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Abstract 

A translator for a subset of SETL/E into SETL2 built with the compiler construction system 
Eli will be presented. The main objective of this work was to obtain the basic specifications 
for a compiler that transforms SETL/E into ANSI-C. The latter transformation is in progress 
in parallel to our work. Additional benefits are the ability to execute and to experiment with 
a subset of SETL/E and to obtain a comparison with some features of SETL2. This report is 
assumed to be the documentation for a development step. 
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1 Introduction 

The set theoretic language SETL/E is a successor of SETL [SDDS86, DF89]. For a full 
account on set theoretic languages and programming we refer to these books. SETL/E is at 
present under development at the University of Essen. The kernel of the language was at 
first presented in [DGil90b] and the system in [DGH90a]. Considerations on persistence and 
concurrency are under way but not treated in this work. 

Several changes to the language definition were made since its first presentation. In 
this work we refer to the version given in [DFGH90]. Originally it was intended to build 
a pretty printer for SETL/E. Performing this would require approximately the same effort 
as a translation into SETL2. Because of the additional benefits we decided to perform the 
translation into SETL2. The SETL2 programming language was evolved from SETL too, and 
developed at the New York University [Sny90a]. 

The compiler construction system Eli is the central tool for implementing SETL/E. Eli 
integrates off-the-shelf tools and libraries with specialized language processors to provide a 
system for generating complete compilers quickly and reliably [GHK+9o]. 

In the next section the compiler specifications are presented. The differences with SETL2 
are occasionally given in section 2.3 where appropriate. There's no extra section for a com
parison, because this was not a primary goal of this work and there were not too much 
differences discovered. Section 3 gives a short guide to use the produced translator. 

The presented compiler is called a translator because the language level is not changed. 
We will use the word 'compiler' synonymous to 'transformer' or 'translator' because Eli is a 
'compiler construction system'. You could also use 'language processor'. 

2 The Specifications 

Eli contains a collection of Tools for performing the respective compiler construction tasks as 
producing a scanner, parser or attribute evaluator. For a full account on compiler construction 
we refer to [ASU86]. 

Figure 1 shows the contents of the specifications file needed for our translation. This file 
is used as Eli's input. It contains the names of all the files that are necessary to derive an 
executable compiler. 

The several specifications are discussed in the following sections. In section 2.1 the lex
ical structure is presented. Section 2.2 presents the concrete grammar specification and its 
relationship to the abstract grammar. 

The LIDO specifications that are used to derive the attribute evaluator are presented 
in section 2.3. The attribute evaluator drives the semantic analysis phase of the compiler 
frontend and the code production. 

The remaining specifications contain ANSI-C code. Some people would not call them as 
specifications. However, this part of the compiler is presented in section 2.4. 

The specifications sec. gla, sec. con, sec. sym, sec. rel, sec. abs, rules. lido, Check. c, 
Cond. lido, PutFile. c and Fehl er. c will be reused for the transformation into ANSI-C. 

Section 2.5 will explain the way to derive an executable compiler or the source for this 
compiler with Eli. 
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I• The apacificationa: •/ 
uc.gla. 
sec.con 
uc.aym 
HC,rtl 

sec.abs 

rules .lido 
Cond.lido 
Code.lido 
Indent.lido 
Li111i ts. lido 

ses2.hea.d 
ses2.init 
111s2.finl 

Fehler.c 
Check.c 
PutFile .c: 

2 l'JlE SPECIFICATIONS 

/• Lexical etructure •/ 
/• Concrete gr11111111r •/ 
/• Symbol equivalences •I 
/• Concrete/abstract relationship •I 
/• Abstract grammar •/ 

/• All rules vithout attribution•/ 
/• Static conditions•/ 
/• Code production •/ 
/• Indentation 111anagemont •/ 
/• Li111its for the translation•/ 

/• Specification headers•/ 
/• Initial statements•/ 
/• Final statements•/ 

/• Error handling•/ 
/• Check conditions•/ 
/• ADT for code production •I 

Figure l: The specifications file. 

2.1 Lexical analysis 

GLA is in Eli a tool that generates lexical analyzers [Gra89]. Usually a lexical analyzer will 
need to deal with input consisting of some combination ofliteral symbols, non-literal symbols 
(such as identifiers or integers) and comments. Users of Eli need not deal with literal symbols 
( such as 'begin' or'•') because they are antomatically extracted from the user's grammars. A 
complete GLA specification consists of three parts: The non-literal description part, options 
and the encoding part. Eli users only give the non-literal description part; the other parts 
are automatically produced from the parsing grammar. 

The specifica.tion for the beha\ior of the lexical analyzer for SETL/E is given in Figure 2. 
This is the content of sec.gla. With the exception of floating point constants we refer
enced conned descriptions. For floating point constants it was necessary to provide a regular 
expression and a processor that saves the corresponding string. For details see [Gra89]. 

2.2 Syntax analysis 

2.2.1 Concrete grammar 

The concrete grammar describes the context free syntax of the language to be compiled. The 
parser for the compiler is generated from the concrete grammar. 

The terminals referenced in the concrete grammar are defined in the sec. gla specification. 
See Figure 2 in section 2.1. 

The purpose of a concrete syntax is to describe the structure of the input program as the 
programmer writes it down. This is the structure that is recognized by the parser and built 
into the tree described by the attribute grammar. 

2.2 Syntax analysis 

{ Lexical structure:} 

id: C_I0ENTIFIER 
int: PASCAL_INTEGER 
float: $((0-9]+\. (0-9]+1 (0-9]+\. [0-9]+(a1E)(\+l\-)?[0-9]+) Cmkatr] 
&tr: C_STRING_LIT 

ADA_C0HHENT 
PASCAL_C0HHENT 

Figure 2: The lexical structure specification. 
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The problem with this is that the structure of the program written by the programmer 
is governed by rules of operator precedence that are not involved in the process of gathering 
and distributing information over the tree. Operator precedence and bracketing rules play 
an important part in building the tree, but no role whatsoever once the tree is available. 
Therefore if operator precedence and bracketing rules are to be provided then they should be 
described by a concrete syntax that is distinct from the attribute grammar. 

Eli uses parser generators that accept LALR(l) grammars. An introduction to this class of 
lookahead-LR context free grammars is given in [ASU86, section 4.7]. The LALR(l) grammar 
for SETL/E is given in appendix A. 

All the names of the nonterminals begin with the character 'x'. This is not necessary, 
but seems to be useful for the attribution rules (section 2.3). The nonterminals that occur 
only in the concrete grammar and not in the abstract grammar (thus not in the attribution) 
begin with 'xc'. 

Exceptions and operator declarations are at present not handled. See also section 2.3.3. 

2.2.2 Concrete/abstract grammar tool 

The productions in the concrete grammar are mapped into the attribute grammar using 
the concrete/abstract grammar tool (CAGT) (Gro89a]. CAGT is a tool that is used to 
specify the relationship between a concrete grammar and an abstract grammar. The user 
provides a concrete grammar to CAGT, and interactively transforms it into the desired 
abstract grammar. It produces the files sec.rel, sac.abs, and sec.sym, which describe 
the mapping of the concrete grammar into the attribute grammar. 

CAGT records the relationship between the original concrete grammar and the trans
formed abstract grammar in the file sec. rel. The abstract grammar itself is put in sec. abs 
and the symbol equivalences in sec. sym. 

2,2,3 Abstract grammar 

An abstract grammar describes all of the possible forms taken by each of the syntactic classes 
of a language, and therefore determines the structure of the tree used to represent programs 
internally. It does not, however, define the set of character strings that are well-formed 
program texts or specify their phrase structures. 

