18th European Conference on Information Systems

ECIS
010¢

FROM “"TAKE-IT-OR-LEAVE-IT” OFFERS TO “"TAKE-IT-OR-BE-
LEFT-OUT” ULTIMATUM - A Trade mechanism for online

services

Journal:

18th European Conference on Information Systems

Manuscript ID:

ECIS2010-0293.R1

Submission Type:

Research Paper

Keyword:

Algorithms, Business process innovation, Information economics,
Pricing IS

& scholarone"

Manuscript Central




Page 1 of 12

18th European Conference on Information Systems

FROM “TAKE-IT-OR-LEAVE-IT” OFFERS TO “TAKE-IT-OR BE
LEFT-OUT” ULTIMATUM

A Trade mechanisms for online services

Bodenstein, Christian, University of Freiburg, Kaglengebéaude Il, Platz der alten Synagoge,
79085 Freiburg, Germany, christian.bodenstein@idreiburg.de

Schryen, Guido, University of Freiburg, Kollegiebgede 1l, Platz der alten Synagoge,
79085 Freiburg, Germany, schryen@gmx.net

Neumann, Dirk, University of Freiburg, Kollegiengelale II, Platz der alten Synagoge,
79085 Freiburg, Germany, dirk.neumann@is.uni-freglie

Abstract

In a world, where more and more businesses sedmde in an online market, the supply of online
services to supply the ever-growing demand couidktureach its capacity limits. Online service
providers may find themselves maxed out at peatatipe levels during high-traffic timeslots but too
littte demand during low-traffic timeslots, althdughe latter is becoming less frequent. At thispoi
not only deciding which user is allocated what lew€ service becomes essential, but also the
magnitude of the service provided, can be contioflg pricing. Pricing is an important factor when
efficient and acceptable allocation of resourcesMeen individuals must be reached. Without prices,
transferring or sharing goods would be impossilimesharing information, pricing a product however
is not as simple as relatively pricing an appleaopear. Often the costs, and hence the prices are
simply unknownBacked by this scenario, the online services matkeid be combined with the
market design mechanism of diamonds. For this vepgse an ultimatum pricing strategy which
effectively allows for valuations to be accounted but no longer a necessity when pricing in grid,
cloud or other online computing environments.

Keywords: Posted Price, Ultimatum Game, Energyclefficy, Mechanism Design.
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1 INTRODUCTION

In a world, where more and more businesses sedrade in an online market, the supply of online
services to supply the ever-growing demand couldkijureach its capacity limits, but only for short
time intervals. Online service providers, like Sébece.comy Strikelrorf, and eBay may find
themselves maxed out at peak operation levels glurigh-traffic timeslots, but too little demand
during low-traffic timeslots, although the latter hbecoming less frequent. In some cases it might be
possible to run certain tasks at night, but for edhis is not an option, since some tasks nee@to b
processed in a timely manner. At this point notyaeciding which user is allocated what level of
service becomes essential, but also the magnittitleecservice provided, which can be defined by
service level agreements (SLA). This allows forather simple method of reducing traffic, by only
agreeing on a low service level, - but for somégathis is simply not an option. Log records may
show that scientific networks peak in traffic beféhe submission deadlines of journals or workshops
since many scientists attempt to model or test tlesults before final submittal. Here, a low legél
service is, again, of no use. The market can allm@stranded as a high-demand type which is in dire
need of some sort of energy supply regulation. stmeated 50%-70% (platform dependent) of total
‘manageable’ costs of datacenters are energy cadtitively, Gartner estimates, that the combined
CO, emissions, as a byproduct of energy expendityréhd® ICT-Industry has reached the emissions
of the worldwide combined civilian airliner fleet.

Similarly faced with a comparable high-demand, fad-supply scenario is the market for raw uncut
diamonds. The market for trading raw diamonds ikl meostly by DeBeers distribution arm, the
Diamond Trading Company (DTC), which sorts, valaes sells approximately 90 % of the world's
rough diamonds by value (Viljoen 2008). The DTC btiye stones from the producers, sells the gem
stones to carefully inspected buyers by presentiegh with a box of selected diamonds, naming a
price, and giving the buyer a take-it-or-leave optiMost buyers’ suspect, those who do not buy at a
sight are not asked back, effectively droppingaiuhe market (c.f. TIME MAGAZINE, “Tightest of
all” 1945). By buying most of the diamond mines,B2ers Group effectively created a cartel, in
which it can set the prices the buyers have to ptable, is the extremely high demand for
diamonds, and an artificially set, low supply. Thiay the DTC controls the amount of diamonds in
the market, and which jeweler is permitted to betitaw diamonds.

