yp TRANS_LI ST (void -> void) Synopsis Prett prin transitiv relations ailable as the deriv ation’s base relation. Descri ption TRANS_LI ST() prett prin rel_list whic is list of all transitiv relations a ilable to used as the deriv ation’s base relation. ail ure Nev er fail. See also ADD_TRAN derivation UNDO_TRANS 16 Synopsis global ariable represen ting the set of ailable transitiv relations up on whic deriv ation can based. Descri ption rel_list is global assignable ariable. The user do es not need to are of this ariable. It is list of pairs (Ri,TRANSi) where Ri is transitiv relation and TRANSi is the theorem that justi�es this. do deriv ation with resp ect to certain relation, it is required that the pac age knows this relation, that is, it is an elemen of rel_list ADD_TRANS adds transitiv relation to the space of ailable relations. UNDO_TRANS will delete the last added relation. ail ure Nev er fail. See also ADD_TRAN derivation TRANS_LIST UNDO_TRANS Set Assumptions yp Set_Assu mptions ((string term) list -> void) Synopsis Set the assumptions of the pro of space. Descri ption When applied to list of pairs (Li,Ai) it sets eac Ai as an assumption of the pro of space and tags the name Li to it. access the assumptions use RECALL ail ure Nev er fail. See also ASSUMPTI ONS RECALL TRANS LIST 15 yp RECALL (string -> thm) Synopsis access assumptions and lemmas in the pro of space. Descri ption RECALL name returns the theorem lab eled name from the pro of space. ail ure ail if name is not found in the pro of space. See also GEN_RECA LL LEMMA Set_Assumptions rel in der yp rel_in_d er term Synopsis global ariable represen ting the relation eing considered in the deriv ation. Descri ption rel_in_d er is global assignable ariable. The user do es not need to a re of this ariable. As deriv ation is relev an only with resp ect to giv en transitiv relation, sa What is the giv en relation is stored in ariable rel_in_der and it is set when one egin deriv ation. See BD ab out ho to egin deriv ation. ail ure Nev er fail. rel list yp rel_list (term thm) list 14 yp proof_sp ace (string thm string) list Synopsis Global ariable represen ting the abstract pro of space. Descri ption It is global assignable ariable that represen the abstract pro of space. The user do es not need to a re of this represen tation. unctions are pro vided to access and manipulate the pro of space. proof_space is list of triples Lab,Thm,Hint where Thm is either an assumption or lemma, Lab is the name used to access Thm and Hint is piece of hin as ho Thm is deriv ed. ail ure Nev er fail. See also LEMMA PROOF_SPACE Set_Assumptions LU PROOF SPACE yp PROOF_SP ACE (void -> void) Synopsis Prett prin the pro of space. Descri ption PROOF_SP ACE() will prett prin the pro of space. Eac assumption or lemma will prin ted with the corresp onding name and hin t. ail ure Nev er fail. See also LEMMA Set_Assumptions RECALL 13 yp Lg ((string term string) -> void) Synopsis Set goal (in teractiv mo de) for new lemma to added to the pro of space. Descri ption Let Asml the assumptions of the pro of space (it can view ed using function ASSUMPTIONS ). Lg (Lab,Thm,Hin t) set (Asml,Thm) as goal. This can then pro en as one ould normaly pro goal. Ho ev er if one use Le instead of to extend the goal, then if it is pro en the lemma will automatically added to the pro of space. Use Lg and Le to construct the tactic required LEMMA ail ure Nev er fail. See also Le LEMMA LU yp LU: (void -> void) Synopsis Undo the last added lemma in the pro of space. Descri ption LU() delete the last added lemma from the pro of space. It also prin ts the remaining pro of space. ail ure ail if the pro of space is empt See also LEMMA proof space 12 Le is to used in conjunction with Lg Supp ose an to extend the pro of space with lemma thm whic is et to pro ed. an to use the subgoal pac age to pro this lemma in teractiv ely and when pro en automatically add it to