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M?® OPEN MULTI-COMMODITY MARKET DATA MODEL
FOR NETWORK SYSTEMS

We present an open Multi-commodity Market data Mddbbr. M) that may be used in designing information
systems for market balancing and clearing in theteod of multi-commodity trade in various network
infrastructure sectors. A system of definitions bhaen developed that promotes clear understandihgtandard
interfaces for the data flows and integration ofkeadata and processes across societiéss M set of formal
data models, which results in XML-derived inforneatinterchange specification.

1. INTRODUCTION

Complex systems are often beyond efficient direcitol and management. Thus, during the
past decades, the world-wide market liberalizatiand deregulation processes are being
implemented in many network infrastructure sectorsluding power systems, telecommunication,
computer, rail and transport networks, water, urbgmtems and others.

Under deregulation, the systems are undergoindidm&structuring and transformation from
cost-conscious, regulated utilities to competitivarket participants. These entities have their own
independent interests, values, different tasksratipms and services. State-owned or private
monopolies, that have been functioned traditionallihe infrastructure sectors, are being gradually
transformed into various market entities, which tmaperate in new competitive market
environments, under regulated market rules, witaragonal help of various market institutions,
such as auctions, commodity exchanges, real-tifembag markets, etc.

In the deregulated framework for control and mansey#, instead of operating according to
central rules and plans established by a hieraatlemntrol structure in a centralized system, the
systems operate through cooperative behavior ofyneaftities which interact as the competitive
market participants. The need for better manageraadt control of large distributed network
systems stimulated in research community a grealt afeinterest in developing new competitive
market mechanisms for management and closed-loematpnal control procedures to help system
performance optimization. An important stream of tiesearch work on market development is
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focussed on gradual functional decentralizationhwatlocation of obligations and rights to
distributed market-players. On another side, sorakket integration processes are also enhanced.

One difficulty is in analyzing and comparing di#et market models, methods, experiments
and solutions in a reliable way, due to heterogenexperiment environments, different data
models, and various numerical data and data storagkods that are used. However, the market
models that are different at a first glance, irt fggerate on the same types of data. Moreover, only
the best auction clearing mechanisms verified bpymasearches in multiple experiments can be
implemented as practical solutions. Therefore, fipenspective of serving the development and
verification of new auction mechanisms, the openrketainformation interchange systems,
including data models, are extremely importantier future of the network industries.

The market processes consist of a sequence of ml@nyentary balancing and clearing
processes that tend towards a complete systenasdeaht a real time. Usually, each process has its
own mechanism for information interchange and pssicey. At present, there are no general world-
wide standards for information interchange mechmasisin some industries there are data
interchange mechanism which can be acknowledgddcas$ standards, for instance, RosettaNet
standards in electronic industry, MDDL (Market D&afinition Language) in financial sector and
other industries standards specified on the bdsipen standards like ebXML (Electronic Business
using eXtensible Markup Language) or XBRL (eXtetesiBusiness Reporting Language), see
[13][14][16]. However, these standards are focusedelectronic communication of business and
financial data like invoices, offers, business partinformation and so on. In energy sector — a
typical infrastructure market — UCTE (Union for t@®-ordination of Transmission of Electricity)
initiative called Electronic Highway focuses only transport layer and technical aspects of the
communication network. It is clear that existingaratards cannot meet the needs of the
infrastructural sectors, where many specific elesierelated to real-time balancing of many
commodities and services under constraints, may ipf@ortant roles. Heterogenous systems and
absence of general mechanism for data interchasrgase barriers for mechanism integration and
developments that are especially important folBhepean and world-wide market evolutions.

Market entities create, process, and consume exéemslumes of market data and must deal
with dizzying collection of sources, necessary émduct market operations. Data users need to
devote considerable resources in translating data multiple sources. In order to integrate various
market solutions and to ease mappings betweenusarntarket data applications and systems, we
have designed an open Multi-commodity Market Mogbr. M) that may be used both in
research works and in operation of the market locaignand clearing systems in the context of
multi-commaodity trade, see [15]. A system of ddfons has been developed that promotes clear
understanding and standard interfaces for the flia#a The common market data terminology
embraced by M allows us to clearly state the nature and oridirthe structured market data
elements, thus removing ambiguity.

