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Preface

The purpose of the study was to solve a scheduling problem for the
Department of Defense. The focus of the study was to find a practical solution to
help reduce costs of a security force in the Department of Defense. All of the
techniques presented during this degree program were addressed as solution
methods to this problem. The best schedule was put in a spreadsheet so that
implementation of the solution would be easier to undertake. A schedule was
produced which saves this agency aboul 8% of their current costs and helps with
some managerial issues that nzeded to be addressed.

This research would never have been accomplished without the help of the
analysts from the Department of Defense. Dr. Marsh and Mr. Tim Fisher went out
of their way to provide me with everything I needed to accomplish this research. I
would also like to thank Mr. Pete Paternoster for his help and guidance. My
advisors for this project made me work and gave me a wonderful opportunity to
have a good educational experience from my thesis. Dr. Yupo Chan and Dr. James
Chrissis were my co-advisors on this project and they gave me enough direction to
get dope, yet I am proud to say that this is my work. A sincere thank-you is
directed at these two gentlemen.

As I finish this thesis, my thoughts are to Operation Desert Storm. I dedicate
this work to my wife, Captain Lista Benson, who is serving overseas in support of
Operation Desert Storm. Lista, thank-you for your support and understanding of

my time here at AFTT. Now it is my turn to support you as best I can.

Dennis R. Benson
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This study investigated a solution methodology to a variable-level
scheduling problem. A variable-level scheduling problem is an assignment problem
where the manpower demands vary during specific times over the scheduling
period. This rescarch was directed at solving a specific variable-level scheduling
problem, the scheduling of security guards for the Department of Defense.
Different operations research techniques were applied to the problem, with a linear
programming solution to a specific heuristic-driven schedule allocating workers to
different shifts providing the primary focus of a solution technique. Several
subproblems needed to be solved before an assignment problem was used to put
specific workers in specific shifts. These subproblems include the shift
requirements problem, the relief guard problem, an allowance for annual leave, and
an allowance for sick leave. These problems were specific to proposed schedules
based on a heuristic which generated shifts to meet surges in the demand for
manpower. With the subproblems completed, the assignment, zero-one integer
programming problem could be solved. The results of this were then placed in a
spreadsheet so that three further manipulations could be done: gefting each
employee two consecutive days off, Monday training for as many workers as
possible, and grouping the workers into 12-man squads. A schedule was produced

with these features that also provided an 8% cost savings from the current DoD

scheduling practices.




Background

The Department of Defense (DoD) has a security force at each of three
geographically separated locations or zones. The security force is responsible for
personnel, as well as the physical security of DoD assets and resources (10:1).
According to Dr. Marsh and Mr. Tim Fisher, analysts for DoD, manpower
scheduling for each of the three zones is done manually (9). The current system
uses an on-line response team, which may not be the most cost effective utilization
of these resources, for emergency security situations (10:1). The analysts further
explained that this response team also serves as the relief crew for lunch breaks,
personal breaks, and other short diversions for those security personnel who are in
specific guard posts during a shift.

DoD wants to manag its security manpower assets more efficiently. They
also reported that, in the next few months, DoD will open several new buildings
which require additional security personnel in guard posts. The analysts also added

that with tight government dollars, DoD) would like (o meet the new demand




with their current security manpower level, if possible, thus avoiding hiring
additional sccurity officers for the new posts (9). Another interesting development
in this problem is that DoD went through a hiring freeze late in fiscal 1990 and
wanted to know the minimum number of security officers required before large
amounts of overlime were needed in order to maintain some minimum level of
security. What makes this scheduling problem so difficult is the different levels of
manpower required during different times during the day, as well as different
requirements based oa different days of the week (namely weekends versus
weekdays).

Another issue with security manpower scheduling is the current evaluation
system. This evaluation system is the managerial tool used to measure worker
performance. By the current scheduling techniques many supervisors never get a
chance to observe their subordinates because they are assigned to different
schedules. A schadule that would assign supervisors to the same or similar shifts
would help to solve this problem that currently exists with the present evaluation

ssystem.

Introduction

This rescarch solves the real world scheduling problem using an integrated
operations research approach. This research project cutlines a series of research
objectives aimed at the breadth of this problem rather than detailing an in-depth
study of a single aspect of this problem. This choice of objectives leads to usage of
several different concepts in the Operations Research curriculum at the Air Force
Institute of Technology. The concepts include mathematical programming of an

assignment problem, forecasting techniques, and spreadsheet design.




This rcsearch details the objectives of this research project, provides the
initial methodology for solving this problem, reviews current literature dealing with
this subject, covers the solution methodology in great detail, and reports the results

of this research project.

Research Objectives

The purpose of this research project is to provide DoD with an easy-to-use,
efficient scheduling system for their security protective force. There are three main
results of this research project:

1. A spreadsheet software package for DoD to generate schedules

2. A heuristic model to design future scheduling packages

3. Suggestions to DoD to enhance their security scheduling.

There are two major phases to this research. Phase one methodology is
developed to produce an efficient scheduling algorithm that can be applied to each
of the three security zones for DoD. The second phase is to implement this
algorithm by using a spreadsheet cesign with an overlay that is the resull of phase
one. This design interface must be constructed so that a minimal amount of personal
computer knowledge is needed to easily produce a 14-day schedule. Should future
security requirements change for DoD, a minimal amount of work would be
required to update the schedule overlay and let DoD maintain efficient use of its
security manpower assets.

To obtain the ~2 objectives, an initial methodology was formed to solve the
important aspects of this problem. This initial methodology leads to observations
and problems with obtaining this overall research objective. These other issues are
addressed in the methodology chapter of this research report. The following
extended outline is the initial methodology used in this research project.
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Data Collection

The first step in this initial methodology is to collect the information on the
different issues affecting security manpower. This information includes compiling a
list of the different guard posts and their hours of operation from records at DoD.
Another important piece of information is the personnel management regulations
and policies currently in effect at DoD). This information aids in developing a clear
understanding of the current scheduling operaiion. The last piece of data was
collected is a list of managerial desires for future schedules of security manpower.
Formulation of the Mathematical Model

The second step in this initial methodology originally appears to be the most
formidable and is the basis of this research project: to formulate the mathematical
model which assigns the different guards to the various shifts in the 14-day
schedule. Itis essentially an assignment problem with side constraints. This model
is formulated as a minimum cost problem. The thinking behind this decision is that
by setting a minimum level of security in the constraints of the problem, DoD would
never be undermanned to meet their security requirements. The objective of this
model then is to keep costs as low as possible while maintaining this standard of
security. Other constraints to this problem include having each person work a
minimum of 80 hours each two weeks, to schedule an appropriate amount of
training for each guard, and to ensure that a guard has a feasible schedule. This
feasibility check ensures that no guard has to work back-to-back shifts or, say, has
to work Monday night until 11 PM and then come back to work the following
morning at 7 AM. This portion of the problem is explained in defail in the
methodology chapter (Chapter 3).




In this minimum cost problem, the basic scheduling system is built into the
formulation of the model. This portion of the research is to look at other possible
work arrangements, such as 8-hour days versus 10-hour days for the guards. These
different formulations would both be subject to the same minimum security
requirements, so that a simple comparison of objective function values (total cost) is
all that is required to compare these alternative schedules.

Optimal Schedule Analvsi

This step in this initial methodology demonstrates that, at this point, an
optimal, least-cost schedule has been produced. The analysis here is important
because it may identify areas of further savings in security manpower scheduling. It
also identifies the minimum number of guards required to maintain this level of
security without excessive overtime. This number wouid be important in a potential
hiring freeze situation, not unlike the one that occurred at the end of fiscal 1990. By
having this analysis, DoD can then identify a floor for manpower personnel, and
hire people based on the reduced cost argument of less overtime. It is also
important to note that the optimal schedule can be constructed inte a spreadsheet
overlay that will be used in the next siep of the methodology.

Speadsheet Design

This step takes the overlay of the optimal schedule generated previously and
formats it into an easy-to-use fashion for a personal computer user. This step
includes the selection of a spreadsheet program based on availability and cost as
well as the interface with the user to ensure an easy to use product is produced.
Another important aspect of the spreadsheet design is to organize the personnel by

squads of 12 - 16 people (this is the supervisor/subordinate working together aspect




of the problem). I'inally, the design of the spreadsheet should help the scheduler
allocate annual leave to the security officers.

This step in the research compares the final product of this research with a
current schedule to see if this approach yields real savings in the costs of security
manpower. This would validate this algorithm as being a useful way to help
schedule personnel in shift work activities to yield savings and provide the resulis
in an easy-to-use format. Finally, verification must ensure that the security
requirements are met and that each guard is working the required number of hours
in a 14-day schedule.

The methodology of this research is rather diverse and uses many differnet
facets of the field of Operations Research. Spreadsheet design, mathematical
programming, and statistical analysis will lead to an easy-to-use security scheduling
program that will help DoD meet its security requirememtns at lower costs.
Imporiant Assumptions in the Research

There are several important assumptions made in the pursuit of an optimal
solution for this research. These assumptions deal with wage issues, minimum
manpower requirements, and the size of the employee pool to generate the optimal
schedule. In the cost analysis for a particular schedule, an average wage rate of
$12.15 is used, based on analysis done by DoD (7:4). For minimum manpower
requirements, these levels must be obtained by a schedule without exception. In the
recommendations chapter (Chapter S), these assumptions are questioned for
possible future cost savings for the security force. Finally, this research assumes
that there is a sufficient employee pool to draw upon to meet the scheduling

requirements. This implies that there is not a shortage which would require workers




to work extra shifts of overtime to meet the minimum levels of security manpower
outlined in the data provided by the security force.
An Overview of the Research

The chapters that follow include a literature review of the current techniques
used in a scheduling problem. This is followed by an in depth analysis of the
methodology of the research. The results of the research are outlined in chapter four
while chapter five addresses recommendations and conclusions. Various

appendices provide important insight into the actual schedule produced by this

research.




Introduction

The purpose of a literature review is to survey the state-of-the-art of current
methods or give background material that can be used to solve a research problem.
There are four topics of discussion for this research project; the general scheduliag
problem, problem formulation for a variable-level schedule, solution techniques,
and spreadsheet selection. This literature review examines these topics in detail and
reports on the current state of the art and how it relates to the research herein. The
discussion of this review covers the mos! recent material in problem formulation

and solution techniques.

The General Scheduling Problem

To get a sense of direction for this scheduling problem, a quick look at the
more general context of scheduling problems is in order. Three ideas associated
with scheduling problems include: solving a generalized assignment problem,
schedulinig and capacity planning using lirear programming, as well as personnel
planning mathematical models. These ideas are investigated below.

Scheduling problems are often considered a type of assignment problem,
where the objective is to minimize the cost of assigning workers to lasks. Davis
and McKeown give several examples of assignment problems and demonstrate how
they are formulated as integer programming problems (5:423-427). Their
discussion also addresses how to handle multiple-choice constraints, such as when

a worker has to work five of the seven days in a week (5:427).




Hendrick and Moore address scheduling and capacity planning via linear
programming. Their examples are taken from a production setting but can be
adapted to the problem associated with this research. One example deals with
overtime scheduling in an automobile factory and that also features conditional
constraiots (8:421-422). This applies to the scheduling problem of determining shift
requirements and incorporating overtime into those conditional constraints as well
as including an overtime cost component in the objective function. According to
Mr. Fisher, overtime costs appear as a considerable source of inefficient scheduling
of the current security force scheduling (9). This formulation provides a strong
foundation to solve the DoD scheduling problem.

Thierauf addresses personnel planning mathematical models. He states that
models should "provide a simplified and logical view of the levels and flows of
nersonnel throughout an organizational system" (17:360-361). By designing a
spi2adshect format for the implementation of the optimal schedule, this research
incorporates Thierauf's idea so that all of the guards can address the changes made
in the schedule and feel comfortable with its results. Providing a master schedule
for all of the squads in a security zone clearly illustrates the different manning levels

in the DoD scheduling problem.

Problem Formulation

This section addresses the mathematical formulation of the research model
and compares it o various model: that 2ie repesented in the literature. Many of
these ideas provided valueable insight to solve several of the subproblems
presenied in the methodology chapler of the research.

