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Abstract

Oz is a concurrent language providing for functional, object-oriented, and constraint
programming. This report defines how Oz program text is transformed into a Kernel
Oz program. Kernel Oz has been designed to be the base for a formal definition of
Oz, and therefore to be minimal in the number of syntactic constructs. Technically,
Kernel Oz is able to express a wide range of programming styles, including functional
and object-oriented programming. Being a purely relational language, however,
Kernel Oz does not provide easy notational access to programming methods from
functional and object-oriented programming, making it hard to fully exploit the
capacities of the language.

It is such ergonomic considerations that lead to the development of the Oz Notation,
where syntactic extensions provide convenient constructs for functional and object-
oriented programming. The semantics of these extensions is defined in this document
by their stepwise translation to Kernel Oz.
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1 Introduction

This report defines how Oz program text, which is a sequence of characters, is
transformed into a Kernel Oz program. This transformation is performed in five
steps.

Lexical syntax. First, a given program text is transformed into a sequence of
words. Each word represents a sequence of tokens.

Context-free syntax. The resulting sequence of tokens is transformed into a
parse tree.

Programs. The parse tree is transformed into an abstract syntax tree, called
program.

Standardized Programs. The program is standardized, eliminating a number
of abbreviations that allow for more concise programs.

Kernel Programs. The standardized program is translated to a Kernel program
eliminating nesting and state threading, extensions that support functional
and object-oriented programming.

At each step, errors may occur. A text represents an Oz program, if it can be
tokenized and parsed into a program which can be translated without error into a
Kernel program.

Kernel programs [3], denoted by &, are kernel expressions with a “hole” e. This
hole may be filled later with another program &’, which may use local variables
of £ whose scope included the hole. We write £[E’] for the program obtained by
replacing e in & by &’.
This concept provides for an interactive programming environment by allowing to
incrementally extend the scope of variables over program boundaries. A stream
of incoming program texts 17,75, T3, - is transformed into a stream of programs
&1,&2, &3, -+ -. Each of the programs replaces the hole in the previous one, resulting
in £1[&[&5[- - -]]]- Note that we use the symbol - - - for ellipsis; the character sequence
. is an Oz keyword.

During the transformation, new variables are introduced that do not occur in the
given program text. New variables that are not bound locally are either bound
by the Kernel prelude & given in [3] or by the notational prelude &,, which is
summarized in Section 7.

The notational prelude in turn uses some Standard procedures, defined in the Stan-
dard prelude &; described in [1]. Therefore, entering user programs &, &y, - - - gen-
erates the following stream of programs.

Ex[EnlEs[E1[E[- - ]1]]]
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2 Lexical Syntax

A program text is a sequence of characters. In this section, we describe how such
a sequence is split into a sequence of words. Each word represents zero or more
tokens such that the result is a sequence of tokens. There are 9 classes of words,
described by regular expressions. We use the following notation to compose regular
expressions e: [e] for an optional expression e, e for one or more expressions e, e*
for zero or more expressions e, e; | ey for either expression e; or expression ey, and
(¢) for grouping of expressions.

The following definitions represent the classes of characters used in the remainder.
For characters, we use ISO 8859-1. For example, the character a has code 97.
A convenient way to see the character codes on UNIX-based systems is by using the
UNIX command man ascii.

(lower) = al -]z lower-case letter

(upper) = a| |z upper-case letter

(digit) = o] ]9 decimal digit

(alphaNum) = (lower) | (upper) | (digit) | _ alpha-numerical character
(atomChar) = any, except 7, \, and code 0 atom character
(stringChar) = any, except ", \, and code 0 string character
(variableChar) = any, except *, \, and code 0 variable character
(escape) = alvltlalc]tlvINl | escape character

(oct) = o]---|7 octal digit

(hex) w= o|---lolal---l£lal---|F hexadecimal digit

In the classes of words (variable), (atom), and (string), we use pseudo-characters,
which represent single characters in different notations.

(pseudoChar) = \ ((oct){oct)(oct) | x(hex)(hex) | (escape))

Pseudo-characters allow to enter any 8 bit character using octal or hexadecimal no-
tation. Octal notation is restricted to numbers less than 256. The pseudo-characters
\a, \b, \f, \n, \r, \t, \v denote special purpose characters, and \\, \", \", \" denote
their second component character.
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2.1 Keywords

(keyword) ::= andthen | attr | case | class | create | declare | div
| else | elsecase | elseif | elseof | end | extern | false
I feat I fi I from I fun I if I in I local I meth I mod
| not | of | or | OR |orelse | proc | ro | RO | self | then
I thread I true I with
I <clxbclytcoctatbobel:0...l<=1=1.
| Olel<l<«<I>>lslel-1+1-1x«1/
| =1\=1l<l=<1]>]>
| =: | \=: | <: | =<: | >: | >=: | e | \:: | . | \:::

Each keyword represents itself as token.
2.2 Variables

(variable) = (upper)(alphaNum)™ | *((variableChar) | (pseudoChar))™

A word of the form (variable) represents a variable token of the form (variable, n™)
where nt is the sequence of characters that make up the word, including the pos-
sibly surrounding * characters. For example, the word Xs represents the token
(variable, 88 115]) and the word “\n' represents the token (variable,96 10 96)). The
set of all variable tokens is denoted by (variable]).

