
CEM { A Coneptual Email ManagerRihard Cole1, Gerd Stumme21 Shool of Information Tehnology, GriÆth University, Gold Coast Campus,PMB 50, Gold Coast Mail Centre QLD 9726, Australia; r.ole�gu.edu.au2 Tehnishe Universit�at Darmstadt, Fahbereih Mathematik,Shlo�gartenstr. 7, D{64289 Darmstadt, Germany;stumme�mathematik.tu-darmstadt.deAbstrat. CEM is an email management system whih stores its emailin a onept lattie rather than in the usual tree struture. By usingsuh a oneptual multi-hierarhy, the system provides more exibility inretrieving stored emails. The paper presents the underlying mathematialstrutures, disusses requirements for their maintenane and presentstheir implementation.1 MotivationThe way standard email management systems store mails is diretly derivedfrom the tree struture of �le management systems. This has the advantage thattrees have a simple struture whih an easily be explained to novie users. Thedisadvantage is that at the moment of storing an email the user already hasto foresee the way she is going to retrieve the mail later. The tree struturefores her to deide at that moment whih riteria to onsider as primary andwhih as seondary. For instane, when storing an email regarding the organi-zation of a onferene, one has to deide whether to organize one's diretories likemineau/is2000/program ommitee or like onferenes/is/is2000/organisation/mineau. This problem arises espeially if a user ooperates withoverlapping ommunities on di�erent topis.In this paper, we present the Coneptual Email Manager CEM. It uses aformal ontext as its struture for storing email rather than a tree. This allowsthe user to retrieve emails via a onept lattie following di�erent paths. For theexample above this means that one need not deide whih of the two paths touse for storing. For retrieving the mail later, one an onsider any ombinationof the athwords1 in the two paths.Conept latties are de�ned in the mathematial theory of Formal ConeptAnalysis [12℄. A onept lattie is derived from a binary relation whih assignsattributes to objets. In our appliation, the objets will be all emails stored bythe system, and the attributes will be athwords like `onferenes', `mineau',and `organisation'. We assume the reader to be familiar with the basi notions of1 By athwords we mean small natural language phrases under whih the user maymeaningfully lassify douments.



Formal Conept Analysis, and refer otherwise to [3℄ and to proeedings of pastICCS onferenes.There are related approahes to the above stated problem. For instanethe onept of a virtual folder was introdued in a program alled View Mail(VM) [6℄. A virtual folder is simply a olletion of email douments retrievedin response to a query. The virtual folder onept has more reently been pop-ularized by a number of open soure projets, e. g. [8℄. Our system di�ers fromthose projets in both the understanding of the underlying struture via formalonept analysis, and the implementation.Our approah is also related to the library information system implementedin the Center of Interdisiplinary Studies at Darmstadt University of Tehnol-ogy [7℄. That system is based on the management system TOSCANA for Con-eptual Information Systems [11℄. The retrieval omponent of both our systemand the library system provide basially the same funtionality. The di�erenelies in the support for the user maintaining and updating the email olletion.This is due to the fat that, while in the library system maintenane is allowedonly to the librarian and/or a knowledge engineer, in an email management sys-tem storing emails is an essential and often used feature whih requires somesemi-automati support for an untrained user.In the next setion, we will desribe the mathematial strutures of the Con-eptual Email Manager. Requirements for their maintenane are disussed inSetion 3. Issues related to an implementation of the requirements are disussedin Setion 4. The paper is onluded by an outlook on future work.In this paper we endeavor to preisely de�ne the behavior of a natural userinterfae for managing emails based on Formal Conept Analysis. Although de-signing the interfae to exhibit simple and rational behavior to the user, theexat semantis with respet to the underlying program strutures the readerwill �nd are rather detailed.2 Strutures Underlying CEMWe assume that the reader is familiar with the following two basi notions ofFormal Conept Analysis: formal ontext and onept lattie. De�nitions andexamples an be found in [3℄ or in previous ICCS proeedings.In this setion, we desribe the system on a strutural level; we abstrat fromimplementation details. They will be disussed in Setion 3. Basially, we andistinguish three fundamental strutures:1. A formal ontext whih assigns to eah email a set of athwords;2. a hierarhy on the set of athwords in order to de�ne an information order-ing over the athwords;3. and a mehanism for reating oneptual sales whih are used within agraphial interfae for the retrieval of emails.These three strutures are disussed in detail in the remainder of this setion.



