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1 . INTRODUCTION

The design and proof of large software systems can be facilitated by
their decomposition into modules , as suggested by Parnas (Par 72 ~~ , b). P
design. methodology based on this idea has been developed at SRi (Niu 714; Rob 75
a , b), and applied to the cons t ruc t ion  of several large sys tems , i n c l u d i n g  a
secure operating system (Neu 75). A significant aspect of this wcrk is the
design of SPECIAL , a SPECIfication and Assertion ~~nguage , which is described
he r e .

The reader is assumed to be already famili ar with the methodc1c~ y
i t s e l f .  The concepts  u n d e r l y i n g  the cons t ruc t ion  of t h e  l an gu a g e  ar e  rot
emphasized here and viii be the subject of a forthcoming document.

This  manua l is chiefly concerned with the syntax of the language and the
associated semantic rules. A general presentation of the language and the
objects it manipulates is first given . The “paragraphs ” that may appear in a
module  s p e c i f i cat i o n  are then described . The part  of the  languag e  concerned
with algebraic and arithmetic expressions is described in Section 10. F u r t h er
sections cont~ in the precedence rules for binary operators and the rules for
referencing an object (scope rules).

SPECIAL has evolved through several forms. The present edition of this
manua l corresponds to the second version of the language.

. GENERAL PRESENTATIO N OF THE LANGUAGE

The macroscopic unit expressed in SPECIAL is the specification of
module or of a set of mapping— function expressions. The first word of
specification , MODULE (1) in the former case , or MAP in the latter , provides the
necessary distinction.

We a re chiefly concerned with module specifications , because
specifications of mapping—function expressions use only a subset of the syntax
a v a i l a b l e  for module spec i f ica t ions .

A module spec i f i c a t i on  consists o sequence of pa ragraphs  appea r ing
between the header

MOD U LE (symbol>

( 1 )  In the rest of th i s  document , a word wri t ten in upper ease refers  to a
SPECIAL r served word .

P ape 1
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and the keyword END _N ODULE . The paragr aphs are en t i t l ed  TYPES , DECL A RATiONS ,
PARAMETERS , DEFINITI ONS, EXTERNALREFS , ASSERTIONS (or INVAR I ANTS in the  case of
mappi ng functions), and FUNCTI ONS (or MAPPINGS , for mapping function
specifications) and must appear in tha t order. A pa ragraph starts with a
keyword (e.g., TYPES) and end s at the beginning of the next paragraph or at the
end of the module. If a paragra ph is empty, it must be omitted; i.e., twc
paragraph titles may not follow each other.

Thus , the general outline of a module is something like

MODULE <symbol> (2)
TYPES

DECLARATIONS

PARAMETERS

DEFINITIONS

EXTERNALREFS

ASSERTIONS

F UN CT IONS

END_MODULE

The part of the language that deals with the objects of a module
specific ation Is known as the sDeclficetion level; we describe later a more
microscopic level known as the assertion level.

(2) Name s appearing within angle brackets correspond to non—terminals of the
gramma r (see Appendix A) ; <symbol> is a particul ~ .—terminal referring to
any Identifier that is not a reserved word ; what is a legal identifier is
described In Section 17.

Page 2
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3. THE OBJECTS USED IN THE LANGUAGE

The specification language manipulates several kinds of objects , all of
which are “typed” .

3. 1 . Tvoes Iy.p~. 
Definitions

Each object manipulated by the language is associated with a ~~~~ For
the descriptive purpose of this manua l , it is sufficient to consider a type as a
set of possible values.(3) An important aspect of the language is the
description of the constraints imposed by types on arbitrary expressions. These
constraints are the 

~~~~ 
rules of the language ; they describe how operands ~ i

various types can be combined with particular operators to form ar expression ,

~rd what type this expression will have.

The syntactic representation of a type is a ..t.y.~~. 
specification , which is

a description of the properties of a type as a whole; type specifications crc
described in Section 5.3.

We distinguish various categories of type s and describe them below :

Predefined tv~es: The predefined types of the language are BOOLEAN ,
CHAR , INTEGER , and REAL.

Designator types: Designator types form a class of objects——de signa ’~cr s-
—that are tokens for objects manipulated by the system being specified . Such
objects may not be used as freely as , let us say, a number . All the objects
with the same designator type are ~~jnteined by a particular module and can be
created only by functions of this module (generally using the primitive NEW—— see
Section 12. 15.).

Scalar types: Sceiar types are types explicitly defined as s et s  of
constants such tha t any ~wo of them are disjoint (see the comments in Section
5. 14 . ) ,  e.g.,

direction { left , right 1;

whirh defirr~ “d i rection ” as being a type , elements of which can have Ofli~~ on
of th ~- values “left” or “right” ; those two symbols are implicitly dr-cla r-”1 7s
constants of the t ype “direction ” by the type declaration. Note tha t such typ s
are not ordered sets , and tha t only two operations are permitted on them : and

Objects of a scaler type also correspond to existing objects of the system
but are not maintained by a particular module.

Constructed types: The language contains two unary type constructors ,
SET_OF and VECTOR_OF , used to define sets and vectors of objects of some g iv en

(3) ihe term possible values should be distingui shed from meaningful v~ lur~ .
which are the values for which a particular assertion is true . jr
particular , the range of a function is a subset of the type of its result.

h’)~ie
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t ype , and two n— cry type constructors , ONE_OF and STRUCT , used to define united
types and structured types, respectively. Since we view a type as a se t of
possible values , ONE_OF corresponds to the union operator on sets , and STRUCT
corresponds to the Cartesian product. Note tha t type constructors apply to
types , not to elements: in particular , a set type defined as “SET_OF t” is a
type that represents a set of sets; i.e., each element of this type is a set of
values of type t.

Subtypes: The notion of subtype corresponds to tha t of subset: the
language provides the possibility of defining a type as an explicit set of
constants of some existing type or as the set of the elements i n a p a r t i c u l a r
t ype tha t satisfy some property. The particularity of these types is tha t , for
the purpose of type checking, they define only objects of the principa l type ,
since it would require at least a theorem prover to verify the closure of a
subtype under all the operations defined on the principa l type .

ihe term primitive 
~~~~ 

refers to types tha t are sets of primitive
va l ues , one another disjoint; they are the predef’ined , designator , and scalar
types. We can now define a jy.~~. as being a primitive type , a subtype , or the
result of the application of’ some of the type—constructors to a certain number
of types.

3.2. Ob iects

There is a distinction between the objects manipulated by a module snd
those manipulated by the specification language , the former being a subset of
the latter. The object.s of a module are functions and pa rameters (designator
and sealar types , although being families of objects rather than objects , a r e
sometimes referred to as objects of the module , princip ally because they can be
referenced in other modules). In addition , the language de~ls with so— called
definitions , formal and result arguments , and locally bound variables. Each
object has a name , a syntactic class , a scope , and a type . The syntactic class
is either simple or functional; a simple object. can be referenced by a s ing le
identifi er (its name) , whereas a functiona l object is referenced by an
identifier followed by a list, of “actua l parameters ” which are expressions of
the language. The scope of an object is the part of a module specification
where an objec t can be referenced after having been declared (the concept of
declaration is d~ scnibed in the following section); for instance , the objects of
a module (functions and pa rameters) have the entire module spccific atior . as
th~ ir scope .

3 . 2 .1. Funct ions

A f u n c t i o n  is an object of the module  i t s e l f .  Its s y n t a c t i c  c lass  is
always functional , and , in addition , a function has to belong to one of three
categories. A category is either VFUN , OFUN , or OV FUN , corresponding to t h e  V—
0-, or CV—f unctions of the methodology. Functions are either described in ‘he

module itself or referred to as external by appearing in the EXTERNALHEFS
paragraph . A f u n c t i o n  has a (p o ss ib ly  empty )  argument list ; every t i m e  t h e
function is referenced , it must be followed by a list of expressions , the
e lements  of which  are in one—to—one correspondence wi th  the formal arguments ,
the type of the elements be ing  the same for each pa i r .  In the case of a V— ar
OV-function , the function also has a “result argument” of a certain type . We
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sometimes mention the type of a function , thereby meaning the type of i t s  r e s u lt
argument.

3.2.2. Parameters

The parameters of a module are objects that receive a value at module
initialization and cannot cha nge thereafter. They can be either simple on
functional objects, according to whether the value they receive is a simp l~
value or a function (in the mathematical sense). They represent objects t h 2 t

are fixed in one particular module instantiation , but. can be differe ~
-

different instantietions. As already mentioned , parameters are objects
module , and , as such , their scope is the entire module specification .

3.2.3. Definitions

A definition is a named object tha t can be textually replace j a
particular expression; it correspond s to wha t is generally known as a m~cro.
Definitions can be either simple or functiona l , and they can be decla.cd either
in the DEFINITIONS paragraph , in which case their scope is the whole nodule
specification , or in the DEFINITIONS section of a function , in the case of local
definitions whose scope is the function specification.

Definitions differ from the general concept of macros in that the
expression that is the body of the definition must be a valid expression when it
is declared and not just when it is used ( . ules pertaining to the use of
definitions guarantee the latter condition if the former one is satisfied).
This precludes the use of free variables inside definitions. One of the reasons
for this handling of definitions is that it generally prev€ .its the same name
from standing for two totally different meanings depending on where it is used .

.2.~1 . Forma l Arguments

These are the variables appearing in the argument list of a function
specification . They may be used freely within the function specification.
Formal arguments are always simple objects of the language.

3.2.5. Result Arguments

A V or OV— function ~~~~~~~~~~ have one and only one result argument , a siwple
otjec t tha t may be used in the f u n c t i o n  s p e c i f i c a t i o n  to re fer  to the  v e l u r
returned by tha t function .

3 . 2 . 6 .  Locally Bound Ver iable~

Local ly  bound va r i ab l e s  are objects whose b i n d i n g  remains  in e f f e c t  only
within particular expressions , such as Quantified expressions (see FORALL and
EXISTS——Section 12.10.) or set and vector constr~~’tors (see Sections 12.7. ~nd12. 6 . ) .  - Anothe r  impor t an t  use of such v ar i ab l e s  is in the sc—cal led L~ ’i—
express ions  (see Section 1 2 . 1 3) .

Page 5
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14 . BINDING AND THE CONCEPT OF DECLARATiON

An object of the language is a rather abstract entity; to be manipu let~rd
with a minimal degree of convenience , an object must be associated with a name.

~cte tha t it does not make any difference , as far as the properties of a
function are concerned , whether it,s first argument is named “a” or “z” , provid~d
tha t the chosen name is used consistently. In addition , an object must have a
t ype and always has a “scope” . We are thus confronted with the problem of
associating a name with a particular object (e.g., argument), and also of
associating an object with a particular type . Wha t ore actually does is tc
associate a name with a type , and a name with an object , which thus receives the
type associated with the name.

14 .1. Simple and Multiple Declarations

The association of a name with a type is performed by a particular
construct of the language known as a declaration. A simple declaration has the
form :

<simple declaration> ::= <type specification> <symbol>

(the syntax for a typ specification is described in the next section). An
extrapolation of this construct , referred to as a multiple declaration , can be
used to associate several names with i-he same type specification , using the
syntax:

<multiple declaration> ::~ <simple declaration>
<multiple declaration> ‘ , ‘ <symbol>

Generally, the association between a name and a particular object (the
“binding ”) is performed implicitly by the place where the declaration of the
name appears; for example :

VFUN fl ( INTEGER i ) — > BOOLEAN b;

means that:

-—The name i is associated wi t.h the type INTEGER , and is bound to be th’
first. (formal) argument of fl .

