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1 Introduction 
 

The sourcing process of multiple goods or services usually involves complex negotiations (via 
telephone, fax, etc) that include discussion of product features as well as quality, service and 
availability issues. Currently, this is a high-cost process due to the scarce use of tools that 
streamline this communication and assist purchasing managers’ decision-making. With the 
advent of Internet-based technologies, it becomes feasible the idea of an affordable tool that 
enables to maintain an assisted, fluid, on-line dialog at virtually no cost and wherever your 
providers are. Consequently, several commercial systems to support on-line negotiations 
become available. However there is still a need that these systems incorporate effective 
decision support techniques.  
 
Traditionally, the core of the sourcing process comprises the following tasks: Request for 
Quotation (RFQ) elaboration, provider selection for RFQ delivery; best candidate offer analysis, 
negotiation through offer-counteroffer interaction or reverse auction, and selection of best offers. 
Recently, several commercial systems targeted at supporting such processes have become 
available. However, to the best of our knowledge not a single system can claim to address the 
full complexity of on-line negotiations. Most of them merely incorporate single-item, price-
quantity reverse auctions mechanisms. Others only offer basic negotiation capabilities that are 
usually reduced to a demand-offer matching tool. In general terms, there is a lack of decision 
support functionalities (decision making in sourcing can involve a few hundred offerings each of 
which is described by several dozen attributes). Finally, there is a lack of technology support for 
computationally complex negotiation paradigms, which inhibit the application of interesting 
models such as combinatorial reverse auctions [8].  
 
The aim of this chapter is twofold. On the one hand, the subprocesses and issues 
characterising the sourcing process are fully explained so as to identify the challenges to be 
faced by sourcing applications. On the other hand, this chapter presents Quotes [15] as 
iSOCO’s e-solution for strategic sourcing that incorporates Artificial Intelligence (AI) based 
techniques that successfully address previous limitations within a single and coherent 
framework. In this manner, Quotes shall ideally serve us to illustrate technological solutions that 
enhance and empower the traditional sourcing process. 
 
The chapter is organised in three sections. Section 2 describes the traditional sourcing process 
in order to identify the issues to be tackled by sourcing applications. Furthermore the benefits 
derived from the adoption of sourcing applications are also identified. Next, Section 3 thoroughly 
dissects the features of Quotes as a sample of advanced sourcing application. Finally, Section 4 
presents a critical view of current sourcing applications in the market and elaborates on the 
expected characteristics of the next generation of sourcing applications. 
 

2 Electronic negotiations and strategic sourcing  

2.1 The sourcing process  
 
Businesses’ goal is to sell goods and/or services to other businesses and/or consumers. In 
order to produce these goods and services, materials or services such as computers, travel, 
and temporary staffing must be purchased from other parties in a business supply chain. Hence 
purchasing is a capital business activity. We identify two main costs involved in this activity: the 
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diect cost of the material or service purchased and the process cost (transaction costs, which 
include the personnel and overhead required to search for, compare, negotiate and source 
various goods and services). 
 
The sourcing process comprehends the identification, evaluation, negotiation, and configuration 
of products and services to ensure that a company can establish the most efficient global value 
chain. The sourcing process ranges from simple sourcing of indirect goods and services1 to 
more complex sourcing of direct materials and services2. On the one hand, the sourcing of 
direct materials is based on conformance to quality, current and future provider capacity, 
security stocks, design specifications, on-time performance and total cost to the buyer, including 
manufacturability and logistics. On the other hand, the sourcing of indirect materials/services is 
based on price, service and convenience. Notice that in both cases the buying decision is not 
solely based on price but on a wide variety of criteria. Figure 2-1 attempts at summarising the 
key criteria customers use to make a buying decision. 
 

 
Figure 2-1. Key criteria customers use to make a buying decision 

 
Traditionally the sourcing process comes through several stages. First comes the provider 
search and analysis. The next step is provider selection via competitive bidding or negotiation. 
Once a contract is awarded, order releases against that blanket contract are calculated by an 
MRP3 system and typically sent (for large companies) via EDI4 to trading partners. Lastly, the 

                                                   
1 Indirect items such as travel, office supplies and information technology equipment are not acquired with the aim of 
manufacturing them but with the purpose of helping execute the mainline business activity. 
2 Manufacturers acquire direct materials (raw materials and components) to add value through some manufacturing or 
assembly process so that the final product can be sold to customers. 
3 MRP stands for Manufacturing Resource Planning 
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purchasing data is fed in along with logistics and production information into a supply chain 
planning/optimisation engine to fine-tune schedules for improved efficiency. The sourcing 
process can be further broken down as depicted in Figure 2-2. 
 

 
Figure 2-2. Traditional Process for Sourcing 

 
The traditional sourcing cycle can be approximately broken down into the following time-
weighted components: identifying appropriate providers (52% of cycle), 
managing/communicating preferred provider list (5%), RFQ development (8%), RFQ 
response/receipt (5%), screening/sorting proposals (20%), and contract negotiation (10%). 
 
The goal of sourcing is simple: reduce the cost of the finished product or service while keeping 
quality concerns in the forefront. It is not only about price. However, the rewards are 
disproportionately great: even a minuscule 2 percent cost reduction during the sourcing cycle 
can lead to a whopping 14 percent reduction in the end cost of a new product of service. Hence 
companies should concentrate on deploying efficient strategic sourcing to drive down costs. 
Reality says though that so far they are not succeeding. Thus approximately 75 percent of 
companies rate their ability to affect or reduce the cost or quality of a product or service after the 
initial sourcing process as only fair or poor. This fact is motivated by the inefficiency of the 
legacy process and the lack of decision support. On the one hand, the strategic buying aspect 
for both direct and indirect materials is still very much a manual process. Most companies still 
utilise a convoluted mix of phone calls, faxes, e-mails, and snail mail when communicating and 
exchanging information with providers. Not surprisingly 80% of professional buyers’ time is 
devoted to administrative tasks, saving a scant 20% of their time for strategic analysis. 
Furthermore, on the other hand, their strategic thinking does not accustom to be assisted by 
decision support tools. 