M? is a set of formal data models, which results MLXderived information interchange
specification [15]. The particular advantage of islthat it may help the designers to conduct some
development simultaneously and to some extent entigntly, whereas, thanks to a unified model,
data and results may be easily exchanged or/amddsbatween the users of various market clearing
systems. M may be useful in facilitating communication ancmbnation between subsequent
market sub-areas and stages. It may be very hdpthl for the market operators as well as for the
market users, as it facilitates data exchange proes between the market operators and market
users. It may also helpful in achieving the longrtdenefits of interoperability and enhancement of
market integration and quality of market products.



An important goal of Mis also to integrate market data from multipletriisted sources in
diverse systems throughout the global “enterprisetwork without having to understand how
information providers format and normalize interpabcesses and data. The payoff is to shift the
focus of internal efforts from issues associatethwie “formatting of data” to those associated
with the “quality of processes” to enhance the raaflunctionality.

In our approach a single balancing process isddeas a “black box”, which transforms some
input data (market offers, network data, initiabgmrammes, etc.) into output data: market prices,
settlements, updated programmes, etc. We makesomnasions concerning the way how the input
data can be processed. Thus, the process can e ayction or exchange mechanism, the real-
time balancing, or any other balancing or cleapracess. The elements of the open data model for
the market systems include, among the other thidgs for network modelling, market entities
structure, commodities structure, offers, netwoyktem constraints, and individual constraints of
the market participants. Fig. 1 clarifies whichadate inputs and outputs of the process.
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Fig. 1. Data in a single balancing process

One of the essential aspects of our open data nedeht it is an extremely flexible tool for
modelling various types of offers and bids. In gaftar, it comprises simple offers — typical for
currently available market solutions, integratetéisf — dedicated for multi-commodity trade, and
grouping offers — necessary if some requirementsnidividual ancillary services are additionally
required. The second important aspect is that then adata model allows us to use different
networks models including the basic and virtualsortieach network can be used for modelling a
subset of commodities turnover, while the basiavoet can be used to model technical aspects
together with security and resource requirements.

The paper is organized as follows. In the nextisedhe requirements for developing new
market models are discussed. In section 3 the Wasical elements of the Mdata model are
formulated. The formal model is followed by somegmial applications of the fmodel outlined
in Section 4.

2. MARKET DESIGN ISSUSES

At present, in many network industries, functionedi of the existing market designs are not
completely satisfactory. For a complete succesaauket system design, reactions to all operational
situations should result from market-driven proesstr achieving economic market equilibria,
together with considering technical and operatiopahditions, resource constraints and/or
automatic control system requirements. Due to djperal and real-time requirements existing in
such systems, specific problem-oriented markegdesare usually required.

Many researches and professionalists around theldwparticipate in development,
investigation and implementation of a variety ofvnieleas related to auction and market clearing



systems under various market conditions. At prestrd@re are no conformity in the research
directions that can be considered as the most gigiones. Despite a tremendous world-wide
research it seems that the decision makers stilh@topossess enough knowledge to direct the
market evolution and support the best directionshich the market systems should evolve.

In the network systems, an efficient market balamzg be obtained in a single balancing
process by joint optimization of trade of many edertary commodities and services related to buy
and sell offers of the network resources. For fhigpose the multi-commodity exchanges can be
used, in addition to single-commodity exchanges lataderal trading. The basic multi-commodity
market clearing model [12] is in the LP form andleles maximizing global economic welfare and
effective balancing of sell and buy offers for blasdof elementary commaodities. It has all positive
features of the classical single-commodity marked&ring model, yet enabling handling many real-
world requirements.

