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ABSTRACT 

 

United States Transportation Command’s (USTRANSCOM's) current approach for transportation mode 

selection involves countless complicated decisions, few of which are objective or systematic. The 

proposed methodology combines Value Focused Thinking and network optimization/linear 

programming to provide a novel strategic multi-objective multi-commodity flow model suitable for use 

by USTRANSCOM. A general formulation of the network and accompanying linear program along with 

an example application showing the simplicity of the approach are provided. Because of the structure of 

linear program, solutions can be obtained efficiently. 

 

INTRODUCTION 
 

With a $120 billion annual budget, logistics in the Department of Defense is overwhelmingly 

complicated [12]. Transportation costs alone total $10 billion--opportunities for improvement with a 

budget of this size are countless. The joint command in charge of this budget and responsible for all 

military transportation during peace and war times is USTRANSCOM. With a direct link to the 

President and Secretary of Defense, they are an integral part of our nation’s warfighting capability, and 

are in need of advanced modeling methods in order to accomplish their mission efficiently and 

effectively.  

 

Supply chain and logistics in the U.S. military is vitally important to the security of our citizens. It 

ensures our military force is ready to protect and defend the United States. The following quote sums up 

the military supply chain, "The DoD supply chain is a global network of DoD and commercial supply, 

maintenance, and distribution activities that acquires and delivers materiel and logistic services to the 

joint force globally”. Its fundamental goal is to “maximize force readiness while optimizing the 

allocation of limited resources" [9, p. I-11]. Two important words from this quote are network and 

optimization. USTRANSCOM's purpose in managing the DOD's supply chain is to build a global 

network and optimize the allocation of limited resources to ensure force readiness. Yet, how many of 

USTRANSCOM's decisions are really based on optimization? Very few we suspect, even though 

techniques such as network optimization could provide a quintessential modeling tool for this 

transportation problem [1]. However, many may question the use of optimization with such a large 

complicated network. For this reason, we introduce value focused thinking (VFT) in addition to network 

optimization. VFT is capable of aiding complex decisions involving many stakeholders, conflicting 

objectives, and uncertainty [5] [10]. 

 

We limit the discussion to sustainment, however the framework could be easily adapted to capture troop 

movements, and units and equipment as well. Each sustainment item, shipped from supply warehouses 



and bases in the U.S. to overseas bases, are assigned different priorities from several DoD ranking 

systems; this a major factor in determining its mode of transportation. These systems include the 

Force/Activity Designator, Urgency of Need Designator, and the Priority Designator. For more 

information on these and other priority systems used see [9, app. B]. USTRANSCOM is responsible for 

setting all rules, regulations and policies governing the DoD supply chain. These rules then dictate how 

the military executes transportation mode selection. They are broken into four sections: Surface 

Deployment and Distribution Command (SDDC) is responsible for ground transportation rules and 

regulations; Military Sealift Command (MSC) governs all ocean transportation policies; AMC's Tanker 

Airlift Control Center (TACC) schedules and dictates military airlift policies; and the commercial 

industry comprised of the Civilian Reserve Air Fleet (CRAF) program with such shippers as UPS to 

supplement military capabilities. 

 

Using the priority rules and policies of USTRANSCOM, the four services setup a transportation scheme 

through a physical network consisting of roads, railroads, storage facilities, warehouses, ports, 

waterways, and pipelines. This includes capabilities of military organizations and those of commercial 

partners as well as those of multinational and interagency participants [9, p. II-1]. This network setup 

and priority scheme is the driving force behind the transportation mode selected for each product. A 

model that incorporates these priorities, existing infrastructure, and existing modes of transportation 

could be very useful. The proposed approach accomplishes this by looking at the value of shipping a 

product on each type of transportation mode and assists in choosing the most valuable method of 

transporting a product from one location to another. It uses optimization to maximize value to the 

military while ensuring capacities and demand are met. 

 

A review of the literature shows that articles on transportation mode selection in the military are scarce. 

One thesis looks at a small part of the transportation process, from port in the occupied country to 

foxhole for army sustainment goods [7]. In our review of the supply chain and operations management 

literature, the use of value focused thinking for transportation mode selection in both civilian and 

military situations has not been documented. Additionally, the multi-objective multi-commodity flow 

problem developed in the general methodology section is innovative, mathematically consistent, and 

practically useful. 

 

Value Focused Thinking and Transportation Mode Selection 
 

Numerous approaches have been used for transportation mode selection and therefore measures of 

effectiveness are well defined in the logistics community. We know from the literature [3] the 15 most 

important factors used for civilian transportation mode selection, the top 4 being cost, speed, reliability, 

and product characteristics. Cost, speed, and reliability are self explanatory, product characteristics in 

the military problem turns out to be the priorities discussed above. Liberatore and Miller [8] lay out the 

measures used in civilian transportation mode selection; we argue these are the same factors used in 

military transportation mode selection however with differences in importance. Rather than choosing a 

carrier and mode based solely on speed and reliability, decision makers regularly consider cost, 

reputation, and other factors also noted in [2]. How can all these factors be captured? Value-focused 

thinking provides a model to capture both tangible and intangible factors. 

 

Value focused thinking (VFT) allows tradeoffs to be made between competing objectives. It allows, for 

example, a decision maker to trade off increases in cost for increases in speed and reliability. For 

instance, a decision maker may decrease the importance of cost while increasing the importance of 



speed and reliability for a high priority product. A low priority product with a specified deadline may 

see a decrease in the importance of speed while the importance of reliability and cost increase. 

