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representations of oneptual hierarhies are not suÆient and, in addition, rep-resentations of (non-hierarhial) relations beome desirable. Those ases havestimulated the extension of Formal Conept Analysis to Contextual Logi, aformal logi semantially based on formal ontexts from whih onept lattiesare derivable and also onept graphs, ombining formal onepts and onep-tual relations (see [Wi97℄, [Pr98℄, [PW99℄). The aim of this paper is to indiatehow TOSCANA may be extended to allow graphial representations not only ofonept latties but also of onept graphs in the sense of Contextual Logi.Before disussing a ontextual-logi extension of TOSCANA, we explainthrough an example how TOSCANA an be used to establish a oneptual in-formation system based on methods of Formal Conept Analysis. The data forthe example, whih have already been onsidered in [PW99℄, are desribed inFigure 1 by a data table about the domesti ights in Austria. For a TOSCANA-system, suh table is usually onsidered as a many-valued ontext (G;M;W; I)for whih G is the objet set omprising all listed ights, M is the attribute setonsisting of the attributes \Airline", \Departure Airport", \Departure Time",\Arrival Airport", \Arrival Time", \Days", and \Airraft",W is a set ontainingall attribute values desribed by the entries in the olumns of the table, and Iis the ternary relation between G, M , and W indiating whih objet has whihvalue for whih attribute.The �rst step of establishing a TOSCANA-system for the many-valued on-text represented in Figure 1 is to turn it into a number of formal ontexts, alledoneptual sales, grasping the information oded by the data. Suh transfor-mation should be guided by purposes whih we assume in our example to liein the support of ight information. For our explanations, we hoose the sevenoneptual sales \Connetions", \Departure Time (Hours)", \Departure Time(Minutes)", \Arrival Time (Hours)", \Arrival Time (Minutes)", \Days", and\Airline/Airraft". The onept lattie of the oneptual sale \Connetions" ispresented in Figure 2; it yields the information about the departure and arrivalairports of the 75 domesti ights whih are denoted by their ight number;for instane, the ight 1583 departs from Innsbruk and arrives at Graz (sur-prisingly, there is no ight from Graz to Innsbruk). The information about thedeparture time of the ights is well represented by the two interordinal sales\Departure Time (Hours)" and \Departure Time (Minutes)" where the �rst hasthe attributes � 6; : : : ;� 23 and � 6; : : : ;� 23 and the seond has the attributes� 00;� 05; : : : ;� 50;�55 and � 00;�05; : : : ;� 50;�55 (f. [PW99℄, Fig. 3); forinstane, the departure time 15.10 of ight 1583 is uniquely determined by theattributes � 15 and � 15 of the �rst sale and � 10 and � 10 by the seond sale.The arrival time is represented analogously by two interordinal sales. The hoieof interordinal sales for representing time has been well proved beause theyallow the expression of time intervals by formal onepts. The oneptual sale\Airline/Airraft" has the attributes \VO", \OS", \F70", \DH8", and \CRJ"yielding a six-element onept lattie. The onept lattie of the oneptualsale \Days", restrited to the ights from Vienna to Innsbruk, is presented inFigure 3.



