
Diagn�ostio Baseado em ModeloSilvio do Lago PereiraLaborat�orio de Inteligênia Arti�ialInstituto de Matem�atia e Estat��stia| Universidade de S~ao Paulo |slago�ime.usp.br1 de julho de 20031 Introdu�~aoSejam SD um onjunto de f�ormulas desrevendo o funionamento de um sistema,VAR um onjunto de vari�aveis representando os omponentes desse sistema eOBS um onjunto de literais desrevendo um estado observado do sistema.A neessidade de diagn�ostio surge quando o onjunto SD [ VAR [OBS �einonsistente. Nesse aso, o diagn�ostio onsiste de um subonjunto de VAR,ontendo vari�aveis ujos omponentes orrespondentes podem estar funionandode maneira anormal.Nesse trabalho, implementamos um programa para diagn�ostio baseado emmodelo formal, onforme desrito em [Reiter, 1987℄. Na se�~ao 2, apresentamosinstru�~oes para instala�~ao e uso desse programa, bem omo alguns detalhes desua implementa�~ao; na se�~ao 3, apresentamos os resultados dos testes realizadose, �nalmente, no apêndie, apresentamos o �odigo-fonte do programa.2 O programa diagNessa se�~ao, apresentamos o programa diag, que realiza diagn�ostio baseado emmodelo formal. Todo o �odigo-fonte desse programa est�a ontido num �unio ar-quivo, denominado diag.. Assim, para instalar esse programa, basta exeutaro seguinte omando de ompila�~ao:%  diag. -o diagUma vez instalado, para exeutarmos o programa diag, preisamos ter umarquivo ontendo a desri�~ao de um problema de diagn�ostio. Um arquivo de1



desri�~ao ont�em três se�~oes: SD, VAR e OBS. A primeira delas �e formada pelasl�ausulas que desrevem o funionamento do sistema; a segunda, �e formada ape-nas pelas vari�aveis proposiionais que representam os omponentes do sistema ea tereira ont�em literais que desrevem o estado observado. Por exemplo, parao iruito na �gura 1, uma desri�~ao de problema poderia ser a seguinte:SD-A -OKX C-B -OKX CA B -OKX -C-A -B -OKY DA -OKY -DB -OKY -D-D -OKZ -ED -OKZ E-C -E -OKW FC -OKW -FE -OKW -FVAROKXOKYOKZOKWOBSABF
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FFigura 1: Ciruito que implementa o operador xor.Assim, supondo que essa desri�~ao esteja no arquivo xor.nf, para enontraros diagn�ostios para esse sistema, podemos exeutar o omando diag xor.nf2



e, ent~ao, os diagn�ostios enontrados ser~ao gravados num arquivo denominadoxor.dia. Se for desejado rastrear os passos de onstru�~ao do grafo a��lio,a partir do qual s~ao extra��dos os diagn�ostios, podemos usar a op�~ao -r doomando diag, onforme exempli�ado a seguir:% diag xor.nf -rRotular raiz om {OKX,OKY,OKZ,OKW}.==================== V�erties ====================0: [1, {}, {OKX,OKY,OKZ,OKW}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro OKX.* riar o v�ertie 1 om r�otulo {OKY,OKZ,OKW}* alterar v�ertie 0 de {OKX,OKY,OKZ,OKW}para {OKY,OKZ,OKW},removendo os aros em {OKX}.- remover o aro OKW de 1.- remover o aro OKZ de 1.- remover o aro OKY de 1.- remover o v�ertie 1.- remover o aro OKX de 0.=> A partir do aro OKY.* utilizar o r�otulo espeial.=> A partir do aro OKZ.* utilizar o r�otulo espeial.=> A partir do aro OKW.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {OKY}2: {OKZ}3: {OKW}2.1 Detalhes de implementa�~aoNessa se�~ao, desrevemos alguns detalhes da implementa�~ao do programa diag.2.1.1 Os algoritmosPara enontrar os diagn�ostios, adaptamos o algoritmo de orte minimal deReiter de modo que, em vez de forneermos omo entrada a fam��lia de onjun-tos ujo orte minimal dever�a ser omputado, vamos gerando esses onjuntossob demanda. Quando preisamos de um onjunto onito para rotular umdeterminado v�ertie m, hamamos o algoritmo DPL om o onjunto de l�ausulasSD[VARnH(m)[OBS , onde H(m) �e o onjunto de r�otulos do aminho que le-3



va da raiz at�e o v�ertie m. Ent~ao, se esse onjunto de l�ausulas for insatisfat��vel,DPL devolve um onjunto onito C � VAR tal que C \H(m) = ;.2.1.2 As estruturas de dadosNa implementa�~ao do algoritmo de Reiter, os onjuntos de vari�aveis que rotulamos v�erties do grafo s~ao representados por vetores de 32 bits. Isso �e poss��velporque garantimos que as vari�aveis do tipo OK* sejam aloadas nas primeiras 32posi�~oes da tabela de s��mbolos. Por exemplo, se as vari�aveis s~ao OKV, OKW, OKX,OKY e OKZ, o onjunto fOKV;OKY;OKZg �e representado pelo bin�ario 11001.Assim, todas as opera�~oes sobre onjuntos podem ser realizadas e�ientemente,em tempo onstante, om o uso de operadores l�ogios bit-a-bit.Para armazenar o grafo a��lio onstru��do pelo programa, utilizamos a estru-tura de dados ilustrada na �gura 2. Nessa estrutura, ada v�ertie �e representadopor um n�o que armazena os seguintes ampos:� ref: um ontador de referênias, indiando o grau de entrada desse v�ertie;� path: um onjunto que rotula os aros que levam da raiz at�e esse v�ertie;� label: um onjunto que rotula o pr�oprio v�ertie, e� ars: uma lista dos aros que partem do v�ertie.
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{a,b} {} {a,c} {b,d} {b,c} {}Figura 2: Estrutura de dados para o armazenamento do DAG.O ampo ref de um v�ertie �e inrementado a ada vez que esse v�ertie �ereutilizado omo destino de um aro re�em riado. Inversamente, ada vez queum aro �e removido, o ampo ref do v�ertie apontado por esse aro �e deremen-tado. Ent~ao, se esse ontador de referênias �e zerado, o v�ertie orrespondente�e removido do grafo. O ampo path de v�ertie m, nos permite obter, em tempoonstante, o onjunto H(m). O ampo label armazena o r�otulo do v�ertie;partiularmente, se esse r�otulo for o onjunto vazio, ent~ao esse v�ertie �e um n�oterminal no grafo e o seu ampo label armazena um poss��vel diagn�ostio.4



3 Testes realizados3.1 AndersonCl�ausulas0: -A -okX -B1: A -okX B2: -B -okY -C3: B -okY C4: okX5: okY6: A7: -CRotular raiz om {okX,okY}.==================== V�erties ====================0: [1, {}, {okX,okY}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro okX.* utilizar o r�otulo espeial.=> A partir do aro okY.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {okX}2: {okY}3.2 Andr�eCl�ausulas0: -A -B -OKCP C1: A -OKCP -C2: B -OKCP -C3: -D -E -OKEV F4: D -OKEV -F5: E -OKEV -F6: -C -F -OKBD G7: C -OKBD -G8: F -OKBD -G9: OKCP10: OKEV11: OKBD12: -G13: F14: A15: B 5



Rotular raiz om {OKCP,OKEV,OKBD}.==================== V�erties ====================0: [1, {}, {OKCP,OKEV,OKBD}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro OKCP.* utilizar o r�otulo espeial.=> A partir do aro OKEV.* riar o v�ertie 2 om r�otulo {OKCP,OKBD}* alterar v�ertie 0 de {OKCP,OKEV,OKBD}para {OKCP,OKBD},removendo os aros em {OKEV}.- remover o aro OKBD de 2.- remover o aro OKCP de 2.- remover o v�ertie 2.- remover o aro OKEV de 0.=> A partir do aro OKBD.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {OKCP}2: {OKBD}3.3 AntônioCl�ausulas0: -A -okX -C1: A -okX C2: -B -okY D3: -C -okY D4: B C -oky -D5: -D -okZ F6: -E -okZ F7: D E -okZ -F8: okX9: okY10: okZ11: B12: -FRotular raiz om {okX,okY,okZ}.==================== V�erties ====================0: [1, {}, {okX,okY,okZ}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro okX. 6



* riar o v�ertie 1 om r�otulo {okY,okZ}* alterar v�ertie 0 de {okX,okY,okZ}para {okY,okZ},removendo os aros em {okX}.- remover o aro okZ de 1.- remover o aro okY de 1.- remover o v�ertie 1.- remover o aro okX de 0.=> A partir do aro okY.* utilizar o r�otulo espeial.=> A partir do aro okZ.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {okY}2: {okZ}3.4 BarelosCl�ausulas0: -A -B -okX -D1: A -okX -D2: B -okX -B3: C -okY -E4: D -okY -E5: -B -okZ F6: -E -okZ F7: B E -okZ -F8: okX9: okY10: okZ11: -B12: -C13: FRotular raiz om {okX,okY,okZ}.==================== V�erties ====================0: [1, {}, {okX,okY,okZ}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro okX.* riar o v�ertie 1 om r�otulo {okY,okZ}* alterar v�ertie 0 de {okX,okY,okZ}para {okY,okZ},removendo os aros em {okX}.- remover o aro okZ de 1.- remover o aro okY de 1.- remover o v�ertie 1.- remover o aro okX de 0.=> A partir do aro okY. 7