Learning from this, the online services market ddud¢ combined with the market design mechanism
that is borrowed from trading raw diamonds, as théxhanism seems adequate for online services as
well. Transferring this market design to the marfketonline services, by selecting a specific prici
strategy, the suppliers could be reduced to orfigient suppliers, much like the DTC chooses only
the best cutters. Combined with a prioritization asfline service demands, merged with a green
scheduling principle the energy requirements bysietor could be reduced, without forfeiting too
many economic incentives and properties.

The research question posed in this paper @Gan“ take-i-or-be-left-aut’ (short TIBLO) trade
mechanisms be applied to the market of online seswio achieve favorable results?”

Let the diamond miners be replaced with nodes supgpbnline services, the sight holders substituted
with agents requiring services and DeBeers Grogpdtanged with a scheduling agent (automated or
as a virtual third party). Potential in this traglimechanism is the strong control the schedulepteas

the price and output of the online services, sinidathe control the cartel has over the diamondepr
and gem supply. To this point, the game is idehticaa standard posted-price auction. New to the
game is the threat to expel the agent which doesageept the offer posted by the scheduler. As will

! http://www.salesforce.com/CRM Software on Demand
2 http://www.strikeiron.com/ Data as a Service
3 http://www.ebay.com/ New & used electronics, cars, apparel, colléesibsporting goods & more at low prices
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be shown in this paper, this threat is what keeph lagent parties from bidding/asking under-
/overvalued prices, resulting in fair prices.

In previous work we showed a model which offeredeaergy efficient approach to scheduling in
grid/cloud environments (self-citing). We assumieat &ll agents know their valuation of a singlet uni
of CPU and were at least willing to post this offas a derivation of the greedy heuristic, the kidd
with the highest valuation was allocated to theene@dth the least energy costs, followed by the
second highest bidder who was allocated to thenskowost efficient node, etc. Table 1 shows an
extract of the example schedule using the greeridtieualgorithm, where each job is of unit sizada
each job has 2 processing units available. Forlgiitypwe assume a finite single period model:

Nodes Jobs Job Allocation
Node r, & Job by Node Job price

N1 9 8 Jl 20 N1 &— J2 17
N2 11 2 17 ™ 4 13
N3 10 12 J3 11 N2 «—— J5 24
Ja 13 J1 20

J5 24 N3 OFFLINE
Table 1. Sample Job allocation using the greenisgaralgorithm

Applying the greedy heuristic (Stol3er et al. 200uld result in an allocation N1(J5, J1), N2(J3) a
N3(J2, J4), while yielding a higher revenue, hamsaberably higher energy costs than the green
heuristic, where the inefficient node was shut doand J3 was not allocated since it was too
expensive. We found however that not all agentsamaohcentive to truthfully report their valuations
let alone the fact that some agents may not eveableto valuate CPU power on their own since
power usage by electronic devices, without theafispecial measuring devices are rather concealed.

In this work, we wish to propose an alternativeléranechanism to counter this incentive to misreport
and unknown valuations, by proposing an ultimatumsimg strategy which effectively allows for
valuations to be accounted for, but no longer assity when pricing in grid, cloud or other online
computing environments. We will restrict our anayenly to the impact of posted price trades
coupled with an ultimatum condition. Hence the dbution of this paper is threefold:

e Devise asmplistic model that captures the essential problems in biddirgegies without
being too complex to be tractable

» Revise current pricing models to incorporater gy efficiency in their objectives

* Incorporate posted price mechanisms to allow buysith unknown valuations to
participate, while keeping the bidding mechanisraltow for urgency signalling

The paper is structured as follows. After a brigraduction to the topic, section 2 contains the

requirements to online services and motivationahados, where the model may be applicable. In
section 3, we will briefly discuss auctions andtpdsrice mechanisms, and related work in thisifiel

In section 4 we present a game-theoretic model sfypthe strategic implications of a posted price

ultimatum game. The evaluation based on the madivak scenarios presented is covered in section 5
followed by concluding remarks in section 6 whictap/ up this work.

