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1 UPGRADING? 2B LATEX Symbols 141 Upgrading?Upgrading from Spivey-Z or ESZ2-Z to ZeTa-Z is relative easy, sine the type-heker will detetinompatibilities for you. The most ommon problem is the use of primed shema names, S 0. InStandard-Z, the 0 is part of a name. To refer to the operator 0 whih primes all the names in ashema, it is neessary to put a spae (soft, or hard, ~) between the shema name and the 0, asin S 0 (S~'). You may also put braes around the shema name, suh as in (S )0, to make thedi�erene better visible in the type-setted spei�ation. The plaes where this �x is required areusually agged as type-errors by the type-heker. An other problem is that let is not allowed inprediates anymore. It an be replaed by 91 sine abbreviation (==) are allowed in delarationsnow.It should be noted that ZeTa-Z has a few restritions ompared to the urrently proposed Stan-dard, and { what may be a more serious problem { has some extensions whih are (urrently) notpart of the Standard. For a disussion of the restritions and extensions, see Setion 4.5.Note: If you are upgrading from ESZ or older versions of ZeTa, you do not need to plae thediretive%%toolkit "zrm"in the preamble of your doument any longer. ZeTa 1.5 omes with only one toolkit, whih isseleted by default. This toolkit is ompatible to Spivey-Z and the ZRM (whih is also reom-mended by the Standard), with the restrition that it does not support bags any longer (as theStandard does not support them).2 Novie to LATEX-Based Z?Say \usepakage{zeta} in the preamble of your LATEX doument to inlude the ZeTa style. Thereare some style options that an be used, e.g., \usepakage[oxsz℄{zeta}. Refer to Setion 3.3for a list of options. In a Z doument, Z paragraphs an be arbitrarily mixed with explanatorytext. ZeTa-Z provides all the environments to introdue Z paragraphs as they are known fromLATEX based Z representations. Normal shemata are typeset using the shema environment. Linebreaks have to be expliitly spei�ed with \\.Sx ; y : X : ��x 2 X ^ X = f z : � j z � y � 2 � z g \begin{shema}{S}x, y : \nat \\X : \power \num\wherex \in X \landX = \{~z : \num | z \leq y � 2*z~\}\end{shema}For generi shemata, the formal generi parameter is written diretly behind the shemaname (this is in ontrary to the proposed Standard-Z, where generi parameters are written as\begin{shema}{G}[X℄2:G [X ℄x : X \begin{shema}{G[X℄}x : X\end{shema}2The next version of ZeTa might support this notation for ompatibility reasons.



3 THE STYLE: DETAILS 3Abbreviations, given and free types are put in zed environments. In Standard-Z, shema expres-sions are treated as expressions, therefore \b=" is not needed anymore. (Nevertheless, it is stillsupported for ompatibility.):T == [a; b : � j a > b℄EVEN == f x : � j 9 y : � � x = 2 � y g[TYPE ℄COLOR ::= red j blue j yellow \begin{zed}T == [ a, b : \num | a > b ℄ \\EVEN ==\{~x : \num |\exists y : \num � x=2*y~\} \\[ TYPE ℄ \\COLOR ::= red | blue | yellow\end{zed}Axiomati de�nitions are written with the axdef environment. Formal generi parameters an bespei�ed by an optional environment parameter. For ompatibility with Spivey-Z and Standard-Z,generi axiomati de�nitions an also be typed with the gendef environment.limit : limit � 4711 \begin{axdef}limit : \nat\wherelimit \geq 4711\end{axdef}[X ℄f : X # \begin{axdef}[X℄f : X \rel \nat\end{axdef}[X ℄f : X # \begin{gendef}[X℄f : X \rel \nat\end{gendef}For a listing of the full Z syntax and Z symbols in LATEX, see Appendix A and Appendix B.3 The Style: Details3.1 Tabbing and AlignmentThere are two ways of setting indents. You an either use the \tn (put n in braes, if n � 10) toinsert a spae of n \zedtabs or use the \< and \> markers for relative indentation:f : ���8 x :  �x 2 dom f ^x < f x \begin{axdef}f : \num \pfun \num\where\forall x : \nat � \\ \t1x \in \dom f \land \\ \t1x < f~x\end{axdef}



