
Chapter 11Domain Models of \The Market"| in Preparation for E{Transation SystemsDines Bj�rnerInformatis & Mathematial ModellingTehnial University of DenmarkDK{2800 Kgs.Lyngby, Denmarkdb�imm.dtu.dkAbstratBy an E{Transation System we shall understand a omputer & ommuni-ations{based system whih support, and, in parts automates exhangesof ation{invoking loal state{hanging messages (ie., transations) be-tween a wide variety of ators (traders). By \The Market" we shall �rstunderstand a struture of onsumers, retailers, wholesalers and produers| ie., the traders. Later we shall extend our notion of \The Market".We present informal English language desriptions (narratives) and for-mal models of a \Market" onept. What generally haraterise tradersare the kind of interations they engage in: Issuing inquieries and of-fering quotations, plaing and aepting orders, e�eting and aeptingdeliveries, posting and paying invoies, et. Traders dynamially form`supply hains'. Any trader may, potentially, over di�erent interations,at any one of the trader rôles listed earlier. We then \lift" the market toinlude agents1 (ating on behalf of any one of the traders listed earlier),and brokers (ating on behalf of `sequenes' of two or more \adjaent"traders while basially engaging in the kind of transations enumeratedabove). We �nish by �rst making some remarks on the use of the modelpresented as a basis for requirements development. Then we \lift" thenotion of traders to not just representing pairs of buyers and sellers in aonventional supply hain of merhandise, but any pairs of (institutional)Government to G (G2G), G to (private or publi) Business, G to (individ-ual, human) Citizen, B2G, B2B, B2C, C2G, C2B, and C2C transationpossibilities.1We stress that the notion of `agents'used here is not the same notion as it is urrentlyen vogue in the AI ommunity. But, as we point out in a onluding setion, Setion 11.5.2,the two relates.



2 Chapter 1111.1 IntrodutionThe aim of this paper is to ontribute to preise understandings of what ismeant by E{Commere, {Business, {Government, et. We suggest to ahievethis goal by \imposing" orderly, formal tehniques{based proesses, �rst ofanalysis, later of synthesis, on the development of software for \suh" E appli-ations.11.1.1 The SettingSome fats: Before software and omputing systems an be developed, theirrequirements must be reasonably well understood. Before requirements an be�nalised the appliation domain, as it is, must be fairly well understood.Some opinions: In today's software and omputing systems developmentvery little, if anything is done, we laim, to establish fair understandings of thedomain. It simply does not suÆe, we further laim, to reord assumptionsabout the domain when reording requirements. Far more radial theories ofappliation domains must be at hand before requirements development is evenattempted.In this presentation we advoate a strong rôle for domain engineering. Weargue that domain desriptions are far more stable than are requirements pre-sriptions for support of one or another set of domain ativities. We furtherargue, that one, given extensive domain desriptions, it is omparatively fasterto establish trustworthy and stable requirements than it is today. We �nallyargue that one we have a suÆient (varietal) olletion of domain spei�, ie.related, albeit distint, requirements, we an develop far more reusable softwareomponents than using urrent approahes.Thus, in this ontribution we shall reason, at a meta-level, about majorphases of software engineering: Domain engineering, requirements engineering,and software design.In other papers2 we suggest a number of domain and requirements engi-neering as well as software design onerns, stages and steps, notably: Do-main faets, inluding domain intrinsis, support tehnologies, management &organisation, rules & regulations, as well as human behaviour. respetivelyrequirements: Domain requirements, interfae requirements, and mahine re-quirements. Spei�ally: Domain requirements projetion, determination, ex-tension, and initialisation.11.1.2 The BakgroundWe mention two faets of the bakground upon whih this paper is put forward.2Most reent, but survey papers are: [Bj�02a, Bj�02b, Bj�02℄.



Domain Models of \The Market": In Preparation for E{Transations 3Our main researh diretion is that of trying to ome to grips with \Whatis software engineering ?". The enumerations of the previous setion provides aglimpse into how we intend to answer that question: Software development asa three phase \a�air" onsisting of the (possibly overlapping and re{iterated)developments of domain desriptions, requirements presriptions and softwaredesigns | with eah of these phases typially onsisting of up to several stagesof developments (\re�nements", \transformations"), and with stages typiallyonsisting of several steps. Our quest, along this �rst faet of methodology,is one of disovering (identifying), researhing, and developing priniples andtehniques for sensible dispathes of phases, stages and steps.A derivative \researh" diretion is then that of applying these proposedpriniples and tehniques to the building of spei� domain theories. Just aswe have the theories of mehanis, eletriity, thermodynamis, et., of physis,so we would like to see theories emerge from domain models of man{madeuniverses suh as transport and logistis, �nanial servie industry, health{are, et.The present paper onstitutes a seond beginning (f. [Bj�01b℄) with re-spet to a possible theory of some form of \market" domain. We an refer tosimilar suh \�rst beginnings" for a railway domain [Bj�94, BLP94, BGP99,BPG99a, BPG99b, Bj�00b, Bj�03i℄, a resoure management domain [Bj�00a℄, aprojets (ie., a projet management) domain [Bj�99b, Bj�03h℄, a sustainable de-velopment domain [Bj�99a℄, a logistis domain [Bj�03e℄, a health{are domain[Bj�03d℄, a �sheries (industry) domain [Bj�98℄, a �nanial servie{industry do-main [BRH98, Bj�03℄, and many others. The present stage of most of these\�rst beginnings" is that they are all somewhat skethy: Their ongoing de-velopment is pursued as muh for the reason of testing development methodpriniples and tehniques | and disovery of new or alternative suh, as forthe reason of these onjetured, respetive domain theories.In general, our seond researh faet aims at overing various examples ofthe onept of infrastruture omponents and has, as its objetive, that ofeventually being able to haraterise the infrastruture onept [Bj�95, Bj�96,Bj�01a, Bj�02d℄3.11.1.3 The Struture of the PaperSetions 11.2{11.3, besides onstituting the \bulk" of this paper, also is in theform of a of the doumentation that we favour for the early stages of develop-ment of software. Setion 11.2 briey outlines a projet of developing a domainmodel leading up to E{Commere. Setion 11.3 presents main omponents ofthe formal doumentation of a domain model for \the market". Setion 11.4speulates on possible requirements for \E{Business", where, from a limitedview of \the market" as onsisting of traders in the private enterprise sphre3We present an embarrased apology for exlusively iting own reports and publiations.



4 Chapter 11and of onsumers, we generalise by re{interpreting the market interations ofinquieries, quotes, delinations, refusals, orders, on�rmations, deliveries, a-eptanes, invoiings, payments, aknowledgements, returns, and refunds (soonto be identi�ed) | with slight \re{labellings" | into interations between andwithin Government, Businesses, and Consumers, that is: G2G, G2B, G2C, B2G,B2B, B2C, C2C, C2B, and C2G.The next two setions are thus presented as we would develop and presentmain douments of software development, from initial, pragmati projet do-uments, via domain modelling douments to, as here, requirements douments.We do not present all douments, but omment briey on those left out.11.2 Initial Projet DoumentsThe sope4 of our onern is the market of onsumers, retailers, wholesalersand produers. The span5 of our onern is the set of those ativities of themarket than an be mehanised using omputers and ommuniation.11.2.1 Needs and IdeasAn overall need is pereived for deploying omputers and ommuniation (in-luding the Internet) to support a number of market transations. Themain ideas are to support those of inquiring as to whih produts are available,their prie and delivery onditions, replying to suh inquieries, order-ing produts, on�rming, delivering, aepting, invoiing, paying, rejeting,returning, and refunding suh orders, respetively deliveries.6Further ideas are to provide speeh at{based software \agents"7 [Pet02℄foused around modal logis | not overed in the present paper.11.2.2 The Design BriefThe overall design brief is to provide a sketh of a domain model of the market.The model shall be both informally and formally desribed. And the modelshall enable requirements development.4We use the term `sope' in the sense of [Ja95℄.5We use the term `span' in the sense of [Ja95℄.6Observe the use of three type fonts: sans serif for doument types, slanted for domainoperations, and tele type for domain entities.7Cf. Footnote 1: We are now, here, referring to what is traditionally viewed as an AIonept. See also Setion 11.5.2.