2.3 Atoms

(atom) = (lower)(alphaNum)* | “((atomChar) | (pseudoChar))™

A word of the form (atom) represents an atom token of the form (atom, n*|) where
n* is the sequence of characters that make up the word, excluding the possi-
bly surrounding ° characters. For example, the word atom represents the token
(atom,97 116 111 109) and the word "\n~ represents the token (atom, 10). The set

of all atom tokens is denoted by (atom).

2.4 Constructors

(label) = ((variable) | (atom))(

A word of the form (label) represents a sequence of two tokens. The first one is
a label token either of the form (atomlabel, n*) or of the form (variablelabel, n*|)
(similar to the corresponding tokens for words of the form (variable) and (atom)).
The second one is the keyword token (. For example, the word Xs( represents the
tokens (variablelabel, 88 115)) and (. The set of all variable label tokens is denoted
by (variablelabel)). The set of all atom label tokens is denoted by (atomlabel).
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2.5 Integers

(int) == [] (digit)"

A word of the form (int) represents an integer token of the form (int, n|) where n
represents the integer for which the word is the decimal representation. For example,
the word ~159 represents the token (int, —159)). The set of all integer tokens is
denoted by (int].

2.6 Floats

(float)y == (int) . (digit)* [(e | F) (int)]

A word of the form (float) represents a float token of the form (float, f) where f
represents the floating point number for which the word is the decimal representa-
tion. The letters e and E both indicate the exponent to 10. For example, the word
“1.5e2 represents the token (foat, —1.5€2). The set of all float tokens is denoted
by (float). The syntax of floats is implementation dependent in that syntactically
correct floats may be refused by the compiler, if they cannot be represented by the
implementation.

2.7 Strings

(string) = "((stringChar) | (pseudoChar))" *

A word of the form "¢q---¢,," represents a sequence of m + 2 tokens of the form
[ny --- n, 1, where the n; represent integer tokens according to the code of ¢;.
For example, the word "ab" represents the sequence of tokens [ (int, 97) (int,98) J.

2.8 Spaces

Spaces are tab (code 9), newline (code 10), vertical tab (code 11), form feed (code
12), carriage return (code 13), and blank (code 32). Spaces produce no tokens. This
means that they are ignored, except that they separate words form each other.

2.9 Comment

A comment is:

e a sequence of characters from % until the next newline,
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e a sequence of characters within comment brackets /* and #*/, in which /*
and */ are properly nested,

e the character 7.

Comments produce no tokens. This means that they are ignored, except that they
separate words form each other.

2.10 Lexical Analysis

The splitting of a sequence of characters using these regular expressions is not
unique. We use the following rules to perform left to right longest match tokenization
obtaining either error or a unique sequence of tokens from a given sequence of
characters. We start with the given sequence of characters and an empty sequence
of tokens.

1. If the sequence of characters is empty, we append the program marker token e
to the end of the sequence of tokens obtained so far, and return the result.

2. Find the set of all regular expressions that recognize a prefix of the sequence
of characters of maximal length (longest match).

3. This set is either empty or has one or two elements.

o If the set is empty, the given sequence of characters does not represent
an Oz program, a lexical error is reported and we stop the process.

o If the set has one element, the corresponding generated tokens are added
to the back of the sequence of tokens obtained so far and we proceed
with 1.

o If the set has two elements, then one of the corresponding tokens must
be a keyword token. This one is added to the back of the sequence of
tokens obtained so far and we proceed with 1.

2.11 Lexical Errors

Lexical errors result from using the characters & , \ ; ~ outside of variables, atoms
or strings, from using the variable, atom, or string delimiters © “ " not paired, from
using comment brackets /* and */ not properly nested and from using \ within
variables, atoms or strings, but outside of (pseudoChar).
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3 Context-free Syntax

In this section, the language of token sequences that are considered is described
using a context-free grammar.

We use the following variation on BNF: [e] for an optional expression e, e for one
or more expressions e, e* for zero or more expressions ¢, ¢; | e, for either expression
e1 or expression eg, and (e) for grouping of expressions.

As terminal symbols, we use the keywords from the previous section and the tokens
(variable)), (atom)), (variablelabel)), (atomlabel)), (int]), and (float).

3.1 Programs

E = o program marker
EE composition
local F in £ end declaration

declare /' (e | in &) program declaration
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3.2 Expressions

E = true | false success and failure

| t=¢ equation

| t(=l\=l<l=<|>1>)¢ comparison

|t (==l < =< > ]>=:) ¢ finite domain comparison

| t(::l\::l:::l\:::)t finite domain constraint

|  proc {t t*} B end procedure definition

|  fun{t t*} bena function definition

| £FE composition

| 1ocal F in F end declaration

| 2 application

| itCL (e1seif CL)* [e1se B] £i if conditional

| case EL (elsecase F'1)" [else B] end case conditional

| orD (0O D)+ ro disjunction

| orD (O D)+ RO non-distributing disjunction

| thread B end thread creation

|  not Bend negation

| (create | class)t object definition
[from t"‘] (:Erom, attr, feat, with
[attr (t [:t])+] parts may occur in
[£eat (¢ [:])*] arbitrary order)
[with t]
(meth ¢ B end)*

end

| <«<[t]t > method application

| t<-t assignment

| extern B end external expression

| v variable

B == [EFin] F block

We allow variables as expressions in order to provide for the declaration of variables
without initialization.