2 MOTIVATIONAL SCENARIOSAND REQUIREMENTS

Pricing is an important factor when efficient andceptable allocation of resources between
individuals must be reached. Without prices, trangig or sharing goods would be impossible. In
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sharing information, pricing a product however & as simple like relatively pricing an apple to a
pear. Goods can be weighed, used, thrown, - aigsties which are of definite value to somebody.
Information goods, or virtual services on the otha@nd are harder to price. In some cases usermare
even aware of the costs involved, like for exantple costs involved to perform a simple Google
search are still largely unknown to the generat.uBee energy costs, of performing a Google search,
are the equivalent of powering a light bulb forkaour. Based on this information on energy costs to
transfer, store, update or use information in a@nlgervices, pricing strategies can be derived, by
relating them to the energy costs of the servicpogitive side-effect of this approach is its immagel
optimization of profit, directly dependant on theeegy costs. This approach can be used for a number
of scenarios in online services:

2.1 M otivational Scenarios

This paper is structured following the Design Sceeiguidelines (Hevner et al. 2004) in attempt to
develop a viable model and methodology for solvihg important and relevant problem of high
energy costs throughout the ICT industry. It isré¢fiere necessary to show a few scenarios which
firstly show what is meant by the term online seegi and secondly already provide a rough idea of
what is required of a model to function in the nerfor online services. To preserve generality, we
found our analysis on thgicing channelscloud computingMashupsandhosting services

2.11 “Name Your Own Price” Channel

“Name Your Own Price®" is a pricing mechanism where interested buyers @icommodity and
post an offer of how much they are willing to pay that good. The seller may then accept or reject
the offer. In practice, this mechanism resultslightly lower than market value prices, but not by
much. Rational buyers therefore must obviously &dhe goods fairly. Priceline.com and its famous
‘Name Your Own Price®’ service is one of the leadimavel service providers for price-conscious
travelers, which claims to offer the cheapest bsdiravel arrangements. Users input their desired
departure location, destination, time horizon andepthey wish to pay. They are then offered the
cheapest travel package. Problematic however ifattiehat the bids are not binding, in the sehag¢ t
potential buyers use these portals more as anniaftton source rather than buying directly. In this
scenario, posted-price mechanisms coupled withHtanaium shown in this paper could be useful, to
bind customers to the service, while ensuring tanfatch of low price offers through reputation.

2.1.2  Cloud Computing

The term “Cloud Computing" originated from diagrambere the technology architecture depicted
the Internet as a “cloud” of services, describimgvimost users do not really see the hardware they
access, therefore often being perceived as workinghe clouds”. Consumers of cloud computing
services purchase computing capacity on-demand aednot concerned with the underlying
technologies used to achieve the increase in seamability; they purchase the software as a servic
(SaaS). Current cloud computing providers like Aamagoni or Sun offer computing resources at
fixed prices and are contracted by SLA’s, but wdifpricing strategies have yet to be implemented.
Posted-price auctions could offer an efficient ipdc strategy which promotes efficiency and
optimality when coupled with the right schedulingsa@yn. With respect to energy efficiency, the
posted-price auction coupled with the green sclieglulalgorithm could prove useful and
advantageous in achieving a much needed redudtienengy costs of data centers.

4 ‘Name your own price’ mechanisms are registesdise marks of priceline.com Incorporated.
® http://aws.amazon.com/s3Amazon Simple Storage Service (Amazon S3)
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2.1.3  Mashup-as-a-Service

A Mashup is a web application which combines dabanfmultiple sources onto one interface. An
example would be if a real-estate owner would ik location information onto Google Maps and
providing it as a service. As the term Mashup iemlit is an easy and fast, “mashed” integration of
numerous data sources to provide a service neaifhire original data sources intended. The concept
of Mashup-as-a-Service, similar to cloud computivguld entail producing on-demand services, as
the users need them, using third-party sourcesmgd. A good example of on-demand pricing of
services is Serena.c8mvhich provides business users with Web 2.0 taolsuild business Mashups.
Pricing is currently done through a subscriptionaofper User, per Month” basis. Discriminatory
pricing could attract more small scale users, whshwo simply provide for a ‘fire-and-forget’
application. Other examples could include Yaho@Bjwhich is currently free of charge.

