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“If we do not have a good economic model for supplier decisions, we are not on a level 
playing field. And we already spend [too] much … time on that uneven playing field.” 

 
—Colonel John T. Dillard, U.S. Army (Ret.), 

Senior Lecturer, Naval Postgraduate School, 
Past Program Manager for Advanced Acquisition Programs 

Abstract 
This paper offers an economic model to assist public procurement officials to rank 

competing vendors when benefits cannot be monetized. An important defense application is 
“source selection”—choosing the most cost-effective vendor to supply military equipment, 
facilities, services, or supplies. The problem of ranking public investment alternatives when 
benefits cannot be monetized has spawned an extensive literature that underpins widely 
applied decision tools. The bulk of the literature, and most government-mandated decision 
tools, focus on the demand side of a public procurement. The Economic Evaluation of 
Alternatives (EEoA) extends the analysis to the supply side. A unique feature of EEoA is to 
model vendor decisions in response to government funding projections. Given a 
parsimonious set of continuously differentiable evaluation criteria, EEoA provides a new tool 
to rank vendors. In other cases, it offers a valuable consistency check to guide government 
supplier decisions. 

Introduction 
Public procurement is big business. In 2017 the U.S. Department of Defense (DoD) 

spent over $300 billion on procurement, research, development, and test & evaluation, most 
of it sourced to the private sector (Schwartz et al., 2018). The Organization for Economic 
Cooperation and Development (OECD) reports member countries spend more than 12% of 
their cumulative GDP on public purchases (OECD, 2016). One of the biggest challenges for 
public procurement officials is to rank vendors when benefits cannot be monetized. Indeed, 
government benefits are often depicted as bundles of desirable characteristics, or attributes, 
that cannot easily be combined with costs into a single overall measure such as profitability. 
The problem of ranking public investment alternatives when benefits cannot be monetized 
has spawned an extensive literature generally referred to as “multi-criteria decision-making” 
(MCDM). A proliferation of applications of decision tools derived from this literature has 
appeared in management science, operations research, and decision sciences (prominent 
examples include Keeney & Raiffa, 1976; Dyer & Sarin, 1979; Kirkwood, 1995, 1997; 
Clemen, 1996; Che, 1993; Beil & Wein, 2003; and Parkes & Kalagnanam, 2005).  

Today, widespread application of MCDM tools and techniques is mandated through 
various laws, rules, and regulations that govern public procurement. The main guide for 



Acquisition Research Program: 
Creating Synergy for Informed Change - 101 - 
Naval Postgraduate School 

federal procurement officials in the United States is the Federal Acquisition Regulation 
(FAR).1  

Evaluation criteria are the factors an agency uses to determine which of 
several competing proposals submitted in response to an RFP [Request 
for Proposal] would best meet the agency’s needs. In establishing effective 
evaluation criteria, an agency must clearly identify the factors relevant to 
its selection of a vendor and then prioritize or weight the factors according 
to their importance in satisfying the agency’s need in the procurement. … 
This allows the agency to rank the proposals received. (FAR, Proposal 
Development, Section M—Evaluation Factors for Award) 

Similar source selection techniques are frequently applied in the United States at state and 
local levels, and in the private sector.  

While demand side developments of MCDM models have been extensively studied 
in the academic literature, the literature is mostly silent about the supply side (vendor) 
problem. Vendor decisions (bid proposals) are generally treated as exogenous. In sharp 
contrast, the Economic Evaluation of Alternatives (EEoA) captures both the demand side 
(procurement official decisions) and the supply side (vendor optimization decisions).2  

EEoA encourages public procurement officials to carefully consider the impact on 
vendor proposals of announced priorities—desired criteria, characteristics, or attributes for 
solicited quantities of products, services, or projects (e.g., computer systems, vehicles, 
weapon systems, logistics packages, and buildings). Officials should also consider the 
impact of anticipated future budgets. In response to government priorities—evaluation 
criteria, quantities, and funding—competing vendors, with different input costs and 
production functions, maximize their production offers, that is, bid proposals that consist of 
bundles of non-price characteristics or attributes.  

EEoA models public procurement official decisions in two stages. In the first stage, 
along with the requirement (quantity demanded) and funding guidance, the procurement 
official reveals desired evaluation criteria (characteristics or attributes) of the product or 
service, but not the relative importance/weights. Given this information, competing vendors 
engage in constrained optimizations based on their respective production technologies and 
input costs to generate proposals that match anticipated future funding. Since input costs 
and production functions vary among vendors, they play a critical role in their bid 
proposals—interpreted as bundles of non-price characteristics or attributes embedded in 
each identical unit offered by a particular vendor. In the second stage, the procurement 

                                            
 

 

1 Note the exclusive focus on the demand side in the FAR, i.e., ranking exogenously-determined bids 
received from vendors (see https://www.acquisition.gov/browse/index/far). Also note the standard 
practice for U.S. military (and other procurement officials) is to (i) announce factors (“evaluation 
criteria”) relevant to the selection, but only after receiving vendor proposals, and (ii) assign specific 
relative importance/weights to those factors to rank vendors. This practice is modeled in the 
Economic Evaluation of Alternatives (EEoA). 
2 The EEoA model is loosely based on Lancaster’s “Characteristics Approach to Demand Theory” 
(Lancaster, 1966a, 1966b, 1971, 1979), as modified by Ratchford (1979). Applications of the model 
appear in Simon & Melese (2011), and in Chapter 4 of Melese, Richter, & Solomon (2015).  
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official ranks competing vendors according to the government’s utility function over the 
evaluation criteria (see Figure 1).3 

 

 
 

Figure 1. The Two-Stage Procurement Process 

The dual objective of EEoA is to encourage governments (i) to consider the supply 
side by recognizing the importance of modeling vendor responses to information provided or 
inferred in public procurements and (ii) to offer an alternative to the standard MCDM 
approach when benefits cannot be monetized. An attractive feature of EEoA is that it offers 
a novel technique to measure benefits that serves as a valuable consistency check for 
MCDM preference trade-offs among key attributes.4 We explore assumptions under which 
the two decision models (MCDM and EEoA) are isomorphic from a procurement official’s 
perspective. In practice, however, we demonstrate how EEoA can yield significantly different 
solutions (rank orderings) than the standard MCDM approach.  

The paper proceeds as follows. The first section develops the two-stage EEoA 
model. On the supply side, two cases are presented to illustrate the model (i) where vendors 

                                            
 

 

3 Note this is analogous to steps mandated in the FAR, except that, since funding is fixed in EEoA 
(i.e. the price is the same for each vendor), the second step involves the submission by vendors of 
sealed non-price bids for the announced level of funding, interpreted and evaluated by procurement 
officials as bundles of characteristics, attributes, etc. that respond to previously announced evaluation 
criteria (e.g., see FAR 14.5) 
4 Both Australian and Canadian Ministries of Defense are considering implementing this consistency 
check for the MCDM component of their portfolio decision models (Personal correspondence with 
fellow NATO SAS-134 Defence Official Panel Members studying Defence Portfolio Management for 
NATO; emails received 11/2018). 
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have identical attribute costs, but different production technologies and (ii) where vendors 
have different attribute costs, but identical production technologies. A simple example 
serves to integrate procurement official (demand) considerations, with vendor (supply) 
decisions, under varying (probabilistic) scenarios. The following section contrasts an 
application of EEoA, with a standard textbook application of MCDM. The final section 
concludes with recommendations for future research. 

The Economic Evaluation of Alternatives (EEoA) Model 
The challenge for our public procurement official is to select a competing vendor that 

delivers the best combination of desired non-price attributes for each identical unit of a 
requirement (e.g., 50 computers, or 20 drones, or 2 hospital ships, etc.) at affordable 
funding levels. The EEoA framework can be thought of as a multi-attribute sealed bid 
procurement auction that extends traditional price-only auctions to one in which competition 
among 𝑗 ∈ ሾ1, 𝑚ሿ vendors (bidders) takes place exclusively over bundles of 𝑖 ∈ ሾ1, 𝑛ሿ non-
price characteristics or attributes (𝑎).  

The EEoA model structures the problem as a two-stage optimization (see Figure 1). 
In the first stage, the public procurement official provides 𝑗 competing vendors with the 
evaluation criteria, available funding, and the requirement (quantity demanded).5 Given the 
anticipated budget, B, and their respective production technologies and input costs, 
competing vendors offer their best possible non-price attribute packages bundled into each 
identical unit required.6 Note that the greater the funding available, the greater the available 
funding per unit, which allows vendors to bundle more of the desired attributes in each 
identical unit (e.g., better computers, drones, ships, etc.).7  

The vendor (supply side) problem is formulated in the section titled First Stage 
EEoA: The Vendor’s Problem. Competition takes place exclusively over non-price bid 
proposals from each vendor, evaluated by procurement officials as bundles of attributes 
offered by each vendor for a standard unit of the requirement. Whereas bundles of attributes 
for each unit of the requirement are identical for each vendor, they differ among vendors. 
Individual vendor bid proposals depend on their costs to generate each attribute, their 
production technology to combine those attributes, and anticipated future funding.  