* utilizar o r�otulo espeial.=> A partir do aro okZ.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {okY}2: {okZ}3.5 ChristianCl�ausulas0: -A -okN1 -W1: A -okN1 W2: -C -B -okA1 Z3: C -okA1 -Z4: B -okA1 -Z5: -W -C -okA2 Y6: W -okA2 -Y7: C -okA2 -Y8: -A -C -okA3 F9: A -okA3 -F10: C -okA3 -F11: -A -okO1 D12: -Z -okO1 D13: A Z -okO1 -D14: -Y -okO2 E15: -B -okO2 E16: Y B -okO2 -E17: okN118: okA119: okA220: okA321: okO122: okO223: -A24: B25: C26: -D27: -E28: FRotular raiz om {okN1,okA1,okA2,okA3,okO1,okO2}.==================== V�erties ====================0: [1, {}, {okN1,okA1,okA2,okA3,okO1,okO2}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro okN1.* riar o v�ertie 1 om r�otulo {okA1,okA2,okA3,okO1,okO2}* alterar v�ertie 0 de {okN1,okA1,okA2,okA3,okO1,okO2}para {okA1,okA2,okA3,okO1,okO2}, 8



removendo os aros em {okN1}.- remover o aro okO2 de 1.- remover o aro okO1 de 1.- remover o aro okA3 de 1.- remover o aro okA2 de 1.- remover o aro okA1 de 1.- remover o v�ertie 1.- remover o aro okN1 de 0.=> A partir do aro okA1.* riar o v�ertie 2 om r�otulo {okN1,okA2,okA3,okO1,okO2}=> A partir do aro okA2.* riar o v�ertie 3 om r�otulo {okN1,okA1,okA3,okO1,okO2}=> A partir do aro okA3.* riar o v�ertie 4 om r�otulo {okN1,okA1,okA2,okO1,okO2}=> A partir do aro okO1.* riar o v�ertie 5 om r�otulo {okN1,okA1,okA2,okA3,okO2}=> A partir do aro okO2.* riar o v�ertie 6 om r�otulo {okN1,okA1,okA2,okA3,okO1}==================== V�erties ====================0: [1, {}, {okA1,okA2,okA3,okO1,okO2}℄2: [1, {okA1}, {okN1,okA2,okA3,okO1,okO2}℄3: [1, {okA2}, {okN1,okA1,okA3,okO1,okO2}℄4: [1, {okA3}, {okN1,okA1,okA2,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okA2,okA3,okO2}℄6: [1, {okO2}, {okN1,okA1,okA2,okA3,okO1}℄--------------------------------------------------Expandir v�ertie 2.=> A partir do aro okN1.* riar o v�ertie 7 om r�otulo {okA2,okA3,okO1,okO2}* alterar v�ertie 0 de {okA1,okA2,okA3,okO1,okO2}para {okA2,okA3,okO1,okO2},removendo os aros em {okA1}.- remover o aro okO2 de 2.- remover o aro okO1 de 2.- remover o aro okA3 de 2.- remover o aro okA2 de 2.- remover o aro okO2 de 7.- remover o aro okO1 de 7.- remover o aro okA3 de 7.- remover o aro okA2 de 7.- remover o v�ertie 7.- remover o aro okN1 de 2.- remover o v�ertie 2.- remover o aro okA1 de 0.==================== V�erties ====================0: [1, {}, {okA2,okA3,okO1,okO2}℄3: [1, {okA2}, {okN1,okA1,okA3,okO1,okO2}℄4: [1, {okA3}, {okN1,okA1,okA2,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okA2,okA3,okO2}℄6: [1, {okO2}, {okN1,okA1,okA2,okA3,okO1}℄--------------------------------------------------Expandir v�ertie 3. 9



=> A partir do aro okN1.* riar o v�ertie 8 om r�otulo {okA1,okA3,okO1,okO2}* alterar v�ertie 3 de {okN1,okA1,okA3,okO1,okO2}para {okA1,okA3,okO1,okO2},removendo os aros em {okN1}.- remover o aro okO2 de 8.- remover o aro okO1 de 8.- remover o aro okA3 de 8.- remover o aro okA1 de 8.- remover o v�ertie 8.- remover o aro okN1 de 3.=> A partir do aro okA1.* riar o v�ertie 9 om r�otulo {okN1,okA3,okO1,okO2}=> A partir do aro okA3.* riar o v�ertie 10 om r�otulo {okN1,okA1,okO1,okO2}* alterar v�ertie 4 de {okN1,okA1,okA2,okO1,okO2}para {okN1,okA1,okO1,okO2},removendo os aros em {okA2}.- remover o aro okA2 de 4.=> A partir do aro okO1.* riar o v�ertie 11 om r�otulo {okN1,okA1,okA3,okO2}* alterar v�ertie 5 de {okN1,okA1,okA2,okA3,okO2}para {okN1,okA1,okA3,okO2},removendo os aros em {okA2}.- remover o aro okA2 de 5.=> A partir do aro okO2.* riar o v�ertie 12 om r�otulo {okN1,okA1,okA3,okO1}* alterar v�ertie 6 de {okN1,okA1,okA2,okA3,okO1}para {okN1,okA1,okA3,okO1},removendo os aros em {okA2}.- remover o aro okA2 de 6.==================== V�erties ====================0: [1, {}, {okA2,okA3,okO1,okO2}℄3: [1, {okA2}, {okA1,okA3,okO1,okO2}℄4: [1, {okA3}, {okN1,okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okA3,okO2}℄6: [1, {okO2}, {okN1,okA1,okA3,okO1}℄9: [1, {okA1,okA2}, {okN1,okA3,okO1,okO2}℄10: [1, {okA2,okA3}, {okN1,okA1,okO1,okO2}℄11: [1, {okA2,okO1}, {okN1,okA1,okA3,okO2}℄12: [1, {okA2,okO2}, {okN1,okA1,okA3,okO1}℄--------------------------------------------------Expandir v�ertie 4.=> A partir do aro okN1.* riar o v�ertie 13 om r�otulo {okA1,okA2,okO1,okO2}=> A partir do aro okA1.* riar o v�ertie 14 om r�otulo {okN1,okA2,okO1,okO2}=> A partir do aro okO1.* riar o v�ertie 15 om r�otulo {okN1,okA1,okA2,okO2}=> A partir do aro okO2.* riar o v�ertie 16 om r�otulo {okN1,okA1,okA2,okO1}==================== V�erties ====================10



0: [1, {}, {okA2,okA3,okO1,okO2}℄3: [1, {okA2}, {okA1,okA3,okO1,okO2}℄4: [1, {okA3}, {okN1,okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okA3,okO2}℄6: [1, {okO2}, {okN1,okA1,okA3,okO1}℄9: [1, {okA1,okA2}, {okN1,okA3,okO1,okO2}℄10: [1, {okA2,okA3}, {okN1,okA1,okO1,okO2}℄11: [1, {okA2,okO1}, {okN1,okA1,okA3,okO2}℄12: [1, {okA2,okO2}, {okN1,okA1,okA3,okO1}℄13: [1, {okN1,okA3}, {okA1,okA2,okO1,okO2}℄14: [1, {okA1,okA3}, {okN1,okA2,okO1,okO2}℄15: [1, {okA3,okO1}, {okN1,okA1,okA2,okO2}℄16: [1, {okA3,okO2}, {okN1,okA1,okA2,okO1}℄--------------------------------------------------Expandir v�ertie 5.=> A partir do aro okN1.* riar o v�ertie 17 om r�otulo {okA1,okA2,okA3,okO2}=> A partir do aro okA1.* riar o v�ertie 18 om r�otulo {okN1,okA2,okA3,okO2}=> A partir do aro okA3.* reutilizar o v�ertie 15.=> A partir do aro okO2.* riar o v�ertie 19 om r�otulo {okN1,okA1,okA2,okA3}==================== V�erties ====================0: [1, {}, {okA2,okA3,okO1,okO2}℄3: [1, {okA2}, {okA1,okA3,okO1,okO2}℄4: [1, {okA3}, {okN1,okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okA3,okO2}℄6: [1, {okO2}, {okN1,okA1,okA3,okO1}℄9: [1, {okA1,okA2}, {okN1,okA3,okO1,okO2}℄10: [1, {okA2,okA3}, {okN1,okA1,okO1,okO2}℄11: [1, {okA2,okO1}, {okN1,okA1,okA3,okO2}℄12: [1, {okA2,okO2}, {okN1,okA1,okA3,okO1}℄13: [1, {okN1,okA3}, {okA1,okA2,okO1,okO2}℄14: [1, {okA1,okA3}, {okN1,okA2,okO1,okO2}℄15: [2, {okA3,okO1}, {okN1,okA1,okA2,okO2}℄16: [1, {okA3,okO2}, {okN1,okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okA3,okO2}℄18: [1, {okA1,okO1}, {okN1,okA2,okA3,okO2}℄19: [1, {okO1,okO2}, {okN1,okA1,okA2,okA3}℄--------------------------------------------------Expandir v�ertie 6.=> A partir do aro okN1.* riar o v�ertie 20 om r�otulo {okA1,okA2,okA3,okO1}=> A partir do aro okA1.* riar o v�ertie 21 om r�otulo {okN1,okA2,okA3,okO1}=> A partir do aro okA3.* reutilizar o v�ertie 16.=> A partir do aro okO1.* reutilizar o v�ertie 19.==================== V�erties ====================11



0: [1, {}, {okA2,okA3,okO1,okO2}℄3: [1, {okA2}, {okA1,okA3,okO1,okO2}℄4: [1, {okA3}, {okN1,okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okA3,okO2}℄6: [1, {okO2}, {okN1,okA1,okA3,okO1}℄9: [1, {okA1,okA2}, {okN1,okA3,okO1,okO2}℄10: [1, {okA2,okA3}, {okN1,okA1,okO1,okO2}℄11: [1, {okA2,okO1}, {okN1,okA1,okA3,okO2}℄12: [1, {okA2,okO2}, {okN1,okA1,okA3,okO1}℄13: [1, {okN1,okA3}, {okA1,okA2,okO1,okO2}℄14: [1, {okA1,okA3}, {okN1,okA2,okO1,okO2}℄15: [2, {okA3,okO1}, {okN1,okA1,okA2,okO2}℄16: [2, {okA3,okO2}, {okN1,okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okA3,okO2}℄18: [1, {okA1,okO1}, {okN1,okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okN1,okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA1,okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3,okO1}℄--------------------------------------------------Expandir v�ertie 9.=> A partir do aro okN1.* riar o v�ertie 22 om r�otulo {okA3,okO1,okO2}* alterar v�ertie 0 de {okA2,okA3,okO1,okO2}para {okA3,okO1,okO2},removendo os aros em {okA2}.- remover o aro okO1 de 12.- remover o aro okA3 de 12.- remover o aro okA1 de 12.- remover o aro okN1 de 12.- remover o v�ertie 12.- remover o aro okO2 de 3.- remover o aro okO2 de 11.- remover o aro okA3 de 11.- remover o aro okA1 de 11.- remover o aro okN1 de 11.- remover o v�ertie 11.- remover o aro okO1 de 3.- remover o aro okO2 de 10.- remover o aro okO1 de 10.- remover o aro okA1 de 10.- remover o aro okN1 de 10.- remover o v�ertie 10.- remover o aro okA3 de 3.- remover o aro okO2 de 9.- remover o aro okO1 de 9.- remover o aro okA3 de 9.- remover o aro okO2 de 22.- remover o aro okO1 de 22.- remover o aro okA3 de 22.- remover o v�ertie 22.- remover o aro okN1 de 9.- remover o v�ertie 9.- remover o aro okA1 de 3.- remover o v�ertie 3.- remover o aro okA2 de 0. 12