This research formulates the DoD) security scheduling problem as a

mathematical programming problem. This mathematical program has many




similarities to vehicle routing problems (VRPs), where the "vehicles” in this case are
the security officers and the "destinations" are the shift requirements in terms of the
number of officers required. Vehicle routing problems are a general class of
transportation problems or assignment problems. Vehicle routing problems consist
of delivering some commodity to all points that require it at minimum cost. The
common example of a irucking compary illustrates what a VRP entails. Since this is
a scheduling problem as well, a look at some related scheduling problems is also
appropriate for this literature review.

In the article, "Vehicle Routing with Stochastic Demands: Properties and
Solution Frameworks”, Dror, Laporte, and Trudeau, consider problems "with a
single depot, a homogenous fleet and where customer demand is the only source of
uncertainty. Our problem is therefore a particular case of the stochastic VRP"
(6:167). Rela ag to this research problem, the homogenous fleet consists of
security guards and the customer demand is the guard requirements for each shift.
Using this idea of a transformation between the VRP and the DoD problem, a
mathematical formulation of the research problem can be outlined.

In the article "An Integrated Inventory Allocation and Vehicle Routing
Problem", Chien, Balakrishnan, and Wong, nofe "that this integrated problem might
arise as a subproblem while analyzing the multiperiod vehicle routing problem”
(3:69). These auikors also incorporate a linear penalty function for unsatisfied
demand during any period (3:69). Unsatisfied demand in the DoD problem is
critical since if manpower requirements are not met during a certain time period,
then a possible breach of security could occur. In the DoD) problem, one way to

address this is with an ovartime cozstraint.

10




Current Scheduling Problems

The DoD security scheduling problem can be compared to tiree other

scheduling problems found in the current literature. One obvious comparison is "A
Break from Tradition for the San Francisco Police: Patrol Officer Scheduling Using
an Optimization-Based Decision Support System”, by Tayior and Huxley. These
authors looked at the SFPD and how it implemented an optimized decision support
system to help reduce the cost of the force (16:4). Included in this article is an
algebraic formulation to the police scheduling problem (16:21). In "Heuristics for
Scheduling Aircraft and Crews during Airlift Operations”, Sklar, Armstrong, and
Samn address minimizing the number of crews so as to meet airlift requirements
(15:64). This formulation has the appeal of minimizing the total the number of
crews, which translates to minimizing the total number of security officers DoD
will need to meet security requirements.

As an examle of scheduling naval deployments, in "Annual Scheduling of
Atlantic Fleet Naval Combatants" Brown, Goodman, and Wood address the
objective function question of scheduling criteria for a defense (or security) agency.
"The Navy is directed to maximize national defense subject to constrained flect
resources” (1:251). Another issue of problem formulation is addressed in this
article; this is the issue of elastic demand. "Necessary violations of constraints, al a
cost, are accomodated in the (elastic) formulation where constraint ranges become
goals that incur penalties when violated" (1:253).

These problems present valuable information in formulating the DoD
securily scheduling problem. The SFPD problem shows an algebraic statement for a
24-hour, seven-day a week problem (16:21-22). In the aircrew scheduling

problem, the objective to minimize the number of aircrews has a similar objective in

the 1)oD problem of minimizing the number of securily guards required by the
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department (15:64). Linally, in the Navy problem, a slightly different approach to
the problem provides some fundamental insight into the DoD problem. By
minimizing cost in the DoD prob.em, only a limited level of securiy can be
provided to DoD. "This limited or minimum level of security must be realistic, since

it is a critical constraint to the problem.

Solving the Scheduling Problem

Recalling that the primary objective of this rescarch is to generate a security
schedule for Dol), the concept of a heuristic method for problem solving emerges.
To truly measure the effectiveness of 4 heuristic, it must be compared to some
standard; cither the current effectiveness in terms of cost, or an analytically derived
optimal solution. ¥or this research, if the heuristic provides similar results (say
within 3% of total cost) to the analytical results with less processing, then the
heuristic can be considered effective. "This part of the literature review concentrates
on two solution approaches: heuristic methods and analytical methods.
Heuristic Methods

‘l'he Sklar, Armstrong, and Sama article presents a heuristic for scheduling
aircrews. According to the authors, "the preblem is partioped into two
components: scheduling aircraft and then, based on the schedule, assigning crews to
flight legs" (15:76). "I'he heuristic continues by alternatingly fixing one component
and optimizing the other component until little or no improvement is demonstrated
(15:76). 'T'his can be applied to the DoD) problem by finding the optimal mix of
shifts and the number of personnel assigned to each shift, then assigning the guards
1o these shifts.

Chien, Balakrishnan, and Wong, in * An Integrated Inventory Allocation and

Vehicle Routing Problem”, use a Lagrangian relaxation-based heuristic to solve their




example problem (3:72). The integrated inventory allocation and VRP example
used is to "consider, for instance, the supply of a frequently replenished consumable
such as heating oil or an industrial chemical from a distribution center to several
customers”. Their methodology consists of two phases. Phase one consists of
solving a Lagrangian subproblem of inventory allocation and customer
assignments. Phase two uses a drop procedure to ensure feasibility by eliminating
repeated arcs and an add routine to check for possible improvement (3:72). The

authors summarize their heuristic by the following:

This optimization-based procedure is very suitable for day-to-day
detailed planning of allocation and delivery activities in private firms that
undertake the distribution of their limited amount of goods to customer
locations which experience fluctuating demand. Another advantage of
having an efficient and accurate procedure is that it makes possible
sensitivily analysis which will be very helpful for decision makers. (3:76)

Once again, a two-step heuristic is applied to this type of problem which has many
similarities to the DoD) problem in this research.

Bala Shetty's article, "A Heuristic Algorithm for a Network Problem with
Variable Upper Bounds", also uses a similar two-step Lagrangian relaxatior.
procedure. The advantage of this method is that it solves two sequences of pure

network problems which can be efficiently solved (14:373). Shetty states:

one sequence yields tighter bounds on the optimal objective value
by considering the Lagrangian relaxation in which the VUB (variable upper
bound) copstraints are dualized. The second sequence yields upper bounds
on the optimal value for the problem. The sequence is obtained by
considering a reformulation of the VUB problem based on parametric
changes in the variable upper bound. (14:373)

13




As another example of a two-step heuristic for solving the DoD type of scheduling
problem, the current literature has shown that a heuristic approach can be very
appropriate to solving the variable-level scheduling problem.

The final heuristic procedure deals with the covering salesman problem.
Current and Schilling, in "The Covering Salesman Problem”, present a heuristic
procedure called COVTOUR (4:210). Their heuristic combines two solution
methodologies into a single algorithm. One part of the heuristic solves a set
covering problem. In the research problem, this is the shift requirements part of the
problem. The shift requirements problem finds the least-cost mix of guards needed
to fill the minimum security requirements. The second part of the heuristic solves a
traveling salesman problem. In the research problem, this corresponds to the
assignment of the response guards that relieve other guards during a shift.
Analytical Approaches

These analytical solution methods provide a possible beachmark for
comparison for the heuristic solution methods. The Navy scheduling problem,
researched by Brown, Goodman, and Wood, presents "an optimization riodel that
automates a substantial part of the employment scheduling problem” (1:249). A
similar outcome is the purpose of this research.

In "Vehicle Routing with Stochastic Demands: Properties and Solution
Frameworks", Dror, Laporte, and Trudeau present three properties of the traveling
salesman problem (abbreviated TSP, it is a minimum cost tour of n cities, starling
and stopping at a single point and visiting each city exactly once). The TSP
represents a significant subproblem of the DoD scheduling problem, therefore the

three properties are presented here:




Property 1: For the Euclidean TS?, the shortest closed path through
n given points never intersects itself (i.e., it is a simple polygon unless all of
the points are collinear). (6:168)

Property 2: Every Euclidean TSP has an optima! solution in which
customers on the boundary of the convex hull of all the customers (including
the depot) are visited in the same order in which they appear on the
boundary of the convex hull. (6:169)

Property 3: In the case of the optimal TSP tour, the principle of
optimization (usually stated in the context of dynamic programming) can
be easily verified. It implies that any segment of an optimal TSP tour is
optimal (i.e., if the sequence i = 0, i1, ..., in, O corresponds to the shortest

simple cycle through n + 1 points, then any subsequence, say ip41, ..., ip+q'

through q < n + 1 points also corresponds to the shortest simple path through
these q points). (6:169)

These thiee properties can be used o help find an analytical solution to the TSP
portion of the research problem.

Taylor and Huxley's article presented an algebraic statement of the SFPD
problem (16:21-22). This formulation produced a linear programming solution
using LINDO that took from seven to nine hours of processing time for a ninety
officer schedule (16:14). This gives an indication of the complexity of the research

problem and the potential to solve this problem using a heuristic.

Spreadsheet Selection

Choosing a software package to construct the scheduling spreadsheet is an
important decision in this research. The program should be user-friendly, yet have
enough features to be able to hold all of the pertinent information. According to
Stephen Cobb, Quattro Pro™, by Borland International, is Lotus 1-2-3™

compatible (version 2.01) yet is faster to load and exit han Lotus 1-2-3™ (2:23). In
the Quattro Pro User's Guide, the program is also capable of reading Paradox

database files. This would allow a future implementation of the spreadsheet
15
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schedule to link the schedule with a relational database (13:215-216). This
interaction can provide valuable information to the scheduler as the database can
store information such as the number of days of annual leave a guard may have
accrued over a long period of time. Quatiro Pro™ is the spreadsheet software used
in this research with the schedule being stored as both Quattro Pro™ files as well as

Lotus 1-2-3™ files.

Summary
This literature review presented current approaches for solving problems that
have aspects similar to the DoD scheduling problem. The general scheduling

problem was researched to formulate a basic approach to solving the scheduling

problem as a large assignment type problem. Some other background information
on solution techniques was also reviewed during this portion of the literature
review. In terms of formulation of the problem, vehicle routing problems were
analyzed for a similar structure by making the idea transfer of treating the response
guards as vehicles going from wuard post to guard post. Three scheduling
problems were also analyzed for their more standard formulation to be used in this
research. Two general methods of solving the research problem were also
reviewed. The first method was using some heuristic to solve the problem. This
may not give the optimal answer to the research problem. To get an optimal
ansvrer, an analytical technique could be used, but this would undoubtably have
long comnt ational times. The research, then, involving a heuristic algorithm to
generate an effective schedule requires an analytical solution against which the
heuristic algorithm is measured to determine the effectiveness of the heuristic.

Finally, a review of current literature helped in gathering ideas on designing the

spreadsheet which forms the user-interface with the algorithm, In the methodology
16




chapter, the different ideas developed from this research are incorporated with the

different aspects of Operations Research that can be applied to this DoD scheduling

problem.




Chapter 3: Methodology

Introduction

This chapter covers the research methodology for the variable-level
scheduling problem in detail. There are itwo major phases to this methodology.
The first phase consists of solving the mathematical programming problem of
assigning security personnel to guard shifls in a minimum cost manner. The second
phase of the research takes the optimal solution derived in the first phase and puts it
into an easy-to-use spreadsheet format.

Figure 1, on the next page, illustrates the relationship of all parts of the
methodology. Notice that the diagram is easily broken down into two components,

each representing a phase of the research.

Data Collection

The Department of Defense provided data required for this research. There
were three significant areas of information to assimilate into this research project.
The first and most important area of information is the managerial direction for this
project. Itis very important for any analyst to have a clear understanding of the
current problems before the analyst can decide on a direction to solve the problem.
This deals with issues such as trying to minimize overtime payments versus
minimizing total costs, and how important an issue is squad grouping. The second
area of information that needed to be collected is the data dealing with shift
requirements or a minimum standard of security during the different time periods
during the day and week. Finally, personnel regulations needed to be summoned in
order to make sure that the assumptions and conclusions drawn about different

aspects of the scheduling problem were in accordance with current guidelines.
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M 21 Objecti
In an original problem statement to the analysts of DoD, security officer John

Turrall outlined five concerns that the security force management had with current
guidelines. These concerns are summarized below.

