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Abstract

An auction is an economic mechanism that is widely used to sell different commodities
such as food grains, flowers, real estates, cars and air tickets etc. It is specified by set
of winner determination and payment obligation rules. Auctions are commonly used
when sellers do not want to decide the price and allow the market to determine the
price. Auctions are used in different types of transactions to sell variety of goods.
Governments of many countries use different types of auctions for selling Treasury
Bills, Bonds etc.. Private companies use auction mechanism to sell different types of
products like flowers, food grains, diamonds etc. In every day life, auction accounts
for enormous volume of trade transactions. Different auction mechanisms differ,
basically with respect to winner determination and payment rules. There are different
types of auctions like English, Dutch, Sealed bid, which are used in various economic
transactions in different types of markets. Auctions have been widely studied in
economic literature. In any auction based mechanism, two main problems are

(1) determining the winning bids/asks

(i)  determining how much each participant has to pay/receive.

Auction theory also specifies the set of desirable properties of any auction mechanism.
Auction based protocols are widely used in electronic commerce. In many electronic
commerce applications different types of bidding mechanisms are commonly used for
implementing electronic negotiation. In last few years there has been growing interest
in Internet based market places. Ebay, uBid etc. are some of the successful Internet
sites, which use auction mechanisms in their operations. Electronic markets leverage on
information technology to perform different market functions efficiently and reduce
cost of transactions. Electronic auctions in these markets are used in many cases for
providing e-negotiation functionalities. Hence large number of auctions are carried out
over the Internet. Apart from traditional auctions, many different types of auction
systems based on multi attribute auctions, combinatorial auctions etc. are implemented
in electronic environment. Double auction is an important auction mechanism, which is
widely used in electronic markets. Most of electronic markets like multicommodity
exchanges or financial markets for stock are built up around the mechanism of double
auctions that involves multiple buyers, sellers, the continuous double auction and a
clearinghouse. Another important application of electronic auctions in last few years is
privatization of government owned enterprises. However most of these models cannot
be directly applied in electronic auctions. This is due to the following reasons.

(1) In an electronic exchange, the object being sold may not be exactly identical
(e.g. cotton with different grades).

(2) In an electronic procurement system, the object to be procured is required in
different specification or sizes (e.g. paper of different widths).

(3) In case of privatization of government owned enterprises, there may be certain
policies of government, which may constrain the ownership beyond certain
percentage for group of buyers.

All these requirements give rise to auctions with constraints which have not been
studied widely. These requirements means that demand and supply cannot be
aggregated across all the bids and asks. Earlier there were few studies of auction
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models where buyers have budget constraints [BCIMS2005]. Apart from this auctions
with constraints have not been studied widely.

In our work, buyers do not have budget constraints, but constraints arise due to the very
nature of electronic auctions. Auctions with different types of constraints are studied in
this work. We have addressed two basic problems in the context of electronic auctions
with different types of constraints. The problems which have been addressed in the
context of electronic auctions are (i) finding optimum assignment of asks and bids in
case of different types of constraints and (ii) determining how much each participant
has to pay/receive. In this work we have developed set of algorithms to obtain
optimum assignment of bids/asks. Payment mechanisms with desirable properties have
been developed, so that auction mechanism satisfies desirable properties. The thesis is
organized into seven chapters as follows.

(1) In first chapter, the problem of electronic auction is introduced.

(2) In second chapter, earlier work is reviewed in the context of electronic auction.

(3) Third chapter deals with the algorithms for determining optimum assignments
and payment mechanism in case of Double Auctions with different types of
constraints.

(4) In fourth chapter, a mechanism which is budget balanced strategy proof and
individually rational is presented.

(5) In fifth chapter, algorithms for determining optimum assignments and payment
mechanism in case of Single Object Multi Unit Auctions with different types of
constraints are presented. A financial application of auctions with constraints is
presented in chapter 6.

(6) In seventh chapter the future research directions are presented.

We study Double sided auctions under different types of constraints, which provide an
efficient mechanism to implement bidding-based many to many negotiations. In these
auctions, sellers and buyers submit asks and bids respectively, which are matched and
cleared periodically. Efficient algorithms exist to match these asks and bids in case
there is no constraint. However in many practical situations there can be different types
of constraints in matching the bids and asks. These constraints can be of the form where
an ask can be matched with only certain types of bids and vice-versa. In some cases the
supply from different asks cannot be combined to fulfill a demand. Such constraints are
known as indivisible demand bid constraints. The matching problems in case of
indivisible demand have been formulated as generalized assignment or multiple
knapsack problems, which require solution of NP-Hard optimization problems. In this
work we investigate the problem of matching under different types of constraints. The
main contributions are as follows.