—— Similarly, the name b is associated with the type BOOLEAN and designa ’~es
the result argument of fi.

——La stly, fi itself is declared as a V— function of the type (iNTEGER —>
BOO LE A N )

F’rgt  t
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14 .2. Global Declarations ~~~ Their iJ~~

It is often the case in specifications tha t declarations a r e  ar
important portion of the whole specification and tha t type spec ificaticr c
themselves can be quite complicated. With this in mind , SPECIAL provides th f
possibility of separating declarations and bindings (sometimes called th~
“deferred bind i ng” facility) , in the case of formal and result arguments ~nd
locally bound variables. This separation is achieved by declaring a name ( j . r .,
associating it with a type ) in a global DECLA RATIONS pa ragraph (see Sectior € ) ,
and performing the binding by letting the name alone appear where a declaration
was expected . The rules for using deferred binding are described below:

When a declaration is expected , two cases are possible. If there is
indeed a declaration , the name is associated with the type appearing in tho
declaration and is bound to the relevant object , as determined by the lexical
position of the declaration; if the name has already appeared in a global
declaration , the new local declaration supersedes the global one for the scope
of the object. On the other hand , if a single name appears instead of the
declaration , the name designates the corresponding object , the latter being
associated with the type appearing in the global declaration of the name. ~.it is
obviously an error to use a single name Instead of a declaration if the name has
not a ppeared in the DECLARATIONS pa ragraph .

Remark: In the case of formal arguments to definitions and functions ,
the language allows a list of multiple declarations separated by ‘ ; ‘ . However ,
if globally declared names are used instead of declarations , each name must be
followed by a ‘ ; ‘ , and not by a ‘ , ‘ ; in other words , an argument l i st of the
form

INTEGER i , j; BOOLEAN b )

should be written , if i , j, and b had been declared globally

( i; j; b )

5. TYPES

The TYPES paragraph has two purposes: it allows the user to introduce
the designators of the module and to associate names with type specifications
(thus providing a macro—like facility for types). The names defined in the
TYPES paragraph as particular type specifications are referred to as “named
types ” .

Page 7
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5. 1 . Des ignato r s

A user—defined type , or designator , corresponds to p class of n b j e c t s
tha t a re  tokens for abstract objects implemented in the software system beirr
specified. It must have a name , introduced by a d e c l a r a t i o n  of the form :

<symbol> : DESIGNATOR ;

The name introduced in thi s declaration will thereafter be a primitive t ype cf
its own .

5.2. Named TVDeS

A type , as defined in Section 3 .1., may involve an arbitrary number c-f
type constructors , leading to a complex type specific ation. Such a typ~
expression can be named in a statement like

<type name> : <type specification>;

<type name> is a new identifier that can textually replace the typ r
specification appearing on the right—ha nd side of the eaua l sign.

5 .3 .  ~~~~ Specification

A type specification is the syntactic representation of a type .

—— A predefined type , a designator or a named type is represented by ~
symbol.

—— A scelar type has a specification of the form :

<scalar type> ::~ ‘{‘ <symbol> {‘ , ‘ <symbol> ,}* ‘ } ‘  ( 14 )

——A subtype has the syntax of a set—expression (see Section 12.7)

——A structured type is defined as:

<structured type> ::: STRUCT ‘ ( ‘  {<declarption> ‘ ; ‘ } +  ‘ ) ‘

where <declaration> is

<declaration> ::: <simple declaration>
I <multiple declaration>

Each declaration introduces a name tha t is associated with a particular
cempon ent  of ’ a structure , a “field” .

—— A u n i t e d  t ype s p e c i f i c a t i o n  Is:

(14) The syntax descriptions used in this manua l follow the extended BNF
conventions described in Appendix A

Pag~ 6
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<united type> ::: ONE ‘
~~~ ‘(‘ <type specification>

{ ‘ , ‘ < type  s p ec i f ic at i o n > }*  ‘) ‘

A united t ype is a peculiar concept.: We defined have earlier ~~~~tic r
3 .1.) a primitive type as a set of simple values disjoint from all the
other primi tive types (in particular , for a puri st , the predefined typ~ s
should include INTEGER and “NON_INTEGER _REAL” , with REAL b’ing th-fined as
ONE_OF(INTEGER ,NON_INTEGER _REAL)) . A united type which is the u n i c n  of
some prim itive types is also a set of simple values but is not n~~ r s5arily
d isjoint from the primitive types. In addition , t he  opera t ions def i n ed on
the component types are not defined on the united type , with t.he execp t ion
of ‘