(atom)

I (t<=t)" [...D
I(t:t[<= D) [---D
(int) | (float)

tlt

[t*]

t(xt)"

t=1
t(=I\=l<l=<|>|>)¢
proc {$ t*} B end

fun {$ t*} b end

local I in [E] t end

{t t*}

& |

t

- |t(+|—|*|/|div|mod)t

t(::l\::l:::l\:::)t
t andthen { | t orelse {

it C'TL (elseif CTL)* [else b] fi
case 'L (elsecase ETL)* [else b] end

or DT ([] DT)+ ro
or DT (01 DT)" ro
thread b end
(create I class) [$]
[from t+]
[attr (t [:t])+]
[feat (t [:t])+]
[with t]
(meth t B end)*
end
et
<< [s] t >
self
(b))

[E in] [E] ¢

(atomlabel) | ['] (variablelabel)

[1] (variable)

3 CONTEXT-FREE SYNTAX

variable

atom

tuple constr. or match.
record constr. or match.
integer or float

cons list

fixed length list

mixfix tuple construction

nested equation

nested comparison
nested procedure def.
nested function def.
nested declaration
nested application
wildcard

nesting marker

field selection
arithmetic

nested f.d. constraint
boolean operators
nested if conditional
nested case conditional
nested disjunction
nested non-distr. disjunct.
nested thread creation
nested object definition
(:Erom, attr, feat, with
parts may occur in
arbitrary order)

attribute access
nested method appl.
self for objects

grouping
nested block
label

variable
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3.4 Clauses

CL == C(0C) list of if clauses

C  u= [F in] E then B if clause

D = [F in] E [then B] disjunctive clause

EL = toftthen B ([1F)" (elseof 'L)" list of elseof clauses
| ¢ then B boolean case clause

FL == F(OF) list of case clauses

F = tthen B case clause

3.5 Nested Clauses

CTL == CT(01CT)" list of nested if clauses

CT  := [F in] F then b nested if clause

DT = [F in] E then b nested disjunctive clause

ETL == toftthenb ([1FT)" (elseof 'TL)" list of nested elseof clauses
| tthend nested boolean case clause

FTL == FT(00FT)" list of nested case clauses

FT' == t{thenbd nested case clause

3.6 Operators

Precedences of infix and mixfix term operators in increasing order:

= nested equation

orelse boolean disjunction
andthen boolean conjunction
== \= < =< > >= nested comparisons
\:: ::: \::: nested finite domain constraints
| cons list
# mixfix tuple construction
+ - additive operators
* / div mod multiplicative operators

field selection

“Having higher precedence” means “binding tighter”; e.g. the term c # X . g =Y
is parsed like (¢ # (X . g)) = Y. The prefix operators @ and ~ have higher prece-
dence than any of the above. The infix operators = orelse andthen | are right-asso-
ciative (e.g. X|Y12Z is parsed like XI1(Y12)). The infix operators + = * / div mod .
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HEACEAE S \::: are left-associative (e.g. X+¥+Z is parsed like (X+Y)+Z). The mixfix

tuple constructor # is not associative.

3.7 Grammatical Errors

Any sequence of tokens that is not member of the language described by the above
grammar, is considered erroneous. For any member of the language there exists a
unique parse tree.
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4 Programs

In this section, we describe how a sequence of tokens that is an element of the
language defined in Section 3 is transformed to a program.

At this point, we leave the realm of syntax, containing entities like characters, words
and tokens. From now on, we deal with semantic constructs that we call programs.
A program is obtained from a sequence of tokens by taking its parse tree according
to the grammar in Section 3, and

e replacing atom tokens of the form (atom, s|) by atoms that correspond to the
character sequence s (see [3]),

e replacing variable tokens by variables, such that if two variable tokens
(variable, s1)) and (variable, s3)) have different character sequences s; and sg,
then the corresponding variables are different,

e replacing label tokens of the form (atomlabel, s) by atoms that correspond to
the character sequence s,

e replacing label tokens of the form (variablelabel, s)) by variables analogous to
variable tokens,

e replacing integer tokens of the form (int, i) by the integer ¢,
e replacing float tokens of the form (float, f) by the float f,

e dropping parentheses ().

Variables whose syntactic representation begins and ends with * are called system
variables. Programs that use system variables are called system programs. An
implementation may restrict the use of system programs.

To describe sets of programs, we use a grammar obtained from the one we used for
sets of token sequences, except that

e the symbol (atom]) is replaced by a, denoting atoms of the Oz Universe,
e the symbol (variable) is replaced by x, denoting variables,

e the symbol (atomlabel) is replaced by a, denoting atoms,

e the symbol (variablelabel) is replaced by x, denoting variables,

(
(

e the symbol (int) is replaced by 7, denoting integers of the Oz Universe,

e the symbol (float) is replaced by f, denoting floating point numbers of the Oz
Universe,

e parentheses () do not occur,
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e a new form of expression is added:

E == [EY] state threading

4 PROGRAMS
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5 Standardized Programs

In this section, we describe how the resulting programs are rewritten to standardized
programs. Standardized programs are syntactically much simpler than programs.
The following constructs for programs are not allowed in standardized programs:

e program declaration

nested) comparison
( ) comp

(nested) finite domain comparison and constraint

(nested) function definition

e case conditional

(nested) thread, object and class definition

external expression

cons and fixed length list

e field selection and arithmetic

Furthermore, only a restricted form of declaration, if conditionals and disjunctions
is allowed.