For example, the abstract grammar for SETL/E contains a rule describing 

< Expression> < Operator> < Expression> 
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d · whether a + b • c is a well-form d 
as one form of an expression, but it would not ctcrnuno S cl tio is would b 0 

expression or, if it is, whether b is 11.11 opcrand of+ or of•· u I ques I e answered 

by the concrete grammt\1'. · h · 
I 'f , 1 th bstract gramma.r describes t e possible shapes n spec.i ymg a n.ngullg1) processor, o a , 

of the trees which will be used to represent programs mternally, Eacli rule of th e abstract 
. • d ft dft The concrete grammar on the oth gr&111ma.r corresponds to one plll't1culv kin o rec no ~- ' er 

. . , h t - ••ft up wcll-formed programs. Th ha.nd describes tho pOSSiblo charactcr strings t a m""'~ cse 
' . . hich •5 controlled by tho concrete gr•-m character strings &J(l recognized by the pa.rser, w 1 , , . • -.. ar 

a.nd invokes tree-building actions to construct the programs internal represent~t•on. 
How does the parser know when to invoke a tree-building action, ~d whicl~ action to 

invoke? Since each rule of the abstract grammar corresponds to a particular kmd of trCi! 
node, the action to create that node can be attached to the abst ract grammar rule as a 
decoration. Unfortunatciy, that action must be attached to some concrete grammar rule 
in order to be available to control the parser. But CAGT understands and records the 
relationship between the abstract gramma.r and the concrete grammar .. 

Distinct synibols of the concrete grammar are represented by a smg~e sy~bol in the 
abstract grammar. Thus certain rules of the concrete grammar have no identical rules in 
the abstract grammar. These symbol equivalences a.re recorded in sec· 11Y1D and given in 
appendix B. 

The content of sec.abs (the abstract grammar) is not given here to save space. You have 
only to replace in the concrete grammar all occurrences of nonterminals starting with 'xc I on 
the right sides in 118c .SJlll with their respective left hand sides, a.nd to remove the identical 
product.ions. In addition the literals in the productions of figure 3 were removed. 

zl'araaList ::• •(• :i:cParus ')' 
xcCuaList ; :• 'vhen' xExprList '•>' 
xcPriaa.ry : : • • ( • xExpr ') ' . 

Figure 3: Concrete grammar productions where the literals were removed. 

Thus these productions are not present in the abstract grammar. Especially, parentheses 
in expressions are of no interest in an abstract grammar. In principle it would be possible to 
remove more literals from the abstract grammar. But the resulting grammar would not be 

very readable. 

2.3 Attribute evaluation 

AJi attribute grammar (AG) specifies context dependent computations of attribute values 
associated to nodes of a tree. If applied to the semantic analysis phase of a compiler the 
tree is the structure tree of the program, which usually is determined by the parser as an 
abstraction of the derivation tree. Hence the AG augments a context-free grammar ( CFG) 
specifying the structure of that tree. Attributes are associated to symbols of the abstract 
grammar. AJi attribute value of a tree node for a symbol describes a context dependent 
property of that symbol instance in its tree context (like the type of an expression). Since 
the computation of attribute values is determined by the context of the symbol, attribution 
rules are associated to the productions of the CFG. Here this CFG is the above-mentioned 
abstract grammar. 

2.3 Attribute evaluation 5 

AGs are well suited for formal and declarative descriptions of any kind of systematic 
information flow through recursive tree structures. They have been proven to be a suitable 
mea.ns for specification of the semantic analysis phase of compilers. Such compiler modules 
are systematically implemented by attribute evaluators which compute language properties 
as attributes associated to nodes of the structure tree for the program. Furthermore the AG 
specifies context dependent conditions which must hold if the program is correct according to 
the static semantics (e.g. type and scope rules). They are specified by functions over attribute 
values associated to productions, too. 

LIGA is a language independent generator for attribute evaluators in Eli (Kas90b). An 
attribute evaluator is specified by an AG written in LIGA's input language LIDO (Kas90a). 
The specification comprises a context-free grammar augmented by typed attributes and spec
ifications of context dependent attribute computations. Exchangeable backends allow to im
plement the evaluator in different implementation languages and to vary the implementation 
techniques. Its basic concepts include specific notations and structures which support com
mon attribution schemes, refinement of the attribute grammar, and the systematic use of 
abstract data types in the attribution. 

The AG class accepted by LIGA is that of ordered attribute grammars (Kas80). It belongs 
to the classes which on the one hand frees the AG designer from planning the evaluation 
order as far as possible, and on the other hand allows to compute the control structure of the 
attribute evaluator in polynomial time. Furthermore methods for attribute storage reduction 
are applied at generation time. 

LIDO has a functional interface to any language suitable for the specification of attribute 
computation. It restricts the attribution to the functional dependencies only. The functions 
themselves are supplied separately, written in the implementation language of the generated 
attribute evaluator. In the present version of LIGA this language is C. The natural and only 
means to influence evaluation order are attribute dependencies. Shorthand denotations are 
available for description of common attribution structures. LIDO is completely declarative 
and the attributes are typed. Their context dependent computation is specified by expressions 
constructed as nested function calls. The implementations of both the types and functions 
used in the AG is opaque to the LIGA system. They are supplied separately to be integrated 
into the generated attribute evaluator (see also section 2.4.1). 

In our application the attribute evaluator drives the static semantic analysis phase of the 
compiler frontend and the code production. 

LIDO permits splitting the specification of attribute computation for the productions over 
several files. To obtain a reusable basis we put all the rules without attribution in rules. lido. 
This represents the abstract grammar discussed in section 2.2.3 in LIDO syntax. However, 
sec. abs is necessary because the integers contained in the relationship file sec .rel refer to 
the respective positions in sec.abs. The content of rules.lido is not given here to save 
space. The remaining LIDO specifications are presented in the following sections. They 
only apply to subsets of the abstract grammar. You could remove these specifications from 
ses2. specs (figure 1) to obtain a pure syntax checker for SETL/E. But at least rules. lido 
is necessary. 

2.3.1 Static semantics 

In languages as Pascal the static semantics analysis could result in error messages like the 
following: 

"Error: Variable not declared!" 
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In SETL/E such messages would not be appropriate, because it is not necessary to declare 
objects. We use the term 'object' not as e.g. Smalltalk does. We don't want to give the n-th 
definition of object-oriented or object-bMed, but a definition1 for our terminology: 

Definition: Each variable or constant of type integer, real, string, boolean, 
atom, tuple, sat, or proctypa is mea.nt to be an object in SETL/E. These 
objects have first-clnss rights. First-class means to be expressible without giving 
a name. It implies having the right to be anonymous, being storable in variables 
and in data structures, being returnable from or passable to a procedure. 

This has the consequence that exceptions and user-defined operators have no first 
class rights, which is justifiable because of their restricted way of use. E.g. binary 
operators are used syntactically where other objects cannot be used and vice 
versa.. 

However, warnings like the following would be useful: 

"Warning: Object used before being initialized!" 

This kind of static semantics is not considered in this work. It would be necessary to construct 
e.g. a program dependence graph to do this analysis. 

The following static semantics are checked: 

• Equivalence of header and trailer names in programs, procedures and labeled control 
statements is checked. 

• It is assured that constants are initialized. 

• Return statements are only allowed inside procedures or lambdas. 

• Recursive lambda calls with self are only allowed inside lambdas. 

• Quit and continue statements are only allowed inside loops. 

