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ABSTRACT

~4
The surface force inter-deployment scheduling process is

the means by which units of the U.S. Navy are slated to
accomplish maintenance, training, and inspection events in
preparation for planned deployments or emergent missions.
The schedule objective is to maximize fleet readiness while
meeting the constraints of fuel, budget, home port time, and
availability of supporting services.

This s;;éy provides a computerized model (SURFSKED) to
assist schedulers in the optimization of the inter-
deployment schedule. A set-partitioning model is used in a
two-stage heuristic process to minimize scheduling costs
subject to constraints on support assets.

The model is tested using a combination of actual and

hypothetical data for 96 ships of the Pacific Fleet. The

test runs include 88 event types and generate 13 week (one

quarter) schedules.

L Accession For

NTIS GRASI A
DIIC TAB

Unanncunced O
Justification _____

By
- __12}_Stribution/

) Avallability C&g;-s

|Avall and/or
Dist Special

-

L SN Ny
X

Y

15

AR N
Sy N
LR
‘o Wy

A

Fy

A

» /7

. '-‘%-'\- VS
. _a_s
~5

Y
f~f
2 »

9.



s Tl Rt I IO et a T A aT A ANy

*QIIEEEE!
L
L
»
-
o
S
L
r
L
:
w
9

[
3
4
"
<
]
K
.4
‘o
3
4
ol
[
¥
4
‘v
s
[
‘s
g
'q
ot
‘v
4
~
"
l'

o = 4T
v

-
i

TABLE OF CONTENTS
"i
. I.  INTRODUCTION ===m=mmmmmmmmmmmmmmmmmmmmmmmmm e mmm 8
G A. PROBLEM SCOPE AND DEFINITION OF TERMS -==-==- 11 )
~ B. CURRENT PROCEDURES ------ S 14
3 C. SCHEDULING CRITERIA AND ASSUMPTIONS =-===—--=- 18

D. ADVANTAGES OF COMPUTER-ASSISTED SCHEDULING -- 22

E. THESIS OUTLINE =-===----=ceemecce—ecce—ccaeae 23
II. SOLUTION METHODOLOGY =====-===-e—ececeecem—————- 25
A. BASIC SOLUTION METHODOLOGY =========m===c-==- 25
B. SCHEDULE GENERATION =—==--—=-ceemcmecececeaae 25
C. SCHEDULE COST COMPUTATION =-=====m=eecece—a-- 35
III. MODEL DEVELOPMENT AND DESCRIPTION =-=—=c-=-ee——ao 45

A. THE SURFSKED SET-PARTITIONING FORMULATION --- 46

B. COLUMN GENERATION —-=----ecececmeccccceeee 50

C. SUPPORTING DATA =-=-=--me--ceeececcecem—e———- 53

IV. TEST RESULTS AND CONCLUSIONS ==-=-=-=-—=--meecean- 54

A. DATA PROCESSING CONSIDERATIONS =--=====-=-===-= 55

B. TEST RUN METHODOLOGY =======m-==mceeoecec—- 56

C. RECOMMENDATIONS ===-m=-e---emeccccce—eceeee e 59

D. OTHER APPLICATIONS =-==--m-meeeccceccceeeo 61
E. CONCLUSION ======cmm o me e 61 |
APPENDIX A: EVENT SYLLABUS --==-=--=-c—eeccoememeeae 63 f
APPENDIX B: SAMPLE SURFSKED OUTPUT -=-==-=-==-=c=c-=-- 68 5
APPENDIX C: METHOD USED TO CONSTRUCT HYPOTHETICAL '
DATA —=-—=—===mcmm e 72 |
|

4

Ll
\.q'-' , I ' -.J." - . “a ’-‘.'..-._.'.-_-
) A AT 0 SO A P A S LS P A S




2 s WAL ey o
» » d A . s s -
. J\asﬁ..m“)_, e \..\N\N\W S ) ,ﬂﬂ..ﬂ..\... A B ,.ﬂ.\.....n.ﬂ.-.n..“ g ..A“ I
SRS 5 P AW L A SCAAAANLY 8 Lok v
Mf\)\%\.-‘v.r\u. § \..\...\a..hﬂh BN .\...\..\W\...\n.ﬂ.uu 7 \“.\. IXAAAN WRRRATIAYY SN
Te} \0
~ ~

- - L WS D WD S N D G A S e w -

INITIAL DISTRIBUTION LIST ~==-~-ceeccccccrccnccccccnceaa

0 ’

5]

c .

