




TBDMI1 Scores for Hybrid Strategy
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Figure 3.10: TBDMI1 maps for the sixth basing strategy
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Together the previous results and the results from the limited data set suggest a sixth

and final basing strategy which acknowledges the increasing importance of the south

east (as seen in FY08-FY09 panes of figures 3.3 and 3.4), the ongoing importance

of the north east, and serious doubts that tankers are truly needed at Selfridge Air

Force Base. This hand made strategy starts with the tanker basing plan generated

by the truncated data set, moves the 12 tankers positioned at Selfridge AFB back

into Bangor, and moves the 12 tankers positioned at Grissom down to Birmingham.

The TBDMI1 maps produced by the hybrid basing strategy (see figure 3.10) and the

previous basing strategies suggest that the region between western Illinois and and

Western Pennsylvania can be covered reasonably well by tankers positioned at the

corners (e.g. Scott AFB, and Rickenbacker AFB, or Scott AFB and Pittsburgh).

It also demonstrates that the south will be well served by an additional 12 tankers

somewhere near Birmingham. Finally, considering the fact that the demand in the

North East is not 100% permanent, it seems reasonable to expect that surges in AR

demand along the north east will be supported by temporarily positioning tankers

from other parts of the country at Bangor or Pease.

3.5 Suggestions for Further Research

The location routing model presented in this chapter takes a very simple and narrow

view of the the tanker basing problem. Meanwhile, planners have to deal with less

tangible factors such as the ability for Air National Guard units to recruit tanker

crews and maintenance staff, noise pollution, air space restrictions, and encroachment

on surrounding civilian populations. Future research should focus on more detailed

models which consider these factors as well as the costs of opening new tanker bases,

moving tanker units from their current locations, increasing the capacity of tanker

bases, and downsizing or closing existing locations. Also, considering the 10 to 20

year time line involved, realistic models will make an attempt to account for the time

value of money.

The time horizon on KC-X basing decisions also makes it critical to develop the

ability to accurately forecasts changes in the geographic distribution of AR demand.

Currently analysts are forced to assume that the receiver basing structure, practice
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range structure, and intensity of receiver activity will stay approximately the same

over the course of the next 10 years. This is because a large portion of the AR

event records which are readily available to analysts in a query-able form do not

reference the receiver unit or the receiver type. As a result it is very difficult to

study the structure of current AR demand with respect to the current receiver bed

down strategy. By extension, it is very difficult to forecast changes in the geographic

distribution of AR demand with changes in the receiver bed down plan.

Finally, because these are rather lofty goals, it might be useful in the near term to

consider other narrowly focused tanker basing problems and see how their TBDMI

scores stack up to the TBDMI scores of the model presented in this chapter. For

example, it may be interesting to study a location routing model which attempts

to minimize the maximum distance traveled by any one tanker sortie. It may also

be interesting to consider a model which minimizes the number of tanker bases put

into service, while satisfying similar scheduling constraints and limiting the maximum

round trip distance traveled by a single tanker sortie.
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Chapter 4

Optimizing Tanker Training

Schedules

4.1 Introduction

Most of the tanker aircraft (e.g. KC-135s) are controlled by individual Air National

Guard units, or units in the Air Force Reserves. Because these units cannot be directly

tasked by 618 TACC there is little to no central authority coordinating tanker and

receiver training schedules. At most, 618 TACC is responsible for managing a web

based process called the Horse Blanket and encourages tanker and receiver units to

communicate their training requirements and coordinate their schedules through this

system. However, because engagement in the Horse Blanket process is optional, a

large number of low priority AR training missions are planned over the phone at

the unit level. Even when the Horse Blanket is used to schedule AR events, little

to no effort is made at the global level to find training schedules which minimize

the total distances traveled or maximize the number of receivers supported per mile

traveled. In fact most of the AR events supported through the Horse Blanket enter

the system already paired to a tanker unit. Thus the system is often prevented from

using optimization of any sort to find better schedules.

For the last three years the Air Mobility Command has been looking for ways to

improve the situation. The following research was done to provide a first rough

estimate on the amount of money that could be saved by reforming the system.
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4.2 A Scheduling Model

The Horse Blanket Process is a quarterly process designed to help receiver units

and tanker units communicate their training requirements and coordinate a training

schedule. In theory, at the beginning of each fiscal quarter, receiver units are suppose

to provide the Horse Blanket with a list of their requirements and tanker units are

suppose to provide it with their availability. If this was truly the case, the system’s

optimization tools could be engaged to find an optimal schedule. It is widely believed,

however, that receiver units load more requests into the system than they actually

need, hoping that enough requests are supported to satisfy their true requirement.