2.1 Assigning athwords to emailsIn the oneptual email manager, we use a formal ontext (G;M; I) for storingthe emails and for assigning athwords to them. The set G ontains all emailsstored in the system, the setM ontains all athwords. For the moment we on-sider M to be unstrutured. (In the next subsetion however, we will introduea hierarhy on it.)The relation I indiates whih emails are assigned to whih athwords. Inthe example given in the introdution, the user might want to assign all theathwords `mineau', `is2000', `program ommitee', `onferenes', `is', and`organisation' to the new email. The inidene relation is generated in a semi-automati proess: (i) an automati string-searh algorithm may reognize wordswithin setions of an email and suggest relations between the email and someattributes, (ii) the user may aept the suggestion or modify it, and (iii) she alsomay attah user de�ned attributes to the email. In Setion 3, we will disuss howthe user is supported in this assignment proess. At the moment, we supposethat the relation is already given.Instead of a tree of disjoint folders and sub-folders, we onsider the oneptlattie B(G;M; I) as navigation spae. The formal onepts replae the folders.In partiular, this means that emails an appear in di�erent onepts. The mostgeneral onept ontains all emails. The deeper the user gets in the hierarhy,the more spei� are the onepts, i. e., the smaller is the number of emails theyontain. Even so the user may, using general athwords only, still obtain a greatsearh depth from the onjuntions present in the onept lattie.2.2 A hierarhy on the athwordsIn order to support the semi-automati assignment of athwords to the emails,we additionally provide the set M of athwords with a partial order �. Forthis subsumption hierarhy, we assume that the following ompatibility onditionholds: 8g 2 G; m; n 2M : (g;m) 2 I; m � n ) (g; n) 2 I (z)(i. e., the assignment of athwords to emails respets the hierarhy on the ath-words). Hene for assigning athwords to emails, it is suÆient to assign themost spei� athwords only. All more general athwords will be added auto-matially by the system. The maintenane of the hierarhy will be disussed inthe two following setions.As an example, the user may want to say that `is' is a more spei� ath-word than `onferenes', and that `is2000' is more spei� than `is' (i. e.,`is2000'�`is'�`onferenes'). Emails regarding the prodution of this paperare then assigned by the authors to the athword `is2000' only (and maybeadditionally to athwords like `ole' or `stumme', and to `papers'). When theauthors want to retrieve these emails, they do not need to remember that theystored them under `is2000'. They will also �nd them under the more generalathword `onferenes'. If this athword provides a list of emails that is too



Fig. 1. Part of a athword hierarhylong, then they an either re�ne the searh by taking a sub-term like `is' or al-ternatively by adding another athword, for instane `ole'. The next subsetiondesribes the strutures whih support the user in this kind of navigation.While we note that it is not required by the theory that a partiular struturebe imposed on the hierarhy it is likely that the user will impose some struturalnotions on (M;�). One appealing and natural notion is to split the hierarhyinto three parts: One part related to ontents of the emails, e. g., if an email isrelated to a onferene or not, if it is used for its organization, et. A seondpart related to the sender or reeiver of the email. And a third part desribingaspets of the mailing proess (whether it is an inbound or an outbound mailet.). An example of a hierarhy is given in Figure 1. (The right window of thesreenshot is explained in Setion 4.)Even when the hierarhy imposed on the athwords by the user is a tree, theresulting onept lattie | whih we use as the searh spae | is by no meansa forest. Consider for example the onept generated by the onjuntion of thetwo athwords `ICCS 2000' and `onferene organization'. It will have at leasttwo inomparable super-onepts, namely the one generated by the athword`ICCS 2000' and the one generated by the athword `onferene organization'.In general, all we know is that the resulting onept lattie is embedded as ajoin-semilattie in the lattie of all order ideals of (M;�) (i. e., all subsets X ofM s. t. x 2 X and x � y imply y 2 X). 22 The use of this struture in the framework of knowledge disovery in databases isanalyzed in more detail under the name of power sale in [5℄. Refer also to thetheorem of Birkho� (stated for instane in [3, Theorem 39℄).