:

E 2

m .

[ '

o

T .

9 .

3 %
-o-\
s
\J
L,
-I\
L

&




ACKNOWLEDGMENTS

I wish to express my appreciation to the many people who
aided in the formulation and development of this project. ’
First, I must acknowledge the support of the COMNAVSURFPAC
schedulers, especially LCDR Jim Bloom, who were supportive
during the data gathering and model formulation phases and
whose critique of the final product provided thoughtful
insight and critical recommendations for future improvements
of SURFSKED.

I am indebted to LT Clarke Goodman whose successful
application of optimization methodology to ship scheduling
contributed significantly to this research and to LCDR Mark
Mitchell who supported me during the development of a ‘
precursor model.

I am especially thankful to my wife, Darcy, and my two

children who provided continuing support and encouragement,
celebrated the successes, and temporized the setbacks. |
SURFSKED literally could not have been developed without |
them.

Finally, I must express my most sincere appreciation to
my thesis advisor, Professor Kevin Wood. Throughout the
development, refinement, and testing phases, he was a
consistent wellspring of sound advice, technical competence,

professional assistance, and moral support. The quality of

e e e e e e PataNy T A" T T TS Ty
.’ \'\'.,\"A{%{'.':'\':'h{'l".'-‘:$€'- B SE G WL S &\-.A“..r.fr “o vyt




RS SZAary) SORRERE P .:.s CA A AN ,.:\... iy YOS ol o
OO )v RN XL xx\..\ a._ ; ........,..f. L DANYN] 1O o OO X
T ., 1 % % "t .;--\- L .- PN \\ A AL o %l 'y
B T R e g e e e R R R e R
P A LR 4 4 R AN, AN - IS T ../...... RRPRR IO AL ...f.......a. ‘\....\
S,
\”1-‘
7
...\
- -”-\.
b ...\,
; ¥ ¥ :
8 g 0 <o
.4 a e .cni
.— 'J --n
3 ~ O >
g 0 N
v Q .
G
; g o
. 8o .
> £
. e t .....
v m "
: o el ...\
b 2, 0 ...\
... - m ,.\.
[0 “
. " K
] m s i
ot ©
S c\
. h w ~ -.u-.
.-.OU m -“ -.“.-
N >y 0 ] 2..-
~ § N =
3] 0o H 9 ot
ord '
3 D = ° XA
! ) =4 )
K o 3 .
- o x
v @ 3
3 .w M a g
«“w 9 ‘.
L A
. “ P .
. N
. 5
-~ P .
2 ® 0
P . = o
- s r Il
A o © .
5 n P ~ .cu.
ord ] u .,
h d o ‘Q.
K & Q 0 "
v
“ P
K/
.. .v.-.
uv- .-l!.
-




I. oDU ()

Inter-deployment scheduling is the process by which
surface, air, submarine and marine units of the fleet are

slated to accomplish a progression of maintenance, training,

.
:
S
!
\
|
:
»
i

and certification events which build readiness for future
operational commitments. The importance of proper schedul-
ing is emphasized in NWP-1: "A properly balanced employment
schedule is essential to attain high states of readiness,
because the individual requirements for maintenance, train-
ing, and morale are frequently in competition with each
other." ([Ref. 1] This thesis develops and tests a comput-
erized optimization model, specialized to surface ships of
the Pacific fleet, to assist in the creation of balanced )
inter-deployment schedules.

The required, inter-deployment events are designed to
achieve several goals:

* Enhance material condition of the units through periods
of maintenance at the unit, intermediate, and shipyard

levels.

