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Abstract

The purpose of this research was to propose a MIS to assist RAAF
strategic operational airlift planning. The present manual approach suffers
deficiencies in flexibility, consistency and timeliness.

Airlift planning was first analysed and found to compl.se activities
of investigation, detailed static planning, implementation and dynamic
planning, and review. Planning performance is measured by the effectiveness
and efficiency of resulting airlift.

Automation of planning functicns was investigated, especially the
routing and scheduling of airlift. USAF systems, including ADANS, were
reviewed and applicability to the RAAF evaluated.

A MIS is proposed tha. includes six development increments. It is
expected to bring improvements in airlift effectivehess and efficiency
through improved data management, better communications and improved

decision support.




IMPROVING ROYAL AUSTRALIAN ATR FORCE STRATEGIC AIRLTFT PIANNING BY
APPIICATTON OF A COMPUTER BASED MANAGEMENT INFORMATION SYSTEM

I. Introduction

Querview
This chapter defines the purpose and constraints of this study and
summarises the layout of the research. Terms and abbreviations used

within this study are defined in Appendix A.

Motivation

The message for the 1990's is unmistakable - the performance of

the defence portfolioc will increasingly be measured against the

larger economic and social goals of Australia. Greater efficiency

and effectiveness will rightly be expected from all areas of the

organisation.

- Senator Robert Ray, Minister for Defence (Funnell, 1990:1)

This study examines a proposal to improve Royal Australian Air
Force (RAAF) strategic airlift planning by application of a. computer
based management information system (MIS). This application is expected
to result in more timely production of airlift plans that are flexible,
reactive, reliable and in a form able to be implemented at short notice.

Presently, RAAF strategic airlift planning is performed manually.
Recent exercises and contingencies have revealed shortcomings with this
approach as each operation required extensive, yet repetitive, data
gathering and assimilation. Planning is slow to react and lacks
flexibility to adapt to its changing enviromment (Air Lift Group,
1989:A-1A; Peak, 1990a:17 August; Newcombe, 1990:26 September).

Deficiencies in planning have resulted in ineffective or

inefficient application of strategic airlift. Where effective, good
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airlift has been largely due to good management of a limited system and
not from a well designed system (Newcombe, 1990:26 September).

Application of a MIS to strategic airlift planning will move the
ADF closer to a "redundant system that ensures information flow between
commanders and their battle forces. Without that system, wastage of
airlift can be assumed" (Cassidy, 1986:127). It should provide the
timely support required to make more effective and efficient decisions
in the airlift enviromment. Airlift planning reactiveness could
improve, allowing commanders more flexibility in the application of
airlift to meet operation cobjectives.

Concurrently, a MIS would provide recording of activities, making
data concerning resources, capabilities and capacities more available to
the planner. Additicnally, actions, achievements and shortfalls would
be consistently measured and reviewed. Greater scope for economy and

accuracy of effort would result (Mitchell, 1991).

Computers and Decision Making

A computer can not make decisions. All it can do is retrieve,
compute and present. VYet, it has potential to impact upon decision
making processes by forcing managers to make true decisions in lieu of
on-the-spot adaptions. It can "force managers, who have traditionally
reacted rather than acted, into genuine decision makers" (Drucker,
1967:159) .

The advent of computers has sparked interest in decision making in
organisations. This has not been because computers take over decision

making but because they take over computation and presentation, forcing
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people at all levels of organisations to focus more on learning to be
managers and on the making of effective decisions (Drucker, 1966:165).

Management Information Systems (MIS)

An individual without information cannot take responsibility:;

an indiyiqugl with information cannot help but take

responsibility.

- Jan Carlzon, Scandinavian Air Systems (Peters, 1987:609).

Computer based MISs are "integrated human and machine systems for
providing information to support operations, management and decision
making in an organisation." A MIS goes beyond being a data repository.
MIS systems must seek timely ways to assist decision makers of an
organisation in the making of their decisions (Ahituv and Neumann,
1990:129; Davis, M., 1988:4-5; Cook and Russell, 1989:699).

The requirement that a MIS directly supports decision making
processes is important to this research. While computer systems have
been employed to produce airlift planning documentation in the
Australian Defence Force (ADF), there has been little application of
computer based information to assist in the decision ﬁaking process of
the airlift planner. Though the production and reproduction of results
of planning is important, a MIS to support strategic airlift planning
should be primarily involved in assisting decision making (Peak,
1990a:23 August; Mitchell, 1991).

Decisions can be categorised, according to Simon's classification
of decisions, as structured, unstructured and partially structured. The
distinction between completely structured and unstructured decisions is
based on certainty of action, though in reality all decisions fall

within a continuum bounded by the structured and unstructured types. A

MIS assists users in all categories of decisions through two types of
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logical components; a structured decision system and a decision support
system (Ahituv and Neumann, 1990:129).

Any MIS, to support the strategic airlift planner, would be
expected to make structured decisions based on an algorithm and data.
This frees the airlift planner to consider more unstructured and complex
decisions. With these decisions, a MIS would apply heuristic methods
and models to represent the decision envirorment. Through
recommendations and evaluation of options, it would support the airlift
planner in making the best choice in the required time frame with the

available data.

Purpose of Study

This study analyses how a computer based MIS can improve RAAF

strategic airlift planning.

Investigative Questions
The following questions were investigated during this study:

1. what constitutes the planning function of strategic airlift?
2. what factors affect strategic airlift planning?
3. What are the indicators that allow airlift planning effort to be

evaluated and how are they measured?

4. How is strategic airlift planned by the RAAF?

5. How is strategic airlift plamned by other defence forces?

5. Are there ways of automating problems of routing and scheduling?
7. What systems development methodology should be used to design the

MIS?

:
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3. How would a RAAF computer based strategic airlift planning system

operate?

Scope and Limitations
This paper aims to establish that a computer based MIS to support

RAAF strategic airlift planning is both feasible and advantageous. A
MIS is proposed after study of existing approaches. Development of the
system is not intended during this research effort. This would be
premature as the RAAF has no plans to implement such a system.

However, some development is required to validate claims. A high
level design is used for overall testing. Where critical system
concepts demand more rigorous validation, there is detailed design and
prototype development.

Though there are no firm plans to implement a strategic airlift
planning MIS, the sponsor of this research, the Deputy Director of
Movements and Transport, advises that such cormitment is likely "in the
near future" (Peak 1990a:17 May). Consequently, he has requested that
any development effort be in a form useful to the RAAF should it make a
commitment to implement a strategic airlift planning MIS.

This implementation stance has affected this research. The
likelihood of implementation has encouraged effort to be directed
towards areas that have immediate and direct application, instead of
precise but theoretical models. All the same, lack of commitment
reduces usefulness of research of implementation issues. Therefore,
implementation issues are discussed, with less detail than required for

actual implementation, after the primary research.




With sponsor concurrence, wider organisational issues, such as
power and politics, are not addressed. Though these issues form part of
normal MIS design, this choice bounds the research. It also avoids
undermining principal findings of this research by involving readers in
emotionally charged issues such as influence, referent and coercive
power and organisational manoceuvre.

This thesis is unclassified. While security restrictions caused
few problems for the bulk of the research, complications arose during
quantification of the RAAF system, research of procedures of other
countries and the testing of the proposed system for airlift planning.
Because actual airlift data is classified, data had to be reviewed to
declassify data concerning capabilities and events. While endeavouring
to maintain consistency in size, scope and application of data, this
filtering process could open the findings and comparisons betvween

proposed and actual performance to bias. This is unavoidable.

Assumptions
It is assumed that the ADF scenario will not significantly depart

from strategies of defence in depth, self-reliance and the defence of
the north of Australia.

Further, it is assumed that ADF exercise scenarios and activities
are reasonable representations of the demands that would be placed upon
an airlift planning system in times of contingency and emergency.

Given these assumptions, ADF exercise data can be used for system

validation and design.
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Organisation of Study
This study is presented in eight major sections. Chapter I

introduces the research by outlining the reason for this study. Chapter
II gives background to Australia's defence system, the air mode of
transport, airlift and strategic airlift planning. The methodology used
for research is described in Chapter III. Chapter IV examines airlift
planning by reviewing how it is planned by the ADF and the military of
other countries, and examines those factors that influence and measure
airlift planning effort.

A MIS development methodology is expounded in Chapter V and then
applied to propose a MIS for use in RAAF airlift planning. The effect
of this system on RAAF strategic airlift planning is also analysed.

Validation of claims occurs at Chapter VI, with the proposed
system and a prototype used as test beds for verifying feasibility and
improvement. Chapter VII considers implementation issues as an adjunct
to the study. The conclusions and recommendations which result from

this study are detailed in Chapter VIII.
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II.  Background Discussion

Overview

This chapter investigates the factors which affect strategic
airlift planning. It provides background to airlift in the ADF and an
overview of the strategic airlift planning process.

After introducing the ADF, the chapter describes strategic
airlift, the role of airlift within the ADF and the responsibility of
the RAAF to conduct strategic airlift operations. The chapter then
introduces strategic planning by discussing the principles of airlift

planning and the factors involved in the planning process.

The Australian Defence Force and the Defence of Australia

Australia is a large resource rich island nation surrounded by
extensive oceans (Dibb, 1990:16). Natural barriers and a stable region
make it one of the most secure countries in the world. Its population,
approaching 17 million, is concentrated in the southeast, leaving much
of the country's 7.68 million square kilometres sparsely populated.

However, "it would not be prudent to assume that Australia will
always be able to conduct its affairs without challenge" (Dibb, 1986:1).
So, the Australian people have charged the Goverrment with the
responsibility of providing the requisite power to defend itself from
attack and "from the constraints on independent national decisions
imposed by the threat of attack" (Department of Defence, 1989:ix).

The ADF has the objective of planning, developing and maintaining
forces for contingencies within Australia's area of direct military

interest (Department of Defence, 1988a:1). Currently at about 70 300,
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the ADF is small considering its land coverage and responsibilities.
Operationally, it is comprised of a Headquarters, Navy, Army and Air
Force. The full time all volunteer force is supplemented by a reserve
force numbering 39 800 (Department of Defence, 1989:6,8).

A 1987 Government White Paper established a blueprint for future
ADF planning. The paper identified the expected levels of conflict that
the ADF could ke involved over the next ten years and set a requirement
for "the force-in-being to be able to meet low level contingencies ...
and be able to expand in a timely fashion against the prospect of a more
substantial threat emerging" (Dibb, 1990:16).

Additionally, the defence review provided the ADF with the
priority of an independent capability to defend Australia through
skilled application of technology that multiplies force capability.
Meeting this requirement also provides the Govermment with practical
options to use elements of the ADF in peacetime tasks in support of its
pecple, regional friends and allies.

In line with the review, the ADF has adopted a strategy of
defence~in—depth. This concept recuires the capability to conduct
operations including: surveillance and patrolling throughout Australia's
lmmediate maritime approaches, maritime strike and air defence to
intercept adversaries during their vulnerable transit phase, and mobile
rapid ground force reaction to defeat hostile incursions at remote
locations and protect civil and military infrastructure (Dibb, 1990:17).

Self-reliance and operations of forward patrol and strike have
placed greater emphasis on the logistic support of deployed forces.

Part of this logistic support is the timely transport of a force and its

s o gt



maintenance requirements from normal locations to locations required for

operations.

Movement Support of the ADF

"In peacetime, the movement requirements of the ADF are ... small
and encompass regqular movement of personnel and materiel for routine
support within Australia and overseas" (Department of Defence,
1988b:10). Yet, in times of operations, major defence exercises or
national emergency, the large scale movement of persbnnel and materiel
extends transport resources.

There are five modes of transport available to move personnel and
materiel: air, water (sea and inland), road, rail and pipeline
(Department of Defence, 1988b:31-32). Though the movement of a force is
collectively managed at a centralised and high level, responsibility for
modal transport is usually delegated to a single service to manage.

A strategy of deterrence through forward defence requires a rapid
deployment capability. For deterrence to be effective, Australia rust
be capable, and seen as being capable, of responding promptly to
aggression. A creditable deterrent hinges on the ability to deliver
forces rapidly to trouble spots and sustain them once employéd. The air
mode's advantage of timeliness makes it critical to Australia's
deterrence stance.

Purther, "ground forces are being prepared to meet contingencies
at lower levels, which are more creditable and have shorter warning
time" (Dibb, 1986:55). At this level and given Australia's geography,
opposing forces would be expected to swarm dispersed elements, strike

and then scatter (Skorupa, 1989:43). Surface lines of communication
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would be subject to sudden and unpredictable attack. To compensate,
airlift would be the primary means of reliable resupply. History shows
that "airlift is the only means of sustainment for ground forces whose

whole lines of communications are temporarily cut" (Cassidy, 1986:124).

Strategic Airlift
ADF responsibility for strategic airlift is vested in the RAAF

(Department of Defence, 1985:14-1). Strategic airlift is the movement,
by air, of perscnnel and stores from a sﬁpport area to an area of
operations (AO), between AOs or to ancther support area. Its
application is directly supported by six of Australia's principles of
warfare: offensive action, surprise, concentration of force, economy of
effort, flexibility and administration (Royal Australian Air Force,
1990:65,158) .

Airlift enhances a battlefield commander's concentration of power
against what "Clausewitz called an enemy's centre of gravity - the focal
point against which all military energies should be expended" (Cassidy,
1986:124). It provides advantages of flexibility, swiftness of
application, ubiquity, range and political responsiveness. Air assets
can be quickly and effectively diverted between ﬁasks and can be
employed in different roles with minimm difficulty. Through its
characteristic of speed, strategic airlift is ideally suited to
demonstrate a nation's political intent by immediate action or
capability to act. The speed and endurance of modern strategic
transport aircraft allow airlift to cover long distances without

constraints of physical barriers (Royal Australian Air Force, 1990:156).




Limitations of airlift include cost, dependence on air bases and
impermanent effect. The cost of airlift flight time is high, aircraft
numbers are limited, aircrew cannot remain on duty indefinitely and the
effectiveness of airlift is lost if there is insufficient infrastructure
to support aircraft. "Consequently, the system of preparing, ordering,
loading, and unlcoading of people and cargo must be designed for
flexibility, smooth cperation and simplicity" (Rocyal Australian Air
Force, 1990:157).

RAAF Airlift Resources

Through its Air Lift Group (ALG), the RAAF operates two large
capacity strategic airlift aircraft, the Boeing B707 and the Lockheed
C130. Both aircraft types are based at RAAF Base Richmond, New South
Wales. The RAAF operates six multiple configuration B707s. The RAAF's
24 C130s include equal numbers of "E" and "H" models. Though the C130
models have different roles and characteristics, tﬁey share
responsibility for strategic airlift.

ALG alsoc manages the direct airlift support needs of the ADF,
including crewing, loading and turnaround of aircraft. It calls on
other agencies of the RAAF and ADF to provide airlift support through
extended aircraft overhaul, air traffic control, catering for airlift,
airfield security and general logistics support.

Besides providing airlift though its own aircraft and
infrastructure, the RAAF relies strongly on civil sources of aircraft
and capability. Despite restrictions of cost, control and safety, the
Australian Government has encouraged the use of civil airlift to

supplement the strategic lift capability of the ADF. Importantly, the




application of airlift resources is subject to the same planning
processes whether military or civil sourced.

Civil airlift can be acquired by "buying space on reqular services
{usually seats], chartering an aircraft for a specific time or task, cr
enacting legislation to direct a service to be provided" (Department of

Defence, 1983b:35).

Airlift Planning 4

The RAAF is responsible for planning and controlling aspects that
forn part of an airlift system. The importance of planning airlift is
evident in the advantages that effective airlift provides. The
linitations demand exactness in planning and accountability of action.

The speed of airlitt and its reactiveness, compress the time
available to plan its effective and efficient use. Effectively linkina
the iisparate requirements of precision and timeliness 1s the ain of
airlirt planning systems. Airlirft planners are constantly seeking ways
te improve the marriage of these inconsonant bedfellows.

Principles of Airlift Planning
(Department of Defence, 1988b:10-11)

There are four interdependent principles of movement that can ke

appllied to airlift planning. These include:

1. Movement manadement must be centralised at the highest level.
2. Movement must be regulated.

3. flovement nust be fluid and flexible.

4. The maximum utilisation must be made of carrying capacity.

Centrallisation optimises the use of scarce resources by allowing
the massing of resources and directing resources to the tasks with the

highest priorities across the ADF. Regulation of movement avoids
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congestion in the airlift system, and achieves an even and reliable
flow.

Applying regulation and flexibility to planning allows demands cof
special urgency to be met with certainty. Additionally, flexibility
provides for breakdowns and unplannecd surges in demand. By eliminating
congestion points and spreading tasking evenly, sufficient reserve can
be provided in resource and network capacity to meet these unexpected
arisings. Yet, unnecessary or excessive non-committal of resources rust
re avoided as plamners should strive to maximise the utilisation of
carrylng capacity.

Factors in Airlift Planning (Peak, 1990a:1l4 March)

Of the transport nmodes, airlift requires consideration of the nost
factors. Factors can be grouped according to their sourcing into
ccrmitment and rescurce.

Cormitment Factors

Cormitment factors are peculiar Lo that which is to ke moved,
usually termed the bill. These include:
L. size and characteristics,

departure and destinaticn requirements,

[\)

the order of march,

(8¥)

4. integrity requirements,
3. novement availability windows, and
6. notice of requirements.

Size and Characteristics. The size of the force to move atffects

the airlift planning effort. Additionally, the composition of the force

and its objectives affects the priority and hence resources it receives.




i e o v

Departure and Destination Requirements. Varying according to the
characteristics and scope of the operation, the number of departure and

entry points (POD and POE) range from one to many of each, though
numbers rarely exceed about ten destination points and 20 departure
points. Though the definition of PODs and POEs would normally follow
from a force commander's requirements, their impact on the capability of
airlift is significant enough for them to often influence the higher
scenario for operations.

Order of March. The order of march is "the order in which forces

deploy to, within, or redeploy from, an area of operations' (Department
of Defence, 1988b:14). The order usually specifies the unit component, i
POD, POE and movement window. The crdering of movement usually
restricts the flexibility available to the airlift planner in maximising
utilisation. A force commander defines the order of march in
conjunction with his executive movement planning staff. Each modal
planner usually receives the order of march for components of the force
assigned to each mode for transport. While the airlift planner aims to
meet the air mode order of march, higher level movement planning staff
must ensure that the cumulative modal planning effort meets the total
order of march.

Inteqrity Requiremeénts. For reasons of engagement soon after
arrival, administrative control or shortages of support equipment, the
consolidated movement of some groups within the order of march is often
enforced. Though this approach is supported by normal airlift planning
principles, some restrictions on the maximisation of utilisation result.

Movement Availability Windows. Part of the order of march

statement for each component of a force is a definition of the period
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from when the component is first available to move and when it must have
noved by. The grouping of sub-units around time periods, the
relationship between advance and main body movements, the width of
acceptable movement windows, overall movement period and the impact of
movement decisions of one group on other windows are aspects of the
movement time requirements that affect airlift planning.

NMotice of Reguirements. Changes in scenarios and arisings during

operations often dictate changes in a force commander's movement
requirements and priorities. As air is usually the most responsive
node, regquirements are often presented to the airlift planner with
little notice and requiring near-immediate decisions.

Resource Factors (Department of Defence, 1933b:31)

Resource factors include:

1. airframe availability,

ro

crew availability,

s, crew endurance,

“. flyinq time,

5. payload availability,
6. supporting services,

aerodrome restrictions, and

~1
.

environmental considerations.

[e3]

Airframe Avajlability. The small fleet size and specialist
confiqurations of some airframes, especially B707s, forces the airlift
planner to consider airframe disposition. To meet. concurrent
requirements by multiple planning agencies, planners are often allocated

a maximum number of airframes of each type.




Crew Availability. ALG aircrew numbers, though adequate, demand

planning to ensure there are sufficient crews to meet tasking. Aircrew
are qualified to airframe type and model. So, though airframes may be
available, qualified crews may be unavailable to perform the task, while
other aircrew are idle. Same tasks redquire special qualifications of
crew members which restricts the planner's flexibility in dovetailing
tasks, especially when changing tasking already under way.

Crew Endurance. Australian aviation safety requlations dictate

that the duration of crew tasking be strictly limited and include
minimum rest periods between tasking. Increases in availability can be
gained by application of augmented and slip crews.

Flying Time. Resources available to the RAAF airlift planner have
traditionally been defined in units of hours of each aircraft type.
Hours committed to a task is a factor of distance between way points,
alrcraft cruise speed, énd task type. Though allocating resources by
type restricts the freedom of the planner to make the best economic
decision, it has been adopted as a convenient and simple way to bound
resources available and reduce over-commitment of airframes and crews.

Payload Availability. The payload availability of an aircraft on
a task is critical in allocating enough resources to meet requirements
and maximising utilisation. It is a factor of aircraft type (including
maximm weight, door limits, floor limits and éeating limits),
individual airframe characteristics, flight time, fuel reserve
requirements per leg, loading equipment and task restrictions such as
over water flights and landing weight maximums.

Supporting Services. On-ground restrictions on airlift are often

overlooked. They include refuelling, maintenance, and loading



considerations. Refuelling capability addresses correct type and systen
and sufficient volume for the numbers and types of planned aircraft.
Scheduled maintenance is usually done at a dedicated site and requires
planning to avoid congestion of airframes at facilities. Loading
facilities at departure and destination airfields restrict the type and
weight of payload and the turnaround time for aircraft.

Aerodrome Restrictions. Because of aerocdrome location,
construction, facilities and primary role, aerodrome management often
Impose limits on airfield use. Restrictions in landing and take off
weilght and numbers are used to minimise damage to runways, while hours
of operation restrictions apply where night facilities are not available
or primary operations may restrict military operations. Taxiway and
parking limits restrict the numbers and types of aircraft allowed on
grourd at any or defined times. Payload type restrictions may limit the
carriage of dangerous cargo or uncleared passengers to or from an
airfield.

Envirormental Considerations. Despite considerable advances in
capability of aircraft, weather still affects airfield availability and
transit times. Theatre and tactical air supremacy or parity are also

considerations in the planning of airlift.

Sumnary

Airlift is at the heart of Australia's strategy of defence in
depth. It provides the essential mobility to project military power
from remote areas. It enhances combat power by allowing a degree of

manceuvre otherwise impossible in many areas of Australia, where

difficult topography severely hampers surface transport.
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Such mobility, achieved by very limited resources, demands expert
control. Detailed plamning is required to derive the mix of resources

that will meet requirements and satisfy restrictions.
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III. Research Methodology

overview

The primary goal of this study is to determine how computer based
information management can be applied to improve strategic airlift
planning. This goal was achieved by first investigating airlift
planning approaches and algorithms to solve complex routing and
scheduling problems. A MIS was then designed to assist airlift
planning, based on a methodology developed through research.

This system was compared with the current RAAF planning process by
analysing the performance of both with similar data and requirements.
This comparison formed the basis of a discussion of results, issues,
recommendations and conclusions.

The findings of this study are intended for direct application by
the RAAF. Therefore, important goals of this study wére that any
proposed system be based on recent RAAF airlift scenarios and any
claimed system advantages be substantiated. Additionally, it was
beneficial that any proposed system be easily implemented and any
systems development effort conducted in this study be useful in the
development of a system for the RAAF.

After recognising a preliminary analysis, this chapter presents a
discussion of the phases of the research. Research methods applied for
each phase are examined by looking at issues of administration,
selection, development and interpretation. The second section provides
more detailed discussion of the sources of information used in this

research.
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Preliminary Analysis
Critical to this study was a finding that the present system

suffered sufficient deficiencies to warrant consideration of change.
Though personal experience of the author and sponsor suggested that
deficiencies certainly existed, the criticality of this premise demanded
that a pilot study be conducted before embarking on the main research.

Low level electronic storage of airlift planning data was
introduced during an ADF exercise. Though only a crude data management
system, this approach produced benefits and suggested that scope for
ruch greater improvement existed through automation.

Lastly, informal discussions were conducted with personnel
involved in the exercise. Despite some reservations concerning design
issues such as security, control, access and management, all agreed that
automation of airlift planning would "certainly improve the way we do
business and raise our level of service tov our customers" (Thomson,
1990) .

Executive management endorsement of this study occurred in
February 1990, allowing data collection whilst in Australia and approval

of visits to other countries.

Specific Methodoloqy
The research was conducted in seven phases:

1. The investigation of airlift planning concepts and systems.
2. The selection of a systems development methodology.

3. The development of a proposed system.
4. The testing of the system.
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5. The demonstration of variation in planning capability between the
present and proposed systems.

6. An overview of the likely implementation issues; and

7. The making of conclusions and recommendations.

Phase One: Investigation

In the first phase of research, the airlift planning process was

analysed through the following investigative questions:

1. What constitutes the planning function of strategic airlift?
2. What factors affect strategic airlift planning?
3. What are the indicators that allow airlift planning effort to be

evaluated and how are they measured?
. How is strategic airlift planned by the RAAF?
5. How is strategic airlift planned by other defence forces?

G. Are there ways of automating problems of routing and scheduling?

-Questions 1-2: What constitutes the planning function of strategic

airlift and what factors affect it?

For the Chapter II discussion, ADF literature addressed what
comprised the RAAF strategic airlift planning function and which general
factors affected airlift and hence its planning effort. Literature was
reinforced by opinions of ADF personnel.

Question 3: What are the imdicators that allow airlift planning

effort to be evaluated and how are they measured?

Defense Technical Information Center (DTIC) sources were searched
for studies of airlift capability assessment and measurement. Several
studies were found that attempted to apply force capability delivered as

a measurement. Dialog Information Services (DIALOG) sourced indicators
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used by civil operators, but these were not found applicable, given the
different operating motives.

ADF literature provided the broad measures of effort. Interviews
with ADF personnel and 26 survey questions sought greater clarification
of quantifiable measures. Planning staff at Headquarters Military
Airlift Command (MAC) clarified the different methods used by the United
States Alr Force (USAF).

Question 4: How is strategic airlift planned by the RAAF?

ADF publications provided the division of responsibilities for
airlift within the ADF and definitions of terminology. Reviews of
recent and indicative airlift activities provided the data required for
analysis of the quantities and capacities.

Initial research confirmed the author's awareness that planning of
airlift in the ADF is largely an undefined function. Consequently, the
greatest source of information was from the views of those personnel
responsible for airlift planning over the last five years.

Information was obtained from 19 ADF personnel by interview and
survey. Opinions were sought on what factors affected airlift planning
and to what degree, what constituted good airlift planning, the
effectiveness of planning efforts, and the potential for computer based
information support. Deficiencies in the present system were also
targeted. ADF exercise data provided quantification of the present
Systems capabilities and problems.

Question 5. How is strategic airlift planned by other defence

forces?

The world is full of organisations that plan airlift.

Unfortunately, time restricts this research to only one or two that
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offer the most insight into airlift planning for the ADF. The United
States military was investigated because it employs sophisticated
automated airlift planning systems. The Canadian National Defence Force
(CNDF)} was studied because of similarities in size, airlift resources
and planning approach to the ADF.

The USAF plan airlift with assistance of computer systems. During
the research period, MAC provided airlift management for Operation
Desert Shield/Storm, a multi-nation contingency. - This provided an
excellent opportunity to evaluate recently introduced systems. Personal ‘
interviews at MAC, after the main airlift phase had been completed,
gained assessments of the performance and usefulness of systems.
Interviews were conducted with planners, systems designers and
peripheral "players". Hands on access to systems under consideration
and access to system documentation provided extra information.

Small scale airlift planning systems used by the USAF and United
States Army were also investigated. Systems, were targeted in searchies
through DIALOG and DTIC. Where systems appeared promising, sample
copies of software were obtained through the Air Force Logistics
Management Center at Gunter Air Force Base.

The CNDF relies on manual planning of airlift (Peverley, 1990). A
course, offered by the CNDF in April 1990, provided insight into
Canadian airlift planning practices. Personal interview with teaching
staff from that course provided additional infofmation.

Question 6. Are there ways of autamating problems of routing and

schedul ing?

For the Chapter IV discussion, UI'iC located previous research

concerning routing and scheduling of airlift, principally for the United
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States military. AFIT staff directed pure research into classical
routing and scheduling problems, their time and space complexity and
their algorithmic solution.
DIALOG produced International Aerospace abstracts of applied
research concerning the routing and scheduling of commercial cargo and
passenger aircraft. Upon advice from AFIT staff, this search was :
expanded to include operations research studies in other areas. |

Phase Two: Selection of Systems Develocpment Methodoliogy

R SIN

In Chapter V, a systems development methodology was selected after
reviewing literature concerning systems development activities and
traditional methods and tools. Information on recent trends and tools
was found in journals and periodicals, bridging the gap between pure and
applied discussion of methods and results.

Aspects of the strategic airlift planning enviromment impacting
the choice of a systems development methodology were deduced from the
literature and through interview with AFIT specialists. Assessment of
impact required measuring of the sige, complexity and frequency of those
aspects through the analysis of exercise data and post exercise reports
and ADF personnel by interview and quantitative responses to a survey.

The aim that the development effort be useful to future RAAF
efforts affected choice»oﬁ design methods. It encouraged selection of
proven tools, techniques and platforms that were supported by reliable
vendors. Expectations of longevity of vendors and their products was
also considered. Industry journals and newspaper articles were used to
gauge strength of products and vendors.

Preference was given £o analysis and design techniques and tools

that were in use in the ADF. RAAF automated systems policy makers are
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encouraging use of standard approaches to systems development. They
consider that this is likely to reduce effort expended in transfering
results between systems (Tyrrell, 1991). ADF staff provided an
indicative list of the types of products in use in the ADF.

Database relation and element definitions were maintained in a
design database. This allows ready transfer of data between systems and
techniques should this be required after the study. Additionally, this
activity provided the author with hands on exposure to selected software
and made data definition maintenance more manageable.

Phase Three: Development of System

Having developed a methodology, phase three involved its
application to the design of a MIS system for airlift planning. System
requirements and performance minimums, deduced from findings of the
investigative phase, were endorsed by the sponsor of the research and by
other ADF personnel.

Development included three components; overall configuration
design, definition of primary system components and development of a
prototype of phase cne of the system.

Configuration design was supported by literature recommended by
AFIT specialists. Rigorous explanation and evaluation of concepts was
provided by texts, while articles addressed issues of connectivity,
developments and performance.

The chosen method required development of those syétem components
that were critical or produced most retwrn on investment. Survey
findings directed the choice of components. Results of the development,
using the selected methods and tools of design, is presented at Chapter

v.



Phase Four: Testing of Proposed System

The development method c;lled for specification of system goals
and requirements. Formal a priori definition of goal attributes,
included measures and scales of performance. The proposed system was
tested against these goals.

Overall feasibility of the system could be tested in this way.
More detalled development and deeper testing was considered necessary
for critical components of the system. Consequently, detailed
definitions and a prototype were developed for these components. This
greatly improved confidence in accuracy of test and validation results.
Discussion of this deeper development occurs at appendices referenced by
Chapter V.

Past ADF exercises provided quantitative data needed to define and
verify the logical design and prototype produced. This allowed the
system to be developed based on varicus realistic airlift scenarios and
levels of resource commitment.

The system was tested using a large scale exercise. This tested
all compeonents of the system and placed a heavy load on the prototype,
both useful to testing. A small scale exercise was applied to the
system to provide some test of feasibility with a different scenario.
This allowed design limitations, resultant from the application of one
exercise and scenario, to be removed before evaluation.

Phase Five: Demonstration of Planning Capability Variation

Having developed the system to a testable stage, the sponsor was
invited to participate in validation. As well as introducing
independence into testing, this allowed input from the sponsor to other

stages of the research.




Before departing Australia, the sponsor was invited to define the
criteria by which the feasibility and potential advantage of the system
would be judged. Aadditionally, he was invited to bring extracts from an
airlift exercise or operation. This approach improved quality of
validation by evaluating correctness of systems goals and measurements
and reducing bias caused through author choice of test bed.

Present. system performance during the extract period had been
recorded. Performance measures included timings and shortcomings. The
sponsor would then attempt to apply the same extracts to the proposed
systen.

The overall system design was first presented to the sponsor. For
each event sequence, capabilities of the system and the improvements
offered were discussed. After discussion of all event sequences, the
sponsor provided additional comments, including improvements where
required. The sponsor's evaluation of the system's feasibility and
potential formed the basis for the Chapter VI discussion.

Next, the critical components were considered in more detail. The
alm was to extract more quantiriable measures of improvement in the
essential and primary components of the system. The prototype was
loaded to represent the airlift state prior to each time sequence, The
sponsor was then presented with the log and other scenario data
pertinent to the sequence and requested to action the log using the
prototype.

Using the sponsor to perform the test allowed other issues, such
as user friendliness, to be adequately tested. Times to perform
transactions were measured and sponsor reaction recorded. This

continued for each sequence that addressed the prime components.
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After testing, sponsor opinion was extracted through unstructured
interview. Quantitative results were tallied and averaged. Where time
savings had occurred, the potential saving during a complete operation
was deduced through extrapolation. This data formed the quantitative
support for the Chapter VI evaluation of the prototype.

Phase Six: Implementaticn Issues

As previously discussed, implementation issues were not addressed
in the main part of the research. Consequently, claims were noct
validated. However, this choice ocbliged the author to refrain from
making specific claims concerning implementation in the Chapter VI
discussion.

Literature, recommended by AFIT staff, provided information on
implementation issues. Discussion of issues peculiar to the potential
implementation site, the RAAF, was based on perceptions of the author
and ADF personnel. ADF persomnel opinions were gleaned through personal
and telephone interview and a survey question.

Phase Seven: Conclusions and Recommendations

In the final phase of the study, conclusions were drawn and .
recommendations made on implementation of a MIS to support strategic

airlift planning.

Information Gathering

Information was sourced in three ways; review of literature,
solicited views of experienced people and extraction of data from past
ADF airlift operations.

Literature reviewed included pure and applied research, works

defining doctrine, and operating guides, manuals, and regulations.
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DTIC, managed by the Defense lLogistics Agency, provided previous United
States military research and doctrinal studies. ADF airlift planning
staff, AFIT staff and the DIALOG sourced additional literature
concerning computer aided airlift planning systems, the automation of
routing and scheduling problems and development of computer based
systems. DIAIOG, a retrieval service available to the public, searches
the Compendex Plus data base which contains extracts of jourmals,
pericdicals, newspapers and newsletters.

ADF literature was sourced from the author's professional military
and specialist knowledge and that of RAAF officers responsible for
airlift planning policy. Manuals and additional systems literature for
other countries' systems were located after advice from perscnnel
responsible for control or application of these systems.

Solicited views of experienced people provided information about
the factors affecting airiift planning, the measurement of planning
effort, and procedures for planning. Senior officers, managers and non-
commissioned staff responsible for planning effort, performance of
present systems and the implementation, distribution and achievement of
airlift plans -were targeted.

Additionally, aircrew who flew airlift tasking, ADF liaison staff
representing the force lifted, and other specialist military staff with
recent exposure to airlift planning and implementation efforts, provided
informatioﬁ.

Because of distance, personal interviews of ADF personnel were not
possible. Consequently, views were obtained through a combination of

telephone interviews and written surveys. Personal correspondence was
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sought from the sponsor and other key individuals. Telephone interviews
used an unstructured and opinion seeking approach.

Survey of ADF Personnel

Surveys were tailored to the speciality skills, experience and
present duties of respondents. The full survey instrument was divided
into sections based on respondent employment category and exposure to
airlift. The full survey instrument is attached at Appendix B.

The survey instrument for each respondent was assembled by the
combination of applicable sections of the full survey, under cover of a
standardised introductory section. This introductory section provided
background to the survey, defined terms and solicited information
concerning respondent identification and experience.

Unfortunately, a long survey was required to address all issues in
sufficient detail. This was expected to affect the quality and number
of returns. Hdwever, altermatives of follow up surveys and personal
interviews were rejected because of impacts of time and distance.
Personalised and motivating correspondence covering the survey and
telephone contact were used to achieve respondent interest and a
reasonable rate of return.

Surveys sought both opinion and fact, using open ended and
multiple choice question formats. Nineteen open ended questions
gathered data and expressions of opinion. Forty six multiple choice
questions required respondents to rank support of answer options;
Expression of opinion was also available in the multiple choice
questions. Where respondents had access to airlift statistics, the

survey requested useful statistics.



Classic scientific analysis sampling methods were not used. Usual
research practice would seek a random selection of respondents, from the
population of all ADF personnel with exposure to airlift planning
effort, to reduce incidence of bias in the opinion gathering process.
However, while exposure to airlift activity is not uncommon among ADF
perscnnel, there are few with good exposure to airlift planning
activities, especially all levels of command and dealing with a variety
of scenarios. Those few are well known within a small force like the
ADF. So, information gathering targeted those few with exceptional
experience.

The survey instrument was tested locally and forwarded to the
sponsor for appraisal and acceptance. Twenty-eight surveys were
forwvarded to ADF personnel ranging from senior to non-commissioned.
officers. Sixteen responses were received, giving an acceptable
response rate approaching 60 percent. Some respondents commented on
shortcomings in the survey's design.

Data from Airlift Planning Activities

This research also required detailed quantitative data to assist
in design and testing. This data was sourced from previous ADF airlift
planning exercises. The choice of which airlift efforts would represent
the population of all ADF airlift had potential to introduce bias.

To minimise the incidence of bias in test data selection, the
sponsor was approached, at commencement of this research, to provide
exercise data that could be later used to test and evaluate any
proposal. Airlift planning data on two exercises was provided.

One exercise involved large scale and complex airlift planning of

military and civil resources. It was conducted in 1989 and was the
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largest airlift of the ADF since World War ITI. It was a rigorous test
of the ADF's airlift plamning capability as it included significant
deliberate and unexpected events which tested airlift planners,
including a major civil emergency requiring military airlift support to
the nation (Air Lift Group, 1989:3).

Data gave a before and after shot of the planning process. It
included the requirements or lift bill, the airlift initial plan and the
post exercise evaluation of the performance of airlift. Additionally,
time slices of the airlift plan at various stages of its development,
implementation and modification were available. An exercise log
provided a description of the planning environment. Exercise data was
captured on electronic and longhand medium.

The author and sponsor had been responsible for the airlift
planning for the exercise. Recognising that greater independence of
results would occur if testing used data of an exercise unknown to the
author and sponsor, attempts were made to locate data pertaining to
other exercises. However, deliberate efforts had been taken on the
larger exercise to record all events. This was not the case for other
exercises.

Other exercise records did not contain sufficient data to present
a complete description of an airlift planning operation. There were no
logs of activities, no planning work sheets or other documents that
provided complimentary data to the airlift planning process. While
testing the general capabilities, the independent exercise could not
reliably and exhaustively test the system.

For other exercises to be useful, indicative scenario and other

contributing factors would have to be injected into testing. Overall,
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this process had the potential of introducing more bias into testing
than it avoided. Additionally, data was only available in longhand
form, which would have extended time requirements of the testing phase.

Therefore, the larger exercise was chosen as the main test bed for
this research. The smaller exercise was used to develop the system and
test feasibility. To improve testing validity, the sponsor was
requested to specify which periods and activities of the exercise to
base validation upon. The author was not advised of this choice until
testing began. Though this introduced some overhead to load the
prototype to reflect the state needed, it provided independence.

For the larger exercise, the author had been responsible to the
sponsor for the detailed airlift activities of the exercise. As the
sponsor had been involved, at an executive level, he had good
recollection of those factors present during the exercise. Yet, as he
did not do the airlift planning, he was not éware of most detailed
airlift decisions made at the time. Additionally, having been part of
the airlift executive during the exercise, the sponsor was aware of the
requirements of executive management of an airlift planning MIS.

Using sponsor chosen extracts from the large exercise allowed the
author, as tester, to have good recollection of the activities being
reproduced without being involved in selection of the test period. Yet,
the tested, to whom the prototype was new, chose what activities to base
the test upon without being aQare of the detailed airlift planning
activities undertaken during the actual test periocd.

An additional advantage of this approach was that the sponsor was
free to define what activities were prime parts of the airlift planning

process. This improved the quality of validation.
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Summary

This chapter discussed the research methodology used in this study
by first looking at the specific aspects of the six phases of research.
General issues of data analysis and information sourcing followed.

The first phase investigated airlift planning in the RAAF, USAF
and CNDF. Theoretical and empirical studies of routing and scheduling
methods were also investigated. The next phase researched and developed
a methodology to develop a MIS. 1In phase three, a MIS was designed to
assist in RAAF airlift planning, though full development of the system
was not possible or required. 1In phase four, this system was tested
against current RAAF airlift planning processes by analysing the
perforrance of both with similar data and requirements. Phase five
continued testing by addressing the improvements claimed by the proposed
system. Secondary research was conducted into likely implementation
issu€s ir phase six. Recommendations ard conclusions comprise phase

seven of this study.
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IV. Airlift Planni

Overview

This chapter investigates the airlift planning process.
Investigative questions concerning the planning function, its
measurement and automated support, and approaches of various military
forces are addressed. The chapter aims to guide later proposal of a
RAAF airlift planning MIS by defining the planning envirormment and
gauging the effectiveness of computer based airlift planning systems.

The chapter starts with a discussion of airlift planning concepts
by looking at planning activities and mapping them to overall operation
milestones. Theoretical and automation issues are then discussed.