Departure Arrival
Flight Airline Airport Time Airport Time Days Aircraft

070 VO Vienna 07.50 Innsbruck 08.40 1-6 F70
071 VO Innsbruck 06.25 Vienna 07.20 1-5 F70
072a VO Vienna 10.20 Innsbruck 11.35 6 DH8
072b VO Vienna 10.50 Innsbruck 12.05 1-5, 7 DH8
073a VO Innsbruck 08.35 Vienna 09.45 67 DH8
073b VO Innsbruck 09.05 Vienna 09.55 1-5 F70
074 VO Vienna 13.55 Innsbruck 15.10 2-5, 7 DH8
075 VO Innsbruck 11.40 Vienna 12.50 1-5 DH8
076a VO Vienna 17.45 Innsbruck 18.40 1-6 F70
076b VO Vienna 18.40 Innsbruck 19.55 7 DH8
077 VO Innsbruck 15.35 Vienna 16.45 2-5 DH8
078a VO Vienna 20.35 Innsbruck 21.25 1-4 F70
078b VO Vienna 21.30 Innsbruck 22.45 7 DH8
078c VO Vienna 21.40 Innsbruck 22.35 5 CRJ
330 VO Linz 06.20 Salzburg 06.50 1-6 CRJ
331 VO Salzburg 11.20 Linz 11.45 1-5 CRJ
332 VO Linz 16.05 Salzburg 16.35 1-5 CRJ
333 VO Salzburg 21.50 Linz 22.15 1-5, 7 CRJ
409 VO Graz 12.10 Linz 12.45 1-5 CRJ
410 VO Linz 16.10 Graz 16.50 1-5 CRJ
412 VO Linz 10.35 Graz 11.10 1-5 CRJ
413 VO Graz 06.15 Salzburg 06.50 1-5 CRJ
415 VO Graz 17.30 Salzburg 18.10 1-5 CRJ
416 VO Salzburg 21.50 Graz 22.25 1-5, 7 CRJ
417 VO Graz 17.15 Linz 17.45 7 CRJ
501 VO Klagenfurt 06.00 Salzburg 06.45 1-5 DH8
502 VO Salzburg 21.55 Klagenfurt 22.40 1-5, 7 DH8
531* VO-OS Linz 06.00 Vienna 06.45 1-6 DH8
532* VO-OS Vienna 10.40 Linz 11.20 1-5, 7 DH8
533* VO-OS Linz 08.35 Vienna 09.25 1-7 DH8
534* VO-OS Vienna 22.15 Linz 23.00 1-5, 7 DH8
536a* VO-OS Vienna 17.10 Linz 17.55 5 DH8
536b* VO-OS Vienna 17.15 Linz 17.55 1-4, 7 DH8
537* VO-OS Linz 12.00 Vienna 12.50 1-5, 7 DH8
538* VO-OS Vienna 20.30 Linz 21.15 1-7 DH8
539* VO-OS Linz 18.15 Vienna 19.00 1-5, 7 DH8
540* VO-OS Vienna 10.45 Graz 11.30 1-7 DH8
541* VO-OS Graz 06.05 Vienna 06.45 1-6 DH8
542* VO-OS Vienna 13.50 Graz 14.35 1-5 DH8
543* VO-OS Graz 08.50 Vienna 09.35 1-7 DH8
544* VO-OS Vienna 17.20 Graz 18.00 1-7 DH8
545* VO-OS Graz 11.55 Vienna 12.35 1-5 DH8
546* VO-OS Vienna 19.40 Graz 20.20 1-7 DH8
547* VO-OS Graz 15.30 Vienna 16.15 1-5, 7 DH8
548* VO-OS Vienna 22.30 Graz 23.10 1-5, 7 DH8
549* VO-OS Graz 18.25 Vienna 19.05 1-5, 7 DH8
550* VO-OS Vienna 07.25 Klagenfurt 08.15 1-5 DH8
551* VO-OS Klagenfurt 06.00 Vienna 06.50 1-6 DH8
552* VO-OS Vienna 10.40 Klagenfurt 11.30 1-7 DH8
553* VO-OS Klagenfurt 08.40 Vienna 09.30 1-7 DH8
554* VO-OS Vienna 13.55 Klagenfurt 14.50 1-5 DH8
555* VO-OS Klagenfurt 11.55 Vienna 12.45 1-7 DH8
556* VO-OS Vienna 17.10 Klagenfurt 18.00 1-7 DH8
557* VO-OS Klagenfurt 15.15 Vienna 16.10 1-5 DH8
558* VO-OS Vienna 19.50 Klagenfurt 20.45 1-7 DH8
559* VO-OS Klagenfurt 18.20 Vienna 19.10 1-7 DH8
560* VO-OS Vienna 22.30 Klagenfurt 23.20 457 DH8
561* VO-OS Klagenfurt 21.00 Vienna 22.00 457 DH8
590* VO-OS Vienna 10.25 Salzburg 11.20 1-7 DH8
591* VO-OS Salzburg 17.15 Vienna 18.10 7 DH8
593* VO-OS Salzburg 08.15 Vienna 09.15 1-7 DH8
594* VO-OS Vienna 17.35 Salzburg 18.35 1-7 DH8
595* VO-OS Salzburg 11.45 Vienna 12.40 1-7 DH8
596a* VO-OS Vienna 20.25 Salzburg 21.20 6 DH8
596b* VO-OS Vienna 20.35 Salzburg 21.30 1-5, 7 DH8
597* VO-OS Salzburg 19.05 Vienna 20.00 1-7 DH8
1557 VO Klagenfurt 16.00 Vienna 16.50 7 DH8
1583 VO Innsbruck 15.10 Graz 15.55 7 CRJ
1596 VO Vienna 14.05 Salzburg 15.05 5 DH8
2980 VO Innsbruck 06.10 Salzburg 06.40 1-7 DH8
2981 VO Salzburg 12.30 Innsbruck 13.00 1-7 DH8
2983 VO Salzburg 16.40 Linz 17.05 1-5 CRJ
2984 VO Innsbruck 14.35 Salzburg 15.10 1-7 DH8
2985 VO Salzburg 21.40 Innsbruck 22.05 1-7 DH8
2986 VO Innsbruck 10.20 Salzburg 10.55 7 DH8Fig. 1. A data table about the domesti ights in Austria
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Fig. 4. The basi arhiteture of a TOSCANA-systemwhile onrete sales are designed for a spei� appliation, but allow di�er-ent realizations onerning the set of objets (for instane, onerning atualrevisions of the ights in the database on domesti ights in Austria).The basi arhiteture of a TOSCANA-system is desribed in Figure 4. A-ording to that, a TOSCANA-system divides into a data and a program part.In the data part, the information about the objets of the appliation domain isoded in the (relational) database, while the domain-spei� onrete sales (in-luding line diagrams of their onept latties) and SQL-queries for the objetsof the appliation domain are olleted in the oneptual sheme; in our examplethis means that the data table of Figure 1 is stored in the database and that therelevent seven oneptual sales, understood as onrete sales, are available inthe oneptual sheme of the data part. For the represention of onrete saleswith line diagrams of their onept latties in the oneptual sheme, the draw-ing programAnaonda yields a oding by the desription languageConSript(see [Vo96℄). The drawings of the onept latties has to be provided in advanesine, in general, well readable line diagrams annot be generated automatially.The program part onsists of TOSCANA and a relational database manage-ment system (RDBMS). At runtime, TOSCANA loads the oneptual shemeand onnets it to a RDBMS whih aesses the database in whih the infor-mation of the appliation domain is stored. The system o�ers the user the listof oneptual sales, among whih the user may hoose one or more sales. Ifthe user hooses one sale, then TOSCANA omputes the realized sale and thelabelling of the line diagram of its onept lattie by querying the atual objetsin the database, and displays the labelled line diagram on the sreen. Figure 2,showing the onept lattie of the realized sale \Connetions", is the result ofsuh an ation. If the user hooses two (or more) sales, then she an either zoominto a onept of the �rst sale to obtain a oneptual re�nement of this on-ept by the onept lattie of the seond sale, or she an represent the onept