                                            
 

 

5 Since there is a fixed requirement (quantity demanded), the budget, B, can be interpreted as the 
unit funding/budget available to vendors to produce a unit of the required product or service. For 
example, if we anticipate $25,000 of funding is available for 50 computers, the budget (B) used by 
competing vendors to build their proposals would be $500 per unit. 
6 For example, suppose we have $25,000 of funding for 50 computers, or a budget, B=$500/unit. 
Then, for example, each of 50 identical Apple laptop computers offered at $500/unit would satisfy the 
basic evaluation criteria (screen size, memory, battery life, software, etc.), but consist of a somewhat 
different bundle of those characteristics/attributes, than each of 50 identical Microsoft (or Dell, or HP, 
etc.) laptop computers. 
7 The greater the funding available, the greater the funding per unit, allowing vendors to offer more of 
the desired attributes for each identical unit demanded by the buyer. For example, suppose for our 50 
computers, instead of $25,000 (B=$500) of funding, it turns out $50,000 (B=$1000) will be available. 
Then each of the 50 identical laptop computers offered by Apple will have more and/or better 
characteristics/attributes, and so will each of the 50 identical laptop computers offered by Microsoft 
(bigger screen size, more memory, longer battery life, etc.). 
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In the second stage, the procurement official’s objective is to select the vendor 𝑗 that 
maximizes the government’s utility function, 𝑈 ൌ  𝑈ሺ𝑎ଵ , 𝑎ଶ, … , 𝑎ሻ, subject to projected 
funding (i.e., the per unit affordability or budget constraint), B. For analytic tractability we 
assume the utility function is quasi-concave, and that attributes are continuous, non-
negative, monotonic increasing variables, that is, the domain of the buyer’s utility function, 
and sellers’ production functions and attribute cost functions, are the nonnegative real 
numbers. Non-satiation in the relevant range of attributes is also assumed, such that, 
𝜕𝑈 𝜕𝑎⁄ >0, or the greater the score of the 𝑖 ∈ ሾ1, 𝑛ሿ desired attributes, 𝑎, the more value 
(utility/benefit) for the buyer, but the more costly it is for sellers to produce. 

Following the literature, we allow the buyer’s utility function (scoring/ranking rule) to 
be linear, additive, and separable across attributes (see Keeney & Raiffa, 1976; Kirkword, 
1997, etc.). The public procurement official’s problem is to select a vendor 𝑗 ∈ ሾ1, 𝑚ሿ that 
maximizes the government’s utility function:  

(1) 𝑼𝒋 = U୨൫𝑨
்൯ = 𝑾𝑨

, 

where desired attributes are known to sellers, and the bundle of attributes in vector 𝑨𝒋 = 
[𝑎ଵ 𝑎ଶ … 𝑎ሿ represents each vendor’s offer (bid proposal) for each unit required. The 
relative weights for each attribute are the procurement official’s private information, given by 
the vector: 

𝑾 = (𝑤ଵ, 𝑤ଶ, 𝑤ଷ, … , 𝑤 | 𝑤 ∈ ℝା, 𝑖 ∈ ሾ1, 𝑛ሿ). 

The procurement official maximizes (1) subject to a funding/affordability constraint:  

(2) 𝑇𝐶    𝐁, 

such that the total unit cost (price) of any vendor’s bid proposal, 𝑇𝐶, must fit within 
forecasted future funding, i.e., the per unit budget, 𝐁. Note that whereas the set of non-price 
attributes in the buyer’s utility function are revealed to the 𝑗 ∈ ሾ1, 𝑚ሿ competing vendors, the 
relative (preference or “trade-off”) weights, 𝑤, are not.8 This reflects practical application of 
the FAR:  

 

In government acquisition, procuring commands have their own best 
practices and priorities … but they all follow the [Federal Acquisition 

                                            
 

 

8 For example, consider the following summary of Federal Acquisitions Regulations (FAR) 15.1 and 
15.3: “Evaluating proposals under the RFP [Request for Proposal] best value trade-off analysis 
criteria”: In a negotiated bid there are factors [evaluation criteria] with varying weights assigned. The 
solicitation tells you the weight of each factor. However, government contracting agencies are not 
required to publicize the actual source selection plan [it is an internal document]. The agency has 
broad discretion on what it believes to be the best value. Note, however, the agency must be 
consistent in following their source selection plan in evaluating every vendor, or risk bid protests—
e.g., see Melese (2018). 
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Regulation]. And in their selection of suppliers, they assign weights to their 
parameter criteria in accord with their priorities. … These weights for 
scoring of proposals do not have to be specifically revealed as an 
algorithm, but are typically communicated to offerors in terms of [rank 
ordering of] importance. (Colonel John T. Dillard, U.S. Army (Ret.), Senior 
Lecturer, Naval Postgraduate School, Past Program Manager for 
Advanced Acquisition Programs) 

In this formulation of the procurement problem, both buyer and seller suffer from 
imperfect and asymmetric information. While the seller does not know the specific relative 
importance/weights assigned to desired attributes (or “evaluation criteria”), the buyer 
(procurement official) does not know the vendors’ costs of producing a particular attribute, 
nor the technology (production functions) that combines those attributes into vendor 
proposals.9 The supply side vendor problem is examined in detail in the next section, 
followed by the demand side procurement problem. 

First Stage EEoA: The Vendor’s Problem (Supply Side) 

The first stage of the two-stage EEoA optimization framework focuses on the 
vendor’s problem. The economic approach assumes vendors are strategic players, so that 
the anticipated/forecasted (per unit) funding/budget, B, for the procurement, impacts 
vendors’ formulation of their competing bid proposals (attribute bundles, 𝑨𝒋).10 

Given n desired attributes (𝑎) and anticipated future funding (the per unit budget, 
B), the 𝑚 vendors each offer competing bid proposals (bundles of attributes), 𝑨𝒋, based on 
their production technology, and their unit costs of producing each attribute, 𝑐ሺ𝑩ሻ.11 For 
any fixed requirement (quantity demanded) and funding level (per unit budget, B), a 
representative vendor’s problem is to maximize their attribute output function for each 
(identical) unit required, subject to the vendor’s costs of producing each attribute. Competing 
vendors offer their best possible non-price attribute bundle for the projected per unit 
funding/budget, B, given their idiosyncratic technology. As Wise & Morrison (2000) observe, 
a multi-attribute auction allows competing vendors to differentiate themselves in the auction 
process and bid on their competitive advantages. 

The vendor’s problem can be expressed as selecting an attribute vector (bid 
proposal), 𝑨𝒋 = [𝑎ଵ, 𝑎ଶ, … , 𝑎ሿ that maximizes output:  

(3) 𝑸𝒋 ൌ 𝑄ሺ𝑨
்ሻ, 

subject to unit costs (TC) not exceeding anticipated per unit funding (B) for the project,  

                                            
 

 

9 “Seller costs can be expected to depend on [the] local manufacturing base, and sellers can be 
expected to be well informed about the cost of (upstream) raw materials” (Parkes & Kalagnanam, 
2005, p. 437). 
10 Further implications are explored in Section 2c. Note the supply-side development in this section 
generalizes a special case of the multi-attribute auction found in Simon & Melese (2011). 
11 Each vendor’s bundle is a technologically-determined combination of attributes. For instance, a 
computer is a combination of screen size, memory, battery life, etc., with unit costs associated with 
each attribute. 
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(4)  𝑻𝑪𝒋 ൌ ∑ 𝑐

ୀଵ ሺ𝐵ሻ 𝑎   𝐁. 

For ease of exposition, the remainder of the study focuses on two vendors and two (non-
price) attributes.  

Suppose each vendor has a different technology to combine the two attributes, and different 
attribute costs, then the Lagrangian function for the vendor’s problem is given by:  

(5) ℒ = 𝑄ሺ𝑎ଵ  , 𝑎ଶ, 𝑩ሻ + 𝜆ሾ𝑩 െ ∑ 𝑐
ଶ
ୀଵ ሺ𝑩ሻ 𝑎ሿ, for j=1,2. 

If vendors compete on “quality,” they are likely to use the maximum expected per unit 
funding, B, to develop their bid proposals, so (4) is an equality. So first order necessary 
conditions for an optimum are given by: 

(5a) 𝜕ℒ 𝜕𝑎ଵ⁄ = 𝜕𝑄 𝜕𝑎ଵ⁄  – 𝜆𝑐ଵሺ𝑩ሻ = 0, 

 

(5b) 𝜕ℒ 𝜕𝑎ଶ⁄ = 𝜕𝑄 𝜕𝑎ଶ⁄  – 𝜆𝑐ଶሺ𝑩ሻ = 0, 

 

(5c) 𝜕ℒ 𝜕𝜆⁄ = 𝑩 െ ∑ 𝑐
ଶ
ୀଵ ሺ𝑩ሻ 𝑎 = 0. 