More formally, standardized programs are members of the language described by
the following context-free grammar:

Programs

= e program marker
| E¢ composition
| 1local z* in £ end declaration
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Expressions
E = true | false success and failure
| t=¢ equation
|  proc {t 2*} I end procedure definition
| £FE composition
|  1local * in E end declaration
| v application
| if C ([0 C)" else E £i conditional
| orD (O D)+ ro disjunction
| orD (O D)+ RO non-distributing disjunction
| <«<tt> method application
| <t assignment
| e state threading
Terms
r, st = w variable
| a atom
| @ @<=t [...D tuple construction or matching
| et [<=D°[---D record construction or matching
| il f integer or float
| t=t¢ nested equation
|  proc{$ 2*} F end nested procedure definition
| 1ocal 2* in b end nested declaration
| 2 nested application
| wildcard
| s nesting marker
| if CT (11 CT)" else b£i nested conditional
| or DT (O DT)+ ro nested disjunction
| or DT (0O DT)+ RO nested non-distr. disjunction
| ot attribute access
| <«<tt> nested method application
b = [E]t term with optional expression
) i= a | v label

v w= ] variable
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Clauses

C = z*in F then F conditional clause

D == 2% in F then ' disjunctive clause
Nested Clauses

CT = z2*in F then b conditional clause

DT = 2" in F then b disjunctive clause

We proceed in three steps, each step containing rewrite rules that must be applied
to subtrees of the given program until none is applicable or an error is found.

Finite Domains (Section 5.1). Finite domain comparisons and constraints are
eliminated.

Abbreviations (Section 5.2). Common abbreviations like function definition, case
conditionals, and threads are eliminated.

Extended Declaration (Section 5.3). Extended declaration of variables is re-
duced to Kernel Oz.

Some rewrite rules introduce fresh variables for which no capturing can happen.
These variables are indicated in this chapter by using typewriter font like X. Since
some syntactic constructs can be generated from different non-terminals of the
context-free grammar, we give the non-terminals at the beginning of the rule, when
we want to limit the rule’s applicability.

5.1 Finite Domains
t o= t1 (FDcompare) t, = { (F'Dcompare)> [t1] [t2]>
where (FDcompare) € {<:,=<:,>:,>=:,=:,\=:}.

[s (FDinfix) t] = “Fd(F'Dinfix)" ([s] [t]
[-t] = “eo> ([t

[{] = ~FDint® (4)
otherwise:
[[t]] = “FDother" (1)

where (FDinfix) € {+, -, *}.
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Program 5.1 Comparison

~ ~

proc {"==" X Y} if X = Y then true else False fi end
proc {'=<" X Y} /* as defined in Kernel Oz [3] */ end
proc {'\=" X Y} if X = Y then false else true fi end
proc {'<° X Y} if X =< Y then X \= Y else false fi end
proc {'> X Y} Y < X end

proc {>=" X Y} Y =< X end

fun {"==B" X Y} if X == Y then True else False fi end
fun {"\=B" X Y} if X \= Y then True else False fi end
fun {"<B° X Y} if X < Y then True else False fi end
fun {"=<B" X Y} if X =< Y then True else False fi end
fun {">B° X Y} if X > Y then True else False fi end
fun {">=B" X Y} if X >= Y then True else False fi end

For example, the expression X + {P Y} * 10 =<: Z rewrites to
{ FD=<:"
"FD+ (" FDother™ (X) “FD* ("FDother ({P Y}) "FDint (10)))
“FDother (Z)}

~

The variables “FD+', “FD-", “FD*", "FD~", “FDint", and ‘FDother' are declared in

~

the notational prelude (see Section 7) and bound to names. The variables “<:,

~

=<:%, ">, ">=:, "= and “\\=:" are declared in the notational prelude. Their
definition is given in [2].

E,t o= tl <fd> tz — {\<fd>\ tz tl}
where (fd) € {::, 0, \ee,\ie )

The variables “::>, "\\::", “:::7, "\\:::" are declared in the notational prelude.
Their definition is given in [2].

5.2 Abbreviations
Comparison

In the following rules, (compare) stands for one of the symbols ==\=<,=<,> and >=.