==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okN1,okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okA3,okO2}℄6: [1, {okO2}, {okN1,okA1,okA3,okO1}℄13: [1, {okN1,okA3}, {okA1,okA2,okO1,okO2}℄14: [1, {okA1,okA3}, {okN1,okA2,okO1,okO2}℄15: [2, {okA3,okO1}, {okN1,okA1,okA2,okO2}℄16: [2, {okA3,okO2}, {okN1,okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okA3,okO2}℄18: [1, {okA1,okO1}, {okN1,okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okN1,okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA1,okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3,okO1}℄--------------------------------------------------Expandir v�ertie 13.=> A partir do aro okA1.* riar o v�ertie 23 om r�otulo {okA2,okO1,okO2}* alterar v�ertie 13 de {okA1,okA2,okO1,okO2}para {okA2,okO1,okO2},removendo os aros em {okA1}.- remover o aro okO2 de 23.- remover o aro okO1 de 23.- remover o aro okA2 de 23.- remover o v�ertie 23.- remover o aro okA1 de 13.=> A partir do aro okA2.* riar o v�ertie 24 om r�otulo {okA1,okO1,okO2}* alterar v�ertie 4 de {okN1,okA1,okO1,okO2}para {okA1,okO1,okO2},removendo os aros em {okN1}.- remover o aro okO2 de 13.- remover o aro okO1 de 13.- remover o aro okO2 de 24.- remover o aro okO1 de 24.- remover o aro okA1 de 24.- remover o v�ertie 24.- remover o aro okA2 de 13.- remover o v�ertie 13.- remover o aro okN1 de 4.==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okA3,okO2}℄6: [1, {okO2}, {okN1,okA1,okA3,okO1}℄14: [1, {okA1,okA3}, {okN1,okA2,okO1,okO2}℄15: [2, {okA3,okO1}, {okN1,okA1,okA2,okO2}℄16: [2, {okA3,okO2}, {okN1,okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okA3,okO2}℄18: [1, {okA1,okO1}, {okN1,okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okN1,okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA1,okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3,okO1}℄13



--------------------------------------------------Expandir v�ertie 14.=> A partir do aro okN1.* riar o v�ertie 25 om r�otulo {okA2,okO1,okO2}* alterar v�ertie 14 de {okN1,okA2,okO1,okO2}para {okA2,okO1,okO2},removendo os aros em {okN1}.- remover o aro okO2 de 25.- remover o aro okO1 de 25.- remover o aro okA2 de 25.- remover o v�ertie 25.- remover o aro okN1 de 14.=> A partir do aro okA2.* riar o v�ertie 26 om r�otulo {okN1,okO1,okO2}=> A partir do aro okO1.* riar o v�ertie 27 om r�otulo {okN1,okA2,okO2}* alterar v�ertie 15 de {okN1,okA1,okA2,okO2}para {okN1,okA2,okO2},removendo os aros em {okA1}.- remover o aro okA1 de 15.=> A partir do aro okO2.* utilizar o r�otulo espeial.==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okA3,okO2}℄6: [1, {okO2}, {okN1,okA1,okA3,okO1}℄14: [1, {okA1,okA3}, {okA2,okO1,okO2}℄15: [2, {okA3,okO1}, {okN1,okA2,okO2}℄16: [2, {okA3,okO2}, {okN1,okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okA3,okO2}℄18: [1, {okA1,okO1}, {okN1,okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okN1,okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA1,okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3,okO1}℄26: [1, {okA1,okA2,okA3}, {okN1,okO1,okO2}℄27: [1, {okA1,okA3,okO1}, {okN1,okA2,okO2}℄28: [1, {okA1,okA3,okO2}, {}℄--------------------------------------------------Expandir v�ertie 15.=> A partir do aro okN1.* riar o v�ertie 29 om r�otulo {okA1,okA2,okO2}* alterar v�ertie 17 de {okA1,okA2,okA3,okO2}para {okA1,okA2,okO2},removendo os aros em {okA3}.- remover o aro okA3 de 17.=> A partir do aro okA2.* riar o v�ertie 30 om r�otulo {okN1,okA1,okO2}* alterar v�ertie 5 de {okN1,okA1,okA3,okO2}para {okN1,okA1,okO2},removendo os aros em {okA3}.- remover o aro okA3 de 5. 14



=> A partir do aro okO2.* utilizar o r�otulo espeial.==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okO2}℄6: [1, {okO2}, {okN1,okA1,okA3,okO1}℄14: [1, {okA1,okA3}, {okA2,okO1,okO2}℄15: [1, {okA3,okO1}, {okN1,okA2,okO2}℄16: [2, {okA3,okO2}, {okN1,okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okO2}℄18: [1, {okA1,okO1}, {okN1,okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okN1,okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA1,okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3,okO1}℄26: [1, {okA1,okA2,okA3}, {okN1,okO1,okO2}℄27: [1, {okA1,okA3,okO1}, {okN1,okA2,okO2}℄28: [1, {okA1,okA3,okO2}, {}℄29: [1, {okN1,okA3,okO1}, {okA1,okA2,okO2}℄30: [1, {okA2,okA3,okO1}, {okN1,okA1,okO2}℄31: [1, {okA3,okO1,okO2}, {}℄--------------------------------------------------Expandir v�ertie 16.=> A partir do aro okN1.* riar o v�ertie 32 om r�otulo {okA1,okA2,okO1}* alterar v�ertie 16 de {okN1,okA1,okA2,okO1}para {okA1,okA2,okO1},removendo os aros em {okN1}.- remover o v�ertie 31.- remover o aro okO2 de 15.- remover o aro okO2 de 30.- remover o aro okA1 de 30.- remover o aro okN1 de 30.- remover o v�ertie 30.- remover o aro okA2 de 15.- remover o aro okO2 de 29.- remover o aro okA2 de 29.- remover o aro okA1 de 29.- remover o v�ertie 29.- remover o aro okN1 de 15.- remover o v�ertie 15.- remover o aro okO1 de 32.- remover o aro okA2 de 32.- remover o aro okA1 de 32.- remover o v�ertie 32.- remover o aro okN1 de 16.=> A partir do aro okA1.* reutilizar o v�ertie 28.=> A partir do aro okA2.* riar o v�ertie 33 om r�otulo {okN1,okA1,okO1}* alterar v�ertie 6 de {okN1,okA1,okA3,okO1}para {okN1,okA1,okO1},removendo os aros em {okA3}.- remover o aro okA3 de 6. 15



=> A partir do aro okO1.* utilizar o r�otulo espeial.==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄14: [1, {okA1,okA3}, {okA2,okO1,okO2}℄16: [1, {okA3,okO2}, {okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okO2}℄18: [1, {okA1,okO1}, {okN1,okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okN1,okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA1,okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3,okO1}℄26: [1, {okA1,okA2,okA3}, {okN1,okO1,okO2}℄27: [1, {okA1,okA3,okO1}, {okN1,okA2,okO2}℄28: [2, {okA1,okA3,okO2}, {}℄33: [1, {okA2,okA3,okO2}, {okN1,okA1,okO1}℄34: [1, {okA3,okO1,okO2}, {}℄--------------------------------------------------Expandir v�ertie 17.=> A partir do aro okA1.* riar o v�ertie 35 om r�otulo {okA2,okA3,okO2}* alterar v�ertie 18 de {okN1,okA2,okA3,okO2}para {okA2,okA3,okO2},removendo os aros em {okN1}.- remover o aro okN1 de 18.=> A partir do aro okA2.* riar o v�ertie 36 om r�otulo {okA1,okA3,okO2}=> A partir do aro okO2.* riar o v�ertie 37 om r�otulo {okA1,okA2,okA3}* alterar v�ertie 19 de {okN1,okA1,okA2,okA3}para {okA1,okA2,okA3},removendo os aros em {okN1}.- remover o aro okN1 de 19.==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄14: [1, {okA1,okA3}, {okA2,okO1,okO2}℄16: [1, {okA3,okO2}, {okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okO2}℄18: [1, {okA1,okO1}, {okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA1,okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3,okO1}℄26: [1, {okA1,okA2,okA3}, {okN1,okO1,okO2}℄27: [1, {okA1,okA3,okO1}, {okN1,okA2,okO2}℄28: [2, {okA1,okA3,okO2}, {}℄33: [1, {okA2,okA3,okO2}, {okN1,okA1,okO1}℄34: [1, {okA3,okO1,okO2}, {}℄35: [1, {okN1,okA1,okO1}, {okA2,okA3,okO2}℄16



36: [1, {okN1,okA2,okO1}, {okA1,okA3,okO2}℄37: [1, {okN1,okO1,okO2}, {okA1,okA2,okA3}℄--------------------------------------------------Expandir v�ertie 18.=> A partir do aro okA2.* riar o v�ertie 38 om r�otulo {okN1,okA3,okO2}=> A partir do aro okA3.* reutilizar o v�ertie 27.=> A partir do aro okO2.* riar o v�ertie 39 om r�otulo {okN1,okA2,okA3}* alterar v�ertie 21 de {okN1,okA2,okA3,okO1}para {okN1,okA2,okA3},removendo os aros em {okO1}.- remover o aro okO1 de 21.==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄14: [1, {okA1,okA3}, {okA2,okO1,okO2}℄16: [1, {okA3,okO2}, {okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okO2}℄18: [1, {okA1,okO1}, {okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA1,okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3}℄26: [1, {okA1,okA2,okA3}, {okN1,okO1,okO2}℄27: [2, {okA1,okA3,okO1}, {okN1,okA2,okO2}℄28: [2, {okA1,okA3,okO2}, {}℄33: [1, {okA2,okA3,okO2}, {okN1,okA1,okO1}℄34: [1, {okA3,okO1,okO2}, {}℄35: [1, {okN1,okA1,okO1}, {okA2,okA3,okO2}℄36: [1, {okN1,okA2,okO1}, {okA1,okA3,okO2}℄37: [1, {okN1,okO1,okO2}, {okA1,okA2,okA3}℄38: [1, {okA1,okA2,okO1}, {okN1,okA3,okO2}℄39: [1, {okA1,okO1,okO2}, {okN1,okA2,okA3}℄--------------------------------------------------Expandir v�ertie 19.=> A partir do aro okA1.* reutilizar o v�ertie 39.=> A partir do aro okA2.* riar o v�ertie 40 om r�otulo {okN1,okA1,okA3}=> A partir do aro okA3.* reutilizar o v�ertie 34.==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄14: [1, {okA1,okA3}, {okA2,okO1,okO2}℄16: [1, {okA3,okO2}, {okA1,okA2,okO1}℄ 17