For details on the specification of these constraints see appendix C, which is the content 
of Cond. lido. 

2.3.2 Code production 

The set of shorthand notations in LIDO for abbreviation of systematic attribute value prop
agation is extended by a notation for chaining propagation. Chain constructs are used to 
propagate attribute values left to right depth first through the structure tree. 

Our chain path of chain attribute Coda begins in the root production in the file Code. lido 
(figure 4). It is necessary to have such a production to initialize the chain. For details see 
(Kas90a]. We use the initialization to open the output file. The functions OpanFile, PutStr 
etc. are discussed in section 2.4.1. 

A chain leads through all subtrees reaching any access of that chain and goes up again to 
the chain start context. Any nonterminal on the chain path has a pair of implicit attributes 
for that chain (one inherited, and one synthesized). If these attributes of some nonterminals 
are not defined in the attribution rules, default settings are generated by the system. 

'Thi• definition is only valid for the presented work. It is not part of the language definition. 

2.3 Attribute evaluation 

CHAIN Coda: VOID; 

RULE rinitChain: xinitChain ::s xProgDefn 
STATIC 

CHAINSTART Code; 
xProgDefn.Code ·• OpenFila (); 

END; 

Figure 4; The chain start for the code production. 
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Attributes of the predefined type VOID are used only to state attribute dependencies. 
Their value is not relevant. They do not occur in the attribute evaluator. 

These assumptions are well suited for our code production. For reasons of space, and 
because we will not reuse this attribution we don't give the whole content of Code. lido here. 
As an example see the code production for binary operations in figure 5. This attribution 
enforces that all binary operations are set in parentheses in the produced SETL2 program to 
assure the right precedences and associatives. 

NONTERM xBinOp: opsym: STRING SYNT; 

RULE rExprBinop: xExpr ::= xExpr xBinOp xExpr 
STATIC 

END; 

xExpr[2].Code ·• PutStr (SL, '('); 
xExpr[3].Coda ·• DEP(PutStr (SL, xBinOp.opsym), xExpr[2].Code); 
xExpr [1] . Code : = PutStr (SL, •) •) ; 

RULE rBinopl: xBinOp ::= 'or• 
STATIC 

xBinOp.opsym ·= 'OR'; 
END; 

Figure 5: Code production for binary expressions. 

DEP determines the evaluation order. It makes the first parameter dependent on the 
second. The attribute type STRING was previously defined in rules. lido. 

The differences between SETL/E and SETL2 concerning the code production are of syn
tactical nature and not worth a great discussion. As an example see the code production for 
the until statement in figure 6. It is necessary to exchange the ordering of the expression and 
the statements and to change the keywords. As an example for a S ETL/E-until statement 
see figure 7 on page 8. In figure 8 the produced SETL2-until statement is given. This simple 
program is not very sophisticated. 

The Indentation is controlled with the Indent attribute on the nonterminals xProgBody 
and xStmts. This attribute is passed to the function PutStr (see section 2.4). The manage
ment is done in Indent. lido. As a part see figure 9 on page 9. OFFSET is a defined integer 
constant that controls the additional indentation for inner blocks. 
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RULS rUntilStat: 1Loop1 11• 'do' 1Stat1 •until' xExpr 
STATIC 

xli.Jtpr.Code 1• PutStr (INCLUDING xStata,Indont, 1UNTIL')1 
xStata.Code :• D&P (PutStr (INCLUDING 1Stat1.Ind1nt, 'LOOP'), 

x£xpr.Cod1); 

1-'lguro 6: Coda prod11cllo11 for tho until 1tntomonL. 

progru 11uple; 
X :• 0; 
do 

X +:• 1; 
until x > 10 or 1 > 11 

end do; 
e.nd uuplo; 

PROGRAM onaplo 
X ;• 0 

Figure 7: A 1implc SETL/E program. 

UITIL ( ( x > 10) OR ( x > 11) ) 
LOOP 

X ♦ :• 1 
EID LOOP; 

EID uaapl•; 

Figure 8: The produced SETL2 program. 

2,/J Atlr/bulo avn/uat/ou 

N0NTl!RH xProgDody, x8tmt11 Indtnt1 INT INll1 

RULE rProgDotn1 
xProgDotn 11• •progru' 1d ';' 

xProgDody 
'ond' id ';' 

STATIC 
xProgDody,Indont :• OFFSET; 

END1 

RULE rProcDotn: 
xProcDotn ::• 'proc1dur1' id xParamLiet 

xProgBody 
'end' id ';' 

STATIC 

, '' I 

~ A priori Indontation 

xProgBody,Indont :• ADD (INCLUDING xProgBody,Indont, OFFSET); 
END; 

Flguro 0: A part of tho lndontntion man11gomont. 

2,3,3 Limits for the trnnalntion 

0 

In prlnclplo it would bo poaslblo to translnto n.11 SETL/E constructs into SETL2 bocnuao of 
their ability to shnulnto tho unlvorsn.l Turing-Mnchino. But some foaturoa would domMd 11 

not juetiflablo effort for our purposes. Theso features arc: 

• Exceptions aro not handled bocn.ueo SETL2 h118 no oxcoptions. 

• Operators are not handled because SETL2 hM no uaor-deflncd operators. An extension 
supports operntor ovorlonding [Sny90b), but this is not tho sarno. 

• SETL2 docs not support recursive lambda en.lie. In SETL/E this is done with ult. 

• Control statements with labels are handled with a.n appropriate warning message, but 
quit and continue statements on such labels a.re refused. 

• The scope of objects is by default local to the prog'rarn body where these objects a.re 
used. In SETL/E It is possible to make objects visible in inner blocks via vieible
declara.tions. This is done in SETL2 with var. It is possible to hide visible-declarations 
from outer blocks in inner blocks with new vieible-declarations. This works in both 
languages. 

Additionally it is possible in SETL/E to hide such objects only for the corresponding 
program body with a hidden-decla.ra.tion. Because this is new with respect to [DGH90b) 
sec the example in figure 10. 

Such declarations arc not a.va.ilable in SETL2. 

• In SETL2 the only exception to the rule that bound variables a.re local to iterators is 
in the exists expression [Sny90a, page 7]. In SETL/E this exception was not made. 
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program prog; 
visible x :• S; 
p(); 

procedure p; 
hidden x :• 1; 
q(); 

procedure q; 
-- nov: x • S 

end q; 
end p; 

end prog; 

2 THE SPECIFICATIONS 

Figure 10: An example for the hidden declaration. If x would be de

clared visible in p, then the value of X in q would be 1· 

However' the exists and not exists expressions are translated with a warning message 

that the visibility rules are not preserved. 

• In SETL2 the exists expression sets its bound variables on exit, to the value found if 
successful or om if unsuccessful. This is sometimes useful in constructs as 

"vhile exists x in { . . . } I condition(x) do ... " 

A found set-element is directly available via x, but this bound variable is not local to 

the loop, what is the case in for loops. 

For these reasons we introduced the vhilefound loop. Because this is new with respect 
to [DGH90b] see the example in figure 11. The loop body is executed, if an exists 
expression with the same iterator would yield true. The bound variables are local to 
the vhilefound loop as they are in for loops. The iterator is reevaluated for every 
iteration unlike in for loops. 

program prog; 
J: :~ 5; 
S := {1, 2, 3}; 
vhilefound x in S I x < 4 do 

eat (x); -- nov: x = 1 or x = 2 or x = 3 

S less := x ; 
end vhilefound; 
-- nov: x = S and S = { } 

end prog; 

Figure 11: An example for the vhilefound loop. 