2.3 Coneptual sales for navigating through the set of emailsConeptual saling has been introdued in order to deal with many-valued at-tributes. Often attributes are not one-valued, as for instane with the athwordsgiven above, but instead allow a range of values. This is modeled by a many-valued ontext. A many-valued ontext is roughly equivalent to a relation of arelational database with one �eld being a primary key. As one-valued ontextsare speial ases of many-valued ontexts, oneptual saling an also be appliedto one-valued ontexts in order to redue the omplexity of the visualization.In this paper, we only deal with one-valued formal ontexts. Readers whoare interested in the exat de�nition of many-valued ontexts and the use ofoneptual saling in this more general ase are referred to [3℄. Applied to one-valued ontexts, oneptual sales are used to determine the onept lattiewhih arises from one vertial `slie' of a large ontext:De�nition 1. A oneptual sale for a subset B � M of attributes is a (one-valued) formal ontext SB := (GB ; B;3) with GB � P(B). The sale is alledonsistent with respet to K := (G;M; I) if fgg0\B 2 GB for eah g 2 G. For aonsistent sale SB, the ontext SB(K ) := (G;B; I\(G�B)) is alled its realizedsale.Coneptual sales are used to group together related attributes. They are de-termined as required by the user, and the realized sales are derived from themwhen a diagram is requested by the user.The Coneptual Email Manager stores all sales whih the user has de�ned inprevious sessions. To eah sale, she an assign a unique name. This is modeledby a mapping.De�nition 2. Let S be a set, whose elements are alled sale names. The map-ping �:S ! P(M)de�nes for eah sale name s 2 S a sale Ss := S�(s).For instane, the user may introdue a new sale whih lassi�es the emailsaording to being related to a onferene by adding a new element `Confer-ene' to S and by de�ning �(Conferene) := fCKP `96;AA 55;KLI `98;Wissen `99;ICCS 2000g.Observe that S and M need not be disjoint. This allows for instane thefollowing onstrution whih dedues oneptual sales diretly from the sub-sumption hierarhy: Let S := fm 2 M j 9n 2 M :n < mg, and de�ne, fors 2 S, �(s) := fm 2 M jm � sg (with x � y if and only if x < y and there isno z s. t. x < z < y). This means that all athwords m 2 M whih are neitherminimal nor maximal in the hierarhy are at the same time onsidered as thename of sale Sm and as athword of another sale Sn (where m � n). In thispaper, we will all sales onstruted this way default sales.This last onstrution has �rst been presented in [10℄ for de�ning a hierarhyof oneptual sales for the library information system [7℄. In [10℄, however, only



this speial onstrution was onsidered. It turns out that, in general, a moreexible onstrution is desirable. In the library information system, for instane,one is also interested in sales for the minimal elements in (M;�). Eah suh saleSm has as attributes the upper overs of m (i. e., all n 2 M with m � n). Thisonstrution is made possible by using the funtion � whih we have introduedin this paper.3 Requirements of the Coneptual Email ManagerIn this setion, we disuss requirements of a oneptual email manager basedon the paradigm of Formal Conept Analysis. In the following setion we shallexplain how our implementation responds to these requirements.The requirements may be divided along the same lines as the underlyingmathematial strutures de�ned in Setion 2. Briey stated the requirementsare:1. to assist the user in building, browsing and modifying the athwordhierarhy;2. to help the user modify the sale funtion �;3. to allow the user to manage the assignment of athwords to emaildouments; and4. to assist the user in searhing the oneptual spae of emails for bothindividual emails, and also oneptual groupings of emails.In addition to the requirements stated above, a good email system needs to beable to send, reeive and display emails by proessing the various email formatsand interating with the urrent popular email protools. Sine these require-ments are already well understood and implemented by existing email programsthey will not be disussed further in detail in this paper.Browsing and Modifying the Cathword Hierarhy. The athword hier-arhy is a partially ordered set (M;�) where eah element of M is a athword.Listed below are requirements related to browsing and modifying of the ath-word hierarhy.1. The program should display graphially the struture of the partial order(M;�). The ordering relation must be learly evident to the user.2. It must be possible, via a series of graphial manipulations initiated by theuser and implemented in the program to add and to delete elements and toalter the ordering relation. It should be possible to reate any partial orderwithin a reasonable size limit.Modifying the Sale Funtion. The user must be able to modify the salefuntion �, explained in Setion 2. Therefore the tool should provide a suitablevisualization of the funtion. The program must allow an overlap between theset S of sale names, and the set M of athwords.