The RAAF airlift system is analysed in detail. Factors of good
planmning and their measurement are discussed as well as deficiencies in
the present approach. An overview of airlift planning approaches
employed by the USAF and CNDF follows. Any use of automation in
planning is discizssed, as well as similarities in approach, different

performance measures and similarities between systems.

Airlift Planning Concepts

Cost minimisation is the primary objective of most distribution
problems (Bodin et al., 1983:79). However, in military airlift
operations, cost cannot be the primary consideration because survival is
at stake (Department of the Air Force, 1985:3~2). “Any military weapon
system must be effective first with notions of efficiency and economy

being subordinate" (Mitchell, 1991). Still, efficiency is important to



the extent that it contributes to combat effectiveness (Department of
the Air Force, 1985:3-2).

The aim of all airlift planning is to put the right force in the
right place at the decisive time (Cassidy, 1986:114). Given a feasible
airlift scenario, there is an available optimal solution or solutiocns.
However, time between decisions and imperfect information restrict the
planner from finding it with certainty. Airlift planning involves best
using availakble time and information to make sound decisions.

The mix and order of cobjectives for an airlift planner depend upon
an cperation's environment. As operations are dynamic, reacting to
changes in national requirements, airlift objectives can change during
planning. Consequently, operations are rarely the same and seldom does
actual airlift match that initially planned (Cochard and Yost,
1985:54,55) .

Four broad activities comprise airlift planning:

1. investigation,

2.  detailed static planning,

3. implementation and dynamic management, and

4. performance monitoring and review (Thyer, 1991; Mitchell, 1991;

Peak, 199la:4 July).

Investigation

Investigation first groups and evaluates resources and
requirements. This occurs after operation concepts and expected
resource allocations have been defined by higher command as depicted in
Figure 4-1. Capability data is gathered on aircraft and airfields, as
is characteristics of likely payload. Resource allocations are also

examined. These activities seek to gather data for later application in
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detailed planning and to eliminate options that are cbviously infeasible
because of requirement or resource limitations.

With better definition of requirements and resources, pre-planning
can commence. This involves deriving strategies for the application of
airlift, determining users' requirements and broadly matching resources
to meet their requirements (Thyer, 1991). The likelihood of
requirements being met within resource allocations is evaluated.
Additionally, aircraft types, airfields and routes which will require
close management are identified.

At this infant stage of an operation, the enviromment is rarely
stable and requirements and allocations may not be defined to sufficient
detail. Consequently, there is little motivation to plan in great
detail and exhaustively test feasibility of ideas (Peak, 1991a:4 July).

Investigation activities aim to derive an airlift concept that is
acceptable to the force commander and is based on soﬁnd principles of
movement management. Force commanders often must compress the time
available for concept planning as little other operations planning is
possible until a concept of movement is defined. Despite limits on
information and time, investigative activities remain vital, providing
resource and requirement data for later use and laying a strategic base
for subsequent planning activities.

A class of airlift planner exists solely in this phase. Called
the "deliberate planner" by the USAF,Athis type of planner is
responsible for assessment of broad capability and development of
concept plans (Peterson, 1991). While the traditional planner has
operation "womb to tomb" commitments, the deliberate planner is

concerned with proofing strategies and concepts and not with later
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implementation. He seeks ways to quickly, though accurately, make
assessments of airlift capability. For the deliberate planner,
investigation results in a statement of maximm and expected flow that
is likely from a mix of resources and requirements.

Detailed Static Planning

Upon acceptance by a force commander of an airlift concept,
planners, other than the deliberate tvpe, must commence detailed
allocation of requirements to aircraft and the scheduling of aircraft
flow. Detailed static planning involves moving from a concept of
airlift to a detailed plan for application of airlift.

The core product of detailed static planning is a schedule of
flights that meets all requirements and does not exceed resource
allocations. The term static applies because it is performed after firmm
allocation of 1lift resources and requirements, but before the dynamic
influence of airlift that is under way.

Payload Allocation to Lift Type

During payload allocation, total aircraft load requirements are
calculated by aircraft types, routes and time windows. An aircraft load
assessment prepares for later aircraft scheduling activities. It
involves aspects of space estimation and effective assigrment.

Planners seek ways to quickly deduce total load requirements by
applying heuristic methods to convert requirements in loads. As
illustrated by Figure 4-2, more time is available compared to earlier
planning, though more detail is needed.

Payload allocation should not be confused with individual task

loading and pre-planning which occur during the airlift. At that
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stage, aircraft are tasked and loads finalised and available for
inspection. Detailed loads are planned for each leg of a mission.

Conversely, at the payload allocation stage, only concepts of
airlift are available. ILoads are ill-def.ined and not assembled. Time
constraints and lack of information limit allocation to numbers of loads
and not composition of each load.

Lift requirements can be expressed in different units. For large
forces or those that move regularly by air, requirements can already be
defined in aircraft loads. Obviously, this approach best suits planning
by avoiding load estimation. However, difficulties arise where aircraft
of different characteristics are available or the lift customer is not
reqularly deployed by air.

Mcre commonly, especially for smaller forces, lift requirements
are defined by cubic volume, tonnage or both. These measures are easier
to derive but cause inaccuracies for planners.

An aircraft has both volume and weight maximums. Because only
total velume and weight, and hence average density, are available,
estimation of sub-load densitie; to derive approximate aircraft space is
required. Use of different density estimates for classes of cargo
improve the accuracy of predictions.

Aircraft of different characteristics are often available to
service tasks, though the type of payload may limit choice of aircraft
type. If payload can be carried by more than one type of aircraft, éome
analysis is required to deduce preferred type.

Routing and Scheduling of Airlift
With aircraft loads identified, the next task is to introduce

aircraft to fly missions that lift identified loads. Missions must meld




into an effective and efficient flow. The flow should seek to maximise
payload carried, relative to payload priority, and yet allow opportunity
for rapid change in response to scenario or resource disposition
changes. The aim is to devise a flow of aircraft that is balanced and
approaches maximum aircraft utilisation and payload carried.

While a deliberate or theoretical planner seeks to gauge the
maximum capability of a resource allocation, the operations planner
seeks to devise a flow that offers flexibility. Flexibility is usually
gained by retaining excess capability within the flow.

Excess capability, or slack in airlift flow, allows quick solution
to unexpected problems with least disruption. Yet, this safety slack is
a scurce of inefficiency. If there is excess capability in a flow, then
capability of a particular resource allocation has not been maximised.

Output of static planning is highly detailed. Planners must be
confident that over-commitiment of resources 1s avoided and crew and
airfield restrictions are observed. Mission tasking for each aircraft
within the schedule must be provided, as well as specifics of payload
and infrastructure requirements.

Implementation and Dynamic Planning

Upon approval of an airlift flow and commencement of operations,
missions are tasked and aircraft start to fly. Airlift planning now
moves from the static enviromment to the dynamic.

Many argue that this activity is not part of the pianning
function. In a survey of ADF personnel, a gquestion targeting whether
implementation forms part of the total planning function produced a 50
percent agreement. Yet, all respondents suggested that airlift

activities were iterative and dependent.




Certainly, actual flying and loading of aircraft and even tasking
of crews are not planning activities. Yet, the iterative nature of
airlift activities means that control systems must be able to swing
quickly from one phase to another. This is most evident during
implementation of airlift.

Every time a significant change is required during the airlift,
some revaluation of options and cbjectives must occur to derive the
preferred course of action. Consequently, airlift control moves
constantly between implementation and planning during flying activities
(Mitchell, 1991).

A major lesson learned by MAC during Operation Desert Storm/Shield
was the need to have systems that bridge the gap between planning and
viable execution (Peterson, 1991). Compared to exercises, the chaos of
real operations restricts time to plan and implement changes to a flow
from days to hours, while increasing the scope of likely changes (Babb,
1991:15-16). "The requirements for airlift have almost always been
greater than expected at the beginning of the conflict, and the variety
of nissions performed by airlift increased measurably as the conflict
developed" (Cassidy, 1986:124)

The airlifg planner has the responsibility of committing airlift
in the most effective and efficient way to achieve the force commander's
requirements. This responsibility ends when airlift has either achieved
or failed to achieve requirements. Therefore, as factors change during
implementation of lift, previous planning phases must be revisited to
devise reaction.

Planning during implementation involves similar activities to

those of the static planning phase. However, changes in the environment
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demand different operating approaches. The enviromment has now moved
from the somewhat static pre-commitment phase, to the dynamic phase.
Aircraft break down, crews get sick and loading equipment fails.
Planning, therefore, adopts more line responsibilities, attacking
problems that are developing in the flow.

New requirements are presented and resource allocations change in
response to larger scenario developments. The flow must be changed to
achieve new priorities. But now the flow is no longer just a plan.
Aircraft are flying, crews are comuitted and payload is on-board.

Any re-routing and scheduling of airlift is govermed by a defined
start state which is the actual disposition of aircraft, crews, loads,
and support facilities. Often there is also a defined after state the
flow must return to, so as to meet original priorities.

Review

Airlift culminates with achievement of an cbjective, within
imposed constraints. For large scale airlift, some analysis may be
required to determine if objectives are achieved and constraints
cbserved.

Additionally, some feedback mechanism is required to evaluate
planning decisions made against outcomes. This is most relevant in
airlift exercises which aim to better prepare a force through
application, be it actual or noticnal. Decisions taken by the planner
are reviewed for soundness of decision approach and accuracy of data.

Review is not performed exclusively after flying has ceased. Only
through measurement and feedback during airlift can it be gauged whether
airlift is moving towards achievement of objectives at planned rates and

if resource availability is as expected.
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Executives demand timely advice of actual performance during
implementation. Feedback during implementation, of actual performance
versus expected performance, allows airlift to be managed towards
changing goals in lieu of being set on a course towards expected

outcomes.

Theoretical and Automation Issues

No facet of airlift planning is "too difficult" to automate.
However, the wide influence of an operation's environment on airlift
planning has frustrated attempts to apply automated systems to airlift.

Fully automated systems, such as expert systems, depend on a
knowledge base of rules (Cook and Russell, 1989:720). Their
construction usually requires rigorous definition of factors, options
and benefits. The effort to collect and define data concerning the vast
array of potential factors that affect complex planning environments is
large. Additionally, constraints may be too nebulous and hard to define
(Bodin et al., 1983:132). By the time data on all possible factors has
been collected and constraints defined, the benefit;s of speed and
accuracy normally associated with automation are seriously undermined
(Bodin et al., 1983:132).

User acceptance of computer generated solutions is most impeded by
a feeling of the user's loss of control over the underlying physical
system (Bodin et al., 1983:182). By including man-machine interaction
in computer systems, better solutions aré being obtained and, more
importantly, wider user acceptance is gained (Cochard and Yost, 1985:56-

57; Bodin et al., 1983:182).
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Interactive systems have great potential application to airlift
planning. Users can apply intuition or knowledge to break the total
airlift problem into sub-problems. Sub-problems can then defined
rigorously and solution approaches directed. With problems bounded and
solution approaches defined, quick and accurate solutions are available
through automation (Cochard and Yost, 1985:57).

Estimation of loads

The loading of aircraft is well researched and is a form of the
load optimisation, knapsack and greedy problems (Horowitz and Sahni,
1990:51-64) . Noteworthy works of theory addressing aircraft loading
include those of Eilon and Christofides (Eilon and Christofides, 1971)
and Huebner (Huebner, 1982). Unfortunately, much of the literature on
the load problem is too theoretical or does not treat many real-life
constraints (Cochard and Yost, 1985:56).

Automated systems for load planning have difficulties in
reconciling the flexibility of movement priorities into formulations.
Reasonable solutions are hard to generate given the lack of information
available at early stages of planning. ‘ Most successful systems rely
upon interactive systems to overcome these difficulties (Cochard and
Yost, 1985:56).

Assigqnment of Ioads to Type

Assignment of payload to aircraft type is often done manually ’
based on intuition and experience. Automated assigrnment is based on a -
heuristic of using the vehicle with the largest carrying capacity,
provided an economical amount of carrying capacity is used. This
heuristic assumes that economies of scale ensure larger vehicles provide

cheaper per ton delivery costs (Bocdin et al., 1983:107-109).
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Ioad assignment to aircraft type is a generalisation of the
operations research transportation problem. Mathematically, this is not
a hard problem giving it useful practical potential, as discussed later
in this chapter. Automated methods to optimise assignment to vehicles
have undergone considerable research in the last thirty years. Several
techniques, including Charnes and Cooper's stepping-stone method and
Dantzig's modified distribution method, provide specialised solution
methods (Cook and Russell, 1989:202).

Scheduling of Aircraft

The scheduling of aircraft is also well researched, falling into
the routing and scheduling component of operations research. Routing
specifies the sequence of airfields that flights must visit, while the
schedule identifies the times at which the activities at these locations
must be carried out. The problem's structure allows application of set,
graph and network problem definition and solution approaches (Bodin et
al., 1983:77-78; Cook and Russell, 1989:219; Horowitz and Sahni,
1990:336,364-372).

Routing and scheduling problems are generalisations of the classic
travelling salesman problem, which Karp has proven to be mathematically
hard (Bodin et al., 1983:82). The airlift generalisation of the routing
and scheduling problem is called the pickup and delivery problem with
time windows. It is characterised by task precedence and time window
constraints (Solomon and Desrosiers, 1988:7-8).

Task precedence relationships force the pickup activity for a task
to precede the delivery activity and pickup and delivery to be by the
same aircraft. This last constraint simply means that loads cannot

change aircraft in flight or the problem cannct be divided into separate
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pickup and delivery problems with share depots. Airlift scheduling can
also involve sub-component problems, such as crewing (Bodin et al.,
1983:117-147; Sklar, 1990).

Routing and scheduling solution methods often divide a problem
into its spatial and temporal components. They then derive feasible
solutions to one component and apply them to the second. The aim is to
divide the problem into smaller more tractable pieces.

Even without time constraints, the routing cf aircraft is a hard
problem. Yet, at least a network that includes all tasks can be
constructed a priori. This means that routes are predefined and always
available. The difficulty lies in finding the optimal traversal of the
network.

With time windows, "the complete set of tasks that can feasibly
follow a given task cannot, in general, be specified beforehand since
the exact time of service for a given service cannct be specified in
advance" (Bodin et al., 1983:149). This means that in contrast to a
pure routing or spatial problem where a network remains static during
its transit, time and space considerations may cause a network to change
during its transit. For example, the route between two nodes may only
exist between 9.00 am and 10.00 am.

Not surprisingly, the routing and scheduling problem with time
windows has been proven to be at least as hard as the travelling
salesman problem (Bodin et al., 1983:149). In fact, even finding a
feasible solution to the problem has been proven hard (Solomon and

Desrosiers, 1988:4).
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Implications of Hard Problems
There are implications of a mathematically hard problem. Figure

4-3 charts problem complexity against computational time, though space
is equally applicable. Functions with less than exponential and
exponential relations between complexity and time are plotted.

As expected, time to solve a problem increases with problem
complexity for all functions. Yet, for functions with a less than
exponential relationship between complexity and time, the rate of
increase is bounded and remains somewhat reasonable. Mathematically,
these Zunctions represent rmethods that are not hard. Generally, a
solution can be generated for complex problems, though the time to
generate may become long. Importantly, there is no rapid degradation in
computational time for each step up in complexity (Horowitz and Sahni,
1990:37) .

For example, if the relationship between complexity and solution
time is linear, a problem twice as complex requires twice as much time
to generate a solution. This is true whether the original complexity is
n=2 or n=10. .

The exponential plot (2") of complexity against solution time
shows time to solve a problem also increases with complexity. Here, if
the original problem has complexity n=2, then a problem with twice the
complexity (r=4) will require quadruple the solution time of the
original (2%°=4 versus 2'=16). But if the original has complexity of
r=10, then twice as complex means n=20 and the solution timé is
multiplied by over a thousand (2'%=1 024 versus 22%=1 048 576).

For exponential functions the rate of increase is steep and

quickly approaches, though never reaches, infinity. Increases in
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) complexity beyond the lowest levels will result in very large increases
in solution time. A level of complexity is quickly reached where an
optimal solution will only be generated in time approaching infinity.
An exponential lower bound characterises a hard or intractable problem.
Methods with high polynomial degree or exponential relationships between
complexity and time are of limited practical utility (Horowitz and
Sahni, 1990:37-38).

Complexity is a general term applied to problem definition. For
routing and scheduling problems, complexity generally increases as the
number of airfields, aircraft or lcads increase or time windows reduce
(i.e. become tighter). Most aircraft flow problems for military
cperations are complex. Given the intrinsic difficulty of the problem
class, heuristic methods have become the focus of practical
investigation (Solomon and Desrosiers, 1983:6G).

Heuristic Approaches

The routing and scheduling problem with time windows involving
either pickup/drop only or full vehicle loads has been solved by
Desrosiers, et al. (Solanki and Busch, 1991:1). However, a
computatiocnally feasible technique for real-world broblem has not been
found (Hilliard et al., 1991:13). Instead, heuristic methods have been
applied.

Heuristics are "approximate methods to obtain near-optimal
solutions in lieu of seeking optimal solutions" (Bodin et al., 1983:76).
They are effective if they provide solutions consistently close to the
optimal solution while improving time to derive a solution.

Because heuristic methods consider a sub-set of possible

solutions they are prone to restricting their search to areas where
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feasibility, let alone optimising, is not possible. Consequently,
heuristics tend to be tailored to specific problem scenarios. Selection
of a heuristic method, given a problem environment, is seen as a
possible application for an expert system (Solomon and Desrosiers,
1988:9~10) .

Different heuristic approaches have been applied to routing and
scheduling problems. Some rely on simplifying route choice to bound
solution space, such as use of sequential or clustering approaches
(Sclomon and Desrosiers, 1988:9). Others attack sub-components of the
total problem that can be solved optimally and rely on sub-problem
improvements to make overall solutions attractive. Tour improvement is
another approach, which takes an initial feasible solution and attempts
to maintain feasibility, while moving towards better solutions
(Christofides, 1935:143-447).

To overcome limitations in heuristic performance caused by the
scenario, researchers are proposing solution approaches that apply more
than one heuristic to a problem and then choose the best result (Fisher
and Jackumar, 1981; Lawler et al., 1985:176-177).

Soft Constraints

Difficulties with complexity and definition of problem constraints
abound in practical aircraft routing and scheduling applications.
allied to these difficulties is the presence of hard and soft
constraints (Solomon and Desrosiers, 1988:1-2). Being based on rigorous
definition, mathematical approaches to airlift flow problems best suit
applications where all constraints are hard, meaning firm or discrete.

Examples of hard constraints include a 15 hour crew day, a maximm of
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five aircraft or a movement window defined to the day suit solution
approaches.

Yet, many constraints are soft or flexible in nature. Crew days
can often be extended if sufficient incentive exists. Movement windows
are often not discrete. Though it may appear that firm boundaries exist
between acceptable and unacceptable delivery periods, a sliding cost of
late or early delivery is usually the case. A force commander may
accept a late delivery if related advantages gained by such a decision
are sufficient.

Sclution methods attempt to recognise soft constraints by either
using many discrete constraints to model a continuous constraint or
through relaxation techniques. Relaxation techniques incorporate
continuous corstraints by recognising them as costs in the objective
function (Solomon and Desrosiers, 19388:1). The objective function is
"the equation used to measure the effectiveness of a proposed solution"
{Cook and Russell, 1989:12). By removing constraints, relaxation
techniques simplify the generation of feasible solutions. They then
incorporate opportunity cost coefficients in the objective function to
artificially apply the requirements of the constraint.

For example, a soft time window constraint for movement may exist.
Not applying this constraint allows many "feasible" solutions to be
generated. However, where movement occurs outside the window, a penalty
is applied by multiplying a constant by the time that falls outside the
window. This provides recognition of the continuous window constraint
and effectively eliminates options that excessively abuse the window

constraint.
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Dynamic Airflow Scheduling

Static and dynamic aircraft flow systems share many similarities.
However, the speed of airlift shortens reaction and decision cycle time,
thus suggesting the use of heuristic and rapid methods (Bodin et al.,
1983:177) .

In dynamic scheduling, objectives change from finding the best
solution to finding the best way to move from the present state to some
future state defined in the plan. Systems must be able to integrate the
present state and understand the desired future state. To do this there
must be definition of what can and cannot be changed and the cost of
change.

Academic study of dynamic routing in the dial-a~ride taxi
applications have considered costs to date as sunk and eliminate them
from the problem (Bodin et al., 1983:179). This converts the dynamic
problem to a static consideration with dispersed vehicles and customers.
Civil airline systems apply similar least cost and disruption heuristics

in reaction to schedule difficulties (Bodin et al., 1983:156).

Measurement of Airlift Planning Performance (Resources and Financial

Programs Division-RFPD, 1990:Chapter 6)

The development of performance indicators facilitates efficient

and effective management by idertifying areas that might require
corrective action or refinement, often because of changing external
conditions, or requiring further in~depth investigation (RFPD, 1990:6-
1). In so doing, it provides for ongoing scrutiny of approach and

achievement.
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Informaticn and feedback on performance that has been collected on
a regular and systematic basis can be useful and valuable to airlift
plamners for the following purposes:
1. Planning. It facilitates the choice of strategies to achieve
goals and identifies priorities and suggests changes in approach to
airlift planning.
2. Budgeting. Feedback helps justify bids for resources to executive
management and force commanders and allows development of targets,
milestones and standards as part of the planning system.
3. Implementation and monitoring. It monitors progress against
resource constraints, lift requirements and overall objectives and
guides appropriate corrective action in order to keep an airlift plan
"on track" for maximum achievement of results.
4. Evaluation. Performance review allows assessment of achievement
of particular airlift planning objectives, demonstrates the contribution
of airlift decisions to higher operation objectives and provides
information from which policy variations can be developed.

Seven indicator types are typically applied to measuring airlift

planning:

1. Output, which is the quantity of airlift service provided.

2. Responsiveness, being the elapsed time to execute airlift.

3. Productivity which is the workload per airlift resource.

4. Efficiency or cost per unit of performance.

5. Effectiveness which is the extent to which airlift reaches its

objectives. Also called outcome, effectiveness measures operational and
surge capability of airlift resources.

G. Cost-effectiveness which seeks the unit cost of effectiveness.
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7. Qualitative which provide judgemental assessments of product

quality concepts such as service standards.

ADF Airlift Planning (Peak, 1991a:5 July;Newcombe, 1991:28 July; Small,
1991: 28 July)

Both aircraft tasking and paylocad management for ADF operations is
performed by ALG, the transportation component of RAAF's Air Command.
For small scale and short tem operations, ALG provides all planning
staff, while for larger operations, staff are supplemented by RAAF full
time and reserve members. Different planning procedures and staff are
used for operations and normal peacetime airlift.

External agencies that interface with ALG include civil operators
of aircraft and airport facilities, higher headquarters and movement
control agencies (Peak, 1990a:6 March). Movement control agencies act
as intermediaries between the users of airlift and ALG (Department of
Defence, 1988b:12).

In its airlift planning role, components of ALG become external
customers to the airlift planning process. These.components include
flying and intermediate maintenance squadrons and air terminal agencies.
Alir terminal agencies are located at RAAF and civil airfields and
provide loading and other turnaround tasks for transiting ALG aircraft.

Separate staff are responsible for aircraft tasking and payload
management. They are co-located, but maintain separate files concerning
an operation and tasking folders for each mission. Though they share
data concerning allocation, scenarioc and tasking, each maintains
relevant documents on their own files (Small, 1991). This leads to
duplication but cannot be avoided as ready access to operation or

mission information is required by each (Newcombe, 1991:28 July).
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Each function maintains a general operation file. This file is
the repository for all correspondence of a non-specific nature
concerning the operation. Subordinate files maintain specialised
aspects, including planning and working data. Publications that provide
resource capability or requirements characteristics are kept by any
staff that require the information.

For historical record, all files are maintained for a reasonable
period. Tasking folders generated by each function are also stored,
although each component stores its files and folders separately
(Newcombe, 1991:28 July).

Eight discrete functions are performed. Firstly, operation
scenario, requirements and allocations are investigated, mostly by the
aircraft tasking section. Where airlift is proposed within the next two
months, current committed tasking over the period is determined from
flight folders and a board maintaining proposed tasking. If expected
airlift falls outside the twoc month period, little action is taken
unless a clash with another commitment is expected (Newcombe, 1991:28
July) .

When firm requirements data become available, load estimation,
flow scheduling and tasking can commence. For larger operations, the
section responsible for payload management estimates load requirements
and designs a flow that meets requirements effectively.

Different approaches are used for smaller operations. For these,
either section may perform lift requirement and flow design. The
reduced operation size allows more detailed analysis of load estimation
and aircraft flow. Additionally, outside organisations sometimes seek

responsibility for airlift planning in support of their exercises.
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Aircraft routing and flow control is performed manually. No
formal advice on methods of routing and scheduling exist, so techniques
applied vary between planners (Newcombe, 1991:28 July). On small
applications, an exhaustive search of options the planner considers
reasonable can be performed. For repetitive exercises, old flows become
the basis for proposed flows. For larger operations, intuitive and
heuristic methods are applied.

After review by the tasking section, either section may staff the
proposed flow to the cperation's mounting authority for concurrence. An
air mode instruction is generated based on the approved flow though its
format varies with planner preference. This instruction is passed to
movement control authorities for coordination with units.

Committed airlift for the operation is updated to the proposed
tasking board. Mission tasking is generated to meet the flow by the
aircraft tasking section. Hard copies of each resulting aircraft
tasking are directed to flying and maintenance squadrons and transited
terminals. Separate folders for each mission are maintained by the
aircraft tasking and payload management sections and each has a monthly
flights board.

For all operations, load changes must be managed and flying
squadrons and terminal units advised of actual payload details at least
the day before flights occur. Yet, payload management is also  performed
in different ways, depending on the size of the operation and
preferences of staff coordinating the operation. On larger operations,
some planners maintain payload assigrnment within flight folders while
others use a master air mode instruction to record assignment. Computer

maintenance of assigrnment has been used on some recent operations.
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For smaller operations, assignment is easier to manage.
Consequently, planners often incorporate load assigmment into mission
tasking documents or apply other approaches.

Inevitably, changes to planned airlift occur. Prior to flights
commencing, changes are managed by the planner responsible for original
actions. For example, the payload section would be responsible for all
changes if they had planned the airlift. c¢hanges to flight times and
routes are managed by the tasking section, as are aircraft rescues.

Information concerning actual performance both during and after
airlift is based on "a negative feedback process in the form of the
reporting by exception" (Mitchell, 1991) by flying squadrons and
terminal units. Performance is assumed to be as planned in the absence
of feedback (Mitchell, 1991).

Each day, flight folders for completed flights are removed and
status boards incremented. Flying squadrons adviée actual hours flown
for each operation on a monthly or an as requésted basis. Post-
operation reporting is usually performed, though hours flown and lift
met are not analysed against that planned. Most reporting addresses
negative feedback to mounting authority, customer and other agencies.
Besides digital assessment of achievement of requirement, no assessment
of performance or decision quality occurs.

Automation

ADF airlift planning is performed manually. A management
commissioned report in 1981 found that the manual approach to airlift
planning suffered problems with communications and information
management and évailability. A computer based system was proposed to

improve efficiency in the use of manpower, eliminate most opportunities
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for lost information and improve coordination and control of operations.
However, most recommendations of this report were not implemented.

Since an exercise in 1989, airlift plans have been able to be
stored electronically. However, decision making continues without
camputer support and data is often stored manually.

Frequency and Size of ADF Airlift Operations

Apperdix D provides statistics of frequency and size of ADF
airlift operations. Results are based on actual data from the last four
years and opinions of ADF staff.

Measurement of Planning Performance

Questions in a survey of ADF airlift planning personnel targeted
those factors that influenced airlift planning approach and the metrics
that could measure planning performance. Appendix C provides those
results.

Eighteen potential factors were'identified to respondents, who

were encouraged to add others. Factors considered were:

1. overall effectiveness of airlift in meeting the aims of the
customer,

2. productivity or maximising payload lifted,

3. economy or committing resources in the most effective way,

4. efficiency or the highest ratic of productivity to costs,

w

simplicity of plan and tasking,

6. training value to the airlift system,

7. fluidity or smoothness of 1lift,

3. cohesion or unity of lift,

9. flexibility or ability to absorb later changes,

10. certainty of meeting lift requirements,
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11. accountability for decisions made,

12. control or ability to quickly influence the flow,

13. sensitivity to alternative strategies,

14. format that allows quick develcpment,

15. speed of plan development and distributicn,

16. security of airlift resources,

17. security of payload, and

18. concentration of airlift effort for maximum efficiency.

Generally, planners identified overall effectiveness as the
principal factor of airlift planning. Though few could suggest good
measures of overall effectiveness, most thought it could be measured
beforehand.

Pressed for more defined factors, most planners suggested that
more than one factor influenced planning. Ordering of these factors was
considered either insignificant or dependent upén operation scenario and
all suggested. different ordering. Interestingly, usually conflicting
factors of economy and flexibility ranked after overall effectiveness as
principal factors.

Deficiencies in the Present System

Deficiencies in ADF airlift planning occur in six areas:

1. lack of data control, including risk of loss, lack of integrity,

restricted access, inflexibility of format and inaccuracy:

2. repetition of structured tasks;
3. lack of consistency in planning approach;
4. long learning curve for new planners;

5. distribution delays and problems; and

G. lack of feedback.
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Data Control

Much data is maintained in longhand form. It is held loosely by
actioning staff or placed on one of four types of file. Given the
amount of paper denerated in operations management, it is not surprising
that some data is lost or misplaced. In times of exercise or aid to the
community, this may lead to political embarrassment. In war, loss of
tasking or requirements data may lead to death (Management Advisory
Services Branch-MASB, 1981:12).

Data often needs to be accessed by more than one person. This is
achieved either by speedy passing of files containing original copies of
data cr by maintenance of numerous copies of documents. Passing of
files introduces problems with lost files and delays in advise of
changes to interested parties. Many distributed copies of the same
document poses problems with update and currency due to difficulties in
finding and accessing all copies of documents.

Longhand format is inflexible as it does not support free
formating of data (MASB, 1951:8). This increases the time to extract
information value from data introducing overhead in presentation of data
by summary, combination and linking. Inaccuracies also occur through
errors of transposition and transcription when data is ported from one

document to ancther (Small, 1991; MASB, 1981:7-10).

Inflexibility of format has greatest impact on sharing of
information between levels of management and movement of information
between planning activities. No way exists to quickly transpose
information from a strategic or conceptual level state to a state

suitable for continued detailed planning.
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Additionally, there is no ready way to summarise airlift state.
This inhibits movement from detailed planning back to strategic planning
in response to major changes in scenario. It also delays and frustrates
sharing of information between levels of management, often leading to
inconsistencies or absence of timely reporting.

In all, maintaining data in longhand form increases time to locate
and present information while reducing its accuracy. Decision cycle
time is extended and decisions are less likely to be timely. Where
strict time limits to make decisions are imposed, they are based on less
information, even though source data is available (MASB, 1981:7).

Repetitive Structured Tasks

The absence of automation means that all tasks are performed
manually. As airlift planmning involves many repetitive and highly
structured tasks, human resources are used inefficiently (HOMAC, 1987:6-
1). Skilled staff become involved in unskilled tasks and must sacrifice
time available for decision making to perform these structured tasks
(MASB, 1981:18). For example, aircraft tasking requires check digit
calculations on timings to reduce transcription error.- For a large
exercise, check digits may be manually calculated up to 1 000 times.
This is a sirple task that consumes time. Further, an inaccurate
calculation causes return of tasking advice for correction, increasing
the decision advice turnaround. Similar situations abound with data
such as unit names, mission numbers and connecting movement detail.

Given that time is critical, especially when airlift is under way,
time available for decision making should not be reduced by structured

but necessary tasks.
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Lack of Consistency in Planning Approach

Clearly, no formal system for planning airlift for operations
exists. Different approaches are used based on operation size, type of
custamer, processing section and staff invelved. All approaches differ
from those used for normal peacetime planning.

This causes confusion when planning responsibility moves between
staff and introduces unnecessary delays in processing. Delays and
nisunderstanding are extreme when plannirg responsibility must be handed
from one planner to ancther at short notice. Additionally, external
agencies are not presented with a consistent approach from ALG, causing
delays and misunderstandings.

Long Iearning Curve for New Planners

Given that no formal system for airlift planning exists that new
planners can learn and the absence of critical reviews of previous
planning decisions and approaches, each new planner experiences a long
learning curve before becoming capable of planning effectively. The
need to learn structured tasks before moving to unstructured tasks
further extends the learning period.

Further, as the plamner is largely on his own during this learning
phase, new approaches to planning are likely to be found by each new
planner.

Distribution Delays and Problems

During actual airlift, changes to the air mode instruction must be
quickly generated and distributed if it is to be effective.
Unfortunately, transmission time is usually measured in days, while

their impact is often in hours. Late arrival of updates not only make

4=30




-

them of little use but can lead to confusion and frustration for
external agencies.

As different approaches are used in formatting and distributing
air mode instructions, there is no standardisation concerning receipt
confirmation and copy or issue number management. External agencies are
unsure of instruction accuracy and are confused when different versions
of the air mode instruction conflict. Additionally, no secure means
exists for delivering changes in time and in a form immediately useful
to external agencies.

Lack of Feedback

With exception of negative feedback, no reporting of actual
performance occurs. Planners must assume actual airlift exactly matches
that planned, even though this is not usually the case.

Firstly, this impacts on the accuracy and guality of advice to all
levels of management and ultimately the force commander. Secondlf;
planning data used by planners becomes dated and inaccurate as better
actual 1lift data becomes available. This is most relevant where
planners must redeploy a force based on planned deployment data, when
actual deployment data is available but not accessible. lastly, there
ié no analysis of planned versus actual performance to gauge where

processing can be improved or better decisions taken.

United States Military Ajirlift Planning
MAC is a major USAF command and a component of the United States

Transportation Command (USTRANSCOM). It is the principal agency for
providing airlift for the United States Military Forces (Hilliard et

al., 1991:2) and is the largest provider of airlift in the world having,
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in 1986, "an active duty primary aircraft authorisation of 70 C5s, 242
Cl4ls and 230 C130s"™ (HOMAC, 1987:4-1). In addition, MAC schedules use
of Strategic Air Command's KCl0s and contracts an average of ten
commercial carriers each day to provide cargo and passenger transport
(HOMAC, 1987:4~1; Hilliard et al., 1991:2).

While many of the operations that MAC supports are of the same
scale as ADF operations, airlift management is designed for large scale
airlift (Fairlie, 1991). Payload management is separated from aircraft
flow management and mission tasking. Heavy use of autamation is made in
both areas.

Within payload planning and management, smaller systems are used
by units and commands to manage loading of aircraft. Though these
systems are designed for use with actual loading, chey are applied in
pre-planning stages of airlift. Principal among these systems is the
Computer Aided Load Manifesting system (CAIM), though éthers such as
Cargo Movements Operations System (CMOS), Contingency Operation Mobility
Planning System (COMPES) and autcmated Mobility Schedule of Events
(AMSOE) are available.

Currently, a new system is being introduced to assist aircraft
flow scheduling and management. The system also contains limited lcad
assessment capabilities. Called the Airlift Deployment Analysis System
(ADANS), the system was first used in real life operations during
Operations Desert Shield and Storm, during 1990 and 1991.

Measurement

MAC uses a financial tool to manage its airlift resource and to
introduce cost visibility to the air movement of passengers and cargo

(Trott, 1991). The Airlift Service Industrial Fund (ASIF) is a seeded
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funding pool from which MAC must finance airlift operations. In turn,
MAC charges its users for airlift. Charges are based on actual airlift
costs, for civil and some military flights, or an average cost per
flying hour by type that is computed annually.

As a measure, dollar cost is easily understood and allows
commanders to rate airlift against other means of transport (Trott,
1991). As airlift impacts on each user's budget (at Major Command
Level) in a direct and chbvious way, users have greater incentive to
consider efficiency in requirement definition and scheduling decisions
(Trott, 1991; Fairlie, 1991). Responsibility to efficiently apply
airlift becomes a shared responsibility between the paying customer and
the airlift provider (Trott, 1991). As users can be charged based on
actual usage, they are further encouraged to consider efficiency during
implementation stages of an operation (Trott, 1991).

To planners, charging in dollar terms allows MAC flexibility in
choice of aircraft type and mission profile to meet tasking (Tueurkauf,
1991). Also, it shifts responsibility to judge when efficiency rust be
sacrificed for effectiveness to the user, who is expected to have a
better appreciation of the larger needs and factors of the operation
(Trott, 1991; Tueurkauf, 1991).

However, to apply a market approach to efficiently manage the
scarce resource of airlift, -basic micro-economic principles must be
observed. Users must appreciate scarcity of the resource and have
limited ability to satisfy their airlift needs. Consequently, dollar
cost has been ineffective where users have not been tied to budgets

(Peterson, 1991).
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The ADF has long been criticised for its financial management and
reporting and the depth of its accountability for its performance
(Resources and Financial Programs Division, 1990:1-1). In line with
demands that managers be able to demonstrate the efficiency and
effectiveness of their organisations, the ADF has embarked upon a
Financial Management Improvement Program (FMIP). Part of FMIP is a move
towards Project Management and Budgeting. PMB is expected to provide
the ADF with improved cost metrics for airlift measurement (Peak,
1991a:3 July).

CAIM (Cochard and Yost, 1985)

The Deployable Mobility Execution System (DAMES), later called
CAIM, "was developed for the USAF tc improve aircraft utilisation and
responsiveness in airlift operations" (Cochard and Yost, 1985:53). The
system runs on a small, off-the-shelf miciocomputer and uses interactive
graphics to generate loads for aircraft. Prograrmed in C, the systen is
aimed at inexperienced load planners, though superior performance is
possible with experience.

Design cbjectives for the system were:
1. Speed. Manual load planning took too much time. ILoad planners
were too bogged down with arithmetic to optimise the amount of cargo
moved.
2. Accuracy. . The system had to catch load planning errors, often
missed in manual planning, and provide ways to correct them.
3. Flexibility. The system had to incorporate published load
planning rules. However, user override was required to allow for real-

life conditions and allow for more complex plans.
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4. Ease of Use. The system had to b2 easy to use, produce output
that could be trusted and be straightforward to learn.

5. Deployability. The hardware had to be capable of operating in
field conditions and without access to communications networks.

6. User Interaction. Full automation of load planning was to be
avoided to reduce user dependence on the system.

7. Efficiency. The system had to improve utilisation of the aircraft.

The system comprises three basic functions: a file system, a load
plan manaqer; and a load planning facility. The file system allows
definition of requirement characteristics while the load plan manager
maintains completed load plans that have been generated by the load
planning facility.

The user decides what will be assigned to each lcad, avoiding
problems with computer recognition of priorities. The system then uses
a modified one-dimensional cutting stock algorithm to derive a load
plan.

Cargo is sorted form largest to smallest. Then, resembling a
knapsack approach, largest items are loaded first, proceeding until the
cargo compartment is filled or restrictions on weight are reached. The
system does not atteﬁpt to automatically rearrange cargo to achieve
superior solutions or balance. Instead, the user controls sensitivity
testing to deduce the best load combination.

Tested during the Grenada rescue operation in October 1983, the
system saved over US$2.5 million in flying hour costs by increasing
utilisation by ten percent and reducing load planning man-hours by 90

percent.
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Unfortunately, the system assumes perfect knowledge of
requirements and has limited application in load estimation.
Additionally, the ADF's size and doctrine limits CAIM's applicability to

the ADF (Peak, 1990:12 November; Newcombe, 1991:27 April).

ADANS (Davis, C., 1991; Peterson, 1991)

ADANS is an automated system that will provide MAC with planning,
scheduling and analysis tools for peacetime and contingency airlift
6perations. It consists of a relational database management system
(RDEMS) ; a modelling sub-system containing planning, scheduling and
analysis algorithms, and a communications sub-system (HOMAC, 1987:1-1).

ADANS systems are located in HQMAC and the two Numbered Air Forces
and are soon to be located in the two Airlift Divisions. It is
connected by secure means to the Worldwide Military Command and Control
Systen (WWMCCS), Joint Deployment System and the Joint Operations System
(JOPS). Its is also connected to the Global Decision Support Systen
(GDSS) and the Transport Coordinators Automated Information for
Movements System (TC AIMS) (HQMAC, 1937:1-1,1-2).

"ADANS is being developed in three increments to reduce risk and
to provide an initial operating capability as quickly as possible"
(HOMAC, 1987:1-1). Levelcpment was planned to occur between 1937 and
1992. However, in August 1990, development took an unexpected turn.

Desert Shield/Storm

Three days into planning of airlift for Operation Desert
StornyShield, a large scale contingency deployment to the Middle East,
the existing computer system, FLOGEN III, failed because of serious

shortcomings in capability and user interaction (Peterson, 1991).
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Desperate for some form of computer assistance, MAC requested ADANS
development be accelerated. Airlift director, General Cole, believed
that automated scheduling was vital to the airlift's success (Hilliard
et al., 1991:3). In the meantime, MAC continued planning manually
(Davis, C., 1991).

Within one month, ADANS testing had completed and the system
became MAC's exclusive airlift scheduling system (Hilliard et al.,
1991:4). "By 1 May 1991, ADANS had been used to schedule more than
18 500 airlift missions. These missions moved more than 675 000
passengers and G600 000 tons of cargo" (Davis, C., 1991).