latties of both sales simultaneously by a nested line diagram. Figure 3 results,after hoosing the oneptual sales \Connetions" and \Days", from zoomingin Figure 2 into the ninth objet node from the left. A detailed desription ofTOSCANA-systems an be found in [Na99℄.The explanations onerning the TOSCANA-system of the domesti ightsin Austria might onvine that suh an information system ould be useful; forinstane, the objet nodes of Figure 2 partition the ights aording to theirdeparture and arrival airports and lead, after drilling down to a suitable objetnode, further information about departure and arrival time, week days, air-line, and even airraft, relevant to ights from spei�ally hosen departure andarrival airports. Nevertheless, the representation of all relationships within on-eptual hierarhies does not seem suÆient for human-mahine ommuniations.Therefore, an extension of TOSCANA should be developed whih allows morediret representations of non-hierarhial relations. Suh an extension, mathe-matially based on Contextual Logi, is desribed in the following setions.2 Set-theoretial Semantis of Contextual LogiContextual Logi has been developed as a mathematization of the traditionalphilosophial logi with its dotrines of onepts, judgments, and onlusions[Wi00℄; for that, the mathematial theory of onepts is taken from FormalConept Analysis, and the mathematial theory of judgments is derived fromSowa's Theory of Coneptual Graphs [So84℄. The set-theoretial semantis ofContextual Logi is based on power ontext families whih are de�ned as follows:a power ontext family is a sequene ~K := (K 0 ;K 1 ; : : : ;Kn ) (n � 2) of formalontexts K k := (Gk ;Mk; Ik) with Gk � (G0)k for k = 1; : : : ; n. The formalonepts of K k (1 � k � n) represent by their extents k-ary relations on theobjet set G0; they are therefore alled the k-ary relational onepts of ~K .Aording to [PW99℄, the formal judgments, also alled onept graphs, ofa power ontext family an be represented (up to logial equivalene) as theelements of all the diret produts Y(k;g)2U [kg)for whih U is a �nite subset of Sk=0;:::;nfkg �Gk satisfying the impliation(k; g) 2 U and g = (g1; : : : ; gk) =) (0; g1); : : : ; (0; gk) 2 U (1 � k � n);and [kg) is the prinipal �lter of B(K k ) generated by the smallest onepthaving g in its extent. An element ~a := (a(k;g) j (k; g) 2 U) of the produtan be understood as the family of the atomi onept graphs [ak : g℄ with(k; g) 2 U where the so-alled oneptual instane [a0 : g℄ is the element ~a of the(one-fator) produt with U := f(0; g)g and a(0;g) = a0 and, for k = 1; : : : ; n,the so-alled relational instane [ak : g℄ is the element ~a of the produt withU := f(k; g); (0; g1); : : : ; (0; gk)g (if g = (g1; : : : ; gk)) and a(k;g) = ak, a(0;g1) =