3 THE STYLE: DETAILS 4f : ���8 x :  � x 2 dom f ^x < f x \begin{axdef}f : \num \pfun \num\where\forall x : \nat � \<x \in \dom f \land \\x < f~x \>\end{axdef}Both kind of markups are ignored by the type-heker.A zed environment also introdues a tabular, thus de�nitions an be aligned:TREE ::= Leafj Node�Left : Tree;Right : Tree� \begin{zed}TREE &::=& Leaf \\& | & Node\ldata Left : Tree,Right : Tree\rdata\end{zed}The environment syntax known from Spivey-Z is just an alias for the zed environment.Vertial spae between lines an be introdued by using \also, \Also, and \ALSO instead of \\.A vertial spae of \jot, 2\jot, resp. 4\jot is inserted, where \jot=3pt by default.3.2 Side by SideFor small shemata and de�nitions, it is usually desirable to set them side by side. The zeta styleintrodues the zedgroup environment that sets paragraphs automatially side by side, if they �t.Aa :  Bb : b > 4 \begin{zedgroup}\begin{shema}{A}a : \nat\end{shema}\begin{shema}{B}b : \nat\whereb > 4\end{shema}\end{zedgroup}Line breaks between paragraphs an be fored with \\. In order to produe a regular layout,shemata in the same row are set with the same height and there is a limited prede�ned set ofpossible paragraph width, i.e. full width, half width, a third, and a quarter. zedgroup environ-ments an not be nested. Note that due the implementation of zedgroup, errors in the LATEX odemay lead to error messages with inaurate positions.For downwards ompatibility with other styles, there is also a sidebyside environment. Youhave to speify expliitly with \nextside whih portions are supposed to be set side byside. If more than two olumns are required, the number of olumns has to be spei�ed,



4 THE LANGUAGE: DETAILS 5e.g. \begin{sidebyside}[3℄ for three olumns.Aa :  Bb : b > 4 \begin{sidebyside}\begin{shema}{A}a : \nat\end{shema}\nextside\begin{shema}{B}b : \nat\whereb > 4\end{shema}\end{sidebyside}3.3 Style Options and Parameters� oxsz: use oxsz harset (you need to have an installation of this font, whih originates fromthe fUZZ pakage). If not given, speial Z symbols will be simulated using existing symbols(as in the oz style).The layout of the Z boxes and formulae an be manipulated by various TEX parameters:� \zedindent: left indent of Z paragraphs.� \zedbeforeskip: spae before Z paragraphs.� \zedafterskip: spae after Z paragraphs.� \zedtab: horizontal spae that is introdued by \t1� \zedleftsep: horizontal spae between left vertial line of shemata and axiomati de�ni-tions and the beginning of delarations and prediates.� \zeddelpartskip: vertial spae between top horizontal line of a shema and the delara-tions.� \zedlinethikness: thikness of shema and axiomati de�nition box's lines.4 The Language: Details4.1 SetionsZ setions are spei�ed with the \zsetion ommand. Here, the setion BirthdayBook is de�ned.The parent of the setion is the library setion; if it is omitted, the standard toolkit is used asthe parent (the standard toolkit to be used an be overwritten with the diretive %%toolkit, seebelow):setion BirthdayBook parents library \zsetion[library℄{BirthdayBook}All paragraphs following the \zsetion ommand belong to this setion, up to next \zsetionommand. This also holds aross LATEX inlusion ommands (\input and \inlude). You anarbitrarily swith between setions, as in the example below, where we �rst add some delarationsto the setion BirthdayBook , then the BirthdayBookExe, and then again to BirthdayBook :