                                                                                                                                                     
4 EDI stands for Electronic Data Interchange 
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2.2 Components of strategic sourcing solutions 
 
Strategic sourcing is a process whereby businesses select providers in a calculated manner. 
Selection decisions under strategic buying are based on factors such as a provider’s new 
product development capabilities, the ability to share information electronically, or the means for 
a component to differentiate the final product. With strategic sourcing, businesses analyse and 
decide on providers based on the strategic impact of that provider on the overall business 
(supply chain) instead of simply awarding each supply contract to the provider with the lowest 
bid. Strategic sourcing applications are the software programs that provide critical decision-
support functionality to purchasing departments and decision-makers within the supply chain. 
These applications facilitate the determination of providers, the configuration of new products 
and services, how to allocate contracts and volume among providers, how to manage supply 
risk, and how to optimise the provider base. 

 

 

Figure 2-3. Components of a complete strategic sourcing solution 
 

Figure 2-3 depicts a model of the components that we regard as necessary to build a complete 
strategic sourcing solution that captures and enhances the traditional sourcing model: 

q Supplier qualification (homologation). It allows to carry out the request for information 
(RFI) process, allowing buyers to issue RFIs so as to assess and qualify providers’ 
capacities, capabilities and additional performance criteria. The goal of this module is to 
allow buyers to evaluate providers prior to invitations for negotiations. 

q E-Negotiation engine. It is targeted at providing the necessary support for both buyers 
and providers to streamline and automate the negotiation processes that traditionally 
have been conducted over phone, fax and value-added networks (VANs). 
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q Reverse auction engine. It allows buyers to move from one-to-many haggling scenarios 
in which each provider attempts at reaching an individual agreement with the buyer 
without a transparent sense of competition (since the actions of the rest of providers are 
unknown) to more competitive scenarios in which providers are gathered together in the 
very same trading arena. Thus, the buyer is relieved from making an effort to reach win-
win agreements with his providers, putting the burden of determining the features of the 
agreement in the market itself. Likewise e-negotiations a buyer might decide to iterate 
over several auctions and, in the more general case, interleave negotiations and 
auctions at will. Ideally a strategic sourcing solution should support such functionality so 
that the sourcing practices of a wide range of industries can be captured. Notice too that 
along with the e-negotiation engine, this engine is the core of any strategic sourcing 
application.   

q Decision optimisation support. Module devoted to evaluating offers, providers and 
RFQs based on buyers’ and providers’ preferences and weightings. It also assists 
buyers and providers in suggesting bids that bring them closer to a deal. Furthermore, it 
should ideally help determine the best combination of offers at both negotiation and 
auction time. 

q Analytics module. Group of applications that transform sourcing data into measurable 
data that leads to benefits. Spend analysis and sensitivity analysis are common 
analytical features.  

q Catalog/content management. Strategic sourcing applications are expected to provide 
some form of catalog retrieval and functionality, particularly to store negotiated products 
and services along with templates that serve to create requests for new products and/or 
services. 

q Contract management refers to the process governing the life cycle of trade 
agreements between business entities after negotiation and execution of the purchase 
order. Contract management tools typically offer, as major functionalities, standardise 
contract creation and maintenance, faster contract approval and signing with automated 
workflow, global contract visibility, and risk management through reporting across 
clauses and terms.   

2.3 E-sourcing benefits  

E-sourcing applications can help all along the cycle and deliver impressive benefits along four 
major directions: shortening in cycle times, unit price reductions, time-to-market cycle 
reductions, and process cost reductions. Although there is an apparent agreement on the 
identification of these major benefits, a large number of varying figures from a variety of sources 
have been offered to shape them in figures. Figure 2-4 offers some ranges of figures intended 
to quantify e-sourcing benefits. The depicted summary stems from a collection of market reports 
focusing on e-sourcing technologies. 
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Figure 2-4 e-Sourcing technologies’ benefits 

So far it seems that we have been primarily concerned about buying parties as the unique 
beneficiaries from the deployment and exploitation of e-sourcing applications. Nonetheless 
there are additional parties that largely benefit from these technologies too. First, providers may 
also enormously benefit from e-sourcing technologies. For this purpose, e-sourcing applications 
must provide them with decision support and business automation facilities that help them 
streamline the cycle and readily differentiate and present their most advantageous offers. 
Second, electronic marketplaces can offer sourcing applications as a differentiating value-added 
service. In this manner, not only large companies can start benefiting from e-sourcing 
technologies as early adopters, but also SMEs5 that may not afford their acquisition and 
alternatively opt for renting the service to some marketplace acting as ASP6.   

 

Table 2-1 summarises the expected benefits of e-sourcing technologies per role. 

                                                   
5 SME stands for Small and Medium Enterprise. 
6 ASP stands for Application Service Provider. 
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Table 2-1Summary of e-sourcing benefits for involved parties 

3 Quotes: a negotiation tool for strategic sourcing 
 

This section introduces Quotes [15], iSOCO’s e-solution for strategic sourcing. Although section 
2.2 identified all the components ideally composing a complete sourcing solution, notice that 
Quotes focuses on and realises the components related to the negotiation process occurring 
after provider qualification and prior to the sending of purchases orders (see Figure 2-3). 