E = t1 (compare) t; = { (compare)” t; t3}

The procedure “=<" is defined in [3]. The procedures “=="\\=","<,">">>=" are
given in Program 5.1.

t o= t1 (compare) t; = { (compare)B® t; t3}

The procedures “==B", "\\=B","<B","=<B",">B", >=B" are defined in Program 5.1.
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Procedure Definition

F.t o=
E

end

ity -

Function Definition

E,t = fun {{T} b end
Declaration

E u= declare I/ e

E u= declare I/ in &
B = F{ in By

b = FEy in [F)] ¢t

If Conditional and Disjunction

FE = if C'L,
elseif (Lo
fi

t o= if CTL4
elseif C'TL,
fi

E o= if O™ fi

t o= if CT™ fi

proc {{ &1 ---{,}

=

el

I

I

proc {¢ X;---X,}

if 11Xy =17 -+ X, =
then F
fi

end

t,, are not distinct variables.

proc {{T Y} Y = b end

local F in e end
local F in £ end
local F; in F5 end

local Fy in [132] t end

if C'L,
else
if C'Lg
fi
fi
if CTL4

else

if CTL,
fi
fi

if C* else false fi

if C'T™" else false _ fi

17

t, in true
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C,D == FE [then F] —  in F [then FE]

CT,DT:= E then [E] ¢ =—  in F then [E] ¢

D = F{ in Fy = Fi in F5 then true

Case Conditional

E,t u== case! --- end — local X in X=1{ case X --- end

if ¢ is no variable.

E .= case N1, = case I,
elsecase F'lo else
case 'L,
end :
end
end
t = case T4 = case KT,
elsecase F1'1l9 else
: case T Lo
end :
end
end
FE = case x then F end = case & of !"true’ then F end
t = case r then ! end — case T of !"true’ then ! end
E .= case = then F = case & of ! true’ then I
else I/ end elseof ! false' then Iy end
t = case T then {; — case T of !"true’ then I
else {5 end elseof ! false then !y end

The variable “true’ is declared and bound in the notational prelude (see Section 7).

F o= case T — case &
of Fl4 of FL,

elseof FL, else
: case ¢ of Fl,

end
end
end
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case %

of FTL,
elseof 11

end

case T
of {1 then I}

(]
[] t, then F,
[else lf]

end

case I
of {; then 0

(]
[1 ¢, then b,
[else b]

end

Thread Creation

thread [lfl in] [132] t

end

thread F' end

=
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case I
of FTIq
else

case ¢ of FT1Lo

end
end

if 'z = t; in true then F)

1

[1 'z =1, in true then I/,
[else lf]

fi

if 'x = t; in true themn 0

1

[0 'z =t, in true then b,
[e1se 0]

fi

local X in
thread [Eﬁ in] [Eb] X =1 end
X

end

local X in
if X = “go’
then { adjustPriority } F/
fi
X = "go’
end

The variable ~adjustPriority’ is defined in the notational prelude (see Section 7)
as shown in Program 5.2.

Negation

F o=

F o=

not I end

not £y in F5 end

I

if F then false else true fi

if local F; in F; end then false
else true fi



20 5 STANDARDIZED PROGRAMS

Program 5.2 Thread Creation

proc { adjustPriority }
case {Thread.getPriority} > Thread.default
then {Thread.setPriority Thread.default}
else true
end

end

Class and Object Creation

The first rule for class and object creation rewrites class and objects creation ex-
pressions into object creation terms:

t = (createl class) t -+ emd — t = (createl class) $ .-- end

In the following rule, the letters o, a, b, f, g, w, m and p all denote terms.

t = (createl class) [$] = local z; = { ooPrivate }
from o1 :---0p :
attr ai[:61] - ar[:0x]

x4 = {"ooPrivate'}
feat fﬁ[:gll“‘f;[:gr] in
with w { (create | class)
meth m; F} end [o -+ op]
: attributes(a;, :b;, © a1 b))
meth my Fn end [acl T act]
end features(fj,: g5, -+ fi.:95.)
Cfa, -+ fa,]
[w]
methods(l1:p1 -+ l,:pu)3

end

if all m; are of the form (v | I(---))[=¢]

The terms p; are defined as follows:

proc {$ I m! “ooSelf® O}
R

end
The term m! is ta if m; is of the form a, ta=t if m; is of the form a=t, and m;
otherwise.

The variable or atom [; is v if m; is of the form v or v=t, and [ if m; is of the form

If from oq - - -0, is omitted, the empty list nil is used instead of [0 ---03].
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The indices ¢, are the ones for which : b;, is given, and the indices ¢, are the ones
for which no : b;, is given. The indices j, are the ones for which : g;, is given, and
the indices d. are the ones for which no : g;, is given.

In class creation, the keyword with is not allowed. If with w is omitted in object
creation, the atom nil is used instead of w.

The variables 1, ---, z, are extracted as follows:

{21, ey ={ee{ar, - ar, fr.---, fryli,- -+, 1} | « is non-escaped variable}

The rewriting of class and object creation uses the system procedures “class™ and
“create’ defined in the notational prelude as shown in Programs 5.3 and 5.4. The
function Inherit in Program 5.3 uses the procedure Class.precedence described
in [1] that defines the mechanism for multiple inheritance. The procedure *create’
calls the procedure Inheritable.new, given in [1] along with the standard object
protocol of Oz.

Method Application

F.t o= <<t >> = << self t >>

External Expression
F o= extern F/ end = {self “ooExtern (proc {$ I O}
I
LESg
end)}

The variable “ooExtern’ is declared in the notational prelude (see Section 7) and
bound to a name.