* Ensure crew proficiency through formal shore-based and
underway training.

* Certification of public and crew safety and crew
proficiency in the operation of installed equipment and
systems.

* Provide adequate home port time between operational
periods in order to enhance morale.

* Conduct those inspections and certifications mandated by
public law.
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* Support the intra-type and intra-service training
requirements of submarine, air, and marine forces.

Present scheduling is accomplished without significant

computer assistance, relies heavily upon heuristics, and is

therefore necessarily manpower-intensive. To produce an

optimal "balanced employment schedule,” which promotes total

force readiness, all possible schedules would have to be
examined, at 1least implicitly, and the one which best

promoted fleet readiness while minimizing conflict between

LIS L P L]

the above goals would be chosen. In order to examine all
possible schedules, a high~speed computer should be E
utilized, scheduling rules and priorities formally ‘
quantified and a coherent measure of effectiveness
developed. The model and computational methods developed in ]
this paper seek to meet exactly these criteria. i
Given the number of variables and permutations involved,
it is unlikely that a schedule produced through the present
manual process is as good as it might be. It is almost
. certainly not optimal in any objective sense. (In view of
: the number of possibilities, it is noteworthy that feasible )
schedules are developed at all.) Given the large number of
contingencies which inevitably occur after schedule
promulgation, changes in the remaining schedule are

frequently necessary. The frequency cf the rescheduling

Vel

effort makes an even stronger «case for use of a

computerized, optimizing scheduling aid.
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The main criteria which an inter-deployment schedule
must satisfy are "attainability" and "feasibility." A
schedule is defined to be attainable if the ship can com-
plete, in the time allotted, all events to which it has been
assigned. A schedule is unattainable if, for example,
events which must occur in a specific order are out of order
or the spacing between pairs of related events is insuffi-
cient. Feasibility means that the ships' schedules, in
aggregate, must remain within the constraints imposed by the

assets of the supporting commands. Beyond satisfying the

above criteria, a feasible aggregate schedule should consist
of a set of "good" attainable schedules. For example, a
schedule's tempo should neither over~ nor under-task a unit.

The SURFSKED model, proposed and tested in this paper,
is designed to reduce the inter-deployment scheduling
I vblem into a coherent, solvable form and to act as an aid
to the human schedulers. It seeks to maximize force benefit
of the schedule by minimizing deviations from ideal
schedules while observing constraints of fuel, operating

tempo (OPTEMPO) , and support service availability.

Additionally, it accounts for differences in event "needs"
caused by ship type and class as well as by schedule cycle.
Further, it observes the constraints imposed by event -

duration and periodicity, prerequisites, compatibility, and

spacing. It accounts for the changing priority a ship has "

P,

~ \..

as 1t gets closer to deployment and allows for events or M
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sequences of events to be "locked" into the schedule it

creates for any combination of ships and events.

A. PROBLEM SCOPE AND DEFINITION OF TERMS

The 'operational component of the U.S. Pacific Fleet
consists of surface, air, submarine, and marine units and
their associated staffs. The focus of this paper is on
scheduling for the surface element of the fleet although the
methods developed here may be extended to other areas.

Ships assigned to the Pacific Fleet are assigned to the
operational control of the numbered fleet commanders.
Typically, ships rotate from assignment to the Seventh Fleet
and operations in the Western Pacific and Indian Ocean back
to assignment with the Third Fleet for operations in and
around their respective home ports. The time spent in the
Third Fleet is devoted primarily to upkeep, training, and
certification tasks while preparing for another operational
assignment to the Seventh Fleet. For purposes of this
paper, the period that a ship spends preparing for
deployment to the Seventh Fleet is the "inter-deployment" or
"work~-up" period. The "inter-deployment cycle" refers to
the specific type of work-up period which is contingent on
what the ship will do upon completion of work-up and how it
entered the period. Thus, the inter-deployment cycle for a
given ship may be from regular overhaul to deployment,

deployment to deployment, etc.