4 THE LANGUAGE: DETAILS 6\zsetion[library℄{BirthdayBook}\input{basi}\zsetion[BirthdayBook℄{BirthdayBookExe}\input{exe}\zsetion[library℄{BirthdayBook}\input{addtobasi}If a doument does not ontain a \zsetion, then one is impliitly reated named after the �lename of the doument.4.2 ToolkitsEah Z setion has the setion Toolkit as an impliit parent. In order to hange the name of thisimpliite parent, the type-heker diretive \zsetion is used. This diretive needs to plaed inthe preamble of the doument, before the �rst Z setion or any other Z markup, suh as in:\doumentlass{artile}%%toolkit "ExtendedToolkit"...If the string given to %%toolkit is empty, not impliite parent will be reated. This is useful tode�ne toolkits by your own.4.3 Operator TemplatesZ pre�x (e.g. �4), post�x (e.g. R�), in�x (e.g. 47+11) and no�x (e.g. h4; 5; ai) operators an be de-lared by Standard-Z operator templates. These are given in LATEX by the ommands \zfuntion,\zrelation, resp. \zgeneri. The templates are delared with three arguments, (1) the pree-dene, (2) the assoiativity, and (3) the template itself. The preedene is omitted for relationsand no�x operators. The assoiativity is only given for in�x funtions and generis. The templateis build up by ordinary identi�ers and plae holders for single parameters (i.e. \_) and ommaseparated lists of parameters (i.e. ,,):funtion 40 leftasso ( � )funtion 30 leftasso ( + )funtion 90( �)funtion (h; ; i)relation ( � )generi 5 rightasso ( " )
\zfuntion{40 \leftasso (\_*\_)} \\\zfuntion{30 \leftasso (\_+\_)} \\\zfuntion{90 (\_\inv)} \\\zfuntion{(\langle ,, \rangle)} \\\zrelation{(\_\subseteq\_)} \\\zgeneri{5 \rightasso (\_\fun\_)}Note that operator template ommands an appear anywhere in a doument, but they mustnot appear inside of Z environments suh as zed. The ZeTa-style provides the environmentzdiretives in order to group operator templates; it behaves like zed regarding type-setting, buthas no speial meaning for the type heker.The diretives for introduing operator templates known from Spivey-Z and ESZ2 are still sup-ported, by internally translating them to the aording Standard-Z templates. The mapping is asfollows:� %%inrel word =) relation ( word )� %%prerel word =) relation ( word)� %%ingen word =) generi 2 rightasso ( word )



4 THE LANGUAGE: DETAILS 7� %%pregen word =) generi 90( word)� %%inop word N =) funtion 10 + (10 �N ) leftasso ( word )� %%texrel N \tok =) \zrelation{9999 (\tok {\_} ... {\_})}� %%texgen N \tok =) \zgeneri{9999 (\tok {\_} ... {\_})}� %%texop N \tok =) \zfuntion{9999 (\tok {\_} ... {\_})}The ZeTastyle o�ers some auxiliar maros to de�ne styles of new operators:� \Zkeyword: de�ne a keyword.� \Zinop: de�ne an in�x operation, suh as div.� \Zpreop: de�ne a funtion or pre�x operations, suh as dom or pre.� \Zinrel: de�ne an in�x relation, suh as partition.� \Zprerel: de�ne a pre�x relation, suh as disjoint.Use these maros as in:\newommand{\myinop}{\Zinop{op}}The e�et is a seletion of an appropriate font and spaing properties of the introdued LATEXtokenin math.4.4 Further Standard Z Features and Notes on UpgradingZeTa-Z supports the Standard-Z language (beside of a few inompatibilities desribed in thenext Setion). Among Z-setions and operator templates, the most important features are thefollowings:� uni�ation of value expressions with shema expressions. A shema expression is just anexpression whih denotes a set of bindings.� usage of expressions where in traditional Z only shema referenes are allowed: any expressiondenoting a set of bindings an be used as a shema referene� shema deoration (S 0) as an operator� � and � expressions bind tighter then binary relations. In partiular, it is possible to writef = � x :  � E instead of the formerly required f = (� x :  � E )� It is possible to provide an empty delaration list in shema text or axiomati de�nitions.In partiular, one an write:[X ℄f = � x : X � EUsers upgrading from Spivey-Z or ESZ-Z to ZeTa-Z (resp. to Standard-Z in general) have totakle with the following typial inompatibilities (for a omprehensive disussion, see [2℄):