(1) We formulate matching problem as nonlinear integer programming problem and
develop set of new results, which form the basis of our algorithm.

(2) We develop two algorithms to obtain optimum assignments of bids and asks in case
of different types of constraints like assignment and indivisibility constraints.

(3) We show that our algorithms always obtain optimum assignment with polynomial.
time complexity.

(4) We then develop algorithm to compute VCG Payoff from the optimum solution
without solving set of optimization problems.

(5) A payment mechanism, which is efficient, budget balanced and individually
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rational is designed. We also study the effect of changing bid price by buyer and set of
buyers and its effects. It has also been shown that group of buyers cannot affect our
system by changing their respective bid price. The gains of the buyers are always
bounded.

We also study truthful double auctions under different types of constraints. In
electronic auctions, property of incentive compatibility can be very important. Incentive
compatibility ensures that truthful bidding is the dominant strategy. Other important
properties in electronic auctions are Budget Balanced (BB) and Individually Rational
(IR). The former ensures that auction does not run in loss, whereas later ensures
voluntary participation. However these can be achieved only after sacrificing
efficiency. In this chapter we consider double auctions under different types of
constraints, where truthful bidding is the dominant strategy. We design a mechanism
which is strategy proof, individually rational and budget balanced. Here it is assumed
that buyers and sellers have their private valuations independent of each other. The
buyers and sellers submit their respective  bids and asks depending upon their
respective private valuations. In this case a part of bid and ask is public information,
remaining part is private. The main contributions in chapter are as follows.

(1) We generalize multi unit double auction (MDA) mechanism to handle different
types of constraints. It has been shown that mechanism is budget balanced, strategy
proof and individually rational.

(2) The bounds on efficiency loss have also been established. We further show that
efficiency loss tends to 0 as number of buyers or sellers become large.

(3) Then we have developed discriminatory mechanism. It has been shown that
mechanism is budget balanced, strategy proof and individually rational. It has been
shown that in this mechanism also efficiency loss is bounded and asymptotically goes
to 0.

(4) It has been shown that this mechanism is false-name-poof. It means that buyer
cannot improve his gains by submitting bids with false identification. This property is
very important property in electronic auctions. It has been shown that buyer does not
have incentive to reduce the demand.

(5) The conditions for the existence of desirable mechanism are also worked out. Then
the case where, mechanism is strategy proof, individually rational and efficient but not
budget balanced, is considered. We attempt to introduce participation fees to cover up
deficit. The cases of efficiency loss are also worked out. This can be helpful in cases
where demand is far excess of supply or vice versa.

Auction mechanism for privatization of state owned enterprises, a very important
application of electronic auctions in many countries, in the financial domain has been
studied in this thesis. Traditionally auction based mechanisms have been used for
leasing of mining rights, bandwidth allocation etc. In this work, we consider different
types of auctions, which can be used in financial domains for Initial Public Offering
(IPO) of Government owned companies. We also consider the scenario with different
types of constraints. The main contributions of this chapter are as follows.

(1) We formulate an optimization problem that can handle single object multi unit
auctions with different types of constraints. It has been shown that, some of the single
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object multi unit auction formulations, which have been studied earlier are particular
cases of our formulation.

(2) We derive new results to obtain optimum assignment. An algorithm, which
computes the optimum solution, has been developed. The algorithm generates optimum
solution with polynomial time complexity.

(3) We then develop algorithm to compute VCG Payoff from the optimum solution
without solving set of optimization problems.

(4) Then we generalize uniform price mechanism to handle different types of
constraints. It has been shown that our mechanism is efficient, strategy proof and
individually rational.

(5) Then we worked out discriminatory mechanism. It has been shown that
mechanism is efficient, strategy proof and individually rational.