17: [1, {okN1,okO1}, {okA1,okA2,okO2}℄18: [1, {okA1,okO1}, {okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA1,okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3}℄26: [1, {okA1,okA2,okA3}, {okN1,okO1,okO2}℄27: [2, {okA1,okA3,okO1}, {okN1,okA2,okO2}℄28: [2, {okA1,okA3,okO2}, {}℄33: [1, {okA2,okA3,okO2}, {okN1,okA1,okO1}℄34: [2, {okA3,okO1,okO2}, {}℄35: [1, {okN1,okA1,okO1}, {okA2,okA3,okO2}℄36: [1, {okN1,okA2,okO1}, {okA1,okA3,okO2}℄37: [1, {okN1,okO1,okO2}, {okA1,okA2,okA3}℄38: [1, {okA1,okA2,okO1}, {okN1,okA3,okO2}℄39: [2, {okA1,okO1,okO2}, {okN1,okA2,okA3}℄40: [1, {okA2,okO1,okO2}, {okN1,okA1,okA3}℄--------------------------------------------------Expandir v�ertie 20.=> A partir do aro okA1.* riar o v�ertie 41 om r�otulo {okA2,okA3,okO1}* alterar v�ertie 20 de {okA1,okA2,okA3,okO1}para {okA2,okA3,okO1},removendo os aros em {okA1}.- remover o aro okO1 de 41.- remover o aro okA3 de 41.- remover o aro okA2 de 41.- remover o v�ertie 41.- remover o aro okA1 de 20.=> A partir do aro okA2.* riar o v�ertie 42 om r�otulo {okA1,okA3,okO1}=> A partir do aro okA3.* reutilizar o r�otulo {okA1,okA2,okO1}=> A partir do aro okO1.* reutilizar o v�ertie 37.==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄14: [1, {okA1,okA3}, {okA2,okO1,okO2}℄16: [1, {okA3,okO2}, {okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okO2}℄18: [1, {okA1,okO1}, {okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3}℄26: [1, {okA1,okA2,okA3}, {okN1,okO1,okO2}℄27: [2, {okA1,okA3,okO1}, {okN1,okA2,okO2}℄28: [2, {okA1,okA3,okO2}, {}℄33: [1, {okA2,okA3,okO2}, {okN1,okA1,okO1}℄34: [2, {okA3,okO1,okO2}, {}℄35: [1, {okN1,okA1,okO1}, {okA2,okA3,okO2}℄36: [1, {okN1,okA2,okO1}, {okA1,okA3,okO2}℄37: [2, {okN1,okO1,okO2}, {okA1,okA2,okA3}℄18



38: [1, {okA1,okA2,okO1}, {okN1,okA3,okO2}℄39: [2, {okA1,okO1,okO2}, {okN1,okA2,okA3}℄40: [1, {okA2,okO1,okO2}, {okN1,okA1,okA3}℄42: [1, {okN1,okA2,okO2}, {okA1,okA3,okO1}℄43: [1, {okN1,okA3,okO2}, {okA1,okA2,okO1}℄--------------------------------------------------Expandir v�ertie 21.=> A partir do aro okN1.* reutilizar o r�otulo {okA2,okA3,okO1}=> A partir do aro okA2.* riar o v�ertie 45 om r�otulo {okN1,okA3,okO1}=> A partir do aro okA3.* reutilizar o v�ertie 28.==================== V�erties ====================0: [1, {}, {okA3,okO1,okO2}℄4: [1, {okA3}, {okA1,okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄14: [1, {okA1,okA3}, {okA2,okO1,okO2}℄16: [1, {okA3,okO2}, {okA1,okA2,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okO2}℄18: [1, {okA1,okO1}, {okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3}℄26: [1, {okA1,okA2,okA3}, {okN1,okO1,okO2}℄27: [2, {okA1,okA3,okO1}, {okN1,okA2,okO2}℄28: [3, {okA1,okA3,okO2}, {}℄33: [1, {okA2,okA3,okO2}, {okN1,okA1,okO1}℄34: [2, {okA3,okO1,okO2}, {}℄35: [1, {okN1,okA1,okO1}, {okA2,okA3,okO2}℄36: [1, {okN1,okA2,okO1}, {okA1,okA3,okO2}℄37: [2, {okN1,okO1,okO2}, {okA1,okA2,okA3}℄38: [1, {okA1,okA2,okO1}, {okN1,okA3,okO2}℄39: [2, {okA1,okO1,okO2}, {okN1,okA2,okA3}℄40: [1, {okA2,okO1,okO2}, {okN1,okA1,okA3}℄42: [1, {okN1,okA2,okO2}, {okA1,okA3,okO1}℄43: [1, {okN1,okA3,okO2}, {okA1,okA2,okO1}℄44: [1, {okN1,okA1,okO2}, {okA2,okA3,okO1}℄45: [1, {okA1,okA2,okO2}, {okN1,okA3,okO1}℄--------------------------------------------------Expandir v�ertie 26.=> A partir do aro okN1.* riar o v�ertie 46 om r�otulo {okO1,okO2}* alterar v�ertie 0 de {okA3,okO1,okO2}para {okO1,okO2},removendo os aros em {okA3}.- remover o aro okO1 de 16.- remover o aro okO1 de 33.- remover o aro okA1 de 33.- remover o aro okN1 de 33.- remover o v�ertie 33. 19



- remover o aro okA2 de 16.- remover o aro okA1 de 16.- remover o v�ertie 16.- remover o aro okO2 de 4.- remover o aro okO2 de 36.- remover o aro okA3 de 36.- remover o aro okA1 de 36.- remover o v�ertie 36.- remover o aro okO1 de 4.- remover o aro okO2 de 14.- remover o aro okO1 de 14.- remover o aro okO2 de 26.- remover o aro okO1 de 26.- remover o aro okO2 de 46.- remover o aro okO1 de 46.- remover o v�ertie 46.- remover o aro okN1 de 26.- remover o v�ertie 26.- remover o aro okA2 de 14.- remover o v�ertie 14.- remover o aro okA1 de 4.- remover o v�ertie 4.- remover o aro okA3 de 0.==================== V�erties ====================0: [1, {}, {okO1,okO2}℄5: [1, {okO1}, {okN1,okA1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄17: [1, {okN1,okO1}, {okA1,okA2,okO2}℄18: [1, {okA1,okO1}, {okA2,okA3,okO2}℄19: [2, {okO1,okO2}, {okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3}℄27: [1, {okA1,okA3,okO1}, {okN1,okA2,okO2}℄28: [1, {okA1,okA3,okO2}, {}℄34: [1, {okA3,okO1,okO2}, {}℄35: [1, {okN1,okA1,okO1}, {okA2,okA3,okO2}℄37: [2, {okN1,okO1,okO2}, {okA1,okA2,okA3}℄38: [1, {okA1,okA2,okO1}, {okN1,okA3,okO2}℄39: [2, {okA1,okO1,okO2}, {okN1,okA2,okA3}℄40: [1, {okA2,okO1,okO2}, {okN1,okA1,okA3}℄42: [1, {okN1,okA2,okO2}, {okA1,okA3,okO1}℄43: [1, {okN1,okA3,okO2}, {okA1,okA2,okO1}℄44: [1, {okN1,okA1,okO2}, {okA2,okA3,okO1}℄45: [1, {okA1,okA2,okO2}, {okN1,okA3,okO1}℄--------------------------------------------------Expandir v�ertie 27.=> A partir do aro okN1.* riar o v�ertie 47 om r�otulo {okA2,okO2}* alterar v�ertie 17 de {okA1,okA2,okO2}para {okA2,okO2},removendo os aros em {okA1}.- remover o aro okO2 de 47.- remover o v�ertie 28.- remover o aro okA2 de 47. 20



- remover o v�ertie 47.- remover o aro okO2 de 35.- remover o aro okA3 de 35.- remover o aro okA2 de 35.- remover o v�ertie 35.- remover o aro okA1 de 17.=> A partir do aro okA2.* riar o v�ertie 48 om r�otulo {okN1,okO2}* alterar v�ertie 5 de {okN1,okA1,okO2}para {okN1,okO2},removendo os aros em {okA1}.- remover o aro okO2 de 18.- remover o aro okO2 de 27.- remover o aro okO2 de 48.- remover o aro okN1 de 48.- remover o v�ertie 48.- remover o aro okA2 de 27.- remover o v�ertie 164608.- remover o aro okN1 de 27.- remover o v�ertie 27.- remover o aro okA3 de 18.- remover o aro okO2 de 38.- remover o aro okA3 de 38.- remover o aro okN1 de 38.- remover o v�ertie 38.- remover o aro okA2 de 18.- remover o v�ertie 18.- remover o aro okA1 de 5.==================== V�erties ====================0: [1, {}, {okO1,okO2}℄5: [1, {okO1}, {okN1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄17: [1, {okN1,okO1}, {okA2,okO2}℄19: [2, {okO1,okO2}, {okA1,okA2,okA3}℄20: [1, {okN1,okO2}, {okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3}℄34: [1, {okA3,okO1,okO2}, {}℄37: [2, {okN1,okO1,okO2}, {okA1,okA2,okA3}℄39: [1, {okA1,okO1,okO2}, {okN1,okA2,okA3}℄40: [1, {okA2,okO1,okO2}, {okN1,okA1,okA3}℄42: [1, {okN1,okA2,okO2}, {okA1,okA3,okO1}℄43: [1, {okN1,okA3,okO2}, {okA1,okA2,okO1}℄44: [1, {okN1,okA1,okO2}, {okA2,okA3,okO1}℄45: [1, {okA1,okA2,okO2}, {okN1,okA3,okO1}℄--------------------------------------------------Expandir v�ertie 37.=> A partir do aro okA1.* riar o v�ertie 49 om r�otulo {okA2,okA3}* alterar v�ertie 19 de {okA1,okA2,okA3}para {okA2,okA3},removendo os aros em {okA1}.- remover o aro okA3 de 39.- remover o aro okA2 de 39.- remover o aro okN1 de 39. 21