Solving Equations 5a–5c yields optimal attribute bid proposals (outputs) for each vendor 𝑗 ൌ
1,2, for each identical unit required, for any given per unit budget, B:  

(6a) 𝑎ଵ
∗ = 𝑎ଵ

∗ (𝛼ଵሺ𝑩ሻ, 𝛼ଶሺ𝑩ሻ, 𝑐ଵሺ𝑩ሻ, 𝑩), 

 

(6b) 𝑎ଶ
∗ = 𝑎ଶ

∗ (𝛼ଵሺ𝑩ሻ, 𝛼ଶሺ𝑩ሻ, 𝑐ଶሺ𝑩ሻ, 𝑩). 

For tractability, we assume a standard Cobb-Douglas production function, with attributes 
(𝑎ଵ , 𝑎ଶ) as inputs:  

(6) 𝑄൫𝑎ଵ , 𝑎ଶ൯ ൌ  𝑎ଵ
ఈభೕ𝑎ଶ

ఈమೕ. 

Two special cases help illustrate the model: (i) where vendors share common attribute 
costs, but have different production technologies, and (ii) where vendors share the same 
production technology, but have different attribute costs.  

Vendors With Different Production Technologies 

In the first case (illustrated in Figure 2), vendors 𝑗 ൌ 1,2 have different, constant (i.e. 
independent of funding) technologies (i.e., in Equation 6: 𝛼ଵሺ𝑩ሻ ൌ 𝛼ଵ and 𝛼ଶሺ𝑩ሻ ൌ 𝛼ଶ), 
but identical (constant) attribute costs (i.e., 𝑐ଵሺ𝑩ሻ ൌ 𝑐ଵ and 𝑐ଶሺ𝑩ሻ ൌ 𝑐ଶ). From the first order 
necessary conditions for an optimum ((5a) – (5c)), and (6), competing vendors’ optimal 
attribute bundle bid proposals, for the expected per unit funding/budget level B, are given 
by: 

(6a’) 𝑎ଵ
∗ = [𝛼ଵ/ሺ𝛼ଵ  𝛼ଶሻ 𝑐ଵ] B, and 

 

(6b’) 𝑎ଶ
∗ = [𝛼ଶ/ሺ𝛼ଵ  𝛼ଶሻ 𝑐ଶ] B. 
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Figure 2 illustrates optimal attribute bundle bid proposals for each vendor for a 
specific unit funding/budget level, B: 𝐴ଵ ൌ ሺ𝑎ଵଵ

∗ , 𝑎ଶଵ
∗ ሻ and 𝐴ଶ ൌ ሺ𝑎ଵଶ

∗ , 𝑎ଶଶ
∗ ሻ. The optimum for 

each vendor is determined graphically by the tangency of each vendor’s isoquant (derived 
from their separate production functions), with the common budget constraint.  

EEoA: Vendor Expansion Paths with same Costs 
Maximize Attribute Bundle subject to Budget Constraint

(Assumptions: Identical, constant, attribute costs (i.e. 𝑐ଵଵ 𝑩 ൌ 𝑐ଵଶ 𝑩 ൌ 𝑐ଵ and 𝑐ଶଵሺ𝑩ሻ ൌ
𝑐ଶଶሺ𝑩ሻ ൌ 𝑐ଶ), and different, constant, technology (i.e. attribute output elasticities are 

𝜶ଵଵ and  𝜶ଵଶ for vendor 1, and 𝜶ଶଵ and 𝜶ଶଶ for vendor 2). 

(attribute 𝑎ଶ)

(attribute 𝑎ଵ)

A2

A1

𝒂𝟏𝟐
∗

𝒂𝟐𝟏
∗

𝒂𝟏𝟏
∗

𝒂𝟐𝟐
∗

Vendors’ budget constraint: TC = 𝑐ଵ𝑎ଵ    𝑐ଶ𝑎ଶ  ൌ  𝑩  ൌ   𝑎ଶ  ൌ  𝑩/𝑐ଶ – 𝑐ଵ/𝑐ଶ 𝑎ଵ

𝑩/𝑐ଶ

B/𝑐ଵ

𝒂𝟏𝟏
∗ ൌ ሾ𝑎ଵଵ/ 𝜶ଵଵ  𝜶ଶଵ 𝑐𝟏ሿ𝑩

𝒂𝟐𝟏
∗ ൌ ሾ𝜶ଶଵ/ 𝜶ଵଵ  𝜶ଶଵ 𝑐𝟐ሿ𝑩 

𝒂𝟏𝟐
∗ ൌ  𝜶ଵଶ/ 𝜶ଵଶ  𝜶ଶଶ 𝑐𝟏 𝑩 
𝒂𝟐𝟐

∗ ൌ  ሾ𝜶ଶଶ/ 𝜶ଵଶ  𝜶ଶଶ 𝑐𝟐ሿ𝑩 

Vendor 1: 𝒂𝟐𝟏 ൌ 𝒄𝟏

𝒄𝟐

𝜶మభ

𝜶𝟏𝟏
𝜶𝟏𝟏

Vendor 2: 𝒂𝟐𝟐 ൌ 𝒄𝟏

𝒄𝟐

𝜶మమ

𝜶𝟏𝟐
𝒂𝟏𝟐  

 

Figure 2. Common Attribute Costs but Different Technologies 

Suppose instead of a single funding forecast, the buyer (procurement official) reveals 
a range of possible budget estimates for the procurement (say optimistic, pessimistic, and 
most likely).12 Then Equations 6a’ and 6b’ can be combined to yield each vendor’s 
expansion path, given by: 

(7) 𝑎ଶ ൌ ሾሺ𝑐ଵሺ𝐵ሻ 𝑐ଶሺ𝐵ሻሻ⁄ ሺ𝛼ଶሺ𝐵ሻ 𝛼ଵሺ𝐵ሻሻ⁄ ሿ 𝑎ଵ , for 𝑗 ൌ 1,2. 

The two expansion paths defined by Equation 7 reveal optimal attribute bundles offered by 
each vendor at different possible funding levels, B. Each point on the expansion paths 
derived for each vendor reveals optimal attribute bundle offers (bid proposals) for each 
identical unit required, over different possible budgets.  

Given this formulation, if attribute costs and technology parameters are constant (i.e., 
independent of funding levels), then the expansion paths are linear. Expansion paths for the 
first case, where vendors’ share common costs but different technologies, are given by:  

                                            
 

 

12 For example, see Simon & Melese (2011). 
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(7a) 𝑎ଶଵ ൌ ሾ𝑐ଵ 𝑐ଶ⁄ ሿሾ𝛼ଶଵ 𝛼ଵଵ⁄ ሿ 𝑎ଵଵ, for vendor 1, and 
 

(7b) 𝑎ଶଶ ൌ ሾ𝑐ଵ 𝑐ଶ⁄ ሿሾ𝛼ଶଶ 𝛼ଵଶ⁄ ሿ 𝑎ଵଶ, for vendor 2, 

illustrated as two straight lines from the origin in Figure 2. For the specific per unit budget 
level, B, the two competing attribute bundle bid proposals offered by each vendor (from (6a’) 
and (6b’)) appear as points 𝐴ଵ ൌ ሺ𝑎ଵଵ

∗ , 𝑎ଶଵ
∗ ሻ and 𝐴ଶ ൌ ሺ𝑎ଵଶ

∗ , 𝑎ଶଶ
∗ ሻ on the competing vendors’ 

expansion paths. 

Vendors With Different Attribute Costs 

Turning to the second example (illustrated in Figure 3), suppose vendors have 
different (constant) attribute costs, but identical (constant) production technologies (i.e., in 
Equation 6: 𝛼ଵሺ𝐁ሻ ൌ 𝛼ଵ and 𝛼ଶሺ𝑩ሻ ൌ 𝛼ଶ for j=1,2), together with constant returns to scale 
(such that: 𝛼ଵ  𝛼ଶ ൌ 1;  𝑖. 𝑒. 𝑖𝑓 𝛼ଵ ൌ 𝛼 𝑡ℎ𝑒𝑛 𝛼ଶ ൌ 1 െ 𝛼 ). In this case the two vendor’s optimal 
bid proposals for unit funding/budget level, B, are given by: 

(6a’’) 𝑎ଵ
∗ = [𝛼/𝑐ଵ] B, and 

 

(6b’’) 𝑎ଶ
∗ = [ሺ1 െ 𝛼ሻ/𝑐ଶ] B, (j=1,2). 