Apart from traditional auctions, long-term and maditerm single-commodity market
segments, or day-ahead and intra-day-markets, tsese need for designing specific problem-
oriented multi-commodity auctions and balancing keimechanisms, which must provide feasible
execution of sales contracts and assure timelyelgliof many goods and services.

In the case of infrastructure sectors, implementireg market trading appears to be
significantly harder then in the other sectors.dimg and deliveries of goods and services usually
needs some limited resources. Existence of variegsurce constraints strongly contributes to
some costs and occurrence of the local market pdResource limitations reduce the freedom of
the market competitive solutions and may decreasktq i.e. values of the economic wealth that
would result from the free market trade. Moreoweher more technical and security aspects, that
influence the market solutions, must be taken @mtoount. A more general multi-commodity
market clearing model developed in [12] is in théLRIform. Multiple clearing on forward and
real-time market segments assures that the supdlglamand for many goods and services can be
matched simultaneously in real time under variausstraints and requirements.

Achieving efficient market equilibria in constrathenetwork systems in real time is a
challenging task for researchers. Various markgmsmts must be designed for ensuring safe,
feasible and economically efficient system balantiest can be achieved in real time in all possible
operational situations. The forward and real-tinaéabcing markets should also allow the market
players to change their preferences and to modifyespondingly the offers and bids, in a short
time just before delivery. In this way the mark&yers may react to rapid changes of the system
state. Apparently, also the closed-loop feedbackrobsystem must be harmonized with the real-
time market processes.

In this paper we address appropriate market desigmes and control mechanisms for
distributed networks. One purpose of the opehmiddel is that it creates a flexible framework for
development of new market models and algorithmsjclark data repository, and gives
possibility for integration of software componewnitsich implement balancing mechanisms. Finally,
it will help the community to determine the beddustrial standards of data interchange and enable
for an easy public access and exchange of vari@aukendata.

3. ELEMENTS OF M ® — A FORMAL MODEL

We consider simultaneous trade of many commoddieshe market, where many separate,
independent or dependent balancing processes faomplex market system. Individual balancing
process is a smallest processing block. Its rolgoigransform the input data: market state
information, market resources, participants' offamt the output data: new state of commodities



and resource allocation (under market balance)isives related to acceptance or rejection of
offers, market prices and balancing costs.

In a given time slot individual balancing processarn be performed either in parallel — it is
the case of independent balancing on the competpilatforms — or in sequence, when next
execution of the balancing process concerns thes sshof commodities (iterative balancing) or
related commodities (e.g. repetitive balancing wita shifting time window). Output data of one
balancing process typically feed the inputs of onanore other processes. Moreover, it is often
necessary to convert the data for the sake ofrdifteime structures (balancing in the scale of yea
and next in the month, day), different infrastruetareas (trading on the continent area, sub-region
and zones), commodities (trading aggregated contynddist, and then trading elementary
commodities), or some other reasons. Finally, sirecof the balancing processes and relations
between processes can be very complex.

In this paper we focus our attention on modellihg tlata structure of a single balancing
process. The process is perceived as a “black laoxI' thus it can be implemented in any way. We
assume that we do not know how the data are predesge only know data categories that can
appear on the input or output of the process. tiquéar, we may consider balancing process that
determines the volumes of accepted offers withquecidying financial flows — so called
quantitative balancing- or we may consider value balancing (calculatmayket prices, fees, and
costs).

Bellow we discuss individual components of the datadel for a single balancing process.
Most of the components such as infrastructure, etaddtities, time structure, commodities,
balances, only appear as an input data. Other coemp® like programmes, offers, and market
prices can be input and/or output data of the leahgnprocess.

For simplicity we omit identifier (index) of the laacing process.