u0; : : : ; a(0;gk) = u0 (in general, uk denotes the largest onept of K k ); insteadof [ak : g℄ we also write (ak; [u0 : g1℄; : : : ; [u0 : gk℄). Notie that a pair (ak; g)with ak 2 B(K k ) and g 2 Gk forms an atomi onept graph if and only ifg 2 Ext(a).The formal judgments desribed in the preeding paragraph may be alledonept graphs in atomisti normal form. From a onept graph in atomistinormal form one an dedue its equivalent onept graphs using the followingequivalenes (f. [PW99℄, Prop. 1):(1) ([at : g℄ j t 2 T ) is equivalent to [Vt2T at : g℄,(2) ([a : gt℄ j t 2 T ) is equivalent to [a : fgt j t 2 Tg℄,(3) (a; [b1 : B1℄; : : : ; [bk : Bk℄)is equivalent to ([ak : B1 � � � � �Bk℄; [b1 : B1℄; : : : ; [bk : Bk℄),(4) ((a; [b1 : B1℄; : : : ; [bk : Bk℄); (~a; [~b1 : ~B1℄; : : : ; : : : ; [~bl : ~Bl℄))is equivalent to((a; [b1 : B1℄; : : : ; [bk : Bk℄); (~a; [~b1 : ~B1℄; : : : ; [~bl : ~Bl℄))=�(i; j)if [bi : Bi℄ = [~bj : ~Bj ℄.The equivalenes (1), (2), and (3) are applied to suitable subfamilies of a familyof elementary onept graphs to obtain another family of elementary oneptgraphs (in [PW99℄, an elementary onept graph is understood as a oneptgraph with at most one relational onept). The equivalene (4) allows us toidentify equal oneptual instanes related to di�erent relational onepts, i. e.,(4) is used to split up a onept graph in elementary onept graphs and toombine onept graphs to one onept graph.Formal judgments (i.e. onept graphs), whih may be easily turned into tex-tual statements of \plain English" (see [ME99℄), are useful for expressing spei�information ontained in a given power ontext family; they are the means \tomake the data talk". Therefore, it is desirable to derive from the data in a re-lational database a power ontext family allowing one to dedue informativeonept graphs. For doing this, the method of relational saling has been pro-posed in [PW99℄: If a relational database is given in form of Codd's relationalmodel R �Qt2T At, then a derived power ontext family ~K := (K 0 ;K 1 ; : : : ;Kn )of formal ontexts K k := (Gk ;Mk; Ik) (0 � k � n) is formed by suitable subsetsG0 � St2T At and Gk � (G0)k together with orresponding attribute sets givingpurpose-oriented meaning to the data (the elements of Gk should be restritionsof elements of Qt2T At).Understanding the data table in Figure 1 as a representation of a relationalmodel in the sense of Codd, we may derive a power ontext family (K 0 ;K 2 ) bythe following de�nitions of objet and attribute sets (f. [PW99℄):