Cons List
t o= st = 17(s 1)
Fixed Length List

t = Ctq---1,] — ty | -+ | £, | nil

Mixfix Tuple Construction

t o= ty # - # 1, —  # (b))

Selection

t = tl . tz — .- tl tz}
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Program 5.3 Class Creation

local
fun {Inherit C}
{FoldL
{Class.precedence C}
fun {$ Attr#FreecAttr#Feat#FreeFeat#Methods Canc}
CancAttr=Canc. ooNewAttr"
CancFeat=Canc. ooNewFeat"
in
{Adjoin Attr CancAttr}
#{Append FreeAttr
{FilterB Canc. ooNewFreeAttr"
fun {$ X} {Not {HasSubtreeAtB CancAttr X}} end}}
#{Adjoin Feat Canc. ooNewFeat }
#{Append FreeFeat
{FilterB Canc. ooNewFreeFeat"
fun {$ X} {Not {HasSubtreeAtB CancFeat X}} end}}
#{Adjoin Methods Canc. ooNewMethods }
end
attributes#nil#features#nil#methods
¥
end
in
proc { class FromList NewAttr NewFreeAttr NewFeat NewFreeFeat
NewMethods 7C}
Al11Attr AllFreeAttr AllFeat AllFreeFeat AllMethods

in
C = ChunkLabel( ooAllAttr’ : AllAttr
“ooNewAttr® : NewAttr
“00AllFreelAttr’ : AllFreeAttr
“ooNewFreeAttr’ : NewFreeAttr
“ooAllFeat” : AllFeat
“ooNewFeat”™ : NewFeat
“ooAllFreeFeat” : AllFreeFeat
“ooNewFreeFeat™ : NewFreeFeat
“ooAllMethods” : AllMethods
“ooNewMethods™ : NewMethods
“ooParents” : {Map FromList Inheritable. class’}
“ooClassId” : {NewNamel})
Al1Attr#AllFreeAttr#tAllFeat#AllFreeFeat#AllMethods = {Inherit C}
end

end
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Program 5.4 Object Creation

proc { create FromList NewAttr NewFreeAttr NewFeat NewFreeFeat
WithMessage NewMethods 7Self}
Class={"class FromList NewAttr NewFreeAttr NewFeat NewFreeFeat
NewMethods}
in
{Inheritable.new Class WithMessage 7Self}

end
Arithmetic
t o= ~t = {7t}
t o= ty (infix) tq = {(infix)" {1 £33
where (infix) € {+,-,*,/,div, mod}.
The procedures “+ "= %" /" and defined in [3]. The procedures >, *div", mod"

are declared in the notational prelude (see Section 7) and defined in [1].

Boolean Operators
t = t; andthen {- — case [1 then {9y else false end

The variable “false" is declared and bound in the notational prelude (see Section 7).

t = t1 orelse io — case [1 then “true else (o end

The variable “true® is declared and bound in the notational prelude (see Section 7).

Self

t = self - ! “oo0Self”

5.3 Extended Variable Declarations

The pattern variables of an expression F, denoted PV(F), and of a term ¢, denoted
PV(t) are defined as follows:
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E PY(FE)

Fy Fy PY(F1) UPY(FE,)

s=t PV (s) UPV(t)

proc {s t*} I/ end PV(s)

local /] in F5 end PY(F3) — PV(F4)

otherwise 0]

t PV(t)

I(si[<=t1] - sul<= 0[P U; PV(s:)

ICsil<=t1] - Lusal<= 60l D] | U; PV(si)

local [/] in [EQ] t end (PV(E;) UPYV(t)) — PV(EL)

otherwise 0]
Declaration
E,E,t := local F in =  local PV(F) in

: E
end :
end

Variables as expressions in F are discarded between in and end.
Clauses
C,D, == FE{ in F, then --- — PY(FEy) in Ey F then ---
CcT,DT

Variables as expressions in F are discarded between in and then.

5.4 Rewrite Error

The following errors may occur:

of the form (v | 1(--))[=1].

e Methods. In object and class creation, one of the terms m after meth is not

e Variables. A variable occurs as expression and is not a pattern variable.
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In this section, we describe how the resulting standardized programs are rewritten
to Kernel programs. Kernel programs are standardized programs in which

e no nesting occurs, i.e. terms are either variables, atoms, integers or floats, and

e no state threading occurs.

More formally, kernel programs are members of the language described by the fol-

lowing context-free grammar:

Programs

E = o
| EE¢
I

local z* in £ end

Expressions

E = true | false | z =1t

{z =™}
FFE

proc {z z*} I’ end

local ™ in F end

if C ([1 C)" else I £i
or C' (1 C)+ro

or C (11 C)" ro

C = z"in F then I/

t o=z lalil f

program marker
composition
declaration

constraints
procedure definition
procedure application
composition

variable declaration

conditional

disjunction

clause

term

We proceed in two steps, each step containing rewrite rules on trees that must be
applied to subtrees of the given program until none is applicable or an error is found.

Nesting (Section 6.1). Nested constructs are eliminated.

State threading (Section 6.2). State threadings as introduced by object and class

creation are eliminated.
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6.1 Nesting

Nesting is eliminated by reducing nested constructs to equations (unnesting) and
by further rewriting these equations.