Domain Models of \The Market": In Preparation for E{Transations 511.3 The DomainBy a domain we understand an area of human (or other) ativity. Exam-ples are: \the railway domain", \the health{are domain", the domain of the\�nanial servie industry", et. Elsewhere the omposite term `appliationdomain', where `appliation' signals that the person who utters the ompositeterm intends to apply omputers & ommuniation to problems of the domain.We present our understanding of a domain through douments. Softwaredevelopment is foused on the development of (semantially meaningful) do-uments.11.3.1 Informative DoumentsWe normally operate with three kinds of douments: Informative (ie., prag-mati), desriptive (ie., syntati and semanti), respetively analyti (valida-tion & veri�ation) douments. We shall exemplify only the �rst two kinds ofdouments, and then only some of these.Needs and IdeasWe need both informal and formal deriptions. Informal desriptions servevalidation purposes: Are we dealing with the right \thing" ? [Boe81℄. Formaldesriptions serve veri�ation purposes: Are we getting the \thing" right ?[Boe81℄.The ideas are to let the informal desriptions \follow" the formal models,and to let the formal models be expressed in the Raise Spei�ation Language(RSL) [GHH+92, GHH+95℄.Etetera: An atual `needs and ideas' doument may ontain further details !The Design BriefThe domain design brief is to provide desriptive and analyti douments: (i)Rough skethes of the onepts of the market, (ii) the formulation of abstratmarket onepts (based on (iii) analyses of the rough skethes), a (iv) termino-logy for the market domain as it applies to the given problem, and a ombined(v+vi) narrative (ie., informal) and formal desription of the market.Etetera: An atual `domain design brief' doument will (shall) ontain furtherdetails !On the ContratA ontrat desribes `parties to the ontrat', `the subjet matter' and `onsid-erations'.The ontratual relationship potentially involves the following market stake-{holders (ie., `parties'): onsumers, retailers, wholesaler, produers, agents,



6 Chapter 11brokers, �naning (payment, et.), and delivery (ie., transport) servies | aswell as the following omputing systems stake{holders: domain engineers. The`subjet matter' is desribed in the overall design brief and in the domain designbrief. The ontrat states the following `onsiderations': (a) that the marketstake{holders shall validate the domain desriptions provided by the domainengineers, and (b) that the latter shall have \suh{and{suh free" aess to themarket stake{holders (in order to obtain the neessary and suÆient domainknowledge).Etetera: An atual `ontrat' doument will (shall) ontain further details !11.3.2 Desriptive DoumentsWe present a fair seletion of parts of desriptive douments.A Rough Sketh and its AnalysisWe �rst bring an example rough sketh, then its analysis. After that we bringboth rough skethes and analyses.Buyers and Sellers: First a rough sketh of what is meant by buyers andsellers, then its analysis.Rough Sketh: Consumers, retailers, wholesalers and produers form themajor \players" in the market.A onsumer may inquire with a supposedly appropriate retailer as to theavailability of ertain produts (um merhandise): Their prie, delivery times,other delivery onditions (inl. quantity rebates), and �naning (ie., payment).A retailer may respond to a onsumer inquiry with either of the followingresponses: A quote of the requested information, or a (ourteous) delination,or a message that the inquiry was misdireted (refusals), or the retailer maydeide to not, or fail to, respond ! A onsumer may deide to order produtswith a supposedly appropriate retailer, whether suh an order has been orhas not been preeded by a related inquiry. The retailer may respond to aonsumer order with either of the following responses: Con�rming, deliningor \no{response", with a on�rmation being following either by a delivery,or no delivery | or the retailer may just provide a delivery, or inform theonsumer that a bak{order has been reorded: The desired produts maynot be in store, but has been (or will be) ordered from a wholesaler | forsubsequent delivery. A delivery may deliver the ordered or some other, notordered, produts ! The onsumer may deide to not aept, or to aept adelivery. The retailer may invoie the onsumer before, at the same time as,or after delivery. The onsumer may pay, or not pay an invoie, inludingperforming a payment based on no invoie, for example at the same time asplaing the order. The retailer may aknowledge payments. The onsumer may



Domain Models of \The Market": In Preparation for E{Transations 7�nd faults with a previously aepted delivery and return that (or, by mistake,another) delivery. The retailer may refund, or not refund suh a return.Analysis: Based on an analysis of the above rough sketh we suggest to treatmarket interations between retailers and wholesalers, and between wholesalersand produers in exatly the same way as interations between onsumers andretailers. That is: we observe that retailers ats as (a kind of) \onsumers"vis-a{vis wholesalers (who, similarly ats as retailers).We thus summarise the interations into the following enumeration: in-quieries, quotes, delinations, refusals, orders, on�rmations, deliveries, aep-tanes, invoiings, payments, aknowledgements, returns, and refunds.Figure 11.1 attempts to illustrate possible transation transitions betweenbuyers and sellers. Figure 11.1: Buyer / Seller Protool
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"Follows, as a consequence of"Traders: As a onsequene of the analysis we shall \lift" the labels `on-sumer', `retailer', `wholesaler' and `produer' into the labels `buyer' and `seller'.And we shall use the term `trader' to over both a buyer and a seller. Sinethe onsumers and produers mentioned in the rough sketh above may alsoat as any of the other kinds of traders, all will be labelled traders.Figure 11.2 on the next page attempts to show that a trader an be both abuyer and a seller. Thus traders \alternate" between buying and selling, thatis: Between performing `buy' and performing `sell' transations.Supply Chains: Figure 11.3 on the following page attempts to show \anarbitrary" onstellation of buyer and seller traders. It highlights three supply



8 Chapter 11Figure 11.2: Trader=Buyer+Seller
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Atomic Transactions, One way or the Other !hains. Eah hain, in this example, onsists, in this example, of a \onsumer",a retailer, a wholesaler, and a produer.Figure 11.3: A Network of Traders and Supply Chains
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FA olletion, a set, of traders may thus give rise to any set of supply hains,with eah supply hain onsisting of a sequene of two or more traders. Supplyhains are not stati: They form, at and dissolve. They are a result of positiveinquieries, orders, deliveries, et.`Likeness', `Kinds', `Adjaeny', and `Supply Chain Instanes': Asa result of analysis we identify a need for some abstrat onepts: `likeness',`kinds', and `supply [hain℄ instanes' (where [. . . ℄ expresses that we an omitthe . . . ).Like traders are of the same `kind', where the `kind' of a trader is either



Domain Models of \The Market": In Preparation for E{Transations 9onsumer, retailer, wholesaler, or produer.We an also speak of the `kind' of a transation.The `kind' of a transation is either than of inquiery, quote, delination,refusal, order, on�rmation, delivery, aeptane, invoie, payment, aknowl-edgement, return, or refund.There may be hains of one or more wholesalers: Global, regional, na-tional, or, within a state, area wholesalers. We therefore allow for the followingkinds of adjaent traders: (onsumer,retailer), (retailer,wholesaler), (whole-saler,wholesaler), and (wholesaler,produer).A supply [hain℄ instane is a spei� and related ourrene of two ormore transations. The following is an elaborate supply hain instanes |where we omit referene to the spei�s by only mentioning the transationkinds: (i) inquiry (onsumer to retailer), ! inquiry (retailer to wholesaler), !quote (wholesaler to retailer), ! quote (retailer to onsumer), ! order (on-sumer to retailer), ! order (retailer to wholesaler), ! order (wholesaler toproduer), ! on�rm (produer to wholesaler), ! on�rm (wholesaler to re-tailer), ! on�rm (retailer to onsumer), ! delivery (produer to wholesaler),! aeptane (wholesaler to produer), ! delivery (wholesaler to retailer), !aeptane (retailer to wholesaler), ! delivery (retailer to onsumer), ! a-eptane (onsumer to retailer), ! invoie (retailer to onsumer), ! payment(et., the reader �lls in possible details),! aknowledge,! invoie,! invoie,! payment, ! payment, ! aknowledge, ! aknowledge, ! return, and !refund.Agents and Brokers: Although not formalised expliitly in the present pa-per we disuss the onepts of brokers and traders. We then, later on, \redue"agents and brokers to beome like traders are.Agents: An agent,8 �, in the domain, is any human or any enterprise, in-luding media advertisement, who, or whih, ats on behalf of one trader, t1,in order to mediate possible purhase (or sale) of goods from another trader,t2. So t1 may be a onsumer, or a retailer, or a wholesaler who, through �aquires goods from t2 who, respetively, is a retailer, a wholesaler and a pro-duer. Or t1 may be a retailer, or a wholesaler, or a produer who, through �sells to t2 who, respetively, is a onsumer, a retailer, and a wholesaler. Onean generalise the notion of agents to suh who (or whih) ats on behalf ofa group of like traders to \reah" a orresponding group of like and adjaenttraders.Figure 11.4 on the next page attempts to show a buyer{agent (lefthand �g-ure), respetively a seller{agent (righthand �gure). The buyer{agent \searhes"the market for suitable sellers of a spei� produt. The seller{agent searhesthe market for suitable buyers of a spei� produt.8We remind the reader of Footnote 1.
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Figure 11.4: Buyer and Seller AgentsThe idea is that the two kinds of agents behave like buyers, respetively likesellers: The buyer{agent \learns" from the buyer9 about what is to be inquired,is instruted when to order, et. The buyer{agent then iterates over a set ofsellers known to meet inquired expetattion10Similarly for seller{agents (the right{hand side of Figure 11.4).Brokers: A broker, �, in the domain, is any human or any enterprise, in-luding media advertisement, who, or whih, ats on behalf of two (or more,respetively) adjaent groups of like traders, bringing them together in orderto e�et instanes of supplies.Figure 11.5 on the faing page attempts to diagram a broker mediatingbetween m buyers and n (adjaent kind) sellers.The idea is that a ombination of buyer and seller searhes, and hene aombination of the buyer{ and seller{agent behaviours are needed.Brokers an span more than one stage.Figure 11.6 on page 12 attempts to diagram a broker mediating betweenm1 onsumers, m2 retailers, m3 wholesalers and m4 produers | subsets of allthe known suh.The three sets of dashed lines in the three vertial \stems" of the brokershall designate \loal" brokerage between adjaent pairs of buyers and sellers.The set of dashed lines in the horisontal branh of the broker shall designateoverall, \global" brokerage between all parties.9This is designated by the single line (between the Buyer and the Buyer Agent retangles)of the left{hand side of Figure 11.4.10This is designated by the mostly slated lines (between the Buyer Agent and the Sellerretangles) of the left{hand side of Figure 11.4.