EEoA: Vendor Expansion Paths with same Technology

Maximize Attribute Bundle subject to Budget Constraint

(attribute 𝑎ଶ )

(attribute 𝑎ଵ)

A2

A1

𝒂𝟏𝟐
∗ ൌ  ሺ𝜶/𝒄𝟏𝟐ሻ𝑩 

𝒂𝟐𝟏
∗ ൌ

𝟏 െ 𝜶
𝒄𝟐𝟏

𝑩 

𝒂𝟏𝟏
∗ ൌ ሺ𝜶/𝒄𝟏𝟏ሻ𝑩 

𝒂𝟐𝟏
∗ ൌ

𝟏 െ 𝜶
𝒄𝟐𝟐

𝑩 

𝑩/𝑐ଶଵ

𝑩/𝑐ଶଶ

𝑩/𝑐ଵଵ 𝑩/𝑐ଵଶ

Vendor 1: 𝒂𝟐𝟏 ൌ భభ

𝟐𝟏

ଵି𝜶

𝜶
𝒂𝟏𝟏 

Vendor 2:  𝒂𝟐𝟐 ൌ
భమ

𝟐𝟐

ଵି𝜶

𝜶
𝒂𝟏𝟐

 

Figure 3. Common Technology but Different Attribute Costs 

Similar to the first case, Figure 3 illustrates competing optimal attribute bundle bid 
proposals for each vendor, for the unit funding/budget level, B: 𝐴ଵ ൌ ሺ𝑎ଵଵ

∗ , 𝑎ଶଵ
∗ ሻ and 𝐴ଶ ൌ

ሺ𝑎ଵଶ
∗ , 𝑎ଶଶ

∗ ሻ. Now the optimum for each vendor occurs at the point where their respective 
budget constraints are tangent to their common isoquant. If vendors’ technology and 
attribute cost parameters are constant (i.e., independent of funding levels), both expansion 
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paths are again linear. Expansion paths for this second case (where vendors share a 
common technology but have different attribute costs) are illustrated as two straight lines 
from the origin in Figure 3, given by: 

(7a’) 𝑎ଶଵ ൌ ሾ𝑐ଵଵ 𝑐ଶଵ⁄ ሿሾሺ1 െ 𝛼ሻ 𝛼⁄ ሿ 𝑎ଵଵ, for vendor 1, and 
 

 (7b’) 𝑎ଶଶ ൌ ሾ𝑐ଵଶ 𝑐ଶଶ⁄ ሿሾሺ1 െ 𝛼ሻ 𝛼⁄ ሿ 𝑎ଵଶ, for vendor 2. 

Focusing on this second case (where vendors share a common technology but have 
different attribute costs) for any unit funding/budget level, B, connecting the two optimal 
vendor attribute production points (𝐴ଵ and 𝐴ଶ) creates an attribute “production possibility 
frontier” (PPF), illustrated in Figure 3. The slope of this PPF reflects attribute trade-offs 
possible in the marketplace by switching from one vendor to another. This technical (or 
engineering) trade-off is given by the slope: ∆𝑎ଶ/∆𝑎ଵ = ሺ𝑎ଶଵ

∗ െ 𝑎ଶଶ
∗ ሻ/ሺ𝑎ଵଵ

∗ െ 𝑎ଵଶ
∗  ሻ. 

The first stage vendor optimization problem in the two-stage EEoA framework 
highlights the importance of modeling the supply side—considering vendor decisions in 
response to anticipated future funding. The second stage focuses on the demand side—the 
procurement official’s source selection problem.13  

Second Stage EEoA: Procurement Official’s Problem (Demand Side) 

For any given requirement (quantity demanded) and forecasted per unit 
funding/budget, B, the procurement official (decision-maker) must rank vendors’ optimum 
bid proposals. For example, in Figure 3: Vendor 1=>ሺ𝑎ଵଵ

∗ , 𝑎ଶଵ
∗ ) and Vendor 2=>ሺ𝑎ଵଶ

∗ , 𝑎ଶଶ
∗ ). 

Recall the lens through which the government evaluates competing vendors is the utility 
function given by Equation 1.14 In EEoA, the government supplier decision (“source 
selection”) depends on the public procurement official’s (decision-maker’s) preferences 
revealed through explicit trade-offs for any pair of attributes that leave decision-makers 
indifferent in any given scenario. These explicit pair-wise comparisons elicited from a public 
procurement official (or expert decision-makers) generate relative weights assigned to the 
desired attributes. 

The public procurement official’s problem is to select a vendor 𝑗 ∈ ሾ1, 𝑚ሿ with bid 
proposal (per unit attribute bundle) 𝑨 = [𝑎ଵ , 𝑎ଶ, … , 𝑎ሿ) that maximizes the government’s 
utility function given by Equation 1. Recall, following the standard assumption in the 
literature (see Keeney & Raiffa (1976), Kirkword (1997), etc.), the utility/benefit provided by 
any vendor 𝑗 is given by the linear, separable utility function: 

(1’) 𝑼𝒋 = U୨൫𝑨
்൯ = 𝑾𝑨

 ൌ ∑ 𝑤

ୀଵ 𝑎, 

                                            
 

 

13 Note that this second stage demand-side problem is the exclusive focus of most textbooks, the 
majority of the literature, and standard support tools and algorithms. 
14 An interesting extension of Equation 1 is developed later to address uncertainty when different 
possible scenarios (states of nature) impact the government’s utility function (for example, due to 
possible future changes in the political, economic, or threat environment). 
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where the vector 𝑨𝒋 = [𝑎ଵ 𝑎ଶ … 𝑎ሿ represents the bundle of attributes for each unit, offered 
by each of the 𝑗 ∈ ሾ1, 𝑚ሿ competing vendors. As discussed earlier, specific relative trade-off 
weights for every attribute are the procurement official’s private information, given by the 
vector:  

𝑾 = (𝑤ଵ, 𝑤ଶ, 𝑤ଷ, … , 𝑤 | 𝑤 ∈ ℝା, 𝑖 ∈ ሾ1, 𝑛ሿ). 

The procurement official is also fiscally informed, with a forecasted funding/budget 
(affordability) constraint for the procurement given by Equation 2. So the per unit price (total 
unit costs) of any vendor proposal, 𝑇𝐶, must fit within forecasted future funding (the 
anticipated per unit budget, 𝐁), or 𝑇𝐶   𝐁. The next step is to combine Demand and Supply 
(i.e., the procurement official’s source selection problem), with vendors’ (optimization-
generated) bid proposals. The following simple source selection example demonstrates how 
EEoA integrates demand and supply. 

Demand & Supply: A Two Scenario, Two Vendor, Two Attribute Example 

For purposes of illustration, suppose a public procurement official responsible for UN 
peacekeeping missions is asked to select a vendor for a new fleet of Autonomous Electric 
Off-road Light Armored Transport Vehicle (AEOLATV). Assume the anticipated (per unit) 
budget, B, for the program allows two competing vendors to offer the required set of 
vehicles, and that there are only two evaluation criteria in the government’s utility function: 
Top Speed of each vehicle measured in miles per hour (𝑎ଵ), and Range measured in miles 
(𝑎ଶ).15 In Figure 3, this involves a choice between Vendor 1 that offers less speed but more 
range ሺ𝑎ଵଵ

∗ , 𝑎ଶଵ
∗ ), and Vendor 2 that offers more speed but less range ሺ𝑎ଵଶ

∗ , 𝑎ଶଶ
∗ ).  

In EEoA, the source selection decision (vendor ranking) depends on the 
procurement official’s (decision-maker’s) preferences revealed through pair-wise 
comparisons, that is, explicit acceptable trade-offs between pairs of attributes within a 
particular scenario. This generates relative weights assigned to the desired attributes within 
a particular scenario.  

A straightforward modification of (1’) allows us to extend the analysis to address 
different possible scenarios (states of nature) that could impact the procurement official’s 
pair-wise comparisons.16 Equation 8 accounts for k possible scenarios (or “states of 
nature”), NS, ∀𝑠 ∈ [1,k], with corresponding probabilities, 𝑃ሺ𝑁𝑠ሻ. This linear, separable 
expected utility function captures the differing relative weights, derived from explicit 
preference trade-offs among pairs of attributes that depend on specific scenarios (states of 
nature). Now the procurement official’s problem is to select the vendor (e.g., bidder or 
investment alternative), 𝑗 ∈ [1,m], that maximizes the government’s expected utility given 
by:  

(8) E(𝑼𝒋) = ∑ 𝑃ሺ𝑁𝑠ሻ
௦ୀଵ ∑ 𝑤௦


ୀଵ 𝑎. 

                                            
 

 

15 For example, we could assume all other characteristics (or attributes) of the vehicles offered by the 
vendors are the same, so top speed and range are the only differentiating factors. 
16 For example, different possible threat environments in which the UN might operate. 
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Consider a simple case with two possible states of nature N1 & N2, (e.g. Scenario 
s=1 a High Tech Threat environment, vs. Scenario s=2 a Low Tech Threat Environment), 
with corresponding probabilities, P(N1) and P(N2).17 From Equation 8, the government’s 
expected utility function (scoring rule) for the two scenario, two attribute case is: 

(8’) E(𝑼𝒋) = 𝑃ሺ𝑁1ሻሾ𝑤ଵଵ𝑎ଵ+𝑤ଵଶ𝑎ଶሿ+ 𝑃ሺ𝑁2ሻሾ𝑤ଶଵ𝑎ଵ+𝑤ଶଶ𝑎ଶሿ. 

Totally differentiating the procurement official’s (government’s) utility function (8’) and 
setting the result equal to zero in each scenario (N1 & N2), generates two sets of relative 
weights (or indifference curves). In general, relative weights for any two pairs of attributes 
(𝑎ଵ,𝑎ଶ) in each of the k scenarios in (8) are given by: 

(9) 𝜕𝑎ଶ/𝜕𝑎ଵ = െሺ𝑤ଵ௦/𝑤ଶ௦ሻ ൌ െ𝑋௦, ∀𝑠 ∈ [1,k]. 