~~~
‘ and  ‘

~~~~
‘ which are defined on any type . The use of objects of

uni ted types must abide by certain rules , described later in this dccur rnt
(see in particular TYPECASE——Section 12.12 , and coercion rules—— Sectio n
1 1 4 ) .

——Sets and Vectors: These are constructed types specified by statem ~-r t s of’
the form :

<constructed type> ::: (SET_OF VECTOR_OF) <type spec ification>

The TYPES paragraph conta ins an arbitrary number of type declarations
a nd si ght look l ike:

TYPES

capab ility, unique_identifier : DESIGNATOR ;
mach ine_word : ONE_OF(INTEGER , capability);
access_rights : VECTOR_OF BOOLEAN;

the syntax being:

<types paragraph> ::~ TYPES (<type declaration> ‘ ; ‘ } +

<type declaration> ::~ <symbol> { ‘,‘ <symbol>1*
<type specification>

5. 14 . A d d i t i o n a l  ~Q~ n ents

The following remarks concern the use of scaler types and subtypes;
t hose may not arp~ ar explici t ly except when used to define a named type , w h i c h
rrr ~ar s  that any ~ype specification having the syntax of a set expression may
a pp car only In side the TYPES pa ragraph or the EXTERNA LREFS pa ragraph , and w i t h i n
‘h’~~ paragrcphs , rn ”y m t  be embedded in another type specificaticr. In
ad - li t lo n , some sper’la] rules app ly to the use of scaler types , since some

~t obl~ ms might. ari s’- In ~‘~~res like :

T Y P F:’

traffic 1ig~, t ( grr’ n , ye l low , red } ;
color : { r ’ -l , y e l l o w  , green , cyan , blue , magenta ) ;

Fag .  Q
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Here , we have first to consider “green” , “yellow” , and “red” as three non st artn
of type “traffic_light” . Then , when seeing the second declaration , we au n t
realize that “green” , “yellow” , and “red” are in fact constants of thF type
“ color ” a nd t h a t  “ t r a f f i c_ ligh t”  is a subtype of “ color ” .

Thus , the definition of a scalar type is the following: A scalar type
specification is a set of literal constants such tha t either none of them is
ever used in any other type specification in the text , or some of them are uc~d
to define a subtype of the scaler type , i . e . ,  they appear in a subset of the
set_expression defining the seal type .

This definition precludes , in particular , the following pathologi cal
case: Assume tha t “color” is defined as above , but the user wishes to introdue~
a more sophisticated traffic light , to cope with a particularly dangerous
intersection , as:

traffic_light : { green , yellow , red , left_arrow

thus creating the problem of defining the type of each of the constants , since
“traffic _light ” can no longer be considered a subtype of “color” . Is “ green. ” of
type “color” or of type “traffic_light ” , or is it “ONE_OF( color ,
traffic_light)”? Rather tha n defining complicated rules to solve this problem ,
we prefer to forbid the intermixing of constants of different types (the problem
raised here can be solved by defining a scaler type tha t is a superse t of bot t
“color ” and “traffic_light”).

Some further thought should also be given to the concept of structu red
t ypes. One has to realize tha t these types allow the manipulation of tup les of
heterogeneous objects , but that their purpose is not to define complex dnta
structures such as trees , as is ordinarily done in modern programming languames
(e.g., Pa scal). It is in fact one of the goals of the methodology, of which
SPECIAL is only a part , to allow the modules themselves to support the
specification of comp lex data structures , and there is no reason for those to be
provided directly by the language. Therefore , recursively defined structured
types are not allowed .

6. DECLARATIONS

The DECLARATIONS pa ragraph contains declarations (i.e., name /type
assoc ia t ions)  for names the binding of which is deferred , as described in
Section 14. If the user does not wish to use the deferred binding facility, the
DECLARATIONS paragraph can be omitted .

A declaration associates a name with a type and stays In effect withir
the e n t i r e  modu le .

The synt ax for the DECLA RATIONS paragraph is:
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<dec la ra t ions>  ::~ DECLARATIONS (<dec l a ra t ion>  ‘ ; ‘ } +

with

<declaration> ::~ <type specification>
<sy mbol> { ‘ , ‘ < sy mbo l > ) *

Example :

DECLARATI ONS
BOOLEAN b;
INTEGER i ,j;
capability c , ci ;
SET_OF capability so;

7. PAR AMETERS

Starting with t keyword PARAMETERS , this paragra ph contains
declarations for all the module parameters (see Section 3.2.2). Since
parameters of the module can optionally have arguments , the syntax for parameter
declarations is similar to the syntax for global declarations , with the option
of appending a formal argument list after each symbol:

<parameter declaration> ::~ <type specification> <symbol>
[<forma largs> ]
{ ‘ , ‘ <synibol>[<formalargs>]}’ ‘ ; ‘

<fc rmela r g s>  : :: ‘ C ’  [<dec l a r a t i on>  C ’ ; ‘ < d e c l a r a t i o n > ) a ]  ‘

8 . DEFINITIONS

L)efinltjons are syntactic shortha nds for arbitrary expressio s. They
are  def ined  in the DEFINITIONS paragr aph ; tha t is , the name of a de f in i t ion  is
assoc iated  w i t h  the expression for which it s tands by a dec la ra t ion  of the form :

< d e f i n i t i o n >  ::: <type spec i f i cat ion>  <symbol ) [< formalargs > J
IS <expression) ‘ ; ‘
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Th e type speci f ica t ion  must correspond to the type of the expression .
t h i s  redundancy being considered bene f i c ia l  to the c l a r i t y  of s p e c i f i cat i o n s .
The expression appearing in the d e f i n i t i o n  may re fe rence  only the formal
arguments , if a n y ,  and the objects  tha t are bound g l o b a l l y ,  i . e . ,  pa ramete r s ,
global  defi n i t i ons  and funct ions .

The list of forma l arguments may be omitted , Cr may be present but
empty; there is a difference in that a definition with an empt y ~rgument lin k
must be referenced as a functional expression throughout the specification
(e.g., “fooo)”), whereas a definition with no argument list must be referen ced
as a simple term (e.g., “fie”). There is no semantic difference between these
two cases , the only difference being purely syntactic.

9. EXTERNA LREFS

Although the decomposition of a software system into modules is intended
to a b o l i s h  the  intermodule assump t ions  at  the spec i f i ca t ion  level , t h i s  i s  not
always possible. P mechanism for referring to the functions , parameters , and
designator or scaler types of other modules is therefore needed in. order to
describe these intermodule assumptions . This is the purpose of the EXTE RNAL RE FS
paragraph.

The paragraph itself is divided into as many groups as there are
references to d i f f e ren t  modules.  Each group s ta r t s  w i t h  the heade r :

FROM <symbol>

where <symbol> is the name of an externa l module , and the group con ~ns a l i n t
of declarations and/or function headers.

A declaration has the regular declaration syntax , as in Section 6, or
the syntax of a designator or scelar type declaration , as described in Section
5.

A f u n c t i o n  header is

C VF UN OFUN I OVFUN } (symbol> <formalarg s>
‘[‘  < dec l a r a t i on >  C ’ ; ’ <dec la r at ion> !1  ‘ I ’  I
‘ —> ‘  <declaration> I

If the first ~term is VFUN or OVFUN , then the result part (i.e., ‘—> ‘

<declaration>) should be present , and not for OFUN.

As wi l l  be shown , t h i s  syntax Is also used to begin internal  funct ion
spec I f i cat ions .
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Ex a m ple :

EXTE R NAL R EF S

FROM capabilities:
capability, unique_identifier: DESIGNATOR ;
access_type : { read , wr i t e  , execute , modify , append 1;
OVFUN create_c a p ab i l i t y ( )  — > c;
OVFUN r e s t ric t_ac ces(cap ab i l i t y  ci ,

VECTO R_OF access_type at v )
—> c apab i l i t y  c;

VECT OR_OF access_type atv;
VFUN get_uid(c) — > unique_identifier u;

FROM segments:
OVFUN create_segment (INTEGER i ,

VF.r,TOR (W eaoability sly )
—> capabi l i ty  s;

VF U N h_seg_ ex ist s (un ique _iden t i f i e r  u )  —> BOOLEAN b;
INTEGER maxsegs;

10. ASSERTIONS

Assertions are constraints on the state of a module , imposed by the
module specification .modu les , imposed by a mapping . They can occur in two
places: in the ASSERTIONS paragraph of the module specification (betwre
EXTERNALREFS and FUNCTIONS paragraphs) , or in the ASSERTIONS section of an
individua l function. The ASSERTiONS pa ragraph is used for specifying
ccnstraints on the pa rameters of the module , and aids in characteriz ing i tn
in it i a l st~~te . Its syntax is:

<assertions> ::: ASSERTIONS (<expression> ‘ ; ‘ } +

Consistent with the general rule , this paragraph is optional.

The ASSERTIONS sect ion of a funct ion  is a list of condi t ions  tha t must
be gua ranteed by the program calling the func t ion .  In many cases , these
condition s concern the arguments to the function , e.g.,

L .~~~~~~~~~~~~~ ~~ . - - - 
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OFUN restore_displ ay ( mem_a d d r ) ;
EXCEPTIONS

current_ level < 1;
ASSERTIONS

mem_addr  MOD 6 = 0;
EFFECTS

Assertions are different from exception conditions in tha t the latter
must be detected by the program implement ing  a func t ion , wh i l e  a sse r t ions need
not be checked by the implement ing  program . Thus , a f unc t i on  may f a i l  to
exeeut . e properly if a cal l  is made tha t v io la tes  the asser t ions.

11. FUNCTIONS

The FUNCTIONS pa ragra ph contains the specifications for all the
functions of the module and is therefore its most important part .

The methodology deals with OFUN , OVF UN , and VFUN which all have their
particul arities , although also some common points.

A func t ion  d e f i n i t i o n  consis ts  of a header , po ssibly a set of local
macros in a DEFINITIONS subsection , and other sub sections which will be
cha racterized for each class of function.

11. 1 . IPe Funct ion Header

Similar to tha t described in Section 9, it looks like

VFUN OFUN OVFUN } ( symbol> <form alargs>
‘[ ‘ <declara t ion> (‘; ‘ <declaration> !’ ‘I ’

I ‘ — > ‘  <declaration> I ‘ ; ‘

As in  d e f i n i t i o n s  or e x t e r n a l  re ferences , any of the formal  a rgument s ,
as well as the result argument , may have been declared in the DECLARATIONS
paragraph and thus not be preceded by a type specification .
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1 1 . 2 .  Implicit Ar~ um~nts

The op t iona l  l ist of dec la ra t ions  enclosed within square brackets in the
function header is the list of “implicit arguments ” . An implicit argument to a
function is an argument tha t should be provided by the system , and not by the
user , when the func t ion  is called ( in  the ac tua l i m p l e m e n t a t i o n ) .  In t e r m s
of spec i f i ca t ions , any  reference to a func t ion  tha t has been def ined  w i t h
implicit arguments should contain as many actual arguments as the sum of the
number of forma l ~~ imp l i c i t  arguments  appear ing  in the f u n c t i o n  header .

Ex a m ple:

A function whose header is:
VFUN f(INTEGER i)[process_id p1 — > IN T EG ER j ;

may be referenced as a func t ion  of two arguments , e . g . ,
fCO , p 1)

11. 3 . Local Definitions

By introducing a section with exactly the same syntax as the DEFINITIONS
paragraph , the user has the possibility of defining macros tha t are known only
inside one function specification. Such definitions have the advantage of being
able to reference the arguments of the function that have only a restricted
binding .

11 .14. Ijj~. ASSERTIONS section

The user may express re la t ions  between func t ion  a rguments  and o ther
objects of the module , in a section that has the very same syntax as the
ASSERTIONS pa ragraph , and a similar purpose .

11. 5. .I~~ Subsect ions ~~ V—funct ion

The two remain ing  sections of a V—func t ion  describe i ts  forma l
properties. A V—funct ion may be Yi3ible or hidden , and—— independent ly——~eii~.~
or pr imi t ive .

If a V—functio n is visible , it may be referenced in programs outside the
module , so a l ist  of except ion condi t ions  must  appear  in the f u n c t i o n
specification. This EXCEPTIONS subsection is similar to the one appearing in 0—
and OV— function specifications and is detailed in Section 11.6.

On the other hand , a hidden V—func t ion  may not be called outside the
module and needs no FXCEPTIONS subsection. In such a case , the reserved word
HIDD EN appears  in i ts place.

The last subsection of a V—function specification can either define the
initial value of the V—function (for p r i m i t i v e  V — f u n c t i o n s )  or e x p l i c i t l y
describe the func t ions  va lue  in terms of other objects of the module ( fo r
derived V — f u n c t i o n s ) .  The former case is described through an a s s e r t i on  of t h e
form

I N I T I A L L Y  <expression> ‘ ;
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where <expression> is an arbitrary Boolean expression. In the latter case , the
s y n t a x is

DERIVATION <expression> ‘ ; ‘

Here , the expression must have the type of the result argument of the function.

commen ts:

-—The set of all primitive V—functions entirely defines the current state of
the machine described by the module. The set of their initial values thus
defines the initial state of the module.

——Derived V—functions are often used to restrict or to package the
information visible outside the module.

——Note tha t a V—function tha t is both hidden and derived is very similar to
a global definition.

The general syntax for a V—funct ion specification is thus

VFUN <symbol> ([<declaration> C ’ , ’ <declaration>}’ I )
—> <dec la ra t ion> ‘ ;

[DEFINITIONS C <def in i t i on>  ‘ ; ‘ 1+ 1
CHIDDEN ‘ ; ‘ [ EXCEPTIONS C <expression> ‘ ; ‘ } +  U

ASSER TIONS C <expression> ‘ ; ‘ }+ Ii
(INITIALLY DERIVATION} <expression> ‘ ; ‘

11 .6.  The Subsections of Q~. and OV—functioris

As opposed to V—functions , 0— and OV—functions are always v i s ib l e  an d
consequently may have an EXCEPTIONS subsection. Since both perform some
operations tha t affect the state of the module , they also have an EFFECTS
subsection .

11.6.1. jfl~ EXCEPTIONS Subsect ion

This subsection contains a list of conditions tha t , if any is satisfied
(i.e., evaluates to TRUE when the function is celled ), should prevent any effect
from taking place and/or any value from being returned . If an exception
condition is raised , control is ret.urned to the calling program with
“appropriate ” notification to the caller . Exactly how this notification is made
depends on the conventions of the programming language ; we mention here only the
constraints imposed by the specification language.

An exception condition is a Boolean expression ; the order in which the
conditions are listed is important: The meaning of the EXCEPTIONS subsection is
tha t each condition should be checked 

~~ ~~~~ 
and only if all the conditions

are false should the effects take place and/or the value be returned . The
calling program may depend on the order in which the exception conditions are
checked . For example , a reasonable EXCEPTIONS subsection might be:
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EX CEPTIONS
h_interrupt _set(i) = FALSE;
h_irt_handler_offset(i) =

(where the two functiona l expressions are likely to be V—function re fE r en cc -n ) ,
which might mea n tha t i does not refer to any interrupt in the first- except~ on
and tha t , if it indeed does , no interrupt handler exists for it in the second
exception; thi s illustrates that the second exception might be meaningless had
not the first one been checked before .

There is also a particular construct intended to be applied only in th~
EXCEPTIONS subsection:

EXCEPTIONS_OF <call> ‘ ; ‘

where <call> should be a reference to an externa l function. The interpretation
of this construct is tha t for each exception condition of the external functio n ,
there exists a logically equivalent exception condition in the current function.
The order in. which the exceptions a ppear in the external function is preserved ,
and the corresponding conditions are to be checked after all those tha t precede
the “EXCEPTIONS_OF” expression .

The syntax for the EXCEPTIONS subsection can be described as

(exceptions> ::= EXCEPTIONS C <expression> ‘ ; ‘
EX CEPTI ONS_OF <ca ll > ‘ ; ‘ }+

Note that this expression forces at least one expression to occur in
the EXCEPTIONS subsection ; if the function has no exception , the whole
subsection should be omitted .

11.6.2. Th~i~ EFFECTS Subsect ion

The EFFECTS subsection contains a list of assertions that are Boolean
expressions and have the following meaning : If the function is referenced and no
exception is detected , then , after the function call , the conjunction of all the
assertions apP’- ~ring in the EFFECTS subsection may be assumed to be TRUE .

If the EFFECTS subsection of function f contains the assertions al ,
a2 ,... ,an , i.e., looks like

EFFE CTS a~ ; a2;... ; an;

and the EXCEPTIONS subsection refers to el ,...,em (i.e., EXCEPTiONS el ;
e2;... ;em ; ) then , using Hoare ’s notation , a reference to the function f has the
meaning

NOT (el OR e2 OR.. .OR em) If) a1 AND a2 AND.. .ANT) an

N,afe t hat , in the EFF~~TS subsection , the order of the assertions is
irrelevant.
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Jr the case of an OV—function , one of the assertions might stat’ the
equality of the result argument with some expression , thus defining the value
returned by the functi’~r , but this is not mandatory; the result argument should ,
however , appear in at least one of the effects , in order not to be undefined.

ll. 6 .~~. I~~~PELAY Condition
_s

In addition to the EXCEPTIONS and EFFECTS subsections , an 0- or CV-
function may contain an arbitrary number (although generally only one) of so—
called DELA Y expressions which have the syntax:

DELA Y [ WITH <expression> ‘ ; ‘ (<expression> ‘ ; ‘ } ‘  I
UNTIL <expression> ‘ ;

The DELA Y section of a function allows the specification of a condition
tha t ~ust be gua ranteed when the function is executed (just as in the ASSERTIuNC
and EXCEPTIONS sections) , such tha t the execution of the function is delayed if
the condition is not satisfied . This construc t is used in synehrcniz ation
primitives and other multi—process applications.

The “UNTIL” part specifies the condition tha t must be gua ranteed when
the function is executed . The optional “WITH” part specifies some state change
that is to occur if the condition is not satisfied . Note that the exception
conditions apply to the state after the “WITH” effects , when those are executed .
For instance , the expression:

DEL A Y WITH ‘process_state(p) blocked ;
EFFECT S_OF enqueue (sem , p ) ;

UNT IL va lue ( se rn ) > 0;

might . a ppear in the specification of a synchronization primitive.

This concludes our description of the macroscopic or specification level
of the language. The microscopic (or assertion) level deals with the kind of
construct we have been so far referring to as <expression> or assertion , with
the distin ction that an assertion is an expression of type BOOLEAN. This p~ rt
of the language is described next.

12. EXPRESSIONS

The assertion language has a relatively large set of syntax rules for
writing concise mathematical expressions to describe conditions related to a
function behavior ’. In certain cases , the semantics associated with these rules
may reouire a detailed description. This section explores the different .
constructs used in mathematical expressions; an interesting aspect to be
considered Is the set of type rules associated with each operator.

Page 1 8



- - - - __________

SPECI AL Refe renc e  Manua l J a n u a r y  3, 197’!

12. 1 . ~~ i~- 
~~~~~~~~~~~

These ar e  t h e  si mpl e s t  k ind  of expression ( f rom the sy n t o o t i c
s ta n d p o i n t ) :  a~~ etr-m ~ c expression can be one of the following :

—-N urr’ric ccn rtant: A numeric constant may be either of type INTFGER (any
non emp~ y sequ ence of digits) , or of type REAL (a st r i r g  of digits f cIlow’ ~-d
by a period followed by a n o t h e r  s t r i ng  of d i g i t s  fo l lowed by the  let ter F
fc - l lo w e d by a n o p t i o n a l l y  s igned s t r ing  of d i g i t s , where  e i t h r r  t h c
i n t e g e r  part .  or t h e  f r a c t i onal  pa r t  may be omi t t ed , a nd the  decima l p o i n t

t h e  ~xpc nen t  may a l so  be o m i t t e d — — b u t  not b o t h ) .