Meanwhile it is believed tanker units hold back on posting their availability until they

see a receiver request they are willing to support. In addition to this, a large number

of events are entered into the system as complete, pre-coordinated, packages.

In spite of the fact that end users don’t allow the Horse Blanket process to work as it

was designed it is, none the less, a warehouse of primordial scheduling data. Specifi-

cally, each AR request entered into the system provides the day, location, start time,

and duration of a training event which a receiver unit is willing to support along with

the number and type of receiver aircraft the unit is willing to provide. Consequently,

a receiver unit’s list of requests can be viewed as an accurate calendar of its avail-

ability. Meanwhile the list of AR events supported by a tanker unit communicates

both the weekly availability of that tanker unit, as well as the mix of receiver types,

and number of day and night time events the tanker unit needs in order to satisfy

its quarterly training requirements. With this interpretation of the data in mind,

consider the optimization problem given by equations (4.1) through (4.10).

min
I∑

i=1

J∑

j=1

XijDij (4.1)

such that:

1 ≥
J∑

j=1

Xij 1 ≤ i ≤ I (4.2)
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TWSjh ≥
∑

i∈Wh

XijTi 1 ≤ j ≤ J, 1 ≤ h ≤ H (4.3)

TNFj ≤
∑

i∈NF

XijTi 1 ≤ j ≤ J (4.4)

TNHj ≤
∑

i∈NH

XijTi 1 ≤ j ≤ J (4.5)

TDFj ≤
∑

i∈DF

XijTi 1 ≤ j ≤ J (4.6)

TDHj ≤
∑

i∈DH

XijTi 1 ≤ j ≤ J (4.7)

RWDDkh ≤
∑

i∈DWkh

XijRik 1 ≤ k ≤ K, 1 ≤ h ≤ H (4.8)

RWNDkh ≤
∑

i∈NWkh

XijRik 1 ≤ k ≤ K, 1 ≤ h ≤ H (4.9)

Xij Binary (4.10)

The indices h, i, j, and k refer to week, AR event, tanker unit, and receiver unit IDs

respectively. The binary decision variable Xij is equal to 1 if event i is assigned to

tanker unit j, and 0 otherwise.

The constraints defined in equation (4.2) require that each AR event is assigned to

at most one tanker unit.

The constraints defined by equation (4.3) use the constants TWSjh (Tanker Unit

Weekly Supply) and the constant Ti (Number of Tankers Required By Event) to

control the number of tanker sorties each tanker unit is expected to generate during

each week of the quarter. Note that the sums in these constraints are restricted to

the AR events which are scheduled to occur during a given week (i ∈ Wh). Also note

that this constraint, and the ones that follow, tacitly assume that each tanker sortie

only supports one AR event.

The constants TNFj (Tanker Unit Night Fighter Requirement), TNHj (Tanker Unit

Night Heavy Requirement), TDFj (Tanker Unit Day Fighter Requirement) and TDHj

(Tanker Unit Day Heavy Requirement) are used with Ti in constraints (4.4) through
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(4.7) to ensure that each tanker unit gets the number of day and night time sorties

it needs over the quarter and to maintain each unit’s mix of receiver aircraft. Note

that the sums in these constraints are restricted to AR events which are associated

with night fighters (i ∈ NF), night heavies (i ∈ NH), day fighters (i ∈ DF), and day

heavies (i ∈ DH), respectively.

The constants RWDDkh (Receiver Unit Weekly Day Time Demand) RWNDkh (Re-

ceiver Unit Weekly Night Time Demand) are used along with the constant Ri (the

number of receiver aircraft participating in an event) in constraints (4.8) and (4.9) to

guarantee that each receiver unit is provided a minimum level of day and night time

support in every week of the quarter. Note that the sums in these constraints are

restricted to day or night time events of a particular receiver unit and week (i ∈DWkh

and i ∈NWkh, respectively).

Finally, the objective function of this problem uses the distance Dij between the ith

AR event and jth tanker unit to compute the total distance flown between the tanker

units, and the supported AR events. Minimizing this objective should drive the model

toward the schedule which provides receiver units the same minimum level of weekly

support while maintaining both the weekly operations tempo and receiver portfolios

of each tanker unit.