The vhilefound loop is translated into an appropriate "vhile exists ... " loop with 

a warning message that the visibility rules are not preserved. 

2.4 Abstract data types and ANSI-C code 11 

• In SETL/E there are the selection operators arb for deterministic selection and select 
for non-deterministic selection. In SETL2 there is only the deterministic selection. 

• There is no multivalued map iterator in SETL2. For a description of this iterator see 
e.g. [SDDS86, page 129). 

• The predefined unary operator type provides in S ETL/E the type of its operand as a 
predefined atomic constant. Whereas in SETL2 the built-in procedure type returns a 
character string representation of the type of its argument. However, these constructs 
are translated with appropriate warning messages. 

But take into account that e.g. "type(type(x))" will not produce what would be 
expected! This problem is ignored for the moment. 

In SETL2, there are additionally is_type(v) built-in procedures for all types and for 
maps. In SETL/E, there are the unary set operators is.map (provides true for sets that 
are multi- or single-valued maps) and is.smap (provides true only for for sets that are 
single-valued maps). Thus is.map is translated with an appropriate warning message 
and is..smap is refused. 

Messages for these restrictions are generated by directly calling the error handling function 
fehler (see section 2.4.2) in the attribution rules in Limits.lido. 

However, we cannot give the guaranty that all the programs that our compiler translates 
are accepted by the SETL2 compiler. 

2.4 Abstract data types and ANSI-C code 

2.4.l The abstract data type PutFile 

In LIDO attribute domains are considered as abstract data types (ADTs). The AG specifica
tion and the generation of evaluators is independent of the implementation of the ADTs used 
in the AG. Implementation considerations are completely opaque to the AG specification. 

ADTs may define some state transition model. In that case the values of the ADT 
represent states. Its operations are state transition functions and access functions which 
yield results depending on the ADT state. A simple example with only state transition 
functions is an output ADT. 

Any restrictions on the state transition protocol of the ADT can be specified by attribute 
dependencies. These restrictions will be obeyed automatically by the generation of the at
tribute evaluator. 

In our application the output ADT is a data sink. No information is accessed via the 
attributes representing its states. They serve only one purpose, to guarantee the specified 
sequence of operations. Such pure state attributes can be eliminated completely from the 
evaluator. In LIDO such attributes are specified to have the predefined type VOID (see figure 4 
on page 7). It indicates that no storage has to be allocated. The function 0EP yields its first 
argument as result and discards the second. Hence, it establishes only a dependency on the 
second argument. Such attribution rules are translated simply to the function calls at the 
appropriate place in the attribute evaluator. 

The abstract data type PutFile implements the following functions for producing an 
output file: 

extern void 0penFile () ; Opens the output file. 
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cs the output file. . . . 
id CloaeFil• (); Clos ) . Outputs the string that is given as 

extern vo char • , • If 't · ti d 
i nt conat I the indentation. 1 1s ic efined 

. d p tStr (const • •or contro s . 'l • t 1 extern vo1 u tor, Tho first pa.ro.me, ual \inc. Otherwise 1 1s pu on l 10 next 
the second po.riuuo h string is put on the ac\ negative integer o.nd means sarnc 
integer consto.nt SL, t O 

• (SL is defined llli o. 
line with tho given indentation 

line). . Outputs the string t~1at represents the i-

. d Putld (const int• const intG) LA stores these strings Ill o. global array and 
extern vo1 d pariunetcr. . , 

dent.mer given llS the secon di the indices to tlus a.rra). 
tbc attribute evaluator only han es . as above. 

trols the indentauon 
The first parameter con , g tbat represents tbe integer constant 

) Outputs the stnn , 
extern void Putlnt (const int ; Th tring is put on the actual \11\e. 

. h nd parameter• e s 
gwen as t e seco h tring that represents the float constant 

. t). Outputs t es "d 
extern void PutFloat (const in • • . is stored in tbe same array as I entifiers. 

gi\"en as the second parameter. ,This string 
The string is put on the actual !me, , 

0 the string that represents the strmg con. 
( t ·nt). utputs 

extern void PutStrVal cons 1 ' Th" t •ng is also stored in the same array as 
d arameter is s n 

slant given as the secon P • . , Ii 
identifiers, The string is put on the actu... ne. 

. . d th implementation in PutFile. c. 
Ii . • · n PutF1le h an e d 

This speci cation 1s gwen 1 · B t this output module seeme not to be 
Eli also provides an ADT for text output. u 

appropriate for our purposes. 

2.4.2 Error handling 
-1 th essages to the user on stderr. It distinguishes 

The error handling function fehler effil s em 

sL-c message types: 

I/ARN Warning. 

ABORT Unrepairable error. 

RECOVER Repairable error. 

COIIPILER Compiler error. 

DA TEI File error as "Incorrect extension of input file"• 

SYSTEM File error as "Permission denied". 

The type definition for this type and the function prototype are given in figure 12. The 

function definition is given in Fehler. c. 
Tbe functions Assert and Equal call the error handling function if appropriate with error 

type RECOVER. They check conditions in the attribution and are defined in Check. c: 

void Assert (const int cond, const char •report) calls fehler with the report, if 
the condition is not satisfied. 

void Equal (const int a, const int b, const char •report) calls fehler with the 
report, if the first two parameters are not equal. 

2.5 Derivation 13 

/• Type for error handling: •/ 
typedef enum {WARN=l, ABORT, RECOVER, COIIPILER, DATE!, SYSTEM} ERRORTYPE; 

extern void fehler( 
const char functionnameO , 
const ERROR:r<PE type, 
const char message 0 
) ; 

/• Name of calling function •I 
I• Error type•/ 
I• Error message•/ 

Figure 12: The error handling (Fehl er .h). 

2.4.3 Miscellaneous 

The header files for the above-mentioned C functions are given in figure 13. They supply the 
derived compiler with the necessary constant and type definitions and the function prototypes. 

linclude "Fehler.h" 
linclude "Check.h" 
linclude "PutFile .h" 

Figure 13: The header files in ses2. head. 

In ses2.init there are C-statements that are to be executed before the scanner starts 
lexical analysis. At present this is used to print out the actual compiler version. 

In ses2. finl there are C-statements that are to be executed after attribute evaluation. 
At present this is used to print out the error counts, 

2.5 Derivation 

Eli is a particular instantiation of a system for managing software tools called Odin [CO90]. 
It operates within a universe of objects, each of which is a UNIX2 file or di rectory. A user 
manipulates the objects in Eli's universe by making requests to Eli during a session or in 
batch mode. 

To derive an executable compiler the following request would be appropriate: 

ses2.specs +fold: exe > ses2 

For details see [Gro89b]. The parameter fold 3 causes Eli to manufacture a compiler without 
case distinctions, what is necessary in SETL/E for identifiers and keywords, but not in string 
constants. 