Domain Models of \The Market": In Preparation for E{Transations 11Figure 11.5: A Simple (\One Stage") Broker
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BuyerThe aim of the mediation is to reate a onsortium of subsets of onsumers,retailers, wholesalers and produers. The objetive of the onsortium is, like a\Book of the Month Club", to reate a stable set of omplete supply hains fora given set of produts.As for simple brokers we shall (ever so briey) argue that the same iter-ated searhing of resolution protools and mehanisms as for agents are to bedeployed, and that these are based on the all the transation kinds as �rstskethed.Catalogues: An important onept of the market is that of a atalogue. Itmay be impliit, or it may exist expliitly. A atalogue, in a widest sense ofthat term, is any form of reording that lists what merhandise is for sale,its prie, onditions of delivery, payment, refund, et. An ordinary retailer |your small neigbourhood \Mom & Pop" store | may not be able to display aatalogue in the form of, for example, a ring binder eah of whose pages lists, insome order, the merhandise by name, order number, produer, et., and whihreords the above mentioned forms of information. But, from the shelves ofthat store one an \gather" that information. For wholesalers and produerswe an probably assume suh more formal atalogues. But, as a onept, wean in any ase speak of atalogues. And hene we an speak of suh oneptsas searhing in a atalogue, marking entries as being out of stok, how manysold, when, to whom et.



12 Chapter 11Figure 11.6: A Multiple (here: Three) Stage Broker
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BrokerThe Transations: We have, above, just hinted at the kind of transations,to wit: inquiry, quote, delination, refusal, order, on�rm, delivery, aeptane,invoie, payment, aknowledge, return, and refund. Instead of treating themin more detail | as part of a narrative | we relegate, for the sake of brevity,suh a treatment to the terminology setion, next, and to the formalisation,following. � � �This ompletes our, lengthy, rough sketh of \The Market" domain. It wasmade deliberately long in order to make the point: That rough skething isan important proess, and that rough skethes serve a purpose | as we shallsubsequently see.TerminologyIn any development, in any (domain, requirements or software design) phaseof suh a development, it is judged important to start, after rough skething,by establishing a terminology, by adhering to it throught the develpment, and,when eed arises, to update the terminology while seuring that previous uses(\adherenves") remain valid. Failure to follow this `terminology odex' usuallyresults in term onfusion and thus leads to low quality software.We sketh a rather informal terminology. That is: A proper terminologymust be far more pedanti in its preision, onsisteny of term usage, and inits ompleteness.



Domain Models of \The Market": In Preparation for E{Transations 131. Aept: A delivered merhandise is in-speted by the buyer and found aeptable.2. Aknowledge: Reeipt of payment hasbeen reorded by a seller and the buyer(the payee) is given an aknowledgement.3. Agent: A surrogate buyer or a surrogateseller who ats on behalf of either a buyer,or a seller, and otherwise performs the fol-lowing protools of transations: . . . .4. Bak{order: An order whose deliveryannot be �eted immediately.5. Broker: a surrogate both buyer & sellerwho ats on behalf of both buyers and sell-ers, and otherwise performs the followingprotools of transations: . . . ..
6. Buy: A buy transation is the same as anorder transation.7. Buyer: A buyer is any trader who mayissue an inquiry or an order transation.8. Catalogue: When inquiring or ordering,an impliit referene is made to a ata-logue | something that reords produtsbought or sold, their pries, delivery onsi-tions, et. | ie., something that the selleris supposed to have and to be able to quotefrom, or from whih ruial information foran invoie is ulled, or whih the buyer . . .et.9. Con�rm: If an order an be e�eted, ei-ther now, or as later (as a bak-order), thena on�rmation an be issued to that e�et.Etetera:10. Consumer: . . .11. Deline: . . .12. Deliver: . . .13. Inquire: . . .14. Inventory: . . .15. Invoie: . . .16. Market: . . .17. Merhandise: . . .

18. On{order: . . .19. Order: . . .20. Pay: . . .21. Prie: . . .22. Prie{list: . . .23. Produer: . . .24. Produt: . . .25. Quantity: . . .
26. Refund: . . .27. Rejet: . . .28. Retailer: . . .29. Return: . . .30. Sell: . . .31. Seller: . . .32. Servie: . . .33. Store: . . .

34. SupplyChain: . . .35. Trader: . . .36. Warehouse: . . .37. Wholesaler: . . .. . .&. . . .This ompletes our rather short terminology. It is large enough, we think, tohave partially made our point | as stated in the opening paragraph of thissetion. A full justi�ation for `terminologisation' an only be made spme timeafter the end of a projet.Narrative and Formal ModelWe ombine, into one doument, the informal desription and the formal de-sription of the domain of traders. We desribe only the basi protools forinquiry, quote, order, on�rmation, delivery, aeptane, invoie, payment, et.transations. We thus do not desribe agents and brokers. We leave that to arequirements modelling phase.Please observe the extensive need for expressing seletion of and responsesto transations non{deterministially. In the real world, ie., in the domain, allis possible: Dilligent sta� will indeed follow{up on inquiries, orders, payments,et. Loyal onsumers will indeed respond likewise. But sloppy suh people maynot. And outright riminals may wish to heat, say on payments or rejets.And we shall model them all. Hene non{determinism.



14 Chapter 11Se initial remarks on determination of undesirable non{determinisms inSetion 11.4 on `Requirements'.Formalisation of Syntax:typeTrans == InqjOrdjAjPayjRejj QoujConjDeljAjInvjRefj NoRjDejMisThe �rst two lines above list the `buyer', respetively the `seller' initiated trans-ation types. The third line lists ommon transation types.In the domain we an speak of the uniqueness of a transation: \it wasissued at suh{and{suh time, by suh{and{suh person, and at suh{and{suh loation," etetera.U below stand for (supposedly, or possibly) unique identi�ations, inludingtime, loation, person, et., stamps (T, P, L), Sui (where i=1,2) stands for sur-rogate information, and MQP alludes to Merhandise identi�ation, Quantity,and Prie.typeU, M, Q, P, T, Su1, Su2, InfInq :: MQP � UMQP == mk(m:M,q:Q,p:P,:::)Quo :: ((InqjSu1) � Inf) � UOrd :: QoujSu2 � UCon :: Ord � UDel :: Ord � UA :: Del � U
Inv :: Del � UPay :: Inv � URej :: Del � URef :: Pay � UNoR :: Trans � UDe :: Trans � UMis :: Trans � Uvalueobs T: U ! TThe above de�nes the syntax of lasses of disjoint transation ommands, of theabstrat form mk Name(kind,u) where Name is either of Inq, Quo, Ord, Con,Del, . . . or Mis.An inquiry:Inq onsists of a pair, some (desired) merhandise, (desired) quan-tity and (desired) prie information, and a supposedly unique identi�ation (oftime, loation, person, et.) of issue { this \mimis" a onsumer inquiry of theform \I am in the market for suh{and{suh merhandise, in suh{and{suh aquantity, and at suh{and{suh pries. What an you o�er ?"..An quote:Quo either refers to the inquiry in whih the quote is a response orpresents surrogate information | typially (where the seller takes the initiativeto advertise some merhandise and then) of a form similar to an inquiry: \If youare in the market for suh{and{suh merhandise, in suh{and{suh a quantity,and at suh{and{suh pries, then here is what we o�er".information:Inf is then what is o�ered.



Domain Models of \The Market": In Preparation for E{Transations 15In general we model, in the domain, a \subsequent" transation by referringto a omplete trae of (supposedly) unique time, loation, person, et., stampedtransations. Thus, in general, a transation \embodies" the transation it isa manifest response to, and time, loation, person, et. of response.Do not mistake this for a requirement. A requirement may or may notimpose unique identi�ation wrt. time and loation and person et. Thereforewe do not detail U. Nor do we atually say that no two transations an beissued with the same uniqueness.Formalisation of Market Interations: \The Market" onsist of n traders,whether buyers, or sellers, or both; whether additionally agents or brokers.Eah trader �i is able, potentially to ommuniate with any other trader:f�1; : : : ; �i�1; �i+1; : : : ; �ng:We omit formal treatment of how traders ome to know of one another. Anarbiter for suh information is just like a trader. Other traders sell informationabout their existine to suh an arbiter. Thus no speial formal treatment isneessary.We fous on the internal and external non{determinism whih is alwaysthere, in the domain, when transations are seleted, sent and reeived.Our model is expressed in a variant of CSP, as \embedded" in RSL [GHH+92℄.type[ 0 ℄ �, MSG[ 1 ℄ Idx = fj 1::n jgvalue[ 2 ℄ sys: (Idx !m �) ! Unit[ 3 ℄ sys(m�) � k f tra(i)(m�(i)) j i:Idx ghannels ft[ i,j ℄:MSG j i,j:Idx � i< jgvalue[ 4 ℄ tra: i:Idx ! � ! in ft[ j,i ℄jj:Idx�i6=jg out ft[ i,j ℄jj:Idx�i6=jg Unit[ 5 ℄ tra(i)(�) � tra(i)(nxt(i)(�))[ 6 ℄ nxt: i:Idx ! � ! in ft[ j,i ℄jj:Idx�i6=jg out ft[ i,j ℄jj:Idx�i6=jg �[ 7 ℄ nxt(i)(�) �[ 8 ℄ let hoie = rv de snd in[ 9 ℄ ases hoie of rv!reeive(i)(�), snd!send(i)(�) end end(0) � is the type spae that any trader may span. MSG is type spae ofall messages that an be exhanged between traders (ie., over hannels). We