Though ADANS provided sophisticated modelling systems, planners
ranked a flexible and fast mission editor as the most important
component of the system (Davis, C., 1991; Peterson, 1991). While merit
was seen in scheduling and proofing systems, greatest time pressure was
placed upon planners by the need to quickly change the flow due to
shifts in the enviromment (Peterson, 1991). |

Because ADANS was used by planners in both the flow generation and
implementation activities, most benefit from the system was derived from
its ability to assist in the making of changes to tasking and advising
all agencies of these changes. Additionally, the electronic receipt and
validation of new requirements was identified as a major improvement.
(Davis, C., 1991).

The cost of ADANS development during Desert Shield/Storm was
approximately US$2 million. This brought total development cost of
ADAIS to about USS$17 million. In comparison, the cost of Desert

Storn/Shield airlift was US$3.4 billion, the most intensive airlift to




date (Davis, C., 1991). Each one percent of increased efficiency would
have resulted in US$30 million in savings (Davis, C., 1991).

System Functions (Hilliard et al., 1991:7-12; Davis, 1991)

ADANS has peacetime and operational sub-systems. The operational
component of the system offers support for all aspects of airlift
planning.

Database Establishment

For each operation, ADANS establishes a database organised around
airfields, aircraft and nmissions. Upon establishment, glcbal data
concerning airfields and aircraft is copied into the operation's
database. Additionally, planners can specify routing and communications
requirements and security restrictions.

Processing Requirements

ADANS first checks movements requirement information passed
electronically from USTRANSCOM for errors and missing data. If
information is found to ke within acceptabie limits, it is presented to
a requirements cell who solicits additional information from the
customer.

Where the requirement can be met through commercial airlift, civil
carrier interest is called. Civil schedules are proposed to MAC by
commercial carriers and ADANS maintains records of civil itineries to
ensure overall efficiency throughout the airlift system.

Airlift Resource Availability and Characteristics

Once rovement requirements for military lift have been processed,
scheduling can begin. Planners first specify aircraft resources by
number and type of aircraft available per day. Planners can specify the

minimum load that can justify a mission, type of cargo that can be




carried, amount of time required to load and unload an aircraft and
maintenance requirements.

Airfield characteristics are modelled by three factors: the number
of active aircraft that can be on ground at cne time, the maximum number
of tons that can be processed through the airfield in one day and the
maximum number of passengers that can be processed in one day.

Operating hours and minimum separation times are alsoc recorded.

Concept of Operations

In addition to defining tﬁé physical limitations on scheduling,
planners develop a concept of operations that defines how they want to
organise the use of resources. Resource constraints and concept of
operations are defined by flow planners using a set of text-based forms
and geographic editing tools.

Permitted airfield activities, such as on-load, off-load, refuel,
enroute and recovery stop or crew change are specified, and a network of
flight legs and sub-networks for specific pairs of airfields are
defined. Permission can be specified by aircraft type, configuration or
aircraft operating wing.

To manage the airflow at congested enroute airfields and off-
loads, planners define a set of prescribéd daily departure and arrival
slot items. When flow is more relaxed, separation times and parking
availability detemmine frequency of landings and departures.

Creating Mission Schedules

The core schedule generation tool for ADANS is a dynamic
prograrmming-based scheduling algorithm. The algorithm receives its data
from the ADANS database and returns scheduled missions to the database.

Constraints do not need to ke modelled in any mathematical form; they
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are expressed as resource constraints and permissions, which also allows
newly generated missions to be integrated with all currently scheduled
missions.

A mission editor allows planners to remain in complete control of
the schedule by providing checks and audits as necessary. Autcmatically
and manually generated missions can be added, deleted and modified, as
well as copied to create a series of similar missions offset by a
prescribed time phase. Additionally, mission feasibility can be checked
in terms of crew dufy restrictions, weight limitations, ground time
requirements and concept of operations.

Analysing Schedules

ADANS provides analysis of a schedule from three perspectives:
requirements, aircraft and airfields. With each component able to be
viewed in summary form, planners can examine requirements not yet
scheduled, flying hours scheduled by aircraft type and planned peak
loads at airfields. Text is supplemented by graphical displays that
show reguirements transported, resources committed and aircraft
activities.

Communicating with MAC's Command and Control System

After a mission has beén scheduled, a copy is electronically sent
to MAC's command and control system. The command and control system
provides a worldwide network to follow and manage each aircraft through
its mission.

Applicability to ADF

A system such as ADANS has much to offer ADF airlift planning. It

otfers insight into successful design and development methods for
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computer based operational airlift management support systems and
provides real-~life testing of techniques and concepts.
System Development Approach
Design cbjectives and the development method allowed ADANS to be
quickly implemented, reliable, useful and acceptable to users. Previous
systems had experienced difficulties during implementation which was

largely attributed to extended time between specification and first

delivery and lack of involvement of planning staff in design (Davis, C., i
1991) .
Given previous systems' difficulties and deficiencies and the
operaticnal envircnment of ADANS, developers quickly realised that
several development goals were required:
1. To ensure that one malfunctioning portion of the system could not

shut down the entire system.

2. To provide both graphical and textual procedures for editing and
viewing data.
3. To proOide an automated means for choosing default data or for

generating results from limited data.
4. To support development of a system flexible enough to allow for
quickly changing concepts and operational constraints, especially in the
design of the scheduling algorithm and mission editor (Hilliard et al.,
1991:5=7).

Development staff worked along side flow planners at MAC,
providing continuous participation. "By working directly with flow
planners, developers were able to see problems first-hand, to work

directly with the flow planners to design solutions quickly and to
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commnicate needs to software development staff" (Hilliard et al.,
1991:6)

The result of this partnership was an integrated system. MAC's
flow planners could enter and evaluate cargo and passenger movement
requests; manage information about aircraft availability, aircraft
characteristics, aircrews, airfield resources, and airlift network
configurations; develop a concept of operations; create mission
schedules; analyse schedules; and communicate with MAC's command and
control system.

Critical to the system's success was the cooperation of planner
and developer. Where the system worked, planners were quick to identify
with it. Where it did not, planners were prepared to better define
their needs. Developers were prepared to align their efforts to
priority needs cf planning staff (Davis, C., 1991; Peterson, 1991).
Intimate concern by executive management for the welfare of the systen
was also considered vital to the system's success (Davis, C., 1991).

Techniques and Processes

Interactive support tc the planner during all stages of planning
is attractive to the ADF. As the United States Armed Force's approach
to airlift planning differs little from that of the ADF, little changes
would be required for ADANS to port into the ALG planning environment.

Demonstration of the system to the author showed.that the system
reacted well to shortages of data concerning requirements. Globkal data
concerning airfields and aircraft is imported from centrally maintained
files, reducing time required to establish operations. Data on
operations is segregated allowing planners, especially the deliberate

planner, freedom t> perform potentially destructive tests of plan

4=42




sensitivity without impacting on airlift under way. System defaults
minimise the need for planner intervention in processing and allows for
inexperienced staff.

Requiring the plamner to define the available flow network
establishes firm control over the scheduling algorithm, though an
inexperienced user must be careful when interpreting results of
modelling. The scheduling algorithm is timely and automated production
of mission details from an approved schedule would significantly improve
decision cycle time and, hence, responsiveness in iarge operations.

By allowing planners to modify network characteristics before and
during implementation of a schedule, the system gquickly and accurately
supports sensitivity analysis. Planners can change parameters in
response to changes in the operation enviromment and request
rescheduling of aircraft. Not only does this support actual changes in
the enviromment in a timely manner, it also allows planners to gaugé
robustness of schedules and evaluate how the schedule deteriorates with
resource attrition.

Electronic communication of requirements and missions to other
systems immensely improves MACs response time. Generated reports
illustrated that system output is easily understood and is Vti_mely as
well as supplying informatior that is not readily available in the
present ADF system.

The text and graphical interface supports users with different
computing background and skills. Documentation is well written, though
only in draft. Finally, a fast response time improved user friendliness

of the system.
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Deficiencies and Drawbacks

ADANS suffers deficiencies in its overall control of airlift
resources. ADANS has separate systems for unclassified and classified
operations as well as peacetime airlift. Each operation is treated in
isolation by the system and partitioned from other events. This allows
what-if and scenario development sensitivity testing to occur without
risk of affecting current operations because of operator
misunderstanding.

However, this leads to a "stove piping" effect, where the system
does not provide global airlift visibility between operations. This is
understandable given the size and location of the airlift fleet and the
United States Armed Forces doctrine that resources are usually allocated
to theatrc or force commanders for the duration of requirement. There
are sufficient airlift resources to support more than one theatre of
cperations anywhere in the world, allowing planning and scheduling to be
performed for each cperation in relative isolation.

However, the ADF has a smaller airlift capability and a more
localised and concentrated area of influence. Doctrine and planning
provides for sharing of resources between force and theatre commanders.
ALG requires a planning system that takes all r;esource comnitments into
account at planning and implementation stages.

Despite this deficiency, ADANS is a fine and highly capable systen
that is still evolving. 1In fact, it is too capable for the ADF to
Jjustify the cost of its acquisition. The system provides for scheduling
of Cl41, KC10 and C5 military aircraft and numerous commercial aircraft.

Australia lacks this range of airlift resources.
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ADANS is designed tc manage very large scale, multi-theatre and
global airlift. This capability falls outside the goals of any airlift
system for the ADF, whose area of influence is more localised (Dikb,
1990:17). The different doctrine and communications systems of the ADF
would require significant rework of ADANS systems, especially the
requirement analysis and validation system and the communications suites
(bavis, C., 1991).

Finally, the system's cost would be difficult to justify by
offsets in costs of airlift because of increased efficiency. Despite
its deficiencies, the present manual approach to RAAF airlift planning
works and a computer based system cannot be justified on the grounds of
inability to perform airlift planning manually (Peak, 199la:7 August).
The system must provide sufficient improvement in effectiveness and
efficiency to justify development costs.

Development cost of ADANS for the ADF would range between about
US$10 million and USS$17 million (Davis, C., 1991). Even assuming an
ambitious five percent increase in airlift efficiency as a result of the
system's implementation, the ADF would have to fly at least the
equivalent of between US$40 million and US$63 million of airlift per

year over five years to amortise the cost of development alone.

Canadian Natjonal Defence Airlift Planning
The Canadian National Defence Force, titled Canadian Forces (CF),

is about the same size as the ADF and their nation is of similar size
and demography. Operations, except those in support of Canada's
comnitment to NATO, are similar. ADF and CF doctrine are also similar

largely because of shared ancestry. The effect of climate on
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operations is as extreme and air is a vital mode of transport for
operations.

"Although CF members are moved by all modes of transport, CF
aircraft provide the primary means" (Minister for Supply and Services
Canada, 1988:121). Founded in 1975, Air Transport Group (ATG) is
responsible, to Air Command, for providing airlift support. ATG
operates both fixed and rotary wing aircraft for transport and search
and rescue assigmments. Strategic transport aircraft include five
Boeing 707s and 26 C130s. Additionally, ATG supplements its strategic
airlift capability with civil aircraft charters (Krisinger, 1986:7).

Strategic airlift planning is performed manually and procedures
used are similar to those of the ADF. Annually, a joint movements
planning course is conducted to better prepare personnel, who have line
exposure to movements, to principles and approaches employed in the
planning of large scale movements of forces. The course improves basic
skills and applies consistent approaches to airlift planning. However,
as the course addresses all modes of transport, lower level mission
planning and tasking activities are not addressed. The ADF would
benefit from such a course.

CF strategic airlift planning suffers similér deficiencies to
those of the ADF. Manual collection and collation of data takes time as
does presentation. Little scope for efficient sensitivity analysis
exists. Similar problems with timeliness and accuracy occur with
distribution. Similarities between ADF and CF airlift planning systems
and their deficiencies suggests that these deficiencies are a

consequence of method, particularly its manual basis, and not due to
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poor application or persconality based conflicts (Peverley, 1990;

Primorac, 1990).

Summary

Airlift planning involves four iterative activities;
investigation, detailed static planning, implementation and dynamic
management, and performance monitoring and review. As the planner
progresses through each activity, the level of detail of information
increases, building on results of previous activities. Planning
culninates in flying and review of airlift.

Computer based solution approaches face problems with accurate and
complete definition of the airlift environment. Problems facing the
planner within each activity are well researched and many found to be
hard. The largest problem, the scheduling of aircraft, is a
generalisation of the pickup and delivery problem with time windows,
where even generation of a feasible solution is hard. Nevertheless,
computer application is possible through use of heuristics and
constraint relaxation.

The ADF planning approach is manual and suffers deficiencies in
poor data control, unnecessary repetition of structured tasks, lack of
consistency in planning approach, lengthy learning curve for new
planners, distribution delays and problems and lack of feedback of
actual performance. Similar problems are suffered by the CF approach,
which is also manual, though a movements planning course does encourage
use of a consistent approach.

The USAF uses several computer based systems to assist their

airlift planner. Principal among these is ADANS, a recently implemented
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system that comprises extensive database, modelling and communications
suites. With some rework, the system would meet most of the ADF's needs
but its level of sophistication is not justified given the ADF's size or
mission.

However, ADANS illustrates the potential of a computer based MIS .
to assist airlift planning and provides useful information concerning

design approach and functions for an ADF system.
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V. Proposed Airlift Planning System

Overview

The previous chapter investigated the activities and requireﬁents
of airlift planning. Deficic<ncies were found in the ADF approach,
largely due to the manual nature of information management. Research of
techniques for airlift planning and review of USAF systems provided
direction on development approach and system design. The similarity of
the QNDF to the ADF suggested that any proposed system could be
generalised to the CNDF.

This chapter addresses the last investigative question, how would
a RAAF computer based strategic airlift planning system operate? It
presents a proposed computer based MIS for ADF airlift planning. As
"the quality of a software product stems, in large part, from the
quality of the process used to create it" (Humphrey and Sweet,
1989:221), time is taken to derive suitable development methods and
tools. Discussion of the proposed system follows,.including major
‘features and development phases.

In Chapter VI, many advantages of the proposed system are claimed,
addressing all deficiencies of the present approach. Feasibility tests
of the proposed system and validation of improvement claims are also

covered in Chapter VI.

Systems Development Methodclogy

The development process is the set of methods, tools and practices
used to produce a product (Humphrey, 1990:3). The objective of

development process management is to produce products according to plan.
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Boehm has found that good development process management is synonymous
with good risk management (Boehm, 1989:v), and there is growing
attention to the confrontation of risk during development (Gilb, 1988;
Humphrey, 1990; Boehm, 1989). .

Risk has two components: "the probability of some event occurring
and the adverse consequence of that event should it occur" (Edgar,
1989:282). In system development, adverse consedquences include budget
overruns, schedule slippage, wrong functionality, shortfalls in
performance and reliability, incompatibility of hardware and software,
failure to obtain all anticipated benefits, and poor quality software
requiring high maintenance (McFarlan, 1989:17).

A systems development process must assist managers to confront and
accurately access risk. It can do this by providing methods to evaluate
likelihood and magnitude of adverse consequences, reducing likelihood or
the cost of these consequences. Further, the process must document
decisions made and the basis upon which they were made.

Unfortunately, there are many toéls and methods available and "the
contribution each device can make to planning and controlling a project
varies widely according to the project's characteristics" (McFarlan,
1989:21). These characteristics include: project size, experience -of
the organisation and managers with technology, stability of the
organisation, impact on the ofganisation, and contribution to corporate
goals (McFarlan, 1989:20-21). "There is no universally correct way to
run all projects" (McFarlan, 1989:21) and process managers must assemble
a mix of devices that derive the most effective development processes

for each development effort.
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Development Methodolodqy (Gilb, 1988)

An evolutionary approach was chosen for development of the
proposed system. This method has "many stages of expanding increments
of an operational software product, with the directions of evolution
being determined by operational experience" (Boehm, 1989:28).

The method starts with a functional specification that lists
essential things that the system must do and what must be delivered at
specific times. For each function, attributes or constraint
characteristics are defined. For example a functional objective of
availability may include attributes of reliability, maintainability and
integrity. During each step of development, ways of measuring
attributes are defined, with values of worst, best and planned
achievement. Steps of development hinge on delivery of product to end-
users (Gilb, 19389).

With every development of an end-user component, users get the
opportunity to evaluate and apply. Feedback from implementation is used
to review the functional specification, improve definition of attributes
for components and guide next development effort.

In essence, the evolutionary method is based on the principle of
deliver something to a real end-user, measure the added value and adjust
both design and cbjectives based on cbserved realities (Gilb, 1988:84).

This method was chosen to guide development of the proposed system

because:

1. it is multi-cbjective driven,

2. it encourages quicker returns to end-users,

3. it lessens likelihood of unsuccessful outcomes,

4. it provides an upgrade path to future enhancements,
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5. it allows increased flexibility,
6. there is greater user-orientation,
7. critical components are considered earlier.

Multi-Objective Driven. ADF airlift planning is driven by many
cbjectives. USAF experience shows that the best airlift planning
systems were those that offered the best mix of products required by
users and not those systems that exceeded user expectations in some
areas but seriously neglected others. For example, even though the
FLOGEN system offered sophisticated flow design, it failed because of
its difficult user interface and inflexibility (Davis, C., 1991).
Evolutionary delivery is based on iteration towards clear and measurable
multi-dimensional objectives. "The set of objectives contain all
functional, quality and resource objectives which are vital to the long
term and short term survival of the systemvunder development" (Gilb,
1988:89). Thorough and balanced assessment of all objectives decreases
the likelihood of adverse consequences, especially those with highest
cost.

Quicker Returns. In evolutionary planning, steps with the highest
user-value to development-cost ratio are selected for early
implementation. This offers quick return on investment to users, early
demonstration of capability to deliver, prdvides better measures for
risk assessment of later stages and gives earlier feedback on changing
or newly defined system requirements (Gilb, 1989:89,91-92). As the
tenure of ALG planning staff is between two and three years, quick
delivery would encourage management involvement and allow contimuity of
staff during implementation of components of the system (Thyer, 1991).

Additionally, as ALG manning is constrained, quicker delivery of gain
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would be preferred as protracted analysis and design would tax personnel
resources.

Lessened Risk. The method relies on many small steps of
implementation. Engineering process management recognises that risk is
more controlled when changes are small and, that feedback of results
improves future performance (Gilb, 1988:301). Throuch earlier feedback
of performance, smaller steps of implementation divide overall risk into
smaller components and more rigorously appraise it in the presence of
more information. This lessens risk exposure by reducing the likelihood
and size of consequence.

Provided Upgrade Path. The ADANS system provides an ambitious
goal for the proposed system. However, any development effort by the
ADF would be by end-users. To embark on a system of similar
sophistication to ADANS would be extremely risky given the level of
technology involved, the number of iterations and amount of resources it
took before the USAF was able to develop the system, and the skills of
ADF developeré. Yet, the evolutionary method allows ADF resources and
desires to be accommodated through a formal plan to evolve from a system
that meets immediate needs with low risk to a desired system state.

High technology risk can be transfered to later stages, improving
success during critical infant stages of development.

Increased Flexibility. ADF planners consider the airlift planning

enviromment to be constantly evolving with the introduction of new

concepts, resources and command structures (Peak, 1991a:2 July). ADANS
development staff recognised that a similar environment existed in the
USAF and attributed much of the system's success to flexibility during

development. The evolutionary approach provides flexibility by allowing
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iterative and small movement towards objectives that are expected to
shift (Gilb, 1988:111).

Greater User-Orientation. With evolutionary delivery, the
developer is charged with listening to user reactions early and often
(Gilb, 1988:92). The user plays a direct role in implementation. ADANS
developers found that airlift planning systems are successful only if
end~users are involved in all stages of development (Davis, C., 1991;
Hilliard et al., 1991:6). Not only does the evolutionary method allow
this involvement, it provides for early user evaluation of progress and
greater user involvement in future development direction.

Earlier Consideration of Critical Components. A MIS to support
airlift planning will impact on critical activities of ALG and the ADF.
Cost of some adverse consequences, such as data loss or i.lnreliability,
will be high and will be felt across the ADF. Therefore, executives
will demand proof that likelihood of failure of critical system
components is low before they will support development of the system.
The evolutionary approach allows for early design and teséing of
critical system components, providing better quality information for
risk assessment and raducing cost from failure of critical concepts.
Desirable but higher risk development can be deferred during early
stages of the system's life where user and executive confidence are
typically low.

To confirm methodology choice, ADF airlift planners were surveyed
for recommendations of development approach. Sixty-seven percent
recommended an evolutionary approach for reasons of increased user
control, limits in resources and improved likelihood of producing the
desired product.
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Tools of Analysis and Desian
Having broken development into small and evolving steps,

structured tools were reguired to help with analysis and design
activities. Data flow diagrams and entity relationship diagrams were
adopted because of their wide use in the ADF and the reliability of
their technology.

A computer aided software erngineering (CASE) system, EasyFlowT",
was used to improve presentation quality of diagrams, decrease time to
incorporate amendments and allow electronic interchange if required for
later RAAF development effort.

Prototyping was adopted as a test method to reduce risk of
developing the wrong software functions or user interface and straining
computer science capabilities (Boehm, 1989:344). Using Carey and
Mason's classification of prototype methods (Carey and Masocn, 1989:350) ,
a working model prototype was used for the proposed system because,
under the evolutionary method, it is likely that this form of prototype
would represent the initial evolution of system conponents (Carey and
Mason, 1989:354). Designing possible increment one versions of critical
components helped validate claims of feasibility and improvement.
Additionally, potential exists for use of the design effort by the RAAF.

Development Software

Prototype requirements called for software to manage and
manipulate data on DOS based hardware The prototype used a commercial
database management system for reasons of compactness of stored data,
speed of retrieval, reduced primitive coding burden, concurrency and

multi-user support (Date, 1990:13-14). As "almost all database products
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developed_ over the past few years are based on the relational approach”
(Date, 1990:22), this method was chosen.

In a relational database management system (RDBMS) data is
perceived by the user as two dimensional tables that represent both data
and relationships. Borland International's Paradox'' RDBMS was used
because of its high rating against other perscnal computer RDEMS systems
(Product Profiles, 1991; Miller, 1990; Readers' Choice Awards,
1991:133), large market share (Software Saleswire, 1991:92), and
financial stability of the company (Fisher, 1991).

A hypertext system was also required for on-screen user help.
Hypertext is a three dimensional system for representing information to
users. Unlike conventional text managers, hypertext allows text to be
not only linked to the text immediately surrounding it but also to

definitions and graphics. Ntergaid's Hypea:‘Write.r!fM

was used because of
its ease of use, reasonable performance and simple linking into the

database system.

Proposed System

The proposed system, the RAAF Airlift Planning System (RAPS), is a
MIS providing computer based decision support to the airlift planner.
It maintains global and operation specific data in a reliable and
related form that is available to many users. User interface is based
on a combination of form Aand menu environments.

RAPS assists semi-structured decision making by providing an
interactive environment for the matching and scheduling of rescurces to
requirements. Structured tasks are performed by the system, though

users may override decisions made. It provides proofing of planning for
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issues including ramp capacities, flight times, turnarounds, over
commitment of resources, requirements not met and flow schedule timing
conflicts.

The system produces air mode instructions and other reports.
Additionally, the system provides for individual management styles
through seamless porting of data to spreadsheet, graphics and other
commercial software. Appendix E contains the RAPS functional

specification.

Major System Components

In accordance with the development method, a modular design best
describes the system's architecture. This approach allows design of
sub-systems in isolation, improves maintainability by applying "black-
box" concepts and takes advantage of natural boundaries between tasks
within the system's environment. Rigid interface specifications allow
discrete components to mesh to appear as one entity to the operator,
even though different systems and lower level application languages are
performing tasks.

RAPS is "IBM PC" nicro-computer based. Not only does this choice
give access to low cost and tested computer technology, it allows for
portability of hardware and availability of the immense amount of
commercial software that has been developed for the micro-computer
market. By maintaining data centrally and using local and wide area
networks (LANs and WANs) to provide interconnection between users and
data, data integrity and control will be improved without cost to user

access.
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RAPS has five functional components: control, dialogue, data,
models and communications.

Control

The control component provides overall control to the system
through session control and system management. Session control includes
system start-up and user log-in control, access security, top level
branching between system components and shut-down activities. System
management addresses establishment and removal of operations, back-up,
data import and export, security definition, and other miscellaneous
housekeeping activities.

The control function can be provided by any software, though
access to a database and user interface is required. Control represents
less than five percent of the overall system but is critical as it
provides primitive connection and interface between users and other
system components. However, requirements and capabilities of initial
and intermediate design evolutions will be basic, reducing the level of
technology and sophistication required. This suggests a high likelihood
of successful development.

later evolution of the system towards multi-tasking within RAPS,
intricate user interfaces and distributed processing may increase
complexity of control and hence likelihood of unsatisfactory outcome.

Dialogue

Dialogue functions address the interface between RAPS and users.
Users of RAPS are expected to vary greatly in computer familiarity.

Highlights of the dialogue component of RAPS are:
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1. A simple interface is provided to users. This interface will be
tailored to the needs of the different classes of users based on
familiarity with RAPS.

2. A menu and form driven dialogue is used. Standardised process
steps and consistent screen layouts, colours and titles are used across
all transactions. While assisting overall user familiarity with the
system, greatest benefit occurs with infrequently used transactions.
Where users are presented with a choice from a number of candidates,

lock-ups are provided.

3. A hypertext sub-system provides on-line help and training to

users, without users leaving the place in the system. All menus allow
access to helpful information relating to the current activity and menu
choices.

Graphics based interfaces are increasing in popularity because
they éllow users to visualise complex information as a whole, by use of
patterns. However, inconsistencies in interpretation betseen
individuals occur, there is no consensus of what aspects of interface
are best suited to graphical display, and little standardisation betveen
graphics systems exists (Turek, 19388).

Alternately, text based dialogue systems are well tested and
reliable (Turek, 1988). As airlift planning is largely number
orientated, a text based system which uses graphics based help and
learning would provide sufficient interface with low riék. Hence, this
approach is adopted for early, if not all, design evolutions.

Graphical interfaces, such as provided by the ADANS, reguire more
technology and program sophistication and hence, introduce greater risk.

This interface is best considered later during the system's life, when
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related technology is more proven and standardised and RAPS is
established. Natural language and lexical interfaces would introduce
extreme risk given their technological infancy.

Dialogue functions represent 20 percent of the system, though this
ratio could increase if later evolutions adopt more sophisticated
interface standards.

Data

The ALG planning function requires data to be maintained on many
operations and to be accessed by more than one person simultaneocusly. A
database system is required to store relevant information concerning
airlift planning in a logical and related way. Its reliability and
performance is critical to the system and is expected to represent about
30 percent of mature system development.

A system using a generic commercially produced RDEMS shell is most
likely to meet all requirements with least risk. This approach has
proven reliable and effective for the ADANS development.

A centralised database system will be used for early design
evolutions because of reduced risk and little need to distribute data
given the centralisaticn of AIG airlift planning staff. Mature
evolutions of the system may move RAPS towards a distributed database as
users of data become distributed because of ADF organisational changes.
Benefit to users will have to be high to warrant the risks involved
unless the reliability and sophistication of microcomputer based
distributed database systems improve.

RAPS data is defined as either global or operation specific.
Global data concerns: characteristics of resources, such as airfields

and aircraft; characteristics of requirements, such as unit names,
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addresses and payload types; and RAPS management data, such as user and
operation descriptions. There are single instances of global data,
while each operation requires its own specific data on missions, payload
and requirements.

Models

RAPS models provide semi-~structured decision support to the
airlift planner. Though the stepping stones to improvements in airlift
planning performance, few RAPS models are critical to initial
development. Exceptions are the mission and payload editors.

In accordance with the development method, models will be
developed when user needs make this attractive. Thirty percent of
mature RAPS development is likely to be devoted to decision support
models. Though level of model sophistication will be determined by user
need, evclutions from basic to more sophistication is important risk
minimisation approach. Likely preference by users for interactive
models will also reduce risk.

The following are envisioned for the system:

1. Mission and paylcoad editors will allow users to define and amend
missions, and the payload they will carry. Structured tasks that are
part of the editing process, such as keeping payload linked to mission
legs and calculating flight times, will be provided by the system.

2. An airlift estimator that analyses requirements, estimates loads
by aircraft type and predicts resource needs and airlift duration.

3. An a priori airlift flow router and schedular that derives a flow
to meet requirements.

4, A dynamic airlift flow router and schedular that adjusts airlift

under way in response to environmental changes.
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5. A mission payload analysis system that .. 11l assist the building or
changing of paylcad for missions.

G. A proofing system that reviews operation airlift flows for
conflicts in flights and over commitment of aircraft and airfield
resources. Analysis of airlift for flow improvements and under
utilisation of missions will also be provided.

7. Glohally based models that analyse overall ALG airlift for
executive and intermediate resource managers.

3. An operation review system tha: derives air mode instructions and
produces statistics on airlift planned, under way or finished. For
planned airlift, potential is surmarised, while later reviews match
actual agalnst expected airlift performance and compare overall
performance with other airlift efforts and executive requirements.

9. An archival and retrieval system to store past operations, build
abstracts of airlift performance and ailow executives and planners to
Lol develor an wirloft operation scenario based on past cperations.

Cormunications

At some time during evolution of RAPS, electronic transmission of
airlift data to ALG and outside agencies is expected to become
attractive to end-users for reasons of timeliness, security and
accuracy. Communications suites envisioned for the system will support:
1. receipt of requirements from mounting authorities:;

2. transmission of load estimates to air terminals, return of draft
load plans from terminals to ALG, and confirmation of acceptance of load
plan to terminals;

3. transmission of air mode instructions from ALG to mounting

authorities and ALG agencies;
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4, transmission of actual load and task detail from terminals and
operating squadrons to ALG;

5. transmission of actual lift summary to mounting authorities and
higher command;

6. e-mail (electronic message transfer) connection between AIG staff
and operating squadrons and terminals:

7. transmission of mission requirements and summaries to intermediate
maintenance squadrons and higher command; and

8. transmission of manifest details from AIG to ﬁerminals and return
of turnaround summary.

Technological risk associated with data communications and lack of
control over external agencies will contribute to development risk.
Although mature comunications components are expected to be
sophisticated and represent 30 percent of development effort, initial

components will be simple.

Development Phases

The evolutionary development method calls for implementation
choice to be based on user needs and for implementation steps to be
frequent and gradual. Wwhile this approach is being applied to RAPS,
likely development phases have also been identified. These phases plot
expectations of larger development activities and reflect user's
desires.

Though these phases are subject to constant change by the
development method, they are useful for securing resource allocations
given the long lead times required to secure ADF funding, manning

changes and higher computing committee approval. Additionally, these
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phases provide users with development timings and sequences where risk
has been minimised, which suits most, especially executives who expect
thorough and detailed planning.

User needs were gauged by a survey of ADF planning staff. Aas
shown by Appendix F, ranking highest in needs, with 71 percent of
planners rating it as important, was the development of a database
system. Next, with a 57 percent importance rating, was a routing and
scheduling tool for planners, though planners disagreed over level of
automation required. Effective communications with AIG and external
agencies rated third, with 43 percent. Aan executive support and
statistics system secured 14 percent planner support as did an auditing
system.

Reacting to these needs, the first evoluticon of the system
includes six phases or increments.

1. the transaction and task planning level, including load

estimation, mission and payload editing and flow reporting,

2. planning decision support systems,

3. connection to ALG agencies,

d. executive and review systems,

5. connection to mounting authority and other modal components, and
6. an enhanced deliberate plamning system.

Increment One - Transaction Planning level

The first increment concerns the minimum development needéd to
move ALG airlift planning from its manual base toc a MIS. While
ninimising commitment in the interests of risk reduction, enocugh has to
be done to demonstrate clear improvement to users and executives.

Success of this increment is critical. Otherwise, customer enthusiasm
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with the system will languish as will resource allocations and user
support.

Efficient database management for operations is the target for
increment one. Mission and payload editors will allow users to quickly
add and modify airlift tasks. Structured decisions and calculations
will be performed by the system and the system should offer flexibility
in mission building approaches. Mission and payload data would be tied
transparently to the user. Air mode instructions and other reports will
be available in electronic or hard copy form.

Appendix G contains a discussion of a prototype of the transaction
planning level while Figure 5-1 shows the functions of increment one
plotted against wider operation milestones.

Increment Two - Planning Decision Support Systems

Increment two will target decision support systems for the airlift
planner. Wwhile increment one assists the planner at the mission and
payload level, increment two supports decision-making over all missions
in an operation.

Principal development effort will be towards a model to assist the
scheduling of airlift. Research indicates that greatest potential
improvement from automation of airlift planning may come from this area
Q&Jﬂin et al., 1983:70). However, there is no general purpose
cormercial software available for this area (Bodin et al., 1983:189).

Lack of proven products and model requirements that are complex
suggest higher likelihood of deriving a model that is wrong or falls
below user expectations. Yet, development of a router and schedular

rated second in importance to ADF planners.
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The level of user support and likely irmediate and potential
improvement justifies early development of a router and schedular, in
anticipation of on~going improvement in sophistication of scheduling
models. Several evolutions are expected before maximum advantage to
airlift planners from a routing and scheduling system will occur.
Appendix H defines the RAAF scheduling problem and an initial solution
approach to a constrained problem.

A model to assist load estimation will also be developed. Its
risk is lower as is its potential. Figure 5-2 shows the influence of
increment to functions on‘wider operation milestones.

Increment Three - Connection to AIG Agencies

This increment aims to improve communication between airlift
planners and airlift operators thus improving accuracy of planning
information and making seamless the transition from planning to
implementation. Additionally, improved timeliness of advice to agencies
and quicker response tc planning requirements are expected. Figure 5-3
provides the plot of increment three's functions against wider operation
nilestones.

Three AIG agencies are targeted: flying squadrons, intermediate
maintenance squadrons and air terminals. Connection to flying squadrons
will reduce time taken for planners to advise mission tasking changes
and payload tasked to flights. Quicker advice from squadrons of actual
flight hours consumed by missions, problems encountered, and
recommendations for future similar airlift will also be possible. For
maintenance squadrons, quicker advice of aircraft requirements should

improve efficiency in aircraft and maintenance personnel use.
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Additionally, earlier advice of inability to meet aircraft requirements
will occur.

Greatest benefit of this phase is expected from connection to air
terminals. Unlike ALG sguadrons, terminals are remote to ALG and
presently suffer problems with timely transmission of secure information
which this restricts their involvement in the planning process. Yet,
airlift planning accuracy and overall airlift effectiveness is improved
if ALG's representatives at customer locations, the air terminals, are
involved in planning.

Improved development of communications with air terminals will
allow their greater involvement. After the load estimation phase, air
terminals will be tasked with confirming estimates and providing
detailed load summaries for missions. Air terminals are better able to
pertorn detailed load planning than airlift planners because of their
direct contact with movement control agencies and airlift customers.

In turn, air terminals will be able to electronically transmit
load plan graphics back to airlift planners. Load plans will be
electronically stored and linked to planned payload for each missien
leg. This will significantly improve reliability of load estimates and
information available to the airlift planner when considering amendment
to mission payloads ?n response to changing requirements.

When meeting a lift requirement, the planner must estimate the
number of loads required by aircraft type. Presently, this estimate is
not reviewed until aircraft are tasked and loads are presented for
uplift. Where changes to the airlift flow are necessitated, little time
is available to analyse alternatives and advise all agencies affected of

decisions made.
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Under RAPS, planners would advise load estimates to departure
terminals during static airlift planning activities. Terminals would
liaise with customers and commence detailed load planning. Upon
completion of load plans, they would be electronically transmitted to
AIG planners. Planners would review load plans and record capacity
unused. Whenever requirements change and load estimation must again
occur, planners will have immediate access to load plan graphics and
spare capacity data, allowing rapid and accurate incorporation of new
requirements into existing airlift.

Besides improving the quality of payload planning, better
communications between airlift planners and air terminals will reduce
problems presently experienced when airlift moves from planning to
implementation. As air terminals have responsibilities at the detailed
static planning stage, they are better able to anticipate problems
during implementation and able to solve minor problems locally; reducing
the burden on planning staff and improving airlift response.

Initial versions of this increment may limit sophistication of
communicatigns to minimise risk. Sites may be connected by as little
technology as a facsimile machine linked by a secure network to RAPS.
RAPS would include cormercial software to send load estimates by
facsimile message and receive load plan graphic responses in facsimile
form. Graphics format may be converted and linked into the RDEMS.

Later evolutions will move to on-line connéction by remote sites
with processing capacity. Where agencies lack sufficient computing
hardware to accommodate RAPS needs locally, IANs supporting micro-

computer nodes and an outgoing link to RAPS will be required.
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A commercial e-mail system would then be the likely software
vehicle for inter-agency connection as e-mail technology is improving
and becoming more reliable (Tanenbaum, 1989:546-547). 1In response to
database action by ALG planners and agencies, RAPS would extract data,
format messages to relevant destinations and pass text and graphics
based messages to the mail system for address routing and transmission.
The same mail systems would present mail to destination RAPS systems.

Risk is higher at this phase. Likelihood of poor availability is
increased by the proliferation of hardware as well as the move to
distributed databases and graphics data management. However, industry
progress in this area is high and time between failures and overall
performance of distributed systems are increasing (Ahituv and Neumann,
1990:355). By evolving development through degrees of sophistication,
technology based risk can be significantly reduced.

Secure electronic transmission is critical to this increment. ALG
has already recognised this need and most agencies are linked to the

Defence Integrated Secure Communications Network (DISCON) (Heap, 1991;

Peak, 199la:4 July). Issues of confirmation of mail receipt, automatic

management of delinquent responses to planning tasking and legality of
mail as official correspondence will require attention.

Increment Four - Executive and Review System

Increment four will address executive definition of early
operation scenarios and the measuremént of performance during and after
airlift. It will build on advantages of greater and more timely data
access derived at increment three and impact on early stages of airlift

definition, as shown by Figure 5-4.
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5-4. Increment Four Functions Mapped to Wider Operation
Milestones.
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With increases in accuracy and timeliness of actual airlift
reporting, more attention to the review process is warranted. Models
will be developed that examine airlift performance and cost. Useful
reports will be produced both during and after airlift activities.
These reports will assist planners in future decisions during the
operation, provide information for post operation reporting and improve
planning ccncepts and processes in future airlift operaticns. User
defined metrics will be monitored and users and executives advised as
necessary. Post-operation reporting time and effort for the planner
will be significantly reduced while accuracy will be improved.

Currently, executives have little support for decisions they rust
make at early stages of airlift planning, such as resource allocations
of flying hours and aircraft type. With improved measurement of
previous airlift performance, 2APS could assist the calculation of
likely resource needs and time limits based on executive definition of
airlift scenaric.

Firstly, a standard form of historical recording of past airlift
operations will be derived based on operation scenario factors such as
size, duration, locaticon, threat and ADF units involved. With this
base, models could assist ALG executives to define future airlift
operation goals and accurately answer h@gher command questions
concerning airlift capability. After executives have settled on airlift
operation goals, RAPS would establish the operation, commence automatic
executive reporting on planning progress, and prepare for detailed
airlift planning.

In the short term, review is not as critical to airlift as

activities of the transaction level. Therefore, cost of adverse
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consequences is expected to be lower, reducing risk in areas such as
performance and reliability.

However, wrong system functionality is more likely given the
uncertainties that exist at the strategic level of planning and
management. Additionally, users are wary of computer based monitoring
and review systems and metrics that can be effectively applied to all
airlift operations are difficult to derive. Ilastly, with the move from
the transaction level to the executive level of airlift planning,
greater diversity exists in ways of individuals. Development must be
careful to involve users in definition of requirements, maximise
flexikility to managers in application of monitoring systems and merge
the needs of all levels of management and all types of managers.

Increment Five - Connection to External Adgencies

Timeliness is an important criteria in airlift planning. Previous
increments have targeted improvements in the timeliness and accuracy of
the airlift planning process. This increment aims to improve speed of
corrunication between the airlift planning process and external
agencies. The increment's functions are shown at Figure 5-5.

External agencies are of three types: operation mounting
authorities, higher command and movement control agencies. Improved
access to mounting authorities will give ALG quicker access to charges
in requirements and bring the airlift planning process closer to force
commanders. Using electronic transmission of requirements to RAPS!
development during this increment would improve requirement validation
turn-around time, security of transmissions, and the cohesion between

mounting authority and airlift planning systems.
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Air Command has responsibility for effectiveness of ADF air assets
in operations. A computer based command and control system is used to
keep the Air Commander informed of operational developments. Currently,
airlift actions are reported manually to the system. This increment
would develop an electronic link betweer. RAPS and the Air Command system
to reduce ALG staff time spent reporting decisions and airlift state.
In return, RAPS would receive information requests from Air Command and
updates on actual flights.

Movement control agencies maintain actual airlift statistics at
airfields not manned by an ALG controlled terminal. This data is
required by RAPS to improve accuracy of information concerning
performance and likely redeployment requirements. Increment five would
establish an electronic link between RAPS and the Headquarters Movement
Control element for larger operations. Actual payload airlifted would
be e~-mailed to RAPS which would automatically link this data to planned
nission and payload information.

Increment five exposes the system to high risk because external
agencies are involved and most of their systems are still in conceptual
or early development stages. Currently, its high risk outweighs its
advantage to airlift planning staff. However, higher ADF recuirements
are likely to force development in this area. Risk should reduce as
better definition of external agency systems and requirements become
known.