4 THE LANGUAGE: DETAILS 8� deoration is now part of a name. Thus S 0 denotes the name S 0, not the shema S whereall variables are deorated with 0. In order to denote the deoration operators on shemas,one either uses spae, S 0, or braes, (S )0 (in the later example, S an be in fat an arbitraryexpression denoting a shema).� a �-expression without a � must always be put in parentheses ((�E ))These inompatibilities are straight-forward deteted by a type heker. Experienes show thataround 90% of the problems when upgrading a Z spei�ation are related to the usage of S 0, whihis ommonly applied in expressions suh as (�S ; �S 0) (now to be written as (�S ; �S 0)).4.5 Extended ZeTa-Z Features and Inompatibilities with the StandardStandard-Z is still a moving target. ZeTa-Z does not onform ompletely to it, and adds extensionswhih are urrently not found in the Standard.The following restritions ompared to the Standard are urrently present:1. the LATEX-lexis of ZeTa-Z is oriented towards Spivey-Z, and does not support the reentlyproposed features suh as multi-token-words. The LATEX-tokens { and } are not treated aswhitespae, but as normal tokens3. The lexis will by synhronized with the Standard in oneof the next revisions of ZeTa.2. it is not possible to rede�ne the meaning of �S and �S . In, fat � and � are provided asoperators on shemas (see below).3. there are some subtle restrition in operator templates (whih shouldn't beome visible tousers, however). These will be synhronized with the Standard in future revisions.The following extensions ompared to the Standard are urrently found in ZeTa-Z:1. The order how paragraphs appear in a Z setion is arbitrary, apart of that the de�nition-userelation of paragraphs must be ayli. (A paragraph is in de�nition-use relation to anotherparagraph, if it introdues a name whih is referred to by the other paragraph.)2. � and � are introdued as expression operators. An expliite de�nition of a shema named�S (�S ) is not supported.3. Mutual reursive free types may appear in di�erent paragraphs, and not just one paragraphwhere they are separated by &. It is in general possible to refer to Z names in a free typede�nition whih are themselves de�ned in dependeny of this free type.4. Global onstants an be delared multiple times in the environment of a setion. All dela-rations must be type-ompatible.5. Given and free types may be generi. A generi given type is written as [T [X ℄℄. A generifree type is written as T [X ℄ ::= : : :.Some of these extensions have been proposed to the Z ISO Panel, and some of them might maketheir way into the �nal Standard. Yet, be aware that when using these extensions, your spei�a-tion might beome inompatible with Standard Z43This is to be downwards-ompatible with ESZ2, to support its LATEX-style operator templates, %%texop et.The use of these templates is disouraged, and its support will be aneled in the future. Use the %%maro diretiveto simulate similar e�ets.4The type heker urrently doesn't warns you when using ZeTa extensions. This may be �xed in one of thenext releases.



5 TYPE-CHECKER DIRECTIVES 94.6 The Denotation TypeA further extension of ZeTa-Z is a builtin notation and type for denotations (strings).A denotation is written as follows:d : denotationd = "Hello World! How do You do?" \begin{axdef}d: \denotation\whered = \ZD{Hello World! How do You do?}\end{axdef}Inside of a denotation \ZD{...}, the following esape sequenes an be used:� \n { newline� \r { arriage return� \t { tabulator� \b { bakspae� \f { formfeed� \\ { bakslash� \{ { braeopen� \} { braeloseOnly two funtions are available on denotations: de d onverts a denotation in a sequene ofnatural numbers, where eah number represents the enoding of the given letter, whereas en sonverts a sequene of numbers into a denotation. The enoding is unspei�ed.en : denotation" seqde : seq� denotation \begin{axdef}\den: \denotation \fun \seq \nat \\\dde: \seq \nat \pfun \denotation\end{axdef}5 Type-Cheker DiretivesA type-heker diretive starts with %% at the beginning of a line and lasts until the end of the line.Beside of the %%toolkit diretive mentioned in Setion 4.2, and the operator template diretivesdesribed in Setion 4.3, the following diretives, as known from FUZZ and ESZ2, are supported:� Text after a double TEX omment followed by a spae (%% ...) is proessed by the type-heker, wheres it is ignored in the type-setted doument.� A simple onept for maro expansion is provided. The diretive%%maro token n replaementde�nes the maro token with n parameters. The maro is replaed by the replaement beforethe syntax is heked (similar the the C preproessor). Parameters are referened with #1,#2, et. in the replaement.The maro diretive an e.g. be used for de�ning layout tokens or omment ommands, suhas in



