
 

Abstract—The problem of assigning purchases among 

multiple offers lots is easy and quick to resolve since its 

underlying complexity is related to the elected ordination 

algorithm. We have chosen a programming language which 

implements the algorithm "merge sort" and whose behavior in 

the worst case scenario is O (N log N). This algorithm is already 

implemented in sophisticated languages such as Perl, Phyton or 

Java.  

 

Index Terms—Lots, reverse auction, sorting method. 

 

I.  INTRODUCTION 

Reverse auction is a tool used in the business contracting 

in which, in contrast to the forward, common or ordinary 

auction, the seller and buyer role is inverted. In a forward 

auction the buyers compete to obtain a good or service that a 

seller puts on sale, being the bidder the one who pays more 

for the good or service. In a reverse auction, the sellers 

compete to obtain the sale of goods or services from a buyer 

and the winner is the seller who offers the product that the 

buyer needs at the cheapest price.  

In a forward auction, the seller offers a number of units of 

products and waits for sale offers what gradually increase the 

price. In the reverse auction, the buyer announces that he is 

demanding a number of units of a product and waits for sale 

offers, and those that satisfy the necessity of the buyer at the 

minimum possible price are selected.  

The reverse auction searches a transaction mechanism 

when there are enough offers either for goods or services, and 

the demand shows the necessities and let the offer complete 

in order to satisfy them. 

When the auction process is done through Internet, we 

speak about e-auction. In fact, when we refer to the reverse 

e-auction, we are talking about a dynamic process of 

negotiating online prices among preselected suppliers in 

order to achieve a business. It is a system in which the 

personal relationship with the client to speak about a 

negotiation through Internet disappears. Against the 

traditional system of negotiating, in the reverse e-auction, the 

seller who offers the lowest price is the one who wins. This 

process features some advantages and disadvantages. We can 

point out the following advantages: the increase of potential 

 
Manuscript received September 3, 2013; revised November 9, 2013. This 

work has been supported by the Government of the Principality of Asturias, 

through Council of Economy and Employment. (Project Reference: 

SV-PA-13-ECOEMP-74). 

The authors are with the Department of Business Administration, 

Polytechnic School of Engineering (University of  Oviedo), Campus de 

Viesques s/n, CP 33204, Gijón (Asturias), Spain (e-mail: david@uniovi.es, 

lozano@uniovi.es, ngarciaf@uniovi.es, albertogomez@uniovi.es, 

ifq@uniovi.es,  uo183377@uniovi.es). 

providers, since the geographical distances do not exist 

anymore, generation of savings of costs of purchases, 

non-personalization of the offer avoiding possible favour 

treatment between the seller and buyer, and reduction of 

mistakes. On the other hand, the disadvantages are some 

aspects that change the traditional scheme of negotiating 

(conditions of contract imposed by the client, limited time 

available for the provider, circumscription almost exclusive 

to the price) and some practices which are considered unfair 

(introduction of “ghost offers" by the client in order to 

decrease the prices, the buyer calls the seller in order to put 

pressure in order to reduce the prices, illegal agreements 

among providers, conditions of adjudication and unclear, 

incorrect or incomplete specifications of the product). 

The fact that a company can state the desired transaction 

with the desired price and also that the offer competes so the 

transaction can be done, and besides, that it can be done 

through Internet can alter the way of competing in many 

sectors. 

In the field B2C (Business to Consumer), the reverse 

auctions are successful in travels, hotels, cars, etc., however, 

they fail in other things such as the market basket or petrol, 

among others. But in the field B2B (Business to Business) it 

does not have to be that way and the purchase function can be 

altered with this tool. 

Types of reverse auction: Taking into account if the 

information that is provided to the participant seller or not, 

we can talk about open reverse auctions (they let see the 

evolution of the values) and position reverse auctions (they 

only show the position of our offer) 

According to the format of the auction, we can 

differentiate between auctions in which it is only allowed to 

present an offer which is higher than the existent one or 

auctions in which it is allowed to offer when introducing 

higher percentages over the existent one. Taking into account 

the sale criteria, there are auctions (the most usual ones) in 

which the lowest price wins; another kind in which the 

introduced offers can win although they are not the lowest 

one in price, because other corrective factors of the price are 

requested; and finally, the model, commonly called double 

auction for some purchase lots, in which we have a double 

process: first of all, the lots to be bought in a unit way are 

auctioned and, later, an aggregation of all, taking as a starting 

price the lowest one in the previous operation. 

Reverse auction process: In a reverse auction process, we 

can differentiate the following phases: 

1) Preparation of the lots subjected to auction: the client 

requests information to the usual suppliers of a complete 

dossier of the products provided by them (price, delivery 

conditions, and technical specifications) and he makes 
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the lots which are subjected to value. 