Increment Six ~ Enhanced Deliberate Planning System

The needs of the deliberate planner differ from those of the
normal airlift planner. The deliberate planner seeks greater

sensitivity analysis of airlift options. Additionally, airlift resource
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constraints are softer. Increment six aims to support deliberate

planning decision making by first applying standard measurements to past

operations. At present, wrong or ineffective functionality in this task

appears high though development in previous increments should reduce i

this. ,
With a standard definition of airlift capability across past

operations, the next step would be to support extrapolation of past

airlift to derive airlift potential based on similar circumstances. A

Through efforts of consistency, correlation and extrapolation, this ) .

increment attempts to improve the value of past airlift operations to

the derivation of proposed scenarios. ;

Summary
This chapter described a proposed MIS based system to assist RAAF

airlift planners. To manage development risk, a process methodology was
devised, based on an evolutionary approach. The evolutionary approach
was chosen because it addresses multi-objective requirements, encourages
greater user involvement and delivers quick returns to users.

The proposed system includes functions of control, dialogue, data,
models and communications. Constantly seeking ways to meet user needs
with minimm risk, proposed system development steps would be frequent
though gradual, moving in evolutions towards that desired by users.

Initial development of the system is likely to include six

evolutions. Based on surveyed user needs, a database system and mission
editors are required first. Next, models to assist the estimation of
airlift requirements and the routing and scheduling of airlift would be

developed. With planning capability in place, planning performance ;
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feedback would be improved by an increment that addresses aspects of
audit and review.

Development then seeks to increase time available to planners by
improving communications to ALG and external agencies. Other increments
address needs of planning executives and deliberate scenario planners.

The next chapter reviews the proposed system. The first increment
is rigorously tested to provide support for a discussion of improvements

offered by the system.
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VI. Validation of Feasibility and Improvement

Querview

Previous chapters led the research through an analysis of what i
constitutes the strategic airlift planning process, how it is performed
and what computer based approaches are available to assist airlift
planners. This formed the base for the design of a proposed MIS to
assist RAAF airlift planning. }

This chapter tests the proposal. A prototype, developed for
increment cne of the system, is used to show system feasibility and

confront risk for this and subsequent increments. Performance results

———

of the prototype are used to support wider claims or improvements to
airlift planning. lLastly, bottom line improvements in effectiveness and

efficiency are appraised.

Prototype Testing

Increment one is critical*to RAPS development because it is the

first evolution to confront users and provides the data and control

basis for future increments. It must bring direct benefit, while

meeting functional specifications of user friendliness and availability.

As risk associated with increment one had to be minimisea, a prototype

was used to model capabilities and user interface while providing better

quality infonn;ltion on likelihood of adverse conseguences. j
Besides definition and creation of database relations, the

prototype included approximately 100 screen layouts, 60 reports, 5 000

lines of RDEMS code and a complete help hypertext system. The prototype

performed most activities required by increment one and basic load




estimation modelling of increment two. Appendix G provides an overview
of the prototype.

The prototype was tested by the sponsor of this research using
actual past airlift operation data. Hardware limitations forced the
system to be tested on single-user hardware. However, multi-user access
was allowed in the design.

The prototype met all transaction and data storage requirements of
the airlift planner and the sponsor believed that "there would be few
problems selling the system to ALG on the basis of improvement to
airlift planning efficiency and effectiveness” (Peak, 199la:5 July).

Although the sponsor received little training prior to using the
system and despite it being the first time the sponsor had seen the
system, he had few problems with system functions. The hypertext on-
line help provided gocd support for transactions that had not been seen
before.

Time to perform repetitive transactions was the greatest
improvement. Time savings on some repetitive transactions were measured
and are presented in Fiqure 6-1. Had the system been applied to a
medium sized operation, a 31 man day saving was possible in these
transactions alone.

Automation of structured tasks improved accuracy of actions and
allowed more planning time. Structured tasks performed included
production of air mode instructions based on various criteria, searches
of the database for specific flights or customer units, calculation of
nmissior times, cascading of changes to flights and mission numbers to

payload data and local time calculations from zulu mission time.
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Figure 6-1. RAPS Prototype Time Improvements.
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Greatest obvious improvement through automation of structured
tasks was considered to be in mission tasking and amendment. The
system's ability to calculate flight times based on great circle
distance or pre-defined times, derive local times and calculate check
digits significantly improved quality and accuracy of mission tasking.

A feature that allowed new missions to be created by replicating an
existing mission to a different day, week, fortnight or month based on
the date or day of the week was considered impressive. This feature was
also supported by capabilities to join and split missions.

The only unstructured task considered by the prototype was the
estimation of load and airlift requirements. Though incomplete the
model significantly improved the time taken by the sponsor to derive
estimates of requirements and the accuracy of these requirements. With
improvements recommended during appraisal by the sponsor, it was
considered that the model would provide good assistance to experienced
planners and be vital to inexperienced planners.

A crude graphics capability was included in the prototype to allow
load plans to be viewed whilst in the system. This mproved time to
make payload allocation decisions and indicated that maintenance of load
plan graphics by the system would be valued by users.

RDEMS maiiitenance of data was recognised as a major benefit. The
sponsor considered that this improved his ability to involve more than
one planner in an operation, improved consistency of data across
operations and allowed planners to standardise planning figures. The
ability to cascade changes across operations, missions and payload data

improved data integrity and accuracy across missions and operations.
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The ability to post a message against an airfield, customer unit
or aircraft type that would be presented to all planners accessing the
particular entity was considered an improvement. It allowed changes in
capability or requirements to be quickly and accurately advised to all

planners.

Qverall System Feasibility
Infeasibility could only result from airlift planning not being

able to be computer assisted or the system proposed not being possible
with current levels of technology. Every ADF airlift planner surveyed
considered that not only would automation assist them in their duties
but that a system was clearly justified for the ADF. The success of
ADANS further justifies confidence that airlift planning can be assisted
by a computer based MIS.

All RAPS development increments can be accomplished with
technology currently available. Further, early increments only use

technology that is proven and reliable.

Qverall System Improvements

RAPS is expected to offer the following advantages:
1. reduced data redundancy,
2. reduced data collection,
3. greater data integrity,
4. greater portability of data and planning activities,
S. shared data access,
6. faster communication of airlift planning and changes to customers

and mode operator components,
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7. improved security of data and communications,

8. establishment of a logical data flow through the airlift planning
system,
9. improved recognition and resclution of airlift conflicts,

10. improved load requirement estimation,

11. improved routing and scheduling of airlift,

12. improved reaction time of airlift,

13. improved auditing of actions,

14. greater review of planned airlift against actual airlift,
15. improved decision cycle time,

16. greater involvement of ALG agencies in airlift planning,
17. improved connectivity to external agencies, and

18. improved executive support.

Reduced Data Redundancy by Shared Access

Under the present approach, each planning section has its owm
private files, leading to considerable data redundancy. Planners desire
improved data management and better access to data (Newcombe, 1991:13
July). RAPS application of a RDEMS allows corporate level data
management, where data is integrated and shared (Date, 1990:6). Data is
either held in one place or redurdancy is tightly controlled to ensure
updates are propagated to all versions (Date, 1990:15).

Unlike the present approach, data would be available to many
planners but would be‘ﬁanaged on a corporate level to ensure accuracy
and consistency. Additionally, new processes can be developed that can
operate with the same stored data reducing the cost of progress (Date,

1990:16) .
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Improvement in this area was illustrated in the prototype through
use of globally defined data that was available to all planners.
Aircraft, airfield and customer unit characteristics are managed
centrally and all planning uses the same data. Recent changes can be
quickly advised to all planners through a note attached to global data.
Further, operations specific data is still maintained in one central
location, allowing executives and planners to view the overall ALG
airlift effort.

Data_Inteqrity and Collection

A corollary of corporate lsvel data management is that data
becomes more integrated wr. useful to the organisation. Individuals in
the present system have their own files concerning an operaticn and the
characteristics of airlift resources and payloads. Individuals must
build and maintain their own lknowledge base.

With reduced redundancy, a corporate RDEMS will remove
inconsistencies in data and collect data once for all individuals (Date,
1990:15). Data accuracy will be improved as the most qualified
parsonnel become responsible for collection and maintenance of
compenents of the RDBMS, under the watchful management of an overall
data manager. With proper management, all users can be confident that
data is current and accurate, reducing the investigation phase of
decision making.

Greater Portability of Data and Planning Activities

Presently, accurate planning can only occur in the presence of
tasking boards and numerous files. Removal of files from the planning
area increases likelihood of loss and restricts other planners from

continuing with planning activities.
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The RAPS corporate and electronic approach to maintenance of data
allows planners to access data from remote sites. This removes the need
for planners to be at ALG to be able to plan, improving ALG's
flexibility to locate planners. For example, airlift between two remote
airfields with dedicated airlift resocurces may be meie effectively
planned by having planners at one or both sites.
Poertability of data is shown by the prototype. Not only are the
prototype’s memory and size demands easily met by man;/ "lap-top" é
computers, simple communications tests showed that the system was easily
accessed remotely. >
Improved Security of Data and Communications
The centralised control of data provided by RAPS allows access to
data to be controlled and allowable actions to data to be defined for
each user (Date, 1990:16). In the prototype, access to the system is
password controlled. Some transactions are restricted to the system
manager or to users with specific job types. Further, airlift
operations available to users can be defined by job type and by
individuals.
By applying different access restrictions across the data base,
RAPS applies sound security concepts. Only users with a genuine
requirement have access and data is transparent to users that do not.
Layers of access rights and restrictions on transactions évailable to
classes of users further protect data and enforce restriction of access
to classified data. |
Further, centralised or reduced numbers of data sites allows more
effective physical security to be applied at critical sites. Measures

include fireproof safes and implementation of consistent and extensive
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back-up procedures. Presently, data is held by individuals who apply
varying physical security measures. All ALG airlift planning working
data is held in hard copy form in one building. While this makes entry
security easier to enforce, significant and protracted disruption of
airlift services would result in event of fire or other natural
disaster.

Another source of data insecurity is in communications. Users are
often tempted to compromise data security requirements because present
transmission means, such as safe hand mail, do not meet distribution
time restrictions. Planners saw secure and timely connection to outside
agencies as a major deficiency in the present approach (Peak, 199l1a:2
July; Small, 1991).

Defining and providing users with secure means of electronic data
communications, through DISCON, allows planners to meet time deadlines
without compromisiné data security. Additionally, a standardised
approach tc data transnission can be adopted for all operations based on
the highest required security .level, thus improving consistency of
interface to ALG and external agencies.

Faster Communication of Airlift Planning and Chandes

During Exercise Kangaroo '89, problems.were experienced with the
timely distribution of air mode instructions. Development of the RAPS
commuinications suites will allow faster communication of airlift
planning and changes to customers and mode operator éomponents. By
decreasing the time to solicit and distribute information, airlift can
become more responsive.

Initial evolutions of design may simply use facsimile

transmissions over secure means in the interests of risk minimisation
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and early delivery of benefit to users. Even this level of
sophistication will improve timeliness of transmissions as RAPS would be
able to automatically format, address and transmit data to each agency.
later evolutions towards a distributed network will further improve the
speed, flexibility and reliability of airlift system communications.

Establishment of a Standardised and Logical Data Flow

Presently, no standard ways to plan airlift or present airlift
flows exist in ALG. This causes inconsistencies as approach is based on
who is performing planning or the parent service of the customer units.
A consistent approach is desired (Mitchell, 1991).

With centralised control of data, standards can be enforced in the
representation of data. Use of a proven and documented airlift planning
approach that can be enforced through control of data allows airlift
planners to apply a consistent management approach (Date, 1990:16).
Additioﬁally, a clear defined approach allows better documentation of
procedures and responsibilities.

“hrough a standard well-documented approach to operational airlift
planning, reductions in learning time for new planners and improved
flexibility in employment of personnel are available. As well as aiding
data sharing between airlift overaticns, standards allow ALG and
external agencies to better understand procedures for interfacing with
airlift planners and information that is presented to them by AIG.

For example, the prototype supportg mission planning by recording
flight times and likely wind effects during an operation. Presently,
each planner derives their own mission planning mix of flight times,
distances and wind effects. Under RAPS, all planners will be supported

by consistent data that has been validated previously.
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Improved Load Estimation

Development of a model to assist estimation of loads offers
advantages in sophisticatiocn of estimation techniques and speed,
magnifying capabilities of skilled planners. To inexperienced planners,
models provide reasonable initial solutions where currently no
assistance occurs.

The value of a model increases with its standard use. Through
standardisation, model performance with different airlift scenarios can
be reviewed and improved, embarking the load estimation function on a
course of continual improvement.

Improved communications and electronic maintenance improves the
potential for ALG agencies to provide detailed documentation in support
of load estimates. Flying squadrons can be quickly appraised of
expected loads and their recommendations used to improve estimations.
Alr terminals can provide a similar service.

Presently, planners estimate load requirements over a period or
for a unit based on little data and no communication with units
concerned. Yet, the viability of further planning largely depends on
accuracy of estimates. Even from the earliest increments of RAPS,
greater involvement of air terminals will be used to validate load
estimates prior to mission tasking.

Under RAPS, planners will still estimate loads for units, time
periods or departures or destinations. But, they will be assisted by a
decision support component that will relieve them of the numerous
calculations required, allow sensitivity analysis of different modal
selections and provide ready transfer of results to later planning

activities. Already, the prototype offers this service.




Additionally, planners will be able to have these estimates
quickly and accurately justified by air terminals. Invalid estimates
will be promptly recognised and remedial action taken before possible

breakdown of airlift under way.

Improved Routing and Scheduling of Airlift

Similar advantages accrue from use of models to assist in aircraft
flow scheduling. 1In load estimation the effect of poor decisions is not
directly felt and can remain hidden from critical review. Aircraft
scheduling decisions, however, directly affect aircraft tasking and poor
decisions can be tracked to inefficient scheduling even at the planning
stage. At the review stage, certainty of information and time make
inefficient scheduling deceptively obvious.

Presently, during static flow planning, planners apply heuristics
based on their own perceptions. ALG recognises that this leads to

inconsistencies in approach and relies on planners having necessary

-skills (Newcombe, 1991:26 July). Time restrictions during airlift

implementation force planners to avoid making non-essential changes to
an airflow, even though improved efficiency may result. Not
surprisingly, when surveyed, all planners called for some form of
automated routing and scheduling support.

Development and improvement of a scheduling model to assist
planners will improve scheduling on large airlift operations where flow
complexity exceeds human capacity. Feasible flows will be derived
sooner and routine flow calculations made by the system, freeing the
planner for difficult flow decisions.

Greater sensitivity analysis will be provided due to the system's

speed and flexibility where little is now performed because of time
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frames available. Additionally, use of a standardised and tested
routing and scheduling tocl should reduce unnecessary and serious
inefficiencies in airlift application and improve justification of
decisions in the presence of uncertain information.

ADANS shows that it is possible to produce interactive software
that greatly assists the planning of airlift. However, development of
software to route and schedule all ADF airlift is not envisioned in
initial increments because return on scheduling systems for aircraft
such as the B707 and civil charter does not justify the extensive and
risky development required. Yet, a model to assist most ADF scheduling
has already been defined at Appendix H and software is expected in the
first development evolution.

Improved Recocgnition and Resolution of Airlift Conflicts

Effectively, in the present system, each mission is planned in
isolation from other missions pertainiﬁg to the operations and other ALG
airlift undertakings. Airlift conflicts are resolved when planners
locate the clash by chance or are advised by other ALG agencies. ‘
Consequently, conflicts are often resolved at the last minute causing
inefficiencies in airlift use, inconvenience to plamners and crews and
problems with timely distribution of changes.

RAPS provides automatic checking of conflicts across all ALG
operations providing quicker identification of conflicts and allowing
more structured approaches to airlift conflict checking. Additionally,
RAPS's flexibility of data presentation allows airlift to be grouped by
different criteria. This improves visibility over airlift and

recognition of potential conflict or bottlenecks. Examples of this

6=-13




include the ability to isolate airflow through specific terminals, by
aircraft types or pertaining to certain customers.

Improved aduditing of Actions

With the move to PMB, Goverrment has dictated that managers will
be accountable for effectiveness and efficiency of resource use. Just
as importantly, government has decreed that managers must be able to
demonstrate claims of efficiency and effectiveness (RFPD, 1990:1).

The present ALG approach does not provide for consistent and
detailed recording of decisions. Review of past airlift showed little
recording of actions or decision justification (Small, 1991; Newcombe,
1991:19 July). Many planners justified their actions with comments such
as "the airlift requirement was met and that is the bottom line." 1In
short, this approach will not sit well with PMB.

RAPS will improve justification and demonstration of effective and
efficient resource use by ALG Requirement and resource definitions and
amendments will be recorded. Airlift operation state will be
automatically recorded on a regular basis. Actual airlift results will
be recorded against planned airlift.

This depth of automatic recording will not further burden airlift
planners and its electronic form will allow efficient and effective
review of actions. The merging of this data with shift logs will
provide a complete cause and effect picture of airlift operations.

Additionally, RAPS will incorporate doctrine into processing
structure. RAPS will enforce movements and mode operator doctrine by
restricting transactions that do not accord with it, though user over-

ride of restrictions will be possible. Assuming that doctrine best
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represents requirements of the ADF and the system represents doctrine,
then the system will be proof of Q’alid airlift planning approaches.

For example, doctrine dictates that all new lift requirements rust
be approved by the operation's mounting authority because it is better
positioned to gauge relative priorities. Presently, pressure is placed
upon planners to circumvent mounting authority approval of new lift in
the interests of time. RAPS will allow for speedy electronic
transmission of new requests and all requests will be screened for valid
mounting authority approval. By configuring RAPS to automatically re-
route all new requests to the responsibie mounting authority,
conformance with doctrine will be enforced transparently to planners and

customers.

Greater Review of Planned Airlift Against Actual Airlift

RAPS incorporates review of actual performance into the airlift
planning process. Actual airlift performance is solicited from ALG and
external agéncies and linked to planned airlift. During airlift
implementation, this allows planners and executives to gauge flow state,
requirements still not met and resources remaining uncommitted. Using
actual airlift to derive airlift state provides planners with improved
certainty of decision data.

Upon completion of airlift, RAPS provides review statistics
concerning achievement and resource expenditure. This information is
provided more quickly and accurately than the present approach because
of difficulties in gathering reliable data (Peak, 1991a:2 July; Small,
1991).

Additionally, consistent statistics based on feedback are

avallable to measure a standardised approach to airlift planning. This
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allows ALG planners and executives to continually improve the airlift
planning process.

Greater Involvement of ALG Agencies

Greater involvement of AIG terminal agencies in planning will
improve accuracy of load estimation and smooth transition from planning
to implementation activities. Being able to present planning to ALG
agencies quickly but without additional work will encourage planners to
present their planning for review. Presently, time usually forces them
to rely on agency reaction to implementation tasking.

Improved Connectivity to External Agencies

Planners do not exist in isolation. Their tasks are determined by
mounting authorities and decisions made are only useful if they are
advised in sufficient time to be useful to customers and ALG agencies.
The present system experiences severe limitations in the receipt and
distribution of information concerning airlift. Problems are
exacerbated by security restrictions on available transmission means.

RAPS provides more efficient access to dispersed players. RAPS
provides planners with a secure transmission means and a system that can
automatically format messages for dispatch. As time taken to advise
decisions is reduced, airlift either becomeé more responsive or planners
are allowed more time to make decisions. While, insecure means are
sometimes used presently because time restricts use of correct means,
RAPS's use of secure transmission for mail or conversational type
messages improves operational security.

Finally, under the present system, vertical command structures
introduce long time delays between decisions and advice. This is

recognised and many commanders allow their command chain to be
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circumvented in interests of timeliness. Through quicker formating and
transmission of information between agencies and use of reply, on-
forward and broadcast mail facilities, higher command endorsement and
on-forwarding of requests will be quicker, allowing doctrine to be
observed.

Iiproved Executive Support

Presently, because airlift planners are often placed under immense
pressure to meet time requirements, executives often must campromise
their information needs because planners lack the time to provide it.
Through automated support for structured and semi-structured decisions,
planners will be better able to devote their time to more unstructured
problems und the information needs of the executive. Further, the
flexibility of data format allows executive information needs to be
gathered rore quickly and accurately and in the most suitable form for
thé executiva. |

While the prototype does not include a dedicated executive support
system, it offers automatic summarising of airlift planned and under.
way. This data can quickly be ported into commercial spreadsheet
applications, allowing professional and accurate graphical

representation of effort and achievement.

Effect on Effectiveness and Efficiency of Airlift Planning
Investigation activities of this research found that airlift

planners do not agree on much! However, regardless of country,
background or approach, all agree that airlift is ultimately measured in

terms of effectiveness first and efficiency second. This section
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evaluates the combined impact of RAPS advantages on overall airlift
planning effectiveness and efficiency.

More Effective Application of Airlift.

For planners, RAPS provides quicker advice of changes, performs
structured tasks, assists in the making of semi-structured decisions,
maintains data in related, accurate and shared formats, distributes
airlift changes to agencies and records actual performance against that
planned.

These activities allow planners more time to make unstructured
decisions. Decisions are improved through access to more certain,
consistent and useful data, generation of initial solutions, improved
sensitivity analysis and proofing decision impact. Decision approaches
are also improved by review of planning against actual results.

By decreasing the cycle time of airlift planning decisions while
improving their effectiveness, RAPS contributeé to the overall
effectiveness of operational airlift planning. Improvements in security
of data and involvement of other agencies further contribute to improved
effectiveness.

These improvements, plus a standardised airlift process that is
known to mounting authorities and force commanders and actively solicits
feedback on performance, must increase the image of AILG as an effective
planner of airlift. Ten years ago, MAC embarked on a move towards
increased automated support for airlift planning. Though difficulties
were encountered, their image as effective airlift planners continues to
grow and contributed largely to the freedom they were allowed in
planning Desert Storm/Shield (Davis, C., 1991; Peterson, 1991; Fairlie,

1991).
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More Efficient Application of Airlift

The present airlift planning approach relies oh individual
planners carefully considering available options and implementing the
most efficient choice that is effective. Large airlift operation needs
exceed the capabilities of individual planners but teamwork is difficult
given the inability to effectively share data.

This was demonstrated during Exercise Kangarooc '89 where the
author performed airlift planning. Despite the large size of airlift
committed to the exercise and its importance to overall exercise aims,
airlift planning was essentially vested in one person. Airlift was less
efficient simply because time restricted investigation of decision
alternatives. Though executive management recognised that effectively
vesting all airlift planning responsibility in one person was dangerous,
the existing system provided little alternative (Peak, 1991a:5 July).

Through availability of more accurate and timely information to
multiple planners and consiste.ﬁcy in approach, RAPS allows greater
teamwork. This, combined with improved what-if analysis provided by
RAPS models and the ffeeing of planner time from structured tasks, is
expected to improve the range of options considered in meeting
requirements. This should irprove efficiency while not compromising

effectiveness.

Summary

This chapter investigated proposed improvements that would result
from a computer based MIS to assist airlift planning. A prototype was
used to demonstrate increment one feasibility and demonstrate clear

improvements available from increment one implementation. Eighteen
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improvements offered by all increments of RAPS were then discussed,

finishing with their overall impact on effectiveness and efficiency of

RAAF operational airlift planning.
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VII. Implementation Issues

Overview

Earlier chapters researched requirements, analysed systems and
proposed a MIS based RAAF system to assist airlift planners. Chapter VI
discussed the many advantages that the system offered. All advantages
were based upon careful implementation of a system that minimised
likelihood of wrong functionality, poor user support, unreliability and
difficult maintainability.

This chapter discusses risk and change management issues that

airlift planners will have to consider during implementation of RAPS.

Risk Management (Boehm, 1989:1,98-100)

As shown by Figure 7-1, Boehm considers risk manaqemen; to have
two aspects: risk asséssment and risk control (Boehm, 1989:1). Risk
assessment involves risk identification, risk analysis and risk
prioritisation while risk control involves risk management planning,
risk management execution and risk monitoring.

Risk identification produces lists of project specific items
likely to cm@miw a successful development and uses techniques such
as checklists, decomposition and comparison with experience. Risk
analysis produces assessments of the likelihood and the severity of loss
for each risk item identified and compound risk through item
interaction. Network analysis, decision trees, cost models and
performance models are typical tools of analysis.

Risk prioritisation orders risk items so that overall risk remains

within acceptable bounds during development. Techniques range from
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~ Checklists

Risk
Identification | Decision Driver Analysis
— Assumption Analysis
~ Decomposition
— Performance Models
Risk Risk ’ — Cost Models
Assessment Analysis Netwark Analysis
L. Decision Analysis
— Quality Factor Analysis
I;Rr‘is:ﬁtization (— Risk Exposure
Risk Leverage
'~ Compound Risk Reduction
Risk
Management — Buying Information
Risk Mgmt — Risk Avoidance
Plaaning [~ Risk Transfer
— Risk Reduction
—— Risk Element Planning
— Risk Plan Integration
— Prototypes
Risk Risk L  Simulations
Control Resolution
Benchmarks
~— Staffing
~— Analysis
Risk — Milestone Tracking
Moitoring —~ Top-10 Tracking

— Risk Reassessment

—— Corrective Action

Figure 7-1. Risk Management Camponents (Boehm, 1989:ii).
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quantitative analysis using prior probability theory to group consensus
of opinion. |

Risk management planning produces plans for addressing each risk
item. Plans are coordinated with each other and the overall
development. Where risk is unacceptable, risk resolution techniques are
employed to eliminate or reduce likelihood of acceptable outcomes.
Information can be bought through further testing, simulation or
prototyping, or development transfered to later stages of the project,
when more information will be available. Alternatively, skilled and
proven personnel can be secured to control risky aspects.

Risk monitoring involves tracking the development's progress
towards resolving risk items, through use of milestones and high risk
item highlighting.

While each development has unique risk sources, Bozhm identifies
ten "top" items that generally introduce risk in software projects. He
also provides risk management practises that addréss and resolve eacn.
The risk items are:

1. Personnel shortfalls, which can be managed by staffing key areas
with top talent, cross training and pre-scheduling key personnel.

2. Unrealistic schedules and budgets, which can be avoided through
detailed and multi-sourced scheduling, incremental development, software
reuse and dropping of high risk but marginal return requirements.

3. Developing the wrong software function, which can be avoided by
thorough organisational and mission analysis, user surveys and

prototyping.




4. Developing the wrong user interface, which can be addressed
through prototyping and analysis of users' style, worklcoad and
functionality.

5. Gold plating. Unnecessary "bells and whistles" functions can be
identified and dropped by cost-benefit analysis and adhering to firm
cost limits.

6. Continuing stream of recquirements changes. A problem with the
evolutionary approach to development is that requirements can constantly
change. The organisation never settles into new approaches which
frustrates users and undermines improvements. This can be avoided by
having firm increments of development and deferring last minute changes
to later stages.

7. Shortfalls in externally furnished components and tasks performed.
Reference checking and pre-audits should proceed contracts to companies
for critical items. During development, bench marking, inspections and
incentive contracts can irprove likelihood of meeting requirements and
tine frames.

3 and 9. Performance shortfalls in delivered systems can be avoided
through simulation, bench marking, modelling, prototyping and tuning.
10.  Straining computer science capabilities. While attempting to
design innovative systems, many past ADF software projects have been
unsuccesstul largely because they relied on a level of technology that
was not proven. By analysis of technical capability, cost-benefit and
prototyping, development at increments can be tied to dependable

technology (Boehm, 1939:99).
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Change Management

Risk management tries to develop the right product for the
organisation. Successful automation of information management must also
effectively manage organisaticnal change to make the organisation right
for the development.

The task of managing organisational change in large organisations
like the RAAF 1s not easy. According to Nadler, employees rust be

motivated to perform during the change process and to simultaneously

JHOE FORRN

accept that the old ways of performing are no longer applicable (Nadler,
1989:495) . Political behavicur usually becomes more apparent, adding tc
the difficult task of organisational change (Nadler, 1989:495).

According to Cumnings and Hughes, there are five activities that
contribute to successful organisational change. The first is motivating
the change. In order to motivate the organisation to change the
environment, an atmesphere of readiness to change must be nurtured.

Readiness to change involves three steps: sensitising the
organisation to pressures to change, revealing discrepancies between the
current and desired states, and conveying credible positive expectaticns
for change. At the same time that the organisation is being readied to
change, resistance to change must be overcome. One of three stfategies
can be used to overcome this resistance: empathy and support,
communication, and participation and involvement (Cummings and Hughes,
1989:110-111) .

The next activity that contributes to change is creating a vision
of the future. This involves identifying broad parameters of change,
while specific details are left to be worked out during implementation.

Creating this vision is the job of the leadership of the organisation
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and invelves reinforcement of mission, valued outcomes, valued
conditions, and midpoint goals (Cummings and Hughes, 1989:114-115).

Developing political support is the third step. Individuals must
be sold the idea that the change will be better for them. In order to
develop the necessary support, the change agent must assess his own
sources of power, identify the key stakeholders, and influence those
stakeholders (Cummings and Hughes, 1989:116-119).

Fourth, managing the transition, inveclves the period of time when
the organisation is "between" states - that is, it has not fully given
up the old way and is not fully committed to the new way of doing
business. There are three major activities and structures that support
organisational transition.

Activity planning involves laying out a road map for charge,
citing specific eQents that must occur if the transition is to be
successful. Commitment planhing involves identifying the key groups
whose cormitment is needed for change and deciding how to gain their
support. Management structure must be adapted in corder to include those
people that have the power to mobilise the necessary resources to
promote change (CQurmings and Hughes, 1989:120).

lastly, once ﬁhe change process has begun, management attention
must be focused on how to best sustain the energy and comitment to
fully implement the change. There is a strong tendency for an
organisation to return to the old way of doing things if the new way is
not reinforced (Cummings and Hughes, 1989:121).

The process involves providing the proper resources for change,

building a support system for change agents, developing the required




competencies and skills, and reinforcing desired new behaviours
(Cumings and Hughes, 1989:121-122).

By treating the change as a complete and thought out process, its
management becomes easier. Change must be dealt with in a logical and
systematic approach, while at the same time providing the personnel
associated with the change the correct amount of concern and compassion

as they go through the change process.

Sumary

The proposed computer based MIS to assist RAAF planning has
potential to improve effectiveness and efficiency of RAAF airlift
planning. However, to achieve this potential, its introduction rust be
carefully managed. The right product has to be delivered to users and
this can be achieved by risk management. Additionally, target
organisations, princibally AILG, have to be made right for change, which

can be achieved by change management.




VIII. Conclusions and Recommendations

overview

This chapter contains the conclusions reached in meeting the
objectives of this research and offers recommendations for further
research in the area of computer based systems to assist airlift

planning.

Conclusions

Increasingly, ADF managers are being challenged to demonstrate the
effectiveness and efficiency of their systems. This research
investigated improving RAAF strategic airlift planning by use of a MIS.

Alrlift is at the heart of Australia's defence-in-depth strateqgy
as it provides the essential mobility to project military power from
remote areas. ADF airlift is managed by RAAF's ALG.

Airlift planning involves four interactive activities. During the
first, activity planners investigate an operation's likely airlift need
by estimating resource capabilities and requirements. With more
information, detailed static planning can be performed and the airlift
schedule derived. Upon implementation, the airlift flow must be
dynamically managed to react, to changes in the operation's environment.
With the airlift under way, planners measure actual performénce against
planning and adjust airlift to meet overall operation objectives.
Measurement continues after the airlift has finished with review of
procedures and performance.

Computer-based solution approaches to unstructured airlift

problems face difficulties with accurate and complete definition of the
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airlift environment. Heuristic methods that constrain airlift problems
or seek near-optimal solutions are the basis of most practical computer
based models to assist airlift planning, particularity the routing and

scheduling of aircraft missions.

The RAAF planning approach is manual and suffers deficiencies in
poor data control, unnecessary repetition of structured tasks, lack of
consistency in planning approach, lengthy learning time for new
planners, distribution delays and lack of feedback of actual
performance. Similar problems are encountered by the CNDF, which also
uses a manual approach.

The USAF uses several computer based systems to assist their
airlift planning, ADANS being their principal system. Recently
implemented, it comprises extensive database, modelling and
communications suites. Structured decision making and checking are
performed automatically for planners. Though an excellent system to
assist large scale airlift planning, ADANS is not justified for the ADF
airlift planning because its level of sophistication is not warranted.

A MIS is proposed to assist RAAF strategic operational airlift
planning. It was developed using an evolutionary approach that seeks
early involvement and return of benefits to users while minimising risk.
The system inclugdes functions of control, dialogue, data, models and
communications. -

Though future user needs may change development direction, the
initial development is expected to have six increments. The first
builds a RDBMS and provides mission and payload editors and basic report
functions. Next, models to assist airlift estimation and aircraft

scheduling would be developed. With planning capability in place,
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feedback of actual performance would be improved by an increment that
addresses issues of audit and review. Development then seeks to
increase the time available to planners by improving communication to
AIG and ADF agencies. The last two increments address the needs of
airlift executives and deliberate scenario planners. Figure 8-1 matches
the full system functions against wider operation milestones.

The proposed system is expected to improve data management by
reducing redundancy and collection needs while providing greater
security, integrity, portability and data sharing among planners.
Cormunication of airlift planning to cutside agencies would be quicker
and transition between planning and implementation smoother through
improved access to ALG agencies. Models will assist with load
estimation and scheduling, and should improve accuracy, timeliness and
efficiency of results. Overall planning performance would be improved
by improved feedback of actual airlift, statisti'cal review of
achievement and checking of decisions.

In all, significant improvements in effectiveness and efficiency
of airlift planning are expected. - However, these improvements will only
be possible if the right system is irplemented into the right
organisation. This is possible through careful risk and change

management: during development.

Recommendations

This study recormends that the RAAF develop a MIS to assist the
planning of operational strategic airlift. Development should be based

on an evolutionary approach that delivers benefits to users quickly and
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derives its development schedule from the changing needs of users while

minimising risk.

Purther Research

Further research is recommended in four areas: further system
development, alignment of operational and non-operational airlift
planning, alignment of tactical and strategic airlift planning, and
generalisation of research findings to other military airlift planning
systems.

Further System Development

The evolutionary development approach provides good scope for

further research of computer based ways to assist RAAF airlift planning.

Research of increment functions is required, especially in the later
increments. Additionally, all models can be improved and greatest
benefit would come from research to improve the computer based routing
and scheduling system.

Alignment of Operational and Mon-Operational Airlift

The intensity and destructiveness of modern warfare creates a
punishing and uncertain enviromment for people and egquipment through
trauma and friction. Trauma or shock and physical damage, is
characterised by death, organisational disruption, destruction of
critical materiel and degraded communications. Recovery from trauma is
complicated by the confusion and disorientation caused by the friction
of war. Friction, the failure of events to follow plans, results from
enemy integrity, organisational realigmment, inadequate plans, wrongly

positioned resources, poorly trained people, incorrect doctrine and
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indecisive leadership occurring simultanecusly (Department of the Air
Force, 1986:3-3).

To withstand the combined effects of trauma and friction, a combat
support structure must be capable of transitioning rapidly from
peacetime to wartime and operating in a self-sustained, independent mode
as it adjusts to combat. Airlift, a prime combat support function, rmust
be supported by systems that provide for this rapid transition. Yet,
the majority of airlift planning performed by the RAAF is in peacetime
is non-operationally related.

An effective and feasible option available to the ADF lies in
performing all strategic airlift activities the same way. By using the
same system for both operational and non-operational airlift planning,
RAAF airlift should be better prepared for the friction of wartime
airlift. Training would be singularly directed and enhanced by regular
application.

Further research is warranted into ways the RAAF to enhance the
proposed system and change doctrine to align operational and non-
operational airlift activities.

Alignment of Strateqic and Within Theatre Airlift

Operational airlift is traditionally packaged into simple
categories of strategic and tactical, or within theatre, airlift.
Though "this view is logical, it is also myopic" (Cassidy, 1986:124) .
Airlift must be considered in terms of the resources that can be brought
to bear to solve problems at hand. Airlift becomes a system of aircraft
and other resources that can be used across the entire spectrum of

conflict (Cassidy, 1986:124).
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ADF strategic aircraft are earmarked to provide tactical support
to operations and are removed from the strategic airlift resource pool.
Assigning airlift resources solely to tactical airlift and managing
their application using separate systems is likely to cause ineffective
use of resources. Yet, although ADF doctrine recognises the scarcity of
airlift resources and calls for airlift to be controlled at a high
level, airlift management systems treat tactical airlift separately from
strategic airlift.

Research is recommended into ways to incorporate coperational
strategic and tactical airlift planning systems to more effectively and
efficiently apply scarce airlift resources.

Application to Other Defence Forces

This research showed that defence forces plan airlift in similar
ways. Though the proposed system was designed for the ADF envirorment,
it has potential applicability to other defence forces, especially‘those
of similar size and structure to the ADF. Therefore, it is recommended

that this research be generalised tc other defence forces.

Closing Remarks

As the twenty-first century approaches, it is becoming
increasingly clear how automated information can improve managerial
efficiency. The need for this higher level of efficiency is
demonstrated for the planning of operatiénal strategic airlift. Often,
airlift planners must assess their envirorments, allocate scarce
resources and make numerous decisions virtually simultaneocusly.

There are limits to how fast even the most efficient planner can

process and act on information assembled by conventional methods. As




this study has shown, automated technology can be developed to help
planners make more, and theoretically better, decisions in the time

constrained operational airlift planning environment.
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Appendix A:  Terminoloqy

This appendix defines some of the terms and acronyms used within

this study.

ADANS USAF Airlift Deployment Analysis System.

ADF Australian Defence Force.

ALG Royal Australian Air Force, Air Lift Command.

CNDF/CF Canadian Naticnal Defence Force or Canadian
Forces.

Effectiveness Ability to meet needs of a customer. Measures
operational and surge capability of airlift
resources.

Efficiency Ratio of workload per airlift resource
(productivity) to costs.

Evolutionary Software development that has many

Development
stages of expanding increments of an operational
software product, with the directions being
determined by operational experience.

Heuristic Approximate methods to obtain near-optimal
solutions. A rule of thumb.

MAC United States Air Force, Military Airlift
Command.

Operational Airlift The deployment, employment and sustainment of
military forces through the medium of aerospace.

PMB Program Management and Budgeting.

RAPS Proposed RAAF Airlift Planning System.

RDBMS Computer Relational Database Management System.
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Risk

Strategic Airlift

The possibility of some event occurring and the
adverse consequence of that event should it
occur.

Airlift that transcends the boundary of any cne
theatre and is executed under central direction
of higher authority, normally in support of a

more pervasive or overall effort.
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Appendix B: Survey of ADF Airlift Planners

This appendix contains the survey instrument which was sent to 29 ADF
airlift planners, a summary of distribution statistics and a respondent
profile. The instrument has been reduced and response boxes changed to
meet layout requirements of this report.

Surveys were dispatched under cover of a letter explaining background
to, and motivation for, the research. Each survey was tailéred to the
respondent, drawing sections from a master. Tailoring was based on the
respondent's background and present location. The profile provides a
summary of respondent's background, while the statistics show what parts of

the master survey were sent to each respondent and distribution totals.
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A Management Information System
To Assist Strategic Airlift Planning in the ADF

SURVEY of ADF PERSONNEL with experience in STRATEGIC AIRLIFT PLANNING

This survey investigates the planning of airlift. You have been chosen as a respondent because
of your experience with ADF airtlift planning. Information gathered from this survey witi be used in the
design of a management information system to assist planners of operational strategic airlift,

This survey forms part of research sponsored by the Director of Movements and Transport - Air
Force. The research concerns improving the quality and responsiveness of airlift plamning. It aims to
automate simple tasks and assist an airlift planner in making tess structured decisions. Issues of
division of responsibilities or command and control are not addressed.

Survey Topics

This study deals with the planmning of operational strategic airlift. Strategic airtift
concerns the transport by air of personnel and stores to or from an Area of Operations (AQ) or between
AOs. Tactical airlifr and routine, scheduled or channel airlift are not addressed. Operations inciude
exercises, relief and disaster activities, peace-keeping efforts and operations in support of conflict.

There are eight topic areas. Those areas, and the number of questions presented within each
category, are:

D] Stages of airlift ptanning, 2 questions;

2) The factors that contribute to a good airlafr plan, 1 question;

3) Measurement of factors of good airlift, 18 questions;

) Costing Atrlift, 8 guestions,

5) Information needs of a commander planning airlift, 7 questions;

6) Goals of an Airlift Planning lnformation System, S questions;

7) Requirements of component managers of the airlift system, 4 questions; and
8) General, 11 guestions.

Response Technique

Three response styles are used 1n the survey: ranked, scaled and open-ended. The most common
style requires a ranked response. A question 1s posed and a number of alternatives presented. You are
asked to review the alternatives carefully and ndicate your support for the option as an answer to the
guestion. Your response 1n the form of a ranking should be placed in the box to the left of the
guestion. A ranking of 1 indicates an answer you totally agree with. A higher ranking indicates a
{essening level of confidence 1n the response. A ranking over 10 indicates total disagreement with the
answer, The same ranking can be applied to equal answers. You may apply a cross to an option that you
consider 1s ominously wrong. Some responses require amplifying comment. S$ize of comment blocks are not
meant to restrict your discussion, so feel free to attach extra comments 1f needed. You are also
encouraged to comment on any guestion or option in the survey.