— — C h a r  ~c t e r  and st r i n g  ‘mr i s t an t :  A cor -sta nt  of t ype CHAR is a c i r w l - ,
print able ASCII character enclosed within two (back ap cr t rcp b r ) . 1
st ring ‘~cnst~~nt has  th e type “VECTOR _OF CHAR” and consists of any s’-q~.- ’ -
of pr int ab le ASCI1 characters ~nclosed within two “ (double—auo ’~~). ‘I c’
pr~~cise r u les  concern ing  c h a r a c t e r  and st r i r ,~ consta n t s  may  ‘l ’-p ~ r -~ on ~h’
implement ation (see Section 17).

—— Eoo~ ean constant: These are the keywords IHUE and FALSE.

—‘- Yymb ’~lic constant: Any identifier appearing in a scalar type dec lar~~ ic- n
w ill subsequently bo considered a constant of tha t type . In addition , t r . ’
tw~ symbols UNDEFINED and ? are two synonyms which , for each type , refe r
t o  a porticular value of that type , different from any other value (tr r
r o r t i c u i ar  type is de te rmined  by the context  where they  a p p e a r ) .  i t is a
po r t  of the vc~r i f i e a t i o n  task to check that the implementation of ~ry 1v i s ib l e  V — or UV— function can never return the value UNDEFINED.