The last term in Equation 9, 𝑋௦>0, represents the acceptable trade-off determined by 
a decision-maker (procurement official) between any pair of attributes (𝑎ଵ,𝑎ଶ) for a specific 
scenario: 𝑤ଵ௦ ൌ ሺ𝑤ଶ௦ሻxሺ𝑋௦). It reflects acceptable pair-wise trade-offs for the government 
over the relevant range of attributes in each scenario. These preference trade-offs define 
linear indifference curves between any two pairs of attributes in each scenario (or piecewise 
linear approximations over specific ranges of attributes). The slopes of these indifference 
curves are the relative weights for each pair of attributes, in each state of nature, over 
relevant ranges of each attribute. 

Optimal vendor rankings in EEoA can be determined by comparing the slope of the 
government’s (buyer’s) revealed preferences (indifference curves), with the competing 
vendor-proposed bundles of attributes (production possibility frontiers). For example, Figure 
4 illustrates two different sets of indifference curves (dashed lines) that reflect two different 
scenarios. In turn, these yield two different vendor rankings.  

For a given per unit budget, B, if the slope of the indifference curve is steeper than 
the slope of the production possibility frontier (where the PPF reflects technical trade-offs 
available between competing vendors), or if from (9), -X = െሺ𝑤ଵ/𝑤ଶሻ ൏ െሺ𝑎ଶଵ

∗ െ 𝑎ଶଶ
∗ ሻ/ሺ𝑎ଵଵ

∗ െ
𝑎ଵଶ

∗  ሻ, then vendor 2 is selected, since Uଶ
∗>Uଵ. If the reverse is true, then vendor 1 wins, since 

Uଵ
∗>Uଶ (see Figure 4).  

Suppose a government decision-maker is willing to trade off relatively more range 
(𝑎ଶ) for the same incremental increase in top speed (𝑎ଵ) in Scenario N1, than in Scenario 
N2. For example: 20 miles of range for an extra 10 mph top speed in 𝑁ଵ, versus only 10 
miles for an extra 10 mph in 𝑁ଶ. In this case, െ𝑋ଵ ൌ െ2 ൏ െ𝑋ଶ ൌ െ1, implies the slope of the 
indifference curve is steeper (more negative) in Scenario 𝑁ଵ than in 𝑁ଶ.18 From Figure 4, 
vendor 2 is ranked higher (offers greater utility) in scenario N1, and vendor 1 in scenario N2. 
This is consistent since the decision-maker revealed a stronger relative preference for top 

                                            
 

 

17 In the AEOLATV example, scenario N1 could represent the possibility of facing a fast adversary 
with limited range with probability P(N1), and scenario N2 a slower adversary with greater range with 
probability P(N2); where P(N1)+P(N2)=1. 
18 In this case, under scenario N1 vendor 2 ranks higher (offers greater utility) than vendor 1, and 
there is a rank reversal under scenario N2. 
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speed in scenario N1 (i.e., was willing to trade-off more range), and vendor 2 offers relatively 
higher top speed (𝑎ଵଶ

∗ ) than vendor 1 (𝑎ଵଵ
∗ ). 

 

EEoA: Procurement Agency Choice
Maximize Utility subject to Budget Authority Constraint

(attribute 𝑎ଶ)

(attribute 𝑎ଵ)

A2

A1

𝒂𝟏𝟐
∗ ൌ

𝜶
𝒄𝟏𝟐

𝑩

Vendor 1: 𝒂𝟐𝟏 ൌ
భభ 

మభ

మభ 

భభ 
𝒂𝟏𝟏  ൌ

𝑐ଵଵ

cଶଵ

1 െ 𝜶
𝜶

𝒂𝟏𝟏 

Vendor 2: 𝒂𝟐𝟐 ൌ
భమ 

మమ 

మమ 

భమ 
𝒂𝟏𝟐   ൌ

భమ

𝒄𝟐𝟐

ଵି𝜶

𝜶
𝐚𝟏𝟐𝒂𝟐𝟏

∗ ൌ
𝟏 െ 𝜶

𝒄𝟐𝟏
𝑩

𝒂𝟏𝟏
∗ ൌ

𝜶
𝒄𝟏𝟏

𝑩

𝒂𝟐𝟐
∗ ൌ

𝟏 െ 𝜶
𝒄𝟐𝟐

𝑩 𝑼𝟏
∗ ൌ 𝒘𝟏𝒂𝟏𝟏

∗   𝒘𝟐𝒂𝟐𝟏
∗ ൌ  𝑴𝑶𝑬𝟏

𝑼𝟐
∗ ൌ 𝒘𝟏𝒂𝟏𝟐

∗   𝒘𝟐𝒂𝟐𝟐
∗ ൌ  𝑴𝑶𝑬𝟐

 

Figure 4. Procurement Agency Vendor Selection 

In general, probabilities assigned to each scenario in Equations 8 or 8’ generate an 
Expected Utility vendor ranking metric that consists of a probability-weighted average of 
pair-wise attribute trade-offs (-Xs) that define expected utility functions in each of the 𝑠 ∈
 [1,k] scenarios. For example, in the two scenario, two vendors, two attribute case, this 
determines the slope of a new indifference curve that is a combination of the two 
indifference mappings illustrated in Figure 4. For any specified budget, the tangency (or 
corner point) of this new indifference curve with the PPF reveals the optimal Expected Utility 
ranking of the two vendors. The next section contrasts this Economic Evaluation of 
Alternatives (EEoA), with the standard textbook MCDM model commonly applied by public 
procurement officials to guide government supplier decisions. 

Comparison of EEoA and MCDM Models 
The topic of multi-criteria decision-making (MCDM) has spawned a rich literature with 

many variations to account for decision-making in complex scenarios. This section uses a 
standard textbook MCDM model frequently applied to guide government supplier decisions 
as a baseline (see Keeney & Raiffa, 1976; Kirkwood, 1997, etc.). We contrast this MCDM 
model with the EEoA approach within a single scenario. The MCDM additive value function 
typically used to rank vendors is given by:  

(10) 𝑽𝒋 = V୨൫𝑨
்൯ = 𝝀𝑣ሺ𝑎ሻ ൌ ∑ 𝜆


ୀଵ 𝑣ሺ𝑎ሻ. 

This value function is the sum of individual value functions, 𝑣ሺ𝑎ሻ, defined over relevant 
ranges of each attribute 𝑖 ∈ ሾ1, 𝑛ሿ, for any vendor 𝑗. The vector of preference weights is 
given by: 
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𝝀 = (𝜆ଵ, 𝜆ଶ, 𝜆ଷ … , 𝜆 | 𝜆 ∈ ℝା, 𝑖 ∈ ሾ1, 𝑛ሿ). 

The individual value functions 𝑣ሺ𝑎ሻ are typically monotonic and scaled 
(normalized), while the preference weights (𝜆) reflect the importance of each attribute. 
While these weights (𝝀) are analogous to the relative weights (𝑾) in EEoA, they are only 
equivalent if raw attribute measures are used in MCDM instead of normalized values to 
determine pair-wise trade-offs (i.e., if 𝑣൫𝑎൯ ൌ 𝑎). For purposes of comparison with EEoA, 
it is convenient to assume procurement officials (decision makers) are subject to the same 
funding/affordability constraint given by (2): 𝑇𝐶   𝐁. Implications of this MCDM model are 
explored below under the usual assumption that attribute measures are normalized using 
individual value functions with preferential independence.  

Implicit Trade-Offs in MCDM vs. Explicit Trade-Offs in EEoA  

From Equation 10, the only theoretical difference between the procurement official’s 
objective function (1) or (1’) in EEoA, and MCDM is an additional step in Equation 10 that 
involves normalizing attribute measures through individual value functions. In fact, the 
demand side of EEoA can be thought of as a special case of MCDM, where 𝑣൫𝑎൯ ൌ 𝑎.  

In theory, any value function, 𝑣, in conjunction with the appropriate attribute weights 
𝜆, can recover the EEoA utility function for any given vector of attributes 𝑨𝒋.This is clear 
when we consider a procurement official’s value function with two attributes as before:  

(10’) 𝑽𝒋 =∑ 𝜆𝑣ሺ

ୀଵ 𝑎ሻ => ሾ𝜆ଵ𝑣ଵሺ𝑎ଵሻ+𝜆ଶ𝑣ଶሺ𝑎ଶሻሿ. 

Totally differentiating (10) or (10’) and setting the result equal to zero yields implicit trade-
offs in the MCDM approach between any two pairs of attributes (𝑎ଵ,𝑎ଶ), that is, the first two 
terms in Equation 11 shown here. For sake of consistency given a particular decision-
maker’s preferences, this should precisely correspond to the explicit trade-offs (revealed 
preferences) obtained from that decision maker in EEoA, i.e., represented by the last two 
terms in Equation 9.  

(11) 𝜕𝑎ଶ/𝜕𝑎ଵ = –[𝜆ଵ𝑣ଵ′ሺ𝑎ଵሻሿ/ሾ𝜆ଶ𝑣ଶ′ሺ𝑎ଶሻሿ ൌ െ ௪భ

௪మ
ൌ െ𝑋௦. 