The first concern that the security managers expressed deals with the
independence of the scheduling process within the organization (18:1). Each zone
would construct a schedule for its own zone without regard to any standardization
among the different zones. This independent policy results in inconsistent
personnel movement: zone to zone, shift to shift, and post to post. As aresull,
improper planning leads to schedule management by crisis. Turrall suggests that a
detailed scheduling policy, enforced by the Operations Commander, is necessary to
fix this problem of independence (18:1).

The second concern addressed in this memorandum deals with supervisors
observing their subordinates. Under the cutrent system, supervisors do not work
with their subordinates on a regular basis, making evaluations of the subordinates
difficult due to the lack of personal observation of subordinate's work habits (18:1).

The next concern of security management deals with the irregularity of
schedules. Currently, schedules are produced with about a four-week lead time and
the security guards only then find out which days they will have off during that 14-
day period. A more stable schedule with predictable days off would enhance the
security guards' ability to schedule their off-duty time (18:1).

The fourth concern in the initial problem statement addresses management
concerns dealing with surpluses and shortages of personnel. Two serious problems
result from current scheduling practices: overtime and an excess of response

personnel. This is an occasional but nonetheless an extreme problem, particularly

with respect to cost, for security management to handle (18:2).
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The final concern addressed by the security management deals with the type
of shifts which should be scheduled. Management realizes that unequal security
requirements throughout the work day leave them with a scheduling decision of
multiple 8-hour shifts or 10-hour shifts or even considering the possibility of some
12-hour shifts for any or all of their security guards (18:2).

All of these concerns, which are typical of organizations which have erratic
personnel requirements throughout the working day, are addressed in this research
methodology. These management concerns provide the direction or a list of
informal goals for the methodology for this research project.

Handling the shift requirements is a difficult component of this methodology.
The shift requirements need to include the number of posts to be filled during a
shift, the number of reponse guards during a shift, an allowance for sick days taken
as well as an allowance for regular leave time. It is not too difficult from the data
presented to get an accurate counting for the number of guard posts that must be
manned during a shift. One characteristic of DoD guard posts is the irregularity of
some posts times of operation. Calculating the number of response guards to give
an adequate amount of break time for all the guards scems to be a difficult problem.
Forecasting techniques should provide an approximation that satisfactorily predicts
sick days and annual leave.

Personnel requirements are not constant throughout the work day. Table 1 is
indicative of the fiuctuating number of guard posts that are required to operate at

different times in a typical work day.
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PERSONNEIL REQUIREMENTS FOR A TYPICAL
WEEKDAY IN ZONE #1 (18:4)

TABLE 1

Time

0030
0100
0130
0200
0230
0300
0330

0430
0500
0530
0600
0630
0700
0730

/ Required

s e, T, e e e, T e, Ty, T, Y, Twa T T e Y

Number

21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50

Time
0800
0830

0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530

— T, ey, T, T, T, e, Ty, T, Ty, T, Sy e, Y, e e

Number
/ Required

S0
S0
46
46
46
46
46
46
46
46
46
46
44
45
31
S1

Time

1600
1630
1700
1730
1800
1830
1900
1930
2000
2030
2100
2130
2200
2230
2300
2330

Number

/ Required

T Tty ey, T T T T T T T T e T T e S

44
41
36
31
31
29
28
22
2
2
2
22
23
23
21

This table shows how diverse the requirements for minimum security are

during a weekday. Figure 2 is a graphical representation for the zone 1 personnel

requirements. Notice that there is a significant increase during the early morning

time period and a steady but gradual decrease over several hours in the afternoon.

The minimum security level required is only a start for the information to be

collected dealing with shift requirements. Sick leave requirements are also required

to accurately account for this occurrence in day-to-day scheduling. By building an

adequate buffer for sick days, the security force will not be unexpectedly

shorthanded on a regular basis and will reduce costs by not having to pay for

expensive overtime. One factor to look for in this data is if the rate of sick days

22




sjuswelinbay femoduepy AlINOaS WNWIUIN L# auoz ‘g ainbi4

puaoaM
[HH
Aepyoom feQ jo swi]
o FEREL el
HE
EE
HE
|
“

lamodue AlNdag 10}
sjuswialinbay WNWIUI | # duoZ

ot
02
o€

ov

0S

I 09

siuswalinbay Jamoduei

23




varies by different days of the week and by different shifts. This could indicate that
incentive pay (for shift differentials, which will be discussed shortly) has an impact
on how many people report sick, requiring adjustment in the predictions for the
number of people calling in sick for different shifts throughout the 14-day schedule.
Personnel Regulations

Another source for valuable information to this research problem comes
from the personnel regulations of DoD. Information dealing with annual leave
allocations, shift differentials and overtime pay are all covered in the regulations.
Current regulations are cited here for the purpose of better defining the different
components of the research problem.

For overtime pay considerations, DoD Personnel Management Manual 30-2,
Chapter 362, Section 1 (later referred to as PMM 362.X where X is the section),
paragraph g discusses how overtime will be paid to the guards. Overtime refers to
those hours worked by the employee in excess of 8 hours in a day, or 40 hoursin a
calendar week, whichever is the greater number of hours. Therefore, if an
employee works four 10-hour days in a week, that employee has accrued eight
hours of overtime, even though the employee only worked a total of 40 hours in the
week (12:3). Section 3-5 of the regulation discusses overtime rates for the
employees of DoD. For the most part, overtime is paid at 1.5 times the basic wage
rate for the shift where overtime occurred (11:10). One exception exists for this rule
occurs on Sundays and holidays; on these occasions overtime is paid at a rate
equivalent to the rate paid on a 10% differential day (11:10).

Another pay-related area that is addressed in the DoD regulations deals with
night differentials and Sunday premium pay. These pays are refered to as shift
differentials for the remainder of this research. The regulation, PMM 362, mentions
that premium pay is authorized for several situations but does not mention exact
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amounts. According to Mr. Fisher, these shift differentials are a 10% differential for
each hour worked betwee. 300 and 0600 (night differential) and 25% for any
hour worked on Sunday (9). PMM 362 calls the Sunday differential premium pay.
These are important numbers for the computation of how much a guard is paid in
calculating total cost for the security force.

The final area of information from personnel regulations deals with annual
leave. Leave is accrued on an hourly basis, meaning ttat leave is charged for the
number of hours an employee misses work (11:8). An assumption will be made in
this research dealing with annual leave; each guard can take up to 30 days of annual
leave per year so that each guard cap miss at ieast 8.33 % (1/12th) of the time

allocated for work.

Formulation of the Mathematical Model

This is the largest and most complex portion of the methodology for this
project. This part of the methcdology consists of formulating a mathematical
program that assigns a securily guard to a series of shifts for a 14-day period. This
part of the methodology is illustrated in figure 3 shown on the next page.

There are five parts to solving this portion of the methodology problem. The
first problem deals with the shift requirements problem. This assiguns the correct
number of guards to each shift during the 14-day schedule. This portion is
simplified in that it does not include annual leave, sick days, or training
requirements. This simply optimizes the number of guards assigned various shifts
during the 14-days in a minimum cost linear programming problem.

'The next part of the overall math program deals with the relief guard
problem. This proved to be the most difficult portion of the research project,
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since it was necessary {o ensure that a fairness standard was attained so that each
security guard has adequate break time to maintain high morale and that personnel
regulations are met. The minimum requirements presented for zone #1 included
response guards in each half-hour time block. Therefore the issue of assigning
guards tc a reduced number of response guard posts is not addressed in the DoD
problem, but this methodology suggests that the response guards be modeled using
a VRP (Vehicle Routing Problem) format as suggested in the previous chapter.

The third portion of the math program problem is forecasting the number of
sick people taking a day off. It is important to predict the percentage of people who
would report sick on a given day or given shift to make sure that there is still
adequate coverage of all of the guard posts during the shift. The alternative here
would be o call in someone on a day off and pay them overtime (as well as shift
differentials, if they apply) to cover for a sick day.

The fourth part of the math program problem is to allow for the security
guards to take annual leave. This is allocated to the guards per personnel
regulations and this methodology builds this into the schedule as an overage for
each shift.

The fifth and final part of this problem is bringing all of these individual
components together to construct a mathematical model that will evaluate different
schedules and find the least-cost alternative. The cost result from the shift
requirements problem should indicate which of the schedules will have an overall
minimum cost since the schedules are adjusted fairly equally.

Shift Requi Probl

This portion of the math program deals with finding the optimal (least cost)

assignment of officers to different shifts in a 14-day period. To get this optimal

assignunent of security guards to the various shifts, this research uses a linear
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program formulation. This result is essential for solving other portions of the math
program, such as the relief guard problem and the sick days sub-problem.
Therefore this problem needs to be solved first in this methodology. This section
describes the decision variables in the linear program as well as the objective
function and the constraints. Finally, before actually solvir7 the linear program,
analysis of the constraints leads to reducing the size of the linear programming
problem which results in a more efficient solution to this linear program. These
reduction techniques are described in this section of the research methodology.
The decision variables used in this linear program consist of the number of
guards assigned to different shifts during a 14-day period as well as the number of
guards that are required to work either one or two hours of overtime to meet
minimum security requirements. The first set of variables consists of the regular
shifts during the two-weck period and are represented as S; where i is the particular
shift during the 14-day schedule period. The other set of variables consists of

overtime requirements to meet the minimum security requirements. These variables

are A; and B; and represent the number of guards working one hour of overtime
during shift i (A;) and two hours of overtime during shift i (B;).

Two assumptions are made with this formulation. The first assumption is
that only a maximum of two hours of overtime can be scheduled for any one shift.
The second assumption is that either one hour of overtime is scheduled, or two
hours of overtime are scheduled, not one and one half hours (but this can be
pointed out and corrected in the constraint analysis described later). Therefore the
total number of decision variables for this linear programming probiem is three
times the number of shifts for the entire two-week period. One drawback from this
methodology is that these shifts are predetermined in order 1o create these decision

variables. This drawback is addressed when generating alternative schedules using
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a heuristic search for finding the optimal starting times for shifts in the 14-day
period.

The objective function for this linear program 1s not very difficult to
construct. The objective function represents the cost of the number of guards
assigned to the different shifts, and therefore makes this a minimization problem.
By taking the number of hours associated with the shift as well as any shift
differential that applies to that shift, the coefficients of the objective function can be
constructed. For instance, a regular eight hour shift during a weekday with no shift
differential may have a coefficient of 8 while a Friday afternoon / early evening shift
that has 4 hours of a 10% shift differential would have a 8.4 coefficient in the
objective function. Overtime decision variables would have a 1.5 coefficient (for
time and a half) plus any shift differentials factored into them. For example, a
Sunday overtime of two hours during shift 54 (54 is an arbitrary label for the shift)
where the Sunday differential is 25% would result in the following portion of the
objective function: 10 S54 + 1.65 As4 + 1.65 Bs4 (10 is the result of 8 x 1.25 for
the 25% differential; 1.6S is the result of 1.5 x 1.10 for the 10% differential). The
resulting measure of this objective function then is the number of billable hours that
all of the guards work to maintain minimum security levels. By factoring in the shift
differentials and overtime as described above with their adjusting coefficients, the
objective function value represents the number of hours that all of the guards work
without any adjustments for overtime or shift differentials during the schedule.

''here are two types of constraints to this linear program. The first set of
constraints deals with the minimum number of guards required during each half-
hour period during the 14-day period. The number of constraints then is 14 days
times 24 hours times 2 half-hours per hour for 672 (14 x 24 x 2) constraints. Each
constraint has a left-hand-side that consists of the shifts that are working during that
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thirty minute period while the right-hand-side consists of the minimum number of
guards that are required to be working. These are greater than or equal to
constraints. The second set of constraints keeps the number of workers on overtime
correct. For each shift i, there would be two constraints. The first ensures that the
number of guards working one hour of overtime does not exceed the number of
guards working the regular shift while the second constraint ensures that the number
of guards working a second hour of overtime does not exceed the number of
guards working one hour of overtime. For shift number one for example, these
constrainis would be

S1-A1>0 and A -By >0.
Therefore the number of constraints in this portion of the problem is 2 times the
number of shifts in the 14-day period. The total number of constraints then is 672 +
2 x N (where N equals the number of shifts in a 14-day period).