the pro of space. Use Lg to automatically set the goal complete with the pro of space’s assumptions. The goal can then pro en as usual. Ho ev er, one can opt to use Le Tac instead of Tac to apply the tactic Tac to giv en goal. It do es the same as except when thm is �nally pro en Le will automatically add it to the pro of space, complete with its lab el and hin t. Use Lg and Le to construct the tactic required LEMMA ail ure Le Tac fails if Tac fails. See also LEMMA Lg LEMMA yp LEMMA ((string term string tactic) -> void) Synopsis Extend the pro of space with new lemma. Descri ption LEMMA (Lab,Thm,Hint,Ta c) adds Thm as new lemma in the pro of space if the tactic Tac can indeed pro Thm The tactic has all the freedom to exploit the whole pro of space, whic means not only the assumptions but also the previously pro en lemmas. If the tactic succeeds, Thm will lab eled name Lab and the hin Hint is asso ciated to it. The state of the pro of space can requested at an momen using PROOF_SPACE function. unde the newly added lemma use LU As the tactic to pro Thm ma not trivial, there is an in teractiv mo de to assist the user in pro ducing the tactic. See Lg and Le ail ure ail if Tac cannot pro Thm See also Le Lg LU PROOF_SPACE Set_Assumptions Lg 11 where x,y,z are assumed to all the free ariables in thm ail ure ail if name is not found in the pro of space. See also RECALL LEMMA Set_Assumptions GET TRANS yp GET_TRAN conv Synopsis Get the transitivit theorem of giv en relation, pro vided it is indeed ailable in the DERIVATION pac ag e. Descri ption Let the set of all transitiv relations made ailable to used as the deriv ation’s base relation. GET_TRANS Rel will return the transitivit theorem corresp onds to Rel pro vided Rel is indeed in Use ADD_TRANS to mak relation ’a ailable’. ail ure ail if Rel is not ’a ailable’. See also ADD_TRAN derivation TRANS_LIST Le yp Le (tactic -> void) Synopsis Expand the goal lik except that it adds it to the pro of space if pro en. Descri ption 10 ETD yp ETD (void -> thm) Synopsis Extract the theorem relating the �rst and the last expression in the deriv ation. Descri ption deriv ation is list of expression Ei where Ei is related to E(i+1) either equalit or giv en transitiv relation, sa Then the transitivit of the deriv ation implies E0 Elast ETD() returns the theorem that states this. ail ure ail if the deriv ation con tains less than expression. It also fails if there are expressions not related equlit nor the base relation setup BD at the eginning of the deriv ation. See also derivati on DERIVATION BD GEN RECALL yp GEN_RECA LL (string -> thm) Synopsis access assumptions and lemmas in the pro of space. Descri ption Lik RECALL GEN_RECALL name returns the theorem lab eled name from the pro of space, but with all assumptions disc harged and free ariables generalized. That is, if RECALL name returns A1, A2 |- thm then GEN_RECALL name returns |- !x z. A1 ==> A2 ==> thm yp Dg ((term term string) -> void) Synopsis Setup the prop er goal to deriv new expression in the deriv ation. Descri ption deriv ation is list of expression Ei where Ei is related to E(i+1) either equalit or giv en transitiv relation, sa extend the deriv ation with new expression Exp the function DERIVE is used. The function requires tactic Tac Let ELast the last deriv ed expression. As deriving Exp essen t ially means pro ving ?- Rel ELast Exp Tac is the tactic to pro it. Tac ma not trivial. help constructing Tac there is an in teractiv mo de. Dg (Rel,Exp,Hint) can used to automatically setup the goal to ?