16 Chapter 11detail neither � norMSG: In the \real world", ie., in the domain, all is possible.Determination of � and MSG is usually done when \deriving" the funtionalrequirements from the domain model. (1) Idx is the set of n indies, where eahtrader has a unique index. We do not detail Idx. That usually is done as late aspossible, say during ode implementation. (2) The system initialises eah traderwith a possibly unique loal state (from its only argument). (3) The systemis the parallel ombination of n traders. (4) A trader has a unique, onstantindex, i, and is, at any moment, in some state �. (4) Traders ommuniate(both input and output) over hannels: t[i,j℄ | from trader i to trader j. (5)Eah trader is modelled as a proess whih \goes on forever", (5) but in stepsof next state transitions. (8) The next state transition non|deterministially(internal hoie, de) \alternates" between (9) expressing willingness to reeive,respetively desire to send.In \real life", ie. in the domain, the hoie as to whih transations arepursued is non{deterministi. And it is an internal hoie. That is: The hoieis not inuened by the environment.We model reeiving as something \passive": No immediate response ismade, but a reeive state omponent of the trader state is updated. A traderthat has deided to send (something), may non{deterministialy deide to in-spet the reeive omponent of its state so as to asertain whether there arereeived transations pending that ought or may be responded to.The update rv state invokes further funtions.reeive: i:Idx ! � ! in ft[ j,i ℄jj:Idx�i6=jg �reeive(i)(�) �deb flet msg=t[ j,i ℄? in update rv state(msg,j)(�) end j j:IdxgOne the internal non{deterministi hoie (de) has been made ((8) above):Whether to reeive or send, the hoie as to whom to `reeive from' is alsonon{deterministi, but now external (deb). That is: reeive expresses willingnessto reeive from any other trader. But just one. As long as no other trader jdoes not send anything to trader i that trader i just \sits" there, \waiting" |potentially forever. This is indeed a model of the real world, the domain. Asubsequent requirement may therefore, naturally, be to provide some form oftime out. A re{spei�ation of reeive with time out is a orret implementationof the above.[ 2 ℄ update rv state: MSG � i:Idx ! � ! �[ 3 ℄ update rv state(msg,j)(�) �[ 4 ℄ ases obs Trans(msg) of[ 5 ℄ mk Del( , )[ 6 ℄ ! upd rv(msg,j)(upd del(msg,j)(�)),[ 7 ℄ mk Ret( , )[ 8 ℄ ! upd rv(msg,j)(upd ret(msg,j)(�)),



Domain Models of \The Market": In Preparation for E{Transations 17[ 9 ℄ ! upd rv(msg,j)(�)[ 10 ℄ end(2) any message reieval leads to an update of a 'reeive' omponent of the loaltrader state (upd re). (5{6) If the reeived \message" onstitutes a (physialpakage) delivery, then a `Merhandise' omponent of the loal trader state is�rst updated (deposit delivery). (7{8) If the reeived \message" onstitutes thereturn (of a physial pakage), then the `merhandise' omponent of the loaltrader state is �rst updated (remove return).[ 0 ℄ upd re(msg,j)(�) � deposit trans((sU(msg),j),msg)(ond re(msg,j)(�))[ 1 ℄ upd del(msg,j)(�) � deposit delivery((sU(msg),j),msg)(�)[ 2 ℄ upd ret(msg,j)(�) � remove return((sU(msg),j),msg)(�)[ 3 ℄ ond rv(msg,j)(�) �[ 4 ℄ if intial trans(msg)(�)[ 5 ℄ then �[ 6 ℄ else remove prior trans(sU(msg),j)(�) endsU: Trans ! U, sU( ,u) � u(0) The upd re operation invokes the ond re operation and then extendsthe possibly new state by depositing the argument message under the uniqueidenti�ation and message{sending trader identi�ation. (3{6) The ond reoperation examines ((4) initial trans) whether the reeived message is a �rstsuh, ie., \ontains" no prior transations, or whether it ontains suh priortransations. In this latter ase (6) the prior transation may be onditionallyremoved (remove prior trans) | this is not shown here, but ommented uponbelow.[ 0 ℄ send: i:Idx ! � ! in ft[ i,j ℄jj:Idx�i6=jg �[ 1 ℄ send(i)(�) �[ 2 ℄ let hoie = ini de res de nor in[ 3 ℄ ases hoie of[ 4 ℄ ini ! send initial(i)(�),[ 5 ℄ res ! send response(i)(�),[ 6 ℄ nor ! remove reeived msg(�) end endEither a trader, when ommuniating a transation hooses (2,4) an initial (ini)one, or hooses (2,5) one whih is in response (res) to a message reeived earlier,or hooses (2,6) to not respond (nor) to suh an earlier message The hoie isagain non{deterministi internal (2). In the last ase (6) the state is thus non{deterministially internal hoie updated by removing the, or an earlier reeivedmessage.



18 Chapter 11Note that the above funtions desribe the internal as well as the exter-nal non{determinism of protools. We omit the detailed desription of thosefuntions whih an be laimed to not be proper protool desription funtions| but are funtions whih desribe updates to loal trader states. We shall,below, explain more about these state{hanging funtions.send initial: i:Idx ! � ! out ft[ i,j ℄jj:Idx�i6=jg �send initial(i)(�) �let hoie = buy de sell inases hoie ofbuy ! send init buy(i)(�),sell ! send init sell(i)(�) end endsend response: i:Idx ! � ! out ft[ i,j ℄jj:Idx�i6=jg �send response(i)(�) �let hoie = buy de sell inases hoie ofbuy ! send res buy(i)(�),sell ! send res sell(i)(�) end endIn the above funtions we have, perhaps arbitrarily hosen, to distinguish be-tween buy and sell transations. Both send initial and send response funtions| as well as the four auxiliary funtions they invoke | desribe aspets of theprotool.send init buy: i:Idx ! � ! out ft[ i,j ℄jj:Idx�i6=jg �send init buy(i)(�) �let hoie = inq de ord de pay de ret de ::: inlet (j,msg,�0) = prepare init buy(hoie)(i)(�) int[ i,j ℄!msg ; �0 end endsend init sell: i:Idx ! � ! out ft[ i,j ℄jj:Idx�i6=jg �send init sell(i)(�) �let hoie = quo de on de del de inv de ::: inlet (j,msg,�0) = prepare init sell(hoie)(i)(�) int[ i,j ℄!msg ; �0 end endprepare init buy is not a protool funtion, nor is prepare init sell. They bothassemble an initial buy, respetively sell message, msg, a target trader, j, andupdate a send repository state omponent.send res buy: i:Idx ! � ! out ft[ i,j ℄jj:Idx�i6=jg �send res buy(i)(�) �let (�0,msg)=sel update buy state(�), j=obs trader(msg) in



Domain Models of \The Market": In Preparation for E{Transations 19let (�00,msg0) = response buy msg(msg)(�0) int[ i,j ℄!msg0; �00 end endsend res sell: i:Idx ! � ! out ft[ i,j ℄jj:Idx�i6=jg �send res sell(i)(�) �let (�0,msg)=sel update sell state(�), j=obs trader(msg) inlet (�00,msg0) = response sell msg(msg)(�0) int[ i,j ℄!msg0; �00 end endsel update buy state is not a protool funtion, neither is sel update sell state.They both desribe the seletion of a previously deposited, buy, respetively asell message, msg, (from it) the index, j, of the trader originating that message,and desribes the update of a reeived messages repository state omponent.response buy msg and response sell msg both e�et the assembly, from msg, ofsuitable response messages, msg0. As suh they are partly protool funtions.Thus, if msg was an inquiry then msg0 may be either a quote, deline, or amisdireted transation message. Etetera.On Operations on Trader States: We have left a number of trader stateoperations unde�ned. Below we giver their signature and otherwise ommenton them informally. The reason for not formally de�ning them is simple: Sinewe are modelling the domain, and sine, in the domain, these updates aretypially performed by humans, and sine these humans are either dilligent,or sloppy, or delinquent, or outright rominal in the despath of their dutieswe really annot de�ne the operations as we would really like to see themdespathed | namely diligently.valuedeposit trans: (U � Idx) � MSG ! � ! �deposit delivery: (U � Idx) � MSG ! � ! �remove return: (U � Idx) � MSG ! � ! �initial trans: MSG � Idx ! � ! Boolremove prior trans: U � Idx ! � ! �remove reeived msg: � ! �The above operations have all basially been motivated earlier. The deposit transunonsditionally deposits a reeived message, for example in a part of the loaltrader state that ould be haraterised as a repository for reeived transa-tions. That repository may have messages identi�ed by the sender and theunique identi�ator. To speify so is not a matter of binding future require-ments and therefore also not future implementations. It just models that onean, in the domain \talk" about these things.



20 Chapter 11An initial transation is one whih does not ontain prior transations, thatis: Is one whih is either an inquiry tranation or ontains surrogates (Sur1,Sur2).To remove a prior transation models that people may no longer keep areord of suh a transation | sine it is embedded in the message in responseto whih this removal is invoked. We do not show the details of removal, butexpet a model to apture that suh prior transations need not be removed. Inother words: The removal may be internal non{deterministially \ontrolled".remove reeived msg unonditionally removes a message: This models thatpeople and institutions (internal non{deterministially) may hoose to ignoreinquieries, quotations, orders, on�rmations, deliveries, et.prepare init buy: Choie ! Idx ! � ! Idx � MSG � �prepare init sell: Choie ! Idx ! � ! Idx � MSG � �The above operations internal non{deterministially hooses whih prior trans-ations to respond to.obs trader: MSG ! IdxNo matter whih transation (ie., message) one an always identify, say fromthe unique identi�ator, whih trader originated that message. We do notspeify how sine that might bias an implementation.For the sake of ompleteness we also state the signatures of remaining andpreviously desribed operations:valueupd re: MSG � Idx ! � ! �upd del: MSG � Idx ! � ! �upd ret: MSG � Idx ! � ! �ond rv: MSG � Idx ! � ! �sel update buy state: � ! � � MSGsel update sell state: � ! � � MSGresponse buy msg: MSG ! � ! � � MSGresponse sell msg: MSG ! � ! � � MSGIn summary: All operations on loal trader states are, in the domain, basi-ally under{spei�ed. It will be a task for requirements to, as we shall all it,determine preise funtionalities for eah of these operations.