2.1.4  Hosting Services

Hosting services generally refer to web hostingises where many websites are hosted on one web
server connected to the Internet. This is genethlymost economical option for hosting as many
people share the overall cost of server maintenaAttbough posted-price strategies have been
extensively used in modern markets, including dimakum could prove useful in pursuit of efficient
allocation of resources.

2.2 Requirementsfor Selling Online Services

With the motivational scenarios defined, we canveethe requirements for online services. These
requirements are set by the motivational scenamaksare real problems faced by the online services
market (some contribute more to the importanceegiirements than others), and are the absolute
minimal requirement set to the model presentedim work. The mechanism is thus required to be
compatible with scenarios of:

1. Excess Demand / Supply (Sub-Market dependent). Resource allocation isanptoblem, if
sufficient resources are available. Especially Hosting services and Clouds, this is a big
issue. The requirement is thus: “Are the strateggmsed under “normal circumstances” still
dominant in cases of excess demand / supply?”

2. Single bids. Contrary to requirement 1, the markets are navagd saturated in
demand/supply. Often they are underrepresentedesDbe mechanism still function when
faced with only one buyer/seller against many s&lelyers?”

Obviously requirements 1 and 2 reflect the hightyatile nature of the market for online services.
While an internet service provider finds that higffic peaks around mid-day, when all employees
check their personal e-mails, he might find thattraffic is lowest at 3 o’clock in the morning whe
most customers are asleep. Further, the model mest the requirements of:

3. Energy efficiency. Foremost, besides having feasible propertiesnfiarket trading, the
mechanism must promote the use of energy efficibotation mechanisms.

4. Individual Rationality. An important requirement for the mechanism ist thath trading
parties benefit from trade, and rational behaviinduced. By assumption, all agents are
taken as risk-averse.

5. Unknown valuations. It is important that the mechanism can procebs jith unknown or
withheld valuations, since some buyers may be urewhtheir own valuations. This could
prove especially useful in the case of Mashups-searaice, where some tasks are so unique,

® http://www.serena.com/mashups/index.htrSlerena Business Mashups
" http://pipes.yahoo.com/pipesRewire the web
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that pricing cannot be done given observation efadnic prices, but also in other aspects of
trading online services.

6. Complexity. The mechanism should not introduce any unnecgssanplexity, nor add any
intractable problems to the trading environmenisT$a must for all scenarios! It is of no use
to derive a complicated trading scheme which ismfise because no-one can use it.

7. Time preference. The users require resources in a timely manmargdathe trade mechanism
may not take too long to decide which resourcdlegaed to a task, to avoid encroaching on
the task deadline.

If the above requirements are met, the TIBLO pgaimechanism presented in this work could prove a
favorable alternative to current pricing mechanis®ad in trading online services. In the next sactio
we will briefly discuss auctions and posted priaechanisms, and related work.

3 RELATED WORK

Current research in Grid Computing has come up mitinerous scheduling mechanisms to efficiently
schedule supply and demand of computing resouficegrovide incentives for resource suppliers,
pricing mechanisms have been proposed and seemdsepromising method to provide incentives
for sharing resources. Although some networks (Rgt@home, SETI@home etc.) do not
compensate in payments, they are still able t@datiresources by other means (interest, appeal to
moral duty, etc.)

For commercial use however these incentives angfioent and often infeasible since a rational

supplier would not willingly and knowingly forfeiprofits and freely give them to a third party

scheduler, who in turn makes money with it. Aucsiowhich have previously not only been used, to
transfer assets from public to private hands, laat # uncover the valuations of bidders, seemest mo

promising in this regard. As long as each biddemighis own valuations in form of a private value,

the outcome of the auction in most cases awardgjtbe to the bidder with the highest valuation

(Krishna 2002). Without this information, sellerganconly guess the average willingness to pay for
each good they wish to sell, - by posting a fixedep

Wang (1998), among others, compared these two aopslling methods (auction and posted price)
in a one-period correlated valuation model, andhfbtlnat auctions were mostly preferred, sincecstati
pricing has been labeled as economically ineffigiaa it does not include pricing the dynamic natur

of resource requirements. In this work however wapa static posted price to the discriminatroy
posted price auction mechanism (Seifert, 2006).e@dvauthors have investigated hybrid market
institutions which combine auctions and postedepaffers. Combining auctions with a posted buyout
option was first noted by Lucking-Reiley (2000).ink et al. (2008) developed an analytical model
analyzing the effect of shared information on hiddbehavior in a price auction variation of Name-
Your-Own-Price addressing the often hidden valuasidl inherent to standard bids.