2) Pre-selection of participants (known suppliers, approved 

suppliers, suppliers provided by the auction organizer or 

new suppliers). 

3) Request of information to every supplier related to his 

identification, economical and financial, commercial, 

productive and quality aspects. 

4) Request of prices to the suppliers for the references to be 

valued. A breakdown can be requested, differentiating 

the row material cost, transformation cost, transport cost, 

mark-up and final price. In order to exercise this bid, the 

bidders will have received an adequate and enough 

information about the features of the product so it can be 

quoted in a proper way. 

5) They communicate the information about the auction 

related to date, purchase portal, conditions, contact 

telephones, etc. and name and password are submitted so 

they can participate. 

6) Carrying out of the auction and sale. 

In this work in which we present the lots offered by the 

seller, you can see a number of units lower than the 

demanded ones. This condition is acceptable if we 

understand that the practice of the inverse auction looks for, 

among other goals, the decrease of the time of management 

and stock, and, therefore, if the buyer needs "x" units in a 

determined period of time, and he did not find in the market 

the only supplier who could deliver them in that time, there is 

always the option of meeting the necessity turning to many 

suppliers who would provide partial and lower amounts than 

the total, so the goal of meeting the total necessity "x" in the 

period established by the buyer will be met with the sum of 

deliveries done by the different suppliers selected within that 

period of delivery. 

The list of suppliers can be closed in order to resolve the 

problem of supervision of the quality; or open to new 

companies. The decision criteria will be based in the 

minimum unit price, and since there are multiple offers, that 

will lead us to a problem of ordination from lowest to highest 

unit price of the lots.  

On the other hand, and given what has been previously 

exposed, for the work that we present, we admit the 

divisibility of the offered lots and the possibility of buying 

always the exact number of demanded units. Otherwise, the 

problem becomes more complex (NB-complete) It is known 

as knapsack problem [1]-[3]. In any case, it is possible to 

optimize a set of offers. There is a branch from the game 

theory which studies the efficiency of the auctions in its 

different modalities [4]. 

 

II. STATE OF THE ART 

In terms of theoretical research, the problem of the 

purchase reverse auction has been treated from different 

points of view: about the controversy of its application [5], 

[6], as strategic and operative implication [7], the problem of 

auctioning purchase lots or packets [8], the impacts on the 

price and possibility of opportunism from the suppliers with 

experience in laboratory [9], or the diffusion of such 

practices [10]. The focus that we propose is to exemplify the 

simplicity of implantation of the system.  

III. PROPOSED ALGORITHM 

The resolution of the problem is simple and is based of 

three phases. In the first one, the offers will be received, and 

can be made public (what it seems that it improves the price) 

or not (when the quality is endangered of for high sums [11]), 

during a period of time and the average unit prices implicit in 

each offered lot will be calculated. 

Typically, the demand will take the form of a web page in 

html language, where the specifications are advertised and 

with a link to a program CGI where the bidders can introduce 

their offers and the program writes the data in a unique file 

(the index-counter must be saved in another protected file 

against concurrences).  

In the second phase, this file will be arranged according to 

the unit price, what represents the most critical phase in a 

computational way, but the current hardware processes in 

little time [12].  

Finally, a selection phase is needed in which the demands 

and the offers are assigned until a rest lower that a lot is 

calculated to sell to the next bidder. This process can be done 

with total security since the ordination criteria has been the 

average unit price. In a practical implementation it only 

remains that after supervision in search of anomalies [1], [13], 

the orders by the suppliers are grouped and these are sent per 

mail or through another service TCP/IP. 

 

IV. STRUCTURE OF DATA 

Because of simplicity with a view to the processes of 

reverse ordination, each offer of a Lot is saved as a line of a 

matrix of two dimensions. The first field or column to be 

introduced will be a number-index that is going to be 

assigned according to the order of arrival, so it can break a 

draw in favour of the natural order of arrival of the offer, 

giving priority to the oldest offers. The second field will be 

the identifier of the bidder for mere interest. The third field 

will be the size of the Lot for which the offer is done. The 

fourth and last field will be the average unit done. The fourth 

and last field will be the average unit price of the Lot, which 

can be calculated when the offer arrives and can be invariant 

during the process. 

 

V. CODE OF EXAMPLE 

The programming language that we have chosen has been 

the Perl, due to its simplicity and power. It is freely available 

for all operative systems [14]. In this language, the reception 

of offers of lot sale is simulated and then it proceeds with its 

ordination (Table I and Table II). 