- - Pof ~~re rc ~ to en o b j e c t :  The name of any  object  t ha t  has a b i n d i n g  and
wh~~no syntactic class is not functional is an atomic expression whose type
is that of the object. Such references can be t o pa r a m e te r s or
d~’fini t io ns when they have been declared without arguments , f o r m a l
nrpii rnants of f u n c t i o n s  and d e f i n i t i o ns , resu l t  a rgumen t s  of V— and OV—
fu r - -~t ions , and simple variables within expressions wherc they have a
bi r - - m r  (i. e . ,  within set and vector constructors , quantified express~cns ,
~~~~~ “x presnions starting with LET or SOME).

‘2.? . V-fi~r~ 
- -  t c n  Referen

~. reference to a V — f u n c t i o n  has t he  form

1 ’] ~syrnh ol> <ac tua l l i s t>

wL re ~ ontL,o l list > is defined as

‘(‘ [ <expression> C ’ , ’ <expression> )’ I ‘)‘

and is used as suc h In toe rest of this document. It correspond s to the actua l
arguments , whic h must match in number and type the formal arguments of the
function de lin it ion.

(symbol> should be the name of a V—function either defined in the module
or appo~ nin g in the EXTERNALREFS paragraph .
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The first symbol , ‘ , is optional. Its m e a n i n g , w i t h i n  th ’~ EFFECTS V’rt
of a function specification , is that the reference is made to the  v a l u e  of the-
V—function immediatel y after all the effects of the 0— or OV_ fun otion b ’ing
specified have occurred ; if it is omitted , the reference is to tb’ valuc
immediately bejQ~~ the call. Note that this is meaningful only in the F F C T~
section , since in any other place there is no distinction betweer ~~~~~~~ and
after, and in the EXCEPTIONS subsection , a reference is always made befQC~. my
effect takes place.(5)

The type of a V—function reference is the type of the function itself.

1 2.3. ~~,ferences to Functional Obiects

We dea l here with parameters and definitions introduced with an argument
list. A reference to such objects has a syntax very similar to tha t of a
function reference:

<symbol> <actua l list>

with , for definitions , the usua l meaning of a macro expansion , the type beir~g
tha t- of the macro , and , in the case of a parameter , that of a mere reference to
its value .

12 .~4 . 0— ~g OV—function References

A reference to an 0— or OV—function is made by the use of the  keyword
EFFE CTS_OF

EFFECTS—OF <symbol> <actua l list>

In the case of 0—functions , this expression is of type Boolean; its
value is UNDEFINED if’ some exception is detected ; it is FALSE if the effects of
the 0—function that is referenced are never satisfiable. A value of TRUE , on
the contrary, means that- all the assertions specified in the EFFECTS section of
the corresponding 0—function hold.

In the case of an OV—function , the type of the expression is tha t of the
result argument of the function , and the expression itself is both a reference
to the value of the OV—furiction and an indication that all its effects are true
at the point where the EFFECTS_OF appears.

The next sections describe the operators used in the language . They
are classified by the type s on which they operate; the word “mode” appearing in
a type description refers to a particular type which does not have to be

(5) We must add at this point an important historic note: Until now , all the
module specifications derived from Parna s’ ideas used quoted expressions to
refer to old values of V—functions. However , this notation could not be used
consistently because in the same function specification , unquoted references
would have two different meanings , depending whether they appeared in the
exceptions or in the effects of the function. Permuting the convention takes
care of this possible confusion .
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specified . The discussion concerning precedence of various operators is~
however , deferred to Section 12.

12.~~. ~.~plean—V alued 0~eratot~

12.5. 1 : Unary QDerator

NOT
Syntax: { NOT I <expression>
Type : BOOLEAN —-> BOOLEAN
Meaning : logical negation of operand

12 .~~. 2 :  Binary Oneretors

AND and OR
Syntax: <expression> (AND OR] <expression>
Type : BOOLEAN X BOOLEAN —-> BOOLEAN
~eaning : usua l conjunction or disjunction ; ‘error’ if one of the
operands is not B o o l e an . ( 6 )

Syntax: expression_ 1 ~> expression_2
Type : BOOLEAN X BO OLEP~N — — > BOOLEAN
Meanin~ : usua l ieplication , i.e.,
(expression _2 OR NOT expression_i) = TRUE
error’ if one of the expressions is not Boolean .

1 2.5.3: ~r
_i~ tJ~ n~,1 ODerators

~yn~ax: exp l {: = 1 exp_2
Type : mn-I ’  ~ mod o --> BOOLEAN

the ‘ ypes  of exp_ 1 and exp_2 may be either :
any ~ype , provided it is the same for both ,(7)

rr : any type for one expression and UNDEFINED for the other ,
or: UNL F~~INF’D for both;

M~~n rr : usua l or i

( , ~~:, >= , >
syntax: exp_ 1 C > >: <: < } exp_ 2
Type : number X number ——> BOOLEAN
(where number is either INTEGER or REAL)
Meaning ; the usua l order relations on numbers.

(6) When the t erm 0error~ is used , it does not refer to any particular value ,
but rather means that under the conditions associated with it a specification
would be incorrect , as far as SPECIAL is concerned . In other terms , it is
considered as erroneous to say “1 AND TRUE” as to say “DO I 1 , 10” Ic a
specification.

(7) For more about type matchi ng rules , see Section 1~1 .
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12.6. Operations on Numbers

The operations on numbers are the usua l + , — , ‘ , ~~, and I , where — can
be e i t he r un a ry or b i n a r y , and is the exponentiation operator; in c J d i t ion ,
the operator MOD is also provided . The meaning and use do not depart from those
gen erally encountered . Numbers are either of type INTEGER or of t ype R E A L .
Roth types can be intermixed according to the following rules: A b i n ; - r y
operat ion involving two integers will have the type INTEGER , and a n oper a t i on
where at least one of the operand s is real will have  the  type  R E A L .  in
particular , the operator I , when applied to two integers , will yi~ ld the integer
part of the quotient of the two operands , whereas if one of the operands is of
type REAL , the result should be the quotient itself. In addition , ccc’-
primitives ore provided in the language for s p e c i f y i ng t :~ inte~ ’-r ond
f r a c t i o n a l  parts of a reel (see Section 12. 16.). The use of MOD is rcs tric tr~
to  INTEGER o p e r a n d s .

Al l  t h e  b i n a r y  o p e r a t o rs  on n u m b er s , as wel l  as tho:’ on Booleans , or or.
sets are left—assoc iative , except which is right—associ ative.

12. 7. Op erat ions  ~~

1 2 . 7 . 1 . U n ar y  0~ er a to r

CARD INALIT Y
Syntax: CARDINALITY( <set expression>)
Type : set—mode ——> INTEGER
Value: The number of elements in the set designated by its argument

12 .7.2. Binary QDerat~~~

U N I O N
Syntax: <set expression> UNION <set expression>
Type : SET_OF m l X SET_OF m2 --> SET_OF m3
wher e m3 is the larger of ml and m2 if they match , and their union
o t h e r w i s e ; no t e  t h a t , when the t y ~~~s of the  two a r gu m e n t s  do not m a t c h ,
t h e  r e s u l t  w i l l  h a v e  t h e  t y p e  of the  m i n i m a l  u n i o n  of t h e  two  types ,
e. g . ,

If t he type  of s l i s “SET_OF INTEGER”
and the type  of s2 is “ONE CE ( :ET OF BOOLEAN , SET_OF CHAR)”
then  ~ 1 U N I O N  s2 w i l l  be a
“ON E _OF( SET _OF ONE _OF (  BOOLEAN , I N T E G E R ) ,

SET_OF ONE_OF ( CHA R , I N T E G E R ) ) ”

M e an i n g : The usua l u n i o n  of two  sets .

INT ER
Syn t a x :  <set, express ion> INTER <set expression>
Type : SET_OF m l X SET_OF m2 - ->  SET_OF m3
where  m3 = ml i f  m l  is the  same as m2; genera tes  an error if  m l  and m2
re fer  t o  d i s jo in t  types , and m3 is the intersection of ml and m~
otherwise .
E x a m ple :
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I f  s i  is  of t ype “SET_OF ONE _O F ( I N T E G E R , B O O L E A N ) ”
and s2 of t ype “ ONE _OF ( SET_OF INTEGER , SET_OF C H A R ) ” ,

then ml INTER s2 is of t ype “SET_OF INTEGER”

Meaning : usua l set intersection.

DIFF
Synt-’~x : set_ i DIFF set_2
Type : SET_OF ml  X SET_OF m2 -—> SET_OF m l
Genera tes an error if ml and m2 cannot have any common value. Example:

If set_ l is of type  “SET_OF ONE_OF ( I NTEGE R , BOOLEAN)” and set_2 i s of
t ype “ONE_OF ( SET_OF INTEGER , SET_OF CHAR)”) , then  the r e s u l t w i l l  h a v e
the type of the first argument.

M e a n i n g ;  {x I x 4 set_ i AND x ~ set_2 }

1 2 .7 . 3 .  P r ed i ca t e s

INSET
Syntax: <expression> INSET <set_expression>
Type : ml X SET_OF’ m2 --> BOOLEAN
Generates an error if’ m l and m2 are totally disjoint types (as with
DIFF ) .
M e a n i n g : The expression is TRUE if the  f i r s t’  operand is in the  set
represented by the second .

SUBSET
Syntax: set_ i SUBSET set_2
Type : SET_OF ml X SET_OF m2 —-> BOOLEAN
ml and m2 are subject to the same constraints as with INSET.
Meaning : The expression is TRUE iff set_i is a subset of set_2. Note
that “sl SUBSET s2” can be def ined as
FORALL x INSET sl: x INSET s2

12.7.LL ~~~ Constru~ t~ r~

E x p l i c i t  Const ru ct or
Syntax: ‘C’ e x p r e s s i o n_ i , . . . ,  express ion_n ‘ } ‘
(He re , the  c u r l y  b r a c k e t s  a r e  actua l symbols of the language .)
Type : If all the expressions have the same type , let us say t , the- n the
result will be of type “SET_OF t” ; otherwise , it will be “SET_OF
ONE_OF (tl ,. ., tj)” where the united —type is the minimal union of the
types of the expressions .
V-~1ue: The set S such that:
expression_ i 4 S (i = l~ 2,..,n)

Implic it Constructor
: ynt ~x: ‘C , <simple declaration> ‘ ‘ <ex~ ression> ‘1’
Type : <expression> must be Boolean ; result is of type “SET_OF t” where

is the t ype of the variable appearing in the declaration.
Va l ue: “C t x e(x)}” is the set of all x ’s of type t such tha t e(x) is
TRUE.
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In te rva l  Cons tr~~ t or
Synta x:J’{’ <expressionl> ‘ .. ‘ <expression2 > ‘}‘
Type : Both expressions must have the type INTEGER or REAL (or ¶0’ ur i r.
of both), and the result is a set of INTEGER , if both ex fr ’ sc~ ors ~‘r’
of t ype INTEGER , a set of REAL otherwise .
Value: C el . .  e2 I is the set of numbers i such that el<: i<= e2 (~ ‘ ‘
tha t th is expression will be a set of INTEGER or REAL , depend mn~ ni tn ’
type  of e l  and  e 2 ) .

l 2 . & .  Op e r a t i o n s  on Vectors

E x t r a c t - o r
Syntax: <vector expression> [<integer expression> ]
Type : If the first operand is of type “VECTOR_OF t” , the result will t,e
of type  t .
Value: v[iI is the ith component of the vector v.

LENGTH
Syntax: LENGTH(<vector expression> )
Type : VECTOR_OF mode —-> INTEGER
Value: the number of components (dimensionality) of its operand .

E x p l i c i t  C o n s t r u c t o r
syntax: VECTOR (exp_ l , . . . ,exp_n)
Type : If exp_ 1 , . . . , exp_n are all expressions of type t , t hen  the  r esu l t
will be of type “VECTOR_OF t” ; if the types are different , the result
will be a vector of the minimal union of these types.
Value: V such tha t
LENGTH (V) = n and
V Ei l exp_i for i = 1 , 2,..., n

Implic it Corstructor
S y n t a x :  VECTOR ‘ ( ‘  FOR <symbol> FROM <expression>

TO <express ion> ‘:‘ <expression> ‘)‘
Type : If the last expression alwa ys has the type t , then the result
will be a “VECTOR_OF t” (the expressions following FROM and TO must have
the type INTEGER). Note that this is the only place in the language
where a name is bound to an object that need not be previously declared ;
t h e  symbol following FOR is a locally bound variable whose type is
always INTEGER .

Value : V VECTOR ( FOR F~ROM exp i TO exp2 : f(i))
is the vector such that:
LENGTH(V) exp2 — expl + 1 and
V [ i ] = f ( e x p l  + i — 1)  for i 1 , 2,.. .,(exp2 — expi + 1)

12.9. Operations ~n Struc tures

E x t r a c t o r
A reference to a particular field of a structure—expression (j . e ., ~r.
expression whose type is a structured type ) can be made by append i ng a
‘ .‘ followed by the name of the particular field after the str u cture—
expression itself. The syntax is thus:
<expression> ‘ .‘ <symbol>
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Type : The type is that associated with the field name in the stru n tu r ’
declaration.
Mean ing : The structure expression being a tuple , the extractor re fers to
th e value of the- nth element of this tuple , if the field name ‘~pp rarr- d
in the nth position in the structure declarat ion .

Expl ici t Const ruc tor
Syntax: ‘< ‘  exp_ l ,...,exp_n ‘ > ‘
Type : t l X . . . .  X t n
where ti is the type of the ith expression in the list.
Value: the tuple whose ith element is exp_i , for i from 1 to n.

Impl icit Constructor
Syntax: ‘< ‘  FOR <symbol> FROM <expression> TO <expression>

‘ : ‘ <expression> ‘> ‘
Type : t X . . . .  X t
i.e., the n—fol d Cartesian product of the type of the third expression ,
where n is the difference between the second and first expressions.
M e a n i n g : The tup le  < exp_ l ,... ,exp_ n > where exp_i is the value of the
third expression evaluated when the indici al variable (i.e . ,  t he
<symbol>) has the value of the expression following FROM , augmented of
i— l

12.10. Quantified Expressions

Although quantified expressions are constrained to yield a Bod e-en
value , they have been placed in this separate section because of *heir
p ar t i c u la r  syntax rules.

Un iversa l  Quan ti f i e r
S y n t a x :  F O R A L L  {< q u a l i f i c e t i o n >  I < d e c l a r a t i on > }

‘ ; ‘ {<quelification> <declaration> ) 1’
<expression>

with: <qualification> : :=  {< s impl e  d e c l a r a t i o n >  I < s y m b o l > }
C = I ‘ = ‘ I ~ > ,  I ,>=~ I , < = , I
SUBSET I INSET I ‘ ‘I <expression>

Type: POOLEAN
Mc~ ning : as in predicat .e calculus
Remarks : The <expression> following the ‘:‘ will presumably depend on
thp v~ riables declared after the quantifier. These variables are bound
locally, only in the last expression (see Scope Rules , Section 12). The
optiona l qualification may be used to further qualify the vari able ,
w ithou t complicating the main quantified expression .
The g~ neral way of expressing something such as “for all x ’s such that
F(x), L~(x )  is t rue ” is :

H R A L L  ~ I P (x) : Q(x)

w~er e a s  “for all x in the set 5, Q(x) is true ” would be written as:

r Fn A LL x ~N~’ET S : Q(x)
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(Note tha t , in the two examples above , we used the deferred b i r~~~n ,c
fo c il ity, presuming that x appeared in the DECLARATIONS paragrart . )
sev eral variables may be quantified simultaneously, e .g.,

FGRALL x I P ( x )  ; y I Q(y) ; z : R(x , y ,  z )

:~ such a case - , eac h quantified variable may appear in i~ s nwr~
qualifi cation and in the main (quantified) expression , but not in t

~ -e
qu a liui cot i o n of ar’ot.her var iable.
Th above expression has the following me enin q :

F~ R~ LI. x : FORALL y : FORALL z : P ( x )  AND ~ ( y )  ~> R ( x , y ,  z )

rxi a cr t i~~l ~i n ’rt i fi er
l’vr~ -‘ x :

~‘X 1ST~
’ (<qual ification> I <declarat .ion>J

(<qualification> I <declaration> ) }*
<expression>

l y p i - : P OOLEAN
Me :ni n g : as in predicate calculus
h~ n~ r~ s: same a~ above .

12. 1 1 . Ccnd ition al Expressions

Synt ax: IF <expression> THEN <expression> ELSE <expression>
F Type : Consider the expression

IF P THEN p 1 ELSE e2

I f el and e2 have the same type , t h a t  type  w i l l  be the t ype o f th e v~~ol ’
expre ssion; if one of el and e2 (or both) is UNDEF1NED or I , the n ~h’
t v t . will match anything . If the types of el and e2 do not ~~~~~~ th~
‘he t ype of t he’ e x p r e s s i o n  w i l l  be t h e  u n i o n  of t h e  t ype of ‘1 and t h
t ype of r2.
Mrcn~ n~~: x = IF P THEN el ELSE e2 is an abbreviation for
( F  A~ D (x  e l ) )  OR ((NOT F) AND (x e2)
R~~r - rk : The ELSE part must always be present~

12. ~2. lY i -E rASE Expression~

T h i s  k i n d  of exp re s s ion  is p r o b a b l y  t he  most complex  c o n s t r uc t  c t t hr

1on~,uarr . it is intended to be used in cases where the type of en ob ,lert us 1

t n r -  ryr ”’ni being specified cannot be known before execution time , iF s
ru r r- - c ’- is to allow a temporary alteration of the type of an objert , f ro m

~ni t~~d ~yp t o  one of t he  component  t y p e s .  This  i s  p a r t i c u l a r l y  d e s i r a b l e
because it pe rmits the application to the objec t of some operations that would
rr h. defin ed on th e ’ united type without compromising the sa fety of t ype—
‘ n  n k ’ c .

yr’ ta x:

F’ -Fgr ’ 2



SPECIAL Reference Manua l January 3, 1977

TYPECASE <symbol> OF
type_ i: exp_ 1;

• type_2: exp._2;

type._n: exp_n;
END

Type : The type of the whole expression will be the minimal union of th e ’
types of exp_ i ,..., exp_ n , in the sense tha t , if exp_ l ,.. exp_ n a ll
have the same type t , then t will be the type of the expression ,
otherwise , the type will be ONE_OF (tl , t2 , . . . ,tk) where tl ,..,tk are all
d i f f e r e n t , and are types of exp_ 1 ,...,exp_ n (in no particular order).
Meaning : The va lue  of the expression is more easily understood by using
the meta—funetion “type_of” the value of which would be the type- of its
s ing le  a r g u m e n t .
Then , for instance

a TYPECASE w of
type_ i: exp_ 1;
type_2: exp_2;
type_3: exp_3;
END;

would mean

((type_of(w) = type_ i )  AND a = exp_1)
OR ( ( type_ o f (w )  = typ e_i

AND type_of(w) = t ype_2)
AN D a = exp_ 2 )

OR ( ( t y p e _o f (w )  = type_ i
AND typ e_o f ( w )  = typ e_2
AND t ype_of (w )  = type_3)

AND a = exp_3)

Remarks :  There are several restr ict ions imposed on the use of th is
construct. We will call

~~~~~~~~~~~~~~ var iab le  the va r i ab le  fol lowing the keyword TYPECASE ;
— — e  labels the types type_ i , . . . ,  tyPe_n;
—— ~~~~~~~ ex~ ressions ex p_ i , . .. ,  exp_ n;

--The type of the case variable must be a united type equa l to the type tha t
would be obtained by taking the union of all the case labels.

Example :  If w is of type

ONE_OF(INTE GER , BOOLEAN , capability )

then
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TYPECASE w of
INTEGER:  w;
BOOLEA N: IF w = TRUE THEN 1 ELS E 0;
capability: get_uid(w);
END ;

is a valid expression;

TYP E CASE w o f
ONE_OF (INTE GER , BOOLEAN ): TRUE ;
capability: FALSE;
END;

is also valid .