Domain Models of \The Market": In Preparation for E{Transations 21DisussionAs for loal trader state operations, so it is for the possible sequenes of trans-ations between \market players" (ie., the traders): They are all, in the abovemodel, left \grossly" non{deterministi.Those trader who initiate transations towards othjer traders an be viewdas \lients", while those others are seen as \servers". Thus it is that we seethat \lients" are haraterisable by internal non{determinism, while \servers"are haraterisable by external non{determinism.It is now a task for requirements to determine the extent of non{determinismsand the more preise rôles of `lients' and `servers'.11.3.3 Analyti DoumentsWe remind the reader that this main setion (Setion 11.3) of the urrentpaper is strutured and mostly presented in the form of atual developmentdouments: Their sequene, interrelations and ontents.Therefore we should, in this setion bring analyti douments. Spae on-siderations make this impossible. Instead we briey omment as to whih kindsof development stages and steps, and thus their ensuing douments, would beneessary for a reasonably professional phase of domain engineering to havetaken plae.ValidationParaphrasing Barry Boehm, [Boe81℄, for a produt to be \the right produt"we must validate also its domain model.11The domain model has been \extrated" from all relevant stake{holdersof the domain: Owners, managers, workers, ustomers, regulatory agenies,servie providers (�nanial institutions, logistis �rms, et.) of \the market"domain. Hene validation must be onduted with suh stake{holders. Thevalidation proess basially \reads" the informal terminologies and narrative.Hene it is utterly important that they be relatively omplete and onise.Veri�ationAgain, paraphrasing Barry Boehm, [Boe81℄, for a \produt to be right" wemust verify impliitly expressed properties of a domain model.1211Validation is \repeated", as we shall assume below, in \deriving" the produt require-ments, and, from requirements, a, or the software design(s). We shall not over softwaredesign in the urrent paper.12Veri�ation is \repeated" in all phases of development (ie., also for requirements designand for software design): \Between" phases, stages and steps orretness veri�ation is estab-lished, and \within" stages and/or steps, impliitly expressed (ie., derivative or \assumed")properties are veri�ed.



22 Chapter 11The veri�ation proess is, in ontrast to the validation proess, basiallya formal one: Formally expressed prediates are laimed (ie., interpreted) torepresent \internal", respetively orretness properties. These are then eitherproved or model heked, as well as they or tested for.Towards Theories of Market DomainsJust as physiists keep studying \Mother Nature": The God{reated world,so, undoubtedly we (or is it: us ?) mortals ought study the man{reated in-frastruture omponents suh as transportation, logistis, \the market", healthservies, et. The physiists keep oming up with new disoveries, sometimesnew laws, sometimes fasinating properties that follow from these laws, but arehard to otherwise asertain. Perhaps we domain engineers ould disover laws,properties, et., about the studied infrastruture omponents. In other words:Domain engineers should aim at establishing theories about the domains theymodel. Some of these domains, like \the market", are about the ow of people,information, materials, and ontrol.11.3.4 DisussionDomain FaetsIn this short presentation of an example `development of a domain model'we have not strutured that development, nor the model, as we normally do.Namely around the onepts of domain faets: intrinsis, support tehnologies,management & organisation, rules & regulations, and human behaviour.We �nd that these \operators" that apply to the unanalysed domain, andwhih, in sequene, results in a domain model, are novel.By intrinsis we understand the very basis of the studied domain. What isbasi depends on whih stake{holder is \viewing" the domain, what rôle theyplay.The intrinsis of \the market" seems to be (i) the notions of traders andtheir interation sequenes: Chains as well as protools; and (ii) the notion of\inspetions" of, and updates to loal trader states.Our model, above, is basially a model of the intrinsis faets of \the mar-ket". We have only represented the views of onsumers, retailers, wholesalerand produers. And we have, in fat, abstrated these in terms of traders.More need be done.By support tehnologies we understand any tehnology that supports a-tivities in the domain | as distinguished (ie., apart) from the people faet |whih we treat separately (see below). Examples of support tehnologies for\the market" | before the introdution of E{Transations| are suh things as



Domain Models of \The Market": In Preparation for E{Transations 23telephone, faxes, ordinary PC (inluding possibly ordinary E{Mail) and otheromputing for aounting, purhasing, personnel administration, et. Pls. ob-serve that as long as no E{Transation support has been intridued that partis not (yet) a supporting tehnology. It beomes part of the domain, and thenhas the faet type `support tehnology' one it has been installed and takeninto operation.Our model, above, abstrats from support tehnologies. When we modelthat a onsumer direts a query at a retailer, then we abstrat how that is done.Whether by being personally, ie., physially present at the retailer's premises,or by phoning, or faxing, or sending an E{Mail.If we were to model suh \ommuniation" failities, then we would alsohave to model their (un{)reliability, (in{)stability, et. That is: That, as sup-port tehnology they may fail. That is: We are not modelling how to ahievesafety or seurity, but that safety or seurity may be ompromised by supporttehnologies upon whih we annot depend. Modal logis, inluding temporallogis, in partiular those of the Duration Caluli [CH03℄, are presently ourfavourite formal tools in modelling support tehnologies.By management & organisation we understand the way in whih di�er-ent stake{holders within an enterprise (ie., an infrastruture omponent) arestrutured and assumptions about who does takes whih initiatives: Manager$ subordinate protools, et.In our model, above, we have not modelled real aspets of management &organisation. Suh aspets ould be: Certain sta� in a retailer must approve ofertain quotes to onsumers; ertain sta� at a wholesaler have the obligationto make sure that merhandise stores are kept \reasonably full", et. Thenotion of agents and brokers, as well as the notion of learing house tradersfor information about \the players" in \the market", those notions also, to us,belong to the management and organisation faet of \the market".By rules & regulations we understand two kinds of statements: Rules laydown guide{lines for human behaviour. Regulations stipulate what remedialations should be instituted should a rule be broken. There are general rulesand there are rules presribed by spei� stake{holders.In our model, above, we have not expressed any rules, let alone any reg-ulations. So that remains to be done. An example of a general rule of \themarket" is: Thou shall pay thy bills ! An example of a spei� rule is: \Wegive 30 days redit". An example of a regulation ould, in this onnetion, be:\If, upon the third `Please pay' reminder you fail to do so, we shall invoke adebt olleting ageny".And by human behaviour we mean what the next setion will deal withspei�ally.



24 Chapter 11\In the Domain All is Possible"We have presented salient stages of development of a domain model for tradingin the market.Some readers may well laim: Well, have we really \presented salient stagesof development of a domain model for trading in the market" ?Those readers, typially, have expeted us to desribe \features" of \themarket" whih we would now laim are not really properly manifest propertiesin the domain. We remind the reader that \in the domain all is possible".In the domain there are dilligent stake{holders: People who despath oftheir work as expeted by others. But there are also sloppy stake{holders,delinquent, yes outright riminal people who set low standards for their work,or, by design, desire riminal ondut. And the domain model must, in somesense, model that.We thus laim that the above model, to the extent that it really overstransations, desribe suh a spetrum of behaviours. It does so by leavingindeterminate whether properly begun transation sequenes (from inquiry viaquotation to ordering and delivery, et.) are atually properly onluded. Andit does so by not detailing any of the spei� operations on the trader states.11.4 E{Transation System RequirementsFrom now on, in the urrent paper, we shall be disursive: The reason is �rstthat the onept of domain may be well understood, but that the importane ofits preise informal and formal desription is far from suÆiently appreiated |ertainly not to the extent that software lients expets and software developersdemand a lear, suÆiently extensive domain model.We shall therefore examine the transition from domains to requirements.We thus laim that in the past, and still, requirements are basially exprssedwithout any tehnially sound referene to any form of domain model.Thus we need to examine suh notions as needs, goals, and requirements,and, within these, the rôles that the onept of domain plays.Also we observe that past and present treatments of the onept of require-ments have missed two, to us very important points: Namely, how might awell{strutured set of requirements be formulaed; and what exatly should arequirements doumentation ontain ? In muh of the urrent literature onE{Market (et.) we �nd that very little, if anything is done to really under-stand \the market", as a domain, and that serious, ontemplative onsiderationof orderly development of well{strutured requirements, as a onsequene, islaking.