G0 := f070; 071; : : : ; 2986g[fGraz; Innsbruk;Klagenfurt; Linz; Salzburg; V iennag[f06:00; 06:05; : : : ; 23:20g[f1; 2; 3; 4; 5; 6; 7gG2 := f(070; V ienna); (071; Innsbruk); : : : ; (2986; Innsbruk)g[f(070; Innsbruk); (071; V ienna); : : : ; (2986; Salzburg)g[f(070; 07:50); (071; 06:25); : : : ; (2986; 10:20)g[f(070; 08:40); (071; 07:20); : : : ; (2986; 10:55)g[f(070; 1); : : : ; (070; 6); (071; 1); : : : (071; 5); : : : ; (2986; 7)gM0 := fflight; airline; airport; time; days; airraftg[fGraz; Innsbruk;Klagenfurt; Linz; Salzburg; V iennag[f� 20min;� 25min;� 30min;� 3km;� 4km;� 5km;� 12km;� 16kmg[f� 06:00;� 06:05; : : : ;� 23:20; a:m:; p:m:g[f� 06:00;� 06:05; : : : ;� 23:20; a:m:; p:m:g[fMo; Tu;We; Th; Fr; Sa; Sug[fV O;OS; F70; DH8; CRJgM2 := fFrom; To;Dept; Arrv; F lDaysgThe attributes \� 20min", \� 25min",\� 30min" indiate the onneting timesat the orresponding airport and the attributes \� 3km",\� 4km", \� 5km",\�12km",\� 16km" indiate the distane from the airport to the orrespondingity; furthermore, the attributes \From" resp. \To" apply to the pairs onsist-ing of a ight number and a departure resp. arrival airport; analogously, theattributes \Dept" resp. \Arrv" are understood with respet to the departureresp. arrival times. The inidene relations I0 and I2 of the formal ontexts K 0and K 2 reet the delared or obvious meaning of the attributes with respet tothe given objets.3 Coneptual and Relational SalesIn this setion we disuss how a ontextual-logi extension of a TOSCANA-system may be developed on the basis of a power ontext family ~K := (K 0 ;K 1 ;: : : ;Kn ) of formal ontexts K k := (Gk ;Mk; Ik) (0 � k � n). It seems mostnatural that the extended TOSCANA program is designed for the purpose ofombining several TOSCANA-systems, one for eah formal ontext K k ; in thissetting, the sales for K 0 are alled the oneptual sales, while the sales forK k are alled the k-relational sales (k = 1; : : : ; n). Of ourse, the TOSCANA-systems of the formal ontexts of a power ontext family should not be inde-pendent beause satisfatory information based on the data oded in the powerontext family has also to ombine information out of di�erent formal ontextsof the family. This ombination an be performed by the method of logial sal-ing, introdued in Formal Conept Analysis by S. Prediger (see [Pr97℄). In thease of the power ontext family ~K , logial saling is ombining attributes outof Snj=0Mj to obtain new attributes for the formal ontexts K k ; as a neessaryonstrution tool, we propose the term formation of the \Peirean Algebrai