3.1. NETWORK INFRASTRUCTURE

Physical commodities exchange between market paatits requires a technical
infrastructure to assure feasible delivery of services and goo@samples include
telecommunication networks, roads and railways oek®; transmission lines for the electricity,
and so on. Thus thianfrastructure plays the role of a system of limited resourcesinduthe
balancing process. In the other wortidtastructureis a medium for delivery of commodities and
services. However, a single balancing process regyire different infrastructure models for
different commodities. Moreover, the balancing s can integrate two aspects: pure trade
operations and technical requirements to assusebibty of trade operations. Both of them may
require differeninfrastructuremodels, e.g. pure trade may be considered onnatievel, whereas
feasible deliveries may need sub-regional, or zoredources. Therefore, mairyfrastructure
models should be provided to balance the marked.mbst detailedhfrastructuremodel is called
basic net Since other models affrastructure aggregate the physical resources at some level of
abstraction, we called thewirtual nets We modelinfrastructureas the seN of network models,

wheren-th network model is a parameterized grgpti,E",P"",P®"), wheren/N is an index of

the net modely" is a set of node&" is e set of edge®?" and EV" are parameters of vertices and
arcs respectively. The semantic of parameters eadifferent, but typical parameters related to
edges represent the capacities and parametersdralatnodes that define admissible levels of
commodities in a given node.



Virtual networkis an aggregate of tHeasic networkor othervirtual network There can be
many aggregation schemas in parallel, however meitions between nodes in different nets are
important, but not the relations between whole oets. Fig. 2 shows an example of five networks

and their aggregations.

O ONE NODE VIRTUAL NET

Fig. 2. Example oinfrastructuremodel consisted of five networks

3.2. MARKET ENTITIES STRUCTURE

Structuremarket entitiesdescribes market players and relation between .tlidra market
entitiesare modelled as an acyclic oriented graph, as showig. 3.

corporation artifioial player

Yoy

bidders

Fig. 3. Example ofmarket entities

Market entities form a hierarchy, where given maskatity may be composed of some other
market entities, e.g. a corporation and subsidiai#fferent market entities may be involved at
different stages of balancing process, e.g. ortradat energy markets each generation unit bids a
sell offer, while the whole power plant is involviedsettlements.

It may be convenient to introduce some artificialu@l) market entities. Such market entities
may represent groups of players distinguished bgrtain feature, e.g. location in a given area, or



production technology. Virtual market entities aseful to filter the groups of market entities that
require some additional resources.
We define market entityp from set of market entitesP, as a set

(id,type,node{setof successcs}), whereid is an identifier of market entity located at nodmle

Set of market entities' types is specific for aegivndustry or market. Set of successors defines a
graph model for market entities structure.

3.3. TIME STRUCTURE

Schedule of commodities’ deliveries which can bedpced by the balancing process is
strictly related tdime structure Commodities are delivered in determined timessldhus the time
horizon must be divided into time segments andyesemmodity is related to a time slot. However,
trading different commodities may require differg¢inte slots, e.g. some commodity may be sold
for an aggregated time slot, let's say — month, somde other commodities can be offered for
shorter periods, say days, or hours. Moreovernanoodity can be offered to deliver only during the
working days, peak hours, etc.

two-days

) zone A zone B
periods

days

hours O 1 O
day X |

Fig. 4. Example ofime structure

day X+1

Fig. 4 shows an example @ifne structure Thetime structureis a acyclic directed graph
C=(V®,E"), where node¥* define time slots, and edges describe aggreghébmeen time slots. In
most systems only orteme structurds in a single balancing process.

3.4. COMMODITIES

Let T denote the set of commodities’ types that areifspdor a given balancing process.
Commodity ¢ is described by the se<tt,v,e,d,Pt>, where tZT, VOV, e[E", nN, d/VC.

Commodity can be related to a noddérom infrastructure model or to oriented edgefrom the
samenetworkmodel. Parametet is a time slot from time structu@=(V®,E®). P' describes set of
parameters for commodity typg<e.g. realization date for options.

Observe that single commodity is always related single node or edge of thdrastructure
model and a time slot. Nevertheless, it can begassdi to the root node of the most aggregated
network, which means the “whole market”. Thus teenantic is the following: “commodity is on
the whole market and can be traded”. The same Winyrking can be applied for time slots.