(As an illustration , let us mention that the first expression would have
the type ONE_OF(INTEGE R , “type_of get_uid” ), whereas the second one would
have the type BOOLEAN.)

On the contrary,

TYPECASE w OF
INTEGER : 1;
BOOLEAN : 0;
END;

is incorrect because one of the types is missing .

——ii inre the expression itself has a type , regular type checking is
performed .

——When the type of each case expression is evaluated , if the case variable
appears in the expression , it is taken to have the type of the
corresponding case label .

12. 13. LEI Expressions

It is sometimes necessary to bind some variables locally inside a particular
expressions. Yet their use is generally very limited . When it seems to
be really necessary, the user can declare a list of variables immediatel y
before u s i n g  them;  the i r  scope is restr ic ted to one single express ion , and
the syntax for this construct is:

LET <qualification> C ‘ ; ‘ <qualification> I’
IN <expression>

The value and the type of this expression are those of the expression
following the keyword IN. The closest approximation to the semantics of:

y = LET x 1 P (x) IN Q(x)

is somethi ng l i ke
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3 x such that P(x) AND (y = Q(x))

but thi s is only an example of the use of this construct.

12 .i14 . 
~QM~ 

Expressions

The SOME construct can be viewed as a kind of set extractor. The syntax
is:

SOME <simple declaration> (INSET I ‘I’) <expression>

The meaning of an expression such as

SOME x INSET S

is: LET x INSET S IN x

and similarly if ‘ ‘  is used .

The following example illustrates the use of this construct:

EFFECT S_OF wake_up( SOM E process p
INSET waiting_processes(seml))

which might be an assertion inside the specification for a synchronization
primitive.

12.15. The NEW Primitive

NEW is a special construct tha t has the same syntax as a function of one
argument:

NEW ‘C’ <symbol> ‘ ) ‘

where the argument should be the name of a designator type . The type of this
expression is precisely this identifier , and the meaning is that NEW (t)
represents en object of type t tha t has never been used before .

An error will occur if the argument is not a DESIGNATOR (even an
external DESIGNATOR will not work).

12 .16 .  Miscellaneous Operator s

In addition to the various operators and constructs presented above , the
language contains several functiona l primitives .

MAX , MIN
Syntax: (MAX 1 MINI ‘(‘ <expression> ‘)‘
Type : SET_OF number ——> number
(where number is either INTEGER or REAL)
Value: the largest (respectively smallest) element in the set described
in the expression.
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SUM
Syntax: SUM ‘(‘ <expression> ‘)‘
Type : SET_OF number ——> number

or: VECTOR_OF number —— > number
Value : the arithmetic sum of all the elements in the set (respectively
vector).

INTPART , FRACTPART
Syntax: {INTPART I FRACTPART} ‘C ’ <expression> ‘)‘
Ty pe: REAL --> INTEGER (resp . REAL )
Value : These two constructs can be viewed as predefined macros:
INTEGER INTPART( REAL x ) IS SOME INTEGER y I y <= x AND y+l > x;
REAL FRACTPART (  REAL x ) IS x — INTP A RT ( x ) ;
They define , respectively, the integer and fractional part of their
argument (surprised?).

LOG
Syntax: LOG ‘(‘ <expressioni> ‘,‘ <expression2> ‘)‘
Type : number X number —-> REAL
Value: the logarithm of <expression2> in the base <expres sionl>.

This concludes our syntactic description of the language for module
specifications. We will now concern ourselves with some additional precisions
concerning the use of certain objects.

13. PRECEDENCE

The large number of operators in the assertion language requires a
precise definition of the precedence ordering , that is , if opi and op2 are two
operators (let us say binary) , we say tha t opi has a higher precedence than op2
i f

el opi e2 op2 e3

haz the same meaning as

(p1 op1 e2) op2 e3

and

ei op2 e2 opi e3

has the same meaning as

e1 op2 (e2 opi e3)
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(Note that any expression can always be enclosed within parentheses. )

A general rule is tha t an operator returning a Boolean valued expression
has always a lower precedence than an operator that returns another type . This
rule is of course insufficient to compare operators returning the same type of
.
~xpression.

The ordering is partial , since the operators cannot be freely comb ined
in the text (e.g., INTER can hardly be compa red with + ) .

The operators are listed in decreasing order of precedence. Constructs
tha t do not lead to ambiguities (reference to functions , LENGTH , CA R D I N A L I T Y ,
NEW , vector subscripting , TYPECA SE , FOR A LL , EXIST S, vector and set constructors ,
LET , and SOME ) are not listed , but it should be noted tha t , when used a~
operands with any of the operators listed below , the constructs using 1F , LET ,
SOME, FORALL , EXISTS, and TYPECASE should be enclosed within parentheses.

INTEGER BOOLEAN

unary -

~~, I , MOD INTER
— UNION , DIFF

= , 
_

= , < , <= , >= , > ,
TNSET. SUBSET

NOT
AND
OR

Of interest are the places of NOT, INSET and => : thus

(NOT x )  INSET S

is meaningfu l only if x has the type BOOLEAN and s is a set of BOOLEAN (for
instance (TRUE))

NOT x INSET s :> P (x )

means C x INSET s) OR P(x )
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114 . SCOPE RULE S

A name designates an object by two mappings: one from the name to a type
and the other from the name to a “binding ” (in the sense described in Section
Is ) .

The basic rule is tha t a name cannot be used in an expression if the
value of either of the two mappings is undefined .

The dua l possibility of associating a name with a type through a
declaration has been described at length in Section 14 and is not repeated here .

111 .1. Establishing tJ~~ Binding

The binding of an object is established by declaring the name one ~i s h cs
to assoc iate with the object in a predetermined place in the text , which de pends
on the category of the object itself (by “declaring ” , we mea n tha t the nam~ can
appear in a declaration , in a header , or in the place of a declara tion in f t c

case of deferred binding).

Here is a table that indicates the place where a binding is established.

Object BindinL

Global definition Definition in the DEFINITIONS paragraph

Local d e f i n i t i o n  D e f i n i t i o n  in the DEFINITIONS section of a
function

Formal argument When appearing in a function or macro header

Result argument

Quan ’ified vari able When appearing after FOP-ALL and EXISTS

Locally bound variab 1~ When ~~pearing between ‘C’ and  ‘ ‘ , or aft er FER ,
LET or S(~ME

l~4 .2. ~ç.çpe Qf ~

We define the scope of a name as tha t part of a module specification
where the name may be used in an expression , independently of the constra ints
imposed by type compatibility.

Generally, a bindin g is valid from the place where it was established up
to some precise place , given below (although in some cases we give the scope
Itself rather than the place where the binding is destroyed).
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Object Binding

Global definitions The whole module

Forma l and result arguments Valid only In the spec ification of the-
corresponding function or in the express ion
defining the macro

Locally bound variable The expression(s) following the ‘I’ , INSET or ‘ :‘

after FORALL , EXISTS , LET , SOME , and in set and
vector constructors .

An import-ant add itional comment is tha t , a l t h o u g h  i t is perm it ted to
a l t e r  a v~~l i d  bi n d i n g  t empora r i l y  ( e . g . , by u s ing  the name of a forma l argument
as a l oca l ly  bound v a r i a b l e ) ,  t h i s  w i l l  mask the original binding for the scope
of the new one . lt seems that this practice should be avoided , inasmuch  as i t
can br ing only confusion in the specification.

15. COERCION RULES

As has been said in Section 5, a united type is very close to being a
t ype by itself , and normally an expression of a united type should not match an
expression of one of the components of the united type . However , such
compatibility is permitted in some cases. The determination of these cases is
based on wha t is known as the “coercion rules” .

The first case of coercion is the TYPECASE expression , wh ich shou ld be
the normal (and only) way to coerce “downwards ” , i . e . ,  from a un ited type to a
componen t type . Upward coercion (i.e., when an expression of a simple type is
Implicitly converted to a united t ype containing the original type as one of its
components) may take place in the following cases:

——When a formal argument to a function is of a united type , the
corresponding actua l argument may be of a component type.

-—In an expression of the form a b , where a is a auoted V—functi on
reference , the result argument of’ the V— function being of a united type ,
and b is an expression of’ a component type .

The actua l rule is the same as above for TYPECASE expressions and actual
arguments to functions. It is more genera l in the other cases , where an attempt
to match a united type against one of its components , or two distinct united
types with some common components , is tolerated , albeit with a warning message
which will hopefully remind the user that he/she is walking on dangerous ground.
A warning message will also be issued when , in the constructs IF , SET, and
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VECTOR , the t ypes of the  constituent expressions do not match. However , this
will not be the case for the binary operators on sets , UNION , INTER , DI~ F ,
INSET , and SUBSET . Thus , the general policy is to tolerate any expression that
might be meaningfu l for some values of the’ variables or functions (as opposed to
strong type—che cking where an expression must be meaningfu l for all possible
values).

16. COMMENTS

Although it has been barel y mentioned so far , the languag e has a comment
fea t ure: A comment- consists of the sign ‘ $ ‘  followed by a sequence of

~haracters without any space , parentheses , or square bracket; or by a string of
characters enclosed within two double—quote signs C ”) (the string itself
containing no double—quote); or by any sequence of characters enclosed within
two matchin g parentheses or square brackets (in the case of parentheses , the
sequence must not contain any right square bracket that is not preceded i n the
sequence by a left one). More briefly, a comment can be descr ibed as a
followed by any arbitrary LISP S—expression—— see (Tei 75).

A comment may appear at any place where a space is legal (i.e., anywhere
excep t  in the middle of a syntactic unit).

17. MAPPING FUNCTION EXPRESSIONS

The specifications for mapp ing function expressions follow a slightly
different syntax , a)though the “expression ” part of the language is exactly ~he
same .

17.1 . Module Names

A list of mapping functions specifications should begin with

MAP modul e_ i ,..., module_i TO module_j,..., module_k;

where module_ i is the module containing the functions and pa rameters tc be
expressed as functions of elements of module_j,...,module_k; modu lc_ 1 ,...,
modulc i are referred to as the “target” modules.
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17.2. TYPES

The TYPES paragraph is similar to the one described for modul e
specifications , and it abides by the same rules .

17 .3. DECLARATION S

The same conventions for deferred binding can optionally be applied an d
the DECLARATIONS paragraph provides the same facility towards this end .

17. 14 . DEFINITIONS

The same macro capabilities are provided in the DEFINITIONS pa ragraph.

17.5. EXTERNALREFS

An EXTERNALREFS paragraph similar to the one optionally used in a module
specification is mandatory for mapping functions; it must contain declarat ions
for all the primitive objects (i.e., cesignator and scalar types , parameters ,
and V—functions that are not derived) appearing in the mapping function.

17 .6. INVARIANTS

The INVARIANTS paragraph Is the counterpart of the ASSERTIONS paragraph
for modul e speclficat’ -~ns . Invariants are contained in a single paragraph in
the mapping fun’~ticn sp ecIfic ation s , and express constraints among the values of
V— functions at the’ lower level. The syntax is similar to that of the ASSERTIONS
paragraph of a module specification , save for the keyword INVAHIANTS which is
substituted for A~~ E R T IONS . Invariants must be proved a~ part of the output
assertions to all implementing programs , but they can be used as input
assertions to these programs. Verification of implementation correctness cannot
be successfully performed unless strong input assertions (such as provided by
the invariants) can be assumed.