11
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Ships can be assigned to the Seventh Fleet individually but,
more frequently, they enter and leave the inter-deployment
cycle in groups. For example, seven to ten ships may
accompany an aircraft carrier as part of a carrier battle
group (CVBG), a group of surface combatants may form an SCTG
(Surface Combatant Task Group) or a BBTG (Battleship Task

Group) or amphibious units may form an ARG (Amphibious Ready
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Group) . Further, ships may enter the cycle at different
times and depart simultaneously or vice versa. Group
arrivals and departures imply that ship schedules must be as
nearly synchronized as support constraints allow which is
but one special complication that must be accounted for in
the scheduling process.

Ships are divided into "types" by their main mission,
i.e., Guided Missile Cruiser, Destroyer, Oiler, Amphibious
Landing Dock, etc. Types of ships are further
differentiated by their ‘"class." Thus, there exist
TICONDEROGA, LEAHY, BELKNAP, etc., classes of Guided Missile
Cruisers. Classes can contain one or more ships. The
events which must be scheduled for a given ship during the

inter-deployment cycle are a function of both the ship type

and its class.
The "events" which comprise the schedule can be
classified according to the following criteria:
* Major employment or concurrent event

* Training, maintenance, certification, etc.
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* Inter-service or intra-service

* Supported or independent, i.e., conducted by outside
trainers, inspectors, etc., or utilizing only unit
assets

* Underway or inport

* Duration of event

* Prerequisite events, if any.

Many complications of the scheduling process are caused
by the nature of the events themselves. Certain events nmust
be scheduled alone while others may allow or require
concurrent scheduling. Some events have prerequisite events
and some must be repeated several times during a work-up
cycle. Both the duration and periodicity of events vary
with the particular event and sometimes vary by the class
and/or type of ship. Additionally, some events which are
notionally different require the same assets or services.
All of these interrelations must be captured in a feasible
schedule.

The events that a ship must accomplish during the inter-
deployment period depend on the ship's cycle; how it entered
the work-up pericd, and what it will do upon completion of
the cycle. Ships can enter the cycle in one of three ways:

* Completion of a deployment
* Completion of a regular overhaul
* Completion of builders' trials (i.e., new construction).

Ships also leave the cycle in three ways:

13
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* Commencement of a deployment
* Commencement of a regular overhaul
* Decommissioning.

The ‘cyclic differences are captured in scheduling
templates which serve as the guide for schedule formulation.
COMNAVSURFPAC OPORDER 201 [Ref. 2] contains "Modular
Scheduling Templates" by type and class of ship which
contain ideal characterizations of the major inter-
deployment events. To understand the scope of the schedul-
ing problem, some knowledge of the current practice which
translates these ideal schedule templates into operational

requirements is useful.

B. CURRENT PROCEDURES

The scheduling of ships' activities can be divided into
two distinct areas--long-range planning (out to five years)
and short-range planning which extends from the present for
about one year.

The 1long-range schedule provides sketchy operational
information but, in general, provides start and stop dates
for major events such as regular overhauls, selected
restricted availabilities, deployment windows, and activa-
tion or deactivation dates for ships slated to enter or
leave the force. This schedule is highly tentative and is
updated continuously as changes occur or more detail can be

added.

14
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The short-range schedule consists- of four quarters; the
present (current operating quarter) and the first, second,
and third "out quarters." The schedule for the operating
quarter .accounts for every day and for every ship. Only
scheduling outlines exist for the out quarters.

The first "out quarter"™ is also called the "planning

, quarter." The first step in transforming the scheduling

outline for this ‘quarter into a detailed schedule is taken

at the unit level. Each command independently formulates a

tentative schedule based on the appropriate template. While

each command knows precisely what it must accomplish and the

time frame in which it must be completed, it does not know,

with any degree of certainty, the needs of other ships which

are competing for the same supporting resources nor does it

. know the schedules of the commands which will be required to
support their proposed schedules.