3.5. PROGRAMMES

Programmeis a current schedule of delivery of some comnyoftit one or more market
entities.Programmecan be produced by balancing process as the mfsaticepting some offers.



Programmemay also be an input data for some balancing pesse In this case it informs about
the current overall status of the market entitytiamis in a aggregated way.

Programme is defined by <id,entitypommoditwolumé, where id is an identifier of

programmefor a givencommodityand a given markeentity Market entities are going to
deliver/buy or should deliver/buy the commodityl@tel volume The semantic depends on the
context: whether it is input or output, kind of &ating process.

3.6. OFFERS

Definition of offers and its types is the most imjamt and powerful element of multi-
commodity balancing models. There are three tydesffers: simple integrated and grouping
offers.

We definesimple offerby <id,enity,commoditysharefactor,offer price,domair). Each offer

is uniquely identified by itsd — this means that every market entity can subraiyroffers for the

same commodity. Share factor can be equal 1, wimehns selling “to” the market, or -1 which
means buying “from” the market. The offer priceaigninimal or maximal unit price that market
entity demands for selling or buying offer respeslf. The domain describes the admissible

volumes of commaodity that is offered during theanaing. In the simplest case the domain can be
max

defined by range{O, pmax> which means that offer can be accepted fully etllp™, partially at

max

level less themp ™, or it can be rejected. Another typical possibilgythe case of discrete sets — an
offer is accepted fully or rejected. A more geneade of the domain {§} O < pm™, pmax> — offer is

either rejected, or, if accepted, it's volume nheshccepted at least at the minimum |gll,

The second type of offers imtegrated offer This is a typical type of offer for multi-
commodity turnover, where players trade with paelsafpr bundles) of commodities with fixed
proportions of commodities in the offer. In comparn to thesimple offerthe only difference is that
there is known the vector of share factors — eaciof for each commodity. A share factor is
positive, if the related commodity is offered fallsor negative, if it is offered for buy. In angie
integrated offersome commodities can be offered for sell, whileeod for buy. The offer price is a
price for a unit of package of commodities. Theegted volume is scalar for the whole package of
commodities. Thus the domain is one dimensional.

The most complex type of offers aggouping offers Grouping offersallow the market
entities to define individual constraints. Satiefyia single constraint can be treated as an inagavid
service. For example, power generation unit neede tstarted-up before power production, thus an
individual start-up service must be provided. Otise, grouping offers can be used to describe
much more complex relations.

Grouping offer is described b&d,entity, (offers),G,Y). Grouping offeraggregates a set of

othersimpleor integrated offersand describes relation between these offers. Tarer@o price of
acceptance, because the relations in the grougfag maust be satisfied after balancing. However,
as a result of balancing, some cost can be asstgn&uath offersG is a multidimensional function
of aggregation that concerns offers included ingramiping offerandY is an admissible range of
aggregation domain.

In a linear casé& is represented by matrix of coefficienlts<|J|, wherel is the number of

constraints (aggregation functions) ahi$ a set of offers to aggregate. Thérs a vector of sizé,
each element of vector is an interval defining aible domains of the related aggregation. Let us



assume that vectqr is an accepted volumes of each offer fromJsgé¢rived from some balancing
algorithm. Then the balancing algorithm must asghe¢ the following constraints are satisfied:
Gp’ OY. In a simpler case elements ¥fare scalars — the maximum of admissible levelr afte
aggregations.

Every offer can also be an output data for balappirocess which brings some information
about balancing results. However, in this case“antput” offer is enriched by accepted volume in
a range described by its domain, and price thabfiee is paid.