(4) It has been shown that this mechanism is false-name-proof. It means that buyer
cannot improve his gains by submitting bids with false identification. So this property
is very important in electronic auctions. It has been buyer also does not have incentive
to reduce the demand.
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Chapter 1

Introduction

Today’s companies increasingly use Internet as a common communication medium for
commercial transactions. Global connectivity and reach of Internet means that
companies face increasing competition from different quarters. This also means
companies must optimize, the way they do business, change their business processes
and introduce new business processes. This has opened up new research issues and
electronic or automated negotiation is one such area. The increased computing and
networking power enabled through the Internet has provided new flexibility in
designing negotiations while at the same time findings in computer science and
information systems have fed back into models and procedures of negotiations. These
studies have contributed to the development of negotiation support systems (NSS),
software agents for negotiations and on-line electronic platforms for bidding and
auctioning. A few companies have tried to introduce electronic auctions for
procurement and trade negotiations. Most of the current business-to-business or
business-to-consumer electronic commerce systems provide only limited support for
automated negotiations. Negotiation is the process by which buyers and sellers in the
marketplace arrive at a common agreement. However, electronic negotiations continue
to evolve with new strategies and approaches. In this chapter we study the different
types of electronic negotiations and auction mechanisms.

1.1 Negotiations and Bargaining
A commercial transaction between a buyer and a seller involves the exchange of goods

or services and payment instruments/tokens. In this transaction the goods are
transferred to the buyer or the buyer avails of the services. Economists have tried to
build up models describing consumer buying behavior. The model of consumer
behavior states that a commercial transaction consists of finite number of interactions
between the business entities. These activities are classified into different phases.

Information Gathering Phase: In this phase, buyer obtains information about the
required products. Information about vendors supplying the products and prices is also

collected. In this phase the buyer tries to match his requirements with the available

14



products. In the electronic commerce environment, this information is collected by
browsing different websites.
Intention Phase: In this phase the details of demand and supply are fixed. In this phase
usually the buyer informs the seller that he intends to enter into the transaction with
seller.
Agreement Phase: In this phase buyers and sellers discuss terms and conditions of the
transactions. This phase is also called as Negotiation Phase. This phase can terminate
either in an agreement or in abandonment of the process. In the retail transactions this
phase will involve bargaining for prices. In business to business transaction it may be
much more complex.
Execution Phase: In this phase the transaction is executed as per the agreed terms and
conditions. In this phase both the parties fulfill their respective commitments. The
seller supplies the goods or services and the buyer pays for them.
In another model of consumer behavior three  phases namely information phase,
negotiation phase (combining intention phase and agreement phase) and execution
phase are being considered [M1995]. In another model six phases namely Need
Identification, Product Brokering, Merchant Brokering, Negotiation, Purchase and
Delivery, Product Service and Evaluation [GMM1998] are discussed. Even though
there are different models of consumer behavior there is a general agreement about
what is meant by Negotiation Phase. It is generally agreed that in negotiation phase, the
terms and conditions of transactions are agreed upon between the buyers and sellers. In
other words, negotiation can be described as a process through which the buyer
attempts to get the optimum deal (including the price and other related attributes like
delivery date) for the goods and services that he is likely to purchase. The negotiations
are common occurrence in any commercial transaction.
The term negotiation is almost used interchangeably with bargaining; however the term
“negotiation” is also used in a broader sense. Negotiation or bargaining is also studied
in Economic Theory. The term bargaining is used to refer to a situation where the
following possibilities exist.

(1) Individuals have possibility of concluding a mutually beneficial agreement

(2) There is a conflict of interest about which agreement to conclude
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(3) No agreement may be imposed on any individual without his consent.
The term negotiation is used in a much wider sense. It is the term used even though the
parties involved in a negotiation process may not be involved in any commercial
transaction. The negotiation between the union and management of a company for
wages, between different countries on social and economic issues are examples of this.
However, in any negotiation process the parties involved can reach a mutually
beneficial agreement on the issues on which they differ.

1.2 Why Negotiations Take Place
The negotiation phase is a common occurrence in commercial transactions because this

phase provides buyer and seller with price discovery mechanism. The dependence of
the parties is one of the important conditions for negotiations. If one party is totally
dependent on the other party, there will not be any negotiation. The dependent party
can only react to the moves of other party. As an example, the relationship between the
company and its employee can be considered. A company can decide that it no longer
needs the services of an employee and lay him off. In such a case there cannot be any
negotiations. However, if the union of employees decides to fight for the employee’s
job, the situation will change. This is due to the fact that the company is dependent on
the wunion. In case of buyer seller transaction the buyer will be willing to negotiate
because he may gain a better deal. In other words the negotiation takes place when
both parties discover the potential for gain. This phase can help the buyer to prepare an
offer tailored to individual needs. It can help him to avoid the risk of fixing price and
provide the market determined price. This is especially true in the following cases.