In these three simulations we have used random number of 

a queue from a normal one what at the same time it makes use 

of the algorithm random 48() uniform[UdO1] . This system 

has been chosen because it is the one that produces a lower 

number of prices or amounts of offers candidates 

exceptionally high or low. 

As it was predictable for times of 2, 0.5 y 0.01 seconds of 

creation of offers, we obtain the best auction prices when the 

time and the number of received offers is higher. 
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TABLE I: CODE 

#!/usr/local/bin/perl -w 

use Time::HiRes qw(time); 

$demand = 10_000;             # in units 

print "Units are demanded $.\n"; 

# PHASE 1: Reception of offers 

$time of reception = 0.5;    # in seconds 

$t0 = time; 

$deadline = $t0+$time_of_reception; 

$count = 0; 

while (time <= $deadline){ 

    $offer[$count][0]=$count; 

    $offer[$count][1]=(A, B, C, D, E, F, G, H, I, J, K, L)[int     

     rand(12)]; 

    $offer[$count][2]=10*abs(int normal(100,20));  # lot size 

    $amount = sprintf("%.2f", (normal(2000,200))); 

    $offer[$count][3]=$amount/$offer[$count][2];  # unit price 

    $count++; 

} 

print "We have received $count lots of offers...\n"; 

# PHASE 2: Ordination 

@sorted = sort { 

    $a->[3] <=> $b->[3] || 

     $a->[0] <=> $b->[0] 

} @offer; 

# PHASE 3: Selection 

$sum=$sumprice=0; 

for $aoaref ( @sorted ){ 

    @lot = @$aoaref; 

    if ($lot[2]+$sum  <= $demand ){ 

     $sum += $lot[2]; 

     $price = $lot[2]*$lot[3]; 

     print "Lot $lot[0] of $lot[1]: $lot[2] u. per $price\n"; 

     $sumprice += $price; 

     last if $sum == $demand; 

    }else{ 

     $amount = $demand-$sum; 

     die "Error" if $amount > $lot[2]; 

     $sum += $amount; 

     $price = sprintf("%.2f", $amount*$lot[3]); 

     print "Partial lot $lot[0] of $lot[1]: $amount u. per $price\n"; 

     $sumprice += $price; 

     last; 

    } 

} 

print "We can contract $sum units.\n"; 

$averageprice = $sumprice/$demand; 

print "We pay $sumprice in total, at an average price of      

     $averageprice\n"; 

$time = time-$t0; 

printf "End of %s: it took %.3f seconds.\n",$0,$time; 

sub normal { 

    my ($mu, $sigma) = @_; 

    my $num =1 ; 

    # Generate the random variables by the Box-Muller method. 

    my @z; 

    my $const = -2 * $sigma * $sigma; 

    my $i; 

    for ($i = 0 ; $i < $num ; $i += 2) { 

     my $r = sqrt $const * log rand; 

     my $t = 2* atan2 (0,-1) * rand; 

     push @z, $mu + $r * sin $t, $mu + $r * cos $t; 

    } 

    pop @z if $i > $num; 

    return @z if wantarray; 

    return $z[0]; 

} 

__END__ 

 

VI. ALGORITHM SPEED 

The algorithm speed is an notable aspect which facilitates 

the implantation Although this can vary very much in related 

terms depending on the used language and architecture, in 

absolute terms it does not suppose a bottle neck for the 

decision of launching purchase orders The calculus of the 

ordination an only suppose just few seconds in relation to a 

high volume of offers and periods of reception of offers 

which are measured in days. 

 
TABLE II: OUTPUT 

$ perl auction.pl 

10000 units are demanded. 

59812 lots of offers have been received... 

Lot 27295 from H: 1490 u. per 1199.38 

Lot 9252 from A: 1590 u. per 1477.14 

Lot 55700 from D: 1490 u. per 1397.2 

Lot 59005 from B: 1500 u. per 1416.64 

Lot 20470 from A: 1720 u. per 1639.06 

Lot 54940 from I: 1110 u. per 1073.58 

Partial lot 24627 from H: 1100 u. per 1070.86 

10000 units can be contracted. 

9273.86 is paid in total at an average price of 0.927386 

Auction end1.pl: it took 2.693 seconds. 

 

$ perl auction.pl 

10000 units are demanded. 

15246 lots of offers have been received... 

Lot 11878 from D: 1680 u. per 1306.01 

Lot 4301 from E: 1810 u. per 1736.89 

Lot 10539 from J: 1610 u. per 1621.18 

Lot 6744 from I: 1510 u. per 1521.66 

Lot 9223 from L: 1380 u. per 1391.27 

Lot 12960 from L: 1690 u. per 1737.27 

Partial lot 14538 from G: 320 u. per 334.44 

10000 units can be contracted. 