Managing the Assignment of Cathwords to Emails. The program shouldstore the formal ontext (G;M; I) and ensure that the ompatability ondition(z) is always satis�ed. It is inevitable that the program will have sometimes tomodify the formal ontext, after a hange is made to the athword hierarhy,in order to satisfy the ompatability ondition. This modi�ation an be madeeither automatially, or via an interative proess where the user is asked whetherthe hanges should be made.The program must support two mehanisms for the assoiation of athwordsto emails. Firstly there should be a mehanism as desribed in Setion 2.1 bywhih emails are semi-automatially assoiated with athwords based on theemail ontent. Seondly the user should be able to view and modify the assoi-ation of athwords with emails.Navigating the Coneptual Spae. The program should assist the naviga-tion of the oneptual spae of the emails by drawing line diagrams of oneptlatties arising from oneptual sales [3℄. These line diagrams should extend toloally nested line diagrams [9, 10℄. The program must allow the retrieval andviewing of emails that form the extension of onepts displayed in these linediagrams.4 ImplementationThis setion divides the desription of the implementation of our oneptualemail manager, CEM, into a struture similar to that presented in Setion 3.4.1 Cathword HierarhyBrowsing the Hierarhy. The user is presented with a view of the hierarhy,(M;�) as a tree widget,3 shown in Figure 1. The tree widget has the advantagethat most omputer users are familiar with its operation, and that it providesa ompat representation (in the sense of spae used on the sreen) of a treestruture.The athword hierarhy, being a partially ordered set, has a more generalstruture than that of a tree. No limitation is plaed by the program on thestruture of the partial order in general. Following is a de�nition of the treederived from the athword hierarhy with the purpose of de�ning the ontentsand struture of the tree widget.Let (M;�) be a partially ordered set and denote the set of all sequenes ofelements from M by M� (inluding the empty sequene "). Then the labeledtree derived from the athword hierarhy is omprised by (T;v; label) whereT := f(m1; : : : ;mn) 2 M� j mi � mi+1; mn 2 max(M)g [ f"g, w1 v w2i� w2 is a suÆx of w1, and label:T n f"g ! M is the funtion de�ned bylabel(m1; : : : ;mn) := mn.3 A widget is a graphial user interfae omponent with a well de�ned behaviourusually mimiking some physial objet.
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bbFig. 2. Insert and removal ordering operationEah tree node is identi�ed by a path from a athword to the top of theathword hierarhy. Although the tree representation has the disadvantagesthat elements from the partial order our multiple times in the tree and thatthe tree an beome large, the saving of spae and the regular struture are ourreasons to prefer it to other order representations. If the user keeps the numberof elements with multiple parents in the partial order to a small number thenthe tree is manageable.Modifying the hierarhy (M;�). The program provides four operationsfor modifying the hierarhy: insert athword, remove athword, insertordering and remove ordering. More omplex operations provided to the user,for example moving an item in the taxonomy, are resolved internally to sequenesof these four operations. In this setion we denote the order �lter (also alledthe up-set) of m as " m := fx 2 M j m � xg, the order ideal (also alledthe down-set) of m as # m := fx 2 M j x � mg, the lower over of m as�m:= fx 2M j x � mg, and the upper over of m as �m:= fx 2M j x � mg.The operation insert athword simply adds a new athword to M , andleaves the � relation unhanged. This means that the new athword is inom-parable to all other athwords. The remove athword operation takes a singleparameter a 2M , and simply removes a fromM and ((# a)�fag)[(fag�(" a))from the ordering relation.The operation insert ordering takes two parameters a; b 2M and insertsinto the relation �, the set (# b) � (" a). The operation has been drawn in theleft diagram in Figure 2 whih serves as a form of Venn-Diagram for the up-setsand down-sets of a and b before and after the insert operation. The shading givesan indiation of orresponding regions.The insertion of the ordering b � a into � will require the insertion of theset fg 2 G j (g; b) 2 Ig� ("a n "b) into I . The portion of M whose image underthe relation I will require an update is the upper shaded part in the rightmostdiagram in Figure 2.The operation remove ordering takes two parameters a; b 2 M where a isan upper over of b. The remove ordering operation removes from � the set((#b) n (#(�a nfbg)))� (("a) n "(�b nfag)). The right diagram in Figure 2 maybe used to visualize the remove operation. Similarly to the insert operation, theremoval of the ordering b � a from � will require a re-omputation of the imagein I under the elements from fag � (("a) n "(�b nfag)). This region has beenshaded in the upper right of Figure 2.