3.1 Request for quotation (RFQ) creation  
 
Quotes supports multi-attribute, multi-line RFQs,  enabling the creation of multiple types of 
RFQs (commodity, catalogue, BOM or group by). Furthermore it provides the expressiveness 
needed to cope with multi-criteria negotiation procedures. Typically a buyer creates an RFQ by 
sequentially adding lines. Each line specifies a product, be it either a good or service. Figure 3-2 
shows an RFQ composed of several lines, a so-called multi-line RFQ. A paradigmatic example 
of multi-line RFQ occurs at industrial settings such as illustrated in Figure 3-1. The production 
plan outlined by some company’s ERP7 or SCM8 application comes in the shape of a list of 
items to be produced along with the parts required to comply with the plan, the so-called bill of 
material. The bill of material is the basis for the buyer to start out multiple sourcing events, each 
one devoted to the procurement of the parts of each one of the items whose production has 
been forecast. 
 

                                                   
7 ERP stands for Enterprise Resource Planning. 
8 SCM stands for Supply Chain Management. 

E-SOURCING BENEFITS 
Role Benefits 

Buyer 
q Efficiently manage the identification, evaluation, negotiation, and 

configuration of the buying process of products and services. 
q Ensure the establishment of the most efficient global value chain 

based on total cost. 

Provider 

q Ability to offer the buyer competitive advantage, be it in price, 
demand schedule flexibility, advantageous warranty terms, higher 
quality, or other specifications, terms or conditions. 

q Ability to quickly decide which clients to supply and which not. 
q Increase competitiveness by holding simultaneous negotiations 

with multiple buyers and automating their bidding through 
business rules. 

 

Marketplace 

q Increased market share. By offering an easily implementable 
strategic sourcing solution to its clients a marketplace can quickly 
differentiate itself in a crowded marketspace. 

q Additional revenue stream. The strategic sourcing solution offered 
to a marketplace’s clients can generate an additional revenue 
stream. 
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Figure 3-1. Information flow for a BOM (bill of material) RFQ 

 

 
Figure 3-2. Example of a multi-line RFQ 
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The process of including an item (line) is composed of two steps: template selection and RFQ 
value setting. Next we explain both subprocesses in detail. 

3.1.1 Template selection 
The process starts when some buyer creates an RFQ line by selecting a product from a list of 
product templates. Product templates are previously created by the system administrator and 
consist of a list of attributes describing the product (Figure 3-3 shows a typical product 
template). Each attribute makes reference to a physical characteristic or negotiable condition or 
term. Each of these attributes is defined in terms of a name and its domain. The name is used 
as an identifier and provides semantics to the template if a meaningful string is associated. The 
domain specifies the universe of possible values that an attribute can take. There are five 
different types of attributes, namely: 
  

• Any Number. For attributes that can take any numerical value. This type is 
recommended for attributes whose values cannot be constrained. 

• Range of Numbers. This type is intended for attributes whose possible values belong 
to a numerical range. For example, PH can only take values between 0 and 14. This 
type is always associated to a maximum and a minimum value definition.  

• Set of Labels. Non-numerical values can be of type ‘set of labels’ when there is an 
associated list of predefined textual values and there is no order among them. For 
instance, a list of colour names.  

• Ordered Set of Labels. This type of attribute can be used for quantitative measures. In 
this case there needs to be an order for associated values. As an example we can 
think of quality levels such as ‘regular’, ‘extra’, ‘luxury’, etc.  

• Free Text. Finally, a free text attribute is added so that the buyer has the opportunity to 
add information that is not included in the template. 

Domain specification also includes the measurement units that are associated to numerical 
attribute values. Hence Quotes enhances each attribute specification with a variety of 
associated fields that provide both functional flexibility and semantic enrichment. 
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Figure 3-3. A product template definition 

3.1.2 RFQ value setting  
Once a product template is selected, the buyer must specify desired values for each attribute. 
Obviously, the way values are set depends on the attribute type, but in general, we can stand 
that the buyer can do it so by either defining a single value or a range of values. Additionally, he 
can also express his preferences among possible values within a set.  Figure 3-4 shows the 
interface available for buyers at this aim.  

In this manner, for an Any Number attribute a buyer can specify its desired value as either a 
single number or as a range of numbers that satisfies their needs. In the last case, three values 
are required: a minimum, a maximum, and a preference slope indicating which values are most 
preferred within the range. The slope can take on three different values: 

• Flat. When all values within the range are equally preferred.  

• More Is Better (MIB) indicates that higher values are more preferred than lower ones.   

• Less Is Better (LIB). On the contrary to MIB, the buyer chooses an LIB slope when 
smaller values are preferred.  

The same kind of single / range value specification can be used for the Range of Numbers and 
Ordered Set of Labels types. The only difference is that attribute values must belong to the 
domain defined by the corresponding attribute template. As an example, consider specifying 
that we are prepared to accept any value for attribute quality that is at least standard but taking 
into account that the more quality the better. 

As to the Set of Labels type, the buyer is enabled to choose one value (label) or a subset of 
values (Notice though that since no order is associated, there is no need for defining any range 
or slope).  
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Finally, a buyer assigns some value to a Free Text type by filling out a text field.  

 
Figure 3-4. RFQ value specification 

 
The buyer has also the capability of defining the importance that each attribute is expected to 
have during the selection phase and the negotiation process. Basically, he assigns a value 
ranging from don’t care (irrelevant) to extremely important (there are five different values). 
Additionally, if it is compulsory that offers satisfy the requested values, the user must then tick 
the must-have checkbox. The way Quotes exploits preferences and importance values is latter 
explained.  

Finally, the buyer assigns a reservation score, a threshold value, to the RFQ. Thus offers whose 
percentage of matching with the RFQ fall below the reservation score are filtered out 
(subsection 3.3.5.1 fully explains scoring how offers are scored and thus matched to RFQs). 
That is, depending on the matching score value, Quotes automatically rejects offers that 
unsatisfactorily match buyers’ requirements. 
 

3.2 Profiles of products and services 

3.2.1 Preferences and capabilities 
 
While buyers need to specify their product requirements in terms of negotiable attributes, 
providers can analogously do the same regarding their product capabilities and their proposals 
preferences. 
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Thus each provider is capable of declaring thoroughly detailed lists of goods or services he is 
able to provide, the so-called production profiles. Figure 3-5 shows a production profile for the 
product described in the template shown in Figure 3-3.  
 