According to Wang et al. (2004) combined auctions mot a new phenomenon, since in a pure
auction institution the posted price can be sdtigb that it is never even considered as a bid,iard
posted price institution it is set so low, thathids exist below it, implying that pure posted prior
auction institutions are merely a polarizationted tombined mechanism.

These models however all rely on the assumptiohtttea posted price depicts the highest possible
achievable price, and it makes no sense to bidrzkyioe posted price (Seifert, 2006) since buyers
prefer the posted price over the auction mechanifsthe posted price is less (or equal) to theinow
valuation of the product with at least a weak danue.

Currently there is no approach that satisfieseajuirements imposed in section 2. In the next ecti
we will present our own price-setting mechanismijclhincludes all the favorable properties of the
APPO (Seifert, 2006), but is simple enough to bedus a fast and volatile market of trading online
services, while still consorting to the ideals gréen’ scheduling algorithms, instead of profit
maximization strategies.
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4 THE MODEL

Themodel discussed, shows an alternative pricing meshaforonlineservices. Using Amazon.cao
as an example, where the “task request’ to be athakcis the storage of data from research, an
“suppliers” is the host of a server farm, the meidm cal be described as follows: A scientist wis|
to store his research on a server at Amazon.com.approaches Amazon and is faced with
options: Reveal her valuation, thereby influendimg probability her job is accepted, or simply got«
the posted fpice by Amazon, which is subject to the prices difsj@urrently on the system. Once
price has been determined, she can either acompiattkage offer, of storing her data or reject. i
rejection, her personal data is stored only suel &imazon ca disclose her from ever trading
Amazon.com in futureThis example simply explains the model we wish iespnt more formally i
the following.

In section 41 we initiate the benchmark md more formally and strategical, where only the
strategie®f a single negotiation between a unit buyer adigrsare uncovered. Secti4.2 discusses
the effectof adding outside options to 1 benchmark model, followed by secti4.3 which includes
analysis of scenarios with uncertai

41 Benchmark M odel

In a benchmarkilateral monopoly setting, which corresponds toaket with one buyeB) and one
seller @), the solution is rather simple. The individuadifbas a consumer and producer is a small
of the market and can therefore take everyonesbehavioras given; the world is erely a set of
prices (Friedmari990). The actions of the two individuals couldréiere be depicted in a gar To
describe the posted priceltimatum @me an extension to a classical ultimatum g: we use a
normal-form r@resentation of a tv-player sequential ganie after a pricing decision bA, where
each player (Player4 A, Player 2= B) can choose between two strategi®s=({s.", "}, $° = {s.®,
s,°}) onceB has issued a requ. The game is set up as follows:

* Player B sends a job requesA with job specifications and some form of signavafuation
» Player A offers a pricp ¢ [0; P].

» After A has posted a pricB can either choose to acceg} the offer, or reject itr).

+ Subject tas?, A can choose ' trade withB again &) or expel him from trader).

In other words the two strategies represenagent’s choicéetween accepting the proposal or

55 =paa
(2", 5,5 )=(pr a

(s, sy =(par

(SzA; 323) =prr

0

Figure 2. Game tree of thstandard posted-price game.
The strategy spaceis defined by the Cartesian product of the indigidstrategies of the two playe
S=5"s2={(aa), @n, a), (r)}

By game design, if PlayedA has the world’sonly online service available and PlayB can be
summarized into an aggregate by, the outcome is simpl@he online service is worth nothingA,
but is worthp = v to B, resulting that when both reject, nothing is win a on«-shot game, both
players will accept, since there is no outsoption available, and without trade both are wares
long as the posted prit¢és(p) < Ug(vg). In this setting fop > 0 any rational buyer will always acct.