17.7. MAPPINGS

The MAPPINGS paragraph begins with MAPPINGS . It contains a list of
pairs of the form

<objec t>  : <expression> ;
Or

<symbol> : <type specification> ;

where <expression> is any expression satisfying the rules described earlier , and
<object> is one of the following:

-—The name of a pa rameter of one of the target modules

——The name of a scalar type , in which case <expression> must be a set
expres ion consisting of a list of as many expressions as there are
constants in the scalar type definition ;

——A construct of the form

Page 35



SPECIAL Reference Manua l January 3, 1 977

<symbol> (<argument list>)

where <symbol> is the name of a visible V—function or a pa rameter (with
arguments) of the target module , and <argument list> is a list of forma l
arguments in the usua l sense .

The same scope rules apply, except that there is no result argument.

The type of each expression , derived fron the types of its various
components  declared either in the declarations or in the source modules , should
be the same as that of the associated parameter or V—function in the t- rwe’t
modules , or a set expression in the case of a scalar type name.

In the second form , the symbol should be the name of a design~ tor t ype
of one of the target modules , and the type specification should be legal in at
least one of the lower modules.

18. THE TENEX-INTERL I SP IMPLEMENTATION

The properties of specitications can be checked automa tica liy ty a
“specification handler ” . Such a program has been written to run under the TENEX
operating system on a PDP—1O machine; some of the conventions used (e .g., icr
strings) are a consequence of the conventions used in the implement at on
language (namely INTERLISP).

18.1 . Strings

A s t r ing  is the equivalent of an INTERLISP string , i.e., an arbi tr~ ry
sequence of printable ASCII characters enclosed withi” two “ (double-qurt ),
where the cha racters “ and % have to be represented as %“ and ~~% .

18.2. Identifiers

An Identifier (generally represented as <symbol> in this manual) is ony
sequence of up to i26 printable ASCII characters which js not a number , which
does not contain any of the characters ( , ) , [ , 1, C , I, I , , , ; , : , ~~, , — , + ,

< , > , ‘ , I , ‘ , ‘ 
, ? , $, space; and which does not start with either “ or It.

Note that 1%&~ ! is a perfectly legal identifier .

18.3 . ~EiJ& Inclusion

If the character # appears after any of the characters listed in the
previous paragraph , the next expression (in the INTERLISP sense) will be
interpreted as a file name , and the program will take its input from that file
un t i l  an ~nd of file is reached , at which po1~ t it will come back to the
original file. This may be repeated , i . e . ,  the i~~ luded file may its e lf include
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APPENDIX A : GRAMMAR

Legend: The grammar for the specification language is given in the so—
called extended BNF , where < . . . > means that the enclosed symbol is a nontermin al
of the grammar ; [ . . .  I means that the enclosed construct is optional; C.. .1*
means that the enclosed construct can occur 0 or more times ; {. . . means 1 or
more times , and {. . .  .. . I .. .1 means an alternation , i.e., any of the
constructs listed can be used .

For convenience , all the nonalphabetic terminals have been enclosed
within simple quotes (‘).

<symbol> stands for any identifier , <number> for any integer or rea l
number .
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ROOT ::~ MODULE <symbol> [<types>] [<declarations> ]
[<parameters>] [<definitions)]
[<externalrefs>] [<assertions> )
[<functions>] END_MODULE

: :~ MAP <symbol> C ‘ ,‘ <symbol> I’
TO <symbol> C ‘ ,‘ <symbol> }* ‘ ;
[<types>] [<declarations>] [<parameters> J
[<definitions> ] [<externalrefs>]
[<invariants>] [<mappings> ) END_MAP

<types>  ::: TYPES { <typedeciaration> ‘ ; ‘ 1+

<typedeclaration> ::~ <symbol> { ‘ ,‘ <symbol> }* ‘:‘

DESIGNATOR I <typespecification>
I <setexpression> I

<typespecification> ::= <symbol>
INTEGER

::~ BOOLEAN
REAL

: :~~ CHA R
STRUCT ‘(‘ <declaration list> ‘)‘

::~ ONE_OF ‘(‘ <typespecificatlon>
C ‘ ,‘ <typespecification> }+ ‘ ) ‘

SET_OF I VE CTOR_OF I (typespecification>

<simple declaration> ::~ <typespecification> <symbol>

<declaration > ::= <simple declaration> C ‘ ,‘ <symbol> I’
::: <symbol>

<declarations> ::: DECLARATIONS C <declaration> ‘ ; ‘ )+

<parameters> :: PARAMETERS { <parameterdeclaration> ‘ ; ‘ 1+

< parameterdeclaratjon> ::: <typespecification> <symbol> [<formalargs>]
‘ , ‘ <symbol> [<formalargs>] I

<formalargs> ::: ‘(‘ [<declarationlist>] ‘)‘
[ ‘[‘ <declarationlist> ‘] ‘  ]

<declaration list> ::: <declaratio n> C ‘ ; ‘ <declaration> I’

<definitions> ::~ DEFINITIONS { <definition> ‘ ; ‘ 1+
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<definition> ::: <typespecific ation> <symbol> [<formalargs>]
IS <expression)

<externalrefs> ::~ EXTERNALREFS C externalgroup 1+

<externaigroup > ::: FROM <symbol> ‘:‘ C <externalref> ‘ ; ‘ 1+

<externalref> ::: <parameterdeclaration>
::: <symbol> C ‘ ,‘ <symbol> }‘ ‘:‘ DESIGNATOR

= <symbol> ‘: ‘ <setexpression>

::= C VFUN OVFUN ) <symbol> <formalargs>
‘ — > ‘  <declaration>

::~ OFUN <symbol> <formalargs>

<assertions> ::= ASSERTIONS C <expression> ‘ ; ‘ }+

<invariants> ::= INVAR IANT S C <expression> ‘ ; ‘ 1+

< functions> ::= FUNCTIONS C <functionspec> 1+

<functionspec> ::= VFUN <symbol> <formalargs>
‘— > ‘  < d e c l a r a t i o n >  ‘ ; ‘

[<definitions>]
[ {  HIDDEN ‘ ; ‘ <exceptions> I]
[<assertions>]

INITIALLY I DERIVATION I <expression> ‘ ;
:: : OVFUN <symbol> <formalargs”

‘ —>‘ <declaration> ‘

[<definitions>] [<exceptions>] C <delay> I’
[<assertions>] [<effects>]

OFUN <symbol> <formalargs> ‘ ; ‘ [<definitions>]
[<exceptions>] C <delay> I’
[<assertions>] [<effects>]

<delay> ::: DELAY [WITH C <expression> ‘ ; ‘ 1+]
UNTIL <expression> ‘ ; ‘

<exceptions> ::: EXCEPTIONS { <expression> ‘ ; ‘

I EX CEPT IONS_OF <call> ‘ ; ‘

RESOUR CE_ERR OR ‘ ; ‘ 1+

<effects> ::= EFFECTS C <expression> ‘ ; ‘ 1+

< m a p p i n g s >  I : :  MAPPINGS { <mapping> ‘ ; ‘ 1+

<mapping > ::= <symbol> [<formalargs>] ‘:‘ <expression>
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::: <symbol> ‘:‘ <typespecific ation>

<expression> :: IF <expression> THEN <expression>
ELSE <expression>

::~ LET <qualification> { ‘ ; ‘ <qualification> I’
IN <expression>

SOME <ouplification>
::~ f FORALL I EXISTS I <qualif \declaretionlist>

: ‘ <expression>
::: TYPECASE <symbol> OF C <case> ‘ ; ‘ }+ END

<expression> <binaryoperator> <expression>
::: C NOT ‘ ‘  I <expression>
::~ ‘— ‘ <expression>
::~ ‘(‘ <expression> ‘)‘

<sym bol>
<number>

::: <character constant>
<string constant>

:: : TRUE FALSE 1 UNDEFINED I ?
: :~ <expression> ‘[‘ <expression> ‘3’
::: <expression> ‘.‘ <symbol>

CARDI NAL ITY 1 LENGTH I MA X I M1N I SUM
INTPART I FRACT PART }

‘(‘ <expression> ‘)‘
LOG ‘( ‘  <expression> ‘ ,‘ <expression> ‘ ) ‘

: :=  NEW ‘(‘ <symbol> ‘)‘
[EFFECTS _OF] <call>
<structureconstru ctor>

= <vectorconstructor>
<setexpression>

<qualif\declarationlist>: := C<qualif ication> <declaration> I
‘ ; ‘ <qualification> 1 <declaration> I’

<qualific ation> ::: [<typespecification> ) <symbol>
C ‘ = ‘ , < ‘  I , < = ‘ I ‘> = , I ‘> ~ I
SUBSET I INSET ‘I’ I <expression>

<case> ::= <typespecif ication> ‘:‘ <expression>

<blnaryoperatcr> ::= ‘
~~ ‘ I ‘‘‘ ‘I’ INTER ‘+ ‘ ‘— ‘ 1 U NION I

DIFF I ‘ = ‘ I I ‘ > ‘  I ‘> ~~ ‘ I ‘< ‘
I INSET 1 AND I OR SUB SET 1 MOD ‘:>‘

<call> :: [‘‘‘] <symbol> ‘ ( ‘  [ <expression>
‘ , ‘ <expression> 1~~1 ‘) ‘

<structureconstructor> ::: ‘<‘ [ <expression> C ‘ ,‘ <expression> 1, I ‘> ‘
‘< ‘  <ra nge> ‘ :‘ <expression> ‘> ‘
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<vectorconstructor> ::= VECTOR ‘ ( ‘  [ <expression>
{ ‘ , ‘ <expression> 1’ 1

VECTOR ‘ ( ‘  <range> ‘:‘ <expression> ‘)‘

<range> ::: FOR <symbol> FR~ 4 <expression> TO <expression>

<setexpression> ::: ‘ C ’  [ <expression> C ‘ ,‘ <expression> I’ ] ‘1’
::: ‘{‘ [<typespecification> ] <symbol> ‘I’

<expression> ‘I’
: :=  ‘ C ’  <expression> ‘..‘ <expression> ‘I’

Page 143



SPECIA L Reference  Manua l January 3, 1977

P1PP ENDI X ~ RESER VE D WORDS

The fo l lowing  l is t  c o n t a i n s  a l l  the  reserved words of t he  language ,
i.e., the identifiers that may NOT be used to designate arbitrary objects. The
identifiers T and NIL , although nct reserved , are not allowed in the current
implementations.

AND LET
ASSER T IONS LOG
BOOLEA N MAP
CA RDINAL I TY MAP PING S
CHAR MA X
DE CLARA TIONS MIN
DEFiNITIONS MOD
DELA Y MODULE
DERIV AT ION NEW
DESIGNATOR NOT
DIFF OF
EFFE CTS OFUN
EFF ECTS_OF ONE_OF
ELSE OR
END OVFUN
END_MAP PARAMETERS
END_MODULE REAL
EXCEPTION S RESOURCE _ERROR
EXCEPTIONS_OF SET_OF
EXISTS SOME
EXT ER NAL REFS STRUCT
FALSE SUBSET
FOR SUM
FORALL THEN
FR A C T PART TO
FROM TRUE
FUN CTI ONS TYPECA SE
HIDDEN TYPES
IF UNDEFINED
IN UNI ON
IN ITIA LLY UNTIL
INSET VECTOR
I NTEGE R VECTOR_OF
INTER VFUN
INTPA R T WITH
INVAR IANTS
IS
LENGTH
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H i e r a r c h y  M e n a q c r  A u g u s t  10 , 19 7 E

1~ ~n t r o du c t i o n

This document pres ents the automated env ironm ent for
m anip ul a ti ng specifications of system hi era rchi es d cvc lop rd to
suppo r t f-he FPT methodolo gy. The reader is supposed to be f a m i l i a r
wi th f-his methodology which is described in (Robinson et el., 70) and
(Robinson end Lev itt ,75) . Thc- aspects of the rrrthodo loqy which ar c -
mos t- relevant to f-his document- err summar)7c’d in section 2.