Once formulated, these schedule proposals are submitted
up the operational chain-of-command. Each successive layer
reviews the proposed schedules and seeks to refine them
through integration with other proposals.

. Finally, a quarterly scheduling conference is convened,
at the Fleet 1level, at which staff representatives from
y group level and above and all supporting commands are
present. This conference lasts for approximately one week
and produces a detailed listing of the "planning quarter" as

well as more detailed outlines of the new "out quarters."

15
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At the conference, supply and demand are integrated for
the ships, the supporting commands, and for inter- and
intra~-type services. The resulting schedule may not (and
probably will not) resemble the proposals submitted by the
individual units. It may, in fact, vary considerably from .
the modular scheduling template for any individual ship.

These deviations are principally caused by:

RAAA el  EE A EERms ] A

* The conflict between the requirements of individual
units versus the priority given to CVBG/SCTG/ARG groups.

P
.

Inter- and intra-type services requested versus those
available.

i
I.J *

/

]

‘4
>
1,

* The high priority requirements for near-term deployers
to complete remaining inter-deployment requirements in
order to meet firm deployment or other operational
commitments.

The present process suffers from the following problem.
While schedules proposed by each unit are feasible in that
they represent a command's best judgment of attainability,
they may not be feasible in aggregate due to supply

constraints of supporting commands. As the proposed

schedules move up the chain-of-command and are reviewed and

revised to maintain supply feasibility, they may 1lose
attainability at the unit level. Admittedly, every effort
is made to preserve attainability but, the vast number of
possible permutations far exceeds human schedulers'
capabilities to investigate more than a few. For example a
single ship which requires ten events has 10! (over 3.6
million) permutations in which those events can be arranged.

If some additional concurrent events are needed, the number

16
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will be even larger. When multiplied by the number of ships
in the force, an astronomical number of possibilities exist.
In arriving at a schedule, the present process utilizes past
experience, templates, and numerous heuristics to reduce the
number of possibilities. The lack of objective, quantified
criteria is a noteworthy major weakness of the present
systen. Throughout the entire process, computers are used
only in a data storage and retrieval role, not as decision
aids. As a result, the schedules produced are arguably
feasible but, most probably, are not optimal.

Thus, a need exists for a computerized aid to assist
human schedulers. A scheduling aid need not discriminate at
the daily level of detail. A Qeekly "time-step" will
produce sufficient detail, optimize selection of the
sequence of major events, and permit human schedulers to add
finer detail and/or refine the schedules produced by the
scheduling aid.

Once constituted, changes to the present quarter
schedule occur virtually daily. From accidents to lack of
availability of supporting assets, from emergent operational
commitments to factors which delay the start or completion
of scheduled events; environmental changes force schedule
changes. Furthermore, changes may be necessitated by the
fact that the promulgated schedule, while feasible on paper,
is simply not attainable by the ships themselves. For

example, it may over-task a given unit and thereby set the

17
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stage for changes caused by that unit's inability to
accomplish all slated events. Because of event
’ inter-relationships, a change to one ship's schedule
| frequently necessitates changes to other ships' schedules.
E Figure 1.1 illustrates the present process. One

possible cause of the problems with this process is that the

amount of information available to the decision makers
increases at each step in the process. Thus, a powerful
argument can be made for the initial centralization of the

scheduling process where decisions can be made with all

T T e AT e W WEe.Ts e

pertinent information available. By this means, schedules
could be created from all possible schedules for each ship.
This method would maximize force benefit in contrast to the

present system which attempts to maintain supply feasibility

e W e W BTSRRI TF

while making minimum modifications to schedule proposals

which are based on limited information.

C. SCHEDULING CRITERIA AND ASSUMPTIONS

Implicit in the foregoing discussion are three factors
which form the foundations of the surface combatant
scheduling problem.

First, due to the limited number of private and public
shipyards, and the constant demand for ship repair and
modernization which is beyond ships' force capability, major
maintenance periods frame the schedule. These major

maintenance events block out significant portions of the
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fleet's scheduling and all other events must be adapted to
the constraints they impose on scheduling flexibility.