Logi" (PAL) whih R. W. Burh reated as \an attempt to amalgamate varioussystems of logi that Peire developed over his long areer" (see [Bu91℄).Aording to PAL, the basi operations to ombine attributes of Snj=0Mjare the negation :, the permutations � 2 Sj , and two so-alled joins, �1 and �2,extensionally de�ned for k-ary attributes m and l-ary attributes ~m (k � l) by(1) (:m)Ik := Gk nmIk ,(2) (�m)Ik := f(g�(1); : : : ; g�(k)) j (g1; : : : ; gk) 2 mIkg,(3) (�1m)Ik�2 := f(g1; : : : ; gk�2) j 9gk�19gk : (g1; : : : ; gk) 2 mIk and gk�1 = gkg,(4) (�2(m; ~m))Ik+l�2 := f(g1; : : : ; gk�1; ~g2; : : : ; ~gl) j 9gk9~g1 : (g1; : : : ; gk) 2 mIkand (~g1; : : : ; ~gl) 2 ~mIl with gk = ~g1g;furthermore, the k-ary attributes ?k, >k, and idk with (?k)Ik := ;, (>k)Ik :=Gk, and (idk)Ik := f(g1; : : : ; gk) j g1 = � � � = gk 2 G0g are introdued asonstants. In general, the ompound attributes of the power ontext family ~Kare derived from the unary attributes of M0 [M1, the k-ary attributes of Mk(2 � k � n), and the onstants by reursively applying the negation :, the per-mutations �, or the joins �1 or �2. For suitably hoosing ompound attributes, itis useful to know further operations derivable from the basi ones, for instane(f. [Bu91℄):(5) (�im)Ik+1 := f(g1; : : : ; gi�1; gi; gi; gi+1; : : : ; gk) j (g1; : : : ; gk) 2 mIkg,(6) (Æim)Ik�1 := f(g1; : : : ; gi�1; gi+1; : : : ; gk) j (g1; : : : ; gk) 2 mIkg,(7) (�ijm)Ik�1 := f(g1; : : : ; gj�1; gj+1; : : : ; gk) j9gj : (g1; : : : ; gk) 2 mIk and gi = gjg,(8) (�(m; ~m))Ik+l := f(g1; : : : ; gk; ~g1; : : : ; ~gl) j(g1; : : : ; gk) 2 mIk and (~g1; : : : ; ~gl) 2 ~mIkg;(9) (�(m; ~m))Il := f(g1; : : : ; gl) j (g1; : : : ; gl) 2 ~mIl with (g1; : : : ; gk) 2 mIkg.The so-alled omma operation �i \is a briliant devie that Peire was using withgreat skill and e�et" ([Bu91℄, p.76), the operation Æi is Bernay's \Streihung"operation, and the operations �ij and � are alled hook identity and produt in[Bu91℄. The insertion operation � allows us to ativate attributes of smaller arityin ontexts with objets of greater arity; for instane, �(m;>l) is a ompoundattribute of K l with the extent f(g1; : : : ; gl) 2 Gl j (g1; : : : ; gk) 2 mIkg.How the term formation by the basi operations of PAL and their derivativesmay be used to obtain a TOSCANA-system for a power ontext family, shallbe demonstrated by our example of the domesti ights in Austria. Examplesof oneptual sales for the power ontext family desribed in Setion 2 aregiven by the labelled line diagrams in Figure 2, 3, and 4 in [PW99℄. Figure5 below shows a nested line diagram ombining representations of two binaryrelational sales. The relational sale of the outer diagram is determined by thefour binary attributes From, To, Dept, and Arrv, while the relational sale of theinner diagram has the binary ompound attributes Graz, Innsbruk, Klagenfurt,Linz, Salzburg, Vienna, a.m., and p.m. whih are formed from unary attributesby using the insertion operation together with >2 and the onversion �2 (i.e.extensionally, the exhange of plae 1 and 2 in an objet pair). The omparison



 
 

From Dept To Arrv

Graz
Innsbruck
Klagenfurt a.m. p.m. Linz

Salzburg
Vienna

4926
2613771111

4629
30118899

Fig. 5. The onept lattie of the apposition of two binary relational salesof Figure 5 with Figure 2 makes lear the advantage of using relational sales.Of ourse, further relational attributes and sales (even of greater arity) aredesirable; here we only mention the binary ompound attribute From-To :=�2(�2(From); T o), the appliation of whih will be shown in the next setion.For using Peirean Algebrai Logi to reate ompound attributes and on-eptual and relational sales based on a power ontext family, there is not onlythe argument that this logi ombines well with the Contextual Logi as de-veloped until now, but also Burh's thesis that \all proedures of relationalonstrutions are formalizable in PAL" ([Bu91℄, p.122). This thesis is analogousto Churh's thesis about omputability, of ourse, less tested, but neverthelessonvining.4 Graphial RepresentationsFor a TOSCANA-system with a oneptual sheme ontaining oneptual andrelational sales based on a power ontext family, there is still the questionhow to readably represent onept graphs derived from the oneptual sheme inonnetion with the atual database. Small onept graphs may be read o� fromlabelled line diagrams of the onept latties of appositions of relational sales,as the onept graphs about the ight onnetions between two airports fromthe nested line diagram in Figure 5. But a little bit larger onept graphs mightalready diminish the readability seriously. Then, Sowa's onventions for drawingoneptual graphs [So84℄ would be better for the graphial representation ofonept graphs; for our example, suh representation is given by Figure 6 in[PW99℄ showing the ight onnetions of a ommuter between Innsbruk andVienna.