Domain Models of \The Market": In Preparation for E{Transations 2511.4.1 Needs, Goals and Requirements\In the beginning there was the domain !" Then omputers & ommuniationame into being. Now needs13 are \felt" for bringing about hanges whosegoal14 it is (or whose goals are) to ahieve ertain e�ets. \In the end thereis again the domain, but now with omputers, ommuniation and software| suh that the software satis�es requirements and, when used aording toassumptions being met by the environment | ators of the domain | ahievethe goals, ful�lls the needs !"In our example, \the market", examples of low{level needs may be: Aneed for relieving humans from many hores of buying and selling, and/orfor saving osts on bureaurati business proesses in onnetion with hek-ing and double{heking on order deliveries, invoiing and payments, et., hasbeen identi�ed. A high{level need for a omputing system is settled uponaordingly.Commensurate with this identi�ed high{level need some goals for the om-puting systems are therefore enuniated: The omputing system shall helpbring about relief, savings, et.In Setion 11.2.1 we �rst introdued the onept of `formulated needs'.There we linked it to the formulation of `ideas' (by means if whih the needsould possibly be implemented). Where do these `ideas' ome from ? Well,the simple answer is: The domain and the possible `mahine': The omputingsystem inluding the desired software ! From where else ? Hene domains andsoftware are \linked" by requirements.11.4.2 From Goals to RequirementsGoals annot serve as a basis for a reasonably manageable software develop-ment: They are simply \too lofty", expressed, as they are, in terms of humansentiments, non{omputable soio|eonomi \values", et. So we need totransliterate the goals into something that is omputable. It is this we allrequirements.Requirements are a set of statements, expressed in terms of some under-standing of what kind of, in our urrent example, \a market abstrat mahine"an be reated inside the omputing system.The purpose of requirements is to express what the mahine: The ombi-nation of hardware and software that is desired, shall o�er.We refer to the disussion (\In the Domain All is Possible") presented above(Setion 11.3.4).13Need: (i) a lak of something requisite, desirable, or useful; (ii) a physiologial or psyho-logial requirement for the well-being of an organism; (iii) a ondition requiring supply or relief,(iv) lak of the means of subsistene. Merriam{Webster On{Line: http://www.m-w.om/gi-bin/ditionary14Goal: the end toward whih e�ort is direted. Merriam{Webster On{Line:http://www.m-w.om/gi-bin/ditionary. [Aim(s), objetive(s)℄



26 Chapter 11The undesirable indeterminaies of \the market" may now be \remedied"through omputing & ommuniations support, or even automation. That is:The purpose of the requirements engineering phase of omputing systems (umsoftware) development is to ensure proper behaviours of \market" stake{holdersas well as of its supporting tehnology.A set of requirements amount to a set of logial statements of the form:\Provided the environment of (1) stake{holders, (2) support tehnology", (3)management and organisation, behave as laid down in the domain model, andprovided that the (4) rules & regulations are onsistent (. . . ), then a orretimplementation of these requirements will lead to a desirable omputing sys-tem. Failures in ahieving good software oftentimes an be blamed not on therequirements themselves, nor on their maybe not so orret implementation,but an rather be blamed on the assumptions (1{4) not holding. It is thereforeof utmost importane to seure that domain modelling have laid bare all suhpossible assumptions.11.4.3 The Three Dimensions of RequirementsWe distinguish between three kinds of requirements: Domain, interfae andmahine requirements.Domain RequirementsDomain requirements are suh whih an be expressed sôlely by using tehnialterms from the domain. Below we shall disuss some priniples for \deriving"domain requirements from domain models. Sine di�erent stake{holders maygive rise to di�erent domain requirements, these need be onsolidated: Theymust be onsistent and together form a relative omplete set of requirements.If two di�erent providers of domain requirements from within the samestake{holder group give rise to mutually inonsistent requirements, then wehave an inonsisteny that must be resolved within the pertinent stake{holdergroup. If two providers of domain requirements from di�erent stake{holdergroups give rise to mutually inonsistent requirements, then we have a onitthat must be resolved at manage,ment level.Domain requirements (aka. `funtional requirements') an therefore only beexpressed (ie., written) using domain terms. These requirements an only beundersood, by a asual reader, if that person has �rst (read and) understood thedomain (desription). Thus it is that we say: Expressing domain requirementsis like stating how ations and events, that is: Behaviours, an be e�eted byan abstrat mahine, and that abstrat mahine is a omputable part of \thedomain". Domain desriptions may be onerned also with funtions that arenot omputable, but requirements neessarily have to deal with omputation,hene with \that whih an be omputed".



Domain Models of \The Market": In Preparation for E{Transations 27Interfae RequirementsInterfae requirements are suh whih fous on the shared phenomena: Thosefor whih we an designate an entity, or an event, or other in the domain whihis also, somehow, represented within the mahine. Interfae requirements thusdeal with the interfae between the mahine and its environment: The stake{holders and the supporting tehnologies.Thus interfae requirements fous on the so{alled user interfae (to stake-{holders), as well as the onnetions between the mahine and the supportingtehnologies.Examples of E{Transation user interfaes are basially those of the GraphiUser Interfaes (GUIs) and the user dialogues, Other examples are the massinput of for example atalogues, and rules and regulations (if enfored throughomputing).We shall not deal further with interfae requirements.The \abstrat mahine" of interfae requirements is thus omposed of phe-nomena whih belong both in the \abstrat mahine" of the domain and the\abstrat mahine" of the desired omputing system|whih, in a more narrowsene, now not using double quotation marks, we all the mahine.Mahine RequirementsMahine requirements are suh whih an be expressed sôlely by using tehnialterms of the desired omputing system itself: Abstrat mahine propertiesof the appliation software to be developed as well as of the platform (thehardware and supporting systems software) upon whose servies the appliationsoftware depends.Examples of mahine requirements are suh whih deal with time and spaeperformane, dependabilities (suh a the reliability, fault tolerane, seurity,safety, availability, aessability, et., \ilities". No referene is made to anyspei� domain onepts when stating mahine requirements, only at an ab-strat level: The following operations must exeute within suh and suh time-{bounds: . . . , et.We shall not deal further with mahine requirements.11.4.4 Domain Requirements DevelopmentWhen establishing domain requirements the requirements engineer is well{advied in struturing the requirements modelling proess and in presentingthe requirements models along the lines given next: Projetion, determination,instantiation, extension, �tting and initialisation.We �nd that these \operators" that apply to domain requirements, andwhih, in sequene, results in domain requirements, are novel.



28 Chapter 11ProjetionIn projetion we start with a domain desription. usually with a rather enom-passing one. From that we \ut down" to fous only on those aspets of thedomain with whih the remaining requirements are to be onerned. We go,so{to{speak, from the sope to the span of the problem to be solved | usingonepts learly enuniated by Mihael Jakson [Ja95℄.In our example of \the market", we might have desribed and modelled howreal agents and real brokers behave. But we might settle on an E{TransationSystem that does not extend to agents and brokers. Thus we ut that partof the domain desription out: It is no longer part of the requirements. Itmay still be part of the environment in whih the desired omputing systems isto perform, and hene the assumptions laid down in the domain model aboutagent or broker traders are still valid | and may have to be referred to inreasoning about the orretness of some E{Transation System funtions.We do not show `formal projetion' in the urrent paper.Removing Undesirable Non{DeterminayUsually \the domain is �kle": Human behaviour as well as that of supportingtehnologies. Desired omputing support, or even automation, normally wishesto avoid a number of in{determinaies.One purpose of requirements, amongst others, is to determine what is in{determinate in the domain: To render human behaviour preditable, to guardagainst sloppy, delinquent, even riminal ations, et.In our domain model of \the market" we left open very many possibilities ofmarket transations: (i) Inquiries were not guaranteed to be always followed{up by quotations, (ii) aknowledged orders were not guaranteed to be alwaysfollowed{up by deliverries and invoies, (iii) invoies were not guaranteed to bealways followed{up by payments, etetera. With omputing & ommuniationmuh of this an be \followed{up" more strigently.Thus requirements an be expressed that \removes" unertainties. In{determinate behaviours an be made into determinate transation protools.A requirements model an thus be derived from the projeted model, one inwhih the internal non{deterministi hoies have been replaed by determinateones.We do not show `formal determination' in the urrent paper.ExtensionWith omputing & ommuniation ertain funtions are possible | funtionthat it was simply not feasible to do, in the domain, without for exampleomputers. Brokering \aross" any number of levels of wholesalers et. isnow feasible. Letting a great number of potential merhandise aquisitions



Domain Models of \The Market": In Preparation for E{Transations 29(purhases) be giverned by one or another form of auxtioning is now feasible |but was basially unthinkable of in support tehnology{weak domains. Makingmore visible omplete supply hains so that all \players" are made more awareof what is going on, \towards an open [market℄ soiety," is also now possible.All are examples of extensions: Of the domain but only made believablethrough omputing.A speial form of extension will be mentioned next.Government, Businesses, and Citizens: Traditionally we have viewed E{Transations as something only involving onsumers and retailers. Then \ex-tensions" were made to the traditional C2B paradigm. In general any \dire-tion of �rst initiative" is worth onsidering. Simple rede�nitions of inquieries,quotes, orders, deliveries, et., an be readily put forward.Figure 11.7: The Government Business Citizen \Market Triangle"
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30 Chapter 11� C2C: Enabling grass{root movements, and what not.� C2B: Citizens selling their skills to businesses.� And C2G: Citizens o�ering their votes to loal and state politiians.DisussionIn the urrent paper we are not overing suh other domain requirements teh-niques as instantiation, �tting, and initialisation.The disussion of the Government Business Citizen \Market Triangle" israther indiative. It hints at, but does not really substantiate spei� require-ments. We hope that the hints are suÆient to justify the laim, that only whenwe have reasonably onise domain models, suh as the formal model of Se-tion 11.3 | that only then | an we hope to onquer an emerging ompleityof \Full sale E{Transation Systems".11.4.5 DisussionWe have overed some issues of requirements development based on domainmodels. May other requirements issues have not been overed, but are, ofourse, equally relevant: The proesses, as they were for domain aquisition,for eleiting requirements; the issues of disivering inonsistenies, onits,and unwanted inompleteness.Sine E{Transation Systems typially involve many more, and in manyases, new kinds of, stake{holder groups than are usually enountered in re-quirements aquisition, speial are need be taken | and also wrt. validation.11.5 ConlusionIt is time to onlude. We do so, but only partially, and in three parts.11.5.1 Summary: What has been Ahieved ?Two \ahievements" stand out: One is methodologial, the other is instantial.Methdologially we have surveyed two major phases of omputing, no-tably software systems development: Domain desription and requirementspresription. We laim that our approah to domain modelling: Detailed, andboth informal narration and formalised models, is novel. We laim, further , butdo not show tehnial onsequenes of the laim, that the speial tehniquesfor domain faet modelling: Intrinsis, support tehnologies, management &organisation, rules & regulations, and human behaviour are new. Likewise welaim that the speial tehniques for domain requiremens modelling: Proje-tion, determination, extension, et., are also new. Although we have not shown