 
Figure 3-5.  A sample of production profile 

 

As discussed above, Quotes describes a product in terms of its negotiable attributes. 
Consequently, three concepts need to be specified for each attribute: the provider production 
capabilities, his selling preferences and, once again, a measure of importance. The production 
capabilities determine which product demands the provider can actually accept. For example, 
suppose that some provider needs a minimum of five days to deliver his goods or that he can 
only provide a maximum cable thickness. Selling preferences allow a provider to state which 
requests he may favour. He might be interested in quickly identify requests for large volumes or 
for a specific product model, while being less interested in requests for discontinued products.   

 

3.2.2 Business and bidding rules 
 
Beyond declaring attribute capabilities and preferences, Quotes allows each provider to declare 
his own business rules in the form of bidding rules.  
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Figure 3-6.  Bidding rule example 

 
A bidding rule is an if-then rule that checks and changes the value of one or several attributes. 
Examples of rules include discount per volume, additional charges for express delivery, no 
delivery charge when a minimum price is offered, etc. Figure 3-6 shows an example for memory 
SIMM modules. The general syntax to define bidding rules is shown in Figure 3-7. 

RULE: if CONDITION then ACTION; 
CONDITION: attribute_name1 [=, !=] value1 | 
 attribute_name1 [#,!#] (min_value, max_value) | 
 (CONDITION) | 
 CONDITION [and, or] CONDITION; 
ACTION: attribute_name2 [fix, +%, -%] value2 

Figure 3-7. Bidding rule syntax.  

Operations for checks and changes can be selected among a list of available operations that 
depends on the chosen attribute type: 

• Condition operators are: =, !=, #, !#. Equality (=) and inequality (!=) operators 
can be chosen for all types of attributes (both numerical and sets of labels) and require 
a value to be compared with. On the contrary, membership (#) and non-membership 
(!#) operators only apply to types that allow to specify intervals (that is, any number, 
range of numbers, and ordered sets of labels). 

• Action operators are functions to be applied to the attribute that has been chosen to be 
affected. These are: assignment (fix), which can be applied to all attribute types, and 
percentage increment (+%) and decrement (-%), which are only applied to numerical 
types. 

Notice that the free text type is not supported here because it is a natural language value whose 
automatic treatment goes beyond the scope of this application. However, the manual setting of 
a Boolean value associated to free text types specifies if the provider meets the requested 
attribute value or not. 
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3.3 Negotiation stages 
 
This section aims to describe the main processes that occur when a newly created RFQ is 
launched by Quotes. Figure 3-8 shows the main stages. After some buyer submits an RFQ, 
potential providers are automatically identified and made aware of the RFQ. On the providers’ 
side, offers are automatically built as responses to received RFQs by firing pre-defined bidding 
rules. Thereafter the buyer can conduct simultaneous one-to-one negotiations as part of the 
one-to-many negotiation process. This negotiation phase may end with success (that is, the 
buyer winds up accepting some offer(s)) or may be used as an initial selection of providers that 
are invited to participate in a reverse auction.  
 

 
Figure 3-8.  Quotes’ e-sourcing process description 

 

3.3.1 Provider selection: smart matching algorithm 
Provider selection consists of two filtering steps. It has been already described how buyers and 
providers have interfaces that allow them to describe their necessities and capabilities based on 
common product templates. The first filtering process is a straightforward approach that solely 
requires identifying those providers that offer products/services specified with the same 
template than the product the buyer is requesting.  
For every identified provider offering the required product, the second filtering process focuses 
on attribute values. Internally, this common language provided by templates allows to match 
values over the same domain. As mentioned above, when a buyer specifies its requirements by 
assigning values to each attribute in a template, these values can be single values, sets of 
values or intervals. Those values are then internally fuzzified via the generation of associated 
fuzzy functions. Then fuzzy values are matched to the values described by the providers and, if 
the resulting membership degree is not null for any attribute, then the corresponding provider 
receives the RFQ from the buyer.  
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3.3.2 Automatic provider response via optimal generation of offers 
In this section, we describe the module of Quotes that is in charge of generating indicative offers 
on behalf of providers. Such process takes place immediately after provider selection. Its 
objective is to build a complete offer (where all attributes have been given a value). Moreover, 
the algorithm pursues to build the best complete offer in terms of either buyer preferences or 
provider’s or both. For the sake of clarity, this section assumes an offer to have a single item 
(that is, it is only offering one product or service), so that ‘offer’ is used instead of ‘offer item’. 
For the general case of offering more than one product, the process described here will be 
repeated for each item.  

The implemented algorithm is a variation of the well-known hill-climbing random neighborhood 
search procedure. We start with an incomplete offer O as the candidate solution and then enter 
into an iteration phase. At each iteration, we generate a neighboring offer O’ of O and we apply 
the business rules (which have been already explained in subsection 3.2.2). If the new solution 
O’ is better than the candidate offer O we accept O’ as the current solution. The process 
continues until the termination criterion (no improvement for the last k iterations) is reached. 

In order to explain completely the optimisation procedures, the following definitions are in place. 

Definition 1: Space of solutions. 
We define an offer as a tuple O of the form <o1, o2,…, on > where oi ∈ (Ai

P ∩ Ai
B) ∪ ∅ being: 

• n the number of negotiable attributes. 
• Ai

P the set of values for ith-attribute of the item produced by the provider. 
• Ai

B the set of values for ith-attribute of the item asked by the buyer. 
• The symbol ∅ denotes unassigned value. 

In other words, an offer O gives a value for each requested attribute (i.e., oi is the value offered 
for attribute Ai), provided such value is within both provider’s capabilities and buyer’s acceptable 
values.  