While the MCDM approach adds a degree of freedom for procurement officials and 
expands the decision space, it risks obscuring explicit trade-offs between attributes revealed 
in the EEoA approach. From Equation 11, we see that: 

𝜆ଵ /𝜆ଶ ൌ 𝑋௦ሾ𝑣ଶ′ሺ𝑎ଶሻ/𝑣ଵ′ሺ𝑎ଵሻሿ, or 
 

𝑍 ൌ ሾ𝑣ଶ′ሺ𝑎ଶሻ/𝑣ଵ′ሺ𝑎ଵሻሿ, 

where the constant Zൌ 𝜆ଵ /ሺ𝜆ଶ𝑋௦ሻ. So in general, for any pair of attributes, and alternatives 
(i.e., vendors 𝑗 ∈ [1,m]),  

(12) 𝑍𝑣ଵ
ᇱ ൫𝑎ଵ൯ ൌ 𝑣ଶ′ሺ𝑎ଶሻ. 

Integrating both sides of Equation 12 yields: 

(13) 𝑣ଶሺ𝑎ଶሻ/𝑣ଵ൫𝑎൯ ൌ 𝑍 ൌ 𝜆ଵ/ሺ𝜆ଶ𝑋௦ሻ. 
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That is to say, if the goal is to ensure EEoA and MCDM approaches generate the 
same rank ordering, procurement officials must set individual attribute value functions 𝑣 ’s 
and attribute weights 𝜆 ’s in the precise ratio specified in Equation 13.  

In practice, there is no reason to assume this happens, and reconciling the two 
approaches to generate the same rank ordering is non-trivial. While a procurement official 
may have a certain trade-off in mind between pairs of measurable attributes when 
developing the MCDM value function, normalizing each attribute with individual value 
functions, and selecting appropriate weights to assign to those value functions, can easily 
yield implicit pairwise trade-offs among attributes that generate different rank orderings than 
the explicit pairwise trade-offs determined in EEoA.19 Which decision support model best 
elicits public procurement officials’ (decision-makers’) preferences remains an important 
empirical question and warrants further research. 

From a practical standpoint, a limitation of the EEoA approach is that as the number 
of attributes (𝑛) under consideration expands, it is increasingly burdensome to generate 
required pairwise comparisons. For example, assuming each alternative (vendor proposal) 

includes a set of 𝑛 attributes, applying EEoA requires 
ሺିଵሻ

ଶ
 pairwise comparisons. 

Interestingly however, EEoA could be applied in combination with MCDM as a consistency 
check for important attributes. That is to say, if 𝜕𝑎ଶ/𝜕𝑎ଵ = െሺ𝑤ଵ௦/𝑤ଶ௦ሻ ൌ  െ𝑋௦ is the explicitly 
determined trade-off (indifference) that a public procurement official (decision-maker) is 
comfortable with in a particular scenario (for specific ranges of attribute measures) in EEoA, 
then weights developed in MCDM should reflect this relative preference (trade-off).20 The 
test simply involves application of Equation 11 shown previously. We now turn to another 
important contribution of EEoA: the importance of modeling the supply side—specifically, 
accounting for vendor responses to anticipated future funding. 

Accounting for Vendor Responses to Anticipated Future Funding 

Traditionally, MCDM models focus on the demand side of a public procurement and 
treat supply side vendor decisions as exogenous. This section demonstrates the potential 
value of explicitly accounting for vendor responses to anticipated future funding (affordability 
or budget constraints).  

Since each vendor’s expansion path represents their optimal attribute bundle bid 
proposals for any given budget (see Figures 2, 3, and 4), these expansion paths can easily 
be converted, through the buyer’s utility function (1’), into cost-effectiveness (or Budget-
Utility) functions for each vendor. For example, substituting each vendor’s optimal attribute 
bundle (6a’’) & (6b’’) into Equation 1’ for any specific scenario yields two points in cost-
effectiveness space that represent the utility of each vendor’s bid proposal for the per unit 
                                            
 

 

19 Note: Linear normalization combined with careful swing weighting in MCDM could recover similar 
trade-offs to those explicitly revealed in EEOA (see Equation 9), resulting in an identical rank ordering 
of competing vendors. An example is available upon request. 
20 If the extra burden of normalization and swing weighting required in MCDM causes a decision-
maker to “misevaluate” their trade-off preferences, then EEoA offers an alternative 
framework/perspective that can help to realign their weighting. Note that in theory a rational decision-
maker with perfect information and infinite computational capability would never need to do this. 
Since in practice it is difficult to define a “correct” weighting, contrasting the development of weights in 
MCDM and EEoA may be an empirical question worth investigating. 



Acquisition Research Program: 
Creating Synergy for Informed Change - 115 - 
Naval Postgraduate School 

funding/budget, B: (Uଵ
∗, 𝐁ሻ and (Uଶ

∗, 𝐁ሻ. Different budgets represented along the expansion 
paths generate different utility. For example, the cost-effectiveness/utility relationships 
illustrated in Figure 6 reflect the value to the government of each vendor’s offers at different 
funding levels.  

There is an important contrast between endogenously derived EEoA cost-
effectiveness functions for each vendor, and the exogenous cost-effectiveness points often 
illustrated in MCDM to represent vendor offers.21 This becomes especially apparent when 
vendor costs depend on anticipated future funding. For instance, with bigger budgets, a 
vendor’s costs to provide more of a particular attribute (say computer memory) might enjoy 
increasing returns to scale because of quantity discounts, the ability to employ just-in-time 
inventory techniques, or the possibility of adopting other process improvements that reduce 
a vendor’s costs of incorporating/producing a desired attribute. 

Consider the case illustrated in Figure 5, where vendor 1’s costs of producing 
attribute 1 are assumed to depend on the funding level or anticipated per unit budget, B (i.e. 
𝑐ଵଵሺ𝑩ሻ). For ease of exposition, suppose both vendors 𝑗 ൌ 1,2 have identical, constant 
production technologies (i.e. 𝛼ଵሺ𝐁ሻ ൌ 𝛼ଵ and 𝛼ଶሺ𝑩ሻ ൌ 𝛼ଶ), and constant returns to scale 
𝛼ଵ  𝛼ଶ ൌ 1. The difference between them is in their individual attribute costs. As before, 
let 𝑐ଵଶሺ𝑩ሻ ൌ 𝑐ଵଶ; 𝑐ଶଶሺ𝑩ሻ ൌ 𝑐ଶଶ; and 𝑐ଶଵሺ𝑩ሻ ൌ 𝑐ଶଵ, but now suppose vendor 1’s costs for 
attribute 1 depends on the budget. For example, assume the following relationship: 𝑐ଵଵሺ𝐵ሻ ൌ
𝑐ଵଵ െ 𝑘𝑩 >0. Also let 𝑩<𝑐ଵଵ/𝑘, 𝑐ଵଵ  𝑐ଵଶ, and 𝑘 ∈ [0,1).22 In this case (from (6a’’) and (6b’’)) 
each vendor’s optimal attribute bundle proposals for a unit funding/budget level 𝑩 is given 
by: 

(14a) 𝑎ଵଵ
∗ = [𝛼/𝑐ଵଵሺ𝑩ሻ] 𝑩 = [𝛼/ሺ𝑐ଵଵ െ 𝑘𝑩ሻ]𝑩, 

 

(14b) 𝑎ଶଵ
∗ = [ሺ1 െ 𝛼ሻ/𝑐ଶଵ]𝑩, and 

(15a) 𝑎ଵଶ
∗ = [𝛼/𝑐ଵଶ]𝑩, 

 

(15b) 𝑎ଶଶ
∗ = [ሺ1 െ 𝛼ሻ/𝑐ଶଶ]𝑩. 

                                            
 

 

21 For an example of the latter, see the Defense Acquisition Guidebook, which states, “Cost-
effectiveness comparisons in theory would be best if the analysis structured the alternatives so that 
all the alternatives have equal effectiveness (the best alternative is the one with lowest cost) or equal 
cost (the best alternative is the one with the greatest effectiveness). Either case would be preferred; 
however, in actual practice, in many cases the ideal of equal effectiveness or equal cost alternatives 
is difficult or impossible to achieve due to the complexity of AoA [Analysis of Alternatives] issues. A 
common method for dealing with such situations is to provide a scatter plot of [competing 
vendor proposals’] effectiveness versus cost” [emphasis added] (CH 2–2.3.2.7 AoA Study Plan-
Cost-Effectiveness Comparisons, https://www.dau.mil/tools/dag/Pages/DAG-Page-
Viewer.aspx?source=https://www.dau.mil/guidebooks). 
22 These simple assumptions help illustrate our point. A model with quadratic costs could add another 
dimension (a “knee of the curve,” i.e., monotonic increasing with a single inflection point) to the cost-
effectiveness function, which could offer an interesting extension of the model. 
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Figure 5 illustrates each vendor’s optimal attribute bundle bid proposals (given by (14a,b) 
and (15a,b)) for a specific budget, B, i.e. points 𝐴ଵ: ሺ𝑎ଵଵ

∗ , 𝑎ଶଵ
∗ ሻ and 𝐴ଶ: ሺ𝑎ଵଶ

∗ , 𝑎ଶଶ
∗ ሻ. 