Scated questions request indication of your degree of support to a statement, Please indicate

your support by marking the appropriate part of the line to the {eft of the question. Open-ended
questions request your comment.

Survey Return

The Deputy Director of Movements and Transport - Air Force, WGCDR Doug Peak, has offered to
ass1st with questions concerning this survey and to receive responses. | ask your assistance to return
this survey, 1n the accompanying envelope, to WGCDR Peak by 29 March 1991.
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Stages of Airitift Planning

This part of the survey deals with the stages of airlift planning. Two questions investigate the
of airlift planning and their interrelation. Ffive stages are proposed;

-> Formulation and acceptance of the general concepts of the plan.
-> Detailed matching of uplift bill with airlift resources.

-> Tasking of lift resources and warning of units to move.

-> The implementation ard maintenance of the plan.

-> Post movement review of the plan.

VR A0

Do you agree that there are five stages in airlift planning?

‘Yes.

rm——t—y
Tasking and dissemination have nothing to do with
planning.

=
Implementation and maintenance have nothing t» do
with planning.

———
There are more stages, such as

A stage is not part of planning. Which stage?

—

——
Tend to agree (Near enough anyway).
Tend to agree though it varies from operation to operation.

How are the stages related?

Stages are independent and follow sequentially.
b—— ]
Stages are always dependent and iterative te planning invoives frequent
visits to all stages and stage sequence depends on outcomes of stages.
T
In small operations, stages are independent and seguential
but in larger operations tend to become dependent and
1terative.
—_—
Stages are independent and sequential only in singlte service operationc.
ooewpmey
Stages are independent and sequential only 1n single movement mode
operations 1e when only air 1s used to any scale.
ey
Stages are independent and sequential only in exercises.
.|
[t varies from operation to operation.

Comments
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factors that Contribute to a Good Airtift Plan

This part of the survey deals with identifying those factors which differentiate good airlift planning
from bad. There is only one question. It is amongst the most important of the survey for no system can
be improved unless its goals are clearly defined. 18 options are offered to answer the question. for
each option, please indicate its degree of importance, if any, by applying a ranking. Rankings range
from 1, indicating most important, through 10 for little importance. You may use a cross to indicate
strong disagreement. You do not have to mark all options.

What do you look for in an airlift plan?

Overall effectiveness in meeting aims of the customer.

==}

Productivity, by maximising quantities lifted.
=

Economy, by committing {ift resources in the most effective way.
e

Efficiency or the highest ratio of productivity to costs.
==‘

Simplicity, where complex tasking and routing are avoided.
, :

Training value to the airiift system.
==

_Fluidity or smoothness of Lift ie avoiding tasking peaks and troughs.
]

"Cohesion or unity of lift of entities identified in the order of march.
e —

Flexibility or ability to absorb later changes.
=

Certainty of meeting lL1ft reguirements in time.
=

Accountability, where all decisions are justified and bounds observed.
]

Controt or ability to influence decisions made during implementation.
=

Sensitivity, where alternatives and comparisons are provided.
_———

format, where the plan can be quickly disseminated.
p———}

Speed, where the plan has been quickly developed.
——

Security and safety of airlift assets.
— ]

Securi1ty of payload ie people and stores.
m—

Concentration or grouping (ift effort to achieve most in short periods.
=

"Depends on the scenario and type of operation.

Comments:
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Measurement of Performance

Having identified those factors which contribute to a good airlift plan, this part of the survey
investigates their measurement. The aim is to find metrics to assist in determining planning
performance. Metrics may be available during and after the planning process. Comparison of them with
pre-defined or empirical values may assist in 'first cut' appraisal of a plan. There are 18 questions,
A response to all is preferred. A cross can be used to highlight dangerous or ill-founded measurements.
Comment is encouraged.

For each factor chosen as important, are there metrics that can measure performance of a plan within a
category ie how do you judge the ptan?
Overall effectiveness in meeting aims of the customer.

I . . A
Percentage of units lifted on their preferred day for airtift.
|
Percentage of units Lifted as an entity ie lifted together.

force capability delivered to ultimate AO destination per day.
‘ Percentage of units not delivered directiy or transhipped.
=y
You cannot judge it up front. Those moved will tell you afterwards.

Other:

Productivity, by maximising Lift resources.

1 d

Tons/passengers carried one mile per flying hour, eg 1000 pax carried
1000 miles in 50 hours €130 = 20000 pax miles/hour C130.

E=

Tons/passengers per day lifted by priority designator.
—

Order of march entities lifted per day, ie no. of distinct units.
_——

AQ arrivals per day in tons and passengers (Support area for retrurn).
=— :

Cannot be measured. It is an intuitive judgement.

Other:

Economy, by committing Llift resources in the most effective way.

Percentage of full aircraft loads planned to all loads planned.
E——]
‘ Hours aircraft flying without full payload.
mmmm———

Hours aircraft flying without payload (ie deadheading or positioning).

#=‘
Percentage of chalks with more than one leg (multiple departure/dest).
Q. -
Total cost of plan, based on aircraft operating costs.
 ———
Other:
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Efficiency or the highest ratio of productivity to costs.
-
Payload moved per flying hour planned.
=

Passengers and Cargo moved per flying hour, per aircraft type.

Total payload Lifted by number of miles moved, divided by cost of plan.

‘ Total hours aircraft are on ground, with no tasking, while away from
‘ Ricnmond ie hours airframe not used due crew rest or waiting.
"Force capability delivered to AQ divided by total flying hours.
—_—
Other:

Simplicity, where complex tasking and routing is avoided.

Number of units lifted per chalk (average, maximum and minimum).
=

_Number of tegs flown per chalk (average, maximum and minimum).
—_—

_Number of chalks per continuous airframe tasking (histogram form).
_—

Days airframes away from maintenance.

:
The above except concentrating on most frequent and exceptions.

Qther:

Training value to the airlift system.

Number of repeated legs (same departure and destination).
—————

Number of repeated Legs per continuous airframe tasking.
= — ]

Flying hours per continuous airframe tasking (histogram form).
===y

Number of different types of loads planned (histogram form).
——

Is not easily measured. Leave training to Airtift Group.
——

Gther:

Fluidity or smoothness of lift.

‘A|rframes committed per day (histogram form).

== .

Passenger/tonnage arrivals per day into AQ (histogram form).
=

IAirframes uncommitted per day (histogiam form).
i===

Hours flown per aircraft type per day (histogram form).
I »
Departures per day for all departure locations (3-D histogram form).
[E—
Qther:

P
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Cohesion or unity of Llift.
Number of passengers transhipped (repositioned to a way point).
Tons of cargo transhipped by priority.

Number of order of march components not moved as one block.
|
IN\.\nt:ver of times unit stores are not moved with unit.
|
Number of times a unit is not lifted directly to desired destination.

Other:

Flexibility or ability to absorb changes.

‘Spare window per unit ie time planned to Lift minus time must lift by.
=]
Spare window per unit ie time first available to move minus time planned
‘ to Lift (Forward window availtability).

Payload capacity not yet committed, per departure location.
‘=l
‘ “Airframes uncommitted per day per aircraft type (histogram form).
IHours uncommitted per aircraft type.

Other:

Certainty of meeting Lift requirements in time.

Airframes uncommitted, per day ie max allowed minus no. committed.
————

Hours uncommitted, per aircraft type ie max minus cumulative to date.
==‘

Closure date minus ltast arrival/ first arrival/ all advances ati main.
e —

. First move allowed minus first move/ all advance/ all main.

-]

Days airframes have been away from maintenance venue, per day, per type.

Other:

Accountability, where all decisions are justified and bounds observed.

Fult movement appreciation provided and all options enumerated.
===i

Same measures as economy.
o

Same measures as efficiency.
=

Not a factor in a good plan, just a part of staff work.
@

Giving commanders dollars to buy military and civil Lift (not hours).
[F——

Other:
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Control or ability to influence decisions mede during implementation.

———

'Days continuous tasking that must be committed per day.
]

"Spread of air{ift committed to units per day (histogram form).

|

“Requirement for slip crews, maintenance away from home and crew changes.

|

Options possible during implementation (eg a decision tree).

IS

Other:

Sensitivity, where alternatives and comparative costs are provided.
-_
Full movement appreciation and enumeration of alternatives.

Cost for each additional hour of airlift employed by type.
=

Hours available per aircraft type and cost comparison of types.
=

Chalk cost 1f met by military versus cheapest civil option.
=]

Cost comparisons with previous similar airlift operations.
————

Other:

format, where (he plan is in a form to allow immediate dissemination.

Hours required to produce an airlift schedule.
——=3

Hours required to produce a movement order and schedule.
=y

Hours regquired for full plan dissemnation.
—_——

Hours r-gquired to produce the fully detarled airlift schedule.
Sy

Hours ¢ -quired to produce schedules of different format for 'what-i1fs'.

—_—

Other:

Speed, where the plan has been quickly developed.

—

Same as format.

'Hours taken to derive plan.
' . .
Simitarity of plan to a contingency plan.

—

Other:
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Security and safety of airlift assets.

lCreu days over 10 hours (histogram form).
_Nights airframe parked away from a RAAF airfield.

“Rotations at low quality airfields 1e dirt, short or narrow.

; _Hours flown with augmented or slip crews.
==y

Hours flown over water,
——

Qther:

Security of payload ie people and stores.

Late afternoon arrivals of passengers in forward AQ.
——y

Arrivals of passengers without vehicles and stores.
]

Night time arrivals of paytoad.
e

Arrivals to and departures from civil controlied airfields.
— —_ ]
Not an issue.

Other:

Concentration or grouping Lift effort to achieve most in short periods.

Most payload lifted 'n one day/ week (histogram form).
_——
Percentage of order ot march met in 24 / 48 7 72 /168 hours.
===
Days where full airframe allocation is committed (histogram form).
e ——— 3
Main departure locations with spare ramp capacity yet outstanding bill.
E————}

Points of Entry and Departure supported.

Other:




Costing Airtift

Dollar cost is often suggested as the primary metric for measuring all facets of airlift, including
planning. Costing schemes often espouse a user pays concept to ensure uitimate control over airl(1ft
decisions rests with the user. This part of the survey investigates costing. There are eight
questions. Five questions are open ended. Ffeel free to comment on viability of alternatives or
problems concerning availability of data, commercial in confidence caveats or the breakdown of cost into
direct, indirect or. other components.

In costing airlift, what cost approach would best apply?

The Department's pubtished hourly rate for ADF aircraft.

The contracted iease rate for commercial aircraft. Being actual, the
calculated costs could be used to ensure budget comptliance.

==y
Rates for all airframe types set by the commander. That way, he could
influence planning decisions by varying hourly costs. Additionally,
mixing of civil and military 'costs' is allowed.

m:
Hourly costs for civil aircraft would be actual l\ease costs.
A rate per military airframe type would be set by the commander. That
way, a commander could i1nfluence planning decisions and costings will
reflect actual direct civil costs.

o — |

A proportional preference weighting of all aircraft types eg C130=2,
B707=4, 8767=10 therefore C130 twice as cheap per hour as B707 and five

times cheaper than B767.

A different approach/ comments

How do you incorporate civil seat purchasing into a costing system? (The ADF uses civil airtift in two
ways - it leases the whole aircraft or buys seats on commercial routes)

Use actual costs for all costing. Therefore, decisions will be based
on the most economical dectsion,

B—==———1
Civit airtift 1s usually pre-planned at a high level. It is then
presented to airlift ptanners as a fait accompli. Therefore, the
atrtift planner should concentrate on costing military airlift alone.
—— = ..

Use of seats on commercial routes is too small an aspect of airlift
planning to concern a commander or his planning staff.

A dtfferent approach/ comments

B-10




L

A different approach/ comments

How do you equate civil and military costing systems?

Civil and military costing cannot be compared. There is no need to
compare them as they apply to different situations.

Civil and military costing cannot be compared. Yet, there is a need to
compare them as they are usually viuble alternatives when planning
airlife.

Civil airtift is usually pre-planned at a high level. It is then
presented to airlift planners as a fait accompli. Therefore, the
airtift planner should concentrate on costing military airlift alone.

should the customer pay? Having the customer pay may be as simple as giving commaenders ‘chips*® and
charging 'chips' for airlift requested by the commander.

At the end of the planning process, does a commender wish to know the dollar cost of a pltan? Should he
and his staff be prepared to account for their decisions on economic grounds?

If so, can an accurate figure ever be provided at the planning stage?

At the end of the operation, does a Commender wish to know the dollar cost of a plan?

1f so, can an accurate figure ever be provided at comptetion of all airlift?
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The Information Requirements of a Commander of an Airlift Operation

This part of the survey addresses the information needs of the executive decision maker. The
rexecutive' level of airlift planning includes overall control and responsibiltity for an airtift
operation. It may or may not include responsibility for airlift plan implementation or operation of
aircraft. This section has seven questions requiring ranked responses.

How do the information needs of a commander initiating an airlift plan relate to the data maintained at
the airlift plamning level?

‘ All of a commander's information needs are available from his airlift
- planning staff.
[S—

ALl of a commander's airlift information needs are available from his
‘ airtift planning staff,

=1
Part of a commander's airlift information needs are available from his
airlift planning staff.

#
A commander's information needs are not related to the information
processing of the planning functions.

==‘
A commander's information needs determine the data maintained at the
processing level. Therefore, one complements the other.

—

How do the information needs of a commander overseei implementation of an airlift plan relate to the
data maintained at the airlift planning level?

ALl of a commander's information needs are available from his airtift
planning staff.

—————=—xn N
All of a commander's airlift information needs are available from mis
airlift planning staff.

=_5
Part of a commander*'s airlift information needs are available from his
airlift planning staff.

o ]
A commander's information needs are not related to the information
processing of the planning functions.

—_—

A commander's information needs determine the data maintained at the
processing level. Therefore one compliments the other.

what is the most helpful form of information presentation to a commander?

Graphics only.

vy
Graphics referring to detailled data concerning exceptions.
#
Detailed data oniy.
"==l
In electronic form.
e
In report form.
Fa-ﬂ .
‘ Able to be understood and used by the commander.
}-====-q )
Able to understood and used by a commander's planning staff.
No information for the commander. Only that required by his staff.
!
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With the present approach to airlift planning, is a commander provided with informstion of sufficient
quality, in required time frames?

—
‘ Yes, there is ample information on which to make decisions.
=]
; A commander doesn't need information. He needs people.
ﬁ )
) No, the information is rarely complete.
% . X R X
No, the information is there but rarely available in the time frame
. required to aid decision making.
'=J
Yes, the information is there but not in the best format for
‘ presentation to executives.
——
Yes, the informatiun i1s there but not in the best format to
manipulate for decision making.
No, the data is there but it in not in a form useful to a commander.
—

1f, for the previous question, you thought that information was not best for your requirements, why?

Every commander's approach is different. Therefore no effective system
can be implemented.

=§
External influences, such as scenario, time and politics, make each
airtift operation different to all previous.

—_—
The planners were too busy putting out bushfires and not looking at the
requirements of the commander.

==
The planners had the information, but not the technology to control and
manage it.

Other:

To a commander making executive decisions on airlift planning, which of the follow would be helpful?

A list of recent scenarios that have been tested or used in operations.

mme———eny
The order of march for previous operations.
_—
‘ Airlift summaries for previous operations.
== 1
Airlift plans for previous operations.
= o]
Actual Lift data from previous operations.
‘ Airlift lessons learnt from previous operations.
bmg:ﬁ
Nothing electronic - executive level planning is largely an i1ntuitive
] function. No previous dJata helps. Just good people.
'==
Electronic presentation of all data. This allows speedy and accurate
manipulation of data and quicker drafting of plans.
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For past airlift summaries to be potentially helpful, what sort of data should they contain?

— . .
Location of operation.

‘=g

~ A brief summary of the threat (maximum 200 words).

‘ Type of activity eg exercise/operation/relief/aid to civil.
‘=.

What ADF services were involved.
ly—__—_—_=l; ‘
} What other forces or organisations were involved (friendly and enemy).
==I

Airfields used for strategic airlift within the area of operations,

their actual frequency of use and operating restrictions.
]=

Services provided at airfields in area of operations or outside

Australian mainland eg fuel, accommodation and security.
——

Airlift planning bill in passengers, bulk cargo and wheeled cargo.
e

Airlift maximum/minimum duration ie total and main component duration.
_'—-—=l‘

Actual uplift in passengers, bulk cargo and wheeled cargo.
==

‘ Total hours and maximum per day allocated per airframe type.

=j

Actual number of airframes used per day (histogram form).
1}

Actual hours flown per aircraft type.
oy

Sorties lost or postponed due unserviceable aircraft.
—_————

Comparison of planning and actual payload data.
==y

Airtift lessons learnt.

Qther:
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Management Information System Goals

This section considers what should be the goals of a management information_system to assist airtift
planning and the relative importance of potential sub-systems. There are five questions requiring
ranked responses.

what should be the higher goals of a management information system to assist in airlift planning?

Audit or recording of system state and decisions.

i . N
Performance or maximum improvement.
= X .
) ~ Minimum or comparative cost including development and maintenance.
by
Reliability or accuracy and consistency of information and adeguate
and reliable system availability.
;:
User satisfaction or acceptance by planners and executives.
== T
Connectivity or ability to communicate with other systems and 'players’
involved in movement of a force.
1
Maintainability or ability of the system to be kept running and for
improvements to be easily made.
]
Control or ensuring users have control of deviations from ptanned
performance and can institute corrective action.
= .
Work capacity or ability to support development of multiple plans.
=
Usefulness or perceived ability of system to support organisational
goals and objectives.
Other:

With what other information systems should commmications be considered?
For each system nominated, please specify the level of connectivity from options of on-line or
continuous connection, batch or periodic transfer and hardcopy transfer.

HQ ADF Command and control systems. Online/Batch/Hard

—_—

Air Headquarters BACCS system. Onl ine/Batch/Hard
o ]

DMCA/ JMCC/ MCO systems. Ontine/Batch/Hard
==

Aircraft maintenance control systems eg CAMM, Ontline/Batch/Hard
—_——

Flying squadron tasking management systems. Ooni ine/Batch/Hard
==:

Scheduled airlift co-ordination systems. Online/Batch/tard
e

Other Ontine/Batch/Hard
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Wnat capability or design aspects should the system have?

It shoutd be portable so that planning can be carried out at the
best locatiun. Hence a PC based system 1S required.

A secure system due to the information held.

An interactive system 1e not fully automated but reacts to commands
from the planner.

A menu driven system that requires l(ittle training.

Data 15 held 1n a way that allows what-1f analysis and special reports.
Matntains a history of previous exercises that can provide data.

Allows for guick input of the order of march and resource data.

All output can be represented on screen, on hard copy and graphically.

What capability or design aspects should the executive component of the system have?

Other:

it should be portable so a commander can take ~eports and displays with
him when briefing or changing location. A PC based system 13 required.

Access tu main system to allow a commander to iook at all aspects of the
plan and communicate hi1s requirements to his staff.

Reliability. The system must always be available. All output must be
accurate or Limits of currency or accuracy obvious.

Ease of use. A menu driven system should allow maximum assistance to a
commander with Little tratning or computer skills.

versatiiirty. The system should present data so that a commander
can manmpulate and format 1t 'n ways that best suit him.

Eaception reporting. A commander should be able to set Limits or bounds
on the detailed planning system. When planning exceeds these bounds,
advice stould be presented to the commander.

Hands off. ALl requirements of a commander should be part of a lower
evel system. His staff should present information to him.

Sensitivity anaiysis. The system should support what-if analysts at the
execuslve level. Options specified by a commander should be modelled
and outcomes presented in suitable form.

Remote communications. Facsimiie transmission of unclassified data
should be supported.
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what sub-systems should the system possess? In this question, ranking also indicates your relative
assessment of sub-system importance.

V

Other:

A static routing and scheduting system that automatically matches lift
requirements with resources to produce a feasible plan. The system
would require an order of march, a resource matrix and weighting.

A dynmamic routing and scheduling system that would automatically apply
changes to the environment to a plan. The original plan would be input.

A static routing and scheduling system that interactively matches lift
requirements with resources to produce a feasible plan. The system
and user would require an order of march and a resource matrix.

A dynamic routing and scheduling system that would interactively apply
changes to the environment to a ptan. The original plan would be input
and the user would specify changes and direct plan manipulation.

A database to maintain the airlift plan and produce reports of varying
format and criteria.

A graphical display and report capability ie charts and displays.

On-line electrical communications to other systems used to manage the
movement and maintenance of a force.

Hardcopy reporting capability to all 'players' and connectivity to
remote airlift components through encryption over public networks.

Maintenance of an ‘audit trail' to allow anaiysis of performance and
problems for post operation review. System should produce statistics.

Maintenance of history of airlift operations so new planning can draw
on concepts and approaches where performance and problems are known.

A system to manage production and distribution of new or amended tasking
and changes to a plan to all specified addressees.
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Interaction with Maintenance Components of Airlift

This section looks at how airlift planning impacts on managers of the component systems of airlift,

principally the maintainers. There are two gquestions.

wWhat factors of a plan impact on a maintenance manager?

or dislike of the option.

1

ey

Qther:

Late returning aircraft (likes/dislike).

Early departures (like/dislike).

Special rigging requirements (like/disliike).

ALl aspects of the B7Q7. This aircraft requires special management.
Maintenance requirements away from Richmond (like/dislike).

Heavy tasking against one flying squadron (likesdislike).

Tasking aircraft away for many days ie more than a week (likesdislike).
Locating or resting aircraft away from Richmond (like/dislike),

Long periods of consistent tasking (like/distiike).

Long periods of excessive tasking (like/dislike).

Short periods of excessive tasking (like/dislike).

Planning down to each squadron and aircraft type (like/dislike).
Sharing of similar tasking across squadrons (like/dislike).

Considering maintenance requirements within the plan.
This allows identification by maintenance with task objectives
and makes administration of personnel attachments easier (like/dislike).

How should the plan be presented to maintenance éontrollers?

QOther:

in ‘green' order. Only formal squadron tasking and not pianned tasking
should be advised to the squadron,

Tasking should be presented in electronic form for speed and efficiency.
Tasking should be presented in hard copy form for ease of use.

There snu.'a pe one report provided at the start of the operation.
Changes should be advised formally, with at least two days notice.

There should be a report of anticipated tasking disseminated prior to
implementation of the plan to allow squadron comment and preparation.

There should be a weekly report of tasking only for the next week.

A report 1s required for each aircraft vype ie C130E, C130H, B707.
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Interaction with Air Movement Components of Airtift

This section looks at how airlift pltanning impaéts on managers of the component systems of airtift,
principaliy the terminal staff. There are seven questions.

what factors of a plan impact most on a terminal manager? In addition to a ranking, please indicate
like or distike of the option.

“———|

Late arrivals and departures (like/dislike).

Early arrivals and departures (like/distike).
=

Special rigging requirements (likesdislike).
————

Mixing B707 and C130 tasking or mixing between C130 types.
=

Explosives loading/ unloading (likesdislike).
_—

Heavy tasking in short time frames (like/dislike).
s

Basing an aircraft at major locations (likesdislike).
i "

Taskings of similar Loads eg freight chalks together (like/dislike).
—_———

Less than 1 hour turnarounds for gquick toads (like/dislike).
e

Engines running turnarounds in forward locations (like/dislike).
— |

Engines running turnarounds in support locations (like/dislike).

Other:

How should the plan be presented to load planners?

in 'green' order. Only formal aircraft tasking and not planned tasking
should be advised to an air movement agency.

—
Tasking should be presented in etectronic form for speed and efficiency.
—_——— ’
Tasking should be presented in hard copy form for ease of use.
- ————|
There should be one report provided at the start of the operation.
Changes should be advised formally, with preferably two days notice.
e
There should be a report of anticipated tasking disseminated prior to
implementation of the plan to aliow AMS comment and preparation.
I ——— 1
There should be a weekly report of tasking only for the next week.
e ]
A location's report should only have tasking effecting the location.
Other:
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How should AMSs/MATUs interact with lift coordinators (usually MOVCORDC)?

1
Planned loads should be advised to the AMS/MATU. At least two
. days before tift, AMS/MATU should advise actual load and spare capacity.
| i
‘g . i
~ The AMS should only talk to the MCO during the (ift.
"==;
The same system as routine lift should be used.
by . L : .
After the lift has occurred, deviations from the planned task, including
load, unit Lifted and timing changes, should be advised to coordinators,
AMSs/MATUs prefer planning to only scope short periods ie 3-5 days.
Any more is usually inaccurate or subject to too much change.
‘=
‘ On-line/daily plan access is vital for AMSs/MATUs.
—_—

Reports provided should ailow AMSsS/MATUs to access by Green No, by day,
by dest/departure. Also a time spread of tasking should be provided.

How much flexib'ility shoutd be given to terminals? Amount of flexibility can range from providing the
terminal with three day windows of tasking and payload that it is free to match in any way it chooses,
to providing the terminal with a firm load ptan for each task. Cosments based on experience are
welcomed.

Shouild terminals be given more flexibility, what problems can you see for terminals, customers and MCOs
eg non-advice of load changes id\»ich effect MHE and personnel requirements?

What is your opinion of a system where ANSs/MATUs would receive daily electronic updates of airlift
ptans? These updates would be transmitted clectronically over secure or insecure means.

What is your opinion of a system where AMSs/MATUs are required to advise all task deviations to the
coordinator? This information could be transmitted electronically or with aircraft returning to
Richmond.
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Interaction with Flying Squadron Components of Airlift

This section looks at how airlift planning impacts on managers of the component systems of airtift,
principally the operators. There are two questions.
How should a plan be presented to a flying squadron?
—
In '‘green' order. Only for.al squadron tasking and not planned tasking
should be advised to the squ.dron.

Tasking should presented in e.ectronic form for speed and efficiency.

~ Tasking should be presented in hard copy form for ease of use.
There should be one report provided at the start of the operation.
‘ Changes should be advised formally, with at least two days notice.
[
" There should be a report of anticipated tasking disseminated prior to
implementation of the plan to allow squadron comment and preparation.
== =}
There should be a weekly report of tasking only for the next week.
— o
Oniy squadron tasking shouild be advised.
_——==—
All tasking, tnciuding that of other squadrons, should be advised.
Other:

what aspects of airtift planning does squadron menagement like or dislike? In addition to a ranking,
please indicate like or distike of the option.

Too many tong crew days (like/dislike).

—_—_—m=
Many specialist crewing requirements eg night or short (like/disltke).
=]
Tasking that takes crews away for overmights (like/dislike).
e a1
Continuous minimum crew rest after long tasking (like/dislike).
—_——
Days off away from Richmond for crew and airframe (like/dislike).
Augmented crews (l1ke/dislike).
= — 1 -
Slip crew requirements (lirke/dislike).
e
Long periods of consistent tasking (like/dislike).
e— ]
Long periods of excessive tasking (likesdislike).
—_——=
Short periods of excessive tasking (likesdislike).
f—— .}
Planning down to each squadron and aircraft type (likesdistike).
I ]
Sharing of similar tasking across squadrons (likesdislike).
=]
Atlocating all airlift in support of a sub-objective to one squadron.
This allows identification of aircrew of task objectives (lLike/distike).
Other:
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Interaction with the Customer

This section of the survey looks at the interface between the customer to be Lifted, the command
coordinating the Lift and the other movements organisations. There are two questions.

The primary statement of user need is the order of merch. What informstion should be presented in the
order of march to allow a full description of customer needs? A ranked response is requested.

unit name.
e
Parent Command and coordinating movements control organisation. ;
==y
Sub-unit name and party type eg '8' Company/ Advance Party.
= —)
Numbers of passengers, bulk cargo, wheeled cargo. for bulk cargo,
groupings by hazardous, outsize and restricted access categories.
=y

Related order of march entries eg 15->5 may mean unit must follow entry
15 (HQ element) by up to 5 days.

gEarly or late move within window preference eg E/M/L.

—_———=a

Desired day to move eg 0+10 or 154un or friday.

Windows for movements 1e time earliest available to latest move time.
= ——

Departure airfield.
b

Destination airfield.

Ultimate destination.

what aspects of airlift planning does a custamer like or dislike? In addition to a ranking, please
indicate like or dislike of the option.

Early starts (lrke/dislike and time period considered).
Late starts (lLirke/drislrke and time period considered).
Being Lifted without untt stores (lLike/dislike).

Overnighting not at the destination (ltke/dislike).

—_———
) Richmond - ail aspects (like/dislike).
o
AlL passenger C130 loads (like/disiike) How many 15 max?
e
B707 or civil L1fts with dress requirements (like/dislike).
=
Travel with other untts (like/dislike).
=1
uptift over a (ong period (like/disitke).
E—- ]
Uplrft over a short period (like/dislike).
= ———]
Being planned down to sub-umit level (like/disiike).
—_—tmr—my
A fixed time between advance, main and rear parties (lLike/dislike).
Other:
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General Questions

This section of the survey proposes general questions. [t seeks an indication of whether you agree or
disagree with the statement. There are 11 questions.

Does the movement bill remain constant during planning?

If not, do certain components change more often than others?

Does the resource allocation remain constant during planning?

If not, do certain components change wore often than others?

Wwhat reaction time is expected from planners after initial implementation of a plan?
Minutes Hours Days It varies

Do you have trouble meeting time frames? Could you use an information system that helps you calculate
options, amends a plan to your specification and checks your actions?

How many large exercises do you have contact with each year?

0 1 2 3 o 5 6 7 8 9 10 more tnan 10
How many medium sized exercises do you have contact with each year?

0 1 2 3 4 5 6 7 8 9 10 more than 10
How meny small evercises do you have contact with each year?

0 2 4 6 8 10 12 14 16 18 20 more tnan 20

How you ever consulted past exercises to assist in planning a new operation or exercise? what size
exercises were involved? Was the old data helpful?
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What is your opinion of the development of an airiift planning management informetion system?

A system is not required or justified.
Potential exists for a system but not right now.

A system may be justified. However, the environment and hence the needs
of the airlift planner are changing so quickly that a system would not
keep pace with requirements.

A system 15 justified. A complete analysis and development should be
commenced so that a full and sophisticated system is developed the first
time,

A system is justified. However, the money and other resources required
for a full system are not available right now. Ffinance approval
procedures suggest development in two or three phases.

A system 1s justified. We have the hardware, Planners can develop a
system as part of -2 job.

A system 15 justified. Because of the changing environment, full up-
front development risks delivering an unsuitable and costly system. We
should use an evoiutionary cpproach where we develop those sub-systems
that give us most value now. Gradually, these sub-systems will Link to
form a system that users require. This approach will atlow resources to
be applied 1n increments and their return immediate. Even if the final
result 1s not perfect, we have better information with which to plan a

replacement.

Other:
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A Management Information Systiem 1o Assist RAAF Airlift Planning
Survey Statistics
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Miller U O O O e O T [
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Pcak T e L I T e e e O R N T R D R R R S B
Hartig U T T R R A T T e A e T R L1
Ryvan [ R R R T L e s D A D S B |
Shepard [LONS T T T S T A T T U S O S O [
Dunbur L3I S e A e e e A | 11
Thyer (I T R T T e A S O R R S (I
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Mavhew [ N T R T A R e T D R S B |
Scott LT e L T O 11 (.
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SONLDRPouinger  d 1 0 1L b L L 4 1o 1t 0 b1t | I N T
Mannen TC I I T R R A T e T T (O T S T | A T S
Hales VO A D L D e O O 1 11
Bradlord U U R T T T e O D R T SRS B | SR A R T
Nuttrass S T T A | T A O l (I
Stanhope [ R N T A A [N A S AR N T N A SR R N A
Green O e I I I T T e e e R R N R O
MAJ Thompson T L e e e e R A N N T
FLTLT Ros m I A | I | SR S TR U
Shiclds m U T [ | S N R |
Smith m R I [ T A I
Newcombe m N S I | IR N S B
WOFF McMullen m T | I [ R
FSGT Smatl m LI T L L (O T O
Totul Pages 23 2929 29 29 209 29 22 22 23 22 22 2R 2N 28 7 13 17 IX IR 27 27
S48 fﬁg«:s?«uul (pgl relers 1o cover sheet 1vpe)
29 Tatal respondents
66 Maximum guestions per survey

1914 Total questions




surve: ent Profile

Respondent

Background

MAJGEN Sanderson
ACDRE Mitchell
GPCAPT Harris
Miller
WGCDR Crombie

Hartig
Ryan
Shepard
Thyer

Mayhew
Scott

SONIDR Pottinger
Mannen

Hales
Bradford
Nattrass
Stanhope
Green
MAJ Thompson
FLTLT Ross
Shields
Smith
Newcombe
WOFF McMullen
FSGT Small

Force Commander, HQADF planner

Commander ALG, CMDRALG during Ex K89

OCB6WG. Airlift command for Exercise K39

HQADF movements planner, DG Movement and Trans-RAAF
HQADF movements planner for Exercise K89

HQADF planner, OO MOVOORDC, Airlift planner Ex K89
SOPLANS AIG (Responsible for airlift)

Q0 MOVOORDC, airlift payload coordinator

Terminal operator

SOPOL AIG (ALG policy), OO 36SON (Flying Sqguadron)
SOPLANS ALG (Responsible for K89 airlift), CO 36SQN
QO 486SQON (Intermediate Maintenance Squadron)
HQADF planner, CO 37SQN (Flying Squadron)

AirHQ planner, SOPOL Air Lift Group

HQADF planner, X0 36SON (Flying Squadron)

HQADF movements planner, Terminal operator

AirHQ movements planner

AirHQ movements planner

AlG payload coordinator, Terminal operator

ALG task planner

Terminal operator

OIC MATU, Terminal operator, Airlift planner
Customer representitive to ALG, Airlift planner
Terminal operator

Terminal operator

Terminal operator

OIC MATU, Airlift planner, Terminal cperator
Loadmaster, Airlift planner, Payload coordinator
Airlift planner, Payload coordinator

29 Total respondents

B-26




Appendix C: Results of a Survey on Factors of Airlift
Planning and Their Measurement

This appendix provides results to survey dquestions that considered
the factors of airlift planning and their measurement. Eighteen factors
were presented to respondents for evaluation.

A factor's value to planning performance could be principal,
important, contributing, unimportant or unrelated based on respondents
scores which ranged between one and ten. A principal value occurred
w“hen a one score was judged by respondents. Where a factor received a
rating between two and four, it was considered important. A rating
betveen five and eight earned the factor a contributing value, while
scores above this caused the factor to be rated as unrelated. Wwhere nc
score was given, no measure of value was judged.

Regardless of their views, planners were invited to identify
metrics to measure each factors. If respondents considered the proposed
option to be a suitable metric for the factor, a one was recorded.

The last page of this appendix, C-20, provides a sumary of

respondent appraisals across all tactors.




Measure:

Airlift Planning Measure Response Summary

Overall Effectiveness

Value of Measure

Suitable Metric

P I C U 6]
R M 0] N N
I p N I R
R O T M E
C R R P L
I T I 0 A
F A B R T
A I U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACCRE Mitchell 1 1
GPCAFT Harris 1 1 1 1
Miller 1 1
WGCDR Peak 1
Thyer 1 1 1 1 1
Pryke L 11 1
Frare 1 1 1 1
SQMLDR Pottinger 1 1 1 1 1
Bradford 1 1
MNattrass 1 1 1 1
Green 1 1
MAJ Thompson 1 1 1 1 1
FLTLT Ross 1 1 1 1 1
Smith 1 1 1 1 1
Newcombe 1 1 1 1
FSGT Small 1 1
Count 13 2 0 0 1 14 ] 9 8 0
Percent 31.3 12.5 0 0 6.25 88 56 56 50 0




Measure

Airlift Planning Measure Response Summary

Productivity

Value of Measure

Suitable Metric

P I C U U
R M @] N N
I P Y I R
1 o] T M E
C R R P L
1 T I 0 A
o] A B R T
A N U T E
L T T A D
1 N
N T
3 1 2 3 4 2
ACDRE Mitchell 1 1 1 1
GPCAPT Harris 1
Miller 1 1
WGCDR Peak 1
Thyer 1 1 1 1
Pryke 1 1 1 1
Frame 1 1 1 1 1
SCIILCR Pottinger 1 11 1 1
Bradford 1 1
Nattrass 1 1 1
Green 1 1 1
MAJ Thompson 1 1 1 1
FLTLT Ross 1 1 1 1
Smith 1 1 1 1 1
Nevicormbe 1 1 1l
FSGT Small 1 1 1
Count 3 10 1 0 2 5 9 10 12 1
Percent 13.3 62.5 6.25 0 12.5 31 56 63 75 6.3




Measure

Airlift Planning Measure Response Summary

Productivity

Value of Measure

Suitable Metric

p I C U U
R M O N N
I P N I R
N 0 T M E
C R R P L
I T I 0 A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4
ACDRE Mitchell 1 1 1 1
GPCAPT Harris 1
Miller 1 1
WGCER Peak 1
Thyer 1 1 1 1
Pryke 1 1 1 1
Frame 1 1 1 1 1
SONLDR Pottinger 1 1 1 1 1
Bradford 1 1
Nattrass 1 1
Green 1 1 1
MAJ Thompson 1 1 1 1
FLTLT Ross 1 1 1 1
Smith 1 1 1 1 1
Newcombe 1 1 1
FSGT Small 1 1 1
Count 3 10 1 0 2 5 9 10 12
Percent 18.8 62.5 6.25 0 12.5 31 56 63 75 6.3
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Measure

Airlift Planni Measure R nse S
Economy

Value of Measure

Suitable Metric

p I C U 8]
R M o} N N
I P N I R
N 0 T M E
C R R P L
I T I 0] A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1
GPCAPT Harris 1
Miller 1 1
WGCDR Peak 1 1
Thyer 1 1 1 1 1 1
Pryke 1 1 1 1 1
Frame 1 1 1 1 1 1
SONLDR Pottinger 1 1 1 1 1
Bradford 1 1
Nattrass 1 1 1
Green 1 1 1
MAJ Thompson 1 1 1 1 1
FLTLT Ross 1 1 1 1l 1 1
Smith 1 1 1 1 1 1
Newcombe 1 1 1 1l 1
FSGT Small- 1 1
Count 6 3 1 0 1 13 9 9 8 6
Percent 37.5 50 6.25 0 6.25 81 56 56 50 8
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Airlift Planning Measure nse

Efficiency

Value of Measure

Suitable Metric

P I C U U
R M o) N N
I P N I R
N e} T M E
C R R P L
I T I 0 A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 )
ACDRE Mitchell 1 1
GPCAPT Harris 1
Miller 1 1
WGCDR Peak 1 1 1 1 1 1
Thyer 1 1 1 1 1
Pryke 1 11 1 1 1
Frame 1 1 1 1 1
SONLDR Pottinger 1 1 1 1 1
Bradford 1 1
Nattrass i 1 1
Green 1 1
MAJ Thompson 1 1 1 1 1
FLTLT Ross 1 1 1 1 1 1
Smith 1 1 1 1 1 1
Newcombe 1 1 1 1 1 1
FSGT Small 1 1 1
Count 0 13 1 1 1 10 11 9 8 11°
Percent 0 81.3 6.25 6.25 6.25 63 69 56 50 69




R

Airlift Planning Measure nse S

Value of Measure Suitable Metric
P I C U 8]
R M 0 N N
I P N I R
N T 0 T M E
C R R P L
I T I 0] A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1
GPCAPT Harris 1
Miller 1 -1
WGCDR Peak 1 1 1 1 1 1
Thyer 1 1 1 1 )
Pryke 1 1 1 1 1 1
Frame 1 1 1 1 1
SONIDR Pottinger 1 i 1 1 1
Bradford 1 1
Nattrass 1 1l
Green 1 1
MAJ Thompson 1 1 1 1 1
FLTLT Ross 1 1 1 1 1 1
Smith 1 1 1 1 1
Newcombe 1 1 1l 1 1
FSGT Small 1 1
Count 1l 12 1 0 2 9 11 11 7 6
Percent 6.25 75 6.25 0 12.5 56 69 69 44 138

—
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Airlift Pl i Measure R nse S

Value of Measure

Suitable Metric

P I o U U
R M 0 N N
I P N I R
N 0 T M E
C R R P L
1 T I 0 A
P A B R T
A N 18] T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1
GPCAPT Harris 1
Miller 1
WGCDR Peak 1
Thyer 1 1 1 1 1
Pryke 1
Frame 1 1 1
SONIDR Pottinger 1 1 1
Bradford 1 1
Nattrass 1 1
Green 1 1l
MAJ Thompson 1 1
FLTLT Ross 1
Smith 1 1 1 1 1
Newcombe 1 1 1 1
FSGT Small 1 1
Count 0] 5 3 0 3 2 3 5 7 4
Percent 0 31.2 50 0 18.3 13 19 31 44 25

c=7
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Airlift Planning Measure Response Summary

Measure Fluidity
Value of Measure Suitable Metric
P I C U 6]
R M (0] N N
I P N I R
N (0] T M E
C R R P L
I T I (0] A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1
GPCAPT Harris 1 1
Miller 1 1
WGCDR Peak 1 1
Thyer 1 1 1 1 1 1
Pryke 1 1 1 1 1 1
Frame 1 1 1 1 1
SQNIDR Pottinger 1 1 1 1 1 1
Bradford 1 1 1
Nattrass 1 1 1 1
Green 1 1 1l 1
MAJ Thompson 1 1 1
FLTLT Ross 1
Smith 1l 1 1 1 1 1
Newcombe 1 1 1 1 1 1
FSGT Small 1 1
Count 1 12 1 0 1 12 9 6 11 7
Percent 6.25 81.3 6.25 0 6.25 75 56 38 69 44