An offer s is complete if oi ≠ ∅  ∀ i ∈ [1..n]. Additionally, we say that an offer O is more complete 
than O’ if O has the same or less unassigned values than O’. 

The evaluation function defines the objective of the optimization process in terms of determining 
if O’ is better than O. In our case the objective is twofold: obtain a complete offer that optimizes 
a target function. 

Definition 2: Objective function. 
The objective function C: O → ℜ is defined as  

)()()( OSwOSwOC BBPP ⋅+⋅=   
where 

• SP(O): O → [0..100] is the scoring function based on the preferences of the provider 
(see subsection 3.3.5.1 for details about scoring functions). 

• SB(O): O → [0..100] it is the same scoring function than the previous one except for that 
it is based on the buyer’s preferences. 

• wP and wB are weight factors. 

Such evaluation function tries to favour high scorings while penalising big differences between 
the buyer’s and the provider’s revenues. In other words, it prefers a 50 - 50 rather than an 80 - 
20 thus seeking win-win situations (and this is desirable because if a provider generates an offer 
that best suites his/her preferences without taking into account the buyer’s ones, it will be likely 
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rejected by the buyer). Finally, wP and wB can be used to tune the objective function (for 
example, to focus more on the buyer’s preferences). 

Optimisation algorithm 
Informally, we say that an offer O’ is better than an offer O if O’ is more complete than O and 
C(O’) > C(O). Consequently, we only favour solutions that are closer to be complete and that 
improve the existing candidate solution. Figure 3-9 shows the pseudocode for the optimisation 
algorithm. 
 
1. O = <∅ , ∅,…,∅> 
2. While termination_criterion not reached 
 2.1 randomly select an attribute in the condition of a rule. 
 2.2 randomly obtain a new value for the chosen attribute. 
 2.3 obtain O’ as the result of executing the set of bidding 

rules over <o1,…,oi’, …,on > 
 2.4 if  O’>O then O = O’ 

end_while 
3. If O is complete return with success 

Else return with failure 

Figure 3-9. Optimisation offer algorithm 

If the process ends with success, a complete offer is obtained and Quotes automatically submits 
it as an indicative offer. Assuming wP = wB = 1 the offer is likely to be close to a win-win 
agreement and thus reducing the number of buyer-provider interactions. However the 
negotiation process may progress further since the submitted offer is set as indicative. 
  

3.3.3 Negotiation phase 
So far potential providers have been notified and even some of them have already submitted 
automatically-generated indicative offers. The process now enters into a negotiation phase. 
Negotiation is conducted through multiple structured dialogs that are performed in parallel. Each 
dialog is established between the buyer and a single provider and it is ruled by a negotiation 
protocol. Buyer actions can be: offer acceptance, offer rejection, counter-offer submission, and 
request for firm (offer). Provider actions are limited to the submission of either firm or indicative 
offers. The following sequence illustrates a typical negotiation. 
 
1. The buyer submits an RFQ asking for service1 and service2. 
2. Quotes identifies a potential provider and automatically constructs two indicative offers on 

his behalf based on his bidding rules: offer1 for service1 and offer2 for service2.  
3. The buyer evaluates offer1 and submits a counter-offer asking for lowering the price. 
4. The provider responds with an extension of offer1 so that it also includes an offer for 

service2. In other words, he is accepting a price reduction provided that the buyer acquires 
both service1 and service2. 

5. The buyer evaluates the modified offer1, agrees with it and requests a firm offer. 
6. The provider responds with a firm offer. 
7. The buyer accepts the offer and so the negotiation successfully finalises. 
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Figure  3-1. Offer edition for RFQ item 

 
Notice that the buyer holds one-to-one dialogs with providers. Quotes allows that multiple 
dialogs take place in parallel between the buyer and the providers competing for some RFQ. 
And at the same time, each provider is allowed to simultaneously hold several dialogs with the 
buyer whenever each dialog corresponds to a different offer. 

3.3.4 Auctions 
Eventually buyers may prefer to employ the negotiation phase to better qualify providers. 
Through offer and counter-offer dialog rounds, a buyer can finally identify a set of providers who 
are able to approximately provide the requested product’s features. At this point, the buyer may 
opt for launching a multi-attribute combinatorial reverse auction with the objective of lowering 
the price while increasing quality of service. Only selected providers will be invited to participate 
in a buyer-customised auction event. For this purpose, auctions in Quotes include several 
parameters[7] (see Figure 3-10):   
 
• When to clear the auction (by buyer, when a specific time is reached, no bids have been 

received for a specified time). 
• Tie-breaking rule (random, older bid overrides, newer bid overrides). 
• What information is revealed to bidders during bidding concerning contenders’ identities 

(none, nickname, full identity). 
• What information is revealed to bidders during bidding (highest bid, all bids, none). 
• Whether or not bid retraction is allowed before winners are determined. 
• Whether or not bid retraction is allowed after winners are determined. 
• Maximum number of auction extensions and time per extension 
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Figure 3-10. Auction parameters’ setting 

 
Quotes’ combinatorial reverse auctions allow providers to directly bid for bundles of items. They 
are convenient for providers that have non-additive values for bundles of items. Furthermore, 
they allow buyers to express complementarities over the requested items to avoid the risk of 
obtaining incomplete bundles. Notice also that providers are allowed to place multiple bids for 
bundles of items. Figure 3-11 and Figure 3-12 depict how buyers and providers visualise the 
very same auction process. 
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Figure 3-11. Buyer façade of an ongoing auction 

 

 
Figure 3-12. Provider façade of an ongoing auction 

3.3.5 Decision support modules 
Quotes provides with the necessary tools to help users manage the complex sourcing 
mechanisms involved in multi-line, multi-attribute RFQs. This section describes two decision 
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support systems. One is key to negotiation and scores RFQs and Offers. The other is a decision 
support system for auctions: the combinatorial reverse auction solver. 
From the point of view of decision support, we have identified two main processes where the 
application of Artificial Intelligence (AI) techniques can help the user in the decision making 
process. These processes have been studied and implemented in Quotes with satisfactory 
results. Summarized below are the main ideas of both. 
 