- remover o v�ertie 39.- remover o aro okA1 de 19.=> A partir do aro okA2.* riar o v�ertie 50 om r�otulo {okA1,okA3}* alterar v�ertie 37 de {okA1,okA2,okA3}para {okA1,okA3},removendo os aros em {okA2}.- remover o aro okA3 de 50.- remover o aro okA1 de 50.- remover o v�ertie 50.- remover o aro okA2 de 37.=> A partir do aro okA3.* fehar o aro.==================== V�erties ====================0: [1, {}, {okO1,okO2}℄5: [1, {okO1}, {okN1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄17: [1, {okN1,okO1}, {okA2,okO2}℄19: [2, {okO1,okO2}, {okA2,okA3}℄20: [1, {okN1,okO2}, {okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA2,okA3}℄34: [1, {okA3,okO1,okO2}, {}℄37: [2, {okN1,okO1,okO2}, {okA1,okA3}℄40: [1, {okA2,okO1,okO2}, {okN1,okA1,okA3}℄42: [1, {okN1,okA2,okO2}, {okA1,okA3,okO1}℄43: [1, {okN1,okA3,okO2}, {okA1,okA2,okO1}℄44: [1, {okN1,okA1,okO2}, {okA2,okA3,okO1}℄45: [1, {okA1,okA2,okO2}, {okN1,okA3,okO1}℄49: [1, {okN1,okA1,okO1,okO2}, {okA2,okA3}℄--------------------------------------------------Expandir v�ertie 40.=> A partir do aro okN1.* riar o v�ertie 51 om r�otulo {okA1,okA3}* alterar v�ertie 40 de {okN1,okA1,okA3}para {okA1,okA3},removendo os aros em {okN1}.- remover o aro okA3 de 51.- remover o aro okA1 de 51.- remover o v�ertie 51.- remover o aro okN1 de 40.=> A partir do aro okA1.* riar o v�ertie 52 om r�otulo {okN1,okA3}* alterar v�ertie 21 de {okN1,okA2,okA3}para {okN1,okA3},removendo os aros em {okA2}.- remover o aro okO1 de 45.- remover o aro okA3 de 45.- remover o aro okN1 de 45.- remover o v�ertie 45.- remover o aro okA2 de 21.=> A partir do aro okA3.* fehar o aro.==================== V�erties ====================22



0: [1, {}, {okO1,okO2}℄5: [1, {okO1}, {okN1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄17: [1, {okN1,okO1}, {okA2,okO2}℄19: [2, {okO1,okO2}, {okA2,okA3}℄20: [1, {okN1,okO2}, {okA2,okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA3}℄34: [1, {okA3,okO1,okO2}, {}℄37: [2, {okN1,okO1,okO2}, {okA1,okA3}℄40: [1, {okA2,okO1,okO2}, {okA1,okA3}℄42: [1, {okN1,okA2,okO2}, {okA1,okA3,okO1}℄43: [1, {okN1,okA3,okO2}, {okA1,okA2,okO1}℄44: [1, {okN1,okA1,okO2}, {okA2,okA3,okO1}℄49: [1, {okN1,okA1,okO1,okO2}, {okA2,okA3}℄52: [1, {okA1,okA2,okO1,okO2}, {okN1,okA3}℄--------------------------------------------------Expandir v�ertie 42.=> A partir do aro okA1.* riar o v�ertie 53 om r�otulo {okA3,okO1}* alterar v�ertie 20 de {okA2,okA3,okO1}para {okA3,okO1},removendo os aros em {okA2}.- remover o aro okO1 de 42.- remover o aro okA3 de 42.- remover o aro okO1 de 53.- remover o aro okA3 de 53.- remover o v�ertie 53.- remover o aro okA1 de 42.- remover o v�ertie 42.- remover o aro okA2 de 20.==================== V�erties ====================0: [1, {}, {okO1,okO2}℄5: [1, {okO1}, {okN1,okO2}℄6: [1, {okO2}, {okN1,okA1,okO1}℄17: [1, {okN1,okO1}, {okA2,okO2}℄19: [2, {okO1,okO2}, {okA2,okA3}℄20: [1, {okN1,okO2}, {okA3,okO1}℄21: [1, {okA1,okO2}, {okN1,okA3}℄34: [1, {okA3,okO1,okO2}, {}℄37: [2, {okN1,okO1,okO2}, {okA1,okA3}℄40: [1, {okA2,okO1,okO2}, {okA1,okA3}℄43: [1, {okN1,okA3,okO2}, {okA1,okA2,okO1}℄44: [1, {okN1,okA1,okO2}, {okA2,okA3,okO1}℄49: [1, {okN1,okA1,okO1,okO2}, {okA2,okA3}℄52: [1, {okA1,okA2,okO1,okO2}, {okN1,okA3}℄--------------------------------------------------Expandir v�ertie 43.=> A partir do aro okA1.* utilizar o r�otulo espeial.=> A partir do aro okA2.* riar o v�ertie 55 om r�otulo {okA1,okO1}* alterar v�ertie 6 de {okN1,okA1,okO1}23



para {okA1,okO1},removendo os aros em {okN1}.- remover o aro okO1 de 20.- remover o aro okO1 de 43.- remover o aro okO1 de 55.- remover o aro okA1 de 55.- remover o v�ertie 55.- remover o aro okA2 de 43.- remover o v�ertie 54.- remover o aro okA1 de 43.- remover o v�ertie 43.- remover o aro okA3 de 20.- remover o v�ertie 20.- remover o aro okN1 de 6.==================== V�erties ====================0: [1, {}, {okO1,okO2}℄5: [1, {okO1}, {okN1,okO2}℄6: [1, {okO2}, {okA1,okO1}℄17: [1, {okN1,okO1}, {okA2,okO2}℄19: [2, {okO1,okO2}, {okA2,okA3}℄21: [1, {okA1,okO2}, {okN1,okA3}℄34: [1, {okA3,okO1,okO2}, {}℄37: [1, {okN1,okO1,okO2}, {okA1,okA3}℄40: [1, {okA2,okO1,okO2}, {okA1,okA3}℄44: [1, {okN1,okA1,okO2}, {okA2,okA3,okO1}℄49: [1, {okN1,okA1,okO1,okO2}, {okA2,okA3}℄52: [1, {okA1,okA2,okO1,okO2}, {okN1,okA3}℄--------------------------------------------------Expandir v�ertie 44.=> A partir do aro okA2.* riar o v�ertie 56 om r�otulo {okA3,okO1}* alterar v�ertie 44 de {okA2,okA3,okO1}para {okA3,okO1},removendo os aros em {okA2}.- remover o aro okA3 de 37.- remover o aro okA3 de 52.- remover o aro okN1 de 52.- remover o v�ertie 52.- remover o aro okA3 de 49.- remover o aro okA2 de 49.- remover o v�ertie 49.- remover o aro okA1 de 37.- remover o v�ertie 37.- remover o aro okO1 de 56.- remover o aro okA3 de 56.- remover o v�ertie 56.- remover o aro okA2 de 44.=> A partir do aro okA3.* utilizar o r�otulo espeial.=> A partir do aro okO1.* reutilizar o r�otulo {okA2,okA3}==================== V�erties ====================0: [1, {}, {okO1,okO2}℄ 24



5: [1, {okO1}, {okN1,okO2}℄6: [1, {okO2}, {okA1,okO1}℄17: [1, {okN1,okO1}, {okA2,okO2}℄19: [2, {okO1,okO2}, {okA2,okA3}℄21: [1, {okA1,okO2}, {okN1,okA3}℄34: [1, {okA3,okO1,okO2}, {}℄40: [1, {okA2,okO1,okO2}, {okA1,okA3}℄44: [1, {okN1,okA1,okO2}, {okA3,okO1}℄57: [1, {okN1,okA1,okA3,okO2}, {}℄58: [1, {okN1,okA1,okO1,okO2}, {okA2,okA3}℄--------------------------------------------------Expandir v�ertie 58.=> A partir do aro okA2.* riar o v�ertie 59 om r�otulo {okA3}* alterar v�ertie 19 de {okA2,okA3}para {okA3},removendo os aros em {okA2}.- remover o aro okA3 de 40.- remover o v�ertie 57.- remover o aro okA1 de 40.- remover o v�ertie 40.- remover o aro okA2 de 19.=> A partir do aro okA3.* fehar o aro.==================== V�erties ====================0: [1, {}, {okO1,okO2}℄5: [1, {okO1}, {okN1,okO2}℄6: [1, {okO2}, {okA1,okO1}℄17: [1, {okN1,okO1}, {okA2,okO2}℄19: [2, {okO1,okO2}, {okA3}℄21: [1, {okA1,okO2}, {okN1,okA3}℄34: [1, {okA3,okO1,okO2}, {}℄44: [1, {okN1,okA1,okO2}, {okA3,okO1}℄58: [1, {okN1,okA1,okO1,okO2}, {okA2,okA3}℄59: [1, {okN1,okA1,okA2,okO1,okO2}, {okA3}℄--------------------------------------------------Expandir v�ertie 59.=> A partir do aro okA3.* fehar o aro.================== Diagn�ostios ==================1: {okA3,okO1,okO2}3.6 F�abioCl�ausulas0: -A -B -OKY F 25



1: A -OKY -F2: B -OKY -F3: -A -OKU -C4: A -OKU C5: -B -OKV -D6: B -OKV D7: -C -D -OKX E8: C -OKX -E9: D -OKX -E10: -E -OKZ G11: -F -OKZ G12: E F -OKZ -G13: OKU14: OKV15: OKX16: OKY17: OKZ18: A19: -B20: GRotular raiz om {OKU,OKV,OKX,OKY,OKZ}.==================== V�erties ====================0: [1, {}, {OKU,OKV,OKX,OKY,OKZ}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro OKU.* utilizar o r�otulo espeial.=> A partir do aro OKV.* riar o v�ertie 2 om r�otulo {OKU,OKX,OKY,OKZ}* alterar v�ertie 0 de {OKU,OKV,OKX,OKY,OKZ}para {OKU,OKX,OKY,OKZ},removendo os aros em {OKV}.- remover o aro OKZ de 2.- remover o aro OKY de 2.- remover o aro OKX de 2.- remover o aro OKU de 2.- remover o v�ertie 2.- remover o aro OKV de 0.=> A partir do aro OKX.* utilizar o r�otulo espeial.=> A partir do aro OKY.* utilizar o r�otulo espeial.=> A partir do aro OKZ.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {OKU}2: {OKX}3: {OKY}4: {OKZ} 26