 

EEoA: Procurement Agency Choice
Maximize Utility subject to Budget Authority Constraint

(attribute a2)

(attribute a1)

A2

A1

𝒂𝟏𝟐
∗ ൌ  ሺ𝜶/𝒄𝟏𝟐ሻ𝑩 

Vendor 1: 𝒂𝟐𝟏 ൌ
భభ 

𝟐𝟏

ଵି𝜶

𝜶
𝒂𝟏𝟏  ൌ

𝑐ଵଵ െ 𝑘𝐵
𝑐ଶଵ

1 െ 𝜶
𝜶

𝒂𝟏𝟏 

Vendor 2: 𝒂𝟐𝟐 ൌ
భమ

𝟐𝟐

ଵି𝜶

𝜶
𝒂𝟏𝟐𝒂𝟐𝟏

∗ ൌ
ሾሺ𝟏 െ 𝜶ሻ/𝒄𝟐𝟏ሿ𝑩 

𝒂𝟏𝟏
∗ ൌ ሺ𝜶/𝒄𝟏𝟏ሻ𝑩 

𝒂𝟐𝟐
∗ ൌ

ሾሺ𝟏 െ 𝜶ሻ/𝒄𝟐𝟐ሿ𝑩 𝑼𝟏
∗  ൌ  𝒘𝟏 𝒂𝟏𝟏

∗    𝒘𝟐 𝒂𝟐𝟏
∗

𝑼𝟐
∗  ൌ  𝒘𝟏 𝒂𝟏𝟐

∗    𝒘𝟐 𝒂𝟐𝟐
∗

 

Figure 5. Vendor Selection When Vendor 1’s Attribute Costs Depend on Budget 

The expansion path for vendor 2 is again linear, with the same positive, constant 
slope for any budget (i.e., identical to (7b’)). However, since vendor 1’s attribute costs now 
depend on the anticipated per unit funding/budget, B, vendor 1’s expansion path is 
nonlinear, increasing at a decreasing rate as illustrated in Figure 5 and given by:23 

(16) 𝑎ଶଵ ൌ ሾ𝑐ଵଵሺ𝐵ሻ 𝑐ଶଵ⁄ ሿሾሺ1 െ 𝛼ሻ 𝛼⁄ ሿ 𝑎ଵଵ = ሾሺ𝑐ଵଵ െ 𝑘𝐵ሻ 𝑐ଶଵ⁄ ሿሾሺ1 െ 𝛼ሻ 𝛼⁄ ሿ 𝑎ଵଵ, 

where the slope (first derivative) is given by:  

(16’) 𝜕𝑎ଶଵ 𝜕𝑎ଵଵ⁄  ൌ ሾ𝑐ଵଵሺ𝐵ሻ 𝑐ଶଵ⁄ ሿሾሺ1 െ 𝛼ሻ 𝛼⁄ ሿ = ሾሺ𝑐ଵଵ െ 𝑘𝐵ሻ 𝑐ଶଵ⁄ ሿሾሺ1 െ 𝛼ሻ 𝛼⁄ ሿ >0, 

and change in slope with a change in the budget (second derivative) given by: 

(16’’) 𝜕ሺ𝜕𝑎ଶଵ 𝜕𝑎ଵଵሻ⁄ /𝜕𝐵 ൌ ሾ𝑐ଵଵ′ሺ𝐵ሻ 𝑐ଶଵ⁄ ሿሾሺ1 െ 𝛼ሻ 𝛼⁄ ሿ < 0. 

                                            
 

 

23 The illustration of the two expansion paths assumes that throughout the relevant range of budgets 
(funding levels), (𝑐ଵଵሺ𝐵ሻ 𝑐ଶଵ⁄ ) > ሺ𝑐ଵଶ 𝑐ଶଶ⁄ ሻ. 
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Substituting vendor 1 and 2’s optimal attribute bundle offers ((14a,b) and (15a,b)) 
into the procurement official’s (buyer’s) utility function for any given scenario in Equation 8’ 
yields:24 

(17) Uଵ
∗ ൌ 𝑤ଵ𝑎ଵଵ

∗  𝑤ଵ𝑎ଶଵ
∗ = 𝑤ଵ [𝛼/𝑐ଵଵሺ𝐵ሻ] 𝐵 + 𝑤ଶ [(1 െ 𝛼ሻ/𝑐ଶଵ] 𝐵 

(18) Uଶ
∗ ൌ 𝑤ଵ𝑎ଵଶ

∗   𝑤ଵ𝑎ଶଶ
∗ = 𝑤ଵ [𝛼/𝑐ଵଶ] 𝐵 + 𝑤ଶ [(1 െ 𝛼ሻ/𝑐ଶଶ]𝐵. 

Equations 17 & 18 represent functions that can be plotted in cost-effectiveness (Budget-
Utility) space over a relevant range of funding scenarios (see Figure 6). In this case, 
assuming identical, constant costs for attribute 2 (i.e. 𝑐ଶଵ ൌ 𝑐ଶଶ ൌ 𝑐ଶ), from (17) and (18),  

(19) Uଵ
∗ ⋛ Uଶ

∗ as 𝑐ଵଶ ⋛ 𝑐ଵଵሺ𝑩ሻ ൌ 𝑐ଵଵ െ 𝑘𝑩 or as 𝑩 ⋛ ሺ𝑐ଵଵ െ 𝑐ଵଶሻ/𝑘 = 𝐵’. 

 

Economic Evaluation of Alternatives
Cost-Effectiveness (Budget-Utility) Analysis

Where: 𝑐ଵଵሺ𝐵ሻ ൌ 𝑐ଵଵ െ 𝑘𝐵

(MOE=Utility)

(Budget=$)

A1

A2

𝒂𝟏𝟐
∗ ൌ ሺ𝜶/𝒄𝟏𝟐ሻ𝑩 

Vendor 1: 𝑼𝟏
∗

Vendor 2: 𝑼𝟐
∗

𝒂𝟐𝟏
∗ ൌ ሾሺ𝟏 െ 𝜶ሻ/𝒄𝟐𝟏ሿ𝑩 

𝒂𝟏𝟏
∗ ൌ ሺ𝜶/𝒄𝟏𝟏ሺ𝑩ሻሻ𝑩 

𝒂𝟐𝟐
∗ ൌ ሾሺ𝟏 െ 𝜶ሻ/𝒄𝟐𝟐ሿ𝑩 

𝒄𝟏𝟏/𝟑𝒌 ሺ𝒄𝟏𝟏 െ 𝒄𝟏𝟐ሻ/𝒌 𝒄𝟏𝟏/𝒌
B’

 

Figure 6. Vendor Selection in Cost-Effectiveness Space 

What is revealed in Figure 6, is that the relation given by Equation 19 indicates it is 
optimal for the buyer to switch vendors at B’ (i.e., an optimal rank reversal). For any unit 
funding/budgets B>B’, vendor 1 is ranked higher than vendor 2. The two are ranked the 
same for the budget, B=B’, and for budgets B<B’, vendor 2 is ranked higher than 1. As 

                                            
 

 

24 For a specific funding level B, this represents two optima that can be compared that represent the 
maximum utility a buyer can obtain from each vendor. This is illustrated in Figure 4 as the highest 
indifference curve attainable given the corresponding point on the attribute production possibility 
frontier. 
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expected, evaluating the slopes of the two vendors’ cost-effectiveness functions at the 
switch point, B’=ሺ𝑐ଵଵ െ 𝑐ଵଶሻ/𝑘, yields:  

(20) 𝜕Uଵ
∗ 𝜕𝑩⁄  𝜕Uଶ

∗ 𝜕𝑩⁄  or ሺ𝑐ଵଵሺ𝑩ሻ െ 𝑐ଵଵ
ᇱ ሺ𝑩ሻ𝑩ሻ/𝑐ଵଵሺ𝑩ሻଶ  1/𝑐ଵଶ since 𝑐ଵଵ  𝑐ଵଶ. 

This highlights the importance of modeling the supply side. Specifically, this example 
emphasizes the importance for public procurement officials to obtain realistic budget 
forecasts for government programs, and to offer those as guidance to vendors. As two 
pioneers in defense economics Hitch & McKean (1967) wisely counseled, 

As a starter ... several budget sizes can be assumed. If the same [vendor] 
is preferred for all … budgets, that system is dominant. If the same [vendor] 
is not dominant, use of several … budgets is nevertheless an essential 
step, because it provides vital information to the decision maker.  

Instead of plotting procurement alternatives (vendor bid proposals) as single points in 
cost-effectiveness (budget-value) space, EEoA encourages procurement officials in fiscally 
constrained environments to solicit bids over a range of possible budget scenarios.25  

Conclusion and Avenues for Future Research 
This paper offers an economic model to assist public procurement officials to rank 

competing vendors when benefits cannot be monetized. The problem of ranking public 
investment alternatives when benefits cannot be monetized has spawned an extensive 
literature that underpins widely applied decision tools. The bulk of the literature, and most 
government-mandated decision tools, focuses on the demand side of a public procurement. 
The Economic Evaluation of Alternatives (EEoA) extends the analysis to the supply side.  