After looking at the decision variables, the objective function and the
constraints to this linear programming problem, this is not a small linear
programming problem. However, with some analysis of the constraints the size of
the problem can be reduced. Reducing the size of the problem results in faster
solution times. The number of constraints can be reduced significantly by looking
at blocks of time where the same shifts are on duty. A second technique reduces the
number of overtime variables that are required, which reduces the size of the
objective function as well.

There is significant redundancy inherent in the constraints of the problem.
While the same shifts are on duty and as long as there is no change in the number of
guards required, the constraints are identical. By eliminating these constraints, the
size of the problem is reduced. Looking at time periods where the same shifts were
on duty, and taking the highest number of guards required during that time period,
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those constraints are dominating constraints. All of the other constraints during that

time period are unnecessary and therefore can be eliminated from the linear
program. As aresull, instead of 672 constraints for minimum requirements, fewer
than {00 are actually required. An example of the magnitude of this reduction can
be found in Appendix A. In Appendix A, all 672 time periods are listed for the two-
week time period as well as though time periods which form nondominated
constraints (or constraints which cannot be eliminated by this method of problem
reduction).

Another way of reducing the size of this linear program is to eliminate those
overtime variables where overtime is not necessary. By looking at the left hand
side of those constraints where only a regular shift is present during that 30 minute
time period and comparing it with the left hand side of the constraints where the
same shift is suppiemented by e :~time employees, the analyst should note that if
the left hand side is larger (or ai {-a<t equal to) from the dominating constraint where
only the regular shift is working, then the overtime variables will go to zero.
Consider for instance the case where, in zone 1 on Saturday afternoon, a constant
force of 18 officers are required. When the Saturday morning shift is relieved by
the Saturday afternoon force, there is no requirement for the morning shift to pull
overtime because the afternoon shift is adequate by itself. This would eliminate the
two overtime variables associated with the Saturday morning shift, as well as two
constraints in the time portion of the problem and the two overtime consiraints
associated with keeping the overtime straight. Therefore each time it can be

determined that overtime is not required by using this technique, two variables and

four constraints can be climinated.




Relief Guard Problem

'This sub-problem deals with scheduling lunch breaks and personal breaks
during a particular guard shift. The minimum requirements for the zone includes the
number of guards required for this portion of the problem. This area needs to be
addressed after the shift requirements problem is completed, to identify the amount
of extra guards available of various times during a shift to possibly reduce the size
of the surplus during certain times of the shift. A reduction in the number of guards
required would lead to solving another series of shift requirements problems. This
could then possibly change the optimal mix of the guards required and generate
even more reductions in the total number of guards. This is unlikely, though, in the
sense that the percentage of relief guards is not dominating the solution to the shift
requirements problem and the total number of guards should be pretty stable
because not that many extra guards are required with these fluctuating minimum
levels of manpower security.

Sick Days Problem

This sub-problem tries to forecast an adequate amount of personnel to cover
for those reporting sick during a particular shift. This outhne shows the logical
progression of how this subproblem was solved using STATGRAPHICS.

The first step was to partition the data into an inilial sct and a test set. The
convention used is {o make the initial set consist of the first 90% of the data, while
the test set consists of the remaining 10%. The data itself is a perceatage of workers
w o report sick and cannot work during a 36-week period. Therefore with this in
mind, the first 33 weeks of data (231 days) is used to predict a test set consisting of
the last three weeks of data (21 days of the 252 days in the complete data set).

The second step is {0 get summary statistics on the complete initial data set as
well as for each day of the week. A comparison of the means and variances can be
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done to see if the sick day rate is different by various days of the week. This can be
done by hypothesis testing.

The third step for predicting the number of sick days is to break each day of
the week into a percentile analysis. By choosing some appropriate level that the
cumulative percentage of sick days is less than, for instance 90%, then only 10% of
the time is there a need to call in a worker on a day off for extra overtime. This also
presumes that all of the workers who could be on annual leave status are in fact on
annual leave.

The final step in predicting the amount of sick days is to take the test set
described earlier and use the predictions formulated by the percentile analysis and
see how many times an underestimation of the number of people who called in sick
actually occurs. If this number is less than 10%, then this prediction methodology is
appropriate for this data set. If it is greater than 10%, then more data points are
required or a higher percentile must be chosen to adequately predict the number of
guards who will report in sick.

Allowance for Annual I.cave

This final sub-problem is based on the personnel regulation requirement to
allow the security guards to take their alloted amount of annual leave during a 14-
day schedule. As mentioned in the data collection portion of the research
methodology, it is assumed that 8.33% of the time a DoD employee can take annual
leave. By allowing up to 12.5% of the work force to have annual leave during a
schedule there should be adequate opporiunities for the guards to request time off
and have it granted.

Brineine it all together: The Assienment Probl

This section incorporates the information from the sub-problems and puts it

together into a mathematical program problem. To set up this model, some
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assumptions have been made and will be clearly explained; an initial guess for the
minimum number of guards that are required must be derived as well.
uired must be derived as well.

For decision variables, the notation is Xjj where the subscript i represents
worker i and the subscript j represents shift j during a two week schedule. More

clearly,

Xjj = 1 if worker i is assigned shift j to work

= () otherwise.

The objective function has three components which consist of a regular pay
cost component for 80 hours of work in two weeks, an overtime cost component,
and a shift differential cost component. These costs are calculated for each guard.

The objective function for minimizing cost can be expressed as:

Z{(15¢% [E(xij *1j)]-40)* wi +(0.1* wy) [Z xij] +(025* wy) [Z xjj 1}
i ; je I1 je3?

where: Lj- length in time of number of hours in shift j.
wj - wage rate of worker i.
31 - subset of shifts with 10% wage differential.
J2 - subset of shifts with 25% wage differential.

The first term of the summation expresses both the regular and overtime cost

components. The regular cost component is
E(Xij *1) * wi.
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The overtime cost component looks like
{05*2 [(xij * Lj- 80]} * w;.

which pays 1.5 times the base pay for any overtime a guard accrues over a 14-day

schedule. Combining the two terms yields the first term in the objective function:

{(1.5* [ Z(x;* 1;)]- 40) * w; }

The other two terms of the summation account for the shift differential costs
that are above the regular pay component. These shifts consist of subsets J1 and J2,
Shift differentials are premium payments to workers for working during the evening
and the weekend.

An interesting aspect of this objective function is how the wage rate is
defined. Using wj, this formulation is generalized for any variable-level scheduling
problem. Recall that the assumption here is that each worker is scheduled based on
an average wage rate of $12.15.

Shift constraints are the most complex component of this methodology.
These constraints consist of the results of the different subproblems of the phase 1
methodology. The shift constraints need to include the number of posts to be filled
during a shift, the number of reponse guards during a shift, an allowance for sick
days taken as well as an allowance for regular leave time. It is not too difficult from
the data presented to get an accurate counting of the number of guard posts that
must be manned during a shift. One aspect with DoD) guard posts is the irregularity
of some posts times of operation. Calculating the number of response guards to
give the correct amount of break time for all the guards seems to be a difficult
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problem. Forecasting techniques should provide an approximation that
satisfactorily predicts sick days and regular leave.

The first component of the shift constraints is to generate the right hand side
of the constraints. This number represents the basic number of guards that are
required to fill all of the posts during the shift. ‘These numbers are the result of the
shift requirements problem of allocating guards to the different shifts so as to have
the lowest cost while meeting minimum manpower requirements.

The second component that must be predicted is the number of response
guards required during a shift. One way to model this aspect of the problem, is to
use a Vehicle Routing Problem formulation that shows a response guard going from
post to post with a set dwell time at each post (the length of the break) and then
moving on to the next post. This formulation preserves the manning requirements
of all the posts and provides all of the guards with their required break time. The
travel time between posts could be set at ten minutes which would give adequate
time for the guards to get from one post to another. ‘Then by using a VRP minimum
fleet size solution technique, this would minimize the number of guards that are
required for response duty during each shift. The number of response guards was
incorporated in the input data for the shift requirements problem for this research
problem for DoD.

The third component requires forecasting sick days and regular leave tisne
(vacation days). This analysis is broken down into days of the week through a
multiple regression analysis of previous sick days and leave requests. Through this
analysis, a certain percentage of overage will be built into each shift in the schedule

to accomodate requests for days off and sick days.




Worker constraints also have three different aspects to them. First, the
workers are required to work 80 hours every two weeks. This constraint is
expressed as

E(xij * L;) 280 for all workers i

The next aspect of the assignment problem worker constraints deals with no

back-to-back shift scheduling. This constraint looks like:

X11 +X12+X{3+X14+x15<1

X{2 +X13+X14+x15+x16<1.

‘This shows how a guard cannot be working more than one shift during any 24 hour
period. This also needs to be done for each guard and therefore constitutes the
number of guards times the number of shifts constraints. This number can be
extremely large, for instance there arc at least 42 shifts in a two week period and
over 180 security officers. The result is over 7500 constraints {or this part of the
problem. By assuming that a guard will work only during a specific shift, the need
for this back-to-back restriction is not required. This assumption, while reasonable,
may lead to excess guards being needed to fulfill a single shift during a two week
schedule. The remaining shifts this guard works during the two weeks during this
time period is unnecessary for the remainder of the schedule and therefore is
inefficient. _

A similar constraint, though, does need to be addressed. This third worker
constraint is a multiple choice type constraint where the worker works only five

days in a week. This constraint is

2 Xij <5 for each worker i and for all shifts j in weeks 1 and 2.
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'This ensures that each worker has at least two days off each week. These days may
not be consecutive. The solution method for changing the two days off into two
consecutive days off in a week is handled in the second phase of the methodology

and is done by a swapping type algorithm.

Generating Alternative Schedules \

The mathematical programming model is dependent on a schedule of shift
start times introduced by the analyst. This portion of the methodology finds the
optimal starting times for various shifts during the week.

To generate these alternative schedules five different possibilities were
explored. Since DoD needs round-the-clock security, all five schedules have three
8-hour shifts, seven days a week. The start times for these shifts are assumed to be
the same as the current start times at DoD. The reason for this assumption is that to
implement a change in the schedule there needs to be a consistency with the current
schedule. The first schedule will consist solely of these three 8-hour shifts each
day. Also, by keeping this set of eight hour shifts, not too many people would be
moved to other shifts so that those workers who wanted to keep their current
arrangements for such things as child care and other requirements would not be
affected by a new schedule. This will be known as schedule A.

The next schedule is the three 8-hour shifts plus a weekday 8-hour shift from
1000 to 1800 hours. Presently, this is the current scheduling scheme being
implemented by DoD. It should be noted right away that the manpower

requirements in the late afternoon drop off rather dramatically in zone one (recall

figure 2 on page 23) so there appears to be quite some excess built into this

schedule. This will be known as schedule B.




The next three schedules all start with the three 8-hour shifts of the first
schedule and then add various shifts on top of that to take care of surges in
manpower requirements. With this in mind, schedule C has two extra 8-hour shifts
to cover the surge of manpower from 0400 to 2000. The first shift covers the first
eight hours fror: 0400 to 1200, while the second extra shift goes from 1200-2000.

Schedule D has one extra 10-hour shift that goes from 0600 to 1600. These
ten hours during the day have the highest consecutive amount of manpower
requirements and was thus chosen with that in mind.

The fifth and {inal schedule to be considered is schedule E which is similar to
scheduie 1 but has cne extra 12-hour shift which commences at 0600 and goes until
1800. Therefore there are five schedules being generated by this research to look

for an optimal schedule.

Spreadsheet Design

Phase two begins with this step in the research methodology. Looking at
this block diagram for phase two, notice there are three important comiponents to
this portion of the raethodology. This diagram is on the next page (figure 4). The
three blocks under the spreadsheet design are the two consecutive days off
problem, the Monday training problem, and the squad grouping problem. The
problems are individually discussed after the characteristics of the spreadsheet are
described.