C-8
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Measure

Airlift Planning Measure nse

Cohesion

Value of Measure

Suitable Metric

P I C U 8]
R M o] N N
I P N I R
N o] T M E
C R R P L .
I T 1 0 A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1 1 1
GPCAPT Harris 1 1
Miller 1 1
WGCDR Peak 1 1
Thyer 1 1 1 1 1 1
Pryke 1 1 1 1 1 1
Frame 1 1 1 1 1 1
SQNLDR Pottinger 1 1 1 1 1 1
Bradford 1 1
Nattrass 1 1 1
Green 1 1 1 1 1 1
MAJ Thompson 1 1 1 1 1. 1
FLTLT Ross 1 1 1 1
Smith 1 1 1 1 1 1
Newcombe 1 1 1 1 1
FSGT Small 1 1
Count 1 14 1 0 0 7 9 11 14 11
Percent 6.25 387.5 6.25 0 0 44 56 69 88 69
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Measure

Airlift Planning Measure Response Summary

Flexibility

Value of Measure

Suitable Metric

P I C U U
R M 0 N N
I P N I R
N Q T M E
C R R P L
I T I 0 A
P A B R T
A N U T E
L T T A D
1 N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1 1 1
GPCAPT Harris 1 1 1 1 1
Miller 1 1
WGCDR Peak 1 1 1
Thyer 1 1 1 1 1
Pryke 1 1 1 1 1 1
Frame 1 1 1 1 1
SONIIR Pottinger 1 1 1 1 1 1
Bradford 1 1
Nattrass 1 1
Green 1 1 .1 1 1 1
MAJ Thompson 1 1 1 1
FLTLT Ross 1 1 1 1 1 1
Smith 1 1 1 1 1 1
Newcombe 1 1 1 1 1
FSGT Small 1 1
Count 7 9 0 0 0 10 12 13 10 9
Percent 43.8 56.3 0 Q 0 63 75 81 63 56
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Airlift Planni Measure nse Summa;
Certainty of Meeti Lift irements

Value of Measure

Suitable Metric

P I C U U
R M o) N N
I P N I R
N C T M E
C R R P L
I T I 0 A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1 1
GPCAPT Harris 1
Miller 1 1
WGCDR Peak 1 1
Thyer 1 1 1 1
Pryke 1 1 1 1 1 1
Frame 1 1 1 1 1
SONLDR Pottinger 1 1 1 1 1 1
Bradford 1 1
Nattrass 1 1
Green 1 1 1 1 1 1
MAJ Thormpson 1 1 1 1 1 1
FLTLT Ross 1 1 1 1 1 1
Smith 1
Newcombe 1- 1 1 1 1 1
FSGT Small 1 1
Count 4 10 0 0 2 14 3 7 7 8
Percent 25 62.5 0 0 12.5 838 50 44 44 50
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Airlift Planni Measure Response S

Measure

Accountability

Value of Measure

Suitable Metric

P I C U U
R M 0 N N
I P N I R
N 0] T M E
C R R P L
I T I (0] A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1
GPCAPT Harris 1
Miller 1 1
WGCDR Peak 1 1
Thyer 1
Pryke 1 1
Frame 1
SONLDR Pottinger 1 1 1 1 1
Bradford 1 1
Nattrass 1 1
Green 1 1 1 1 1 1
MAJ Thompson -1 1 1 1
FLTLT Ross 1 1 1 1 1 1
Smith 1
Newcombe 1 1 1 1
FSGT Small 1 "1
Count 1 3 1 2 4 3 5 4 4 6
Percent 6.25 50 6,25 12.5 25 50 31 25 25 38

C-12

ot v s gt o

—— 4 p——

. - -

R——



P S VOV

———— e e ————-

Airlift Planni Measure Response S

Measure Control

Value of Measure

Suitable Metric

P I C U U
R M o] N N
I P N I R
N 0 T M E
C R R P L
I T I 0 A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1 1 1
GPCAPT Harris 1 1
Miller 1 1
WGCCR Peak 1 1
Thyer 1
Pryke 1 1 1 1
Frame 1 1 1 1
SONIDR Pottinger 1 1 1 1 1
Bradford 1 1
Nattrass 1 1
Green 1 1 1 1 1
MAJ Thompson 1 1 1 1 1
FLTLT Ross 1 1 1l 1
Smith 1 1 1 1 1
Newcombe 1 1 1 1 1
FSGT Small 1 1
Count 4 7 3 1 1 8 8 12 10 0
Percent 25 43.8 18.8 6.25 6.25 50 50 75 63 0
Cc-13




Measure

Airlift Planning Measure Response Summary

Value of Measure

Suitable Met.ic

P I C U §)
R M @] N N
I P N I R
N (@] T M E )
C R R P L
I T I 0 A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4
ACDRE Mitchell 1 1
GPCAPT Harris 1
Miller 1 1
WGCDR Peak 1
Thyer 1 1 1 .1
Pryke 1 1 1 1 1
Frame
SQNLDR Pottinger 1 1 1 1 1
Bradford 1 1 1
Nattrass 1 1
Green . 1 1 1
MAJ Thompson 1 1 1 1 1
FLILT Ross 1 1 1 1
Smith 1- 1 1 1
Newcombe 1 1 1 1
FSGT Small
Count 8 3 0 10 4 9 6
Percent 50 18.8 0 31.3

63 25 56 38 50
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Measure

Alrlift Planning Measure Response Summary

Format

Value of Measure

Suitable Metric

P I C U U
R M (0] N M
I P N I R
M O T M E
C R R P L
I T I 0 A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1
GPCAPT Harris 1
Miller 1 1
WGCDR Peal 1 1
Thyer 1 1 1 1 1
Prvke 1
Frame 1 1 1 1 1
SQNLDR Pcttinger 1 1 1 1 1 1
Bradford 1 1 1 1 1
NMattrass 1 1
Green 1 1 1 1
MAJ Thompson 1 1 1 1 1 1
FLTLT Ross 1 1 1 1 1 1
Smith 1 1 1 1 1 1
Newcombe 1 1 1 1 1 1
FSGT Small 1 1 1 1 1
Count z 9 3 0 2 9 12 11 10 6
Percent 12.5 56.3 18.8 0 12.5 56 75 69 63 38
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Measure

Airlift Planning Measure Response Summary

o

pe)

Value of Measure

Suitable Metric

P I C U U
R M o] N N
I P 0 I R
N (0] T M E
C R R P L
I T I (0] A
P A B R T
A N U T E
L T T A D
I N
) T
G 1 2 3 4 5
ACDRE Mitchell 1 1
GPCAPT Harris 1
Miller 1 1
WGCDR Peak 1 1
Thyer 1 1
Pryke 1 1
Frame 1 1
SONLDR Pottinger 1 1 1 1
Bradford 1 1
Nattrass 1 1
Green 1 1 1 1
MAJ Thompson 1 1 1 1
FLTLT Ross 1 1 1 1
Smith 1 1
Newcombe 1 1 1 1
FSGT Small 1 1
Count 3 7 3 0 3 10 9 6 0 0
Percent 16.8 43.8 13.8 0 18.8 63 56 38 0 0
C-16
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Measure

Airiift Planning Measure Response Summary
Security and Safety of Airlift Assets

vValue of Measure

Suitable Metric

P I C U U
R M (0] N N
I P M I R
N Q T M E
C R R P L
I T I o] A
P A B R T
A N U T E
L T T A D
I M
N T
G 1 2 3 4 5
ACDRE Mitchell 1
GPCAPT Harris 1
Miller 1
WGCDR Peak 1 1
Thyer 1 1
Pryke 1 1 1 1 1 1
Frame 1 1 1 1 1 1
SONLLCR Pottinger 1 1 1 1 1 1
Bradford 1 1
Nattrass 1
Green 1 1 1 1
MAJ Thompson 1 1 1 1 1
FLTLT Ross 1 1 1 1 1 1
Smith 1 1 1 1 1
Newconbe 1 1 1
FSGT Small 1
Count. G 5 1 1 3 11 7 6 3 5
rcent 37.5 31.3 6.25 6.25 13.8 69 44 38 50 31
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Measure

Airlift Planning Measure Response Summary

Security of Pavylcad

Value of Measure

Suitable Metric

P I C U U
R M 0 N N
I P N I R
N 0 T M E
C R R P L
I T I 0 A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4
ACDRE Mitchell 1
GPCAPT Harris 1 1
Miller 1
WGCDR Peak 1
Thyer 1
Pryke 1 1 1 1 1
Frame 1
SONLLDR Pottinger 1
Bradford 1 1
Nattrass 1
Green 1 1 1
MAJ Thompson 1 1 1
FLTLT Ross 1 1 1 1 1
Smith 1
Newcombe 1 1 1 1 1
FSGT Small 1
Count 3 5 3 1 4 3 6 4 5
Percent 13.8 31.3 18.8 6.25 25 19 38 25 31 6.3
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Airlift Planning Measure Response Summary

Measure

Concentration

Value of Measure

Suitable Metric

P I C U U
R M (0] N N
I P N I R
N o] T M E
C R R p L
T T I ¢} A
P A B R T
A N U T E
L T T A D
I N
N T
G 1 2 3 4 5
ACDRE Mitchell 1 1
GPCAPT Harris 1
Miller 1
WGCDR Peak 1 1
Thyver 1 i
Pryke 1 1 1 1
Frarme 1
SCNLDR Pottinger 1 1 1l 1 1 1
Bradford 1 1 1
Mattrass 1 1
Green 1 1 1 1
MAJ Thompson 1 1 1 1
FLTLT Ross 1 1 1
Smith 1 1 1 1 1
Newcombe 1 1 1 1 1 1.
FSGT Small 1 1 1
Count 1 3 4 0 3 5 10 9 6 3
Percent 6.25 50 25 0 18.38 31 63 56 38 19
C~-19




Airlift Planning Measure Response Summary
Sumary of Factors

Value of Measure

P I C U U
R M 0 N N
I P N I R
N O T M E
cC R R P L
I T I o A
P A B R T
A N U T E
L T T A D

I N

N T

G

Overall Effectiveness .3 13 0 0 6.3
Productivity .8 62 6.3 0 13
.5 50 6.3 0 6.3
Efficiency 0 81 6.3 6.3 6.3
Simplicity of Plan 6.25 75 6.3 0 13
Tralning Value 0 31 50 0 19
Fluidity of Lift 6.25 381 6.3 0 6.3
Cchesion of Lift Entities 6.25 83 6.3 0 O
Flexibility 43.83 56 0 0 ©
Certainty of Meeting Requirement 25 63 0 0 13
Accountability of Actions 6.25 50 6.3 13 25
. 25 44 19 6.3 6.3
Sensitivity of Options 0 5 19 0 31
Format of Planning 12.5 56 0-.13
Speed of Development 13.8 43 19 0 19
Security of Airlift Assets 37.5 31 6.2 6.3 19
Security of Payload 18.8 31 19 6.3 25
Concentration of Effort 6.25 50 25 0 19
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Appendix D: Freguency and Size of ADF Airlift Operations

This appendix shows estimates of the size and frequency of ADF

airlift operaticns. Data was first gathered from available previous ADF

exercises. Estimates of size and frequency of three broad classes of

operations were made by extrapolation from the data. These estimates

were then reviewed by ADF personnel.
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RAAF AIRLIFT PLANNING SYSTEM
OPERATTON ICY STATISTICS

Max Min Av Confidence

Number of Operations requiring on-line
access:

-Fully developed state 3
-Partially developed 20

Number of Operations not om-line:

-Fully developed state 15
-Partially developed state 40
-Archived from actual airlift per year 50

Fully Developed Operation break-down:

-Major, joint service (eg K39)
-on~line 2
-~archived per year 2

-~Large, joint service (eg K92)

~on~line 3
-archived per year 4
~Large, single service (eg Pitch Black)
~on~line 3
~archived per year 3
-Medium, single/joint (eg Swift Eagle)
-on-line 3
-archived per year 15
-Small, single service (eg Long Guns)
-on-line 6
-archived per year 30
-Contingeny/Aid to the Community
(Equals medium size exercise)
-on-line 3
-archived per year 4
~Contingeny/Aid to the Community
{Equals small size exercise)
-on-line 4
-archived per year 10
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large Operations

Max Min Av Confidence

60
0

[\CREE RS} o 0O

[l 3]

W

e

Missions:
Military Aircraft 200 150 250
Civil Alrcraft 150 40 60
Airfields:
POEs 15 2
PQDs 15 3
Customers:
Units/Groups 180 30
Pass ers (Numbers '000) 25 5
Freight (Tons '00) 10 2
Period: _ o
ALG Planning and Airlift (Months) 12 1
Period of Airlift (Months) 3 .5
Medium Operations
Missions:
Military Aircraft 100 50
Civil Alrcraft 10 O
Airfields:
POEs 5 1
PRQDs 7 1
Customers:
Units/Groups 60 20
Passengers (Nurbers) 5 1
Frelght (Tons) 5 1
Period: . _
ALG Planning and Airlift 3 .5
Period of Alirlift 2 .5
Small Operations
Missions:
Military Aircraft 30 5
Civil Alrcraft 10 ©
Airfields:
POEs 3 1
PODs - 5 1
e ntes,
nits/Groups 15 3
Passergers (Numbers) 2 .3
Freight (Tons) 1 0
Period: . )
ALG Planmning and Airlift 2 .2
Period of Airlift 1 .2
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Appendix E: RAAF Airlift Planning System

Functional Specification

This appendix provides a discussion of the RAPS functional
specification. A functional specification lists essential things that a
system must do. It provides the multiple objectives which require
attribute definition and quantification for each development increment.

Requirements were sourced from a survey of ADF airlift planning
personnel. The derived functional specification was endorsed by the
sponsor of this research, the Deputy Director of Movements and Transport

- RAAF (Peak, 1991b:20 June).

System Requirements

Executive system requirements fall into four groups: usefulness,
user satisfa;ction, cost and control.

Usefulness

Usefulness involves issues of work capacity, availability and
potential. The system should support the operator in making both
structured and unstructured decisions in the planning of airlift.
Additionally, the system should cater for unexpected forms of data
interrogation and reporting.

The system's capacity must allow for exercises up to the size of
larger joint service exercises, such as the Kangaroo series. .The system
must be capable of supporting the operation characteristics listed at
Appendix D. Additionally, the system must be capable of supporting many
operations simultaneously, though only five need be supported "on-line"

at a fully developed state ie fully detailed airlift planning.
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The system must be designed to perform in times of war or
emergency. Consequently, the system must meet ADF privacy and security
requirements, though extended options should provide for speedier
communications and access when operations allow reduced security.

Availability addresses issues of portability, operator
availability and processing delay. Operator availability needs require
that the system allow operator access to data at all times. Preferably,
all activities, including administration, should not restrict operator
access to data. If unavoidable, short term limitations may be enforced
in interests of data integrity or security. Through networking and
sharing of resources, the system should allow operator access to data
while processing unstructured decisions or extended output demands.

The system rust be portable. Preferably, the system should be
capable of operating on any "IEBM PC" based architecture with minimal
f:uning and preparation. A "lap-top" capability is desired. Portable
and home base versions of the system should have the same "look and
feel", though the portable system need not support extended system
requirements, including archiving and the ability to support more than
one fully developed operation simultanecusly.

Maximum potential for low cost and simple expansion and
enhancement is sought. Therefore, flexibility and compatibility are
principal requirements of design. The system nust operate on a wide
variety of IBM PC based systems and peripherals, with little tuning or
changes. Where required, tuning must be able to be performed by the
operator, via high level formatting menus. Software portability of
data, inputs and outputs to general management systems such as word-
processors and spreadsheets is also required.

E-2
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The system must allow expansion of the data types captured and
maintained by the system. Data management systems must allow for the
format and presentation of data to be modified. The system must allow
the operator to define report contents and formats. Preferably, the
cperator should only have to perform definition of new reporting
requirements once.

User Satisfaction

User satisfaction is divided into three sections: input and
output, response and experience required. Input and output deals with
maximising the usefulness and accuracy of data, while minimising
operator time. The system must provide simple and speedy input of data,
with minimum keystrokes. Data accuracy and integrity should be checked
at input where possible. The ability to "batch import" data from other
systems, electronically, must be provided.

Data should only be reported to the system once. Therefore, data
captured for use with an operation should be retained by the system, if
useful, for application to subsequent operations. Additionally, the
systenm should possess the ability to glean information from decisions of
the operator, for example, if the operator identifies an airfield or
what constitutes a full laad.

The operator must have interactive access to the system and
response time must be acceptable. Response time may vary with the
complexity and repetitiveness of the task. Simple amendments,
frequently performed operations and reports should be quickly processed
while more complex tasks may take longer. An upper bound of two hours

is placed on all response times. All tasks where response time will be
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more than ten minutes must advise the operator and receive confirmation
to proceed.

While allowing a high degree of expertise in the routing and
planning of airlift, the system can only rely upon minimim computer
skills of operators. Limited availability of plammers for training
means that the system should require little formal training prior to
use. The system should allow inexperienced users to quickly reach
efficiency through user friendly programming and an "on- " training
package.

Cost

Cost involves resource control, including aspects of money and
time. Financial costs include new egquipment purchases and installation
and recurring outlays. The system must be capable of rumning on a wide
variety of personal computer level systems. No specialist hardware
should be required and the system should cater for most printer, screen
and storage configurations.

Manpower and calendar time is limited in all aspects of the
development cycle, including design, coding, documentation, supervision
and management, and maintenance. The system should use commercial
systems where possible. Additionally, systems management and
administration should be automated and require little computing
expertise to perform. Complete documentation should be presented both
in hard copy and elec;t:ronic form to allow for simple amendment and
reproduction. Preference would be given to a system that provided

systems documentation in a "hypertext” form.
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Control

Reliability, maintainability and intertace comprise the com@onents
of control. Data maintained by the system must be of sufficient
accuracy and completeness to support system operations and operator
requirements. The system must offer an audit function that, at minimum,
provides an executive and detailed summary of decisions taken and data
changed during the course of an operation.

Software maintainability must be supported through detailed
documentation of procedures, code and data structure. Suitable tools of
design should be used to ensure accurate and ready presentation of data
flow, decision paths and relations between data and system components.
Desiogn tools and languages should have good recogniticn and use across
the general computing industry, and preferably the ADF.

The requirement for all hardware to be standard meets redquirements
for hardware maintainability. ‘Standardisation refers to both internal
and external industry nomms.

The system recuires interface with manual and automated systems.
Some of these systems rorm part or the airlift system, while others are
external. All systems should have access to electronic forms of data
and output, with a minimum being the common industry formats, an example
of which is ASCII files on 5.25 inch flexible floppy disks. Some
internal airlift agency systems, such as air terminal operators and

flying squadroné, will require direct electronic link to the systen.

Summary

A summary list of functional criteria follows.




User
Satisfaction

Usefulness

Control

Cost

Input/Output

Response
Experience
needed

Work capacity

Availability

Potential

Reliability

Maintainability

Interface

Money

Time
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Speed

Ease of modification
Validation of Input
Ease of use

Response time
Simple decision support
Complex decision support

Airlift knowledge
Computing knowledge

Allowed volume
Capacity of system

Portability
Processing delay
Accessibility

Flexibility
Compatibility

pData integrity
Data completeness
Accountability
Audit

Hardware independence
Simplicity
Standardisation

External
Internal primary
Internal secorndary

New Equipment
Installation
Communications
Recurring maintenance
Recurring consumables

Design

Programning

Testing and documentation
Maintenance

Hardware conversion
Management and supervision




Appendix F: User Evaluation of System Needs

This appendix provides results of a survey question where ADF
airlift planners were asked to rank functions being considered for an
airlift planning MIS. Raw and summarised results are presented.

In the last question of the "Management Information System Goals"
section of the survey, planners were asked to rank functions in order of
desirability. Scores from "one" upvwards were used to show desirability,
with a "one" meaning most desirable.

Narrow descriptions of options were provided to ensure recognition
of functions. However, wider functions are used for the review. For
each planner, similar functions are grouped and a "one"” to "five"
ranking for the wider functions derived.

Three types of summary results are calculated. The first is an
overall assessment: For this, the "one" to "five" scores derived for
each respondent are tallied by function. A lower total means greater
perceived importance across planners. To reflect this in the overall
percentage ratings for each function, totals are first subtracted from
the largest possible score ("five" from each respondent).

The second summary result is a count of the number of "one"
scores, meaning most important, each function received. Percentages are
derived by dividing this count by the number of respondents, in a
similar fashion to rank sum statistics. .

The last summary statistic is a count of the number of "one" or
"two" scores each function received. Combining "one" and "two" scores
gave better indication of importance of factors across planners.

Percentages are also derived using twice the number of respondents.
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RAAF Airlift Planni stem

Function Rati

Respondent Function
T D R S I E C A R
R A o C N X O U E
A T U H T E N D V
N A T E E c 7T I I
S B I D R U R T E
A&A N &U F T O & W
C S G L A I L
T E I C \Y
I N E E
@] G
N
ACDRE Mitchell 3 1 5 4 2
GPCAPT Miller 1 5 2 4 3
WGCDR Peak 2 1 4 5 3
Thyer 2 5 1 3 4
Frame 2 3 1 5 4
SONLDR Pottinger 2 1 4.5 4.5 3
Bradford 1 5 2 3 4
Nattrass 3 1 2 4.5 4.5
Green 5 1 4 2 3
MAJ Thompson 1 3 4 2 5
FLTLT Ross 2 1 5 3 4
Smith 1 2 2) 3 4
Newcombe 1 2 5 3 4
FSGT Small 5 3 1 4 2
Count 31 34 45.5 50 49.5
Overall % Rating 56 51 35 29 29
Most Important 5 6 3 0 0
Percentage 36 43 21 0 0
Top Two Importance 10 3 6 2 2
Percentage 71 57 43 14 14

28 et b e
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Appendix G: RAAF Airlift Planning System
Increment One Prototype Design

This appendix contains an overview of the prototype RAPS systeam.
The prototype provides database and load estimation functions specified
in development increments one and two. Prototype discussion addresses
transaction and database design.

The prototype has the following basic development and operating
environment:
1. a micro-computer based system under DOS 3.0 or higher operating
system control,
2. 80286,/80386 architecture hardware,
3. large capacity hard disk storage availability, which is managed by
the operating system BIOS, and
4. application of a RDBMS, a hypertext system and other third party

software.

Transaction Desidn
‘ User access to actions is based on a tiered menus. Users pass
through levels of menus until the desired activity is reached. On-line
help is provided at each menu and users can navigate their way to
transactions without need of look-up lists of .transaction names.
Transactions are grouped by activity and global or operation level
of impact. Security of data is prdvided by access screening at various

levels of the menu tree. The RAPS prototype menu tree follows.
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RAAF Airlift Planning System (RAPS)
Application Menu Tree

Main - *
- System -
- Global -
‘ - Arrtife -

- Aircratt -

+

New [ Data Entry ]

Existing -

- Edit [ CoEdit ]
- Notes [ CoEdit ]

Help [ HyperText Access )

Print [ Report ]
Help [ Hypertext Access ]

- Locations -

-~ Location -

- New [ DataEntry }
- Existing -

- Edit [ CoEdit ]

- Notes [ Cofdit ]

- Help [ HyperText Access ]
- Help ([ Hypertext Access ]

DaylightSavings -

Trmings

- New [ DataEntry ]
- Ex1sting [ CoEdit ]
- Help [ Hypertext Access ]

- New [ Datatntry ]
- Esrsting [ CoEdit ]

- Reports -

Heip [ Hypertext Access ]

Identifier { Report ]
Name { Report ]

Zones { Report ]

Times [ Report }

Help [ Mypertext Access 1}

- Hetp [ Mypertext Access ]
- Help [ Hypertext Access )

~ Edit [ Cokdit )
~ Notes [ CoEdit ]
- Help [ HyperText Access )

- Units

- New [ DataEntry )

- Existing -

- Print [ Report ]

- Heip [ Hypertext Access ]
- Loadplanning -

- Passenger { CoEdit }
- General ( Cofdit )
- Hazardous [ CoEdit )

- Wheeled [ Cofahit ]
- Reports { Report ]

- Help [ Nypertext Access }
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- Reports [ Report ]

# - Help [ Mypertext Access ]
- Qperations -
fmuiat
- DecideLoads -
. allocate [ DataEntry ]
- Review [ CoEdit }
- Kill [ Table Delete ]
- print [ Report ]
. Help { Mypertext Actess ]
- RoutesaSchedute -
- HardResourceLimits -
start [ DataEntry ]
- Continue [ Cokdit ]
- End { Exit ]
- Kitl [ Table Delete
- orint { Report ]
- Help [ Hypertext Ac
SoftResourceLimits
- start [ DataEntry ]
- Continue { CoEdit ]
- End [ Exit ]
- Kill { Table Delete
- Print [ Report ]
- Help [ Hypertext Ac
- Help ([ Hypertext Access }
- FormPlan -
- Hard [ Procedure {mitration ]
- Soft [ Procedure Initiation ]
Continue [ Processing ]
Quit [ Exrt ]
- Help [ Hypertext Access 1
- Help [ Hypertext Access 1.
grderofMarch
- New [ DataEntry ]
- gxasting ( CoEdit ]
- Help [ HyperText Access ]
- Hours/Frames -
- Hours [ CoEdit }
. GeneralFrames [ CoEdit ]
- specificFrames [ CoEdit |
- Welp [ tiypertext Access ]
- Plan
- New [ DataEntry ] .
2
Existing

- Loads -

- New [ DataEntry ]

- Existing { CoEdit ]

- Move [ Cokdit )

L Help [ HyperText Access ]

. Modify [ CoEdit]
~ Replicate -

G~3
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Dayly [ Cokdit ]

Weekly [ CoEdit ]

- Fortmightly [ Cofdit ]

)

- Monthly -

- DOWSame{ CoEdit ]
- SameDatelnMonth([ CoEdit ]
- Help [ HyperText Access ]

- Help { HyperText Access )
- Sptit [ CoEdit)
- Join [ CoEdit)
- Print

- Green [ Report ]
- Modallnst { Report ]
Help [ HyperText Access ]

- Help [HyperText Access ]

- Help [ Hypertest Access ]

- ActualvsDetrined [ Report ]

Actual
rayload ( DataEnmtry )
Firgnes [ DataEntry ]
Hetp [ Hypertest Access ]
- Check -
- Parking [ Process ]
Ayrtrames [ Process ]
- FlyingTime [ Process ]
- Help [ Hypertext Access ]
Report:
Resguree
- Atrtrame [ Report )
FlyingMours [ Report ]
Tasks [ Report
- Payload [ Report ]
Help [ Hvperteat Access |
- OrderofMarch -
- QOrderofMarch [ Report
- Metp [ Hypertext Access )
- AvrbiftPlan [ Report ]
- Greens
- New [ Report ]
- Change< { Report ]
- Help [ HyperText Access ]
- Help [ Hypertext Access< ]
a - Help [ Hypertest Access )

- SystemManagement [ NotDetined |}
- Help [ Hypertext Access ]

- Help [ Hypertext Access )

- Play [ DOS Call ]

- Leave [ Leave }

Notes:

- User 1nputs identitication and password

- User selects desired operation from those avaitable to the user

»

]

@ - A check 15 performed to ensure user has system manager status
5

- A restricted search of opsration's tasks based on user definition is

offered
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Global transactions address activities that affect all operations
on the system. Global data is consistent across operations ard is
centrally managed and stored in one location. Glaobal data includes
information concerning aircraft, airfields, time differences, ADF units
and set-ups for the RAPS loadplanning model.

Users with access to the system can affect global data, though
transactions available to classes of users can be limited by the system
manager. Because glabal data can be used by more than one operation,
users cannot delete record entries. And any changes to records are
cascaded to relevent operations' data.

Users also can add notes against aircraft, airfields and units.
These notes, which have defined currency period, are displayed to other
users when they select the global element while planning. This allows
changes in availability or location to be quickly advised to all users.

Load planning set-up allows users to specify characteristics of
classes of passengers and freight.

Users can only access operations where they have sufficient RAPS
security clearance; or hold specific authority to access an operation.
Within an operation, users can define and amend the order.of march and
resource limits, perform load estimation and airlift scheduling and
generate an air mode plan, amend flow or payload detail and call various

‘reports. The routing and scheduling component is unavailable in the
prototype.

Database Structure
RAPS files include system, help information, airlift data and

report output files. System files refer to programs and libraries
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required to run the system. They may include Paradox® RDEMS suites, RAPS
specific routines and other third party supplied suites, such as
spreadsheet systems.

Help files include hypertext routines and screen display text and
graphics data used for interactive training and novice message displays.
Hypertext routines include run-time versions of HyperReader®.

Data includes all files established and maintained by RAPS.
Output files include any output that users request not be sent to a
printer but to a file.

Data files are maintained by the Paradox RDEMS?. Data is either
global to all operations or specific to each operation. To meet this
requirement, the following file structure is used:

Root

- RAPS —contains system files and no data.
- INFO - contains help and novice hypertext files.
GLOBAL - contains data not unique to operations.

- DATA - contains report output files. These files
occur where a user has elected to send
output to a file.

- OPS - contains no files.

- R 000 - contains data for operation o000t

- R x000t¢ - contains data for another
operation.

Database Entities
Entities normally refer to relations or tables that maintain data
for a relational database. A naming convention is applied the RAPS

entities.
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1

RGLocati

Entity contents. An abbreviation, up to 6 characters
long, that describes the file contents.

Entity family. The group of files that the entity
belongs to. The family indicates the file's directory
location and impact of data.
Always 'R' to denote a RAPS file.
Entity Family
Entity family gives indication of file types, information content
and the directory location of stored files. Allowable family entity

values are:

1. G, global data which relates to all cperations or to system

settings,
2. 0, data specific to an operation,
3. M, operations specific data related to miliary uplift,

1. C, operations specific data related to civil charter uplift,
5. R, operations specific data related to civil regular public
transport (RPT) uplift.

Attribute Maming

Attributes normally refer to columns in a relation. Each
occurrence of a record has a unique cambination of attribute
occurrences. These attributes combine to give the structure of a
database relation. Designers use the attribute name to refer to scalar

values of a tuple.
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GL Month

Attribute identifier. An alphanumeric combination, to a
maximum of 25 characters, that describes the attribute's
contents. Spaces are not allowed.

Always a ' ', to improve readability.

Entity identifier. A letter that uniquely describes each
relation. It is the first letter of the entity contents .

The entity family.

Relation Entity Data Dictionary Conventions

Each entity relation data dictionary entry will comprise the
followinyg elemerits: '
1. Entity Name: A unique title of the relation. Uniqueness must
only be maintained within a directory for operation specific data ie
relations with the same name, but different data, may exist across
cperations.
2. Long Name: Full title of the entity, to a maximm of 30
alphanumeric characters. Spaces are allowed.
3. mrpoée: A short statement of the role and application of the
entity in the system. A maximum of 150 alphanumeric characters are
allowed, including spaces.
4. Directory lLocation: A one letter code giving the general location
of the file representing the relation in secondary storage. Options
are:

(1) Global (G), and

(ii) Operation (0) - meaning within each operation's

directory.

Other data is held for each entity, including: number of global

and operation instantiations (number of records in each entity),
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references or reasons that support instantiation estimates and the date
of the last change to the relation entity entry.

Relation Attribute Data Dictionary Conventions

Within each relation, its attributes are defined by:
1. Attribute Name: The attribute title in accordance with the
relation attribute naming convention. This title must uniquely identify
the attribute within the relation or entity.
2. Format: The form represented by the attribute. Format applies
syntax to define storage and presentation requirements. Values are
derived from multiples of:

(i)  numbers only - 9,

(ii) decimal values - V (only with numerics),

(iii) sign -~ S (only with numerics where negatives may

_exist) !

(iv) alphanmnefic - X,

(v) alphabetic - A,

(vi) date, in the form ddmmmyy - D, and

(vii) a pointer to a file record - P.

Example: 9(3)V99 -> means a decimal with range 0 through 999,

including two decimal places.
3. Full Title: A proper description of the attribute.
4, Purpose: A short statement of the role and application of the
attribute in the system. .
5. Attribute Dependency: Attribute dependency indicates the relation
between the attribute and other attributes in its relation and other

relations. Options are:

G-9
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(1) Primary - the attribute is, or forms part, of the primary
key for the relation. A primary key can uniquely identify all
occurrences of tuples/records in the attribute's relation.

(ii) Dependent - the attribute is functionally dependent on other
attributes in the relation. Being functional deperndent means that
the attribute occurrence can be determined by other attribute(s)
in the relation. These other attributes usually form the primary
Key.

(iii) Foreign - a dependent that is a key to another attribute. =2
foreign key is determined by the primary key, yet provides part or
all of the primary key to another relations. Foreign keys are
used in relational databases to link relations. Where a foreign
key is also a primary key, its attribute dependency is defined as
primary.

Other definitions of attributes are used in the complete

description, including the domain which provides those values that the
attribute can take, the date of the last change to the relation
attribute entry and a description of the latest changes to the relation

attribute entry.

The RAPS prototype has 35 relations containing 266 attributes.
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9.08.9N

EntrTy Tittle

RGAcft
RGCargo
RGFretWt
RGINTTm

RGLocat
RGMSer

RGNotes
RGPLOaAs
RGRUsers
RGSettIN
RGUNI Tt~
RGVehLen

RGWe:' gnt
RGZoneDS

Summary of RAPS Entities

Long Name

Global Military Aircrafr Data
Global Cargo Definition
Global Freight Ctasses

Gtobal Interarrrieid times

Global Avrfield Data
Global Military Green Sequence

Global Notes on Elements
Global Planned Loads

RAPS Users

Global Operations Current
Global Unit Data

Global Average Vehicie Lengths

Global passenger weights
Daylight Savings data

Relation Level: Operation Specific

RMALim T

RfMChange
RMDL 1Mt

RHMGreens
RMHOL * - A
RMNarrat
RMTask<
ROHardA
ROISofT
ROLoads
ROMarOrd

ROCUsers
ROPCDate

ROR&SCH
ROSettn
ROTkLock
ROUNI TS
RPGreens
RPTasks

RQGreens

ROTasks

Hours and Airframe Limits

Task Changes by Type and Phase
Specific Day Arrrirame Limits

Military tasks

Actual Mititary Hours Flown
Green Narrative for Mil Tasks
Mi{i1tary Task Flrght Legs
Hard initiat C130 puot

Soft intital C130 plot
Payloads for FiLight.

Jrder of Marcn

Operation Users Statistics
Payload Changes by Time

[nit1al Routing Load-
Operations Settings/Config
Operations Level Task Locking
Operation unit data override
RPT Tasks

RPT Flight Legs

Civil Charter Tasks

Civit Charter Flight lLegs

Purpose

Provides military aircraft operating squadron and
descriptive data

Def:ines regularly moved cargo 1nc wt, dim and haz
class

Defines conversion factor from wt to Linear faet for
classes of freight

Provides times between two alrtfields - these times
override the times computation

Data on airfields - locarion, time zome and futl name
Maintains sequence of aireraft tasking numbers (splita
into monthty groups)

Maintains recent notes 1o planners on aircrafr,
airfields and units

Aircraft loads for automated planning of airlift
#Maintains authortsed users and access level

Lists operations current and access requirements
Pravides unit names, cammand and message addresse~ tar
units in system

Provides a conversion between vehicle type and averag=
length of C130 cargo space required

Pravides standard weights for passenger classes
Maintains day light savings settings for each
state/country

Stores hours and airframe timits by phase and military
atrcraft type

Keeps counts of task changes by aircraft tyge ang phase
Stores Lumts 1mposed on an arrframe type on spect7irc
days 1e servicings

Maintans headers for all military awrtift for al.

phases
Maingains monthiy statistics of actual hours flown
Records narrative comments for greens for military L:i7

Matntains task lag and green data for military tasks
Records date of lifr and combinations of entities on
C130 tift, using the hard resource algorithm

Records date of lLift and combinations of entities on
C130 t1fr, using the saft resource constraint algor:thm
Haintains pltanncd and actual paylead for mriitary arg
civit flights

Ties unmits to serials and stores ariginal Lift

requi rement

Records actions of system users for each operation
Keeps counts ot payload changes tracked agatnst fime
orll Lift occurs

Assigns the order of march to loads and aircraft type
Contains scttings and configuration for an operation
MaIntains locked tasks within each operation
HMaintains temporary unit detail. ' Data in this
relation overrides antries in the globat relation
RGUNits.,

Maintains headers for regular public transport aivlif:
for all phases

Maintains task teg and green data for regular public
transport flights

Maintains headers tor civil charter airt1ft for all
phases

Maintains task leg and green data for civil charter
flights

35 Relations
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9.08.91 Relation Attribute List

Attribute Name
Entity Title: RGAcTt
Entity Description: Globat Military Aircraft Data
Entity Purpose:

Dep/Format Full Title

Entity Location: (Global or Operation Specific): G

Purpose

GA_Acft P X(6) Military atrcraft
designator

GA_Home FX(5) Home base

GA_Sgn F X159 Squadron operating
aircrafe

GA-Cost 0 (s) Flying hour cost

GA_Burn hINTE)] Burn rate per hour

GA_Callsign 0 X(10) Squadron identifier

GA_Crew_Day D 9(2)V9 Planning Crew day

GA_Crew_Rest D 9(2)v9 Planning crew rest

GA_CTG_Designator D X(10) Squadron CTG/CTS

GA_Desc D X(30) Aircraft description

GA_Man_Fuet 0 9 Maximum fuel load

GA_Max_Pax D ¢(3) Maximum pax

GA Ma- Payload D 9(6) Haximum planming
payload

GA_Speed D 9(3) Arrcratt planning
<peed

GA Turnaround D F(2)V9 Arrcraft turnaround
rime

GA Type D X(6) Gase Aarrcrart type

Attribute Name Dep/Format Full Trtle

Entity Troie: RGFretwt

Entity Description: Globai freight Classes
Entity Purpose:

GF Class P X(h Class of cargo

GF Description D X(«0) Description of
frerght class

GF (F_LB_Conversion 0 9(u) Pounds to tinear

o0t conversion

GF_With_Pax_On_Side D X(1) Fassengers possible
beside freight

Allows tasks to be grouped by a recogmised
airceraft type. Supports edits of user rnput of
mlitary aircraft type. Only used with military
a/c

Used to generate tasking and route and schedule
Links the aircraft type to msg and command
detatl for the unit operating the aircraft

Used 1n reports that summarise and cost airtift
effory

Used in estimating refuel requirements

Allows callsign to be output on the aircrafrt
tasking green as required

Used to check task capability

Used to check task capability

Presence of a CTG/CTS starting with 646
1dent1fies that a green can be generated against
the aircraft type ie C130E would have a CTG but
C130 wouldn't

Describes the aircraft type and differentiates
different rigs

Used 1o check leg capability

Planned Lift is checked against this vaiue by
the proofer. Planned pax no. can exceed tnis,
though proofer wilt give a warning

Used to check leg capability

Used to calculate flight thme petween Two
lat/longs
Used 111 calculating task timings

Used in green generation to denote atrcraftt typse

Purpose

Entity Location: (Global or Operation Specific): G

Defines conversion factor from wt to linear feet for classes of freight

Altows a freight group to have different classes
of characteristics

Assists user decide on an accurate freight class

Required TO e<stimate Loads for inmitial routing
and scheduting. Catcutated by user averaging mi .
of classes and storing av LF/LB factor 1n
ROMarord

Used to determine tvads for router and schedula
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9.08.91

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

Relation Attribute List

Dep/Formart Full Title Purpose

RGINtTm Entity Location: (Global or Operation Specific): G
Global Interairfield times

Provides times between two airfields - these times override the times
computation

GI_Field 1
Gl Field 2

Gl_Time 1.2

Gl _Time 2_1

Attripute Name
Entity Title:
Entity Description:
gEntity Purpose:

P X(3) Airfield 1 Denates one airfield key

P X(5) Airfietd 2 Denotes second airfield key

D 9(2)v9( C130 flight time Used to manually override the distance based
2) from 1 to 2 flying time between airfields calculation

D 9(2)V9( Ci30 flight time Used to manually override the distance based
2) from 2 to 1} flying time between airfi-tds calculation

Dep/Format Full Title Purpose

RGMSer Entity Location: (Global or Operation Specific): G

Global Military Green Sequence
Maintains sequence of aircraft tasking numbers (splits into monthly groups)

GM _Month

GM_Current

Attribute Name
Entity Titla:
Entity Description:
Entity Purpose:

P X(3) Series month Atllows greens to be maintained by month series
or as planned (planned 135 a revolving series
1000-2999 in AAA month)

D 94) LISt green used 1n Allows umique application of task registrations

the month per month or as planned
Dep/format Full Title Purpose
RGNote< Entity Location: (Global or Operation Specific): G

Globat Hotes an Elements
HMaintains recent notes to planners on atrcraft, airfields and units

GN_Key
GN_Sequence

GN_Type

GN_Author
GN_K1l{ date
GN Note

GN_Start _date

P x(15) Eloment title Allows notes to be tied to a record in RGACYT,
RGLacat or RGUMITsS
Pox(1) Note number for Listing key for note, allows access to specific
element notes
P x(h Element type Avoids problem 1f a unit had same name as an

Arcraft type o location etc

D X(7") Author of note Authors name gives authority and reference tc the
note
DD Date note to be Allows old notes to be dropped from the system
detated

D X(150) Note concerming Maintains short term information, concerning a

) >lement arcraft type, location or unit, for operators
00 Date note entered Shows newness ¢f note

G-13




e e ot

9.08.91 Relation Attribute List
Attribute Name Dep/Format Full Title Purpose
Entity Title: RGLocat Entity Location: (Global or Operation Specific): G

Entity Description:
Entity Purposc:

Global Airficld Data

Data on aiirficlds - location, time zone and full name

GL_Location
GL_Time_DL_State

GL_Unit_Qperating

GL_Additional MSg i

GL_Additional _MSg 1
_For
GL Aaditional MSg 1
_Prec
GL_Adaitional _MSg 2

GL_Addrtionmal _MSg 2
_For

GL_Additional _MSg 2
Prec

Gi_Arrfieig Title
GL_Alternate_Coge
GL_.at _D2g

GL_Lat Min
GL_Long Deg

GL_Long_Min

GL _Ma« _Parking

GL_Time_Close

GL_Twne Open

GL_Time Zone

P

-

-

0

D

0

D

2]

D

D

X(5)

x(5)

X(15)

X(20)
€(30)
X(1)

X(20)

X(30)

X1
X(25)
X(5)
A3
9(2Hv¥(

2)
9(3)

9(2)V9(
2)
92}

9¢4)

9(4)

S9(23v¢
9

Location 1dentifier

State/country
standard for
daylight savings
change

Airficld toad
coordination agency

Additional message
address
Distribution of
additional message
Message precedence

Additional message
address - 2
Distribution of
second additionat
message

Message precedence -
2

Arrfietd title

Alternate airfietd
apbreviation
tatitude degrees of
arrfietd

Lat)tude minutes and
seconds

Longitude degrees of
an airfietd

Longi tude minutes
and seconds
Maximum aircraft
allowed on ground

Closing time, local
time based
Opening time, local

time based

UTC Standard time
caorrection

Ties flights and lift to proper airfield
abbreviations

Acts a foreign key for GZ_State to find daylight
savings changes for the airfield

Allows greens to be addressed to air movement
agencies and specifies which airfields require
load reports etc

Allows Base Ops and HO to be included on tasks
to airfields
Atlows distribution field on arrcraft taskings

Used to decide precedence of addressees on
tasking messages

Allows additional message addresses to be
identified for a location

Allows distribution field on atrcraft taskings

Used to decide precedence of addressees on
tasking messages

Allows user to identify airfield bearing unusual
identifier

Aliows users to nominate a location based on 3
de-facto airfield abbreviation eg TVt for ABTL
Combines with minute and zecond values to give
tat of airfield, Used in distance and flying
time catculations -

Combines with degree value to give {at of
airfield.