18th European Conference on Information Systems Page 8 of 12

Unique to this type of ultimatum game, is the cogeace of welfare distribution to the 50/50
Schelling point (Schelling, 1963), similar to thie plistribution game. Considérhas energy costs of
executing a unit size job of 1 €, which is of vatad3 up to 3 € and the information is known by both
agents. Monopoly pricing would suggéstharges a price qf = 3 (full welfare benefits tad\) while
competitive pricing would suggept= 1 (full welfare benefits tdd). Fair pricing would suggest equal
distribution of welfare, resulting convergence todgp = 2, with at least a weak dominanca.
however still does have some form of power, and opse to charge slightly higher prices than

2, but a2 < p < 3 the probability thaB rejects the offer increases.

Theorem 1. The threat to expel bidders from the game if thepat accept is credible.

Proof sketch: Proving whether or not the threat of expulsiorciedible or not is rather simple,
following Schelling’s (1963) strategic principles @ntinuous negotiationandcasuistry The former

is solidified by the public knowledge that any buyého refuses the offer is expelled. According to
Schelling (1963), the party threatening achievesrodment to execution not by the gains from
actually executing the threat, but by pointing th& long-run value of accepting, regardless oblia
losses. Hence for afli(.) ¢ S, S(a,d) is a dominant strategjlash equilibriumsinceu(s(a), si(.)) >

u(siC), si))- =

Theorem 2: Even in his monopoly position the scheduler hageakly dominant strategy to charge
“fair” prices.

Proof sketch: Casuistry as a form of rationalization (Schelling, 1963)seres that agents will even
attend the market, in that the scheduler denieséifntoo great a reward from his monopoly position
(which in effect is bolstered by the take-it-ordedt mechanism), effectively lowering his pricesat
reasonable level: at the least, lower than proéikimizing prices. This becomes an important pricing
principle when the scheduling agent is no longerstble supplier of computing power. [

More formally, to maximizelf - &,) the highest bidder should be allocated the mffstient node,
which effectively results in an optimization of egg costs in the system, the pricing decision can b
denoted mathematically by the following optimizatioinction,

J T N J T N b. -e,
maxV =3¢, 3 Y X[ (b, 8] =6 DD X (TJ
X,p i t n j t n

N
st. X 001}, D X <1 0j0J,t0T
n

where ¢; denotes the amount of CPU resources requixgdcorresponds to the decision variable
unique for each time slat py, is the discriminatory price subject bpande,, b; represents the bid by
agentj ande, stands for the energy costs per CPU of nmdédditionally, bj > r,. The atomicity, and
time-feasibility constraints have been omittedgsiffor this case we look only at unit-size jobsahhi
all have a duration of one time unit.

4.2 Outside options

The simple bilateral monopoly is now introducedhwit third party service provider, like Amazon
Web Services for example, which sells all servigiea fixed priceps and pursues no further strategies
but to accept all jobs until its capacity lirkitis reached. This third party is known to schediglgobs

in a “first-in-first-out” (henceforth referred tsdhe ‘FIFO-agent’) way, ignorant of its energy tsosr
CO, emissions (this is not to say that Amazon is ignbiof energy costs). The TIBLO-agent (referred
to as the ‘Seller’ in previous chapters) who inesicenergy efficient scheduling principles is now
faced with the following payoff structure:
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A\B A R

a P, (& -p) 0, (¢-p)
r 0, (Ve-p) 0, (w-p)
Table 3. Posted-price payoff matrix

Hence when posting a pripeto a rational buyer who is ignorant of energyogdht principlesp < ps
which would result in an equilibrium strategySat {(a,8)}. Faced with an energy-aware buyarhas

to ensure thab < ps + J, whered is the valuation of energy-awareness, which alltvesTIBLO-agent

to charge slightly higher prices than the FIFO-ag&his phenomenon can be found in many product
pricing strategies where environmental factors iacduded in the productBadenovd a german
power distributor for example, charged a highecepifior their product Regiostror (which draws
50% of its power from regenerative resources) tiair standard price power, which draws power
from conventional ‘unclean’ sources.

Since the FIFO-agent cannot discern the buyersowitidrawing some sort of signal prior to the
pricing decision, the exploitation possibility &fire limited. Henc® < p;= p < P, where settingg = 0
means that the buyer receives the full benefitaad, and P implies full benefit to the sellers.