The spreadsheet design for a master schedule is included because a master
schedule could be copied and then adapted for each individual two-week schedule.
Each squad could be looked at individually which would facilitate analysis of the
schedule by each squad leader to ensure supervision of activities would take place
for each of his subordinates in every two-week period.
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The input into the spreadsheet design methodology is the result of the
assignment problem. This result has multiple optima. This result is exploited by
swapping different shifts among the workers. The number of multiple optima is
large in this research due to the assumption that each guard is assumed to make the
same wage rate. In fact, there are N! similar cost results (where N is the number of
guards) since each guard could substitute his entire schedule with any other guard.
For example, suppose there are 192 guards. Guard number one could have any of
the 192 schedules. Then guard number two then has a choice of the remaining 191
schedules. The objective function result of the assignment problem does not change
since it consists of the number of billable hours for each schedule without regard to
who is assigned to that schedule.

The result of the optimal schedule portion of the research may or may not
have two consecutive days off in a particular week. The optimal schedule does
ensure, though, that two days off are available each week. A swapping heuristic is
done for those workers who have similar shifts during a week to get the desired
two consecutive day off result. The swapping idca ensures an improvement in the
two consecutive day off problem without losing any optimality, because each
worker is considered {o make an average wage in the assumptions presented in
chapter one. By swapping one person for one person in this heuristic, the total cost
is not affected since the wage rate has been assumed to be a constant and therefore
shift differentials will have similar effects on different workers. This methodology
may not guarantee that all workers will have two consecutive days off each week
and maintain optimality, but will come very close to obtaining a schedule that
produces the desired affect.

The next subproblem on the design side of the methodology deals with the
Monday training idea. The goal of this subproblem is to maximize the number of
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workers who have Monday training during the two-week period. The idea behind
this thought is the number of federal holidays cach worker is entitled to plus the
number of current training days annually is about 21 (9). With 26 two-week
scheduling periods during the year, each guard would have either a holiday or
training during each two-week schedule. Since most federal holidays occur on
Monday, it would belp the scheduler give credit for the holiday to the maximum
number of guards if the scheduler simply cancels training for that two-week period.
This thought would try to incorporate the idea that the two consecutive days off for
employees would not include Monday. and thus all workers not required on
Monday and not on their two day off period, could then be scheduled for training.
One shortcoming of this idea is that those workers who work overnight on Sunday
would not be available for Monday training and thus may have to be scheduled to
have Monday off. To facilitate this, segregation of days off into distinct pairs needs
to be incorporated in the consecutive day off swapping procedure. These pairs
include Saturday and Sunday, Tuesday and Wednesday, and a third pair of
Thursday and Friday. This helps in assigning the maximum number of people for
Monday training.

The final subproblem with this design phase of the methodology deals with
the grouping of workers into squads of roughly 12 people. Twelve is significant
since it would capture the annual leave and sick day components of the phase 1
methodology and have the scheduler capable of having up to two people sick or on
annual leave on any particular day from each squad and still meet minimum
req.irements. On weekends and overnight the number of people out can increase
by one per squad to meet the lower requirements for minimum manpower. This is
significant since it reduces the possibility of being shori-handed during the more
expensive night and weekend shifts.
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With these subproblems complete, a schedule that addresses the concerns of
management can be put together that would address all of the workers' needs as
well. The final schedule then is produced using the resulis of these sub-problems in
a series of spreadsheets. The scheduler then can look through the different squads
and generate the number of people who are sick or on annual leave and be able to
instantly see if any extra workers need to be brought in for overtime due to a large
number of people sick.

This methodology is very segmented in that there are several small problems
which require a solution. Once a single schedule has been formulated, it will be
very easy to copy and use over and over again. If manpower requirements change,
only a quick rerun of the shift requirements subproblem is needed to see if the rest
of the process has to be accomplished. This methodology is beneficial to the user if
there are not a significant number of changes in the near future or a single large

change which would require the entire problem to be resolved.
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Chapter 4: Research Resuiis

There are two major results of this research project. The first result deals
with the development of a useful heuristic for generating a schedule for different
minimum requirements throughout some time period. The second area of results
deals with the DoD scheduling problem in more detail and follows the methodology

presenied previously.

The Variable-Level Scheduling Heuristic
As a result of this rescarch, a heuristic algorithm is presented as a starting
point for finding a minimum-cost schedule where different ievels of manpower are
required. This heuristic incorporates many of the ideas presented in (he
methodology outlined in the previous chapter. This heuristic is designed for the
analyst rather than a nontechnical manager. The heuristic consists of ten steps, some
of which require solving linear programming problems, so the use of a computer
with a linear programming pa <age is encouraged. For small and medium size
schedules (less than 200 employees), a personal computer solver would be
sufficient. The heuristic is presented in its entirety with each step throughly
explained and then summarized in a list for quick reference. This is the variable-
level scheduling heuristic. Each step is explained using the DoD) problem as an
example.
In step ons, sitple data collection of the minimum worker requirements is obtained.
The time periods can be diverse, in this research, a 30 minute interval was used throughout
a two-week time period. A more common case may be one-hour intervals for a five day
work ~veek. The detail of the problem and length of the schedule are the fwo factors to be

considered by the analyst. This step requires a consultation with management about the
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minimum levels. In the security scheduling problem, it consists of all of the guard posts
and response guards required to be manned during cach half hour during the work day.

The second step of the heuristic addresses a baseline schedule requirement. This is
simply the answer to the question of "What is the minimum number of workers required
for all time periods considered ?" Tior the DoD problem, the answer is 18, since 18 guards
are required on weekends and overnight. Notice however that 21 guards are required
from 2000 hours to 2400 hours and this can be established as a secondary baseline for that
time period.

In the third step, appropriate start times must be addressed. Guidance can come
from personnel regulations, worker requests, or from the result of step 2, after the
subtraction of the baseline schedule. Inthe DoD problem, the 8-hour shifts that go around
the clock are continuations of current policy. Therefore, other start times would be driven
by the variable-level manning requirements to provide maximal coverage of the surges in
manpower requirements.

In step four, the baseline number of workers are removed from the total to address
the time periods where surges in manpower are actually required. By subtracting the
baseline from the total requirement, the result should eliminate large portions of time that
need to be scheduled, since a baseline schedule of consistent manning levels will take care
of that portion of the schedule. This idea is adapted from a reverse thinning concept taken
from monte-carlo simulation (5:621).

Step five is an important part of this heuristic heuristic. The shift-time heuristic used
in this step is a common sense approach to take care of surges in the schedule. The
resulting hours of assignment for the surge shifts is based on overlime worth 1.5 {imes
regular pay, a traditional premium associated in the American marketplace for overtime

wage compensation. The shift-time heuristic is presented as follows:
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a. Add the total number of consecutive hours where surge shifts are required. If this
number is less than two hours at the end of each shift, pay overtime and do not create a
new shift,

b. If total number of hours is between two and five hours, consider part-time
workers with a premium of up to 50% over regular pay. This would meet requirements at
a lower cost and then try to trim requirements during this time period for cost effectiveness.
If part-time is not possible, then add a single eight hour shift centered on the desired surge
time.

c. From 5-9 consecutive hours add one 8-hour shift to overlay peak demand.

d. From 9-11 consecutive hours add one 10-hour shift to overlay peak demand.

c. From 11-14 consecutive hours add one 12-hour shift to overlay peak demand.

f. From 14-17 consecutive hours add two 8-hour shifts to overlay peak demand.

g. From 17-19 consecutive hours add one 8-hour shift and one 10-hour shift to
overlay peak demand.

h. From 19-21 consecutive hours add one 10-hour skifts to overlay peak demand.

i. From 21-23 consecutive hours add one 10-hour shift and one 12-hour shift to
overlay peak demand.

j. Over 23 consecutive hours add three 8-hour shifts to overlay peak demand.

This is the shift-time heuristic which generates alternative schedules for cost comparison.

Step six deals with the shift requirements allocation problem. For each individual
alternative shifi scheme, this problem generates the optimal mix of people assigned to
various shifts throughout the scheduling time period. In the DoD problem, the time period
is two weeks with five different schedules (as outlined in the methodology chapter). The
result is a weekly cost figure of paying regular time plus overtime to minimize costs and
maintain minimum requirements. The objective function is the number of billable hours in
a one-week time frame. One week is all that is required in this research problem because
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the requirements are static from week to week. The variables in this problem are the
number of workers allocated for each shift, as well as the number of workers for one hour
of overtime and two hours of overtime. This provides an excellent point of comparison
between various shift alternatives. Several alternatives may be eliminated while the rest of
the heuristic may be pursued with only the most promising alternatives.

The next step, step seven, compiles the result from step six and organizes the
various shifts together for the assignment problem. This is based on the assumption that
workers need to work on the same or similar shifts throughout the time period. Otherwise
a constraint needs to be added in the assignment problem in step nine to ensure that a
worker does not have to work back-to-back shifts. Another advantage 1o this assumption
is that the size of the problem in step 9 is reduced because the problem can be reduced to
individual assignments to certain shifts.

Step eight addresses collective shift requirements. This accounts for excess
scheduling for personal breaks if work cannot be interrupted, sick days and for annual
vacations of employees. Some methods for adjustment are to add a flat percentage for
each category, or an overall percentage for all categories which contribute to collective
shift requirements.

Step nine deals with the assignment of workers to these shift allocations which have
been adjusted to meet collective shift requirements. Minimum cost drives the zero-one
integer programming problem of assigning worker i to shift j. Lach worker is required to
work a minimum amount of time during a schedule. These are incorporated in the
minimum worker requirements constraints. ‘The collective requirement constraints ensure
each shift is adequately manned. Finally, two days a week off are built into the last ser*~s
of constraints. An important feature of this step is that if the similar shift assumption is

made (i.e. a worker will work a similar shift throughout the period), then the assignment
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problem can be further broken down by similar shifts over the scheduled period. For
instance, all of the morning shifts could be considered in a separate assignment problem.

Step ten, the final step in this heuristic heuristic, manipulates the days off produced
by the assignment step (which ordinarily have multiple optimal solutions) to have the days
as consecutive days off. This requires the identification of days off between workers on
the same shift. Then a simple greedy type heuristic of sequentially starting at one end of
the list and trading with the other end of the list to produce the desired two consecutive
days off scemed to work well in the Do) research example. An optimal solution without
this condition could exist but could be scaled down such that less than ten percent of the
work force on any one shift would not have the desired result of two consecutive days off.
Also in the DoD problem, Monday training forced pairs of days to be considered for the
consecutive days off zspect of the problem. This reduces the size of the problem by
considering only three possible two consecutive day off patterns versus the normal seven
possibilities.

The heuristic is now summarized to show more clearly the interaction of the -
different steps of the variable-level scheduling heuristic algorithm.

Step 1: Determine minimum level requirements over time. This may require
some consultation with management.

Step 2: Establish a baseline for certain portions of the time period. This can
be important to reduce the size of the problem later on.

Step 3: Using guidelines, find appropriate start times for baseline.

Step 4. Subtract baseline from minimum level requirements. Identify the
length of time required for extra shifts to be added,

Step 5: Using shift-time heuristic (presented earlier), identify possible extra
shifting to be added to baseline shifting.




Step 6: Solve shift requirements integer linear programming problem (for a

specific schedule) as follows.
min 3 (Cost of shift; / worker) * (Number of workers on Shift;)

s.. 2 (Number of workers on shift; during time t) > minimum

1 level of workers
attimet V1.

{Known as minimum level constrainis}

(Number of workers on shift;) - (Number of workers
on first hour of overtime) > 0

(Number of workers on first hour of overtime on shift;) -
(Number of workers on second hour of overtime on shift}) > O

{Known as overtime constraints}
Variables: (Number of workers on shift;) are nonnegative integers.

Step 7: Take results of integer lincar programming problem of step 6 and
segregate into different shifts. This is to take advantage of the assumption of the
workers being assigned to a similar shift throughout the time period. Otherwise in
assignment problem (step 9) formulate no back-to-back shifting requirement
constraints (as described in the methodology chapter).

Step 8: Add to shift requirements results from integer linear programming
problem allowances for training, sick days, and personal breaks. These numbers
will vary by different organizations. Only the personal breaks problem can be
optimized. These are known as collective shift requirements.