The second major factor influencing the scheduling
problem ‘is the employment plan of the CV battle groups,
ARG's, and SCTG's. The schedules for these groups of ships
are predicated on strategic goals and treaty commitments in
the Pacific and Indian Oceans. While there is considerable
flexibility in the selection of the individual ships which
make up these groups, once constituted, they are in virtual
lock-step for work-up purposes. That is, the end date of
their work-up cycle is fixed to comply with broader national
goals.

Finally, a more subtle influence is exerted by type
commanders (TYCOM's) of carriers and submarines. Given the
strategic importance of carriers and submarines, they quite
simply enjoy a higher priority for scarce resources than do
the elements of the surface force. For example, if a CV is
in need of a particular inspection team on a given date,
history has shown that the team will not be available
elsewhere on that date regardless of a surface combatant's
priority, readiness, or need.

Based on the foregoing factors, the model in this paper
makes the following assumptions:

* The maintenance schedule drives the rest of the
scheduling problemn. Therefore, all major maintenance
events have known start and stop dates.

* The composition of all deploying groups of ships and the

deployment start and stop dates are Kknown. (Goodman

20




(Ref. 3] develops a means of optimizing deployment
scheduling.)

* The needs of the other TYCOM's are known in advance and
the availability of supporting assets are decremented
accordingly. (Other TYCOM's could use this model first
to ‘determine when those intra-type services could best
be scheduled.)

These three assumptions determine the "boundary
conditions" of the schedule by fixing when individual ships
will enter and leave the cycle, by indicating those parts of
the schedule which are predetermined, and by specifying
which supporting assets will remain to meet the demands of
the surface force.

Once the boundary conditions are known, the success of a
scheduling aid will depend on how factors which influence
event selection and timing are identified and quantified.
The factors accounted for in SURFSKED are outlined below and

described in detail in Chapter II.

* Priority--a ship's relative priority as compared to
other ships in the inter-deployment cycle

* Need--the events needed by each ship

* Supply--the amount, timing, and availability of
supporting assets

* Major vs. Concurrent--whether an event 1is a major
employment or a concurrent event

* Compatibility--which major events are compatible with a
given concurrent event

* Schedule Lock-Ins--whether normal scheduling is
preempted by the existence of "locked-in" events

* Prerequisites--whether events have prerequisites and, if
so, whether they have been satisfied

* Spacing--the inter-event timing of related events

21
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bﬂ * OPTEMPO/PERSTEMPO--the amount of underway and away-from-
kx home port time contained in each schedule, respectively
S * Event Duration--accounts for event-to-event variations

in duration

W

::: * Time-Distance--to insure sequential events allow
7 sufficient transit time

D. ADVANTAGES OF COMPUTER-ASSISTED SCHEDULING

Because of the nature of the factors which affect the
decision process, it is possible to capture their essence
in computer code. The problem can then be formulated to
optimize the benefit received by the whole force. The
question then, is not if but when the process should be
computerized. Some of the advantages of a computerized
scheduling aid have already been stated. A more complete
list includes:

* Reduce the manpower intensive tasks associated with the
scheduling process.

* Generate schedules which maximize force benefits.
* Consider all feasible solutions and generate the “best"

which will allow decision makers to focus on individual
problem areas.

* Normalize and standardize the scheduling process consis-
tent with stated goals and supply constraints.

* Allow analysis of binding constraints in order to focus
attention on where support services need to be increased
or may be decreased.

* Allow multiple run analysis to determine if support
service schedules are supporting the schedule or driving
it.

* Save money and time currently expended on the creation
of suboptimal schedules.

22
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In summary, SURFSKED produces a thirteen-week schedule
divided into one-week increments. It presupposes use as an
aid to schedulers, not a replacement for them. While it is
the task-of a scheduling conference to produce schedules for
the planning quarter whose resolution accounts for each day

for each ship, no practical scheduling aid needs to produce

™ SRS AR RS | AU
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schedules which are this "fine-grained." The purpose of

A S

s a

SURFSKED is to optimize timing of important events among all
possible permutations, and within imposed constraints, which
will allow human schedulers to concentrate on important

details and schedule refinements.