3.7 FernandoCl�ausulas0: -A -B -OKX C1: A -OKX -C2: B -OKX -C3: -C -OKY -D4: C -OKY D5: -D -OKZ -E6: D -OKZ E7: OKX8: OKY9: OKZ10: -A11: -C12: ERotular raiz om {OKX,OKY,OKZ}.==================== V�erties ====================0: [1, {}, {OKX,OKY,OKZ}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro OKX.* riar o v�ertie 1 om r�otulo {OKY,OKZ}* alterar v�ertie 0 de {OKX,OKY,OKZ}para {OKY,OKZ},removendo os aros em {OKX}.- remover o aro OKZ de 1.- remover o aro OKY de 1.- remover o v�ertie 1.- remover o aro OKX de 0.=> A partir do aro OKY.* utilizar o r�otulo espeial.=> A partir do aro OKZ.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {OKY}2: {OKZ}3.8 GermanoCl�ausulas0: -A -OKX -D1: A -OKX D2: -B -D -OKZ F3: B -OKZ -F4: D -OKZ -F 27



5: -B -OKY -E6: B -OKY E7: -E -C -OKW G8: E -OKW -G9: C -OKW -G10: -F -OKU H11: -G -OKU H12: F G -OKU -H13: OKX14: OKY15: OKZ16: OKW17: OKU18: -A19: C20: -HRotular raiz om {OKX,OKY,OKZ,OKW,OKU}.==================== V�erties ====================0: [1, {}, {OKX,OKY,OKZ,OKW,OKU}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro OKX.* utilizar o r�otulo espeial.=> A partir do aro OKY.* utilizar o r�otulo espeial.=> A partir do aro OKZ.* utilizar o r�otulo espeial.=> A partir do aro OKW.* utilizar o r�otulo espeial.=> A partir do aro OKU.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {OKX}2: {OKY}3: {OKZ}4: {OKW}5: {OKU}3.9 JulianaCl�ausulas0: - -okN1 -e1:  -okN1 e2: -b -okO1 f3: -e -okO1 f4: b e -okO1 -f5: -a -b -okA1 d6: a -okA1 -d 28



7: b -okA1 -d8: - -okO2 g9: -d -okO2 g10:  d -okO2 -g11: -f -g -okA2 h12: f -okA2 -h13: g -okA2 -h14: okA115: okN116: okO117: okA218: okO219: a20: b21: 22: -hRotular raiz om {okA1,okN1,okO1,okA2,okO2}.==================== V�erties ====================0: [1, {}, {okA1,okN1,okO1,okA2,okO2}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro okA1.* riar o v�ertie 1 om r�otulo {okN1,okO1,okA2,okO2}* alterar v�ertie 0 de {okA1,okN1,okO1,okA2,okO2}para {okN1,okO1,okA2,okO2},removendo os aros em {okA1}.- remover o aro okO2 de 1.- remover o aro okA2 de 1.- remover o aro okO1 de 1.- remover o aro okN1 de 1.- remover o v�ertie 1.- remover o aro okA1 de 0.=> A partir do aro okN1.* riar o v�ertie 2 om r�otulo {okA1,okO1,okA2,okO2}=> A partir do aro okO1.* utilizar o r�otulo espeial.=> A partir do aro okA2.* utilizar o r�otulo espeial.=> A partir do aro okO2.* utilizar o r�otulo espeial.==================== V�erties ====================0: [1, {}, {okN1,okO1,okA2,okO2}℄2: [1, {okN1}, {okA1,okO1,okA2,okO2}℄3: [1, {okO1}, {}℄4: [1, {okA2}, {}℄5: [1, {okO2}, {}℄--------------------------------------------------Expandir v�ertie 2.=> A partir do aro okA1.* riar o v�ertie 6 om r�otulo {okO1,okA2,okO2}29



* alterar v�ertie 0 de {okN1,okO1,okA2,okO2}para {okO1,okA2,okO2},removendo os aros em {okN1}.- remover o aro okO2 de 2.- remover o aro okA2 de 2.- remover o aro okO1 de 2.- remover o aro okO2 de 6.- remover o aro okA2 de 6.- remover o aro okO1 de 6.- remover o v�ertie 6.- remover o aro okA1 de 2.- remover o v�ertie 2.- remover o aro okN1 de 0.================== Diagn�ostios ==================1: {okO1}2: {okA2}3: {okO2}3.10 KarinaCl�ausulas0: -P -C -OKX I1: P -OKX -I2: C -OKX -I3: -C -OKY -K4: C -OKY K5: -K -L -OKW J6: K -OKW -J7: L -OKW -J8: -I -OKZ A9: -J -OKZ A10: I J -OKZ -A11: -P0 -OKV P12: -P1 -OKV P13: -P2 -OKV P14: -P3 -OKV P15: P0 P1 P2 P3 -OKV -P16: OKX17: OKY18: OKW19: OKZ20: OKV21: P022: -C23: -L24: ARotular raiz om {OKX,OKY,OKW,OKZ,OKV}.==================== V�erties ====================0: [1, {}, {OKX,OKY,OKW,OKZ,OKV}℄--------------------------------------------------30



Expandir v�ertie 0.=> A partir do aro OKX.* utilizar o r�otulo espeial.=> A partir do aro OKY.* riar o v�ertie 2 om r�otulo {OKX,OKW,OKZ,OKV}* alterar v�ertie 0 de {OKX,OKY,OKW,OKZ,OKV}para {OKX,OKW,OKZ,OKV},removendo os aros em {OKY}.- remover o aro OKV de 2.- remover o aro OKZ de 2.- remover o aro OKW de 2.- remover o aro OKX de 2.- remover o v�ertie 2.- remover o aro OKY de 0.=> A partir do aro OKW.* utilizar o r�otulo espeial.=> A partir do aro OKZ.* utilizar o r�otulo espeial.=> A partir do aro OKV.* riar o v�ertie 5 om r�otulo {OKX,OKY,OKW,OKZ}==================== V�erties ====================0: [1, {}, {OKX,OKW,OKZ,OKV}℄1: [1, {OKX}, {}℄3: [1, {OKW}, {}℄4: [1, {OKZ}, {}℄5: [1, {OKV}, {OKX,OKY,OKW,OKZ}℄--------------------------------------------------Expandir v�ertie 5.=> A partir do aro OKX.* fehar o aro.=> A partir do aro OKY.* riar o v�ertie 6 om r�otulo {OKX,OKW,OKZ}* alterar v�ertie 0 de {OKX,OKW,OKZ,OKV}para {OKX,OKW,OKZ},removendo os aros em {OKV}.- remover o aro OKZ de 5.- remover o aro OKW de 5.- remover o aro OKZ de 6.- remover o aro OKW de 6.- remover o aro OKX de 6.- remover o v�ertie 6.- remover o aro OKY de 5.- remover o aro OKX de 5.- remover o v�ertie 5.- remover o aro OKV de 0.================== Diagn�ostios ==================1: {OKX}2: {OKW}3: {OKZ} 31



3.11 SeijiCl�ausulas0: -A -B -OKX -E1: A -OKX -E2: B -OKX -E3: -C -D -OKY F4: C -OKY -F5: D -OKY -F6: -E -OKZ G7: -F -OKZ G8: E F -OKZ G9: -G -OKT -H10: G -OKT H11: OKX12: OKY13: OKZ14: OKT15: A16: B17: HRotular raiz om {OKX,OKY,OKZ,OKT}.==================== V�erties ====================0: [1, {}, {OKX,OKY,OKZ,OKT}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro OKX.* riar o v�ertie 1 om r�otulo {OKY,OKZ,OKT}* alterar v�ertie 0 de {OKX,OKY,OKZ,OKT}para {OKY,OKZ,OKT},removendo os aros em {OKX}.- remover o aro OKT de 1.- remover o aro OKZ de 1.- remover o aro OKY de 1.- remover o v�ertie 1.- remover o aro OKX de 0.=> A partir do aro OKY.* riar o v�ertie 2 om r�otulo {OKX,OKZ,OKT}=> A partir do aro OKZ.* utilizar o r�otulo espeial.=> A partir do aro OKT.* utilizar o r�otulo espeial.==================== V�erties ====================0: [1, {}, {OKY,OKZ,OKT}℄2: [1, {OKY}, {OKX,OKZ,OKT}℄3: [1, {OKZ}, {}℄4: [1, {OKT}, {}℄--------------------------------------------------Expandir v�ertie 2. 32



=> A partir do aro OKX.* riar o v�ertie 5 om r�otulo {OKZ,OKT}* alterar v�ertie 0 de {OKY,OKZ,OKT}para {OKZ,OKT},removendo os aros em {OKY}.- remover o aro OKT de 2.- remover o aro OKZ de 2.- remover o aro OKT de 5.- remover o aro OKZ de 5.- remover o v�ertie 5.- remover o aro OKX de 2.- remover o v�ertie 2.- remover o aro OKY de 0.================== Diagn�ostios ==================1: {OKZ}2: {OKT}3.12 SilvioCl�ausulas0: -A -OKX C1: -B -OKX C2: A B -OKX -C3: -A -B -OKY D4: A -OKY -D5: B -OKY -D6: -D -OKZ -E7: D -OKZ E8: -C -E -OKW F9: C -OKW -F10: E -OKW -F11: OKX12: OKY13: OKZ14: OKW15: A16: B17: FRotular raiz om {OKX,OKY,OKZ,OKW}.==================== V�erties ====================0: [1, {}, {OKX,OKY,OKZ,OKW}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro OKX.* riar o v�ertie 1 om r�otulo {OKY,OKZ,OKW}* alterar v�ertie 0 de {OKX,OKY,OKZ,OKW}para {OKY,OKZ,OKW},removendo os aros em {OKX}. 33