- Rel ELast Exp One is the free to expand the goal using Ho ev er, if one use De instead then this will automa tically add Exp to the deriv ation once all pro of obligations are pro en. ail ure ail if the deriv ation is empt See also De DERIVE DU yp DU (void -> void) Synopsis Undo the last deriv ed expression. Descri ption DU() undo the last expression in the deriv ation, that is, simply deleting it from the deriv ation. It also prett prin ts the remaining deriv ation. ail ure ail if deriv ation is empt See also DERIVATI ON DERIVE Descri ption DERIVATI ON() simply prett prin ts the deriv ation, complete with the hin t. ail ure Nev er fail. See also derivati on DERIVE DU DERIVE yp DERIVE ((term term string tactic) -> void) Synopsis Extend deriv ation. Descri ption deriv ation is list of expression Ei where Ei is related to E(i+1) either equalit or giv en transitiv relation, sa DERIVE (Rel,Exp,Hint,Tac) extends the deriv ation with Exp pro vided Tac can pro that Exp is indeed deriv able from the last deriv ed expression, or with other ords if Tac can pro ?- Rel Elast Exp where Elast is the last deriv ed expression. Hint is piece of hin as ho Exp can deriv ed. Rel ust either equalit or the hosen base relation setup BD at the eginnin of the deriv ation. As Tac ma not trivial, there is an in teractiv mo de to help constructing Tac See Dg and De ail ure ail if Tac fails. See also BD derivation DERIVATION Dg De DU Dg derivation yp derivati on (term term thm string) list Synopsis global ariable to represen the abstarct deriv ation. Descri ption derivati on is global assignable ariable represen ting abstract deriv ation. The user do es not need to are of this ariable. There are functions to manipulate and prett prin derivati on deriv ation is basically list of expressions. Eac expression is related to the next one equalit or giv en transitiv relation, sa By the transitivit of the deriv ation implies BeginExpr LastExpr whic is the most essen tial information indeed. In addition ho ev er, deriv ation also giv information of how LastExpr is deriv ed. The ariable derivation is list of tuples (Ri,Ei,Ti,Hi) where Ei is the i-th expression in the deriv ation, is the relation et een E(i-1) and Ei Ti is the theorem justifying that indeed Ri E(i-1) Ei holds, and Hi is piece of hin as ho Ei is deriv ed from E(i-1) As deriv ation is relev an only with resp ect to giv en transitiv relation, sa so eac Ei is either or What is the giv en relation is stored in ariable rel_in_der and it is set when one egin deriv ation. See BD ab out ho to egin deriv ation. deriv ation can extended with DERIVE and the last extension can undo-ed DU ail ure Nev er fail. See also BD DERIVE DU DERIVATION yp DERIVATI ON (void -> void) Synopsis Prett prin ts the deriv ation so far. yp cur_lemm (string term string) Synopsis global ariable used in LEMMA pac age. Descri ption It is global assignable ariable to hold the lemma to added to the pro of space using in teract iv LEMMA mo de. In in teractiv mo de, new lemma is pro en setting it as goal using Lg (instead of the standard of the subgoal pac age) Lg stores the lemma to pro en in cur_lemma The goal can expanded Le instead of the standard When the goal is pro en Le automatically add the lemma as stored in cur_lemma to the pro of space. cur_lemma is triple (Lab,Thm,Hint) where Thm is the lemma to pro en, Lab is the name whic Thm later can accessed, and Hint is piece of hin as ho to deriv Thm ail ure Nev er fail. See also Lg Le De yp De (tactic -> void) Synopsis Expand goal with tactic. Just lik but can automatically extend deriv ation. Descri ption in teractiv ely construct the tactic required DERIVE to extend deriv ation, one �rst setup the prop er goal for the new expression using Dg The goal can then manipulated normally using and from the subgoal pac ag e. Ho ev er using De instead of will automatically extend the deriv ation with the new expression once all pro of obligations of the goal setup Dg are pro en. If the new expression is pro en, De also prett prin ts the new state of the deriv ation. ail ure De Tac fails if Tac fails. See also DERIVE Dg Descri ption BD Rel Exp starts deriv ation. Exp is the egin expression and the deriv ation is with resp ect to the relation Rel Rel is required to transitiv and kno wn the pac age. prin all