E. THESIS OUTLINE

This study presents a method for computerizing the sur-
face combatant inter-deployment scheduling problenmn.
SURFSKED utilizes a set-partitioning formulation applied to
96 surface combatants of the Pacific Fleet. Because this
thesis is meant to be used by Naval schedulers who may not
be versed in mathematical programming, the basics of the
model and the solution procedures are developed without
mathematical programming concepts in Chapter II. Chapter
III presents the set-partitioning formulation of the

scheduling problem and gives details of the generator which

creates tentative schedules for each ship.
Finally, Chapter IV contains test results, conclusions,

and recommendations based on use of SURFSKED.
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Ultimately, the importance of this thesis will be
determined by whether or not it, or some other computerized
aid, is incorporated into the real-world scheduling process.
The day that a scheduling aid is developed and implemented
will be hastened by the widest dissemination of the
knowledge that a means exists to computerize the problemn.
For this reason, SURFSKED has been tested on hypothetical
fleet data: this maintains the model on an unclassified
basis. The process by which the fleet input data were
generated is explained in Appendix C.

In summary, this thesis is designed to acquaint both the
technically oriented and the practitioner with a base-line
procedure for surface combatant scheduling which has the

potential to revolutionize the fleet scheduling process.
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II. SOLUTION METHODOLOGY

The goal of SURFSKED is to create an optimal quarterly
schedule, at a weekly level of detail, for all ships in the
inter-deployment cycle. As demonstrated in Chapter I, the
needs of each ship in the cycle and the schedule constraints
are well defined. This chapter explains the basic solution

methodology employed in the model.

A. BASIC SOLUTION METHODOLOGY
In order to solve the inter-deployment scheduling
problem, three basic steps will be taken.

* Genzrate all attainable candidate schedules.

* Evaluate each schedule produced and assign it a cost
which depends on how far it deviates from an ideal
schedule.

* Select one schedule for each ship, from the set
generated above, to create an overall fleet schedule.
The combination of selected schedules must minimize
total cost without violating constraints imposed by
supporting assets.

The third step, schedule selection, is a difficult
combinatorial problem whose development will be left until

Chapter III. The criteria used in schedule generation and

the scheme used for cost evaluation are developed below.

B. SCHEDULE GENERATION
As a base-line case, assume that each ship in the cycle

must complete exactly thirteen one-week events during the
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quarter. Further, assume that no prerequisites exist and
that no events may be scheduled concurrently. Schedule
generation is then "reduced" to forming all 13! 6.2 x10°
permutations of those thirteen events. Obviously, it would
be impractical to generate this number of candidate
schedules for even a single ship much less for each ship in
the entire fleet. Fortunately, the real-world complications
involved in scheduling such as event durations (longer than
one week), scheduling “windows," i.e., periods during which
events should be scheduled and event precedence dramatically
reduce the number of schedules which must be generated.
Using only needed events, the basic methodology of schedule
generation is:

* Start with a major event and check to see if any
concurrent events can be added.

* Continue adding major/concurrent events to the partial
schedule until it is at least 13 weeks long.

* Print the completed schedule.

* Whenever a partial schedule cannot be completed, or a
schedule is completed, "deschedule" the last event and
try to complete the resulting partial schedule as above
using other events.

* Repeat until all attainable schedules have been created.

The following sections detail the criteria which affect

5
2

the scheduling decision, explain the rationale for including
each in the model, and describe the means by which they were
included in the model formulation.