Fig. 3. Dialog for editing �(Emails with Cole)4.2 Modifying the Sale FuntionThe set S of sale names, as explained in Setion 2, is not neessarily disjointfrom M , thus the tree representation of M already presents a view of a portionof S. In order to redue the omplexity of the graphial user interfae, we makeS equal to M . That is: all athwords are sale names, and all sale names areathwords. Suh an assumption is made possible by the de�nition, given inSetion 2, of the default sale for a athword. A result of this de�nition is thatathwords with no lower overs will map, under the sale funtion, �, to theempty set.The funtion � maps eah athword m to a set of athwords. The programdisplays this set of athwords, when requested by the user, using a dialog (seeFigure 3). The dialog box ontains a set of athwords available for membershipin �(m). In Figure 3 this set of andidates has been restrited to the down-setof m. An ion (either a green tik or a red ross) is used to indiate membership(or not) in the set of athwords given by �(m). By liking on the ion the useran hange the de�nition of �(m).By displaying only the down-set of m in the dialog box, the program restritsthe de�nition of � to �(m) � (# m). This restrition has an e�et on the \removeordering operation" de�ned on (M;�). When the ordering of a � b is removedthe image of the funtion � for attributes in " a is automatially heked and ifneessary modi�ed.The program has an intended mode of operation for expert users in whihthe restrition on the de�nition of �(m) � #m is lifted. In this mode the userhas all athwords available for inlusion in �(m), and he may hoose the set Sof sale names to be di�erent from the set M of athwords.When the funtion � is hanged by the user then the set fSs j s 2 Sg ofsales is hanged automatially. This update ours regardless of the mode ofoperation. The new/modi�ed sales an then be used diretly for navigating inthe onept spae as desribed in Setion 4.4.



4.3 Assoiating Emails with CathwordsEah member of (M;�) is assoiated with a query term, whih in this appliationis a set of setion/word pairs. For our purposes a setion of an email is eithera header �eld, e. g. the \From:" �eld, or the setion \body" whih is omposedof the parts4 of the email diretly enoding text. More formally stated: Let Hbe the set of setions found in the email douments, W the set of words foundin the email douments, then the funtion query:M ! P(H �W ) attahes toeah attribute a set of setion/word pairs.Let G be a set of email douments. Five relations, Q, R, R+, R�, and Iare de�ned for managing the di�erent ways in whih email douments may beassoiated with athwords. Q � G� (H �W ) is a relation between doumentsand setion/word pairs. The relation member (g; (h;w)) 2 Q indiates thatdoument g has word w in setion h. Q is stored via an inverted �le indexand is only updated when new email is presented to the system. The relationR � G�M is derived from the relation Q and the funtion query via: (g;m) 2 Ri� (g; (h;w)) 2 Q for some (h;w) 2 query(m). The relation R is only used as anintermediate step and is alulated from Q as required by the program.The relations R+ and