1. Multi-parameter scoring algorithm. Based on the importance that the buyer gives to each 

parameter of an item in a RFQ (price, quality, delivery time, etc.) and his flexibility to accept 
offers beyond his preferences, a fuzzy offer-matching algorithm scores each offer and ranks 
it accordingly. This helps the user to easily identify both interesting offers as well as non-
competing ones. By defining a reserve score, users can tell the system to automatically 
reject offers that are clearly a bad choice. 

 
2. Computation of the optimal bid set for combinatorial auctions. Given a set of offers for a 

multi-item RFQ, an AI search algorithm obtains the subsets of offers that optimizes a given 
criteria such as: minimization of price, start/finish date, maximization of product quality, etc. 
iSOCO applies leading edge algorithms that compete with the current state-of-the art 
techniques being studied in academia.  

 
 

3.3.5.1 Fuzzy matching 
 
Quotes provides both buyers and providers with a fuzzy matching module that allow them to 
score negotiation messages they receive based on their own preferences. In this manner, a 
buyer can order incoming offers from different providers in the same way that a provider can 
order incoming RFQs and counteroffers from different buyers. This is specially useful when 
dealing with many messages because the more interesting is a message the earlier it should be 
identified and answered. And the sense of interest is extracted from the preferences both 
buyers and providers specify. 
Most commercial bid selection tools are based on Multi attribute utility theory (MAUT) [2]. We 
extend these techniques by incorporating fuzzy functions (see [4] for further reference).  
 

3.3.5.1.1 Fuzzy functions 
As we have previously seen, both buyers and providers define their preferences. On the one 
hand, buyers specify their preferences when assigning values to the RFQ item attributes (see 
subsection 3.1.2). And on the other hand, providers specify their preferences when defining 
preferred values in their product profiles (see subsection 3.2.1). Internally, these preferences 
are represented as fuzzy functions. 

A special feature of fuzzy logic [9] is its ability to handle the concept of relative truth of one 
proposition “x is P” through the specification of a membership function that represents the 
predicate P. In our case, we can see a preference is a predicate, and the degree of truth of the 
proposition as the degree of the preference satisfaction of an offered value x. In this manner, if 
for example, we consider a domain of four quality values ‘low’, ‘medium’, ‘high’, and ‘luxurious’, 
and if a buyer asks for ‘luxurious’ quality and a provider offers ‘high’ quality, we cannot say the 
provider satisfies completely the buyer’s preference, but, since ‘high’ is close to ‘luxurious’, 
satisfaction should neither be zero.  
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In Quotes, this degree of satisfaction is computed by means of a fuzzy function (also known as 
membership function of the fuzzy set defined by predicate P), which is defined for each 
preference over each item attribute. This section shows how these functions are defined for 
different types of preferences.  

There are some considerations these functions must satisfy: 
 

• Preferences define the fuzzy function, whose domain is defined by the attribute 
template: its type and possible values (see subsection 3.2).  

• Satisfaction values belong to the interval [0,1]. When an offered value x coincides with a 
preference, satisfaction is 1. Otherwise, it will take decreasing values (down to 0) as x 
goes further away the preference inside the domain. This implies satisfaction must 
behave asymptotically when the domain is not limited (that is, for Any Number template 
attribute type).  

• Whenever possible, satisfaction must behave symmetrically. Therefore, if for example 
there is a preferred value of 4, both 3 and 5 offered values should have the same 
satisfaction value.  

• Multiple values in a preference mean they are different preferred options (i.e., they are 
OR combined). Thus, all values in a Flat preference interval (or preference set) take the 
maximum satisfaction. 
∀x ∈ Preference interval or Preference Set,  Satisfaction(x) = 1 

• When preferences are specified through intervals with a non-Flat slope, satisfaction 
values range from 0.5 to 1.  
∀x ∈ Preference MIB or LIB interval,  Satisfaction(x) ≥ 0.5 

• Outside non-Flat intervals, those values ‘close enough’ to the preferred side (i.e., 
maximum value in a MIB interval or minimum value in a LIB interval) would also take 
satisfaction values inside [0.5, 1]. By ‘close enough’ we consider values within a 10% of 
the interval length. The rest of values always take satisfaction values under 0.5.  
∀x ∉ MIB or LIB interval ∪ 10%(interval length),  Satisfaction(x) ≤ 0.5 

• Symmetry does not apply for non-Flat preference intervals. In this manner, right side 
values outside a MIB (More is better) interval should decrease slower than left side 
values. And the same applies for LIB (Less Is Better) intervals: small values outside the 
interval should have higher satisfaction values than higher values. 

• In case an offer contains several offered values (x1,..xm) for an attribute, the satisfaction 
of the offer for this attribute must correspond to the best offered value satisfaction: 
Satisfaction (x1,..xm) = max (Satisfaction(x1),...,Satisfaction(xm)) 
Thus, for example, if the preference is 4 and the offer has both 3 and 4 values, the 
returning satisfaction must be 1. 

Keeping these considerations in mind, we present some examples of different fuzzy functions 
for different types: 

Example 1: Domain attribute type: range of numbers, preference type: single.  

Next Figure 3-13 shows the corresponding fuzzy function for a preference value of 10 
considering as template domain a [-20, 20] range of numbers. The function is computed so that 
satisfaction is 1 at 10 and it decreases down to 0 at the further extreme of the domain interval 
(which in this case is -20). Since symmetry must be respected, the same decreasing slope is 
applied to values at the right side of the preferred value. Nevertheless, since the maximum 
value for the domain is 20, this value takes a satisfaction value of 0.66. 
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Figure 3-13: Fuzzy function for a single preference inside a range of numbers domain. 