Shown in its normal form, where the relative ufiig p - p:

A\B a R A\B a r

a .+ 0! - A - Q! i

r 0, - 0 - R 0, + 0+
B Ps P>Ps

Table 4. Posted-price relative utility matrix

Even with outside options, theorem 1 and 2 stillh8ince the TIBLO-agent is faced with an outside
option, the credibility of the threat to expel thgent only diminishes with — P. As implied by
casuistry(Schelling, 1963) and reinforced by upholding héputation to expel rejecting buyers, his
pricing strategy is now limited to the spacef0+ J), wheres = 0 for ignorant buyers, anél> 0O for
energy-aware buyers. Again, since the TIBLO-agamnot discern ignorant from aware buyers, to
keep his threat credible, the TIBLO-agent is fortamdbandon his price setting position, resulfirng

ps. This is an important result since by pledging theeat of expulsion, the TIBLO-agent, given
outside options, effectively loses his price settimait. Knowing this, buyers should continue to
approach the TIBLO-agent for online services. lotisa 4.3 the model presented is extended to
include more than one interested buyer with difieraluations.

4.3 Bayesian case

The simple bilateral monopoly is now introducedhnat third party service provider and at least one
further buyer interested in the online service pridWithout loss of generality let’'s assume thn t
single, continuum of energy-aware buyers is sptib two aggregate buyer" representing the low
valuation buyers witlg" andB" representing the high valuation buyers wif}, the game outcome is
somewhat more complex, whekedoes not know in advance whettiis of type" or . In fact,B
does not even know his relative valuation positiorother bidders, but only his own valuation. To
describe this scenario, the game is extended tayadtan TIBLO game with incomplete information,
which can be depicted as follows:

8 http://www.badenova.de
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(@ a (et 7 G @ (@ a (. 7 . a .

Figure 5. Game tree of the extended Baye<TIBLO game.

More formally, as a game of incomplete informatithe TIBLO-game consists of 2 players, similai
the standard posted price game and a probalz which determines the nature of the buy
transforming the game of incomplete informatiomioneof imperfect information (Harsanyi 196

Essentially, the stragfes imposed by the benchmiTIBLO model still hold for the Bayesian versi
of the game. The agent is forced by his own crétyitib offer such prices that the trading partr
will definitely agree on. SincB maximizes his utility based on only therent information availabl
to him, the sulgame for eacB with A is merely the benchmark game, with one seller aredbmyel

From A’s point-ofview however he is faced with two or more buyensddinite amount of good
The decision which job is scduled is derived from the biddengluations. For examplA who has a
single unit of CPU available, is faced with two btgB; andB, who both request resources for a -
size job, which can be processed with just 1 uh@BU. The power costs A are 2€ and,; values
his job at 3€ an®, at 5€.Given full information A should invite and offethe CPU tcB, at a price of
3.5C€, who should as a rational buyer accept the « But given incomplete informatiotA merely
knowsthe probabilities that the buyer currently undecisien is either the one with a high valuat
or a low valuation. The dilemma faced A is as follows:

« Post a price of 2 which would satisfy both the low and high valoatbuyers, and definite
ensue that both players would accept if aslbut forfeits a possible surplus of 1€ if he is
faced with a high valuation buy

* Post a price of 3.8which would causd,; to reject with positive probability, but still
accepted b,. In this case howev A forfeits all future trade opportunities wiB;.

Generally it can be shown that if tTIBLO-agent is faced with two buyers for a single commnyo
and expects a necessity of future trades, he Ba®mrg incentive to keep both age This is largely
due to the high value of future trades, which eglsagbe surplus in a single trading opportu

For too high prices, the buyers will call the thresatd reject: If at this point tfTIBLO-agent does not
expel the partners, he loses all credibility no longer is able to set the prices. This howesamiy
the case if trading is transparent, and all buiamsw of the actions of all other buyers in the nedr
Pending some sort of communications platform, itsowever rarely the case. Therefolach buyer
has to act in maximizing his own utility, which uits in the same principle stated in theore and 2.

5 IMPLICATIONS FOR ONLINE SERVICES

In this work we proposed the use “t-it-or-leaveit” trade mechanisms to be applied to the mark
online services, combined with the enerefficient algorithm to effectively reduce ener¢
consumptiorby online service without forfeiting too much retur.he implication for online service
providers compared to thetatus qu, using the TIBLO-pricing strategiese threefol:
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* Possibility and environmental obligation to redecergy inefficient allocation of resources to
operating tasks

» Self-induced, yet still profitable control of moraligs, resulting in fair, welfare maximizing
pricing strategies

» A steady, quantifiable, and most importantly, aetast-able demand, thanks to the binding
properties of the ultimatum mechanism allowingdptimal resource availability planning.