R� store user judgments saying whether or not anemail should have a athword m. These judgments will \over-rule" the relationR. We impose the onstraint(("R+) \ (#R�)) != ; (#)on the two relations R+ and R�, saying that a user is not allowed to ontradithimself. I. e., he is not allowed, for m � n, to assign (g;m) to R� and (g; n) toR+.The relation I respeting the ompatibility ondition (z) is derived from therelations R, R+ and R� using the following operator: For any relation J �G �M , we de�ne Jz := f(g;m) 2 G �M j 9n 2 M : (g; n) 2 J; n � mg. Weobtain I as the inidene relation for the formal ontext (G;M; I) mentioned inSetion 2 by I := ((R nR�) [ R+)z.These �ve relations are required to aommodate the di�erent ways in whihan email may be assoiated with athwords. Q and R assoiate emails withathwords via an automati proess based on ontent and queries attahed toathwords, R+ and R� assoiate email based on user input, and I ombinesthese two soures with the hierarhy de�ned over the athwords. By separatingthe relations for automati assoiations of athwords to emails from the relationsfor user de�ned assoiations, the program maintains a pure keyword index intothe email olletion. Relations R and I are derived from Q, R+, and R�, andso need not be stored. Storing I however greatly redues the time omplexity ofthe program.When a bath of new emails, Gb, is presented to the program, the relationQ is updated automatially by inserting new pairs, Qb, into the relation. The4 The MIME extension to the email format allows an email doument to have multipleparts. These multiple parts are sometimes referred to as attahments.



Fig. 4. Interfae for viewing email and assoiating email with athwordsmodi�ation of Q into Q[Qb will ause an insertion of pairs Rb into R aordingto query(m) and then subsequently an insertion of new pairs Ib into I . Thede�nitions are:Qb � Gb � (H �W )Rb = f(g;m) j 9 (h;w) 2 query(m) and (g; (h;w)) 2 QbgIb = f(g;m) j 9m1 � m with (g;m1) 2 RbgThe user an modify the assoiation of emails with athwords in two ways.Firstly by hanging the relations R+ and R� and seondly by making modi�-ations to the query funtion. In order to explain the user interfae for makingmodi�ations to R+ and R� we introdue the following notation. For an emailg 2 G, we de�ne the restrition of any relation J � G �M to this email byJg := J \ (fgg �M). For the purpose of brevity of expression we shall say mbelongs to Jg if (g;m) 2 Jg .The user is able to view individual emails as shown in Figure 4. In this modeions are attahed to athwords in the tree widget displayed to the left of theemail. These ions indiate to the user how eah of the athwords is related tothe displayed email by R, R�, and R+. The user is able to hange the relationsR� and R+ by interating with the ions.1. If m is not in Rzg, (R+g )z, or R�g then no ion is displayed.2. If m is in Rzg then a yellow tik (shown as white in Fig. 4) is displayed.3. If m is in R�g then a red ross is displayed.4. If m is in (R+g )z then a green (shown as blak in Fig. 4) tik is displayed.All ombinations of these ions whih do not inlude at the same time a redross and a green tik are possible.