(1) Non standard transactions

(2) New products where demand is unknown

(3) Where supply is unknown

(4) Perishable items/transactions like airline tickets

(5) Different product mix required

(6) Unknown value for goods

(7) Dynamic markets

(8) Availability of price based comparison (agents which help in shopping)

(9) Special offers with focus on long term relationships
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The electronic markets have distinct features like low search costs. In the electronic
markets search costs are low. Buyers are better informed about the product and prices.
It is very easy for the buyer to visit a few websites and compare the prices. Such
markets do not show any regional, personal or product specific preferences. They are
characterized by high degree of transparency. However, these markets also require
features like product differentiation, price discrimination and buyer accumulation
strategies. These features can give rise to more negotiated agreements than in
traditional markets. The characteristics of these markets will also have impact on the
negotiation process [S1999ACM],[S1999AAAI]. Online auctions mainly benefit from
the features of electronic markets. So there are many successful online Auction Sites.
This means that there may be more sites supporting negotiations based on bidding.
However bidding based negotiations protocols cannot support the integrative or win-
win negotiations. The support to these types of negotiations is necessary in electronic
commerce environment. In these cases the integrative negotiation protocols must be
used. Though there are not many protocols of integrative negotiation in electronic
markets at present they will be required in future to provide negotiation support in
electronic markets [SI999ACM]. So both types of negotiation mechanisms will exist in
these markets.

1.3 Types of Negotiations
The negotiation process can be classified according to the number of participants and

attributes. The different types of negotiations are as follows.

One to One Negotiation: In this type of negotiation only two parties are involved. The
simple case of this type of negotiation is where the parties involved have symmetric
preferences i.e. the gain of one party is loss of the other. The negotiation for price of
goods for sale between the buyer and seller represents this type of negotiation.

Many to One Negotiation: In this type of negotiation one party (say buyer) negotiates
with many parties (say number of sellers) at the same time. Auctions are one example
of these types of negotiations. These types of negotiations can be analyzed as a number
of concurrent one to one negotiations.

Many to Many Negotiations: In this type of negotiations many parties (say many

buyers) negotiate with many parties (say sellers) at the same time. In this case if there
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are n parties involved in the negotiation process, then there will be n(n-1)/2
simultaneous ongoing processes. These types of negotiations are hard to analyze.

Single Attribute Negotiations: In this case there is only one attribute that is involved in
the negotiation process. Transactions, where buyers and sellers negotiate over the price
of goods for sale, are examples for this. These types of negotiations, where one party
looses while other gains, are also called as win-loose negotiations. These types of
negotiations are also referred to as integrative negotiations.

Multi Attribute Negotiations: In this case, the negotiation process involves more than
one attribute. The sale of car (attributes year, color, type, price etc.) is an example of
this type of negotiation. In this case it is difficult to define what exactly constitutes the
gain for the parties involved. In these cases a party may concede on one attribute but
may gain in other attribute. Such negotiations are also referred to as distributive
negotiations. In this case it is possible that no party looses in the process of negotiation.
These type of negotiations are also referred to as win-all or no-win negotiations.
Combined Negotiations: These types of negotiations refer to those where the buyer
negotiates for a number of interdependent items. Suppose that a customer is interested
in visiting certain places. He needs to find the most optimum tour package consisting of
travel tickets, hotel rooms and site tours. In this case the customer can separately
negotiate with different agencies to arrive at the package. However the entities are
interdependent. The customer must get the travel tickets on the days on which hotel
rooms are available and site tours are available. Unless these constraints are satisfied it
will not be possible for the customer to undertake the journey. These types of
negotiations where all the negotiations are carried out at the same time and the
interdependency is maintained are called combined negotiations [BAVK2001] and
[BK2000].