Therefore the TIBLO-mechanism has proven to beontt a viable alternative, but a real first-choice
option when prioritizing the reduction of high egyicosts, as it adhered to all the requirementsiget
in section 2.2. For the motivational scenarioss thiplies the following:

¢ “Name your own price” Channe}l By including an ultimatum to the search mechanism
price-scouting behavior by free riders can be redusince they will naturally reject the offer
by Priceline.com, for example of a flight from Geuny to Hawaii, and be banned from the
system as a result. This way, hame-your-own-prigme services ensure that users will offer
real prices, which ultimately could lead to an iowyed trading platform.

* Cloud Computing- Clouds and Grids yet have to decide on a commiomg system. A first-
mover to employ TIBLO-pricing strategies would haaesignificant advantage than if he
introduced the system in an already embedded marketre the new pricing mechanism may
come across skepticism. TIBLO-pricing could offem efficient pricing strategy which
promotes efficiency and optimality when coupledhattie right scheduling design resulting in
achieving a much needed reduction of energy cdst&t@ centers, as well as economically
viable and welfare-distribution maximizing prices.

* Mashup-as-a-Service To best illustrate the benefits of deploying T@®lpricing strategies
by Mashup providers, we pick up the example of Miaskhon-demand by Serena.com. Pricing
is currently done through a subscription on a “pPser, per Month” basis. Discriminatory
pricing could not only attract more small scalerasevho wish to simply provide for a ‘fire-
and-forget’ application, but also increase pra#sitive to decreased energy costs.

* Hosting Services Although the market for hosting services is algeambedded by posted
prices offers, the addition inherent to the TIBL@gahanism could prove a very effective tool
to reduce energy costs of datacenters while keeggingce profits untouched.

By being able to control the allocation, and effgay, the distribution of resources, one mightdiab
the mechanism as a centrally planned micro-econdtoiitical economists often argue that central
planning is the only way that rational buyers carfdrced to choose environmental optimization over
profit maximization, since CQemissions, for example, are externalities whi@hreot included in the
optimization calculation. Additionally, environmeitly friendly solutions are often more expensive
than unclean sources.

Allowing a corporate individual to control the matkn such a way, standard microeconomic theory
suggests that market power would transform thisviddal to a monopolist, resulting in monopoly
prices. This is not the case with the TIBLO mechamias by issuing a threat of expulsion, the
monopoly becomes self-regulated, as shown in tleweaimodel. The resulting prices and allocation
however still remains feasible and profitable.

6 CONCLUDING REMARKS

In this work we presented a mechanism which presemine service providers with a pricing model
combined out of a posted price ‘auction’ and ammaltum. It presents service providers with the
option to reduce energy costs of their resourcetecenby invoking a discriminatory pricing
mechanism which allows for a ranking of requestghout immediately confounding to direct
monopoly pricing. This is largely due to the effettiat the provider must uphold his credibility of
expelling agents who refuse to abide to his tetméact, the resulting self-imposed 50/50 ‘Schejlin
price’ results in a welfare maximum.
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Even without a valuating bid, the TIBLO-pricing castill offer a standardized price package,
obviously to lesser terms to keep up the incentteelid. Also by binding the users to the service,
suppliers are more able to foresee demand spikespieepare accordingly, lessening the impact of
excess demand spikes, possibly through prioriomati

Most importantly, the model can achieve its goabldcating important (signaled by the valuation)
jobs to efficient nodes, which constitutes an inoir design goal for all future IT-services, Grd€n-

Regardless, in future work we intend to expanddimeent TIBLO model to include further aspects
which may be important for online services, or egérer markets. This includes:

« Extending the TIBLO mechanism to include a bidddugsibility to pay prices larger than the
posted price, which would include a further urgetesser based on the valuation of others in
direct competition over resources in our modelviing the bids of others.

* Expanding the application scenarios to other tiaddnvironments in the online services
market

» Performing an online field study to evaluate thal response of bidding agents who are not
necessarily always risk averse or even irrationtihzes.
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