Domain Models of \The Market": In Preparation for E{Transations 31it expliitly, it is the possibility of strong, formal relations between domain de-sriptions and requirements presriptions that is novel.These (emphasized) tehniques have then been exemplied on an instaneof a domain model: That of \The Market". We have yet to see suh learmodels of \the market" being even related to in the expanding literature onE{Business (et.).11.5.2 InsuÆeny of Current Modelling TehniquesWe will only point out, in this setion, that the notions of agents and brokersas �rst introdued was one of \the market". In further speifying those kinds ofagents and brokers we �rst �nd that a need for formalised modal logi oriented[Che80, Pop94, CZ97, Kra99, BdRV01℄ spei�ation languages arise, languagesin whih we an then desribe, respetively presribe how agents and brokersbehave \in the real domain", respetively how we might require them to o�ertheir servies. We then extend that need to also inlude possibilities of pro-viding implemented trader agents and brokers, ie. autonomous agents (as theterm is used now in the AI literature) with speeh at apabilities [Pet02℄.11.5.3 Who Should be doing Domain Engineering ?Is it really the idea that omputing sientist um software engineers um knowl-edge engineers should be the ones who reate domain models ? Well, for thetime being, yes ! In ollaboration | as was always assumed above | withdomain stake{holders. But we foresee that gradually professionals of respe-tive domains will have learned basi tehniques of abstration and modellingas part of their domain spei� aademi eduation, but in ourses that ba-sially propagate omputing siene onepts and tehniques. And graudallythey will take over the ontinued modelling of their domain. Just like physi-ists, after enturies of studying \Mother Nature", still study that domain,intensely, so we expet the man{made domains to be studied for as long asman sustain these domains. And: Just as most siene{based disiplines: Bi-ology, eonomy, mehanial engineering, et., now \feature" a signi�ant own(applied) mathematis study, so it is that we foresee that aademis as well asprofessional pratitioners within the kind of infrastruture omponents listedearlier (transport, health{are, et.) will feature their own, domain{spei�,ie., applied omputing siene studies and praties.11.5.4 AknowledgementsDisussions and serious work with olleagues, espeially at UNU/IIST, theUN University's International Institute for Software Tehnology, Maau, SARChina, and espeially Messrs Chris George and S�ren Prehn, is muh apprei-ated.



32 Chapter 1111.6 Bibliographial NotesWe apologize for the rather extensive set of referenes to own publiations.We justify this by the pereived need to support laims made by referenes tosupporting and substantiating literature.Referenes[BdRV01℄ Patrik Blakburn, Maarten de Rijke, and Yde Venema.Modal Logi. Number 53.Cambridge University Press, June 28 2001. 554 pages.[BGP99℄ Dines Bj�rner, C.W. George, and S. Prehn. Sheduling and Resheduling ofTrains, hapter 8, pages 157{184. Industrial Strength Formal Methods in Pra-tie, Eds.: Mihael G. Hinhey and Jonathan P. Bowen. FACIT, Springer{Verlag,London, England, 1999. 15.[Bj�94℄ Dines Bj�rner. Prospets for a Viable Software Industry | Enterprise Models,Design Caluli, and Reusable Modules. In First ACM Japan Chapter Conferene,Singapore, Marh 7{9 1994. World Sienti� Publ. Appendix in ollaborationwith S�ren Prehn and Dong Yulin.[Bj�95℄ Dines Bj�rner. Software Support for Infrastruture Systems. Tehnial Report 47,UNU/IIST, P.O.Box 3058, Maau, November 1995. Position statement for theFirst Malaysia Information Tehnology Days: 1{3 November 1995 .[Bj�96℄ Dines Bj�rner. New Software Development. Administrative/Tehnial Report 59,UNU/IIST, P.O.Box 3058, Maau, January 1996. Speial Theme paper: New Soft-ware Tehnology Development. International Symposium: New IT Appliationsfor Governane and Publi Administration, UNDDSMS, Beijing, June 1996.[Bj�98℄ Dines Bj�rner. FISH: A Fisheries Infrastruture | Hardware/Software Conept.Tehnial report, Informatis and Mathematial Modelling, Tehnial Universityof Denmark, DK{2800 Kgs.Lyngby, Denmark, 1998. his doument provides abasis for an M.S. Thesis projet arried out by Audur Thorun R�ognvaldsdottir,Sept. 1998 | Aug. 1999.[Bj�99a℄ Dines Bj�rner. A Triptyh Software Development Paradigm: Domain, Require-ments and Software. Towards a Model Development of A Deision Support Sys-tem for Sustainable Development. In ErnstR�udiger Olderog, editor, Festshriftto Hans Langmaak. University of Kiel, Germany, Otober 1999. 16.[Bj�99b℄ Dines Bj�rner. Projet Information, Monitoring and Control Systems | A Do-main Analysis. Tehnial report, Informatis and Mathematial Modelling, Build-ing 322, Rihard Petersens Plads, Tehnial University of Denmark, DK{2800Kgs.Lyngby, Denmark, 1999.[Bj�00a℄ Dines Bj�rner. Domain Modelling: Resoure Management Strategis, Tatis& Operations, Deision Support and Algorithmi Software. In Jim Davies, BillRosoe, and JimWoodok, editors, Millenial Perspetives in Computer Siene,Cornerstones of Computing (Ed.: Rihard Bird and Tony Hoare), pages 23{40, Houndmills, Basingstoke, Hampshire, RG21 6XS, UK, 2000. Palgrave (St.Martin's Press). An Oxford University and Mirosoft Symposium in Honour ofSir Anthony Hoare, September 13{14, 1999. 17.15Postsript doument at URL: http://www.it.dtu.dk/ db/raosy/sheduling.ps16Postsript doument at URL: http://www.imm.dtu.dk/ db/langmaak/hans.ps17Postsript doument at URL: http://www.imm.dtu.dk/ db/hoare/tony.ps



Domain Models of \The Market": In Preparation for E{Transations 33[Bj�00b℄ Dines Bj�rner. Formal Software Tehniques in Railway Systems. In Eke-hard Shnieder, editor, 9th IFAC Symposium on Control in Transportation Sys-tems, pages 1{12, Tehnial University, Braunshweig, Germany, 13{15 June2000. VDI/VDE-Gesellshaft Mess{ und Automatisieringstehnik, VDI-Gesellshaftf�ur Fahrzeug{ und Verkehrstehnik. Invited talk. 18.[Bj�01a℄ Dines Bj�rner. Informatis Models of Infrastruture Domains. In Computer Si-ene and Information Tehnologies, pages 13{73, Yerevan, Armenia, September17{20 2001. National Aademy of Sienes of Armenia, Institute for Informatisand Automation Problems. 19.[Bj�01b℄ Dines Bj�rner. Towards the E{Market: To understand the E{Market we must�rst understand \The Market". In Government E{Commere Development.Ningbo Siene & Tehnology Commission, Ningbo, Zhejian Provine, China,23{24 April 2001. 20.[Bj�02a℄ Dines Bj�rner. Domain Engineering: A \Radial Innovation" for Systems andSoftware Engineering ? Venie, Italy, 7{11 Otober (Paper was ompleted August19) 2002. The present paper is the long, 55 pages, version distributed at theOtober 7{11 Monterey Workshop in Venie. It will �nd its way into two publishedpapers: [Bj�02b℄ and [Bj�02℄. 21.[Bj�02b℄ Dines Bj�rner. Domain Engineering: A \Radial Innovation" for Systems andSoftware Engineering ? In Radial Innovations for Systems and Software Engi-neering, The Monterey Workshops, page (This report is expeted to be of size 20pages.), Venie, Italy, Otober 7{11 2002. The present, to be published paper,is a short version of [Bj�02a℄, and is omplemented by [Bj�02℄ in making up for[Bj�02a℄. 22.[Bj�02℄ Dines Bj�rner. Towards Design Caluli for Requirements Engineering and Soft-ware Design. In Essays and Papers in Memory of Ole{Johan Dahl, page (Thispaper is of size 21 pages.), August 2002. The present, to be published paper, is ashort version of one part of [Bj�02a℄, and is omplemented by [Bj�02b℄ in makingup for [Bj�02a℄.23.[Bj�02d℄ Dines Bj�rner. What is an Infrastruture ? In The UNU/IIST 10th AnniversarySymposium. UNU/IIST, Springer, Marh 2002. Eds.: Armando Haeberer, TomMaibaum and Carlo Ghezzi. 24.[Bj�03a℄ Dines Bj�rner. Domain Engineering | A Prerequisite for Requirements Engi-neering | Priniples and Tehniques. Tehnial report, Informatis and Mathe-matial Modelling, Tehnial University of Denmark, 2003.[Bj�03b℄ Dines Bj�rner. E{Business. Towards a Domain Theory for Work Flow Systems.Tehnial report, Informatis and Mathematial Modelling, Tehnial Universityof Denmark, 2003.[Bj�03℄ Dines Bj�rner. Finanial Servie Institutions: Banks, Seurities Trading, Insur-ane, &. Towards a Domain Theory for Work Flow Systems. Tehnial report,Informatis and Mathematial Modelling, Tehnial University of Denmark, 2003.[Bj�03d℄ Dines Bj�rner. Health{are Systems. Towards a Domain Theory for Work FlowSystems. Tehnial report, Informatis and Mathematial Modelling, TehnialUniversity of Denmark, 2003.18Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/2ifapaper.ps19Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/siam.ps20Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/ningbo.ps21Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/venezia.ps22Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/venezia.ps23Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/olejohandahl.ps24Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/lisboa.ps