In many cases, the negotiation process between two entities can give rise to a number
of different negotiation processes. In a commercial transaction where terms and
conditions of a large order are negotiated, it is possible that the process generates many
different negotiation processes e.g., an international transaction between companies can
give rise to a negotiation process with number of banks for issuing a Letter of Credit

(LC), in case the LC is insisted upon by one company. This differs from the combined
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negotiation in the sense that the customer does not negotiate with different entities at
the same time, but other entity involved in the process initiates the negotiation process.
Service Oriented Negotiations: Another class of negotiations that has been studied in
the field of Distributed Artificial Intelligence (DAI) and Multi Agents System (MA)
[BG1988] are called as Service Oriented Negotiations. This class of negotiation has
been studied in the context of multi agents systems. An agent is a software or hardware
or combination of software and hardware like robots, which carry out certain tasks for
the user. The agents are autonomous and the user does not have control over how agent
executes the assigned task. The user gives only the task to be carried out to the agent. In
this case it is assumed that the agents have limited resources to carry out the tasks. The
agent requires services or resources from others to complete its task. Negotiation
provides the mechanism for managing the interaction between these agents. These
agents negotiate among themselves and arrive at mutually acceptable solution. The
examples of such cases are illustrated in [CML1988] and [BG1988].

Resource Allocation and Task Distributions: A set of agents share a common resource
[CML1988]. The resource can be communication lines, printers, disks etc. Only one
agent can use this common resource at a time. The other agents have to wait till the
resource is free. The set of agents negotiate among with each other and decide how the
resource is to be allocated. The agreement or allocation of resource can be a schedule
that divides the usage of resources among the agents. In this problem there can be
competition among the agents in the sense that each agent may seek larger share of the
resource. In the task distribution problem agents are required to carry out many tasks to
fulfill the goal. In this case the common goal is achieved by distributing the tasks
among the agents. The agents negotiate with each other and come to a mutually
beneficial agreement. The agreement will be the list of tasks and agents responsible for
the tasks. The example of task distribution problem is the delivery domain [W1992]. In
this domain suppose that two agents each have to deliver the message to A and B. In
this case the agents can distribute the tasks in such a way that one agent delivers all the
messages to A and other delivers all the messages to B. It can be seen that in this case
the additional messages can be delivered at no extra cost. Both of these problems are

symmetric in nature. The agents have to reach an agreement to achieve the tasks. This
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approach is very useful in designing the negotiation support systems in Electronic
Commerce.

1.4 Negotiations in Electronic Commerce Using Different Types of Auctions
In the electronic commerce environment, auction based protocols are commonly used.

It provides an easy and convenient mechanism for getting the market determined price,
which is the main purpose of negotiation phase. It helps the sellers and buyers to
determine the price of the transaction. In auctions the major phases are announcement
of auction, opening of an auction, advertisement of offer and matching of bids to
determine the winner. In auctions the negotiations occur through a sequence of bids.
The process of submitting bids is continued till the auction is terminated. In this process
price is the only attribute that is negotiated. There is a concept of reservation price in
auctions. This price represents the minimum price in the auction.

However auctions still do not provide mechanisms for handling special and customized
products, special packages or cases where more than one attributes are to be compared.
In cases where more than one attribute is to be compared then it may be difficult to
determine the winner. Let us suppose that a buyer sends the proposal to the seller that
he is ready to buy 10 units of a product at the price of Rs. 10. The seller may send a
counter proposal that he is willing to sell 20 units at that price. In such a situation it is
difficult to determine the winners. In the same way auctions do not support situations
like online touring plans, which include travel tickets to different destinations and hotel
accommodations on different dates.

1.5 Electronic Auctions
It can be seen from the above discussion that electronic commerce systems must

support both bidding type (auction based) and bargaining type of negotiations. Internet
and electronic commerce have blurred the difference between auction and negotiation
mechanisms. This new media provides new opportunities and mechanisms to cooperate
or to compete, taking advantage of computing power and global connectivity of
Internet. It has been further helped by the fact that millions of people and businesses are
online simultaneously. The difference between auctions and negotiations gets blurred in
the presence of two and more issues. This raises the possibility of using utility as a
measure of offers and other mechanisms that have been traditionally used in

negotiations (simultaneous improvements, efficiency analysis, etc.). Negotiation is a
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subject that has for years been thoroughly studied in the behavioral sciences. The
literature concerned with negotiations does not mention auctions as a particular type of
negotiations. Indeed, some economists [R1995] view bargaining as precisely the
opposite of the idealized “perfect competition” that is presumed to form the basis of
market models, recognizing the importance of persuasion and other human factors in
determining the nature of the process and the outcomes. The Internet and electronic
commerce has generated renewed interest in electronic marketplaces and auction
systems, both as dynamic mechanisms to sell items to individuals and as systems for
business to business transactions. A discussion on the different types of auctions in
electronic commerce can be found in the book on Electronic Commerce [B2002]. If the
negotiating parties can reduce the scope of negotiation to only price negotiations, then
auctions provide an efficient mechanism for price discovery.