Combines with minute and second values to give
long of airfield. uUsed in distance and time
calculations

Combines with degree value to give tong of
airfield

A test value for proofing of a plan. The plan
can exceed this no. but the proofer gives a
warning

A test value for proofing of a plan. Movement
can occur after this time, though the proofer
will provide a warning

A test value for proofing of a plan. Movement

can occur prior to this time, though the proorer

will provide a warning

Allows reports to nomnate local times,
specify standard times. GL_State keys to
daylight savings provisions

Times
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9.08.91

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

Dep/Format

Relation Artribute List

Full Title Purpose

RGRUsers Entity Location: (Global or Operation Specific): G
RAPS Users
Maintains authorised users and access level

GR_User

GR_Access_tevei

GR_Access Special

GR _Output_Report_No

GR_Passwora
GR_Passwora_Date

GR_User Class

GR_User Name

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

User's code cannot be changed by users and is
the key to other files accessing user data

P 9(2) User code

Access levels to RAPS operations range from J,
no restriction, through 9, highest restriction
Used where a user is a guest to the system and
requires access to only one family of operations
and not all operations at the normal access :esve:

D 9(1) User access level

D xX(hH User special access

Keeps a running series of reports sent to disk
for each user to allow file names to be
different for each report sent by a user

Secrer password to RAPS operations data

Supports users being forced to change password
regularly

The level of users in the organisation altows
restrictions on transactions to be applied
according to responsibility and authority

User's log-1n 15 the name users input when firsc
entering RAPS. Allows access to other user gata

D 9(3) User report tally

K¢15) User password
o] User password date

oo

0 X{«) User classification

D x(7) User name

Purpose

Dep/Format Full Title
RGSettin Entity Location: (Global or Operation Specific): G
Global Operations Current
L1sTs operations current and access requirements

GS_Acronym

GS_Access_Level

GS_Contratter

GS Descriprion

GS O

GS_End Date
GS_Special _Access
GS_Start Date

GS_Wind From West

=

Allows users to enter the desired operation
based on a meaningful key

P x(7) Recognised acronym
tor operation

D 9(1) Required access level The higher the number, the less users will have
access to the operation. Allows operations to
be downgraded/restricted from all users, Rerar
GR Accecs
D X(7) Designated operation Allows the system manager to identifier the
controller controlling authority for an operation
Brief description of Provides users with assistance in choosing
the operation desired operation
D X(8) Directory contaiming Directs paradox to the operation's data directery
operation data
2] Operation end date

0 X(60)

Defines a time bound for the operation.

Improves editing of dates by system

Allows A guest to have access to specific
operations onty

DD Operation commence Defines a time bound for the operation.

date Improves editing of dates by system

Plamning wind <peed Defined at set-up of operation to allow crude
from the west recognition of consistent wind from the west. A
negative value would mean an Easterly

D x(1 Special access code

D s9¢2)
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9.08.91 Relation Attribute List
Attribute Name Dep/fFormat Full Title Purpose
Entity Titte: RGUNI t= Entity Location: (Global or Operation Specific): G

Entity Description:
Entity Purpose:

Global Unit Data
Provides unit names, command and message addresses for units in system

GU_Unit

GU_Command

GU_MSg_Address

GU_MSg_For

GU_Title

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

P X(15) Reccogmised unit Used to tie payload to a unit's detail and edit
abbreviation user input of umt

FX(15)  uUmits command This field points to the RGUNits entry for the

unit's command

D X(20) Recognised message used to address messages for squadrons, ams/mcos
address for umit and customers

D X(30) Distribution for Allows distribution field data on aircraft
message At taskings
destinaticn

D X(35) Proper umit title Used to address and head reports

Dep/Format Futl Title Purpose

RGVehLen Entity tocation: (Globaf or QOperation Specific): G

Global Average vehicle Lengths
Provides a conversion between vehicie type and average tength of €130 cargo

space required

GV _Class

GV_Type

GV_Av_Length Ot C13 D 9(3)

0

Attribute Name

Entity Title:

Entity Description:

Entity Purpose:

P X(1) Class ot wheeled Key to average ltenqth ot wheeled cargo
cargo within type
P X(3) Type of wheeled cargo Key to average length of wheeled cargo

Average length ot wheeled cargo used in
estimating aircraft loads required. Figure 15
average length of C130 floor required to lift
av. cargo of the

Average lengtnh ot
type and class

Full Title Purpose

RGWe1ght Entity Location: (Global or Operation Specific): G
Global passenger weights

Provides standard wetghts for passenger classes

Dep/format

GW_Pa:_Type

GW_Pa. Desc

GW_Pax_Weight

zazz=3

Used to key from payload file in standard
passenger weight

P X( Code refarencing
categorics of
PasSONGOrs

Describes the components carried on the person
passenger in class by somebody 1n the class

0 93 Weirght of passenger Used to calculate payload figure 1nvolving
class passengers (diffarent classes of passengers

carry different baggnge weights)

D X(20) De~cription of

G-16
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9.08.91

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

Dep/Fformat

RGZoneDS

Relation Attribute List

Full Title

Purpose

Entity Location: (Global or Operation Specific): G
Daylight Savings data
Maintains day light savings settings for each state/country

GZ_State P X(5)
GZ_Change D S9V9
GZ_Date Finish 0o
GZ_Date_Start DD
GZ_UTC_Conv D $S9(2)Vv9
Attribute Name Dep/Format
Entity Title: RMALImMit
Entity Description: Hours and

Entity Purpose:

State/country code
for airfield

Effect of daylight
savings change
fFinishing date for
daylight savings
starting date for
daylight savings
UTC conversion for
region

Full Title

Used to key into required daylight savings
adjustment

Daylight savings value applied

Used to calculate if daylight savings adjustment
18 required

Used to calculate 'f daylight savings adjustment
is required

Used as an indicative local time conversion
value in location airfield changes

Enti1ty Location: (Global or Operation Specific): O

Airframe Limits

Stores hours and airframe Limits by phase and military aircraft type

MA_Actt

MA_Frames Par Day
MA_Hrs_Deploy
MA_Mrs Maint
MA_Hrs_Redeploy

MA_Overall Hours

P X(6)

0 D
D 9(e)
D 94)
0 9(4)

D 94

Military basic
airframe designator

Maximuin airframes
atlocated per day
Hours earmarked to
deployment phase
Hours earmarked to
maintenance phase
Hour's earmarked to
redeployment phasce
Hours allocated for
atrframe type

Aliows hours to be recorded by Eenpric ana
recognisable aircraft type

Used to provide airframe per day statistics

Used to provide performance statistics for each
phase of an operation

Used to provide performance statistics for
maintenance phase

Used to provide performance statistics for
redeploy phase

Maintains Limits imposed on airframe hours

G-17
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9.08.91

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

Dep/Format

Relation Attribute List

Futl Title

Entity Location: (Globat or Operatiyon Specific): O

RMChange

Task Changes by Type and Phase

Keeps counts of task changes by aircraft type and phase

MC_Acft

MC_Phase

MC_Adds

MC_ALG

MC_Changes

HMC _Cust

MC Drops

MC MC

HMC_Other

gntity Title:
Entity Description:
Entity Purpose:

P X(5)

P X(1)

D 9(s)

D 9¢«)

D 94)

D 9y °

D 9&)

D Na)

D 9¢s)

RMDL 1mi T

Military basic
arrframe designator
Phase of operation

Number of task
adgditions

Number of task
changes caused by
mode operator
Number of task
modifications
Number of task
changes caused by
customer

Number of task
deletions

Number of task
changes caused by
movement control
Number of task
changes caused by
ather players

Allows changes to tasks to be recorded by
aircraft type

Allows changes to tasks to be recorded by
operation phase

Allows change statistics to be maintained on
military airtift plamning for an operation
Allows change statistics to be maintained on
military airlift planning for an operation

Allows change statistics to be maintained on
military arrt1ft planning for an operation
Allows change statistics to be maintained on
military airt1ft planning for an operation

Allows change statistics to be maintained on
m Litary airt1ft planning for an operation
Allows change statistics to be maintained on
military Aairtift planning for an operation

Allows change statistics to be maintained on
miitary airtifr planning for an operation

Purpose

Entity Location: (Global or Operation Specific): O
Specific Day arrframe Limits
Stores Limits 1mposed on an airrframe type on specific days 'e servicings

MD_Actt

M0 _Day

MD_Limt

P X(6)

PO

D 9(2)

M litary basic

airtrame designator
Date in form dd/mm/yy

Airframe L 1mt

Allows Limits to be recorded against a generic
and recogmsable airframe type

Allows airframe Limits to be defined for a
specific day

Allows airframe Limits to be defined for a
specific day
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Attribute Name

Entity Tit{e:
Entity Description:
Entity Purpose:

Dep/Format

RMGreens

Relation Attribute List

Full Title

Purpose

Entity Location: (Global or Operation Specific): O

Mititary tasks
Maintains headers for all mlitary airtift for all phases

MG_Green

MG_Month

MG _Acft

MG _Green Ex
MG_Green Ex Mth
MG Green_To

MG_Green To Mth

HG_Change_No

MG Date_Last_Change
g

MG Date Of Last Cha
nge

MG_Status
MG _Tittle

ATTripute Namne
Entity Title:
Entity Description:
Entity Purpose:

p

p

o w

Dep/Format

RMHour=A

X(4)

X(3)

X&)

X(w)

X
X (=)

Arrcraft tasking
green number

Earmarks each task and conforms to operators
system

Aircraft Green Month Earmarks a unique green

Military airframe
designator
E~» Green alignment

Ex Green month
To Green alignment

70 §Green month

Last change number
Date task detait
last changed

Date of last green
change

Task status
Task title

Full Trote

ldentifies type of airframe that is performing
task

Allows dovetailing of tasks being performed by
the same ajrframe

Allows dovetailing of tasks performed by the
same aircraft

Allows dovetaiiing of tasks being performed by
the ame airframe

Allows dovetailing of tasks performed by the
same aircraftt

Used 1n producing changes to aircratt greens,
Used to determine which tasks reguire gresn
changes to be output.

Used to determine which tasks reguire green
changes to be output. [f<MG_Date Last_Changea
then output

Shows status of all greens generated

used as a field on the airrcratt tasking (green)

- Entity Location: (Global or Operation Specifi¢): O
ACTtual Military MHours Flown
Maintains monthity statistics ot actual hours flown

MH Acrt

MH Month

MH_Amount Hours

P

4

D (39

X(6)

X¢3)

mirtary airframe
dosignator

Actual month flown

Actual hours flown
for month

Identities the type and rig of atrcraft actual
hours. Aallows hours to be kept for specific =z
and general type

Month that actual flying occurred

Hours flown Dy a certain type and r1g during tne
month
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Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

Dep/Format

Relation Attribute List

Full Titte

Purpose

Entity Location: (Global or Operation Specific): O
Green Narrative for Mil Tasks
Records narrative comments for greens for military lift

RMNarrat

MN_Green

MN_Month

MN_Sequence

MN_Narrative

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

P X(4)

P X(3)

P (1)

0 X(150)

Dep/format

RMTasks

Aircraft tasking
Green number

Aircraft tasking
month
Narrative sequence

Narrative comment

Fult Title

Used to Link narrative comments on green to
task(not a unique key as many narratives per
green allowed)

Used to Link narrative comments on green to task

Used to uniguely key narrative comments to a

green

Used to maintain narrative comments for each
green

Purpose

Entity Location: (Global or Qperation Specific): O
Military Task flight Legs
Maintains task leg and green data for military tasks

MT _From Seq

MT_Green
MT Month

MT _Actual_ Hour<
MT _DClose

MT_DC _DOW
MT _OC Locat
MT_DOpen

MT DC_DOW

MT DO_Local
MT_From
MT_Hours_Code
MY _Lamp

MT Misstion
HT_Phase

MT Rmks
nT Yo

P X(1)

D X(4)
P X(3)

D 9(2)Vv9
D x(&)

D X(3)
D X(8)
D x(8)
0 X3
D X(8)

X(S)
93

0o

D x(60)

KC15)
x(1)

(= =

x(60)
X(5)

oo

Departure ~equence

Aircratt green numoer

Atrcraft tasking
month

Actual leg hours
Doors close
anth/day/ t1me
Local DOW or doors
close

Local time of doors
cltose

Doors open
month/day/time
Local DOW or doors
open

Local time of doors
spen

Departure airticld
Hours code

Line amptification

Mission statement
Phase

Remarks Line
Destination Airfield

Allows payload to be tied to A leg, =ven 1f task
flies the same departure/dest more than Hnce
Ties tlight legs to parent green

Ties flight tegs to parent green

Compiles actual hours usage statistics
Maintains start time of flight leg, in zulu time

Allows operator to readily see local day of
departures

Altows operator to readily see local time
departures

Zulu time doors open.

Allows operator to readily see local day of
arrivals

Allows operator to readily see local tyme
arrivats

specifics Lleg data - from

Allows legs charged to other
operationssactivities to be inctuded on
operation tasks

Maintains Line amplification data pertaining tc
task leg

Specifies mission type

Allows a task to perform tasks for more than one
phase of the operation

Maintains remarks data pertaining to task legs
Specifies leg data - to
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Attribute Name

Entity Title:

Entity Description:

Entity Purpose:

Pep/format

ROHardA

Retation Attribute List

Fullt Title

Purpose

Entity Location: (Global or Qperation Specific): O

Hard 1nitial C130 plot
Records date of lift and combinations of entities on C130 Lift, using the

hard resource algorithm

OH_Combined

OH_Date

OR_Serial

OH_C130_toads

OH_Prepositioned

Attribute Name

Entity Title:

Entity Description:

Entity Purpose:

P X(&)

PO

P X(a)

D N

0 X(h

Dep/fFormat

ROISofT

serial controiling
task

Date of C130 task

Serial being uplift

by C130

C130 loads tasked

Provides basis for scheduling and routing of
final plan. Null means the entity has sole use

of the task.
Provides basis for scheduling and routing of

final plan
Allows a Link between {ift derived and Qrder of

March data

Provides basis for scheduling and routing of
final plan. Null means the entity 1s tasked
with another serials task

Pre-position required Provides basis for scheduling and routing of

Full Title

final ptan. Null means the entity is tasked
with another serials task

Entity Location: (Global ur Operation Specific): O
Soft imrial €130 plot
Records date of lift and combinations of entities on C130 Lift, using the
soft resource constraint atgorithm

01 Compined

Ol Date

Ol _serial

0l C130_Loads

Ol Prepositioned

P X(«)

° 9

P X(s)

0 9¢2)

0 X(1)

Serial controlling

task

Date of C130 task

Provides basis for scheduling and routing of
final plan. Null means the entity has sote use
of the task.

Provides basis for scheduling and routing of
final plan

Serral being uplift Allows a link between lift derived and Order of

Ly €130

C130 ltoads tasked

March data

Provides basis for scheduling and routing of
final plan., Null means the entity is tasked
with another serials task

Pre-position required Provides basic for scheduling and routing of

final plan, Null means the entity 13 tasked
with another sertals task
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Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

Dep/Format

ROLoads
Payloads tor Flights
Maintains planned and actual payload for military and civil flights

Retation Attribute List

Full Ticte

Purpose

Entity Location: (Global or Operation Specific): O

OL_Green
OL _Month
OL_Sequence
OL_seral

OL_Te

OL_Green_from

OL Green From Mth

OL_Green_To

OL_Green_To Mth

OL_Pax _Type

OL Payload Share Gr
2en

OL Payload Share G_
Mth

OL _Actuat _Remarks

OL_Cargo_Actual
AL _Gen_Comments

OL _Gen Wt

OL_taz_Comments
OL_Raz wt

OL_Pax_Actual

OL_Pax_No

OL Remarks

OL_Sub_unit_Detait

p

[

p

-n

F

F

1

1

D

D

X&)
X(3)
X1
X(&)

X(5)

X(4)

X(3)

X(4)

%3

X1
K(a)

X(3)

X(50)

A5
X(1%)

9(6)

X(15)
96

93

94s)

X(30)

X(10)

Aircraft tasking -
civit or miitary
Aircratt tasking
month

Departure sequence

Seriat of umit Lifted

Destination airrfield

Green payload linked

from

Month series of
green payload came
from

Green payload tinked

to
Month series of

green series going to

Passenger weight
category

Payload sharing green

Payload sharing
green's month

Comments about
actual li1ft

Actual cargo wt moved

General freight

comments

Payload - General
freight

Hazardous comments
Piyload - Hazardous
treight

Actual passenger
no.s moved

Payload - Passengers

wenerat paytoad
FAMArks
Sub-unNtt composition

Links payload to carrying task (0-1999=mil1tary,
2000-3999=civ charter, 4000-6999=rpt)

Links payload to carrying task

Ties payload to specific leg where duplicates
oXIST

Ties payload
gives unique
Ties payload

to an O of M entry, unit detail and
payload entry
to one or more flight (egs

Links useq

movement of payload where transhipment

Links movement of payload where transhipment used

Links movement of paytoad where transhipment usec

Links movement of payload where transhipment usec

Allows specification of passengers according to
different weight classes

Allows grouping of payload. A combined weight
and pax figure covers more than one flight
Uniquely identifies the green with the combined

payload figure

History comment of actual problems, delays or
other issues

Part of actual Lift data

Allows specification of type, class or handling
of general cargo

Part of total cargo weignht calcutation

Allows specification of d/c or explo classes
Part of total cargo weight caltculation

Part of actual {i1tt data

Specifies no. of passengers to be moved. Large
vatue range atlows one payload line to cover
many flights

Allows comments about the payload to be moved 1o
not specific To A CArgo Ctass

Allows the ptan to reflect {ift to sub-umt
level 1f rrquired
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9.08.91 Relation Attribute List
Attribute Name Dep/format Full Title Purpose
Entity Title: ROMarord Entity Location: (Global or Operation Specific): O

Order of March

Entity Description:
Entity Purpose:

Ties units to serials and stares original lift requirement

OM_Serial P X(4) Serial Number Keys planned and actual lift back to the order
of march requirement
OM_Gen_Lf Fact FXen Pounds to linear Allows aircraft loads required to meet Lift to
foot conversion be estimated. Derived from RGFretWt
factor-Gen
OM _Haz Lf Fact F X¢1) Pounds to linear Allows aircraft loads required to meet Lift to
foot conversion be estimated. Derived from RGFretWt
factor-Haz
OM_Gen_Wt D AU Total general cargo Part of total Lift reguirement. Weight to cube
weight conversion applied for general cargo
OM_Haz_Wt D XN Total hazardous Part of total lift requirement. Separate
cargo weight hazardous weight to cube factor applied
OM_Loc_From o X(5) Departure airfield Shows destination of lift requirement
OM_Loc_To D x(5) Destination airfield Shows destination of lift requirement
OM_Move Earliest DD Earliest date can Defines the front end of the available window
move for movement
OM_Move Latest PI] Latest date can move Specifies the back end of the movement window.
(Also equals the last day unit can arrive at
destination airfield)
OM_Pax_No_Reservist D 9(4) Total reserve Aliows quick recognition of passengers with
S passengers strict timeframes for movement
OM_Pax_No_Total D 9(&) Total passengers Provides part of the requirement for the serral.
Equal full time + reserve passenger no's
OM_Phase D X(1H Operation phase Atlows deployment to be differentiated from
redeployment ie plan only deploy and wait tilt
tater for redeploy
OM Priority D 9N Assigned Lift Allows router and schedular to order
priority requirements based on priority
OM_Sub Unit_Alias D X(15) Sub-unit name Allows better info on Lift unit and allows alias
for unit placed under command
OM Unit D X(15) Recognised unit Keys into unit detail for Order of March
abbreviation N
OM_Wh_A No D 9(2) Type A vehicles Allows cube for wheeled cargo to be derived,
. using an average tength for A vehicles
OM_wWh_B No D 9(2) Type B vehicles Altows cube for wheeled cargo to be derived,
using an average length for B vehicles
OM_Wh_C_wNo 0 92 Type C Vehicles Atlows cube for wheeled cargo to be derived,
using an average length for C vehicles
OM_Wh_Wt D 9¢8) Total vehicte weight Part of total lift requirement. Cube factor
derived from class breakdown
OM W _TL_A_No D 9(2) Type A trailers Allows cube for wheeled cargo to be derived,
using an average length for A trailers
OM_W_TL B No D 9(2) Type B trailers Allows cube for wheeled cargo to be derived,

using an average length for B8 trailers
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9.08.91 Relation Attribute List

Attribute Name Dep/Format Full Title Purpose

Entity Title: ROLoads Entity Location: (Global or Operation Specific): O

Entity Description: Payloads for flights

Entity Purpose: Maintains planned and actual payload for military and civil flights

OL_Wh_Comments D X¢(15) Wheeled freight Allows specification of wheeled cargo types eg
comments 2XLDR 2xTLR

OL_Wh_Wt D N Payload - Wheeled Part of total cargo weight calculation
cargo

Attribute Name Dep/Format Full Title Purpose

Entity Title: ROMarQrd Entity Location: (Global or Operation Specific): O

Entity Description: Order of March

Entity Purpose: Ties units to serials and stores original lift requirement

oM W _TL_C No D 92) Type C trailers Allows cube for wheeled cargo to be derived,

using an average length for C trailers

Attribute Name Dep/Format Full Title Purpose
Entity Title: ROOUsers Entity Location: (Global or Operation Specific): O
Enti1ty Description: Operation Users Statistics
Entity Purpose: Records actions of system users for each operation

00 _user_Code P N User code Key for statistics on logins, time and
. transactions per user per operation

00_Logins’ D 9(4) RAPS 'active log ins Statistics on frequency of logins
per user
00_Time_On D 9(4) RAPS hours per user Statistics of hours spent managing the operaticn
00 Transactions D 93 RAPS transactions Statistics of transactions required to manage
per user the operation
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9.08.91 Relation Attribute List

Attribute Name Dep/Format Full Titte Purpose

Entity Title: ROPCDate Entity Location: (Global or Operation Specific): O

Entity Description: Payload Changes by Time

Entity Purpose: Keeps counts of payload changes tracked against time tillt lift occurs

0P _Carrier P X(H Airlift carrier Allows payload changes to be tied to carrier

OP_Phase P XC1) Operation phase Altows payload changes to be tied to phase

OP_24hrs D 9¢4) Payload changes Allows collection of numbers and timing of
within 24 hours of payload changes during an operation
Lift

OP _3days D 9(4) Payload changes Allows collection of numbers and timing of
within 3 days of lift payload changes during an operation

OP_édays D 94 Payload changes Altows collection of numbers and timing of
within 6 days of lift payload changes during an operation

OP 9days D 9¢4) Paylvad changes Allows collection of numbers and timing of
within 9 days of lift payload changes during an operation .

OP_Moredays D 9(4) Payload changes in Al'ows collection of numbers and timing of

excess of 9 days of
tift

payload changes during an operation
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9.08.91

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

Dep/format

ROR&Sch

Relation Attribute List

Full Title

Purpose

Entity Location: (Global or Operation Specific): O
Initial Routing Loads
Assigns the order of march to loads and aircraft type

OR_Serial

OR_B707 Gen
OR_B707 Haz
OR _B707 Pax
OR _B707_wh
OR_C130_Loads

OR_Civil_Gen

OR_Civil _Haz

OR_Civii_Paa

OR Civii_wh

OR QOther Gen

OR_Cther Haz

JR_QOther Pax

OR Qther wh

OR Remarks

P X(4)

D 9(6)
D (&)
D 9(4)
D 9(&)
D 9(2)Vv9

D 9(6)

D 9(6)

D 9+

D 9¢6)

0 9&)

D 9(6)

o )

D 96

o

x(20)

Order of March Serial

General cargo
earmarked to B707s
Hazardous cargo
earmarked to 8707s
Passengers earmarked
to B707s

Wheeled cargo
earmarked to B707s
No. of €130 loads
required

General freight
earmarked to civil
charter/RPT
Hazardous freight
earmarked to civil
charter/RPT
Passengers earmarked
to civil charter/RPY
wheeted freight
sarmarked to civil
charter/RPT

General freight
earmarked to other
mLrTary means
Hazardous freight
earmarked to other
mriytary means
Passengers earmarked
to other mtbitary
means

Wheeled freight
carmarked to other
m Litary means

Load allocation
remarks

Allows a tink between loads derived and Order of
March Data for an entity

Provides a bound on what payload the router and
schedular must met with C130s

Provides a bound on what payload the router and
schedular must met with C130s

Provides a bound on what payload the router and
schedular must met with C130s

Provides a bound on what payload the router and
schedular must met with C130s

Provides the raw input of C130 loads required
for the router and schedular

Provides a bound on what payload the router and
schedular must met with C130s

Provides a bound on what payload the router and
schedutar must met with C130s

Provides a bound on what payload the router and
schedular must met with C130s
Provides a bound on what payload the router and
schedular must met with C130s

Provides a bound on what payload the router and
schedular must met with C130s

Provides a bound on what payload the router ana
schedular must met with C130s

Provides a bound on what payload the router anc
schedular must met with C130s

Provides a bound on what payload the router and
schedular must met with C130s

Gives reasons for decisions or supporting data
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9.08.91

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

Dep/Faormat

Relation Attribute List :

full Title

Purpose

Entity Location: (Global or Operation Specific): O
Operations Level Task Locking
Maintains locked tasks within each operation

ROTkLock

0T_Key

OT _User

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

P X(7)

FX(7)

Dep/Format

ROUNits

Maintains temporary unit detait.
in the global relation RGUnits.

Task being locked

User 1d of operator
holding lock

Full Title

Allows the green detail, narrative, task leg and ;
load detail to be locked for a military, charter i
or RPT task

Allows the system arnd other users to identify
who has locked the task

Entity Location: (Global or Operation Specific): O
Operation unit data override

Data in this retation overrides entries

OU_Unit

OU_Msg_Address

QU_MSg Ffor

ou_Title

P X(15)

D X¢20)

D X(30)

D X(35)

Recognised temporary
unit abbreviation

Temporary unit
address for unit
Distribution for
message at
destination
Temporary unit title

Used to tie payload to a unit's detail when
normal unit detail has been changed for
operation eg been placed unit different command

Used to address messages to units relocated
during operation
Allows distribution field on aircraft taskings

Used to address and head reports where unit
detail has been changed for the duration of the
operation -
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9.08.91

Attribute Name
Entity Title:
Entity Description:
Entity Purpose:

Dep/Format

RPGreens
RPT Yasks

Relation Attribute List

Full Title

Purpose

Entity Location: (Global or Operation Specific): O

Maintains headers for regular public transport airlift for all phases

PG_Green

PG_Month

PG_Green Ex

PG_Green_Ex Mth

PG_Green_To

PG_Green_To _Mth

PG_Remarks

Attribute Name

Entity Title:

Entity Description:

Entity Purpose:

P (3

P 92)

F U3

F 2y

F 9(3)

F 9(2)

D x(20)

Dep/Format

RPTasks

Military airlift
tracking green
Month series of
tracking green

Military airlift
tracking green for
ex-flight
Military airlift
tracking green's
month series
Miti1tary arrtiift
tracking green for
to-flight

Military airctift
tracking green's
month series

General RPT remarks

Full Tittle

Allows a unique and firm reference to a RPT
flight in absence of a natural key
Provides a unique key to the RPT flight

Allows flow detail of RPT tasks to be maintained

Allows key to unique ex-flight data

Attows flow detail of RPT tasks to be maintained

Allows key to unique to-flight data

Information about the task

Purpose

Entity Location: (Global or Operation Specific): O

RPT Flight Legs
Maintains task leg and green data for regular public transport flights

PT_From
PT_Green Rpt

PT_Green RPT Month

PT_To

PT_Civil_Rego

PT DClose
PT_DClose Mth
PT _DOpen

PT Phase
PT_Remarks

PT_Seats_Booked

P X(5)
P 3

P 9(2)

-

x5

D X(10)

9¢6)
H2)
9¢6)
X(1)
X(20)

[= =R - NN

92>

o

Departure location
for flight leg
RPT green

Month of RPT green
series

Destination location

for flight leg

Civil operator’s
fltight number

Doors close day/time

Doors close month
Door open day/time
Phase

Provides key to departure location relation
Provides a key for RPT flights in absence sf
standard and unique RPT flight numbers
Allows a unique key to green for RPT

Provides key to destination Location

Allows flight data to be tied to civil
operator's reference

Define flight times

Gives the doors close month

Provides flight leg data

Allows airtift to be traced by phase

RPT remarks Allows information peculiar to the RPT task to
be specified
Total seats booked Allows actual bookings to tracked and commitment
recorded
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9.08.91

Attribute Name

Entity Title:

Entity Description:

Entity Purpose:

Dep/Format

Relation Attribute List

Full Title Purpose

RQGreens Entity Location: (Global or Operation Specific): 0
Civil Charter Tasks

HMaintains headers for civil charter airlift for all phases

QG_Green

aG_Month

QG_Green_Ex

QG_Green_Ex_Mth

QG_Green_To

QG_Green_To_Mth

QG_Acft_Type
QG Remarks

0G_Status

P 3 Military airlift Allows a unique and firm reference to a charter
tracking number flight in absence of a key

P N Month series of Provide a unique key to civil charter flights
tracking green

F 9(3) Military airlift Allow flow detail of aircraft to be maintained
tracking number for
ex-flight

F 92 Month series of ex- Allow key to unique ex-flight data
flight's tracking
green -

F 3 Military airlift Allows flow detail of aircraft to be maintained
tracking number for
to-flight

F 9(2) Month series of to- Allows key to unique to flight data
flight's tracking
green

D X(8) Cival aircraft type Indicate the type of aircraft, not related to

RGAcft

D X(20) General charter Allows civil related information to be included
remarks

D X(1) Status of flight Allows atl tasks tO be recorded and stage known
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2.08.91

Attribute Name Dep/format

Entity Title:
Entity Description:
Entity Purpose:

RQTasks

Relation Attribute List

Full Title Purpose

Entity Location: (Global or Operation Specific): O

Civil Charter Fflight Legs
Maintains task leg and green data for civil charter flights

QT_From
QT _From_Seq
QT_Green_Civil

QT _Green_Civii_Mont
h

0T _To

0T _Civil_Rego

QT DClose
Q7 _DClose_Mth

Q7 _DOpen
a7 _Phase

0T _Remarks

P X(5)
P X(1)

P 93

P 9(2)

F X(5)

D X(10)

9(6)
92>

oo

o

9¢6)
X(1)

o

D x¢20)

QT _Total Seats Avair D 9(3)

L

Departure (ocation Provides key to departure location relation

for flight leg

Departure location Ties the payload to a unique flight leg, even

sequence when the same leg is flown a number of times

Civil charter green Provide a key for civil charter flights in
absence of standard and unique series for civil
flights

Month of civit green Allows umque key to green no for civil charter

series

Destination location Provides key to destination location relation
for flight leg

Civil operator's Allows flight data to be tied to civil operators
flight number references

Doors close day/time Define flight times

Doors close month Gives the doors close month (it may differ to

the green‘s month)

Doors open day/time Provides flight leg data

Phase Allows airlift to be traced to phases, down to
flight leg. A task may share phase activities
eg Deploy and Maint

Civiy charter remarks Allows information peculiar to the civil task to
be specifierd

Tetal scats chartered Specifies the maximum capacity of the civii
arrcrate ’
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Appendix H: RAAF Airlift Planning Svstem
Increment Two Router and Schedular

overview

This appendix discusses the static router and schedular camponent
of RAPS. After describing the complete RAAF strategic operational
airlift scheduling problem, a constrained problem, that is more readily
solved, is defined.

Next, the component's role and applicability, inputs and outputs
are considered. A detailed discussion of the procedures follows,
including feasible versus infeasible plans and operator interaction.

A description of matching algorithms completes the appendix.

Characteristics of Global Routing and Scheduling Problem

This section describes the routing and scheduling problem for the
complete RAAF Airlift planning environment. The problem is defined
according to a routing and scheduling problem classification, defined by
Bodin, Golden, Assad and Ball in their 1983 paper (Bodin et al.,
1983:73).

Routing and scheduling involves those activities to formulate a
plan to met lift requirements with constrained resources. Inputs to the
process are statements of the scenario, lift requirement and resources.
Activities commence upon receipt of these inputs and continue until all
the airlift plan meets requirements of the scenario and lift
requirement.

Summary of Problem

The RAAF Airlift planning problem involves temporal and spatial
considerations. Demand, in lift reguirement must be met by a limited
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fleet of aircraft. Limits are imposed on service time. Outputs of the
planning process include a schedule of airlift and advice of cost of
compliance and shortfalls in customer service.

The ranking in importance of time and space varies across
scenarios. Consequently, scenario definition can cause the planning of
airlift to adopt a form ranging from pure scheduling to pure routing.
Normally, there exists a mix of time and space considerations, with time
expected to be the most constraining resource.

Global Problem Characteristics
1. Size of Available Fleet: Multiple vehicles.
2. Type of Available Fleet: Heterogeneous vehicles.

RAAF strategic transport aircraft types include the Lockheed C130E
and C130H and the Boeing B707. Cl30s are the predominant vehicle for
the operational airlift planner. In their strategic airlift role, the
two types of C130 have few differences in airlift characteristics of
payload, speed and duration. Hence, all Cl30s are assumed to be
homogeneous or consistent in characteristics.

Civil aircraft and the B707 are the other vehicle types available
to the airlift planner. Availability of both types is tightly
constrained as there are few assets, their high profile is often
disadv?ntagews and their role restricted. The hire of civil aircraft is
a deliberate and long range action, usually done before detailed airlift
planning. Application of the civil and B707 aircraft is easily
identified due to their small numbers and narrow role. However, their
tasking affects C130 tasking by constraining ramp capacities and turn
arourd.
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The various configurations of the C130 can be changed enroute.
Unfortunately, the same flexibility is not available with the B707.

Each configuration of the B707 is considered as a different aircraft
type during planning i.e. an "all pax" rigged aircraft is different to a
"4/94" rigged aircraft.

3. Housing of Vehicles: Single depot.

Transport aircraft operate out of one base, RAAF Richmond, NSW.
Occasionally, aircraft and their maintenance staff are temporarily
located to another base in support of an exercise. The single depot
concept remains, with the depot being the temporarily deployed location.

A mix of vehicles from a temporary and the main depot for an operation

is unusual.
4. Nature of Demands: Deterministic.

Demand at nodes is known in advance, through a requirement or
Order of March. Because demand is known in advance, stochastic
estimation is not required.

Demand is presented in two ways. At the beginning of the planning
operation, demand is grouped and presented to the planner as an Order of
March. This document lists all demand entities. An entity is the
smallest organisation that can be treated as one item by movement
planners. For each entity, data is provided on size, departure and
destination locations, precedence and time windows required for service.
Demand in this form can be considered static to the planner.

Demand also can be presented after initial planning. Then, it is
presented as an additional requirement and amendment to the Order of

March. In this form, demand adopts a more dynamic form.
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5. lLocation of Demand: At Nodes, not necessarily all.

Demard is at departure airfields. Though entities are often not
permanently housed at an airfield location, they have been pre-assigned
to airfields. The movement of forces to and from a point of embarkation
is not a RAAF planning responsibility.

6. Underlying Network: An Undirected Euclidean Network.

If network cost is a factor of distance, the network is Euclidean.
This means that the distance function satisfies the triangle inequality
requirement that the direct path between two points can be no longer
than the indirect path between points.

The significant effect of wind on aircraft speed and hence
distance covered suggests that aircraft routes are directed and may not
be euclidean. Often, because the effect of wind is unpredictable, its
affect is largely ignored when planning airlift. When appiied, wind
affect is incorporated at implementation of airlift. '

If the effect of wind on the network and routing is ignored, then
cost, based on distance and time, is independent éf the direction
between two points.

7. Vehicle Capacity Restrictions: Imposed and different.

Aircraft load capacities are based on many factors. 'I'ne payload
availability is the maximum payload weight that the aircraft can carry
on a task leg. Payload is also constrained by volume, based on inside
cargo campartment dimensions for the aircraft types. Volume maximums
are consistent across all airframes of each type of aircraft in the
fleet.

Payload weight limits vary for each leg of a task. A task leg
includes taxi, take-off, flight between two airfields, landing and taxi.
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Many flight legs may form a task or mission. A task is a sequence of
continuous legs assigned to an airframe. This assigmment may involve
aircrew and an airframe type, though this is not necessary.

Each aircraft type has different maximm take-off and landing
weight limits. Though airframes differ in weight, the planner considers
maximm paylcad availability for all airframes of a type to be the same.
Maximum payload is the maximum landing weight less the aircraft's dry
operating weight.

To calculate the payload availability for a task leg, weight
requirements for fuel, crew and maintenance spares are subtracted from
the maximum availability. As fuel weight is based on flight time
between refuels, the remaining payload availability becomes dependent on
distance between refuel points. This distance is usually the leg
distance, as refuel is offered at most airfields. However, scme
airfields or scenariocs ao not allow for refuel at a destination.
Additionally, some airfields require aircraft operations at less than
maximum weight. These airfields are typically less busy and the C130 is
the normal aircraft restricted.

Although weight limits may restrict C130 operations at some
airfields, all airfields nominated as departure or destination airfields
are C130 capable. Airfields do not have to be B707 or civilian aircraft
capable. Most airfields restrict the number of aircraft on groumd at
any time by way of ramp limits.

8. Maximum Route Times: Imposed and different across aircraft types.

Maximum route times constrain flexibility in tasking aircraft.

The planner encounters four types of route time limitation, including
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aircrew, aircraft maintenance, aircraft continuous tasking and delay
enroute.

Safety regulations limit the maximm continuous time an aircrew
can be tasked. That amount deperds on the type of task and augmentation
of the crew. Regulations also specify the minimum crew rest required
between taskings. The type of task and maximum crew day remain constant
for an operation. These values differ across aircraft types.

An aircraft's availability is limited by maintenance.
Unservicibilities can be scheduled or unscheduled:; unscheduled arisings
are not predictable and are ignored at the planning stage, except for
occasional tasking of "spare" aircraft. The planner determines spare
aircraft requirements in cooperation with customers and operators.
Spares are added to a schedule after all planning activity and affect
ramp capacity.

Scheduled maintenance is of two types, major and minor. Minor
servicing can be categorised by "on ramp" turnaround and major servicing
by hangar turnaround. Only major scheduled servicing affect the
planning for aircraft utilisation as minor servicing is performed during
crew rest or turnaround periods. Where aircraft return to a depot
(Richmond usually), scheduled servicing becomes transparent to the
airlift planner. Maintenance planning staff arrange airframe
replacement, ie the airlift planner does not plan down to specific
airframe.

When absent from the depot for a period exceeding the time to next
major servicing one of three things occurs. The airframe may be
serviced remotely. If servicing at depot is required, airframes may be
changed remotely with deadlegs not met by the operation. Lastly, the

H-6




airframe may return to the depot with deadlegs met by the operation.