- remover o aro OKW de 1.- remover o aro OKZ de 1.- remover o aro OKY de 1.- remover o v�ertie 1.- remover o aro OKX de 0.=> A partir do aro OKY.* utilizar o r�otulo espeial.=> A partir do aro OKZ.* utilizar o r�otulo espeial.=> A partir do aro OKW.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {OKY}2: {OKZ}3: {OKW}3.13 ThiagoCl�ausulas0: -A -okX D1: -B -okX D2: A B -okX -D3: -C -okY -E4: C -okY E5: -D -E okZ J6: D -okZ -J7: E -okZ -J8: -J -okW -G9: J -okW G10: okX11: okY12: okZ13: okW14: C15: -GRotular raiz om {okX,okY,okZ,okW}.==================== V�erties ====================0: [1, {}, {okX,okY,okZ,okW}℄--------------------------------------------------Expandir v�ertie 0.=> A partir do aro okX.* riar o v�ertie 1 om r�otulo {okY,okZ,okW}* alterar v�ertie 0 de {okX,okY,okZ,okW}para {okY,okZ,okW},removendo os aros em {okX}.- remover o aro okW de 1.- remover o aro okZ de 1.- remover o aro okY de 1. 34



- remover o v�ertie 1.- remover o aro okX de 0.=> A partir do aro okY.* utilizar o r�otulo espeial.=> A partir do aro okZ.* utilizar o r�otulo espeial.=> A partir do aro okW.* utilizar o r�otulo espeial.================== Diagn�ostios ==================1: {okY}2: {okZ}3: {okW}A C�odigo-fonte do programa diag/*-----------------------------------------------------------------------------+| diag. - Diagn�ostio baseado em modelo formal (slago�ime.usp.br) |+-----------------------------------------------------------------------------*/#inlude <stdio.h>#inlude <stdlib.h>#inlude <assert.h>#inlude <string.h>/*-----------------------------------------------------------------------------+| Constantes e maros |+-----------------------------------------------------------------------------*/#define strnmpi strnasemp#define MAXATOMS (2*8*sizeof(long)+1)/* Na tabela de s��mbolos, as vari�aveis do tipo "OK*" s~ao aloadas nas primeiras* 32 posi�~oes. Isso permite que, no algoritmo de Reiter, os onjuntos onflito* sejam representados por vetores de 32 bits. Por exemplo, se as vari�aveis s~ao* V, W, X, Y e Z, o onjunto {V,Y,Z} �e representado pelo bin�ario 11001. Assim,* todas as opera�~oes sobre onjuntos podem ser realizadas, efiientemente, om* o uso de opera�~oes bit-a-bit, onforme definidas a seguir:*/#define EMPTYSET (0)#define set(x) (1<<(x))#define in(x,S) ((1<<(x))&S)#define diff(S,T) ((S)&~(T))#define inter(S,T) ((S)&(T))#define union(S,T) ((S)|(T))#define subset(S,T) (((S)&(T))==S)#define psubset(S,T) (subset(S,T) && (S)!=(T))#define emptyset(S) ((S)==0)/*-----------------------------------------------------------------------------+| Tipos de dados |+-----------------------------------------------------------------------------*/35



typedef strut tree {int number;har *atom;strut tree *left;strut tree *right;} *Tree;typedef enum {false,true,undef} Bool;typedef strut list {short item;strut list *next;}*List;typedef strut lause {Bool ative;short size;short totf;short tott;Bool value;List disjunts;} Clause;typedef strut atom {Bool value;List pos;List neg;} Atom;typedef unsigned Set;typedef strut ar {int label;strut vertex *vertex;strut ar *next;} *Ar;typedef strut vertex {int num;int ref;Set path;Set label;Ar ars;} *Vertex;typedef strut qlist {Vertex vertex;strut qlist *next;} *Qlist;typedef strut queue {Qlist first;Qlist last; 36



} Queue;/*-----------------------------------------------------------------------------+| Vari�aveis globais |+-----------------------------------------------------------------------------*/stati Tree symTable = NULL; /* tabela de s��mbolos */stati int varAtoms = 0; /* n�umero de vari�aveis em VAR */stati int obsAtoms = 0; /* n�umero de vari�aveis em OBS */stati int sd_ls = 0; /* n�umero de l�ausulas em SD */stati int maxls = 0; /* total de l�ausulas no problema */stati int maxvar = 0; /* total de vari�aveis no problema */stati har *strbool[℄ = {"f","t","u"};stati int numls = 0; /* para numera�~ao de l�ausulas */stati Clause *nf = NULL; /* forma normal onjuntiva */stati Atom atomtb[MAXATOMS℄; /* tabela de desri�~ao de �atomos */stati Queue vtxList = {NULL,NULL}; /* lista de v�erties no DAG */stati Queue queue = {NULL,NULL}; /* fila para busa em largura */stati Bool trae = false; /* para aompanhar onstru�~ao do DAG *//*-----------------------------------------------------------------------------+| Implementa�~ao da tabela de s��mbolos |+-----------------------------------------------------------------------------*//** Insere um �atomo na tabela de s��mbolos e devolve seu n�umero.*/int insTree(har *atom, Tree *T) {stati int number = 0;if( *T==NULL ) {*T = mallo(sizeof(strut tree));assert(*T );(*T)->number = ++number;(*T)->atom = strdup(atom);(*T)->left = NULL;(*T)->right = NULL;return number;}if( strmp(atom,(*T)->atom)==0 ) return (*T)->number;if( strmp(atom,(*T)->atom)< 0 ) return insTree(atom,&(*T)->left);return insTree(atom,&(*T)->right);}/** Lê se�~ao SD, VAR ou OBS, de um arquivo de problema.*/int getSetion(har *header, FILE *in) {har buf[80℄, *lit;int m=0, n;while( fgets(buf,511,in) && strnmpi(buf,header,strlen(header)) );37



while( fgets(buf,511,in) && strnmpi(buf,"sd",2) &&strnmpi(buf,"var",3) && strnmpi(buf,"obs",3) ) {lit = strtok(buf,"\r\n ");if( lit ) maxls++;while( lit ) {n = insTree(*lit=='-' ? lit+1 : lit, &symTable);if( n>m ) m = n;lit = strtok(NULL,"\r\n ");}}rewind(in);return m;}/** Monta a tabela de s��mbolos e atualiza vari�aveis globais.*/void getSymTable(FILE *in) {varAtoms = getSetion("VAR", in);obsAtoms = getSetion("OBS", in) - varAtoms;maxvar = getSetion("SD",in);sd_ls = maxls - varAtoms - obsAtoms;assert( varAtoms <= 32 );assert( maxvar <= MAXATOMS );}/** Devolve o �atomo orrepondente a um dado n�umero.*/har *getAtom(int num, Tree T) {har *atom;if( !T ) return NULL;if( num == T->number ) return T->atom;if( atom = getAtom(num, T->left) ) return atom;return getAtom(num, T->right);}/*-----------------------------------------------------------------------------+| Implementa�~ao da Forma Normal Conjuntiva |+-----------------------------------------------------------------------------*//** Insere um literal numa disjun�~ao.*/void ins(short item, List *tail) {List head = mallo(sizeof(strut list));assert( head );head->item = item;head->next = *tail;*tail = head;} 38



/** Reiniia a valora�~ao da FNC.*/void resetCNF(void) {int i;assert( nf );for(i=0; i<maxls; i++) {nf[i℄.ative = true;nf[i℄.totf = 0;nf[i℄.tott = 0;nf[i℄.value = undef;}for(i=1; i<MAXATOMS; i++)atomtb[i℄.value = undef;}/** Lê a FNC de uma arquivo em diso.*/void getCnf(har *fname) {FILE *in;har buf[512℄, *literal;if( (in=fopen(fname,"rt")) == NULL ) {fprintf(stderr,"Arquivo n~ao enontrado.\n");exit(1);}getSymTable(in);nf = mallo(maxls*sizeof(strut lause));assert( nf );numls=0;while( numls<maxls && fgets(buf,511,in) ) {if(strnmpi(buf,"sd",2) && strnmpi(buf,"var",3) && strnmpi(buf,"obs",3)) {nf[numls℄.ative = true;nf[numls℄.size = 0;nf[numls℄.totf = 0;nf[numls℄.tott = 0;nf[numls℄.value = undef;nf[numls℄.disjunts = NULL;literal = strtok(buf,"\r\n ");if( !literal ) ontinue;while( literal ) {short signal = literal[0℄=='-' ? -1 : +1;short atom = insTree( signal==-1 ? literal+1 : literal, &symTable);ins(signal*atom,&nf[numls℄.disjunts);nf[numls℄.size++;atomtb[atom℄.value = undef;ins(numls, signal>0 ? &atomtb[atom℄.pos : &atomtb[atom℄.neg);39



literal = strtok(NULL,"\r\n ");}numls++;}}flose(in);}/** Mostra uma l�ausula no v��deo.*/void show(List list) {if( !list ) return;show(list->next);if( list->item<0 ) printf("-");printf("%s ", getAtom(abs(list->item),symTable) );}/** Mostra a FNC no v��deo.*/void putCnf() {int i;List list;system("lear");printf("Cl�ausulas\n\n");for(i=0; i<maxls; i++) {printf("%2d: ", i);show(nf[i℄.disjunts);printf("\n");}fprintf(stderr,"\nPressione <enter>...");gethar();system("lear");}/*-----------------------------------------------------------------------------+| Implementa�~ao do DPL |+-----------------------------------------------------------------------------*//** Esolhe um �atomo para bifurar a �arvore de busa de valora�~ao.*/int hooseAtom(void) {int i;List p;/* prioriza l�ausulas unit�arias */for(i=0; i<maxls; i++) 40



if( nf[i℄.ative && nf[i℄.totf==nf[i℄.size-1 && nf[i℄.value==undef) {for(p=nf[i℄.disjunts; p!=NULL; p=p->next)if( atomtb[abs(p->item)℄.value==undef )return abs(p->item);}/* esolhe o primeiro �atomo om valor indefinido */for(i=1; i<=maxvar; i++)if( atomtb[i℄.value == undef )return i;}/** Tenta enontrar um modelo para a FNC.*/Bool DPL(unsigned *C) {int i, ttrue=0, guess;List p;for(i=0; i<maxls; i++) {if( !nf[i℄.ative ) {ttrue++;ontinue;}swith( nf[i℄.value ) {ase false: /* oleta vari�avel para diagn�ostio */if( nf[i℄.size == 1 ) {int atom = abs(nf[i℄.disjunts->item);if( atom>=1 && atom <= varAtoms)*C |= 1<< (atom-1);}return false;ase true : ttrue++;}}if( ttrue==maxls ) return true;/* esolhe um �atomo para bifurar */i = hooseAtom();if( i>maxvar ) return false;for(guess=1; guess>=0; guess--) {/* atribui um valor para o �atomo */atomtb[i℄.value = guess;/* atualiza a valora�~ao */p = (guess==true) ? atomtb[i℄.pos : atomtb[i℄.neg;41