To put the source for this compiler e.g. in the directory COMPILER the following request 
would be appropriate: 

sea2.specs +fold: source> COMPILER 
--:,,-U-N-IX_i_s_a_lr_ad_e_m_a_rk_o_f -AT_&_T_. __ 

'A~ present Ibis P•'.ameler is ignored by Eli, bul we hope lhal I his problem will be eliminated by the 
Compiler Toole Group in Lhc nca.r future. Poasibly Lhi11 will require ch&ngca in the GLA specification. 
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CONCLUSJo Ns 

3 User's guide • , 118
1 To translate e.g. input. se entn 

h tho extcn61on • · ~r 
The SETL/E input file must ave 

ns2 input. ee 

am in input.stl see [Sny90a., section 3). 
To execute tho produced SETl2 progr 

4 Conclusions 
.
1 

that translates a subset of SETL/E into SETL2 w 
Th Eli 'fi ti s for a comp1 er ere e spec.i ca. on f h ecification will be reused for a transformation of s ETL/E 
presented. Essential parts o t ese sp 

into ANSI-C. .,, , db t SETL/E , th Ii 't , the translation the diucrences ,oun e ween and SETL2 
Except ,or e nu s ,or . • B k · 

f 
. al t _ and not worth a great discussion. ut ta ·e mto account th t 

are merel,.v o syntactic na u,~ a 
we only considered subsets of both languages in this work. 
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A The concrete grammar 

!•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Concrete graaaar for SETL/E 

··························································••/ xlni tChain : : = xProgDefn . 
!••••••••••••••••••••••••••••••••••••••••••• 
Prograa and procedure definition: 

·········································••/ xProgDefn ::= •program' id•;• xProgBody •end' id, .• 
xProgBody ::= xDecl• xStmta xProcOefn• 
xProcOefna ::= xProcOefna xProcDefn. 
xProcOefna ::= 
xProcDefn : : = 
xParamLiat : : = 
xParamLiat 
xParamllode : : = 
xParamllode : : = 
xParamllode : : = 

'procedure• id xPara.m.Liat 

' ( • xcParams ') • . 

'rd' 
•rv• 

xParamMode ::= •vr• 
xcParams : : = xcParams • , • xParamMode id . 
xcParama : : = xParamllode id . 

xProgBody 'end' id 

xProcDefn : : = •exception' . 1/. to be completed 
xProcDefn : : = •operator• . Y. to be completed 
!••••••••••••••••••••••••••••••••••••••••••• 
Declarations: 

·········································••/ xOecla ::= xOecla xOecl. 
xOecla : := 
xDecl : := xDeclKey xcVara 
xcVara ::= xcVars •,• xSingleVar 
xcVara ::= xSingleVar. 
xSingleVar id ': = • xExpr 
xSingleVar : : = id . 
xDeclKey .. - •visible• 
xDeclKey 'hidden' . 
xDeclKey 'visible' 'constant• 
xDeclKey ::= 'hidden• 'constant• . 
xDeelXey ::= 'constant• . 

!••••••••••••••••••••••••••••••••••••••••••• 
Statements: 

·········································••/ xStats ::= xStmts xSt■t •·• 
xStmts : : = xStmt ' ; • 
¼ 
¼ Simple Statements: 
xStmt : := 

xSt■t .. -
xSt■t 

xStat 
¼ 

: := 

'pasa' . 
'stop' . 
'return' xExpr 
•return' 

¼ baign■enta: 
xSt■t .. - xLVal.ue • : = • xExpr . 

xLVal.ue xBinOp • : = • xExpr xSt■t : := 

15 
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xSt11t · •= xLValu• xFro• xcSiapllLV 

xFro11 
xFro• 

: := 

xFroa : :11 

Y. 

'fro•• . 
1tro••• 
•troab 1 

X Function call■: 

xStat : :• id 1
(

1 

xSt■t : := id 1
(

1 

Y. 

xExprLilt ') ' • . ) . . 
X Recux■iv• lubda calla: 
xSt11t : : " •ult• • (' xExprLi■t 
xStat : : • ' ■elf' ' ( ' ') 

1 

')' . 

" 

A TllE CONCRETE GR.AMMAR 

X Conditional ■tate■ent■: 
xStat ::a 'if' xExpr •then' 

xStata xElifStatl 'end' 'if ' • 
xStat1 xllifSt■t• • •l••' xSt■t■ •end• • if • . 

xStat ::• 'if' xExpr 'then' 
xEllfStat : :• •e111if' xExpr 'then' xStata 
xElifStata : : • xEllfStatl xEllfStat 
xEllfStata : : • 
X 
X Cue atatuenta: 
xStat : :• •cue' xExpr xCaaeStatl 'elae' xStatl •end' 
xStat : : ■ • ca•• 1 xbpr xCa11Stata • 1nd 1 1

ca11
1 

xCueStata : :• xCueStatl xcCaaeStat 
xCa11St11ta : : • xcCaaeStat . 
xcCueStat : : • 
xcCauLiat : :• 
X 
X Loop atate■tnU: 

xcCaaeLi■t 1St11t1 . 
'when• xBxprLiat '•>' 

xStat : :• xcLoopSt■t ••nd' 'loop' . 
xStat ::• xcForStat •and' •tor• . 
xSt■t : :• xcVhihSt■t 'tnd' '•hilt' 
1St11t : :• xcVhiltfound •end' 1whiltfo1111d1 

xStat : :• xcUntilStat 'end' 'do' 
xStat : :• id ':' xLoopa •end' id • 
1Loop1 : : • xcLoopSHt . 
xLoopa : : • xcl'orSt■t • 
xLoopa : 1 • xcVhiltStat . 
xLoopa : :• 1cVhiltfo1111d , 
1Loop1 : : • xcUntilStat . 
xcLoopSt■t : : • •loop' 1St11ta 
xcPorSt■t : :• •tor• dttrator 'do' IStatl . 
1cVbiltSt■t : :• 'whilt' 1Expr 'do' 1St■t1 , 

1ca1e 1 
• 

xcVhiltfound : : • 'whiltfound' a9i■pltltl •I• 1E1pr 'do, xStatl . 
1cUntilBt11t : :• 'do' IStata •until' IExpr , 
18t11t ::• 'quit' , 
1!1t11t : : • •quit' id . 
x9t■t : : • • cont1nu1 • , 
xStat : : • 'cont inut • id • 

/••••••••••••••••••••••••••••••••••••••••••• 
Ittratou: 

·········································••! xltantor : : • xSiapleita 'I , x£xpr • 
xlttrator : : • a91aplelti • 

xSimpleit■ ::= xSi.Joplelta •,• xSiapleit 
xSimpleit■ ::= xSimpleit. 
xSimpleit ::= xLValue 'in' xExpr. 
1S:implelt ::= xLValue '=' id xKapSel 
!••••••••••••••••••••••••••••••••••••••••••• 
Kap Selector• for oimple iterator•: 

·········································••/ xKapSel : : = ' (' xcLValLiot ') • . 
xKapSel ::= '{' xcLValLiot '}' . 
xcLValLi■t ::= xcLValLiat •,• xLValue 
xcLValLiot ::= xLValuo. 
/••••••••••••••••••••••••••••••••••••••••••• 
Left hand aide valueo: 

·········································••/ xLValue : : a xcSi11pleLV . 
xcSimploLV ::= id . 
xcSimploLV ::= id xSoloctor 
xLValue ::= •[• xcComp■ •]• 
xcComp1 ::a xcCompl •,• xcComp 
xcC011p1 ::• xcComp 
xcC011p ::• xLValue . 
xcComp : : • • - 1 

/••••••••••••••••••••••••••••••••••••••••••• 
Selector■: 

·········································••/ xSelector : : • ' (' xExprLi■t ') • . 
xSelector ••a '{' xExprLi■t '}' . 
xSoloctor : : • ' (' xExpr ' .. ' ') ' • 
xSelector : : • ' (' zExpr 1 

, , • zBxpr •) • . 