For the planner, servicing needs for an aircraft to return to depot are
not usually considered. Still, the planner usually favours tasking with
regular returns to depot. Definite return to depot requirements are
often injected during implementation of an airlift schedule.

Aircrew availability affects airframe availability for tasking.

An aircraft is not restricted to one crew, though only one crew can man
the airframe at any time. Individual crew restrictions have already
been addressed. Additional crews, called slip crews, are available at
the depot or they can be pre-positioned en route. The application and
positioning of slip crews is based on experience and operating squadron
advice.

It is not unusual that aircraft and crew must wait en route for
extended periods to meet pick-ups that are restrained by availability
windows. While waiting, crew and aircraft are effectively removed from
the resocurce pool available to ALG. Planners endeavour to minimise the
time aircraft and crews spend waiting en route. The maximum delay en
route is usually limited to two days, though more realistic wait limits
are based on flyiri; time between departure and depot airfields.

9. Operations: Mixed pick-ups and deliveries with split consigrments.

Airlift involves the pick-up of demand from nodes or airfields and
its delivery to other nodes. An aircraft task leg may lift only part of
the demand at a node.

Where splitting of pick-ups and deliveries is considered, the
order of march or task may dictate a maximumm window for consolidation.
For example, a window for movement may dictate earliest time an entity

is available to move or the latest time by which the entity must have
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moved, Consolidating or grouping of entities is permitted. For
persomnel and some types of freight, severe limits are placed on time in
transit. Transhipment is also permitted. Flexibility to consolidate
and tranship is restricted by scenarios and requirements of the Order of
March. 1In fact, consolidation and transhipment is unusual in airlift
operations. These concepts are more applicable to routine maintenance
operations, which fall outside the scope of this system.

10. Costs: Routing costs.

Accurate costing of military airlift is difficult. Though it
appears that airlift costs can easily be split between fixed and
variable operating costs, this is not so as costing principles remain
confused. Guidance from senior management concerning the cost of
airlift is still required and expected as a product of the adoption by
the ADF of Program Management and Budgeting. Examples of "grey costs"
include the application of costs of training, salaries for crews ard
costs of fuel and services from RAAF, other military and civil
airfields.

It is normal for costs to be expressed in units of flying hours by
aircraft type. As flying hours are a factor of distance and speed for
each aircraft type, this measure has a near-linear relationship with
distance covered. Thus, current systems cost according to variable
routing costs. Fixed or overhead costs, normally included in fleet
.oper‘ations planning, are not considered.

However, the defining of resources constraints in terms of flying
hours introduces inaccuracies. It limits solution alternatives and
often pre-determines solutions by defining utilisation rates for each
aircraft type. Despite management's wish to define resources limits in
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terms of variable routing costs, units of measurement should allow
planner flexibility.

Other civilian and military transportation agencies have had
considerable success with the application of dollar limits on resources.
Where dollar cost was difficult to determine or organisations wished to
introduce weighting for other than actual cost, systems using management
defined generic units have been applied. Under this approach, executive
management defines the generic worth of each flying hour of each
aircraft type. Resources available to planners are then expressed in
these generic units, for example Air Transport Units. This approach
maintains planner flexibility and encourages rigorous comparisons of
aircraft types to find the best types for each task.

Despite the inaccuracies the flying hour resource allocation
approach introduces, the RAAF uses it. . Its supporters claim it is a
simple way of limiting over commitment of éirframe types. As ADF higher
management allocates ALG its resources in terms of flying hours per
airframe type, limits are simply derived from executive allocations.
Additionally, it avolds issues connected with the accurate costing of
airlift that remain unresolved.

11. Objectives: Minimise total routing costs and fleet size.

When planning airlift, there can be one of two obj_ectives. The
first is the meeting of the lift requirements with the least cost, in
termms of flying hours. The other concerns minimising airframes
comaitted. These two objectives may not produce the same results.

Planners usually overcame this problem by predetermining the fleet
size before planning or by having available fleet size presented to
them. They then plan with an objective of minimising flying hours. If
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the Order of March canncot be met with the allocated fleet size, the

fleet limits are eased and planning reapplied.

Characteristics of Relaxed Routing and Scheduling System
This section describes a sub-~set of the RAAF airlift planning

problem. The relaxed problem lends itself better to computer based
solution techniques.

The RAAF airlift planning problem of matching lift requirements
against airlift resources in the presence of temporal and spatial
considerations is a hard problem.

The problem is hard according to the mathematical definition of
problem complexity when related to time and space requirements to solve
optimally. It is hard in the sense of not having precise definitions of
objectives. It is also hard because of the non-linearity of many
constraints. Research into similar problem found the capture of all
binding constraints involved in these types of problems is itself a
large task (Bodin et al., 1983:134).

The present manual planning approaches attempt to solve the
routing and scheduling problem by not seeking optimality and by relaxing
constraintsi Planners seek feasibility and not optimisation by
restricting alternatives, applying heuristic methods and relying on past
solutions as indicators of successful solutions. Constraints are
relaxed by making them linear or not considering them until plan
implementation. Planner also apply their own perceptions of airlift
objectives. Having found feasibility, planners may then choose to

improve planning while remaining feasible.
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The aim of problem relaxation is to decompose an original problem
in such a way to deduce a problem that is easier and yet is an accurate
representation of the original problem. The solution of the relaxed
problem should greatly contribute towards the solution of the original
problem.

In looking for a problem that allows camputer assisted solution
techniques, two considerations exist. The first is to define a problem
in a way that the envirorment can be analysed by a computer based
system. The other is to reduce the time and space requirements of
solution techniques. Essentially, a logical fence needs to be erected
around the problem to make it both definable and do-able by a computer
based system.

Relaxed Problem Characteristics

1. Size of Available Fleet: Multiple vehicles, numbering between one

and fifteen.

The RAAF has 24 Cl130s. Of this number, between four and six are
normally undergoing scheduled and unschedﬁled maintenance at any time.
Exercise Kangaroo '39, which was described as the biggest strategic
airlift since World War II, used no more than 14 airframes on any day
(Alr Lift Group, 1989: Attachment A to Appendix 2A to Annex A).

2. Type of Avajlable Fleet: Homogeneous vehicle - the C130.

For the planner, application of the civil and B707 aircraft is
easily identified due to theif small numbers, narrow role and limited
routes. Yet, for an automated system, their routing and scheduling
causes considerable increases in system complexity. For example, B707
and civil aircraft cannot be considered to be homogeneous as they have

different configurations that cannot be changed on-route. Additionally,
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they have more constraints on their operations, of which many are non-
linear.

In essence, the majority of the planning activity for strategic
airlift irnvolves the C130 aircraft. This is in terms of both time taken
to plan, flexibility achieved and proportion of plan tasked to the C130.
In line with the overall methodology of evolutionary design based on
most return for investment, the routing and scheduling of B707 and civil
aircraft will be not be automated.

B707 and civilian leased aircraft tasking will be planned by the
airlift planner. Their planned tasking will be stored by the
information system. This allows B707 arxd civilian tasking to be
incorporated in planning output. The routing and scheduling system will
consider their presence when considering ramp capacities and turn-around
for C130 aircraft. The proofing sub-system will examine flying times,
route duratioﬁ, load capacity and airfield ramp capacity of all aircraft
types. Finally, cost and hours statistics will include non-C130
measurements.

3. Housing of Vehicles: Single depot.
4. Nature of Demands: Deterministic.

Demand is in the form of a "bill" or lift requirement. This bill
is expressed in numbers of personnel and pourds or tonries of cargo.
Cargo type is identified to assist in matching loads to fill aircraft
and avoid incompatibiliti@, for example explosives and personnel. The
bill is advised through a statement of requirement called an order of
march.

Demand is deterministic as it is not estimated by empirical demand
or a probability distribution function. However, demand is both static
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and dynamic. Static demand is advised by the order of march prior to
planning of airlift. Dynamic demand is presented as amendments to the
order of march, or as new requirements, an occurs after planning has
started.

5. Location of Demand: At Nodes, not necessarily all.

Nodes are airfields capable of supporting strategic aircraft.
Nodes do not have to support all aircraft types and may restrict
capacity or endurance of aircraft and the maximum aircraft on ground at
any time. Demand destination is other nodes in the network.

Nodes are identified for the planner and there is little
flexibility to change demand or destination locations. Based on
Exercise Kangaroo '89 data, a maximum of 15 demand nodes and S
destination nodes or vice versa are necessary (ie 15 demand/ 8
destination or 8 demand/ 15 destination).

G. Underlying Network: An directed Euclidean Network.

A euclidean network is one which obeys the triangle inequality ie
the hypotenuse can be no longer than the sum of two sides of the
triangle. Arcs distances will be calculated from the grid coordinates
of the departure and destination nodes.

Large scale and general effect of weather will be incorporated
when routing and scheduling.

7. Vehicle Capacity Restrictions: Imposed and the same.

One generic aircraft type is considered and the capacity of this
type (C130) is homogenecus across the fleet. However, aircraft capacity
for each arc may vary and is a function of leg distance to next
available refuel and characteristics of the departure and destination

airfields.

H-13

ettt ———

—




-

8. Maximm Route Times: Imposed and the same.

There are three considerations that concern the planner in
relation to limits of route times; continuous crew tasking, continuous
airframe tasking and continuous period an airframe is away from depot.

Safety regulations limit the maximm continuous time an aircrew
can be tasked. That amount depends on the type of task and augmentation
of the crew. Requlations also specify the minimm crew rest required
between tasking. Crew augmentation will not be considered by the
routing and scheduling system, though the operator may modify the
produced plan to include crew augmentation.

As the type of task is reasonably constant for an exercise,
maximum crew day and rest will be specified by the planner and cbserved
by the routing and scheduling system. Because crew duty and not crew
rest allows for before flight and after flight servicing, crew
specifications supplied by the operator will be défined in tems of time
allowed for pre-flight activity, time allowed to fly and time allowed
for after fight activity.

Airframe availability is limited by maintenance. Unscheduled
arisings are not predictable and are ignored at the planning stage,
except for the occasional tasking of “spare" aircraft. Spare aircraft
will be determined by the planner and added to the schedule. The
scheduling system will not consider spares exéept for checking ramp
capacity limits.

Where aircraft return to the Depot (Richmond usually), scheduled
servicings become transparent to the airlift planner. Airframe changes
are managed by maintenance planners without affecting the mumber of
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aircraft available. The planning system will not account for aircraft
by tail number ie down to specific airframe.

When absent from the depot for a period exceeding time to next
major servicing, an airframe may be able to be serviced remotely.
Altermatively, an airframe change may be performed remotely with
deadlegs not met by the exercise or the airframe recalled to the depot
with deadlegs met by the exercise. Normally, airframe changes are
transparent to an operation. Consequently, the scheduling system will
not consider major servicing demands for an aircraft to return to depot.
Flying hour costs of a return to depot will be assumed to be not met
from operation allocation. However, the scheduling system should favour
tasking with regular returns to depot. Definite return to depot
requirements can be applied by the planner after initial planning.

Obviously, aircrew availability affects airframe availability to

perform tasks. Though an aircraft is not restricted to one crew, only

one Crew can man the airframe at any time (including turnaround).
Individual crew restrictions have already been addressed. Additional
Crews are available at the depot or they can be pre-positioned en route,
otherwise caused slipping of crews. |

An algorithm to calculate the most efficient distribution of crews
would be complex. However, slip crew locating is a responsibility for
squadrons operating aircraft. Hence, effort by the scheduling system to
calculate slip crew distribution would be expensi;ve in terms of time
taken and design yet may not include all constraints that a squadron may
consider necessary. Any planned distribution would be subject to
squadron amendment. Therefore the application and distribution of slip
crews will not be considered by the scheduling system. Better
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performance would be achieved by planner input of slip crew usage based
on experience and oper:;ltirng squadron advice.

The plan proofing sub-system will highlight excessive route
timings based on minimum and single crewing. Therefore, application of
augmented and slip crews will be highlighted to the planner. Routes
found with excessive timings will still stand.

With the application of temporal constraints on uplift, the
scheduling of aircraft becomes important. Where windows of demand
availability are not matched, vet it is disadvantageous for the aircraft
to return to depot in between pick-ups, some systems allow a vehicle to
wait at a node for demand to become available. Though waiting should
not be discounted in the planning of RAAF airlift, the cost of having an
airframe idle and away from the depot must be considered.

As resources are provided in increments of flying hours and route
cost will be based on distance covered, implementation of an accurate
cost of waiting would be difficult. A more simple heuristic approach is
to be used. Firstly, maximum delay at any node on a route is limited to
two days. Airframes may wait enroute provided the cost to include legs
to the depot and return later to the node are not less than four hours
flying time per day waiting. Where crew rest must be taken at a node .
candidate for waiting, the period of crew rest is not included in the
wait period.

9. Operatjons: Mixed pick-ups and deliveries with split consigning
allowed.

With airlift, payload may be picked up from many nodes and
delivered to other nodes en route. Consequently, mixed pick-ups and
deliveries must be allowed, and the increase in algorithm complexity
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accepted. Because it is not unusual for demand at a node to exceed
aircraft capacity many times over, splitting of demand over many
aircraft must be allowed. VWhere a split pick-up is considered, the
Order of March should dictate the preferred split for each demand
location. This will be achieved by specifying unit loads and for each
unit comprising the demand at a node, if splitting of unit integrity is
allowed, and if so what restrictions may be applied. Where splitting
occurs, all pick-ups and deliveries must neet specified time windows.

Demand at a node may also be considerably less than an aircraft
load. Consolidation is permitted and best applied to cargo. For
personnel, limits are placed on time in transit and amount of extra
travel undertaken. Though transhipment is allowed, excessive cost
penalties apply where pex"sonnel must transit a way point overnight.
Obviously, through the Order of March, a plamner can specify if payload
cannot be consolidated or transhipped.

10. Costs: Routing costs.

Costing of airlift is a necessary requirement of the system and
the router and schedular should give some indication of the expected
cost of a airlift operation. Unfortunately, accurate costing of
military airlift is difficult. Though on the surface easily split
between fixed and variable operating costs, guidance from senior
management concerning the cost of airlift is still required. Examples
of this include the cost of training, salaries for crews and fuel and
services from RAAF, other military and civil airfields.

The RAAF has a fixed fleet size. Therefore, it would be normal
for costs to be based on variable routing costs. As resources are

provided in units of flying hours, costs will be calculated in units of
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flying hours. Despite the inaccuracies this approach introduces, it is
a reasonable approach as flying hours consumed is a factor of distance
and input cruise speed for each aircraft type, providing a linear
relationship to distance covered.

Different aircraft types have different operating costs for each
flying hour. Though accurate hourly costs are difficult to derive,
there are clear differences between operating costs of same types. As
the routing and scheduling system examines one aircraft type, the C130,
it can base its costing on flying hours. However, to provide information
to a planner to allow him to best apply different airframe types, the
proofing and checking component of the system will provide an
approximate costing in dollars of the lift operation. As this systenm is
applied after the routing and scheduling system and after the planner
has applied planned airlift for other aircraft types, a good indicative
costing can be provided. Costs will be based on the number of plannéd
hours found by the proofing and checking system, for each aircraft type,
rultiplied by the operator specified per hour cost of each aircraft
type.

11. Objectives: Minimise total routing costs.

Two conflicting yet possible objectives implies that separate
routing and scheduling systems are required. Altématively, one
objective may be applied in all cases. The other objective could be
applied.as a constraint. As the minimisation of variable costs, ie
hours consumed, while meeting requirements is the cammon ocbjective, it
will be applied.

However, the minimum application of airframes will also be

supported interactively. To operate the routing and scheduling system,
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the operator inputs the airframe allocation as elther one figure per
airframe type which is consistent across the airlift .period or a daily
availability for each type. By varying the maximm airframe allocation
and disposition and re-running the router and schedular with these
modified inputs, the planner can ascertain the charnge in airlift cost or
duration caused by the change in allocation. Therefore, in the less
common case where airframes committed or duration of 1lift must be
minimised, the system will support location of feasible alternatives and

assist in the ranking.

Static Router and Schedular

The static router and schedular is a component of the RAPS.
Through interactive support and analysis, it helps an operator derive
the first version of an airlift plan. After defining parameters that
control matching and search sequences, the operator chooses methods to
match lift requirements against resources. Matching commences and the
operator is kept appraised of progress.

Matching only considers Cl130 aircraft. Best results occur when
tne operator defines non-Cl30 activity before running the matching
process.

During matching, operator input is sought. The operator makes
decisions concerning control of analysis, such as the rejection of a
lifi: request. The operator also adjudicates on issues of payload .
feasibility and manipulation of lift request time frames. Lastly, the
router and schedular presents results to the operator and work can be
either acceptance or rejected for further review.
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Two heuristic matching methods are _available. The operator may
choose to apply any or all methods. After each process, the system will
prsérrt results of the matching. Result statistics include expectations
of:

1. plan feasihility,

2. flying hours required in weekly units,

3. aircraft required per day and indications of their utilisation,

4. payload expressed as grand and weekly totals and dissected into
units of personnel and freight, and

5. Order of March entities moved on their preferred day, within their
available window and outside their available window expressed as entity
totals, payload totals and percentages.

This data gives good indication of cost of the plan, resource
cormmitment and utilisation and customer satisfaction. Armed with this
and thé ability to closely scrutinise the draft planA produced by each
method, the operator decides which method's result to adopt as the
initial version of the operation's airlift plan.

Application

The component has application after detailed definition of
scenario, br&souroes available and lift requirement. Requirements are
matched to resources in a heuristic fashion to derive a feasible plan
that aims to meet lift windows and minimise resources committed.

Though intended to only be run once during an airlift operation, a
planner may choose to run the static router and schedular many times.

By tuning resource and requirement definitions after runs, an operator

can derive a better starting plan.
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The router and schedular only analyses requirements and resources.
It is not responsible for compilation of data for an operation, relying
on other system components to build and edit glabal and operation
specific data.

The routing and scheduling of limited airlift resources is a
difficult problem. Mathematically, it falls into the hard category of
operations research problems, meaning that it is computationally
burdensome in both computer time and space.

When confronted with burdensome problems two options are
available. First, given the time and computer power, optimal solutions
can be generated, often by trial and error or systematic elimination of
candidate solutions.

”Alternatively, quicker methods, based on heuristic approaches, are
applied. While generating solutions sooner, rule of thumb approaches
have drawbacks. . They do not guarantee optimality. Solution techniques
often attempt to find an initial feasible solution. Improvements are
attempted while maintaining feasibility. If some measure of the optimal
solution is known, this approach probably could find it. However, this
is not so with airlift planning as no guarantee of optimality is
possible.

This should not be surprising to the airlift planner. Manual
techniques apply much the same approach. Time dictates that only a
small portion of possible solutions be considered for most problems.
The narrowing of alternatives, though often intuitive, involves rule of

thumb techniques based on experience.
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The router and schedular applies heuristic techniques. Therefore,
optimality can neither be guaranteed nor realised. Further, most
objectives of airlift planning are qualitative, including issues such as
fluidity, flexibility, responsiveness and usefulness. Quantitative
models must be derived for them. This usually involves simplification
of objectives which further reduces likelihood of finding optimality or
even realising when optimality has been achieved.

However, heuristic methods do derive timely solutions to airlift
routing and scheduling problems. Optimality too late is useless. Also,
given the dynamic nature of airlift in operations, a priori optimality
does not mean much. What is required is a good starting point.
Heuristic methods, if applied properly, "can generate a 'good' solution
rather quickly and the result provides significant improvement over
trying to create a schedule marwally" (Davis, M., 1988:132).

The router and schedular relies on three players. It harnesses
the computers speed with simple and repetitive calculations. It relies
on research and considered techniques, in computer code, to guide sirple
decision making. These players are subordinate to the operator, who
makes executive decisions and applies real world considerations.
Together, these players can produce a good initial airlift plan, given
sufficient direction, data and time. -

Effect of Scenario Upcn Component Usefulness

Generally, the routi;q aspects of airlift planning lend themselves
better to automation. Constraints and objectives tend to be more linear
and quantitative, being concerned with issues of meeting demand and
minimising distance covered. Scheduling aspects of airlift planning are
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more qualitative and deal with issues of customer service and
satisfaction.

The static router and schedular is best suited to an operation
involving many departures and destinations. This situation provides
many alternatives to mix airlift and requires many simple and repetitive
computations. An operation with few departure and destination point,
such as a round the clock logistics build-up or fly-in, usually involves
the airlift planner in aspects of managing crew duty periods and
detailed load planning. Because of their complexity and non-linearity,
high level planning models are used to plan crew duty and loads.

Alternatively, the operat';or may choose to manually conceive the
initial plan. This option suits small scale scenarios or operations
involving rigid airlift commitment.

Limited Aircraft Type Consideration

Only the C130 aircraft type is considered in the automatic
matching of requirements against resources. The Cl130 is the predominate
airlift resource of the RAAF. Yet, it is not usually subject to strict
directions concerning use. Most departure and destination airfields can
accept the aircraft and minimal ground handling is required.

Conversely, the B707 and civil leased aircraft are often subject
to a priori tasking. Additionally, there are many constraints on their
operations, such as pavement restrictions, ground handling requirements
and contractual obligations.

To automatically match these resources against requirements,
complex methods would be required. 2dditionally, vast amounts of data

would require input for each application. Yet gross simplifications
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would still have to be applied. For results to be useful, significant
operator input would be required. '

Given the restrictions on non-Cl30 aircraft application and their
minor role in most airlift operations, the operator cculd derive a
concept of application without computer support. Consequently, the
system concentrates on assisting operator tasking and maintenance of
non-C130 airlift. Having decided how non-C130 airlift will be applied,
the operator can use system functions to add and modify their tasking.

However, the router and schedular does acknowledge non-Cl130
tasking made before running the component. It reduces the Order of
March 1lift requirement that it matches by that paylocad met by manually
tasked aircraft.

Inputs

Inputs can be divide into three groups, environment, resources and
lift. Input is provided in electronic form. Other components of RAPS,
such as the global data building and major and minor database
manipulation routines provide the support to build and present data.
Alternatively, electronic data interchange conventions may allow data to
be "imported" from other sources.

Envirormment Inputs

Environmental data is comprised of two groups. The first is data

global to the airlift planning, including:

1. airfield data such as global location and limitations in pavement
or parking.
2. aircraft characteristics including speed and endurance for C130

and non-C120 aircraft, and

3. aircrew day limits by airframe type.
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The other group includes decisions and limits already in place for

the operation. These include:

1.

(V3]
.

and

manually defined C130 partial and full loads,
manually defined non~Cl30 loads, and
home base airfield for Cl130s.
Lift Resource Inputs
Resource limits must be specified to the system, in terms of:

maximm airframes per day, by type allocated for the operation,

total flying hours available by airframe type.

Lift Requirement Inputs

The prime document which specifies uplift or customer requirements

is the Order of March. For each entity, the Order of March includes:

1. departure airfield,

2. destination airfieid,

3 window where available for uplift,

4. preferred uplift day within window,

5. flexibility in uplift day indicator, and

G. relation to other Order of March entities and the specific
relationship.

Qutputs

The system outputs detailed and summary data. Detailed data is

formatted as a draft plan, which other components of RAPS can access and

manipulate. Summary data includes:

1.

(&8
.

— e e

ajircraft committed per day with maximum and minimum highlighted,
total payload moved,

number of entities lifted,
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4. entities moved on their preferred lift day,

5. entities moved within their window but not on their preferred lift

6. entities struck from matching,

7. flying hours committed,
8. flying hours not committed, and
9. plan feasibility or infeasibility.

Besides being available in hard or printed form, output is
produced in electronic form. This facilitates ready adoption by RAPS of
a draft plan as the initial plan for an operation. Another component
allows the draft to be adopted. Additicnally, ready “export" to other
computer applications results.

Each algorithm produces output. However, dafa is directed to
different holding files, allowing the operator to review results of rmore
than one algc;rithm before choosing one to adopt as an initial plan. Re-
runs of an algorithm will overwrite previous output from that algorithm
for the operation, though the operator is inen an option to move
previous versions to other files.

Procedure

The system will first allow the operator to input planned
commitment of non-Cl30 types and "must go in this form" C130 tasks.
Remaining lift requirement will be matched by.the system, using a
heuristic routing and scheduling algorithm. Basic feasibility checks
will be applied, including flight duration, adherence to windows for
minimum flexibility entities and exceeding resources available. A plan,

if feasible, will be presented to the operator.
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No Feasible Plan

Where the system cannot meet the lift regquirement with the
resources allocated, no feasible plan can be formulated. Feasibility is
a cambination of meeting demand, within resources limits and within hard
time limits. Inability to remain feasible and within movement windows
will not usually cause plan infeasibility. The system considers windows
of entities without the lowest flexibility indicator to be "soft". It
will autcmatically relax these windows to find a feasible plan.

Operator input will define the initial direction of relaxation ie move
window forward or backward.

Because of the heuristic approach, no initial infeasibility does
not mean that there is no possible solution. However, this is likely.

If no feasible initial plan can be located, the system will store
the progress it made in planning the airlift. A suitable message is
displayed, including a percentage indicator of the lift ﬁet before
infeasibility. The operator can review the plan and provide remedial
assistance. Assistance could take the form of more manual routing, an
increase in resources or a reduction in requirement. Changes would be
made to inputs or the overriding operator tasking, all of which will
require electronic amendment. The remedial options either ease the
constraints or guide the algorithm toward some preconceived notion of
the solution.

Altermatively, the operator may sigﬁal acceptance of the progress
made to date with planning, allowing the system to consider only that
proportion of the inputs committed in the feasible plan. Upon
acceptance, the system will consider process but only considering the
partial case ie proofing will be performed even though the plan is
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incomplete. The approach may be suitable where infeasibility was
encountered with only few entities remaining to commit. Processing
ordering should ensure these entities are the smallest and most
marginally expensive to apply.
Feasible Plan

If a feasible plan is found, it is presented to the operator in
electronic and summary form. The operator may print the report, study
it and make overriding amendments to the electronic form of the plan.
Upon signal to continue, the system will examine the electronic form of

the plan, which may have been amended by the operator, and cormence

proofing it.
Insertion Algorithm - Sequential

The seguential insertion algorithm attempts to find a plan by
maintaining feasibility. Airlift resources cannot be committed in
excess of daily limits. After arranging Order of March entities by
importance, the algorithm steps through each entity, assigning airlift
to meet lift requirements. Uplift on the preferred day is first
attempted, followed by the nearest day within each entity's uplift
window. If lift cannot be met within the window, the operator can allow
the window to be relaxed or the entity struck from the planning process.

Upon finalisation, the algorithm declares feasibility if all lift
has either been assigned or struck from the assigrment process.
Infeasibility results when lift could not be assigned in a way to stay
within airlift resource limits. Regardless of feasibility, supporting
summary data and a detailed plan are presented upon completion. Should
airlift resource limits be observed, the plan is declared feasible,

regardless of lift of entities outside windows.
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This algorithm is the "airlift provider's friend," keeping
additional airlift resources at arms length. It has best application
where ajrlift resource limits are firm. Always staying within daily
airlift limits, this algorithm meets 1lift requirements in order of
importance. The operator can choose to discard entities.

However, the algorithm is prone to bogging down when the Order of
March requires surges in airlift. Though excessive tasking for short
periods may be acceptable to management, the algorithm stubbornly
considers airlift limits as firm.

Order of March entities are first arranged by flexibility
indicator and the size of lift to gain relative significance. Each
entity is then considered for uplift on its preferred day.

Uplift of the whole entity on an existing task leg with sufficient
spare capacity is considered where lift-yet-to-be-met is less than an
aircraft load. COtherwise, additional airliét resources are comitted,
if available. If not available, additional tasking of existing airlift
is considered, though all lift must occur on the preferred day. If
still unable to met lift, attempts are made to spread the requirement
across nore than one existing task.

Allocation of lift to met requirements is performed in increments
of up to cne aircraft load. Where an entity requires more than one
aircraft's comnitment, the lift allocation sequence considers one
aircraft lots. After an allocation, residue lift-yet-to-be-met is then
resubjected to the complete allocation process.

Where lift cannot be met on the preferred day, the system examines

other days within the lift window, seeking the closest day. Though the
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full window is considered, operator definition of direction of search
affects search order.

If 1ift still cannot be met, operator advice is sought. Options
allow expansion of windows in defined directions} the striking of
entities from the process or halting of algorithm processing.

Where part of an entity's lift requirement remains not met and a
shift in day is needed, that portion already met on the day remains met
on that day.

Detailed Algorithm
Control

1. Order entities by ascending flexibility indicator and then by
descending size of lift.

2. Take the next entity in order. If none remain, go to finalisation
(step 15). Otherwise, assign the lift day as the preferred lift day and
set lift-yet-to-be-met to the lift recquired.

3. Perform allocation (steps 8 through 14), using the defined lift
day. If all lift is met go to step 2.

4. If the entity has the lowest flexibility indicator go to step 6.
If the entity's day of lift can move in the direction defined by the
operator and remain within the allowed window, set lift day to the
nearest day in the defined direction and within the window and go to
step 3.

5. If the entity's day of lift move any direction and remain within
the allowed window, set lift day to the nearest day that is within the
wWindow and go to step 3.

6. Advise the cperator that lift cannot be met within the available
window or because of low flexibility. Three options are presented to
the operator:

(1) Halt processing, record the plan as infeasible and go to
finalisation (step 15). This option would be taken when the
operator senses that, under this algorithm, the Order of March
Clearly cannot be met by the airlift resources. The matching
would be terminated, the plan as infeasible and summary statistics
finalised.

(ii) Strike entity from the matching and go to step 2. This
option allows all or part of the entity to be struck from the
algorithm. This allows the operator to maintain the entity's
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lift, flexibility indicator and window. The operator may be
prepared to task aircraft above the defined maximm per day or
review the situation once cother entities are tasked. Essentially,
this option means "Don‘t worry about it; I'll do it myself!". The
operator can choose to eliminate all of the entity or only that
part of the entity's lift that remains not met.

(iii) Bgpand the entity's window until lift is met and go to
step 3. This option allows amending of defined lift window,
implying softness into window restrictions.

Considering the operator globally defined preferred direction of
window relaxation, the system either expands only in the stated
direction or in both directions, starting with the preferred direction.
Thus, the planned day of lift for the entity will move in the defined
direction to that day closest to the window where lift can be met.

Having selected a new lift day, go to step 3. A safety bound will
limit the maximm number of days an entity's window can expand. If the
bound is reached, go to step 6 (this step again) but restrict options
only to halting processing or striking the entity.

7. Go to step 2.
Allocation

8. If the lift-yet-to-be-met is one aircraft load or more go to step
10 otherwise go to step 9.

9. Search for excess capacity on aircraft flying the required leg on
lift day. Where aircraft fly the leg, examine spare load capacity and
attempt to fit the lift onto an existing leg. The lift-yet-to~be-met
must be met by one task leg. No spreading of load across legs is
allowed yet. Where it is not cbvious nor recorded that the additional
load is possible, operator decision will be sought and recorded. If the
lift can be met without additional tasking, update the payload on the
earmarked leg, mark the lift as met and go to step 14.

10. Arethereaucraftmyettobetaskedmmatday’ (New
aircraft are available to task until the maximum aircraft per day limit
is reached.) If not available, go to step 11. If available:

(1) task one new aircraft, including task and dead legs, and
reduce airframes still available for the day, .

(ii) -reduce lift-yet-to-be-met by the load for the new
aircraft,

(iii) record spare payload capacity, and
(iv) go to step 14.

11. As there are no new aircraft avazlable, the system will attempt to
allocate extra tasking to aircraft already in the flow.
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If additional tasking can be accammodated by an aircraft already
tasked on the day:

(1) expand aircraft tasking to provide the new task and dead
legs,
(1) record spare payload capacity,

(iii) reduce lift-yet~to-be-met by the load for the new leg,
and

(iv) go to step 14.

12. Search for excess capacity on aircraft flying the reguired leg on
the lift day. Where aircraft are flying the leg, examine spare load
capacity and atteapt to fit the lift across existing legs. As lift-yet-
to-be-met can now be wpread across more than one leg, the algorithm
essentially takes what it can get.

Where it is not ocbvious nor recorded that the additional load is
possible, operator decision will be sought and recorded. If the lift
can be met without additional tasking, update the payload on the
earmarked legs and changes to task and dead legs, mark the lift as met
and go to step 14.

13. Exit allocation with lift-yet-to-be-met greater than zero.
14. Exit allocation if lift-yet-to-be-met equals zero. Otherwise go
to step 3
Finalisation
15. Derive.and output summary data including:

(1) aircraft committed per day with maximum and minimm
highlighted,

(ii) total paylocad moved,
(iii) number of entities lifted,
(iv) entities moved on their preferred lift day,

) entities moved within their window but not on their
preferred lift day,

(vi) entities struck from matching,
{(vii) flying hours estimated,

(viii) flying hours not committed, and
{ix) plan feasibility or infeasibility.
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16. Derive detailed plan, drawing on data from the Order of March ard
airlift, unit, command and location global and operation specific data
files.

17. Output plan detail if desired by operator.

18. Provide electronic copy if desired by operator.

Insertion Algorithm - Parallel
The parallel insertion algorithm first commits airlift on the

preferred day of lift of all entities, regardless of airlift resource
limits. Simple improvements attempt to move the plan from infeasibility
to feasibility. Final improvements examine aligmment of tasks to
improve efficiency. The operator is advised of algorithm progression
and, upon completion, summary and detailed plan states.

This algorithm has best application where lift regquirements
clearly exceed airlift resources allocated or where airlift resource
daily limits are soft (ie increases are readiiy entertained).
Essentially, the algorithm lets entities "have their way". Iterations
of airlift smoothing occur until operator satisfaction with expected
airlift resource comuitment.

However, where airlift resource limits are firm, this algorithm
will still seek to exceed limits and processing tends to be slow. This
algorithm is "the customer's friend" attempting to met all requirements
on preferred days.

After sorting entities by significance, this algorithm allcocates
different airlift resources to all entities on their preferred lift day.
Simple improvements to the plan are attempted by combining and aligning
tasks on each day. Airlift resources requirement estimates are amended
buat the plan is not. changed.
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With each improvement of the plan, the system presents the
expected plan state and gives the operator option to accept the state.
Should the operator accept the airlift commitment expected, hard airlift
resource limits will be ignored in favour of expected commitment. Final
improvements then attempt to improve efficiency and dovetail tasking.

If unacceptable peaks in commitment of airlift resources remain,
commitment is reviewed. For each day where airlift is overcommitted,
airlift carrying the least significant entity is shifted to the nearest
day where spare airlift exists and the entity's window is met. If
airlift cannot meet window restrictions, the next insignificant entity's
airlift is chosen. Only one aircraft task is moved per day.

Simple mprovement is again performed and airlift resource
requirements updated. Operator acceptance of the expected plan is again
sought.

Task movement and simple improvement iteratic;ns continue until
daily airlift commitments are within limits or no airlift can be moved
without missing entity windows. Plan feasibility and airlift resource
commitment per day are displayed to the operator.

If airlift remains unreasonably committed on some days, the
operator can allow the system to relax windows. Incremental movement
and improvement is again performed but without window constraints.

Having met resource limits or received operator acceptance of
expected resource commitment, the system finalises by permanently
applying improvements to derive a detailed plan. Each day is analysed
and tasks combined where preferable. Tasks can spread into the

following day provided only dead legs are flown on that day and the
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agreed airlift commitment is not exceeded. Tasks are end-to-ended

between days.
Finalisation produces summary statistics of the plan and an

electronic form of the detailed plan.

Detailed Algorithm
Allocation

1. For each entity, allocate required tasks on preferred days.
Record legs tasked and dead, payload committed per aircraft and entity
lifted. Set smoothing-limits to include windows.

2. Perform sirple improvements (steps 12 through 17).

3. Calculate plan feasibility and expected airlift cammitment.
Airlift commitment is only expected as firm aligmment (ie dove-tailing
or end-to-ending) and combination of tasks to form a detailed plan does
not occur until finalisation. The plan is feasible if lift is met
within daily airlift resource limits.

Advise the operator of the plan's present state including:
(1) plan feasibility or infeasibility, '

(ii) expected airlift resource commitment per day including
daily and grand totals of numbers of aircraft with full, half to
full, quarter to half and less than quarter payload cormitment,
and

(iii) how lift was met with totals.of entities and payload
amounts that were met on preferred days, within windows and
outside of windows.

4. Prompt for operator acceptance of plan. The operator, having been
presented the expected airlift resource commitment and customer service
level, decides draft plan acceptability. Acceptance suggests the
following:

(i) The airlift resource commitment is satisfactory. Though
the commitment may exceed daily limits sometimes, expected surges
in tasking may be acceptable to airlift operators; or

(i) Custamer service cannot be reduced. Further smoothing of
the plan to reduce surges in airlift will only reduce customer
satisfaction. Entities moved on their preferred day and/or
entities moved within their window will probably reduce.

If the plan is accepted, go to final improvements (steps 27
through 37).
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6. If smoothing-limits already exclude windows, go to step 3.

7. If smoothing-change was not possible (given window constraints
exist), advise the operator that no improvement is possible without
moving entities outside availability windows. Perform step 4. If the
plan is now accepted go to final improvements (steps 27 through 37).
Otherwise set smoothing-limits to exclude windows and go to step 9.

8. If smoothing-change was not possible (given window constraints do
not exist), advise the operator that no more smoothing is possible,
given resource daily limits. Go to final improvements (steps 27 through
37).

9. Prompt the operator if smoothing of all days with expected
camnitment in excess of limits is required or only those days above a
certain expected aircraft commitment. If an arbitrary limit is
preferred, prompt for the arbitrary-aircraft-daily-limit. Otherwise set
the value to zero.

10. Perform smoothing (steps 18 through 26), passing smoothing- limits
and arbitrary-aircraft-daily-limit.

11. Go to step 2.

Simple Irprovement
12. Start with the first day. Mark the plan as feasible.

13. Where aircraft fly identical legs on the same day and loads can be
corbined onto one task, combine them and delete spare legs.

14. If two tasks share destination or departure points, combine them
if dead legs can be reduced. All tasks must be met on the day and
aircrew duty limits observed.

15. If two tasks have either way points, departures or destinations in
common, and loads can be combined onto one aircraft, combine tasks to

reduce deadheading. All tasks must be met on the day and aircrew duty
limits observed.

16. Record the revised number of expected airlift resocurces required.
If this exceeds limits, mark the plan as infeasible.

17. If days remain in the plan, proceed to the next and go to step. 13.
Otherwise exit simple. improvements.

Smoothing

18. Start with the first day in the plan. Set smocthing-change as not
possible.
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19. If arbitrary-aircraft-daily-iimit equals zero (no arbitrary limit)
and lift resources committed do not exceed daily resource limits, go to
step 26.

20. If arbitrary-aircraft-daily-limit is not equal to zero (arbitrary
limit imposed) and lift resources committed does not exceed this value
go to step 26.

21. Choose the airlift tasking, not already marked, with the least
important entity. Where mcre than one entity is met by a task, the most
important entity is considered in the search. Mark the task.

22. Moving the entity or entities in the defined direction, find the
nearest day where spare aircraft exist ie where the airlift resource
limit is greater than expected airlift committed.

23. If smoothing limits include windows and “he nearest day falls
outside an entity's or entities' window or windows, select another
candidate by going to step 21.

24. Move candidate entity's or entities' lift to new day and update
expected airlift commitment.

25. Record smoothing-change as possible.
26. Increment. day. If no more days exist exit smoocthing. Otherwise

go to step 19.

Final Improvement

27. Start with the first day. Set the plan as feasible.

28. Revise the previous day's tasking to locate aircraft tasking that
finished away from home base. Home base, usually Richmond, will be
defined by the operator at operation definition stage.

29. Where aircraft fly identical legs on the same day and loads can be
combined onto one task, combine them and delete spare legs. Amend
tasked airlift.

30. Allow the operator to define a minimum payload that any tasked
aircraft must carry to remain in the matching. This removes light and
effective aircraft tasking. Locate candidates tasks for removal. After
receiving operator concurrence for each removal, remove task, amend
aircraft commitment and record lift as not met.

31l. If tasks have either way points, departures or destinations in
common, and loads can be combined onto one aircraft, combine tasks if it
reduces deadheading. Ensure task leg for aircraft include all legs
required to meet all tasks that are now merged. All tasks must be met
on the day and aircrew duty limits observed. Amend tasked airlift.
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32. Perform full truck locad heuristic matching of day's tasks,
incorporating any aircraft starting the day away from home. Amend
tasked airlift to record matching.

33. Record the revised number of airlift resources required. If this
exceeds limits, mark the plan as infeasible.

34. If days remain in the plan, proceed to the next and go to step 28.

35. Derive detailed plan, using the full truck heuristic matching
results and drawing from the Order of March, unit, command, aircraft and
location glcbal and operation specific data files. Provide electronic
copy of plan if required by the operator.

36. Derive and output summary statistics, including:
(i) aircraft committed per day .with maximum and minimum
highlighted,
(11i) total payload moved,

(iii) number of entities lifted,
(1v) entities moved on their preferred lift day,

(V) entities moved within their window but not on their
preferred lift day,

(vi) entities struck from matching,
(vii) flying hours estimated,
(viii) flying hours not committed, and

(ix) plan feasibility or infeasibility.

w
~J]
.

Output results if required by the operator.
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