Step 9: Solve assignment problem ( for a specific schedule)

min ¥ wage; * shift; i- worker #i; j- shift #j.

st. X (Number of hours in shiftj) * (shifti,j) > minimum number of
i hours V i (worker requirements)

2 Shifti; > Colleclive shift requirement for shift j V' (minimum

i manning level requirements)
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2 Shifti,j < 5 Vi (each worker gets two days a week off)
71,7 & 8,14

The result of step 9 is a feasible set of shift schedules which meets minimum requirements
al minimom cost. Remember that overtime allocation was accomplished during step 6 of
the heuristic and therefore needs to added to the cost result of step 9 to garner a true
minimum cost of the schedule.

Step 10: A desirable scheduling feature is to have two consecutive days off. A

swappping procedure is performed to accomplish this feature.

Specific Results of this Research

This research was able to develop a schedule that could save about 8% annually
and mzet many of management's desires for squad grouping and consecutive days off.
The results are broken down into three specific areas: preliminary infermation; shift
requirements linear programming results for the five schedules proposed; and the final
schedule for the security personnel {o follow in zone #1.

Preliminary information results combines the sick days and annual leave
subproblems. The methodology in this esearch made an allowance for annual leave of
12.5%. This means that for every eight security officers scheduled during a shift, an
additional guard nceds 1o be scheduled for the annual leave allowance. For sick days, a
comparison of the means and variances of the percentage of guards calling in sick showed
no significant statistical significance between different shifts. A percentile analysis showed
that an allowance of 6% of the guards calling in sick was an adequate allowance over 90%
of the time. In fact, on the test set of data described in the methodology chapter, this 6%
allowance was adequate for 93.6% of the shifts (only 4 shifts of 63 in the test set required
additional guards). Combining these two results, a total allowance of 18.5% is required to

account for these two subproblems.
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The second result that needs to be addressed is the result of the minimum-cost shift
requirements analysis. Here schedule C performed the best, followed by schedule E, then
schedule 1), schedule B (the current DoD) schedule), and finally, schedule A. An interesting
observation is that the more "extra hours” associated with a schedule, the betler it seemed
to perform. Looking at the numbers of the weekly cost in schedule C versus schedule B,
there is an 8.6% savings. Schedule B is the baseline for comparisor in this analysis since it
reflects the best possible combination of shift allocation for the current DoD schedule.
Finally, after going to phase two of the methodology, there is not much loss in optimality
to achieve squad grouping and Monday holidays as well as two consecutive days off each

weck. The shift requirements problem results are summaurized in table 2 below.

TABLE 2
SHII'T REQUIREMENTS PROBLEM RESULTS

Shift Schedule Weekly Billable Hours (Minimum)
A 6658.8
B 6628.8
C 6058.0
D 6251.3
E 6202.8

Taking schedule C and moving to phase two of the methodology added less than 27
billable hours a week to solve the three subproblems of phase 2 of the methodology.
Table 3 on the next page shows the result of phase two of the methodology and its effect

on cost.




TABLE 3
SCHEDULE C COST ANALYSIS

Shift Number Number of 1st Number of 2nd Shift

Number Working  Hour Overtime Hour Overtime Cost

1 36 1 1 291.0
2 23 2 2 199.8
3 21 0 0 184.8
4 36 1 1 291.0
S 23 2 2 199.8
6 21 0 0 184.8
7 36 1 1 291.0
8 23 2 2 199.8
9 21 0 0 184.8
10 36 1 1 291.0
11 23 2 2 199.8
12 21 0 0 184.8
13 36 1 1 291.0
14 23 5 5 209.7
15 18 0 0 158.4
16 18 0 0 158.4
17 18 0 0 158.4
18 18 0 0 174.6
19 18 0 0 180.0
20 18 0 0 180.0
21 21 0 0 191.1
43 14 0 0 114.8
44 27 0 0 221.4
45 14 0 0 114.8
46 27 0 0 2214
47 14 0 0 114.8
48 27 0 0 2214
49 14 0 0 114.8
50 27 0 0 221.4
51 14 0 0 114.8
S2 27 0 0 22i.4
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The third result is the actual schedule for zone one. Each of the sixteen squads have
their own schedule with very little separation of the squad during working hours. In fact,
the most is two hours in any day, while all training is grouped together for the entire squad.

These results are included in Appendix B.
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Chanter 5: Racommendationc and (’nnnlucinac

Recommendations

This rescarch leads to a single schedule for DoD to implement. This is
schedule C as described earlier in this paper. ‘This schedule gives management
many of the features it was trying to accomplish as well as save a significant amount
of money. After manipulation of phase two of the methodology, this schedule
yields a total of 6084.8 billable hours each week. This is the result of adding the
cost column of table 3. The minimum number of billable hours for the curreat DoD
schedule (schedule B in this research) is 6628.8 hours a week. Schedule C saves
544 billable hours each week or a savings of 8.2%. Note that the 6084.8 billable
hours is less than any allernative after the shift requirements portion of the problem.
The 544 billable hours multiplied by the average wage yields a savings of $6,609.60
each week and, if extended for a period of one year would result in a savings of
$343,699.20. Therefore, schedule C should be implemented as the zone #1
schedule. Implementation would not be difficult since the basic-around-the-clock
eight hour shifts have not changed.

Another recommendation is built into this schedule. This would tie the idea
of Monday training with the observance of Federal holidays. If a Federal holiday is
scheduled during a two week time period, there would be no need to track who
received credit for the holiday if the training day is simply substituted for the
holiday.

To reduce costs even further, the following times should be analyzed by
DoD to see if some posts could be eliminated. This would reduce the number of
billable hours significantly since it would translate to whole shifts of eight hours
being eliminated if implemented. On Monday through Friday, the early morning




surge from 0630 to 0900 of SO officers shoula | ossibly be reduced to 46. Only 46
security officers are required unti! 1400 on weekdays, therefore four 8-hour shifts
could be eliminated each weekslay. This would save 160 additional billable hours a
week. During the late afternoot: weekday surge from 1500 to 1700, a high of 51
officers are required in zone #1. If these numbers can be reduced to 41, additional
significant savings can be realized. These are difficult times to cut officers since
they are involved in traffic control, but an investigation of part-time workers for
these surge periods could result in some additional savings.

A single recommendation for follow-on research would look more closely at
the response guard problem. An aigorithm which could quickly solve this portion
of the variable-level scheduling problem could possibly reveal even more savings

for the security force.

Conclusions

The key subproblem that led to these dramatic results is the shift
requirements linear programming subproblem of phase 1 of the methodology. By
measuring the number of weekly billable hours between schedules, it is easy to
determine a minimum-cost variable-level schedule.

'This has been an interesting analysis of a real world scheduling problem.
This research has investigated this problem using many different ideas from
operations research and developed a heuristic algorithm to solve a variable-level
scheduling problem in the future. By putting the results in a spreadsheet format, an
analyst is not needed to use the results of the research on a day-to-day basis. This
research also kept the wishes of management, as well as a concern for the workers,

in mund, in order to develop a system which is easy to implement.
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Appendix A:_Schedule C Minimum Requirements Printout

The following pages show the overlapping of shifts for schedule C matched
with the minimum requirements for each 30 minute time period during a 14-day
schedule. This format was used to determine the binding constraints for the shift
requirements problem as outlined in chapter 3, the methodology chapter (sce pages
29-31). These binding constraints are illustrated with an " * " in the last column. A
regular shift is annotated as SXX where XX is the shift number. The first hour of
overtime is labeled as AXX for shift XX. Similarly, the second hour of overtime is
labeled as BXX. For instance, on shift number 3, S3 represents the number of
guards required during normal shift hours which extend from 2200 on the first
Monday to 0600 on Tuesday morning. A3 represents the number of guards
required for one hour of overtime, or from the time period of 0600 to 0700 on
Tuesday morning. B3 then represents the number of guards required for a second
hour of overtime which would be from 0700 to 0800 on Tuesday morning. This

analysis reduces the size of the shift requirements problem by reducing the number

of constraints by over 50%.




SCHEDULE C

Time
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
03830
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900
1830
2000
2030
2100
2130
2200
2230
2300

Day

Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Mornday
Monday
Monday

Regular
Shifts
S42

S42

S42

S42

S42

S42

S42

S42
S42,S43
S42,843
S42,543
S42,843
S1,843
S1,843
S1,S843
S1,S843
S1,S43
S1,843
S1,843
S1,843
S1,843
S1,843
S1,843
S1,S43
S1,844
Si,S44
S1,S44
St,S44
S2,844
S2,544
S2,844
S2,S44
S2,S44
S2,S844
S$2,844
S2,844
52,544
S2,844
S2,S844
S2,844
S2

S2

S2

S2

S3

S3

S3

Overtime Number

Shifts

A42
A42
B42
B42

A43
A43
B43
B43
Al
Al
Bi
Bl

A4d4
A44
B44
B44
A2
A2
B2
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Non-Dominated

Required Time Constraints

21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50
50
50
46
46
46
46
46
46
46
46
46
46
44
45
51
51
49
44
41
36
31
31
29
28
22
22
22
22
22
23
23

0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
19C0
1930
2000
2030
2100
2130
2200
2230
2300

*

*




2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0830
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900
1930
2000
2030
2100
2130
2200

Monday

Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday

S3
S3
S3
S3
S3
S3
S3
S3
S3
S3,845
S3,545
S3,845
S3,545
S4,845
S4,845
S4,845
S4,845
S4,545
S4,845
S4,845
S4,545
S4,545
34,545
S4,845
S4,845
S4,546
54,546
S4,8546
S4,8546
S5,846
S5,8546
S5,846
35,546
S5,846
S5,846
55,846
S5,846
55,546
55,846
55,8546
S5,846
S5
S5
S5
S5
S6

B2

A3
A3
B3
B3

A4S
A45
B45
B45
A4
A4
B4
B4

A46
AdB
B46
B46
AS

S8

21
21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50
50
50
46
46
46
46
45
46
46
46
46
46
44
45
51
51
49
44
41
36
31
31
29
28
22
22
22
22
22

2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
09CH
08sv
1000
1030
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
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
08090
0830
0900
0830
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900
1830
2000
2030
2100

Tuesday

Tuesday

Tuesday

Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
VWednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday

S6
S6
S6
S6
S6
S6
S6
S6
S6
S6
S6
S6,547
56,847
56,547
S6,547
S7,S47
S7,S47
S7,S47
S7,8547
S7,847
S7,847
S7,847
S7,547
S7,847
ST,547
S7,847
S7,547
S7,548
S7,548
S7,548
S7,548
58,548
S8,548
58,548
58,848
S8,548
S8,548
S8,348
S8,548
S8,348
S8,848
S8,548
S8,548
S8
S8
S8

Ad

BS

A6
A8
B6
36

A4T
A47
B47
B47
AT
AT
B7
B7

A48
A48
B48

23
23
21
21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50
50
50
46
46
46
46
46
46
46
46
48
46
44
45
51
51
49
44
41
36
31
31
29
28
22
22
22

2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
09800
0930
1000
1030
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
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0830
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900
1930
2000

Wednesday

Wednesday

Wednesday

Wednesday

Wednesday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday

S8

S9

S9

S9

S9

S9

S9

S9

S9

S9

S9

S9

S9
S9,549
S9,8548
S9,849
S9,849
S10,849
S10,849
S10,849
S10,S549
S10,849
S10,85489
S10,849
S10,S49
S10,S849
S10,8489
S10,849
S10,849
S$10,850
S10,850
S10,S350
S10,850
S11,850
S11,850
811,850
S11,850
S11.8S50
S11,850
St1,850
S11,850
S11,850
811,850
S11,850
S11,850
S1t

B48
A8
A8
B8
B8

A9
A9
BS
B@

A49
A48
B49
B49
A10
Al10
B10
B10O

A50

60

22
22
23
23
21
21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50
50
50
46
46
46
46
46
46
46
46
46
46
44
45
51
51
49
44
41
36
31
31
29
28
22

2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0830
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1630
1600
1630
1700
1730
1800
1830
1900
1830
2000