However electronic auctions (e-auctions) provide efficient mechanism to implement
one to many and many to many types of negotiation systems. These auctions also
provide framework for automated negotiations in retail electronic commerce settings. In
last few years there has been growing interest in Internet based market places. Ebay,
uBid etc. are some of the successful Internet sites, which use auction mechanism in
their operations. Internet based auction companies carry out large number of auctions

every day. The success of on-line auction sites like www.ebay.com, www.ubid.com.

www.yahoo.com, www.freemarkets.com, www.onsale.com, www.bazee.com etc. (the

list is not exhaustive) have contributed to a large extent to recent studies and
development in electronic auctions. Many retailers have online consumer auctions (e.g.

www.onsale.com) and auction based systems are being used for procurement in supply

chain (e.g. www.freemarkets.com). The growth of private electronic market places

based on EXTRANET technology (www.covisint,com) have opened up new vistas for

automation of negotiation processes with the promise of higher levels of efficiency,
effectiveness and quality and faster emergence of agreements in complex industrial
procurement scenarios. Different types of electronic procurement systems are common
examples of a scenario, where one to many or many to many type of negotiation
systems are required. Different types of activities like providing services, task

allocation etc. can be carried out efficiently using different types of bidding
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mechanisms. The process of auction and negotiation described above are almost
similar. Electronic auctions have emerged as an important Internet-based tool for many
business to business applications. General Electric (GE) has adopted electronic auctions
for most of its procurement operations. It has conducted transactions worth 6 billion
USD in the year 2000 alone [GEC2000]. This has led to the Internet Week magazine
awarding the title “E-Business of year 2000 to GE. It has been estimated by Forrester
Research that in the year 2004, online business to business trade in electronic
marketplaces (i.e. auctions and exchanges) in USA alone was more than 10% of total
business to business trade. In terms of values it will be over USD 1000 Billions in
2004. Many multi national corporations and government organizations have either
used or in the process of using auction based protocols for procurement, selling of
public assets, leasing rights of natural resources, bandwidth allocation and other
operations. There are a few case studies about successful deployment of electronic
auctions in  procurement  which can  be found in [EK2003],
[GIT2002],JHRNRDKLA2003] and [LOPST2002]. In an electronic commerce
environment the objects to be auctioned need not always be homogenous, this can give
rise to different types of assignment constraints. Hence in further discussion we restrict
our scope to electronic auctions.

Auctions: Auction based protocols are widely used in electronic commerce. An auction
is basically a bidding mechanism, which is specified by a set of winner determination
and payment obligation rules. These rules specify how the winner is determined from
the set of competing bids and how much the winner has to pay. Auctions have been in
use for many years. They are used for sale of variety of objects. These objects range
from bonds of public utilities to perishable items like flowers. Governments of different
countries use auction mechanism to sell long-term securities, treasury bonds and
treasury bills to raise funds to meet their borrowing needs. Private companies use
auction mechanism to sell different types of products like flowers, food grains,
diamonds etc. In every day life, auction accounts for enormous volume of trade
transactions. Auctions also provide useful mechanisms for resource allocation problems
with autonomous and self interested agents, respecting the autonomy and information

decentralizations in open systems. Such applications range from distributed task
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allocation, to procurement in supply chain, to multi agents scheduling problems. The
typical characteristics of such problems are local problems of agents and multiple
conflicting goals. Auctions can minimize communication within a system and generate
optimal or near optimal solutions that maximize the sum of value over all agents.
Different auction mechanisms differ basically with respect to winner determination and
payment rules. Similar mechanisms are used by public sector utilities to sell their
bonds and raise money. The process of procurement using competitive bidding is
another form of auction. In this case the bidders compete for right to sell their products
or services. The private and state owned enterprises use different types of bidding
mechanisms for procurement of variety of products like computer stationery and this
practice is fairly wide spread.
It is also being used to dispose of waste and scrap materials. The rights to use material
resources from public property such as mining rights,