Example 2: Domain attribute type: ordered set of labels, preference type: flat interval.  

This second example corresponds to the case the domain has been defined as an ordered set 
of labels: QA, QB,.., QI and the preference has been set as a flat interval [QC, QE]. In this case, 
labels inside the interval have satisfaction equal to 1, and as in the previous example, 
satisfaction values decrease for labels down to 0 at QI (the further label). Again, labels on the 
left of the preferred interval decrease with the same slope than the right side, so QA gets a 
satisfaction of 0.5.  

 
Figure 3-14: Fuzzy function for a flat interval preference and ordered set of labels domain 

Example 3: Domain attribute type: any number, preference type: MIB interval.  

Last example corresponds to a MIB (more is better) interval preference ([-20,20]) considering a 
non-restricted numerical domain (that is, any number is allowed). Satisfaction values for this 
domain are computed using a 4-piece formula (see Figure 3-15):  

(1) ∀x∈[-20, 20],   Satisfaction(x)= 
80

205.0 +
+

x
  

(2) ∀x∈[20, 24],   Satisfaction(x)= 
8
201 −

−
x
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(3) ∀x > 24,   Satisfaction(x)= iance
meanx

e var2
)( 2

⋅
−

−
 where: 

variance= spread · (Length ([-20,20] ∪ [20, 24]))2 · ρ 
mean = 24 , spread= 2, ρ = 2  

(4)  ∀x < -20,   Satisfaction(x)= iance
meanx

e var2
)( 2

⋅
−

−
 where: 

variance= spread · (Length ([-20,20] ∪ [20, 24]))2 · ρ 
mean = -20, spread= 2, ρ = 1  

First part (1) corresponds to the satisfaction inside the preference interval, and increases 
linearly from 0.5 at the minimum up to 1 at the maximum. Second piece (2) corresponds to the 
10% additional interval, which is 4 units long, and decreases from 1 at the maximum of the 
preference interval (i.e., 20) down to 0.5 at the maximum of the additional 10% interval (i.e., 24).  

Third and forth pieces define satisfaction degrees for the domain values outside the previous 
intervals. Since the domain is not restricted, we use probabilistic functions that decrease 
asymptotically on the x axis . Mean values are set to be the preference interval point that is 
closer to the described side, assuming the interval to be the union of both defined preference 
and additional 10% intervals. In this manner, for the right side (3) mean is the maximum of the 
additional 10% interval (i.e., 24) and for the left side (4) it is the minimum of the defined 
preference interval (i.e., -20). 

Regarding variance values, they are assigned as the product of a spread value, a ρ value, and 
the square value of the length of the interval. Spread is fixed to 2 for both sides, but since 
symmetry is not desired for a MIB interval, ρ takes different values for each side. More 
concretely, ρ is set to 2 on the right side (3) and to 1 on the left side (4), so that variance in the 
side closer to the more preferred values is twice the variance of the other side.  

 
Figure 3-15: fuzzy function for a MIB interval preference and any number domain. 

3.3.5.1.2 Offer evaluation 
An RFQ specifies buyer’s preferences. Quotes scores Providers’ offers for an RFQ so that the 
buyer can have an ordered list of offers, having first the offers that best satisfies his/her 
necessities. On the other hand, an offer is a set of lines or items describing offered products or 
services (which must have been previously asked by the buyer in the RFQ the offer is 
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answering to). Each item is described through a set of attributes. Therefore, to score an offer in 
relation to an RFQ, it is necessary to compute satisfaction values at the level of attributes and 
propagate it to line level and up to offer level.  

In a more formal manner, having an offer O composed by m items Oj j=1..m, we describe an 
offer item j as the n-tuple of the form <oj

1, oj
2,…, oj

n > where oj
i represents the ith attribute value 

of item j.  

In order to compute attribute scoring, Quotes creates the fuzzy functions previously seen (see 
subsection 3.3.5.1.1), where attributes at the RFQ items represent preferences and chosen 
templates specify domain. Offer values, which are always single, are then used to compute 
satisfaction degrees:  

(5)     scoring(oj
i) = Satisfaction (oj

i) 

Attribute satisfaction degrees are then weighted to obtain offer item scoring. Since preferences 
are RFQ values, weights wj

i are taken to be the importance the buyer assigned to an attribute i 
in the j-th RFQ item (see subsection 3.1.2).  
 

∑
=

⋅
=

n

iattribute

j
i

j
ij

n
woscoringOscoring

1

)(
)(  

Finally, we compute offer scoring as a weighted combination of item scorings. Currently, 
weights wj are set to 1. 

∑
=

⋅
⋅=⋅=

m

jitem

jj
B

m
woscoringOscoringOS

1

)(100)(100)(  

 

Scoring values are translated from [0,1] to [0,100] range in order to fit the definition of buyer 
scoring function SB(O): O → [0..100] assumed by Quotes. 

3.3.5.1.3 RFQ Evaluation 
Similarly to offer scoring functionality, Quotes provides providers with an RFQ scoring 
computation that prioritizes buyers’ requests. Again, fuzzy functions are generated for each 
attribute, taking domain as defined by templates and preferences as provider’s preferred values 
(see subsection 3.2.1).  

The main difference is in the computation of the (5) formula due to that attribute values in RFQ 
items are not restricted to be single, so that value intervals or sets must be evaluated against 
these fuzzy functions. In this case, Quotes assumes attribute scoring to be the best satisfaction 
degree of all values x defined in the attribute value range rfqj

i.  
 