Introducing the supply side offers multiple avenues for further research. Notably, it 
provides fertile ground to apply both auction and game theory literatures. An interesting 
extension would be to leverage auction theory and introduce strategic shading of bids by 
vendors. Another is to consider the risk of collusion among vendors, or allow some vendors 
to enjoy economies of scale (i.e., to make production technology parameters a function of 
the budget). Whereas EEoA models vendors as proposing bundles of characteristics to win 
a budget “prize,” alternative optimization assumptions and strategic behaviors could be 
assumed.  

A rich opportunity also exists for both experimental and qualitative research to 
significantly improve public procurement. An important empirical question is whether 
procurement officials and managers would have an easier time using EEoA or MCDM (or 
some combination). Consistency tests could be conducted in experimental settings to 
explore when the two techniques converge (offer identical vendor rankings), and when (and 
why) they diverge.  

In conclusion, the Economic Evaluation of Alternatives (EEoA) captures both the 
demand side (government procurement official decisions) and the supply side (vendor 

                                            
 

 

25 In this case, the standard technique of eliminating “dominated alternatives” could lead to sub-
optimal decisions. For example, see Chapter 4 in Melese, Richter, & Solomon (2015), or the specific 
example of the EEoA model developed in Simon & Melese (2011). 
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optimization decisions). A unique feature of EEoA is to model vendor decisions in response 
to government funding projections. Given a parsimonious set of continuously differentiable 
evaluation criteria, EEoA provides a new tool to rank vendors. In other cases, it offers a 
valuable consistency check to guide government supplier decisions. 

References 

Beil, D., & Wein, L. (2003). An inverse-optimization-based auction mechanism to support a 
multiattribute RFQ process. Management Science, 49(11), 1529–1545. 

Blondal. (2006). International experience using outsourcing, public-private partnerships, and 
vouchers. In J. M. Kamensky & A. Morales (Eds.), Competition, choice, and 
incentives in government programs (pp. 121–159). Lanham, MD: Rowman & 
Littlefield. 

Buede, D. M., & Bresnick, T. A. (1999). Applications of decision analysis to the military 
systems acquisition process. Interfaces, 22(6), 110–125. 

Che, Y. (1993). Design competition through multidimensional auctions. RAND Journal of 
Economics, 24(4), 668–680. 

Darji, V. P., & Rao, R. V. (2014). Intelligent multi criteria decision making methods for 
material selection in sugar industry. Procedia Materials Science, 5, 2585–2594. 
Retrieved from https://doi.org/10.1016/j.mspro.2014.07.519 

Defense Acquisition University (DAU). (n.d.) Defense acquisition guidebook. Retrieved from 
https://www.dau.mil/tools/dag 

Dyer, J. S., & Sarin, R. K. (1979). Measurable multiattribute value functions. Operations 
Research, 27(4), 810–822. 

Dyer, J. S., & Sarin, R. K. (1982). Relative risk aversion. Management Science, 28(8), 875–
886. 

Ewing P. L., Jr., Tarantino, W., & Parnell, G. S. (2006). Use of decision analysis in the army 
base realignment and closure (BRAC) 2005 military value analysis. Decision 
Analysis, 3(1), 33–49. 

Federal Acquisition Regulation (FAR), 48 C.F.R. ch. 1 (2018). Retrieved from 
https://www.acquisition.gov/sites/default/files/current/far/pdf/FAR.pdf 

Gal, T., Stewart, T., & Hanne, T. (Eds.). (2013). Multicriteria decision making: Advances in 
MCDM models, algorithms, theory, and applications (Vol. 21). Springer Science & 
Business Media. 

Hitch, C., & McKean, R. (1967). The economics of defense in the nuclear age. Cambridge, 
MA: Harvard University Press. 

Jamil, N., Besar, R., & Sim, H. K. (2013, January). A study of multicriteria decision making 
for supplier selection in automotive industry. Journal of Industrial Engineering, 23. 
Retrieved from https://doi.org/10.1155/2013/841584 

Jordan, K. (2007). The NMCI experience and lessons learned. The consolidation of 
networks by outsourcing. Case Studies in National Security Transformation, 12. 

Keeney, R. L. (1992). Value-focused thinking: A path to creative decision-making. 
Cambridge, MA: Harvard University Press. 

Keeney, R. L. (2004). Making better decision makers. Decision Analysis, 1(4), 193–204. 



Acquisition Research Program: 
Creating Synergy for Informed Change - 120 - 
Naval Postgraduate School 

Keeney, R. L., & Raiffa, H. (1976). Decisions with multiple objectives: Preferences and value 
trade-offs. New York, NY: John Wiley and Sons. 

Kennedy, B. R. (1999). Historical realities of c-17 program pose challenge for future 
acquisitions. Program Manager Magazine, 28(6), 70–78. 

Kirkwood, C. (1997). Strategic decision making. New York, NY: Duxbury Press. 

Kirkwood, C. W., & Sarin, R. K. (1980). Preference conditions for multi-attribute value 
functions. Operations Research, 28(1), 225–232. 

Lancaster, K. J. (1966a). A new approach to consumer theory. Journal of Political Economy, 
74(2), 132–157. 

Lancaster, K. J. (1966b). Change and innovation in the technology of consumption. 
American Economic Review, 56(2), 14–23. 

Lancaster, K. J. (1971). Consumer demand: A new approach. New York, NY: Columbia 
University Press. 

Lancaster, K. J. (1979). Variety, equity, and efficiency. New York, NY: Columbia University 
Press. 

Larsen, R. F. (2007). The evolution of the Pentagon’s strategic warfighting resources and 
risk process. Land Warfare Papers, No. 64. 

Loerch, A. G., Koury, R. R., & Maxwell, D. T. (1999). Value added analysis for army 
equipment modernization. Naval Research Logistics, 46(3), 233–253. 

Matheson, J. E., & Abbas, A. E. (2005). Utility transversality: A value-based approach. 
Journal of Multi-Criteria Decision Analysis, 13(5–6), 229–238. 

Melese, F. (2015). The economic evaluation of alternatives. In F. Melese, A. Richter, & B. 
Solomon, Military cost-benefit analysis: Theory & practice (Chapter 4). Routledge. 

Melese, F. (2018). Cost-benefit analysis of bid protests: A representative bidder model. 
Defence & Peace Economics.  

Michael, R. T., & Becker, G. S. (1973). On the new theory of consumer behavior. The 
Swedish Journal of Economics, 75(4), 378–396. 

OECD Public Procurement Dataset. (2016). Retrieved from 
https://qdd.oecd.org/subject.aspx?Subject=GOV_PUBPRO_2016 

Parkes, D., & Kalagnanam, J. (2005). Models for iterative multi-attribute procurement 
auctions. Management Science, 51(3), 435–451. 

Parnell, G. S. (2007). Value-focused thinking using multiple objective decision analysis. In A. 
Loerch & L. Rainey (Eds.), Methods for conducting military operational analysis: Best 
practices in use throughout the Department of Defense (pp. 619–656). Alexandria, 
VA: Military Operations Research Society. 

Pratt, J. W., Raiffa, H., & Schlaifer, R. (1964). The foundations of decision under uncertainty: 
An elementary exposition. Journal of the American Statistical Association, 59(306), 
353–375. 

Quade, E. S. (1989). Analysis for public decisions (Rev. ed. by G. M. Carter). New York, NY: 
North-Holland. 

Ratchford, B. (1979). Operationalizing economic models of demand for product 
characteristics. Journal of Consumer Research, 6(1), 76–85. 



Acquisition Research Program: 
Creating Synergy for Informed Change - 121 - 
Naval Postgraduate School 

Schwartz, M., Sargent, J., & Mann, C. (2018). Defense acquisitions: How and where DOD 
spends its contracting dollars. Washington, DC: Congressional Research Service. 
Retrieved from https://fas.org/sgp/crs/natsec/R44010.pdf 

Simon, J., & Melese, F. (2011). A multiattribute sealed-bid procurement auction with multiple 
budgets for government vendor selection. Decision Analysis, 8(3), 170–179.  

Sproles, N. (2000). Coming to grips with measures of effectiveness. Systems Engineering, 
3(1), 50–58. 

Wilson, L. E. (2006). NMCI: The silver lining (EWS Contemporary Issue Paper). 

Wise, R., & Morrison, D. (2000). Beyond the exchange—The future of B2B. Harvard 
Business Review, 78(6), 86–96.  

Acknowledgements & Disclaimer 
We are grateful to Colonel (Ret.) John Dillard, Dr. Bill Gates, Lt. Colonel (Ret.) Jeff 

House, Dr. Eva Regnier, Dr. Anke Richter, and other NPS colleagues for valuable 
comments and suggestions. The views expressed belong exclusively to the authors and do 
not necessarily reflect those of our colleagues, the Naval Postgraduate School, the U.S. 
Navy, or the Department of Defense. 

 

 



 
 

 
Acquisition Research Program 
Graduate School of Business & Public Policy 
Naval Postgraduate School 
555 Dyer Road, Ingersoll Hall 
Monterey, CA 93943 

www.acquisitionresearch.net 

 