2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900

Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
friday
Friday
Friday

Slt
Si1
S11
Si2
S12
S12
S12
St2
S12
S12
S12
S12
S12
S12
S12
S12,851
S12,851
S12,851
512,851
S13,S51
S13,851
S13,851
S13,851
S13,851
S13,8351
S13,851
S13,851
S13,S51
S13,S51
S13,851
S13,851
S13,852
S13,852
S13,852
S13,852
S14,852
S14,S52
S14,852
S14,852
S14,S852
S14,852
S14,852
S14.852
S14,852
S14,852
S14,852

A50
B50
BSO
All
All
Bil
Bil

AL2
AlL2
B12
B12

AS1
AS1
BS1
BS1
Al13
Al13
B13
B13

22
22
22
22
23
23
21
21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50
50
50
46
46
46
46
46
46
46
46
46
46
44
45
51
51
43
44
41
36
31
31
29

2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0800
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900




1830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0800
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1634
1700
1730
1800

Friday

Friday

Friday

Friday

Friday

Friday

Friday

Friday

Friday

Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday

S14,852
Si4
S14
Si4
S14
S15
S16
S16
S15
St5
S15
S15
S15
S15
S15
S15
S15
Si15
St6
S15
S15
S16
Si6
Si6
S16
S16
S16
S16
S16
S16
Si16
S16
Sit6
S16
S16
S16
S16
S17
S17
S17
St7
S17
S17
SL7
S17
St7

AS52
AS52
BS2
B52
Al4
Al4
Bl4
B14

A1S
AlS
B15
B15

AlB
AlB
B16
B16

28
22
22
22
22
22
23
23
21
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

1830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1060
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
t7C¢0
1730
1860




1830
1900
1830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0020
c100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0830
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1800
1630
1700

Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sundzy
Sunday
Sunday
Sunday
Sunday
Sunday

S17
S17
S17
S17
S17
S17
S17
Si8
S18
S18
S18
518
S18
S18
Si8
S18
S18
S18
S18
Si8
Si8
S18
Si18
S19
S19
S19
S18
S19
S19
S19
S19
S19
S19
S19
S19
S19
S19
Si9
Si9
S20
S20
S20
S20
S20
S20
S20

ALT
ALT
B17
B17

Al8
Al8
B18
B18

AlQ
AL9
B19
B19

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

1830
1900
19830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700




1730
1800
1830
1800
1930
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
11C0
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600

Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday’
Sunday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Moaday
Monday
Mounday
Monday
Monday
Monday
Monday
Monday
Monday
Monday

S20
S20
S20
S20
S20
S20
S20
S20
S20
S21
S21
S21
S21
S21
S2i
S21
521
S21
S21
S21
S21
S21,853
S$21,853
S21,853
521,883
S$22,853
S22,853
522,853
S22,853
S22,853
S22,8353
S22,853
S22,853
S22,853
S22,853
S22,853
522,853
S22,854
S22,554
S22,854
522,854
$23,S854
S23,854
523,854
S23,854
S23,554

A20
AzO
B20
B20

A21
A2l
B21
B21

A53
AS3
B53
B53
A22
A22
B22
B22

18
18
18
18
18
18
18
18
18
18
18
18
18
21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50
50
50
46
46
46
46
46
46
46
46
46
46
44
45

51

51
49

1730
1800
1830
1900
1830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1530
1600

*




1830
1700
1730
1800
1830
1800
1830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500

Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuzsday

S23,S854
S23,S54
S23,S854
S23,854
523,554
523,854
S23,S54
S23
S23
S23
523
S24
S24
S24
S24
S24
S24
S24
S24
S24
S24
S24
S24
S24,855
S24,855
S24,855
S24,855
S25,855
S25,855
S25,855
S25,855
S25,855
525,855
S25,855
S25,855
525,855
S25,885
525,885
S25,855
S25,S856
S25,856
S25,S56
S25,856
526,856
S26,856
S26,856

A54
AS54
BS54
B54
A23
AZ3
B23
B23

A24
A24
B24
B24

AS5
A55
B35
B&5
A25
A25
B25

44
41
36
31
31
29
28
22
22
22
22
22
23
23
21
21
19
18
i8
18
18
18
18
18
23
29
35
44
50
50
50
50
50
46
46
46
46
46
46
46
46
46
46
44
45
51

1630
1700
1730
1800
1830
1900
1830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0800
0830
1000
1030
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
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400

Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday

526,856
S26,S56
S26,856
S26,556
S26,856
526,856
S26,S856
S26,856
526,856
S26
S26
S26
S26
S27
S27
S27
S27
S27
S27
S27
S27
S27
S27
S27
827
827,857
S27,857
Sz7,857
827,857
S28,857
S28,S57
S28,857
528,857
528,857
528,857
S28,857
S28,857
528,837
S28,857
528,857
528,857
528,558
S28,858
528,858
S$28,858
S$29,858

AS6
AS56
B56
B56
A26
A26
B26
B26

A27
A27
B27
B27

A5T7
AST
B57
BS7
A28

66

51
49
44
41
36
31
31
29
28
22
22
22
22
22
23
23
21
21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50
50
50
46
46
46
46
46
46
46
46
46
46
44

1530
1600
1630
1700
1730
1800
1830
1800
1930
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400

*




1430
1500
1530
1600
1630
1700
1730
1800
1830
1900
1830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300

Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Wednesday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday

S29,858
S29,858
S29,S58
529,858
S29,S858
S29,S858
S29,858
S29,858
S29,858
529,858
529,858
S29
S29
S29
S29
S30
S30
S30
S30
S30
S30
S30
S30
S30
S30
S30
S30
530,859
S30,S859
S30,S859
830,859
S31,859
831,859
S31,859
831,859
S31,859
S31,859
S$31,859
S31,859
S31,869
S31,859
S31,859
S31,859
831,860
S31,360
831,860

A28
B28
B28

A58
A58
B58
B58
A29
A28
B29
B29

A30
A30
B30
B30

A58
A59
B59

67

45
51
51
49
44
41
36
31
31
29
28
22
22
22
22
22
23
23
21
21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50
50
50
46
46
46
46
46
46
46
46
46

*

1430
1500 *
1530
1800 *
1630
1700
1730
1800
1830
1900
1930
2000 *
2030
2100 *
2130
2200 *
2230
2300 *
2330
0000 %
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530 *
0600
0630 *
0700 *
0730
0800 *
0830
0900
0830
1000
1030
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
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200

Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday

S31,S60
S32,860
S32,S560
S32,860
S32,860
832,860
S32,860
832,560
S32,860
532,560
S32,S60
S32,S860
S32,S860
S32
S32
S32
S32
S33
S33
S33
S33
S33
S33
S33
S33
S33
S33
S33
S33
S33,8561
S33,861
S33,861
S33,S861
S34,561
S34,861
S34,861
S34,861
S34,861
S34,861
S34,861
S34,561
S34,861
S34,561
S34,561
S34,861
S34,862

B59
A3l
A3l
B31
B31

A60
ABO
B60
B60
A32
A32
B32
B32

A33
A33
B32
B33

AB1

46
44
45
51
51
49
44
41
36
31
31
29
28
22
22
22
22
22
23
23
21
21
19
18
18
18
18
18
18
18
23
29
35
44
50
50
50
50
50
48
46
46
4€
46
46
46

1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900
1830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0036
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0830
1000
1030
1100
1130
1200

¥*




1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1750
1800
1830
1900
1930
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
03830
t000
1030
1100

Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday

S34,862
S34,862
S34,862
S35,562
535,862
S35,862
835,562
535,562
S$35,S562
535,862
835,862
S35,562
835,862
S35,862
S35,862
S35
S35
S35
S35
S36
S36
S36
S3€
S36
S36
S38
S36
S36
S36
S36
S386
S36
S36
S386
S36
S37
S37
S37
S37
S37
S37
S37
S37
S37
S37
S37

A61
B61
B61
A34
A34
B34
B34

A62
A62
B62
B62
A35
A35
B35
B35

A36
A36
B36
B36

69

46
46
46
44
45
S51
51
49
44
41
36
31
31
29
28
2
22
22
22
22
23
23
21
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
Y

18
18
18
18
18

1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900
1930
2000
2030
2100
2130
2200
22230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100




1130
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1800
1830
2000
2030
2100
2130
2200
2230
2300
2330
0000
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000

Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturda-
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Saturday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
Sunday
S.nday
Sunday
Sunday
Sunday
Sunday
Sunday

S37
S37
837
S37
S37
S38
S38
S38
S38
S38
S38
S38
S38
S38
S38
S38
S38
S38
S38
S38
S38
S39
S39
S39
S39
S39
S39
S39
S39
S39
S39
S39
S38
S39
S39
S38
S38
S40
540
S40
S40
S40
S40
S40
S40
S40

A37
A37
B37
B37

A38
A38
B38
B38

A39
A39
B3¢
B39

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

1130
1200
1230
1300
1330
1400 *
1430
1500 *
1530
1600 *
1630
1700
1730
1800
1830
1800
1830
2000
2030
2100
2130
2200 *
2230
2309 *
2330
0000 *
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500
0530
0600 *
0630
0700 *
0730
0800 *
0830
0900
0930
1000




1030 Sunday S40 18 1030
1100 Sunday S40 18 1100
1130 Sunday S40 18 1130
1200 Sunday S40 i8 1200
1230 Sunday S40 18 1230
1300 Sunday S40 18 1300
1330 Sunday S40 18 1330
1400 Sunday S41 A40 18 1400 *
1430 Sunday S41 A40 18 1430
1500 S.unday S41 B40 18 1500 *
1530 Sunday S41 B40 18 1530
18600 Sunday S41 18 1600 *
1630 Sunday S41 18 18630
1700 Sunday S41 18 1700
1730 Sunday S41 18 1730
1800 Sunday S41 18 1800
1830 Sunday S41 i8 1830
1800 Sunday S41 18 1900
1830 Sunday S41 18 1930
2000 Sunday S41 18 2000
2030 Sunday S41 18 2030
2130 Sunday S41 18 2130
2200 Sunday S42 A4l 18 2200 *
2230 Sunday S42 A4l 18 2230
2300 Sunday S42 B41 18 2300 *
2330 Sunday S42 B41 18 2330

2100 Sunday S41 18 2100




! fix B: Master and Sauad Level Schedul

Shown below is a master schedule for the 16 squads to follow for schedule

C. If there is an (X) fol.owing a squad letter, then X number of guards should

report two hours earlier than the rest of their squad for duty. This schedule is

followed on the next few pages with a squad by squad breakdown of this 14-day

master schedule.