5 TYPE-CHECKER DIRECTIVES 10%%maro \< 0%%maro \zomment 1where the replaement is just empty. The %%ignore diretive as known from FUZZ is aspeial ase of this usage of maro-diretives, and is still supported.Maros an also be used for introduing new operators, suh as the de�nition of an exlusiveor (i.e. \lxor{x>0}{x\leq 0}):%%maro \lxor 2 (\lnot (#1 \iff #2))� It is possible to assign to environments the syntati \role" of an existing Z-environment.This is done by the diretive:%%environment new-env-name old-env-nameThis feature makes it possible to de�ne new Z environments whih implement some extralayout funtionality (e.g. by generating a margin).� The %%line diretive as known from fUZZ is supported. It has the form:%%line "soure" $ nThe e�et is that the next line and all subsequent lines will get loators as if they belong tosoure starting at line n. This is useful if Z is generated from some other input language.



A LATEX SYNTAX FOR Z 11A LATEX Syntax for ZThis syntax is based on the working draft version 1.5 of the Z standard.A.1 Spei�ationSpei�ation ::= Paragraph � Setion�Setion ::= \zsetion [ [Parents℄ ℄ {NAME} Paragraph�Parents ::= NAME � , NAME 	A.2 ParagraphsParagraph ::= \begin{zed} ZedParagraphs \end{zed}j \begin{axdef} [ [Formals℄ ℄ ShemaDisplayText \end{axdef}j \begin{gendef} [Formals℄ ShemaDisplayText \end{gendef}j \begin{shema}{NAME [ [Formals℄ ℄}ShemaDisplayText\end{shema}ZedParagraphs ::= ZedParagraphj ZedParagraph Sep ZedParagraphsZedParagraph ::= [ NAME � , NAME 	 ℄j EqualDelj GenName == Expressionj NAME ::= Branh� | Branh 	j OperatorTemplateBranh ::= DelName [ \ldata Expression \rdata ℄Formals ::= NAME � , NAME 	Sep ::= ;j \\A.3 PrediatesPrediate ::= \forall ShemaText � Prediatej \exists ShemaText � Prediatej \exists_1 ShemaText � Prediatej Prediate \\ Prediatej Prediate ; Prediatej Prediate \iff Prediatej Prediate \implies Prediatej Prediate \lor Prediatej Prediate \land Prediatej \lnot Prediatej Relationj Expressionj truej falsej (Prediate)Relation ::= Expression NAME � Expression NAME 	j Expression NAME � Expression NAME 	 Expressionj NAME Expression � NAME Expression 	



A LATEX SYNTAX FOR Z 12A.4 ExpressionExpression ::= \forall ShemaText � Expressionj \exists ShemaText � Expressionj \exists_1 ShemaText � Expressionj \lambda ShemaText � Expressionj \mu ShemaText� Expressionj \LET EqualDel� ; Equal-Del 	 � Expressionj Expression \iff Expressionj Expression \implies Expressionj Expression \lor Expressionj Expression \land Expressionj \lnot Expressionj \IF Prediate\THEN Expression \ELSE Expressionj Expression \semi Expressionj Expression \pipe Expressionj Expression \hide (Del-Name � , Del-Name 	 )j Expression \projet Expressionj \pre Expressionj Expression \ross Expression � \ross Expression 	j \power Expressionj Appliationj Expression Expressionj Expression STROKEj Expression Renamingj Expression.RefNamej Expression.NUMBERj \theta Expression � STROKE 	j RefNamej RefName[ Expression � , Expression 	 ℄j NUMBERj \{ Expression � , Expression 	 \}j \{ ShemaText [ � Expression ℄\}j [ ShemaText ℄j \lblot EqualDel � , EqualDel 	 \rblotj ( Expression , Expression � , Expression 	 )j \mu ShemaTextj ( Expression )Renaming ::= [DelName / DelName � , DelName / DelName 	 ℄Appliation ::= Expression NAME � Expression NAME 	j Expression NAME � Expression NAME 	 Expressionj NAME Expression � NAME Expression 	j NAME Expression NAME � Expression NAME 	