The user an then determine that the displayed email has a athword in I ifthere is either a green tik or a yellow tik in the absene of a red ross. The pro-gram provides two basi operations, assoiate attribute and disassoiateattribute from whih more omplex operations for use in the user interfaemay be onstruted. The assoiate attribute operation takes two parame-ters, an email doument, and a athword m. The operation inserts the pair(g;m) into R+, and removes, for all n � m, (g; s) from R�. Similarly the opera-tion disassoiate attribute takes two parameters, an email and a athword.The operation inserts (g;m) in R� and removes, for all n � m, (g; n) from R+.The onstrution of the two operators guarantees that the onstraint (#) isalways satis�ed.The user is also able to inuene the way that R is derived from Q bymodifying the query funtion. The user is able to modify �(m) using the SaleQuery �eld in the dialog box shown in Figure 3. After any suh modi�ation tothe query funtion the relations R and I are modi�ed aordingly.New emails presented to the system for automated indexing ause a modi-�ation to the inverted �le index onsisting only of new entries. The insertionof new email douments into an inverted �le index is an eÆient operation. Theomplexity of inserting eah doument is O(1). When the user makes a modi-�ation to either R+ or R� of a removal or insertion of (g;m) this will auseall athwords in the order �lter of m, or order ideal, resp., to be updated in I .The expense of suh an update depends on how I is stored but is likely to beO(log(n)) where n is the average number of douments per attribute.It is useful for the system to maintain the relation R+ for speial athwordsdependent on observation by the program of the users behavior. Two examples ofsuh athwords are \read emails" for emails that the user has displayed at sometime, and \unseen emails" for emails that the user has not yet been noti�ed of.4.4 Navigating the Coneptual Email SpaeTo assist the user in navigating the oneptual spae of emails, the programdraws simple line diagrams and (loally) nested line diagrams. A simple linediagram is used to visualize a single sale, while nested line diagrams are usedto visualize ombinations of sales. The onept latties, from whih the nestedline diagrams are drawn, are omputed from the ontexts given by S�(s). Theontexts are alulated using the algorithm reported in [1℄, and the oneptlatties are alulated from these ontexts via Ganter's algorithm [3℄.The user may navigate the oneptual spae of emails douments for di�erentpurposes:1. to �nd olletions of emails thematially linked;2. to review the preision and reall of queries attahed to athwords by om-paring them with athwords based on user judgments (for the purpose ofre�ning them for improving the query funtion); and3. to review patterns of ommuniation between di�erent groups.



Fig. 5. Conept Lattie derived from the Sale for \Conferene Related".Of these purposes the �rst is the most useful to ommon users of the program. Asimple senario in whih the user has this �rst purpose is presented here. Imaginea researher who was in the Program Committee (PC) of ICCS '97 and was atthat time o-authoring with other members of the PC for the same onferene.For the organization of a onferene in the year 2000, she wants to retrievesome fats about the organization of ICCS '97. But she only remembers that sheexhanged this information with one of the people she was o-authoring withfor ICCS '97, and that it was only one tiny part of a mail overing all kinds oftopis.The researher may begin her searh by requesting a line diagram for thesale named \Conferene Related". This sale is shown in Figure 5. It shows thatfrom her 2344 emails in total, there are 222 emails related to onferenes, 145of whih are related to onferenes with papers submitted and 110 of whih arerelated to both onferene organisation and program ommittees. The researherdeides that the email she is looking for is likely to be under the athword\Conferenes with Papers". As there are too many emails in its extent to beread through, she may for instane want to expand the onept. By hoosing thesale SConferenes 1997, she obtains Figure 6.Now the researher an for instane hek the 19 mails related to \ICCS '97"and \Conferene Organization/Program Committee". If she still doesn't �ndthe email she is looking for there, then she has to hek either the 86 papersrelated to \ICCS '97" or even all 115 emails under the athword \ConfereneOrganization". Before doing this, however, she might want to di�erentiate theseonepts further, e. g. by zooming into them with the sale \Members of ICCS '97Program Committee". If this sale doesn't exist yet, then she an reate it on



Fig. 6. Conept Lattie derived from the Sales for \Conferene Related" and \Con-ferenes with Papers".the y using the widget for modifying the sale funtion (and eventually storeit for further use).Note that with a lassial, tree-strutured searh hierarhy (where one usuallyhas the names of the orrespondents on the highest level), one would be foredto san all branhes starting with the names of the o-authors before one antell the system onstraints like \Conferene Related".5 OutlookHaving ompleted a prototype implementation of CEM (available on requestfrom the �rst author, the next step is to evaluate its operation in daily use andto measure is salability with respet to large data sets and distributed olle-tions of email. We also onsider allowing the user to impose more struture onM inluding onjuntive impliations and negation, following the mathematialfoundation presented in [4℄, as well as a more expressive language for the queryfuntion whih allows for instane disjuntive queries.Although CEM has been in this paper applied to email douments it has amore general use as a doument management system. The next step therefore isto extend the urrent arhiteture to allow the user to assoiate athwords with�les aessible remotely via the internet and also loally with the users privateolletion. This next step has the hallenge of dealing with a large number ofprotools and �le formats. The emergene of standards suh as XML and RDFgives some hope for a general and uni�ed method for proessing of this myriadof data formats. Looking further ahead one an onsider how a oneptual �le
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