Shift
Start
Times
0400
0600
1200
1400
2200
Day
Off
Train

Shifi
Start
Times
0400
0600
1200
1400
2200
Day
off
Train

WEEK 1
Monday  Tuesday
AD@)  AD@)
B.CDE B,CDE
HLI7) HLIXY)
L1K L1K
N,0 N,0
P F.GM,P
F.GM

WEEK 2
Monday  Tuesday
B,C(4) B,C(4)
ACDE ACDE
F,GK(T) ILLK()
LKL LKL
M,0 N,0
P F.GM,P
HLN

Wednesday Thursday

A.D(4)
B.C.D.E
ILLI(7)
11K
N,0

F,GM
I)

Wednesday
B,C(4)
ACDE
H,LK(7)
LKL,

N,P

F,G,M,0
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A.D(4)
C.D,F.G
M,L.I(7)
LIK
N,P

H,0
B,iL

Thursday

B.C(4)
ACEG
ELK(7)
LKM

NP

1,0
D,L

Triday
A,D(4)
B,.D,F,G
E.M,I(7)
LILL
N,P

H,0
CK

Friday
B,C(4)
CDJLE,G
E,LK(7)
K,L.M
NP

H
AJO

Saturday
Sunday

F.G

HM
o.p
ABCDE
JKLN

Saturday
Sunday

F,G

HM
or
ABCDE
KLN




NAME MONDAY TUES WED
Al 0400 0400 0400
A2 0400 0400 0400
A3 0400 0400 0400
A4 0400 0400 0400
AS 0400 0400 0400
AB 0400 0400 0400
AT 0400 0400 0400
A8 0400 0400 0400
AS 0400 0400 0400
A10 0400 0400 0400
All 0400 0400 0400

SQUAD LEVEL WORK SCHEDULE
SQUAD A

START TIMES WEEK ONE
Al12 0400 0400 0400

START TIMES WEEK TWO
NAME MONDAY TUES WED
Al 0600 0600 0600
A2 0600 0600 0600
A3 0600 0600 0600
A4 0600 06006 060C
AS 0600 0600 0600
AB 0600 0800 0600
AT 0600 0600 0600
A8 0600 0600 0600
A9 0600 0600 0600
A10 0600 0600 0600
Al1l 0600 0600 0600
A12 0600 0600 0600

-

THUR
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400

THUR
0600
0600
0600
0800
0600
0600
0600
0600
0600
0600
0600
0600

FRI

G400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400

FRI
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD B

START
NAME
Bl
B2
B3
B4
BS
B6
B7
B8
B9
B10O
Bi1
B12

START
NAME
Bl
B2
B3
B4
BS
B6
B7
B8
BS
B10O
B11
Bi2

TIMES
MONDAY
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

TIMES
MONDAY
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400

WEEK
TUES
0600
0600
0600
0600
0600
0600
0600
0600
0600
0c00
0600
0600

WEZK
TUES
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400

ONE

WED

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

TWO

WED

0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400

THUR
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

THUR
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400

FRI

0600
0600
0600
0500
0600
0600
0600
0600
0600
0600
0600
0600

FRI

0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
CFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD C

START
NAME
C1
Cc2
C3
C4
Cs
C6
c7
c8
C9
Ci0
Cit
C12

START
NAME
C1
c2
C3
C4
C5
C6
c7
C8
C3
C10
Ci1
Ci12

TIMES
MONDAY
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

TIMES
MONDAY
0400
0400
0400
0400
0600
0600
0600
0600
0600
0600
0600
0600

WEEK
TUES
0600
0600
0600
0600
0600
060C
0600
0600
0600
0600
0600
0600

WEEK
TUES
0400
0400
0400
0400
0600
0600
0600
0600
0600
0600
0600
0600

ONE

WED

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

TWO

WED

0400
0400
0400
0400
0600
0600
0600
0600
0600
0600
0600
0600

THUR
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

THUR
0400
0400
0400
0400
0600
0600
0600
0600
0600
0600
0600
0600

FRI
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

FRI

0400
0400
0400
0400
0600
0600
0600
0800
0600
0600
0600
0600

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD D

START
NAME
D1
D2
D3
D4
D3
D6
D7
D8
D9
D10
D11
Di2

START
NAME
D1
D2
D3
D4
DS
D6
D7
D8
D8
D10
D1t
D12

TIMES
MONDAY
0400
0400
0400
0400
0600
0600
0600
0600
ne00
0600
0600
0600

TIMES
MONDAY
0600
0600
0600
0600
0600
0600
0600
0600
0800
0600
0600
0600

WEEK
TUES
0400
0400
0400
0400
0600
0600
0600
0600
0600
0600
0600
0600

WEEK
TUES
0600
0600
0600
0600
0600
0600
0800
0600
0600
0600
0600
0600

ONE

WED

0400
0400
0400
n400
vu00
0600
0600
0600
0600
0600
0600
0600

TWO

WED

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

THUR
0400
0400
0400
0400
0600
0600
0600
0600
0600
0600
0600
0600

THUR
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

FRI

0400
0400
0400
0400
6600
0600
0600
0600
0600
0600
0600
0600

FRI

0600
0600
0600
0600
0600
0600
0600
0600
06C0
0600
0600
0600

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OF™
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD E

START
NAME
El
E2
E3
E4
ES
E6
E7
E8
ES
E10
E1ll
E12

START
NAME
E1l
E2
E3
E4
E5
E6
E7
E8
ES
E10
E11
E12

TIMES
MONDAY
0600
0600
0600
0600
0600
0600
0600
0600
0600
0609
0600
0600

TIMES
MONDAY
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

WEEK
TUES
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

WEEK
TUES
0600
0600
0600
0600
0600
0600
0600
0600
C600
0600
0600
0600

ONE

WED

0600
0600
06C0
0600
0600
0600
0600
0600
0600
0600
0600
0600

TWO

WED

0600
0600
0600
0600
0600
0600
0600
0600
0600
06900
0600
0600
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THUR
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

THUR
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

FRI

1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

FRI

1200
1200
1200
1200
1200
1206
1200
1200
1200
1200
1200
1200

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
GFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD F

START
NAME
F1
F2
F3
F4
F5
F6
F7
r8
F9
F10
F11
F12

START
NAME
F1
F2
F3
F4
FS
F6
F7
F8
F9
F10
F11
F12

TIMES
MONDAY
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

TIMES
MONDAY
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

WEEK
TUES
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

WEEK
TUES
OFF
OFF
OFF
OFF
OFF
OT'F
OFF
OFF
OFF
OFF
OFF
OFF

ONE
WED
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

TWO
WED
OFF
OFF
OFF
OTF
OFF
OFF
OFF
OF¥
OFF
OrF
OFF
OFF
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THUR
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

THUR
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

FRI

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

FRI

0600
0600
0600
0600
0600
0600
0600
0600
0600
0800
0600
0600

SAT

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

SAT

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

SUN

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

SUN

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600




SQUAD LEVEL WORK SCHEDULE

SQUAD G

START
NAME
Gl
G2
G3
G4
GS
G6
G7
G8
G9
G10
G111
G12

START
NAME
Gl
G2
G3
G4
GS
G6
G7
G8
G9
G10O
G111l
G12

TIMES
MONDAY
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

TIMES
MONDAY
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

WEEK
TUES
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

WEEK
TUES
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

ONE
WED
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

TWO
WED
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
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THUR
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

THUR
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

FRI

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

FRI

C600
0600
0600
0600
0600
0600
0600
0600
0600
08600
0600
0600

SAT

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

SAT

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

SUN

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600

SUN

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600




SQUAD LEVEL WORK SCHEDULE
SQUAD H

START TIMES WEEK ONE

NAME MONDAY TUES WED THUR FRI SAT SUN
H1 1200 1200 1200 OFF OFF 1400 1400
H2 1200 1200 1200 OFF OFF 1400 1400
H3 1200 1200 1200 OFF OFF 1400 1400
H4 1200 1200 1200 OFF OFF 1400 1400
HS 1200 1200 1200 OFF OFF 1400 1400
H6 1200 1200 1200 OFF OFF 1400 1400
H7 1200 1200 1200 OFF OFF 1400 1400
H8 1200 1200 1200 OFF OFF 1400 1400
H9 1200 1200 1200 OFF OFF 1400 1400
H10 1200 1200 1200 OFF OFF 1400 1400
Hi1 1200 1200 1200 OFF OFF 1400 1400
H12 1200 1200 1200 OFF OFF 1400 1400
START TIMES WEEK TWO

NAME MONDAY TUES WED THUR FRI SAT SUN
H1 TRG 1200 1200 OFF OFF 1400 1400
H2 TRG 1200 1200 OFF OFF 1400 1400
H3 TRG 1200 1200 OFF OFF 1400 1400
H4 TRG 1200 1200 OFF OFF 1400 1400
HS TRG 1200 1200 OFF OFF 1400 1400
H6 TRG 1200 1200 OFF OFF 1400 1400
H7 TRG 1200 1200 OFF OFF 1460 14060
H8 TRG 1200 1200 OFF OFF 1400 1400
HS TRG 1200 1200 OFF OFF 1400 1400
H10 TRG 1200 1200 OFF OFF 1400 1400
Hil TRG 1200 1200 OFF OFF 1400 1400
Hi2 TRG 1200 1200 OFF OFF 1400 1400
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SQUAD LEVEL WORK SCHEDULE

SQUAD I

START
NAME
It
12
13
I4
15
16
I7
I8
I9
110
I1l
112

START
NAME
It
12
I3
14
I5
I6
17
I8
19
I10
111
112

TIMES
MONDAY
1200
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400

TIMES
MONDAY
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

WEEK
TUES
1200
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400

WEEK
TUES
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

ONE

WED

1200
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400

TWO

WED

1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
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THUR
1200
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400

THUR
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

FRI

1200
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400

FRI

1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1260

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
CFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFFT
OFF
OFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD J

START
NAME
Ji
J2
J3
J4
Jd
J6
J7
J8
J9
J10
Jit
J12

START
NAME
J1
J2
J3
J4
Jd
Jb
J7
J8
J9
J1o
Jit
Jl12

TIMES
MONDAY
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

TIMES
MONDAY
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

WEEK
TUES
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

WEEK
TUES
1400
1400
1400
1400
1400
1400
1400
1400
1400
14G0
1400
1400

ONE

WED

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

TWO

WED

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

THUR
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

THUR
1400
14G0
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

FRI

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

FRI
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
CFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD K

START
NAME
K1
K2
K3
K4
K5
K6
K7
K8
K8
K10
Ki1
K12

START
NAME
K1
K2
K3
K4
K3
K6
K7
K8
K9
K10
Kit
Ki2

TIMES
MONDAY
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

TIMES
MONDAY
1200
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400

WEEK
TUES
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

WEEK
TUES
1200
1200
1260
1200
1200
1200
1200
14C0
1400
1400
1400
1400

ONE

WED

1400
1400
1400
1400
1400
1400
1400
1400
1400
1460
1400
1400

TWO

WED

1200
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400
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THUR
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

THUR
1200
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400

FRI
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

FRI

1200
1200
1200
1200
1200
1200
1200
1400
1400
1400
1400
1400

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
CFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD L

START
NAME
L1
L2
L3
L4
LS
L6
L7
L8
L9
L10
L1t
Li2

START
NAME
L1

L2

L3

L4

LS

L6

L7
L8

L9

L10O
L1t
L12

TIMES
MONDAY
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

TIMES
MONDAY
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

WEEK
TUES
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

WEEK
TUES
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

ONE

WED

1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

TWO

WED

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

THUR
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

THUR
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

FRI

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

FRI

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD M

START
NAME
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M1t
M12

START
NAME
Ml

M2

M3

M4

M5

M6

M7
M8
M3
M10
M1l
M12

TIMES
MONDAY
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

TIMES
MONDAY
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

WEEK
TUES
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

WEEK
TUES
OFF
CFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

ONE
WED
OFF
OFF
OFF
OFF
OFF
OFF
OFT
OFF
OFF
OFF
OFF
OFF

TWO
WED
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

THUR
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

THUR
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

FRI

1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

FRI

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

SAT

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

SAT

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

SUN

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

SUN

1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400
1400




SQUAD LEVEL WORK SCHEDULE

SQUAD N

START
NAME
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10O
N11
N12

START
NAME
Ni
N2
N3
N4
NS
N6
N7
Ne
N9
N10O
N11
N12

TIMES
MONDAY
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

TIMES
MONDAY
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

WEEK
TUES
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

WEEK
TUES
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

ONE

WED

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

TWO

WED

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

THUR
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

THUR
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

FRI

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

FRI

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SAT
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

SUN
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF




SQUAD LEVEL WORK SCHEDULE

SQUAD O

START
NAME
01
02
03
04
05
06
o7
08
09
010
o11
012

START
NAME
01
02
03
04
05
06
o7
08
09
010
011
012

TIMES
MONDAY
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

TIMES
MONDAY
2200
2200
2200
22C0
2200
2200
2200
2200
2200
2200
2200
2200

WEEK
TUES
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

WEEK
TUES
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

ONE

WED

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

TWO
WED
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

THUR
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

THUR
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

FRI
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

FRI
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

SAT

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

SAT

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

SUN

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

SUN

22G0
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200




SQUAD LEVEL WORK SCHEDULE

SQUAD P

START
NAME
P1
P2
P3
P4
P5
P6
pP7
P8
P9
P10
P11
P12

START
NAME
P1
P2
P3
P4
P5
pP6
PT
P8
P9
P10
P11
P12

TIMES
MONDAY
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

TIMES
MONDAY
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

WEEK
TUES
OFF
OFF
OFF
OFF
OFF
OFF
OFY
OFF
OFF
OFF
OFF
OFF

WEEK
TUES
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

ONE
WED
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

TWO

WED

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

THUR
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

THUR
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

FRI

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

FRI

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

SAT

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

SAT

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

SUN

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200

SUN

2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
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