 

Value-Focused Thinking and Decision Analysis seek to aid in human decision making, not model the 

human decision making process. The justification for this purpose is decision makers should desire to 

make rational choices given any situation. What is the purpose of modeling inconsistent or irrational 

behavior? A better approach is to build models of rational choice, and let the decision maker utilize the 

models in their decision making process.  Alternative focused thinking techniques, such as the Analytic 

Hierarchy Process (AHP), encourage a "best" choice among the available alternatives; value focused 

thinking begins with the fundamental inputs in a decision and reveals what is truly valued. Rather than 

starting with alternatives, VFT starts with objectives and measures. Alternatives can then be generated 

from these measures and assigned values based on their fulfillment of the objectives. In this way, "value 

gaps" between a best available alternative and an ideal alternative can be identified, providing a decision 

maker with a more complete analysis of the problem at hand. 

 

As with any process, a list of suggested implementation procedures is useful as well. Kirkwood [6] and 

Keeney [5] describe the steps in the VFT process rather generally; a more specific declaration of events 

is given by Shoviak [11]. He describes the value modeling process in 10 essential steps. Problem 

identification (Step 1) is self explanatory, transportation mode selection. Creating the value hierarchy 

(Step 2) and developing measures (Step 3) are covered in the transportation mode selection literature. 

Creating the value function (Step 4) and weighting the hierarchy (Step 5) require time from subject 

matter experts. Following model construction is the generation (Step 6) and scoring (Step 7) of 

alternatives through deterministic analysis (Step 8). Because of the subjectivity in defining values and 

weights, a proper sensitivity analysis (Step 9) is essential for a good analysis. Finally, conclusions and 

recommendations (Step 10) relate the findings back to the decision maker. See the references above for 

more detailed information. 

 

PROBLEM FORMULATION 
 

With measures and objectives for transportation mode selection already defined, a value function can be 

solicited from the decision maker. Single dimension value functions (SDVF) are normally used to 

capture preferences for varying levels of the measures, assigning each level of the function a value 

between 0 and 1. For an in depth look at values and preference functions, see Keeney and Raiffa [4]. For 

the purposes of this paper, we simply need to know that a value function  can be captured from a 

decision maker. Weights can be determined using AHP, swing weights, direct assessment, or group 

weights. Direct assessment is the most convenient; it's accomplished through examining the measures 

from an objective and weighing tradeoffs between them. The least important measure is assigned a 1, the 

remainder of the measures are assigned numbers based on how much more important they are than the 

least important measure. A measure that is twice as important as the least important measure is given a 

value of 2, call it for measure , and so on. Since the weights must sum to one, that is , these 

values must be scaled to a decimal between 0 and 1. To determine a weight for measure , take its  

and divide by the sum of all the ranks, that is 

 

               (1) 

 

The form of the multi-objective value function most often used is 

 



                                                                (2) 

 

for  1, 2, …, n measures, where  is the single dimension value function of measure k,  is 

the weight of measure k, and  is the multiobjective value.  Again, see [4] for when this versus other 

forms are appropriate.  Figure 1 shows an example network formulation of a transportation problem. 

 

 

 
 

We set the problem up in the context of a transportation network for USTRANSCOM. Consider a graph 

G(N,E) as a directed network.  The nodes  could represent various locations available to 

USTRANSCOM for shipment through, to, or from, including bases, ports, airports, and rail stations. The 

edges  are the connections between these nodes. These may be connected in either direction. The 

value function for each arc is denoted   defines the number of pounds of product p shipped 

between node i and j per year. Given this graph G(N,E), the general minimum cost network flow 

problem is 

 

 



 
 

where  is the flow from vertex i to j,  is the cost of a unit of flow from i to j,  is the lower bound 

on the flow from i to j,  is the upper bound on the flow from i to j, and s(i) is the supply or demand at 

node i. 

 

The value function weight of measure k is dependent on product p for each of the legs i,j. Higher 

priority products will put a lower weight on cost and higher weight on speed and reliability where a 

lower priority product weights cost much higher, and speed and reliability lower. So, the value function 

 defines the value  of shipping a product p on the transportation mode from node i 

to j. The cost value functions will also be variable for each product p, with higher priority items 

valuing lower costs less, and speed and reliability higher. The capacity of each node is  while the 

supply or demand in and out of node is denoted . These are discussed further in the next section 

where a linear program to solve the network in Figure 1 is given.  

 

GENERAL METHODOLOGY 
 

This section develops a general methodology synthesizing value focused thinking and the minimum cost 

network optimization problem. The minimum cost problem now transforms into a maximum value 

network optimization problem, where the decision maker is maximizing value while meeting demand 

and staying within capacity. This formulation can be used to solve the network in Figure 1. Combining 

the value function with the general network formulation and accounting for multicommodities between 

nodes gives the following linear program: 

 

 
 

where  is the weight of measure k for product p,  is the value function defined for product p at 

measure k between nodes i and j,  is the supply or demand of product p entering or leaving the 

node i, and denotes the capacity of the transportation mode between node i and j. Note, when 



viewing the problem from a strategic lens, the capacities and supply/demand represent the yearly 

volume. Solving the network in Figure 1 with the linear program in Equation 4 is computationally 

efficient as well since the network flow problem is known to be totally unimodular when formulated as 

in Equations 3 and 4. 

 

CONCLUSIONS 
 

USTRANSCOM's current process for transportation mode selection can be improved by using this 

approach. The proposed methodology is both robust and novel, creating a mathematically defendable 

model for transporting military sustainment goods. Although demonstrated at the strategic level in this 

paper, the methodology could easily adapt to assist with decisions at the tactical level, as well as capture 

any other constraints that may be needed (ie. shipping time, costs, etc). Additionally, the value function 

can capture any other variables deemed important to the decision. In summary, any factor or thought 

process influential in the military transportation mode selection decision could be incorporated into this 

model, and solutions, even with large transportation networks, are computationally tractable. 
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