34 Chapter 11[Bj�03e℄ Dines Bj�rner. Logistis. Towards a Domain Theory for Work Flow Systems.Tehnial report, Informatis and Mathematial Modelling, Tehnial Universityof Denmark, 2003.[Bj�03f℄ Dines Bj�rner. Models, Semiotis, Douments and Desriptions | Towards Soft-ware Engineering Literay. Tehnial report, Informatis and Mathematial Mod-elling, Tehnial University of Denmark, 2003. 25.[Bj�03g℄ Dines Bj�rner. Priniples and Tehniques of Abstrat Modelling | Some BasiClassi�ations. | Towards a Methodology of Software Engineering. Tehnial re-port, Informatis and Mathematial Modelling, Tehnial University of Denmark,2003. 26.[Bj�03h℄ Dines Bj�rner. Projets & Prodution: Planning, Plans & Exeution. Towardsa Domain Theory for Work Flow Systems. Tehnial report, Informatis andMathematial Modelling, Tehnial University of Denmark, 2003[Bj�03i℄ Dines Bj�rner. Railways Systems: Towards a Domain Theory. Tehnial report,Informatis and Mathematial Modelling, Tehnial University of Denmark, 2003.[Bj�03j℄ Dines Bj�rner. Requirements Engineering | Some Priniples and Tehniques |Bridging Domain Engineering and Software Design. Tehnial report, Informatisand Mathematial Modelling, Tehnial University of Denmark, 2003. 27.[BLP94℄ Dines Bj�rner, Dong Yu Lin, and S. Prehn. Domain Analyses: A Case Studyof Station Management. In KICS'94: Kunming International CASE Symposium,Yunnan Provine, P.R.of China. Software Engineering Assoiation of Japan, 16{20 November 1994.[Boe81℄ B.W. Boehm. Software Engineering Eonomis. Prentie-Hall, Englewood Cli�s,NJ., USA, 1981.[BPG99a℄ Dines Bj�rner, S�ren Prehn, and Chris W. George. Formal Models of Railway Sys-tems: Domains. Tehnial report, Dept. of IT, Tehnial University of Denmark,September 23 1999. Presented at the FMERail Workshop on Formal Methods inRailway Systems, FM'99 World Congress on Formal Methods, Toulouse, Frane.Avaliable on CD ROM. 28.[BPG99b℄ Dines Bj�rner, S�ren Prehn, and Chris W. George. Formal Models of RailwaySystems: Requirements. Tehnial report, Dept. of IT, Tehnial University ofDenmark, September 23 1999. Presented at the FMERail Workshop on For-mal Methods in Railway Systems, FM'99 World Congress on Formal Methods,Toulouse, Frane. Avaliable on CD ROM. 29.[BRH98℄ Dines Bj�rner, Vaso Rosario, and M. Helder. A Normative Model of Con-rete Banking Operations | Banking Rules & Regulations and Sta�/Client Be-haviours. Researh, Informatis and Mathematial Modelling, Tehnial Univer-sity of Denmark, June 1998. (Need be revised: Some typos et. !).[CH03℄ Zhou Chaohen and Mihael R. Hansen. Duration Calulus: A formal approahto real{time systems. Monographs in Theoretial Computer Siene. Springer{Verlag, 2002 (2003). A 238 page manusript was sent to the potential publisherMonday 15 July 2002. This book ollets the work of the main originator andone of the main ontributors to the theory of duration aluli. As suh the bookrepresents a dozen years of researh.25DRAFT Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/series/modode.ps26DRAFT Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/series/absmod.ps27DRAFT Postsript doument at URL: http://www.imm.dtu.dk/ db/douments/series/require.ps28Postsript doument at URL: http://www.imm.dtu.dk/ db/raosy/domain.ps29Postsript doument at URL: http://www.imm.dtu.dk/ db/raosy/requirements.ps



Domain Models of \The Market": In Preparation for E{Transations 35[Che80℄ Brian F. Chellas. Modal Logi: An Introdution. Cambridge University Press,Deember 1980. 312 pages.[CZ97℄ Alexander Chagrov and Mihael Zakharyashev. Modal Logi. Number 35 inOxford Logi Guides. Oxford University Press, 1997.[GHH+92℄ Chris George, Peter Ha�, Klaus Havelund, Anne Haxthausen, Robert Milne,Claus Bendix Nielsen, S�ren Prehn, and Kim Ritter Wagner. The RAISE Spei�-ation Language. The BCS Pratitioner Series. Prentie-Hall, Hemel Hampstead,England, 1992.[GHH+95℄ Chris George, Anne Haxthausen, Steven Hughes, Robert Milne, S�ren Prehn,and Jan Storbank Pedersen. The RAISE Method. The BCS Pratitioner Series.Prentie-Hall, Hemel Hampstead, England, 1995.[Ja95℄ Mihael A. Jakson. Software Requirements & Spei�ations: a lexion of pra-tie, priniples and prejudies. ACM Press. Addison-Wesley Publishing Com-pany, Wokingham, nr. Reading, England; E-mail: ip�awpub.add-wes.o.uk,1995. ISBN 0-201-87712-0; xiv + 228 pages.[Kra99℄ Marus Kraht. Tools and Tehniques in Modal Logi. Studies in Logi and TheFoundations of Mathematis. North{Holland, June 1 1999. 572 pages, Amazonprie:US $ 127.00.[Pet02℄ Hans Madsen Petersen. Agents and Speeh Ats: A Semanti Analysis. Master'sthesis, Informatis and Mathematial Modelling, Computer Siene and Engi-neering, Bldg. 322, Rihard Petersens Plads, Tehnial University of Denmark,DK{2800 Kgs. Lyngby, Denmark, 20 June 2002.[Pop94℄ Sally Popkorn. First Steps in Modal Logi. Cambridge University Press, Deem-ber 1994.



36 Chapter 11Contents11.1 Introdution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211.1.1 The Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211.1.2 The Bakground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211.1.3 The Struture of the Paper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311.2 Initial Projet Douments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411.2.1 Needs and Ideas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411.2.2 The Design Brief . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411.3 The Domain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 511.3.1 Informative Douments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5Needs and Ideas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5The Design Brief . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5On the Contrat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 511.3.2 Desriptive Douments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6A Rough Sketh and its Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6Buyers and Sellers: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6Rough Sketh: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6Analysis: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7Traders: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7Supply Chains: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7`Likeness', `Kinds', `Adjaeny', and `Supply Chain Instanes': . . . . . . . . . 8Agents and Brokers: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9Agents: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9Brokers: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10Catalogues: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11The Transations: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12Terminology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12Narrative and Formal Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13Formalisation of Syntax: . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14Formalisation of Market Interations: . . . . . . . . . . . . . . . . . . . . . . 15On Operations on Trader States: . . . . . . . . . . . . . . . . . . . . . . . . 19Disussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2111.3.3 Analyti Douments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21Veri�ation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21Towards Theories of Market Domains . . . . . . . . . . . . . . . . . . . . . . . . . 2211.3.4 Disussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22Domain Faets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22By intrinsis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22By support tehnologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22By management & organisation . . . . . . . . . . . . . . . . . . . . . . . . 23By rules & regulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23And by human behaviour . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23\In the Domain All is Possible" . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2411.4 E{Transation System Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2411.4.1 Needs, Goals and Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2511.4.2 From Goals to Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2511.4.3 The Three Dimensions of Requirements . . . . . . . . . . . . . . . . . . . . . . . . 26Domain Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26Interfae Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27Mahine Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2711.4.4 Domain Requirements Development . . . . . . . . . . . . . . . . . . . . . . . . . . 27Projetion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28Removing Undesirable Non{Determinay . . . . . . . . . . . . . . . . . . . . . . . 28Extension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28Government, Businesses, and Citizens: . . . . . . . . . . . . . . . . . . . . . 29Disussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3011.4.5 Disussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3011.5 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3011.5.1 Summary: What has been Ahieved ? . . . . . . . . . . . . . . . . . . . . . . . . . 3011.5.2 InsuÆeny of Current Modelling Tehniques . . . . . . . . . . . . . . . . . . . . . 3111.5.3 Who Should be doing Domain Engineering ? . . . . . . . . . . . . . . . . . . . . . . 3111.5.4 Aknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3111.6 Bibliographial Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32