!••••••••••••••••••••••••••••••••••••••••••• 
Former: 

·········································••/ xFormor ::• 1B1pr 
1For■er ::• xExpr '•' xExprLi■ t , 
xFoutr : 1 • x£xpr ' , , ' xExpr , 
xForaor ::• xExpr ',' xExpr '· ,• xBxpr 
1For■or 11• xExpr ':' xittrator. 
!••••••••••••••••••••••••••••••••••••••••••••• 
B1pr111 ion■ 1 

·········································••/ x&xprLi■t: :• 1E1prLi1t ',' xBxpr. 
xllxprLilt 1 1 • xllx1>r • 

/••••••••••••••••••••••••••••••••••••••••••• 
Priaary Expr111ion11 
............................................. 1 
x0Pri■1ry 11• id • 
xcPri■uy 11• int • 
xcPriauy : 1 ■ Uoat 
xcPri•a.ry 1: • 1tr , 
xcPriauy ::• 'true' • 
xcPri■ary 11• 'fal■•' , 
xcPri■ary: :• •011' . 
xcPriaary ::• •ato■' . 
xcPri11ary ::• 'bool1an' 

17 
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xePri■uy : :• 
xePri■uy : :• 
xePri■uy : :• 
xePri■uy : :• 
xePri■uy : :• 
xePri■uy : :• 
xePri■uy ... 
xcPri■ary : :• 
xePri■uy : :• 
xePri■a.ry : :• 
xePri■uy : :• 
X 
X Quantifier■: 
xePri■uy : :• 
xQuant it hr : : • 
xQ111.litior : :• 
xQualifhr : :• 
xQulllititr : :• 
X 

•integer' • 
•real' . 
•1tring' , 
•tuple' , 

·••t' . 
•proetype' 
•ugv' . 
•{• xFor■er '}' 
• C' xFor■er ']' 
xUnOp xePri■ary • 
xBinOp • / • xcPri■arJ 

xQuantitier , 
xQualitier xSi■pleltl 'I ' xePri■ary , 

•uilto' . 
•notuilt•• 
'for•ll' , 

X Condi tionlll 
xePri■uy : : • 
xcPri■uy : :• 
xElHExpn : : • 
xElHExpn : : • 
xEllfExpr : :• 
,: 

Expre11ion1: it, 
'if' xExpr 'then' xExpr xEllfExpro 'end' ' . 

ElifE 1 •e11e' xExpr 'end' 'if' . 
, if • xExpr 'then' xExpr x xpr 
xEllfExpro xEllfExpr , 

'eluif' 1Expr 'then' 1Expr 

X Cue Exprulio111: 
zcPriaa.ry : := 'ca.a•' xErpr i:CaaeEx:pr• •end' •cue• 
xcPriaary ; :• •c•••' :a:Expr xCueExpr• '•l••• xExpr •ca■ e' . 

xCueExpn : := xCueExpra xcCueExpr 
xCueExpn : := xeCueExpr . 
xcCueExpr · • • xeCueLi1t xExpr . 
1' 
X Laabda Exprulion■: 

xePri■ary : : = rl.ubd• 
xl.aabda ::= 'lubda' xParuLilt '· • xProgBody 'end' 'lubda' . 

r. 
X lleeurlin lubda calls: 
xcPri■ary : := •aelf' . (. xExprLilt ')' 
xcPri■ary : := ' ■elf' . (' ') . 
xePri■ary 'aelf' 
,: 
xePri.■ary : := id llSeleetor 
xcPri■ary : := id . (' ')' 

r. 
xePri■ary : := ' ( • xExpr ')' 

!••••••••••••••••••••••••••••••••••••••••••• 
Binary operations: 

·········································••/ xExpr : : = xExpr xeOrOp xeOrTer■ / xeOrTeni 
xcOrOp : := 'or' . 
xeOrTen, : := xeOrTeni xeAndOp xeAndToni / xeAndTeni 
xeAndOp ::= 'and' . 
xeAndTeni : := xeAndTe?'ll xeBoolOp xeBoolTen, / xeBoolTen, 

xeBoolOp .. ,. 

xeBoolOp : : " 
xeBoolOp : : " 
xeBoolOp : : " 
xeBoolOp : : = 
xeBoolOp : : • 
xeBoolOp : : a 

xeBoolOp : : • 
xeBoolOp · •a 

xeBoolOp : : • 
xeBoolToni : :• 
xeSetOp : :• 
xeSetOp : :• 
xeSetOp : := 
xcSetTena : : a 

xelddOp : :• 
xelddOp : := 
xelddOp · '" 
xelddOp ::• 
xelddTena : : = 
xeMulOp : :• 
xeMulOp : := 
xeMulOp : := 
xeMulTer■ : := 
xePovOp : := 
xePovTena ::= 
¼ 

'•' 
'/c' • 
'<' . 
'<•' . 
'>' . 
'>11' . 
'in' . 
'notin' 
'1ub1et' . 
'ine1' . 
xeBoolTer■ xeSetOp xeSetTer■ / xeSetTer■ . 

'with' . 
'l•••' . 
1 le11f' . 
xeSetTena zelddOp xelddTer■ / xelddTena. 

'+' . ,_, 
'mu• 
' ■in' 

xelddTena xeNulOp xeMulTer■ / xeMulTer■ . 

'•, . 
'div' . 
'mod' . 
xeMulTena xePovOp xePovTena / xePovTer■ . ... , . 
xePri■ary 

xBinOp : := xeOrOp 
xBinOp : := xelndOp 
xBinOp : := xeBoolOp 
xBinOp : :c xcSetOp 
xBinOp : := xelddOp 
xBinOp : := zeMulOp 
xBinOp : := xePovOp , .......................................... . 
Unary Operators: 

·········································••/ xUnOp : := '+' 
xUnOp : := '-' 
xUnOp::= ••• 
xUnOp : := 'not' 
xUnOp : : = 'pov' 
xUnOp : := 'arb' 
xUnOp ::= 'select' 
xUnOp : : = • domain 1 

xUnOp : := 'range' . 
xUnOp .. - 'type' . 
xUnOp : : = 'il_■ap' . 
xUnOp ::= 1 ia_1aap 1 

• 
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B 
i-valences 

The symbol equ 

xExprLiat : :• 
xeCuoLht, 

D TJIE SYMDOL EQUIVALENCES 

dT 1"1l xcAndTel'll xcDoolTorm 
.. O Tll"II xcAd 1 

xEJQ)-1' •. • cPo•T•rll xc r 
xcPriaar:r xcKulTll"II x 
1cS1tT..,., 

B lOp 1cS1tOp, 
1BinOp : : • Op xelddOp xcAndOp IC oo 

1cOrOp zcKulOp zcPo• 

1Singl1Var : : • 
1cVar1. 

xPua■Lilt : :• 
1cPuu1. 

1Cu1Expr1 : : • 
1cCaHExpr. 

z<:aHStatl : : • 
rcca .. stat. 

zLoop1 : : • VhiloStat xcVhilofound zcUntilStat. 
zcLoopStat zeForStat xc 

xLValuo : :• 
xcCoap1 xcco■p xcLValL11t xcSiaploLV • 

C The static conditions 

r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.nr.r.r.r.r.r.r.r.nr.r.nr.r.r.nr.xr.xxr.r.r.r.r.r.r.r.n 

r. 
Y, Static condition,: 
r. 
r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.nr.r.r.nr.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.n 

r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r. 
Y, Hoader and trailer nu11: 
r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.nr.r.r.r.r.r.r.r.r.r. 