3.7. BALANCE OF COMMODITIES

For each elementary commodity traded during therua#hg process some conditions of
balance is required. For the commoditythe balancing requirements are defined by pair
{0, e}, Which means that the difference between aggrdgaipply of commodite and the

aggregated demand must be in a rangébcqt ,bcmax>. In case oo, =b_... = Othe demand must

be balanced exactly with supply. In case of notielaemand where no demand offer is considered,
the stiff demand is provided Wy, =b_.. 2 .0

3.8. MARKET PRICES

Market prices are the output data of the balancng clearing processes. To satisfy
requirements of various clearing processes we geotwi/o market prices for each commodityz’

— buy price orr> — sell price. Thus, the market prices are desdrifyethe set of triplexéc, p®, ps>

for each commodity.

Fig. 5 shows only part of ffmodel potentiality. Nevertheless, it is clear thitcan describe
huge variety of market balancing processes. Foramte, commoditycom_1 5Srepresents an
commodity available at node 5 of basic net anckissdred during the first hour of working day N.
At the same time commoditom_B_2-4s related to bigger territory — whole REGION Bdacan
be offered for a long period composite of smahéervals. Any middle solutions are also
acceptable.
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4. APLICATIONS OF M 3

In most cases, market clearing rules can be basesblwing an optimization problem, e.g.
maximizing the social welfare or minimizing theabprocurement cost. Even when offers and bids
are simply sorted and matched, the problem canabedsas a trivial optimization task. Apart from
the balancing model, the clearing conditions caridoeulated in four categories: the targets that
the balancing process aimsbiectivg, commodities’ balancessystem constraintsindividual
constraints Elements of M play a role of data sources for each balancingehodtegory, e.g.
objective “social welfare maximizing” can be builh the basis of market bidder, commodity and
time element dictionaries and offer prices includedthe bidder offers. The most noticeable
advantage of data model®Nk the fact that aside from market modef i able to describe and
provide data for extremely wide class of infrastime market clearing (balancing) rules. Below we
outline some of typical market solutions where exaje and delivery of commodities require some
specific infrastructure, that limits the freedomtiafde and thus fcan be applied.

Modelling class of various telecommunication, tg@orgation and power systems requires
large amount of data concerning technical congsaiRart of these data is known to market
operator, whereas other may be included in marketies offers. There are usually a lot related
commodities, thus market entities should have pdidgito submit multi-commodity offers for
some groups of commodities tied-up with each otl@nsequently, offers and all other data
exchanged in the market may be quite sophisticated\® with its integrated and grouping offers
meets such requirements. Potential applicationsl’bfmay include various auctions, for instance
Airwaves Auctions and Takeover Battles [8], combdnial auctions, for example auctions of
trackage rights [4], [3], telecommunication networkith Quality of Service (QoS) mechanisms
[9], and also various power market systems [10].

Important group of market models are real-time gbaing) systems, where production and
delivery of commodities must be balanced in a teak subject to system constraints assuring
feasibility of the system operation together witficeent production and maximization of the social
welfare objective function, see [1],[2]. We may eramany markets among above-mentioned
category, e.g. a range woitra-day andReal-Time Market$RTM) [11], which are commonly used
in various systems where the real supply and demandot be precisely predicted in the forward



market segments and only forecasts can be usdanééts all RTM's requirements and allows to
exchange fast, easily and reliably all necessaty. da

Other classes of balancing processes for whitkdiéquately describes required data include
mulit-stage markets — where the whole market ba&laiscobtained as a result of number of
consecutive balancing processes, multilateral idigegd multi-agent market systems — where
clearing is performed in distributed environmentddferent points of service. For more detailed
examples see [7] and3\project website [15].

5. CONCLUSIONS

The paper presents the overall design of the opdti-oommodity market data model. The
proposed model RMhas many potential practical applications. Asasvghown, M may be used in
a wide range of market-oriented network systemsraag significantly facilitate communication,
coordination and modelling procedures, both frommarket operators and market entities point of
view.

It may be used in designing information systemsnf@rket balancing and clearing in the
context of multi-commodity trade in various netwarifrastructure sectors. provides a set of
formal data models, which results in XML-derivedoimation interchange specification. The
unified data model may enable cooperation and €asy exchange between different research
teams, as well as the market entities.
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