Unnesting

Terms in equations, applications, procedure definitions, assignment, attribute ac-
cess, and method applications are unnested such that only variables occur at desig-
nated positions.

F o= s =t — local X in X = s X =t end

if s is no variable.

F o= proc {t y*} F end = local X in
X =t proc {X y*} F end
end

if ¢ is no variable.

E .= {1t} = local X;---X, in
X1 = tl---Xn = tn
{Xy--- X}
end

if one of t; is no variable.

F o= s <=t — local X Y in
X=s5sY=¢tX<-Y
end

if one of s or ¢ is no variable.

F o= r =0t — local Yin Y=¢t 2 =@ Y end

if ¢ is no variable.

F o= << st > — local X Y in
X=s5Y=0<<XY >



6.1 Nesting 27

if one of s or ¢ is no variable.

Terms in tuple and record construction and matching are unnested such that only
variables occur as subterms, features and defaults.

E o= x = 1(s1-- 55 — local X;---Xj
[Sk-l—l <= tp41 [Xk.|_1 Yietr1--%Xp Yn] in
: x = 1(Xy---%p
' X <=Y
s <=t [..D (i <= Vi

X, <=Y]I[.--D
Xy = 81X = 81,

[Xet1 = skt Yeer = ther

X, =5, Y, = t,]

end

if one of s; or t; is no variable.

FE = 2 = 1(ry:81---rp:8; — local Xy Yy...X; Y,
[riet:sier <= ther [Xet1 Yeer Zraa
TS, <= t,] X, Y, Z,] in
[]) X1=T‘1"'Xk=7‘k

[Xk—l—l = Tk+1 X, = rn]
xr = l(X1:Y1 B 'Xk:Yk
[Xpt1:Yip1 <= Zpya

X,:Y, <= Z,] [---D
Y| = 81---Y = s;,
[Yit1 = se1 Zrs1 = tepa

Y, =8, Z, = tn]
end

if one of r;, s; or ¢; is no variable.
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Equations

Equations of the form z = ¢ are further rewritten using the following rules:

E .= r = _ = true
E = xr = Iy fr— xr = y
F = r=s8=1t fr— Tr = 8 r =1
F o= x = —> proc {z y1 -y} I end

proc {$ yi---yn}

FE

end
E .= T = = local Z in

local y* in [E] ¢ end Z==x

local y* in [F] Z = ¢ end
end

E .= x =Lty 1} - {t1---t, ¥

if no $ occurs at a pattern position! in ¢ - -#,.
FORES z o=ttt} = {t - ctglz], oty
if $ occurs in ¢ at a pattern position® p

and no other $ occurs at a pattern position in &y ---£,.

The following three rules use the function [-]* which is defined as:

[y* in E| then [EQ] t]]x = y* in E| then [EQ] r=t
FE = T = = local Z in
it ¢y 00---00 CT, x =7
olse [E] ¢ £i it [CTy]% 0---0 [CT.]*

else [E] Z =1 fi

end
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Program 6.1 Procedures for Construction

fun { matchLiteral® X={IsLiterall}} X end
“extendTuple’ = ExtendTuple
“adjoinAt® = AdjoinAt

FE = T = = local Z in
or DI7 0---010 DT, ro r =12
or HI)IH]Z ---0 [l)]%]z ro
end
FE = T = = local Z in
oR DTy [0---01 DT, RO x =12
or [DT1]% 11---00 [DT,]* ro
end
E = T =<< st > = << s tz], »

if $ occurs in ¢ at a pattern position! p,
and no other $ occurs at a pattern position in .

Equations where the right hand side consists of tuple and record construction are
rewritten as follows. The rules for tuple and record construction use the procedures
‘matchLiteral’, “extendTuple’, and “adjoinAt® that are defined in the notational
prelude (see Section 7) as shown in Program 6.2.

FE = =10 = {"matchLiteral’ [ z}

FE = x = 1(xy--2,) — { extendTuple" [(x{ - T, _1) T, T}
where n > 0.

FE = =l wn iy — {"adjoinAt’

[(ry:yr - Tp1:Yp—1) Ty Yn T}

where n > 0.

Equations where the right hand side consists of tuple and record matching are
rewritten as follows. The rules for tuple and record matching use the procedures
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Program 6.2 Procedures for Matching

%%% NoNumbers
h * = Label

%47 Tuples
proc { tuple...
{Label T L}
{List.forAllInd Xs proc {$ I X} X=T.I end}
end
proc { tuple<=" L Xs Ys T={IsTuplel}}
{Label T L}
K={List.foldL Xs fun {$ I X} T.I=X I+1 end 1}
N={List.foldL Ys
fun {$ I Y#D}
Y=if W in T.I=W then W else D fi
I+1
end K}

~

L Xs T={IsTuple}}

in
{Width T} =< N
end
proc { tuple<=... L Xs Ys T={IsTuplel}}
{Label T L}
K={List.foldL Xs fun {$ I X} T.I=X I+l end 1}
in
{List.foldL Ys
fun {$ I Y#D}
Y=if W in T.I=W then W else D fi
I+1
end K _}
end

#%% Records
“adjoin’ = Adjoin
proc { record...” L Xs R={IsRecord}}
{Label R L}
{List.forAll Xs proc {$ X} !'X=A#B in R.A=B end}
end
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~

., “tuple...’, “tuple<=", “tuple<=...", ‘adjoin’, and ‘record...’ that are
defined in the notational prelude (see Section 7) as shown in Program 6.2.