TIME: ?

TIME: ?

ARRV

ATTR DAYS: ?

FLIGHT: 591*

DEPT

TOFLIGHT: ?AIRPORT: Vienna FROM AIRPORT: Salzburg

6-7

Fig. 6. Query graphs for retrieving ight informationSowa's graph representations may also be used for formulating queries withina TOSCANA-system. This an be performed by hoosing from presented linediagrams some oneptual and relational instanes and by ombining those in-stanes to a graphially represented onept graph in whih one or more refer-enes are replaed by question marks. The graphial representation of the querygraphs is needed for heking them syntatially and semantially. Figure 6 showssome examples of querying ight information using onept graphs. In [GE99℄,it is disussed how those query graphs may be algorithmially tranformed intoSQL statements for querying the database of the TOSCANA-system.Sine the intention for developing TOSCANA was always to o�er the userrih information in a transparent way so that she an make her deisions based onthe presented information whih is restrited as little as possible, a TOSCANA-system should allow general queries having as answer a wide \landsape" ofdetailed fats. For instane, a user, living in Vienna, might ask for the bestight onnetions at the weekend between Saturday 7 a.m. and Sunday 8 p.m.for visiting Graz, Innsbruk, and Salzburg where she has to meet olleagues todisuss important douments. The full information, under the given restritions,is represented in the onept graph shown in Figure 7. Obviously, suh a repre-sentation would be too omplex for the ustomary user. Therefore, we proposeanother graphial representation, shown in Figure 8, whih yields the same ightinformation as the graph in Figure 7. The easily understood onventions of theshown information map are the following: A straight line onneting two townsindiates that there are diret ights between those towns and an arrowhead onsuh a line points toward their destination; a small table linked to an arrowheadgives the information about the relevant ights, their departure and arrival times,and the week-days they operate. The used graphial means an be desribed byPAL terms as follows: the arrows represent to the objets of the extent of From-To, the link between an arrowhead and a ight number in the relevant table isharaterized by the ompound attribute �13(�(From; To)), and the olumnsin the small tables orrespond to the objets in the extent of the ompoundattribute �(:�12(:Sa;:Su); �14(�(�13(�(Dept; Arrv)); F lDays)). The desrip-tions by PAL terms allow a ontextual-logi management of the informationmaps so that they an be integrated in a TOSCANA-system.
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Fig. 8. Information map with the same ight information as the graph in Figure 7An inspetion of the information map immediately shows that tours via Grazto Innsbruk or Klagenfurt are impossible. Therefore, ights to Innsbruk andSalzburg with further onnetions have to be onsidered. Sine there is only oneight from Salzburg to Graz late on Sunday, the best hoies, giving reason-able periods of time for meeting olleagues, seem to be the ights 590 (Vienna-Salzburg), 2985 (Salzburg-Innsbruk), 1583 (Innsbruk-Graz), and 549 (Graz-Vienna); but there is also another solution, namely the ights 070 (Vienna-Innsbruk), 2984 (Innsbruk-Salzburg), 597 (Salzburg-Vienna), 540 (Vienna-Graz), and 549 (Graz-Vienna). Now, the user has to deide, using further infor-mation and preferenes, for instane, about staying over night in a hotel or athome and about the best possible times for the meetings.The example teahes us that the development of a TOSCANA-system hasto use as muh as possible the bakground knowledge of the potential users,espeially, for obtaining a satisfatory human-mahine interfae. The tremendousinrease of readability by hanging from Figure 7 to 8 has its explanation in theommon knowledge in our present ulture, in partiular, onerning the use ofgeographial maps and spatial reasoning. For instane, straight lines betweentowns with arrowheads on them may be intuitively understood as ight routes,and rows in a table, linked to a ight route, whih have two numbers afterthe word \Time" are identi�ed as the orresponding departure and arrival timewithout any diÆulty (notie that the ativated bakground knowledge has tobe made expliit in Figure 7). Of ourse, the labelled line diagrams of oneptlatties are less easily read and require some pratie, but our experiene is thatustomers, who are familar with the appliation domain and are interested inthe presented information, understand labelled line diagram astonishingly well.Therefore, also in the future, TOSCANA-systems will use labelled line diagramsfor presenting information, but will ombine them with information maps andother graphial representations.