))(()( xonSatisfacti
rfqx

MAX
rfqscoring j

i

j
i ∈∀

=  
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3.3.5.2 Winner determination in combinatorial auctions 

Allowing providers to bid on combinations of products of an RFQ has the interesting feature of 
enhancing economic/service efficiency (providers would offer price discounts or/and better 
service if they obtain all the business) [5]. However, the determination of the optimal winning 
combination is a complex problem that, excluding very small instances, cannot be solved 
manually with common data analysis tools. This has recently attracted some research [1][6]. 
Quotes provides with an optimisation module to cope with this situation. The core of this module 
is a branch & bound [3] systematic global search algorithm. The buyer decides the target 
attribute (overall score, price, quality, etc) and the optimisation criterion (minimise/maximise). 
Quotes returns a collection of offers which, in case of being accepted, would optimise the 
desired target.  
Not only is the determination of the optimal winning combination required at auction time, but 
also the buyer may need it when holding one-to-many negotiations with providers as described 
in section 3.3.3. In this case, the buyer may call the same optimisation module employed for 
auctions (see Figure 3-16) in order to obtain the set of optimal offers and thus discover which 
providers are more promising to continue negotiations with. 
 

 
 

 

Figure 3-16. Optimal bid set computation 
 

4 Present and future of e-sourcing 
E-sourcing is an established part of the business landscape. This year alone, $270 billion worth 
of corporate spending will be channeled through e-sourcing in the US, and the marketplace 



Automated on-line negotiation 1.0 

  
27 

itself is said to be worth some $1.15 billion to software vendors [16]. However, there is still an 
enormous challenge confronting users who want to get the maximum value out of e-sourcing. 
Many companies have realised this value on a transactional level but failed to see it through to 
the bottom line. The early value of e-sourcing tools has been tactical rather than strategic, as 88 
percent of all adopters got into e-sourcing primarily to negotiate price reductions. Adopters 
picked up quick cost-cutting benefits and ROI9 from core RFx and reverse auction tools. These 
benefits included a 14.3 percent reduction in goods and services costs, a 50 percent shortening 
of cycle times, a 60 percent reduction in sourcing administration costs, and a 10 to 15 percent 
reduction in time-to-market. 

The bad news, for many adopters, is that these well-documented savings have not been 
converted to the bottom line. Reasons for low conversion rates include a lack of savings 
implementation strategies, an inability to effectively communicate negotiated terms to the 
enterprise, and insufficient integration between e-sourcing and order-execution systems. The 
solution is to go beyond RFx/reverse auctions and implement a workable e-business strategy 
that incorporates provider performance measurement, sourcing collaboration, contract 
management, process- and commodity-specific RFx templates, and related tools that can 
convert e-sourcing savings into bottom-line savings. 

Furthermore, good e-sourcing is not just about buying software but also making the right cultural 
and operational changes. Some global businesses have made an effort to tie together normally 
isolated departments, like purchasing and logistics, in the hope that the newly integrated 
business units and processes will result in better conversion. 

By industry, the highest penetration is in chemicals and pharmaceuticals (24 percent) and 
automobile manufacturing (20 percent), whereas retail, wholesale and distribution, metals and 
metal products, finance, banking, and accounting are at 4 percent each. Across all industries, e-
sourcing adopters are using the technology primarily for MRO goods (71 percent), followed by 
standard parts (67 percent) and raw materials (57 percent). 

As to e-sourcing applications in the market, although we are witnessing their continuous, tightly 
competitive progress we can still identify two major, several commonly unsatisfactorily solved 
issues that prevent them from supporting effective strategic sourcing, namely:  

• Capability to support sourcing processes for varying industries and businesses. Since 
sourcing processes are highly dependent on each business case (because of each 
industry’s particularities and individual businesses’ practices) it is extremely complex to 
capture in a single product all processes and negotiation requirements of a general-
purpose solution. Thus e-sourcing solutions are far away from product maturity. Along 
this direction, perhaps the major drawback of market solutions is the lack of support for 
creating customised sourcing events as compositions of negotiation processes. For 
instance, a sourcing event might be composed of a pre-defined sequence of  auctions 
or an interleave of auctions and negotiations. 

• Decision support tools for strategic thinking. Strategic sourcing is founded on the 
availability of powerful decision support tools. Nonetheless current vendors’ solutions 
are lacking as to this matter. As an example, most tools share the commonality of not 
providing support for determining the winner in combinatorial negotiations and auctions. 
The unavailability of such support poses an intricate, combinatorial problem to 
professional buyers that leads them to either relinquish or opt for alternative, and less 

                                                   
9 ROI stands for Return of Investment 
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efficient, non-combinatorial protocols. In general, vendors are expected to make 
headway in the development of value-added decision support tools. 

In this chapter we have tried to exemplify how the sourcing process can be highly automated, 
allowing companies to achieve enormous benefits: cost savings, processing time reduction, less 
time-to-market and more time left to strategy. We have presented iSOCO’s contribution along 
this direction by dissecting Quotes, an Internet-enabled sourcing solution capable of 
streamlining the sourcing process. Quotes’ main strengths can be summarised as follows: 
 
• Quotes allows goods and services to be represented and managed with all their attributes, 

overcoming rigid and unreal price-discovering approaches. 
 
• Quotes provides a powerful negotiation framework based on the composition of structured 

negotiation protocols and flexible reverse auctions.  
 
• Quotes provides with the necessary tools to help users manage the complex sourcing 

mechanisms involved in multi-line, multi-attribute RFQ. 
 

Most importantly, the fundamental contribution of Quotes lies on the incorporation of highly 
valuable decision-making support functionalities targeted at spurring the transition of sourcing 
processes from transactional to strategy-centered. 

Finally, there is an important aspect affecting the successful exploitation of e-sourcing 
applications. Auction design matters. Although for the sake of generality we should state instead 
that negotiation design matters. Indeed there are many parameters involved in the design of 
negotiation scenarios. Thus we must keep in mind that careless, faulty designs of such 
scenarios may eventually lead to terribly catastrophic outcomes as reported through several 
case studies in [14].  
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