kno w relations use TRANS_LIST and to add new relation use ADD_TRANS deriv ation can ha assumptions whic ha to set using Set_Assumptions and these can accessed using RECALL deriv ation can extended using DERIVE and prin ted using DERIVATION ail ure Nev er fail. See also DERIVATI ON DERIVE Set_Assumptions cur expr yp cur_expr (term term term string) Synopsis global ariable represen ting the new expression to deriv ed in the in teractiv deriv ation mo de. Descri ption cur_expr is global assignable ariable. The user do es not need to are of this ariable. Let sa ha deriv ation E0 ... En and no an to extend the deriv ation with E(n+1) The function DERIVE will do this and it exp ects tactic Tac to pro the deriv ation step. Pro ving the step essen tially means pro ving En E(n+1) and to construct the righ Tac to pro it there is also an in teractiv deriv ation mo de. In the in teractiv mo de Lg will set the prop er goal to deriv E(n+1) from En The goal can further expanded Le instead of and when E(n+1) is �nally deriv ed, it is then automatically added to the deriv ation. cur_expr is used Lg to store the E(n+1) and used Le to add it to the deriv ation. ail ure Nev er fail. See also Le], [[Lg cur lemma Synopsis Global ariable represen ting the abstract assumption space. Descri ption It is global assignable ariable represen ting subset of the pro of space that mak es the assum tions of the pro of. The user do es not need to are of this ariable. unctions are pro v ided to access and manipulate the assumption space. ail ure Nev er fail. See also ASSUMPTI ONS Set_Assumptions proof_space ASSUMPTIONS yp ASSUMPTI ONS (void -> void) Synopsis Prett prin the assumptions of the pro of space. Descri ption ASSUMPTI ONS() prett prin ts the assumptions of the pro of space. ail ure Nev er fail. See also Set_Assu mptions BD yp BD (term -> term -> void) Synopsis Begin deriv ation. hapter al ADD TRANS yp ADD_TRAN ((term thm) -> void) Synopsis Add transitiv relation to the set of relations a ilable as the deriv ation’s base relation. Descri ption deriv ation is list of expression Ei where Ei is related to E(i+1) either equalit or giv en transitiv relation, sa Then the transitivit of the deriv ation implies E0 Elast This is the most essen tial information gained from deriv ation. Ho ev er to used as base relation, ust �rst made kno wn to the pac age. ADD_TRAN (Rel,TRANS) will mak relation Rel ailable as the deriv ation’s base relation. TRANS is theorem that justi�es the transitivit of Rel relation added can undo-ed UNDO_TRANS The transitivit theorem that corresp onds to particular relation can accessed GET_TRANS The list of all ailable relations can prin ted using TRANS_LIST See also derivati on GET_TRANS TRANS_LIST UNDO_TRANS asm space yp asm_spac string list hapter es DerL em is to ol, built on top of the standard subgoal pac age, that pro vides: 1. la er sim ulating equational pro of st yle whic is frequen tly used in en-and-pap er pro ofs. This will mak equational pro ofs lo ok more natural in HOL. 2. la er to administrate forw ard pro ving. This is to complemen the subgoal pac age, whic is basically orien ted to bac kw ard pro ving. eatures of DerLem include facilit to insert commen ts, naming of assumptions, and prett prin ting. In addition, these features will impro do cumen tabilit of the pro ofs. There is an article, ’On the Style of Me chanic al Pr oving’ whic accompanies this man ual, whic should serv as user’s man ual. There is also some to examples to help the user to familiarize hilself with the pac age. Ho to Install Simply cop all *.ml �les to whatev er directory ou wish the library to lo cated. Ho to Load Simply yp loadf ‘DerLem‘ assuming ou ha prop erly set HOL loading path to include the directory where ou ha put the pac age. eference an ual of er ac age IS Praset Rijkuniv ersiteit Utrec t, akgro ep Informatica ostbus 80.089, 3508 Utrec t, ederland Email: wishn cs.ruu.nl arc