to travel 

extensively while employed with a major airline, and one day raise a happy family. 

Uy h Mh f 
200