The definitions below enable analysis of the steps taken

to include the decision criteria:

- . N~ e A & & o IR %
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™ INDICES:
N
) . . . .
N i=1...,I Ship index where I is the total number
P of ships to be scheduled
‘ j=1,...,7 Event index where J is the total number
Y, © . of events on the event list
‘Ni
, k=1,...,K Week index where K is nominally thirteen,
the number of weeks in the schedule.
DATA:
NDD; The next deployment start date for ship i
Sij The "state-of-need" for ship i where
1 if event j is needed by
[ ship i
Si3 = ) .
0 otherwise
Rjj The event 'requirements" for ship i
expressed in weeks required
n if event j is needed by
‘ ship i
Rij = | .
0 otherwise
and n = the number of weeks needed
PERjy The inter-event period for event j
DUR4 The duration of event j in weeks
SUP4x The "supply" of the assets available
to support event j in week k
MAJFLAG+ An indicator which describes event j
1 if event j is a major
‘ employment
MAJFLAGj = '
0 if event j is a con-
current event
COMPATj § + An array which indicates the "compati-
bility" of the events j and j'. Indi-

cates that events j and j' may be
scheduled together vice must be.
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1 if events j and j°
‘ are compatible
COMPATjjn = '
0 otherwise

LIjx An array which delineates schedule
"lock-ins" for the scheduling quarter

j if event j is to be locked

‘ in for ship i in week k
LIjx =
l 0 otherwise

PREQj A list for each event which describes
whether event j has prerequisites

n if there are n > 0
prerequisites

PREQs: =

3 , 0 otherwise

and for each n > 0 a list of the events

J1+32+--.,Jp which are prerequisites for
event j

LCDj 5 The "last-completion-date" (week) of
event j by ship i

VARIABLE:

SKEDWK The week number in the scheduling quarter

Given the above definitions, the factors which affect
event selection and timing are incorporated as follows.
1. Need
This factor has two dimensions which influence the
scheduling process.
First, the requirements that a particular ship needs
to fulfill are based on the type and class of ship. Thus, a
CGl6 class guided missile cruiser has a different set of

events it must accomplish than an amphibious unit such as an
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LST. Further, the needs of a ship are determined by how it
entered the inter-deployment cycle and how it will leave it.
For example, if one DD963 class destroyer enters the cycle
by completing a deployment and another by completing
overhaul, they will have similar, though different,
requirements during the work-up, even if they are to deploy
simultaneously.

This component of need is embodied in the two data
matrices, S and R, in SURFSKED.

The S matrix reflects the State of need for the
entire force for all events in the event syllabus, Appendix
A.

Since some events may be partially completed in week
1 of a quarter, or event duration may vary by ship
type/class, the R matrix (for Requirements) captures
information similar to that in the S matrix but expresses it
as the number of weeks of a given event yet to be scheduled.

The second dimension of need is time-based. That
is, events have either implicit or explicit periodicities
associated with them (e.g., once every 18 months or once per
work-up cycle). Thus, a ship which completes a given event
has some period, say a year, before it must complete it

again. In a sense, this dimension can be considered as the

"readiness" of a ship for a given event. Thus, a ship which

completed an annual requirement 11 months ago is more ready J
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to do it again than a ship which completed it 9 months ago
even though both must complete it prior to deployment.

This dimension of need is captured in the penalty
function which assesses schedule costs and is described in
the next section.

The readiness cost of a ship is best (lowest) within
10% of the ideal event separation. It increases if more
than 110% of the period has lapsed between successive
accomplishments or if less than 90% of the period has
expired. The justification for increasing costs as smaller
portions of the event period lapse is that scheduling events
significantly before expiration of period is inefficient,
i.e., an event would have to be scheduled more frequently,
thus consuming more resources, etc.

2. Supply

Many events require active outside assistance for
accomplishment. Shore-based trainers, nuclear weapons
certification teams, and intermediate level maintenance are
examples. That these support assets are in short supply
relative to fleet needs is a given. Since such constraints
exist, they must be accounted for in the schedule and since
the availability may vary over the scheduling period, it
must be accounted for week by week throughout the scheduling
period.

This aspect of the scheduling problem is captured

through the use of the SUP matrix data. It is used to
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constrain the problem as described in Chapter III. Supply
availability affects generation too. If supply eq