for( ; p!=NULL; p=p->next) {nf[p->item℄.tott++;nf[p->item℄.value = true;}p = (guess==true) ? atomtb[i℄.neg : atomtb[i℄.pos;for( ; p!=NULL; p=p->next) {nf[p->item℄.totf++;if( nf[p->item℄.totf == nf[p->item℄.size )nf[p->item℄.value = false;}/* verifia se a valora�~ao �e um modelo */if( DPL(C) == true ) return true;/* RETROCESSO: restaura a valora�~ao */atomtb[i℄.value = undef;p = (guess==true) ? atomtb[i℄.pos : atomtb[i℄.neg;for( ; p!=NULL; p=p->next) {nf[p->item℄.tott--;if( nf[p->item℄.tott == 0 )nf[p->item℄.value = undef;}p = (guess==true) ? atomtb[i℄.neg : atomtb[i℄.pos;for( ; p!=NULL; p=p->next) {nf[p->item℄.totf--;if( nf[p->item℄.tott==0 )nf[p->item℄.value = undef;}}return false;}/*-----------------------------------------------------------------------------+| Implementa�~ao do algoritmo de diagn�ostio de REITER |+-----------------------------------------------------------------------------*//** Verifia se fila para busa em largura est�a vazia.*/int isempty(Queue *queue) {return queue->first==NULL;}/** Insere um item no final da fila.*/ 42



void enqueue(Vertex vertex, Queue *queue) {Qlist item = mallo(sizeof(strut qlist));assert( item );item->vertex = vertex;item->next = NULL;if( queue->first==NULL ) queue->first = item;else queue->last->next = item;queue->last = item;}/** Remove um item do in��io da fila.*/Vertex dequeue(Queue *queue) {Vertex vertex;Qlist item;assert( queue->first );item = queue->first;vertex = item->vertex;queue->first = item->next;free(item);return vertex;}/** Remove um item de qualquer posi�~ao da fila.*/void qkill(Vertex v, Queue *queue) {Qlist item = queue->first;if( !item ) return;if( item && item->vertex==v ) {queue->first = item->next;free(item);}else {while( item->next ) {if( item->next->vertex==v ) {Qlist p= item->next;item->next = p->next;free(p);break;}item = item->next;}}if( queue->first==NULL )queue->last=NULL;else { 43



item = queue->first;while( item->next ) item = item->next;queue->last = item;}}/** Cria uma lista de aros rotulados om elementos do onjunto S.*/Ar arList(Set S) {Ar head, tail=NULL;int x;for(x=31; x>=0; x--) {if( in(x,S) ) {head = mallo(sizeof(strut ar));assert( head );head->label = x;head->next = tail;tail = head;}}return tail;}/** Mostra uma lista de aros no v��deo.*/void showArs(Ar ar) {printf("{");while( ar!=NULL ) {printf("%s", getAtom(ar->label+1,symTable));ar = ar->next;if( ar!=NULL ) printf(",");}printf("}");}/** Mostra os elementos de um onjunto no v��deo.*/void showSet(Set S) {int x, j=0;printf("{");for(x=0; x<=31; x++)if( in(x,S) ) {if(j && x<31) printf(",");printf("%s", getAtom(x+1,symTable));j=1;}printf("}");} 44



/** Mostra um v�ertie no v��deo.*/void showVertex(Vertex v) {assert( v );printf("%d: [%d, ", v->num, v->ref);showSet(v->path);printf(", ");showArs(v->ars);printf("℄\n");}/** Mostra todos os v�erties existentes no DAG.*/void showVerties(void) {Qlist item = vtxList.first;assert( item );while( item ) {showVertex(item->vertex);item = item->next;}}/** Cria um novo v�ertie e o registra na lista de v�erties.*/Vertex newVertex(Set H, Set S) {stati int num = 0;Vertex vertex = mallo(sizeof(strut vertex));assert( vertex );vertex->num = num++;vertex->ref = 1;vertex->path = H;vertex->label = S;vertex->ars = arList(S);/* registra v�ertie na lista global */enqueue(vertex, &vtxList);return vertex;}/** Enontra um onjunto onflito C tal que inter(C,H) �e vazio.*/Set findSet(Set H) {int x;Set C = EMPTYSET;resetCNF(); 45



/* destiva as l�ausulas na FNC orrespondentes aos elementos em H */for(x=31; x>=0; x--)if( in(x,H) )nf[sd_ls+x℄.ative = false;return DPL(&C)==false ? C : EMPTYSET;}/** Verifia se j�a h�a um outro n�o no DAG ujo aminho �e H.*/Vertex reuseVertex(Set H) {Qlist item = vtxList.first;while( item ) {if( item->vertex->path==H ) return item->vertex;item = item->next;}return NULL;}/** Verifia se j�a h�a um outro n�o no DAG ujo aminho �e subonjunto de H.*/Vertex loseNode(Set H) {Qlist item = vtxList.first;while( item ) {if( item->vertex->label==0 && subset(item->vertex->path,H) ) return item->vertex;item = item->next;}return NULL;}/** Verifia se j�a h�a um outro n�o ujo r�otulo pode ser reutilizado.*/Set reuseLabel(Set H) {Qlist item = vtxList.first;while( item ) {if( inter(item->vertex->label,H)==0 ) return item->vertex->label;item = item->next;}return EMPTYSET;}/** Verifia se h�a um v�ertie ujos aros possam ser podados.46



*/Vertex shrink(Vertex v) {Qlist item = vtxList.first;while( item ) {if( v->num > item->vertex->num &&psubset(v->label,item->vertex->label) )return item->vertex;item = item->next;}return NULL;}/** Elimina aros e v�erties do DAG.*/void trim(int num,Ar *ar, Set S) {if( *ar==NULL ) return;trim(num, &(*ar)->next,S);if( in((*ar)->label,S) ) {Ar a;if( (*ar)->vertex ) {if( (*ar)->vertex->ref == 1 ) {trim((*ar)->vertex->num,&(*ar)->vertex->ars,~0);if( trae )printf(" - remover o v�ertie %d.\n", (*ar)->vertex->num);qkill((*ar)->vertex,&vtxList);qkill((*ar)->vertex,&queue);free((*ar)->vertex);(*ar)->vertex = NULL;}else (*ar)->vertex->ref--;}if( trae )printf(" - remover o aro %s de %d.\n",getAtom((*ar)->label+1,symTable), num);a = (*ar);(*ar) = (*ar)->next;free(a);}}/** Constr�oi DAG onforme algoritmo de REITER.*/void DAG(har *fname) {Vertex v, w, a;Set S; 47



getCnf(fname);if( trae ) putCnf();S=findSet(EMPTYSET);if( trae ) {printf("Rotular raiz om ");showSet(S);printf(".\n");}enqueue( v=newVertex(EMPTYSET,S), &queue );while( !isempty(&queue) ) {Ar ar;v = dequeue(&queue);if( v->label==EMPTYSET ) ontinue;if( trae ) {puts("\n==================== V�erties ====================");showVerties();puts("--------------------------------------------------\n");printf("Expandir v�ertie %d.\n\n", v->num);}for(ar=v->ars; ar; ar=ar->next) {Set H;if( trae )printf(" => A partir do aro %s.\n", getAtom(ar->label+1,symTable));H = union(v->path,set(ar->label));if( w=reuseVertex(H) ) {if( trae ) printf(" * reutilizar o v�ertie %d.\n", w->num);w->ref++;ar->vertex = w;}elseif( loseNode(H) ) {if( trae ) printf(" * fehar o aro.\n");ar->vertex = NULL;}elseif( S=reuseLabel(H) ) {if( trae ) {printf(" * reutilizar o r�otulo ");showSet(S);printf("\n");}enqueue(ar->vertex = newVertex(H,S), &queue );}else 48



if( S=findSet(H) ) {enqueue(ar->vertex = a = newVertex(H,S), &queue );if( trae ) {printf(" * riar o v�ertie %d om r�otulo ", a->num);showSet(S);printf("\n");}if( w=shrink(a) ) {if( trae ) {printf(" * alterar v�ertie %d de ", w->num);showSet(w->label);printf("\n para ");showSet(S);printf(",\n removendo os aros em ");showSet(diff(w->label,S));printf(".\n");}trim(w->num,&w->ars,diff(w->label,S));w->label = S;}}else {if( trae ) printf(" * utilizar o r�otulo espeial.\n");enqueue(ar->vertex = newVertex(H,EMPTYSET), &queue );}if( trae ) gethar();}}}/** Enontra diagn�ostios.*/void diagnostis(har *fname) {Qlist item;int i=1, x;har *s;FILE *out;/* onstr�oi DAG para o problema */if( trae ) system("lear");DAG(fname);/* os diagn�ostios s~ao gravados num arquivo om extens~ao .dia */s = strhr(fname,'.');if( s ) strpy(s,".dia");else strat(fname,".dia");if( (out=fopen(fname,"wt")) == NULL ) {fprintf(stderr,"Arquivo n~ao pode ser riado.\n");exit(2);} 49



if( trae ) puts("================== Diagn�ostios ==================\n");item = vtxList.first;while( item ) {assert( item->vertex );if( emptyset(item->vertex->label) ) {if( trae ) {printf("%d: ", i++);showSet(item->vertex->path);printf("\n");}/* grava diagn�ostio no arquivo de sa��da */for(x=0; x<=31; x++)if( in(x,item->vertex->path) )fprintf(out,"%s ", getAtom(x+1,symTable));fprintf(out,"\n");}item = item->next;}flose(out);fprintf(stderr,"\nDiagn�ostios gravados no arquivo %s\n\n", fname);}/*-----------------------------------------------------------------------------+| Programa prinipal |+-----------------------------------------------------------------------------*/int main(int a, har *av[℄) {if( a<2 || a>3 ) {fprintf(stderr,"\nUso: diag <problema> [-r℄\n\n");fprintf(stderr,"-r : rastreia onstru�~ao do DAG\n\n");exit(1);}if( a==3 && strmp(av[2℄,"-r")==0 ) trae = true;diagnostis(av[1℄);return 0;} 50