4.3 Results

The optimization model given in equations (4.1) through (4.10) was used to evaluate

the Horse Blanket data of each quarter from FY07-2 through FY10-3. It was found

that reforming the Horse Blanket System or its practice of use could reduce the

average number of miles flown per quarter by as much as 23%. Assuming average

ground speeds of 420 miles per hour, and average tanker operating costs of $7,000

per hour [4] this amounts to average quarterly savings of $7,424,039. Over the three

complete years of data, this translates to an average annual savings of $26,454,956.

While the real savings from reform will be less than the amounts suggested by this

study, it is unlikely that they will be an order of magnitude less. Finally, these

results were recently used in presentations that convinced senior leaders at HQ AMC

to engage the human resources needed to reform the Horse Blanket process.

77



QRTR HB_MILES OPT_MILES ABS_DIFF HB_COST OPT_COST ABS_DIFF % DIFF
FY07-2 2,390,246     1,831,517     558,729     39,837,433    30,525,283    9,312,150     23.38%

FY07-3 2,636,532     1,720,960     915,572     43,942,200    28,682,667    15,259,533    34.73%

FY07-4 2,297,852     1,707,484     590,368     38,297,533    28,458,067    9,839,467     25.69%

FY08-1 2,001,947     1,425,710     576,237     33,365,783    23,761,833    9,603,950     28.78%

FY08-2 1,928,148     1,469,946     458,202     32,135,800    24,499,100    7,636,700     23.76%

FY08-3 2,041,412     1,548,616     492,796     34,023,533    25,810,267    8,213,267     24.14%

FY08-4 1,652,343     1,324,980     327,363     27,539,050    22,083,000    5,456,050     19.81%

FY09-1 1,360,870     1,042,903     317,967     22,681,167    17,381,717    5,299,450     23.36%

FY09-2 1,522,343     1,222,715     299,628     25,372,383    20,378,583    4,993,800     19.68%

FY09-3 1,471,713     1,173,874     297,839     24,528,550    19,564,567    4,963,983     20.24%

FY09-4 2,207,274     1,721,781     485,493     36,787,900    28,696,350    8,091,550     22.00%

FY10-1 1,714,507     1,420,320     294,187     28,575,117    23,672,000    4,903,117     17.16%

FY10-2 1,426,747     1,140,058     286,689     23,779,117    19,000,967    4,778,150     20.09%

FY10-3 1,993,610     1,658,487     335,123     33,226,833    27,641,450    5,585,383     16.81%

TOTALS 26,645,544 20,409,351 6,236,193 444,092,400 340,155,850 103,936,550 23.98%

AVERAGE QRTLY Savings

MILES Dollars

7,424,039$     

Figure 4.1: Potential quarterly savings

QRTR HB_MILES OPT_MILES ABS_DIFF HB_COST OPT_COST ABS_DIFF % DIFF
FY07-4 to FY08-3 8,269,359     6,151,756     2,117,603   137,822,650   102,529,267   35,293,383    25.61%

FY08-4 to FY09-3 6,007,269     4,764,472     1,242,797   100,121,150   79,407,867    20,713,283    20.69%

FY09-4 to FY10-3 7,342,138     5,940,646     1,401,492   122,368,967   99,010,767    23,358,200    19.09%

3 Yr Total 21,618,766 16,856,874 4,761,892 360,312,767 280,947,900 79,364,867  22.03%

AVG Annual Savings 26,454,956$    

MILES Dollars

Figure 4.2: Potential annual savings
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4.4 Directions of Future Research

There are three areas of research needed to help AMC reform the Horse Blanket

Process. First, planners would like to know when it is advantageous to temporarily

reposition tankers near an area with a local surge in AR activity. To do this correctly

they will also need to know how to identify the resources that will be repositioned.

Second, data support the assertion that 90% of all round robin tanker sorties which

support an AR event only support one AR event. As a result, additional savings

could be realized if a larger share of tanker sorties supported 2 or more AR events.

Thus it will soon be necessary to formulate AR event scheduling as a Vehicle Routing

Problem with time windows. Finally in order for a more centralized scheduling process

to work and maintain the trust and respect of its end users, it will need to be able

to handle last minute requests, weather dealys, and maintenance cancellations with

out completely falling appart. Further research into the details of these events, and

scheduling in the face of uncertainty will be necessary to handle this challenge.
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