9648.72 is paid in total at an average price of 0.964872 

Auction end2.pl: it took 0.644 seconds. 

 

$ perl auction3.pl 

10000 units are demanded. 

228 lots of offers have been received... 

Lot 191 from C: 1440 u. per 1657.51 

Lot 92 from G: 1490 u. per 1979.4 

Lot 198 from I: 1430 u. per 1904.95 

Lot 180 from K: 1240 u. per 1695.63 

Lot 128 from K: 1290 u. per 1781.26 

Lot 13 from J: 1030 u. per 1438.83 

Lot 17 from H: 1210 u. per 1732.61 

Partial lot 226 from H: 870 u. per 1255.19 

10000 units can be contracted. 

13445.38 is paid in total at an average price of 1.344538 

Auction end3.pl: it took 0.010 seconds. 

 

VII. VARIATIONS 

It is possible to implement a system of forward auction to 

clients in an analogue way to the one here presented to the 

suppliers. Basically, it would be to change the code "sort..." 

to "reverse sort..." and make it in two steps, since our 

preference in case of draw is the one of the oldest lot, this 

criteria should not change. 

 

VIII. IMPLICIT ASSUMPTIONS 

It is very common to maintain closed lists of suppliers, 

what is motivated for knowing contractually a prior the 

conditions of devolution of materials, payments, etc. 

However, this practice limits the competence among 

suppliers that downwards put pressure on the price of 

purchase. The same happens with the auctions with “closed 

envelope” Such measurements are taken when the quality of 

the offered product is endangered and they can reduce 

considerably the benefit of applying the reverse auction to the 
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suppliers. 

In the purchase departments they identify the different 

products that the company usually buys and the identify 

suppliers according to these products. These suppliers can 

have suffered a process of initial homologation, which 

consists of a valuation of their technical capacity, productive 

organisation, technological levels, staff capacity, evaluation 

of their quality system, economic solvency, etc. If they pass a 

minimum valuation or evaluation (75 % is usually considered 

in percentage terms), they become part of the lust of 

homologated suppliers for this product. 

Subsequently, once a supplier has a commercial 

relationship with the company, that means, we have made a 

purchase order acquiring some amount of that product that 

we need, a evaluation of its behaviour is done and, at least, it 

has to meet three aspects: behaviour in prices (comparing it 

with other suppliers who can serve that product), behaviour 

according to the quality (Percentage of units of products that 

he has delivered according to the demanded one, that means, 

that there is no rejection, and behaviour according to the 

fulfilment of deliveries (percentage of orders which meet the 

agreed date of delivery and there has not been any rejection). 

In short, there are occasions in which, due to problems of 

quality, continuity in the relationships of simply because the 

economic benefit of applying auctions is very low, closed 

lists of “homologated” suppliers are created and the 

presented possibility is limited. However, we must remember 

that with the opening of markets, the possibilities of search of 

competitive suppliers gets wider and the use of reverse 

auctions makes sense again. 

 

IX. MULTIPLE PRODUCTS 

The proposed algorithm is valid for multiple products 

taking separate instances for each product. This implies a 

great simplicity and computing scalability. It is possible to 

give out the job among multiple servers, for example, 

according to the kind of products or raw materials. 

 

X. CRITICS TO THE SYSTEM 

It is necessary that the demanded product or raw material is 

homogeneous among suppliers. This restriction can limit the 

application field. However, the most abstract critics to the 

system are that the auction system "destroys" the 

relationships with the suppliers. But if we consider that the 

product or raw material is enough homogeneous, there are no 

many reasons to maintain privileged relationships with some 

suppliers and to commit to the cost of opportunity of losing 

the competence among them which reduces the cost of the 

purchases (it can be 15-20% [9]). We can also say that when 

this kind of system is implanted, with a standardised 

advertisement and periods of time, the suppliers can plan 

better at a longer term their production than with a system of 

greater specific and more sporadic orders. Additionally, the 

system simplifies the entry of new suppliers that may need to 

have the provisioning logistics more updated. 

 

XI. CONCLUSIONS 

Implementing a system of reverse auction to select and 

manage the purchases to the suppliers is possible and simple. 

The limitations of a system of this kind are those related with 

the quality supervision and control. The open possibilities 

with this kind of downward auction are related to the 

advertisement or not of the offers between the competitive 

suppliers and the periods in which they receive offers. In fact, 

the proposed system of purchase management of lots 

optimizes the average price, being the result independent 

from a determined politics of concentration or diversification 

of purchase. 
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