RULE rProgDlfn: 
xProgD,tn ::• 'progru' id ':' 

xProgBod:, 
'end' id';' 

STATIC 
COIDITIOI Equal (id[1].1:,■ , id[2].a:,■ , 

'Progru Dlllll in hoador and trailer ha•• to bo idontical'); 

RULE rProcDlfn: 
zProcDlfn : : • 'procoduro • id zPua■Lilt •; • 

zProgBody 
•end' id • i • 

STATIC 
COIDITIOI Equal (id[1].a:,■ , id[2].a:,■ , 

1 Proc1dur1 nua• itt Header and Trailer ba•• to be 1dentic&l'): 
EID; 

r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.xr.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r. 
Y. Control 1tate■ent1 with lab1l1: 
r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r. 

RULE rSt■tLS: xSt■t ::•id':' zLoop1 'ond' id 
STATIC 
COIDITIOI Equal (id[1].a:,■ , id[2].1:,■ , 

'Labol nuo in Reader and Trailor ha•• to b• identical'); 
EID; 

r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.nr.r.r.r.r. 
Y. Con1tant1 initialized? 
r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r. 

IOITEJ\11 zDocl, zDoclKo:,: I■Con1t: DOOL SYIT; 

RULE rDocl: zDocl : : • zDeclKoy zSingloVu • • • 
STATIC 

zD1cl.I1Co111t :• zDeclKey.I■Con1t; 
EID; 

RULE rDoclKeyV: zDoclKey ::• 'viaibl1' 
STATIC 

zD1clK1y,l1Con1t :• FALSE; 
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EID; xDeclKey : :• 'hidden' 
RULE rDeclKeyH: 
STATIC 

xDeclKey.I1Con1t :a FALSE; 

END· •,iaible' 
RUL~ rDeclKeyVC: xDeclKey : : = 

•constant' 

STATIC 
xDeclKey. IIConat :• TRUE; 

EIID· •hidden' •con■tant' 
RUL~ rDeclKeyBC: xDeclK•J : : • 
STATIC 

xDeclKey.IsConst := TRUE; 

EMO; . ·- •constant' 
RULE rDecllteyC: xDeclK•J · · -
STATIC 

xDeclltey. Is Const : = TRUE; 

EID; 

RULE rSingleVar2: xSingleVar : := id 

STATIC 1 IsConst) 
COIDITIOI Assert (I0T (IICLUDIIG xDec . . 

1 
tant ! ') · 

. "ti&11ze a cons ' , It is necessary to llll 

EID; 

' Y¥'f.Y,Y,Y.X'!.'!.Y.'!.'l.'!.'l.'l.'!.'l.'I.Y.Y.Y.'!.'I. '!.'l.'l.'l.'l.'1.'!.'I.Y.Y.'!.'f.Y.'l.'l.'!.'f.'f.'!.'f.'f.'!.'l.'!.'f.'f:t.'f.'l.'f.'!.'f.XY.X'l.'l.'/.•1• '' '' 

'f. Conditions tor return: , ""'f.'1.'1.Y.'t.'!.'1.'I.Y.'1.'l.'l.'t.'!.'l.'l.'!.'!.'l.'!.'l.'I. 
'f.'f.'f.Y.'f.'f.Y.'l.'!.'l.'l.'l.'I.Y.'!.'f.'t.Y.Y.'l.'f.'t:!.'f.'!.'l:J.XY.'!.'!.'l.'l.'!.Y.'!.'f..,, ' ' ' '' 

RULE rStatRET1: xStmt : : = •return' xExpr 

SUTIC nP dure 
C0IDITI0I Assert (IICLUDIIG xProgBody. ~ :::"at ;ocedures •) ; 

• Return atat .. ents are only alloved lJIS p 

EID; 
RULE rStatRET2 : xStmt : : = 'return' 
SUTIC 

C0IDITI0I Assert (IICLUDIIG xProgBody.InProcedure, d •)· 
'Return atat .. enta are only alloved inside of proce urea ' 

EID; 

'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'!.'l.'l.'!.'l.'l.'l.'l.'!.'I.Y.'!.'f.'l.'l.'!.'l.'l.'!.'l.'l.'!.'l.'l.'l.'l.'l.'!.'!.'l.'l.'l.'!.'l.'l.'!.'l.'l.'l.'!.'!.'l.'!.'!.'l.'l.'!.Y.'l.'l.'I. 

'I. Conditions tor self: ., 'l.'!.'l.'l.'''''l."'''I.'!. 
'l.'l.'l.'l.'!.'l.'l.'l.'!.'l.'l.'l.'!.'l.'l.'!.'l.'l.'l.'l.'!.'t.'!.'t.'l.'l.'l.'l.'l.'/.'l.'/.'/.'l.'l.'l.'!.'!.'l.'!.'l.'l.'l.'l.'l.'l.'!.'l.'I.Y.'' ',,,,, ,.,, '' 

RULE rStatSelt 1: xStat : : = • aelt' ' (' xE:rprLiat ') ' 
SUTIC 

C0IDITI0I Assert (IICLUDIIG xProgBody .In!.aabda, 
'Recursive lubda calla are only alloved inside of lambdas'); 

EID; 
RULE rStatSelt2: xSt11t : : = 'aelt' ' (' ') ' 
SUTIC 

C0IDITI0I 1asert (IICLUDIIG xProgBody. ln!.aabda, 
'Recursive lambda calla are only alloved inside of lambdas'); 

EID; 

i 

RULE rExprSelt1: xExpr : : = 'self' • ( • xExprLiat •) • 
STATIC 

COIDITI0I baert (IICLUDIIG xProgBody. InLubda, 
'Recursive lubda calla are only alloved in■ide of laabdaa •); 

EID; 

RULE rExprSelt2: xExpr : : = • ■ elf• • ( • •) • 
STATIC 

C0IDITI0I Assert (IICLUDIIG xProgBody.InLambda, 
'Recursive lubda calla are only alloved inside of lubdaa •); 

EID; 

RULE rExprSelt3: xExpr : : = 'self' 
STATIC 

C0MDITIOI Assert (IICLUDIIG xProgBody. InLubda, 
'Recursive lambda calla are only alloved inside of lambdas'); 

EID; 

'!.'!.'!.'l.'!.'!.'!.'l.'l.'l.'l.'l.'!.'!.'l.'l.'l.'l.'!.'l.'!.'!.'l.'!.'l.'l.'!.'!.'l.'l.'!.'l.'!.'!.'l.'l.'!.'!.'!.'l.'l.'l.'l.'l.'l.'l.'!.'l.'l.'l.'l.'l.'l.'!.'l.'!.'l.'!.'!.'/.'!.'!.'!.'l.'l.'I.'!. 
'I. Procedure and lambda environment: 

'l.'l.'!.'l.'l.'l.'l.'l.'l.'l.'l.'l.'l.'!.'l.'l.'l.'l.'!.'!.'l.'!.'l.'l.'!.'!.'l.'l.'!.'l.'l.'!.'!.'l.'l.'!.'l.'l.'l.'!.'l.'l.'l.'l.'l.'l.'l.'l.'!.'l.'!.'l.'l.'l.'l.'l.'l.'!.'!.'l.'l.'l.'!.'l.'I.'!.'!. 