Aknowledgement: This paper has substantially bene�ted from the �nanialsupport given by the Australian Researh Counil (IREX-Programme) whihallowed the fourth author to work for two months in 1999 at the Shool ofInformation Tehnology of the GriÆth University (Gold Coast Campus).Referenes[Bu91℄ R. W. Burh: A Peirean redution thesis. Texas Teh University Press,Lubbok 1991.[GW99℄ B. Ganter, R. Wille: Formal Conept Analysis: Mathematial Foundations.Springer, Heidelberg 1999. (Translation of: Formale Begri�sanalyse: Math-ematishe Grundlagen. Springer, Heidelberg 1996.)[GE99℄ B. Groh, P. Eklund: Algorithms for reating relational power ontext fam-ilies from oneptual graphs. In: W. Tepfenhart, W. Cyre (eds.): Conep-tual Strutures: Standards and Praties. LNAI 1640. Springer, Heidelberg1999, 389{400.[GSW98℄ B. Groh, S. Strahringer, R. Wille: TOSCANA-systems based on thesauri.In: M.-L. Mugnier, M. Chein (eds.): Coneptual Strutures: Theory, Toolsand Appliations. LNAI 1453. Springer, Heidelberg 1998, 127{138.[KSVW94℄ W. Kollewe, M. Skorsky, F. Vogt, R. Wille: TOSCANA { ein Werkzeug zurbegri�ihen Analyse und Erkundung von Daten. In: R. Wille, M. Zikwol�(eds.): Begri�ihe Wissensverarbeitung { Grundfragen und Aufgaben. B. I.-Wissenshaftsverlag, Mannheim 1994, 267{288.[ME99℄ Ph. Martin, P. Eklund: Embedding knowledge in Web douments. Com-puter Networks 31 (1999), 1403{1409.[Na99℄ NaviCon: TOSCANA 2.1 { Benutzerhandbuh. NaviCon GmbH, Frank-furt 1999.[Pr97℄ S. Prediger: Logial saling in Formal Conept Analysis. In: D. Lukose,H. Delugah, M. Keeler, L. Searle, J. F. Sowa (eds.): Coneptual strutures:ful�lling Peire's dream. LNAI 1257. Springer, Heidelberg 1997, 332{341.[Pr98℄ S. Prediger: Kontextuelle Urteilslogik mit Begri�sgraphen. Ein Beitrag zurRestrukturierung der mathematishen Logik. Dissertation, TU Darmstadt.Shaker Verlag, Aahen 1998.[PW99℄ S. Prediger, R. Wille: The lattie of onept graphs of a relationally saledontext. In: W. Tepfenhart, W. Cyre (eds.): Coneptual Strutures: Stan-dards and Praties. LNAI 1640. Springer, Heidelberg 1999, 401{414.[So84℄ J. F. Sowa: Coneptual strutures: Information proessing in mind andmahine. Adison-Wesley, Reading 1984.[SW00℄ G. Stumme, R. Wille (eds.): Begri�ihe Wissensverarbeitung: Methodenund Anwendugen. Springer, Heidelberg 2000.[Vo96℄ F. Vogt: Datenstrukturen und Algorithmen zur Formalen Begri�sanalyse:Eine C++{Klassenbibliothek. Springer, Heidelberg 1996.[VW95℄ F. Vogt, R. Wille: TOSCANA { A graphial tool for analyzing and explor-ing data. In: R. Tamassia, I. G. Tollis (eds.): GraphDrawing '94. LNCS894. Springer, Heidelberg 1995, 226{233.[Wi97℄ R. Wille: Coneptual Graphs and Formal Conept Analysis. In: D. Lukose,H. Delugah, M. Keeler, L. Searle, J. F. Sowa (eds.): Coneptual Strutures:Ful�lling Peire's Dream. LNAI 1257. Springer, Heidelberg 1997, 290{303.[Wi00℄ R. Wille: Contextual logi summary. FB4-Preprint, TU Darmstadt 2000.