FORES x=10(...) = {...0 12}

FE = x=1(xyxpy...) — {tuple...” [ [zy---2,] z3

FE = x =1(xy- -2 — { tuple<=" [ [z ---xx]
Tht <= Yktt [Cht1#Yktr - Tn#yp] 2}
Ty <= Yp)

FE = x =1(xy- -2 — {tuple<=..." [ [xy---xx]

Tyt <= Yy g1 #Ykq1 - T #y,] v

Ty <= Ypoo.)

E .= T = — {"record...’
eyt TniYp...) [ oy # Y1 2, # yp] )
FE = x = l(riiy - oy — {“adjoin’ I(py1: 241 Tniip) &

Th4+1:Yk+1 <= Zk41 l($1:y1"'$niyn[---])}
TpilYp <= zn[...])

6.2 State Threading

State-free expressions are expressions that contain no attribute access, assignment
and method application outside of state threading.

! A position p in a term ¢t is a pattern position if the variable & in ¢[z], is a pattern variable.
t[z]p denotes the result of replacing in ¢ the subtree at position p by z.
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Program 6.3 State Threading Procedures

proc {" <-" RIn L X ?ROut}
case {HasSubtreeAtB RIn L}
then {AdjoinAt RIn L X ROut}
end

end

proc {"@ RIn L X ROut}
if Y in Y=RIn.L then ROut=RIn X=Y fi

end

proc { <<>>" 0Object RIn={IsRecord} Message Self 7ROut}
{Object. ooClass . ooAllMethods™ .{Label Message}
RIn Message Self ROut}

end

EfY = y=2F
if F is state-free expression

otherwise:

1By EofY

{local 2* in F endgz —> 1local z* in ZESZ end

local W in 21315% ZIfgggend

I

lif C1 [1 -+ [1C, else K £ifY — i ([C1§Y 11 --- [1]1C,[Y else (K (Y £i
lor C1 00 - 0 C,refy = or {C1Y 010 -+ [171CLTY o
JorCy [1---00C, R0y = or]C1§Y 11 ---10171C,5Y RO
l2* in F) then F3{Y = 2" W in | F}} then | Fyf"
lv=ewf] = {e ywovzl
lv<-wl! = {<yvwz}
—

l<< v w >>Y {'<<>>> vy w “ooSelf’ z}

The procedures “@°, “<=", “<<>>" are shown in Program 6.3.

6.3 Rewrite Errors
The following errors may occur:

e Using the nesting marker. In a nested application occurs more than one
nesting marker at a pattern position, or in a nested method application occurs
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no or more than one nesting marker, or the nesting marker occurs not in a
nested application or method application or not in pattern position.

e Using state outside of state threading. Attribute access, assignment and

method application occur outside of method definitions or inside of procedure
and function definitions.
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7 Notational Prelude

The notational prelude is given in Program 7.1

7 NOTATIONAL PRELUDE

Program 7.1 Notational Prelude.

declare

%%y Finite Domains

TFD+ = {NewName}
“FD-" = {NewName}
“FD#*" = {NewName}
FD™T = {NewName}
“FDint® = {NewName}
"FDother = {NewName}
T = FD. <’
t=<: = FD. =<’
> = FD. ">’
=10 = FD. >="
=2 = FD. ="
\\=:T = FD. "\\=~
N = FD.dom
AN\ = FD.coDom
A = FD.doms
NN\ = FD.coDoms

%%k Comparison (see Program 5.1)
\==\ \\\=\ \<\ \>\ \>=\
==B° \\=B° '<B° =<B° ">B° >=B°

%%% Case Expression
“true’ = Bool. ‘true’

#%% Threads (see Program 5.2)

“adjustPriority”

%%% Object Creation (see Programs 5.3, 5.4)
“create “class’

“ooPrivate” = NewName

T00AllAttr” = {NewName?}
“ooNewAttr® = {NewName?}
“ooNewGenericAttr® = {NewNamel}
“ooNewFeat”™ = {NewName?}
“ooNewGenericFeat™ = {NewNamel}
“ooAllMethods” = {NewName?}
“ooNewMethods™ = {NewName?}

“ooParents’ = {NewName}



“ooPrintName’ = {NewName}
“ooClosed” = {NewName}
“ooClassId” = {NewName}
“ooCreate” = {NewName}
“ooNoMessage” = {NewName}
“ooExtern” = {NewName}

%h% Arithmetic
vt = Int.
Int. div’
mod™ = Int. mod’

S s

~ ~

div

~

%#%% Tuple and Record Construction and Matching (see Programs 6.1, 6.2)
"matchLiteral®  “extendTuple’  “adjoinAt’

~

“tuple...”  “tuple<="  “tuple<=... “adjoin ‘record...’

%%k State Threading (see Program 6.3)
QT Tt T

%h% Standard Modules used in Notational Prelude

Int Record Tuple Bool List 0Object Inheritable FD
in
( here go Programs 5.1, 5.2, 5.3, 5.4, 6.1, 6.2, 6.3 )
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