I0NTERM xProgBody: InProcedure, InLambda: B00L IIH; 

RULE rProgDetn: 
xProgDetn : : = •program• id 

xProgBody 
'end' id 'i' 

STATIC 
xProgBody. InProcedure : = FALSE; 
xProgBody. InLambda : = FALSE; 

EID; 

RULE rProcDetn: 
xProcDefn : := 'procedure' id xPa.ramList ';' 

xProgBody 
'end' id '; 1 

STATIC 
xProgBody. InProcedure : = TRUE; 
xProgBody. InLubda : = FALSE; 

EID; 

RULE rLambda: 
xLambda : : = •lambda' xParamLiat • · ' 

xProgBody 
'end' 'lambda' 

STATIC 
xProgBody. lnProcedure : = TRUE; 
xProgBody.InLubda := TRUE; 

EID; 

'!.'l.'!.'l.'l.'!.'l.'l.'l.'!.'l.'l.'l.'l.'l.'l.'l.'!.'l.'l.'l.'!.'l.'l.'l.'l.'!.'l.'l.'l.'l.'!.'l.'l.'l.'l.'l.'!.'l.'l.'!.'l.'l.'l.'l.'l.'l.'!.'!.'l.'l.'l.'l.'l.'l.'!.'l.'l.'l.'I.'!. 
't. Conditions tor quit and continue: 
'l.'l.'l.'l.'!.'l.'l.'!.'!.'l.'!.'!.'l.'!.'l.'l.'l.'!.'!.'l.'l.'l.'!.'!.'l.'l.'!.Y.Y.Y.Y.Y.'l.'I.Y.Y.'l.'l.'l.'l.'1.Y.'I.Y.'I.Y.Y.'1.'l.'l.'l.'I.Y.'l.'l.'1.'l.'l.'I.Y.'I. 

RULE rQui tStat: xStat 'quit' 
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•continu•• 
RULE rContinu1Stat: xStat .. = 

TIC t InLoop, 
STl (IICLUDIIG xSta 1

• . id• o! 
COIDITIOI l111rt are onlJ alloved lJll 

'Conti.nu• ,tatuents 

EID; 
: : = 'continue' id 

RUL£ rContinueLStat: xStat 

1oop1'); 

STATIC (IJCLUDIIG xStaU. InLoop, . d o! loops'); 
COJDITIOI Usert 

O 
onlJ uloved lll

11 8 

• Conti.nu• atateaents ar 

EID; 'f,'l,'/,'/.'/.'t:f.'t.'/.'/.'t.'/.'/.Y.Y.'/.'/.'!.'f.Y.Y.'/. 
't:/.'!.'f.'f.'t:/.'f.'f.'/,'l,Y,'/,'/.Y.'t:f.'!.'/.'I. 

'f,'f.'f.Y.Y.'f.'f.'t.'f.'f.'l.'t.'f.'f.Y.Y.'/:J.'I.Y.X'l:t.'I.'/. • '/.Y.'/.'/.Y.Y.'/.'/.'/.'/.'/.'/.'/. 
l( Loop euironaent: 'l:J.'l,Y,'/,Y.'/.'/.'t.Y.Y.'/.'/.'f.'/.Y.Y.'!.'/.'/.Y.'/.'1.'/. • 
'f.'f.'l.'t.'l.'f.'f.Y.Y.'1.'t.'f.'l.'l.'1.'/.'/:J.'l.'f.Y.'l:J.'/.Y.'l:J.'I.'!.'!. ' 

JOJTEPJI xStats: 
InLoop: BOOL IIB; 

.. - xDecl• xStats xProcDe1n• 
RUL£ rProgBodJ: xProgBodJ · · -

SUTIC 
xStata.InLooP := FALSE; 

EID; 

RULE rStats1: xStats : := xStmts xStm.t ';' 

SUTIC 
TRUSFER InLoop; 

EJD• 

'!.'f.'l.'l.'f.'f.'f.'f.Y.Y.Y.'1.'f.'l.'f.'/.'l:t.'t.'/.'/.'l:t.'/.'/.'I.Y.Y.'f.'/.'/.'/.'l.ffl'l.'/.'l.'/.'/.'f.'t.'f.'/.'/.'/.'/.'t.'/.'/.'/.'/.'/.'t.'/.'/.'/.%'/.'/. 

~'l.~~~~~~~~~~'t.;,~;::;:~~~'/.'/.'/.'/.'/.'/.'/.'l.'/.'/.'!.Y.'t.'/.%'1:t.'1.'/.'/.'/.Y.'/.Y.'/.'/.Y.'/.'/.'t.'/.'/.Y.'t.'/.'/. 

RULE rlfStat: xStat : := 

STATIC 

'if' xExpr 'then' xSt■U 

xEllfSt■ts 

'end' 'if' 

xStats. InLoop := IJCLUDIIG xStats. InLoop; 

EID; 

RULE rifElStat: xStat : := 'if' xEJ:pr 'then' xStats 
xEll!Stats 

'else' xStmts 
11Jld1 1if' 

STATIC 
xStmta [1]. InLoop : = IICLIIDIIG xStmts. InLoop; 
xStmts[2] .InLoop := IICLIIDIIG xStmts.InLoop; 

END; 

RULE rElifStmt: xElifStmt : : = 'elseif • xExpr 'then• xSt■ta 

STATIC 
xStmts. InLoop : = IICLIIDIIG xStmts. InLoop; 

END; 

'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'t.'t.'t.'/.'/.'t.'/.'/. 
'/, Caso statements: 

'/.'l.'l.'!.'/.'l.'l.'l.'/.'l.'!.'l.'!.'/.'l.'l.'!.'I.Y.'l.'l.'!.'l.'l.'/.'!.'!.Y.'l.'I.Y.'l.'/.'/.'l.'/.'!.'l.'l.'l.'/.'l.'/.'/.'/.'!.'l.'/.'l.'l.'!.'!.'/.'l.'/.'/.'I.Y.'!.'/.'!. 

RULE rSvitchEStmt: xStmt : := 'case' xExpr xCaseStmts 
'else' xStmts 
'end' 'case' 

STATIC 
xStmts.InLoop := IICLIIDIIG xStmts.InLoop; 

END; 

RULE rCaseStmt: xCasoStmts : := xExprList xStmts 

STATIC 
xStmts.InLoop := IICLIIDIIG xStmts.InLoop; 

EllD; 

'/.'/.'/.'/.'/.'/.'!.'/.'/.'/.'/.'/.'!.'/.Y.'/.'/.'/.'/.'/.'/.'t.'/.'/.'/.'/.'/.'t.'/.'/.'/.'/.'/.'/.'/.'/.'!.'/.'/.'l.'/.'/.'/.'/.'/.'!.'/.'/.'t.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'!.'/.'/.'/.'/.'/.'/. 
'/. Loops: 
'/.'/.'/.'/.'/.'/.'l.'/.'/.'/.'/.'/.'!.'/.'/.'/.'/.'/.'/.'l.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'/.'l.'l.'!.'/.'!.'/.'/.'/.'/.'l.'/.'/.'l.'/.'/.'/.'l.'l.'/.'!.'!.'/.'!.'/.'l.'I. 

RULE rLoopStmt: xLoops : := 'loop' xStmts 
STATIC 

xStmts.InLoop := TRUE; 
EID; 

RULE rForStmt: xLoops : := '!or' xiterator 'do' 
xStmts 

STATIC 
xSt■ts.InLoop := TRUE; 

EID; 

RULE rllhileStmt: xLoops : := 'while' xExpr 'do' 
xStmts 

SUTIC 
xStats. InLoop : = TRUE; 

EID; 

RULE rllhile!ound: xLoops : := 'vhiletound' xSimplelts 'I' xExpr 'do' 
xSt11t1 

SUTIC 
xSt■ts. InLoop : = TRUE; 

EID; 

RULE rUntilStmt: xLoops : := 'do' xSt11t1 'until' xExpr 
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STATIC •u&· 
.... Loop :• 1• ' 1Stat1,,u 

&ID; 

C TIIB S2'A1'JC CONDJ•, 
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