A LATEX SYNTAX FOR Z 13A.5 DelarationsShemaDisplayText ::= DelPart [ \where Prediate ℄ShemaText ::= DelPart [ | Prediate ℄DelPar ::= Delaration � Sep Delaration 	Delaration ::= ColonDelj EqualDelj ExpressionColonDel ::= DelName � , DelName 	 : ExpressionEqualDel ::= DelName == ExpressionDelName ::= NAMEj OpNameRefName ::= NAMEj ( OpName )A.6 Operator TemplatesOpName ::= \_ NAME � \_ NAME 	j \_ NAME � \_ NAME 	 \_j NAME \_ � NAME \_ 	j NAME \_ NAME � \_ NAME 	GenName ::= NAME � NAME 	OperatorTemplate ::= \zrelation Templatej \zfuntion Category-Templatej \zgeneri Category-TemplateCategoryTemplate ::= Pre Pre�x-Templatej Pre Post�x-Templatej Pre Asso In�xTemplatej No�x-TemplatePre ::= NUMBERTemplate ::= Pre�x-Templatej Post�x-Templatj In�xTemplatej No�x-TemplatePre�x-Template ::= ( NAME � ( \_ j ,, ) NAME 	 \_ )Post-Template ::= ( \_NAME � ( \_ j ,, ) NAME 	 )In�x-Template ::= ( \_NAME � ( \_ j ,, ) NAME 	 \_ )No�x-Template ::= ( NAME � ( \_ j ,, ) NAME 	 )A.7 Identi�erNAME ::= \ LETTER LETTER � STROKE 	j Letter �Letter j Digit j \_) 	 � STROKE 	LETTER ::= A j : : : j Z j a j : : : j zDIGIT ::= 0 j : : :9STROKE ::= ' j _Digit j ? j !NUMBER ::= DIGIT � DIGIT 	



B LATEX SYMBOLS 14B LATEX Symbols Logi: \lnot unary pre \pre unary^ \land left _ \lor left) \implies right , \iff left8 \forall { 9 \exists {� \projet left n \hide left� \semi left >> \pipe leftif \IF { then \THEN {else \ELSE { let \LET {Sets� \power pregen � \finset pregen� \emptyset word # \# word\ \ap inop 4 [ \up inop 4n \setminus inop 3� \subseteq inrel � \subset inrel= = inrel 6= \neq inrel2 \in inrel =2 \notin inrelS \bigup word T \bigap worddisjoint \disjoint prerel partition \partition inrelRelations and Funtions7! \mapsto inop 1 � \ross inop 1dom \dom word ran \ran wordÆ \ir inop 4 � \omp inop 5� \oplus inop 5 � \inv postop� \dres inop 6 � \rres inop 6� \ndres inop 6 � \nrres inop 6+ \plus postop � \star postop# \rel ingen � \pfun ingen" \fun ingen � \pinj ingen� \inj ingen � \psurj ingen� \surj ingen � \bij ingen� \ffun ingen � \finj ingenid \id word� \limg { � \rimg {Integers� \num word  \nat word: : \upto inop 2+ + inop 3 � - inop 3� * inop 4 div \div inop 4mod \mod inop 4< < inrel � \leq inrel> > inrel � \geq inrelSequenesh \langle { i \rangle {seq \seq pregen iseq \iseq pregenin \inseq inrel � \at inop 3pre�x \prefix inrel suÆx \suffix inrel� \filter word  \extrat word
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