The environment described in the- following sec t i ons was
implemen t-ed in TNTFRL ”FP on the TFNFX operating ry strrn . 1 l t h o ~~~h
li ttle needs be known about TNTERLT~~P, some fam i l i a r i t y  w i t h  the
TFNEX file system is desirable since the environm ent is f a i r l y
dependen t on it. Tn pa r t i c u l a r , we use the following te rm ir ol ogy

i n  a f i le n a m e

<DTP>F O(’. F’XT ;n

DIP is the direc tory,
F00 is t he pr e f i x ,
FX T is f-he extension
n i s  t he v e r s i o n  n u m b e r .

T t  should be noted tha t the present ryEtem is a pro tot-vpr .
~~~~ Qu estion , complain t or suggestion should he address ed to (‘livier
P o u b i n e , Pernard f4ont—Reyneud , or Rober t B oyer , of the Corr c~~ter

~c ience Group , ~RT .

2. The Methodolog y ’ 1’ Rr ir f Cv c rvi r w

This section is mainl y intended to defi er snrr~ of th r tc• rrn r-
that will be used in the following section s , rath e r than ~o Oc a
self—cont ained descri ption of the methodology.

P large software system is decomposed into a number of small
“modu le s ” . A module is likel y to deal with one single problem , e .g.,
providing a certain da te structur e- and operations for m ani pul a ting
it. More precisely , a module is made of a lis t of “V-func tions ” ,
that are functions returninq a value hut leaving the state of the
world unchanaed , and a 1i s t of “0—functions ” which perform operat ions
on f-he state of f-he world. A m o d u l e  may  a l s o  have  “parameters ”
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wh ich are particular components of the state of the world wh i ch may
have differ ent values in diff e rent wor]ds , but t he va lu e of wh ich
canno t be chang ed by any (‘—function (in fact , parame ters ca n hr
viewed as values r eturned by V-functions , which can never be
changed .) A modul e- may also deal with a coneent referred to  as a
“designa tor ” which in troduces a new type of object (for more details ,
see (SPFCTPr . Reference Manuel)).

V-functions can be either visible or hi dden, and ci t h r r
prim it ive or derived. We sometimes refer to the objects of a modu l
as t h e  set of V— and 0 — f u n c t i o n s , p a r a m e t e r s , and d e s i g n a t o r s  of the
module. The primi tive objects are the p a r a m e t e r s , d e s i Q n a t o r s , a n d
the primi tive (non—derived) V— functions.

M o d u l e s  can  be “ i m p l e m e n t e d ”  i n  terms of objects of otr~cr
module s. (‘—func tions are implemented by an “ ab s t r a c t  p r o g r a m ” , an
aspec t of the methodology which is not dealt with in the- present
environmen t. The other objects are implemented via mapping-function
expressions. Leaving aside the problems associated with abs t rac t
progr ams , we shall (somewhat improperly) say t h a t  a module M O  is
implemen ted on Mi , M 2 ,.. .,  Mn , if for each primi t ive objec t of M C ,
t h e r e  i s  a mapp ing—function expression which uses onl y objects of ~~~~ ,
M7 ,.. ,Mn.

How all the modules are grouped and “implemented” is what
w i l l  def i ne a “ h i e ra r ch y” . Our environment - does not deal however
w i t h  h i e r a r c h i e s  of m o d u l e s .  R a t h e r , we i n t r o d u c e  an i n t e r m e d ia t e
concep t : the notion of an “in terface ” . A module specifica tion
generally corresponds to a conceptual abstraction. An interface
could be associated with a functional abstraction~ if- corresponds to
a set of modules which is self—contained with respect to ext ernal
references and which is sufficient to implement other interfaces in a
pa rticular hierarchy.

An interface could be viewed as a set of objects (the same
kind of objec t-s as f-hose defined by modules). We prefer to see- i t  as
a set of modul es , all the objects of which are availab le except f c r
sonic of them which are explicitly hidden : an interf ace is something
like a “pool” of objects provided by a set- of cont ributors: tbc
modules of the in terface. Two criteria must be satisfied.

-T nte rna l completeness : if a module of the interface has

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ must be to other mo dules of the
interface. -

- Fx tern~~1 completeness : all the modules of an interface must
heT~~Tcmen tp~ in terms of modules of one single interface.

There is a namin g problem wi thin an interface since the same
interface m iaht contain several instances of the same modu le
specif ication. A lthough this prob le~ a~~E~~solved by adecuate ted s
i f h ~~~~~~TYicai-ion language , the pre sent environment does not cope
with it end reauires as many module specification s as mo dul-c

T T h r
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i rstances , and th e names of al l the objects of an interfac e mu st be
un i cue.

An interface JO “imp lemen ts ” an in terface TI with a ~~~t of
mapping—f unctions Fl , F2...Fk if for a modul e MI of II , there i s  a
ma ppin o—f unct ion from some modules of 10 to Ml.

A “Hie rarchy ” can now be defined as a set of interfa ce s such
that , w i t h  the exception of a par ticular one , all the interfaces are
implemen ted by some other in te r f ace  of I-he hierarchy, with some set
of map ping—funct ion s (to he provided). Note that because of the
x ternal completeness criterion , a h ie rach y ha s necessarily the

structure of a rooted tree where nodes are interfaces ard edges
correspond to mapping—functions.

General Pr esentation of the System

From f-be above descr i ption , i t is clear that in order to
def ine  a h i e ra rchy ,  one mus t in t roduce s p e c i f i c a t i ons for modules ,
mappin g—functions , int erfaces and the hierarchy tree. Generally,
rach of these entities must satisfy some cri t eri a for internal
c o n s i s t en c y ,  and  a d d i t i o n a l  c r i t e r i a  f o r  e x t e r n a l  c o n s i s t e n c y , i.e.,
consis tency with respect to other components of the hierarchy.

Cu r system consists of various functional units which perfor rri
th~ necessary c o n s i s t e n c y  c h e c k s  on a h i e r a r c h y .

The sys t e m is i nvoked by typing :

CPTFR>NF .
f o l l ow ed by a ca r r i age r et urn

to  t h e  T FN FX FXFC . Th is  w i l l  i n v o k e a ~i n g l e L IS P s u b s y s t em w h i c h
contains commands for each functional unit of the environment.

The functional unit s are the module—har d ier , the ma pping—
funct i or hard ier , the interface—handler and the hierarchy—handler.
Fach unit takes as input one or mere TFNFX files and produc es e i t her
error di aqnostics correspondin g to the failure of sr’me consistency
rule , or a f i le , call ed a “ l i n k  file ” , which r ecords the successful
comp ]et-ion of the particul ar set of consistency checks pe r formed by
t h i F  functional uni t . The exact contents of these link files needs
not be described in this document. They contain some irfor m ati c ’r
(e .g., symbo l tables ) pertaini ng to some part of the system , a n d
expl icit references to the files from which this inform eti~~n w as
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gathered . These references are used to verify t h e -  c o n s i s t e n c y  of a
se t of f i les.

As a rule ’ , a l ink f i l e  is produc ed on ly wh en a l l  the
relevan t checks have been successful]y carri ed Out : its existence in
a directory is a “pr im a fac i e ” evid ence of the corrc -ctn ess of somr
part of the system. However , i t mi ght very well be r he case t h a t
a f t e r  h a v i n g  c h e c k e d , l e t ’ s s a y ,  an i n t e r f a c e , the -  u s e r  c h a n g e s  t h c
specification of soar module without checkin g the interfa ce~ aoa in.
The source file for the new module will thus have been creat ed l a t e r
than the link file for the interface. This is a typical case of
i nconsistent files . Such a situation w i l l  he- detected au to m a- t ic ~~lly~it can then be remed i ed by pe r f o rming all the nec e ssa ry  ch c k s to
crea te up—to-d ate link files

4. The Module Handler

The module handler is the se t  of f u n c t i o n s  t h a t  h a s  som et i me s
bc~en described as the “s p e c i f i c a t ion h andler ” , although this ter n’ is
ecually applicable to I-b c - hand linq of Mapp ing Function
speci ficat ions.

4.~~. 
C~~~1y~~~~~~ F i l e

The module handler expects a source file con taining a module
specificat ion written in the specification lancuage S P F ’ C T A [ , . The
source fi le must be n a m e d  -

nloculenamp .SOUPCF’ (1)

(Note that SPECIA L does not accept hyphens in a modu ir name , whereas
TFNEX do~ s n o t  accept underbars in a file nam e . As a cc’ne (uuence , i f
the name of the module contains underbars , thes should i c  translated
to hyphens in the correspondinq file name.

4.2. Commands

~ . 2 . 1 . Consistency Check•

CHFCVM (’PLII F (filename)

is the function that pe r forms all the checks on the module
s p e c i f i c a t i o n , to ve ri fy that it complies with the rule s of the

1 )  Throughout this document , any term ending with the suffix “n,~me ”

r— fe rs to a symbolic name of some sort.

Fa q e  4



Hierarch y Man aqer August 10 , 19~~C

specific ation lang uage , described in (SPECIAL- Peference- Manual).
This function operat es in two phases

——A syn ta ctic analysis of the contents of the file giv e -n as argument
is first attempted ; if a specification is syntactically incorrect ,
a rnessaqe of the following form will be printed :

**  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * *  * * * * * * * * * * * * * * * *  * * * * *  * *

Tl )eqal lexein e level (of type SYMBOL) in
...me , level , cat _set)) 4 i — j + 1

> max message ! ! !levc- l ! ! ; cat s t)
POCLEAN no message (up: level; cat set-

~ lexe me of one of the following types was cxpected ~
TO ; ) ?~rDOP — , (‘F ~ND => MtILTOP F 1 TI-T E N  E L S E  TN
TNSFT PF-LOP ~ > PTGHTBRACF
Wha t shou ld  he done?
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *- k  **

The  syntactic token which is not accepted by the analyz er appears
between I!! ‘!~~ i n  a “w i n d o w ” of 100 characters of the source-
text. Pt this point , the user may choose to replace the offending
J e x eme b y a n a r b i t r a r y  st r i n g  of h i s c h o i c e , by a n s w e r i n g  P
f o l l o w e d  by t h e  new text appearinq between two “ c h a r a c t e r s .  T h i s
w i l l  c ause  no t onl y t h e  e r r o r  to be co r rec t ed so as to be abl e t o
c o n t i n u e  p r o c e s s i n g  t h e  t e x t , h u t  w i l l  a l so  g e n e r a t e  a new v e r s i o n
of the source f f l c -, in which the error will have been corrected .

Ano ther alternative is for the user to type T (for Teco): this
will cause the TECO text editor to he invoked as a suhprocess , the
s o u r c e  f i l e  to  be y a n k e d , and  t h e  “c u r s o r ” to be positioned be-for e
the first character of the offending lexeme. The user can then
arbitrarily modify the file; exiting the editor (by “cx ” or “ ;h” )
will ret -urn con trol to CPFCVM0D~1I,E : at this point , t he proces si ng
can he r esumed either where it has been interrupted (i. e ., before
I-be offending lexeme) , by typing D (for Default), or a t t he
beainni nq of the file , by typ ing S (for Start over), or a t an
arbitrary loca tion , s p e c i f i e d  by a n u m be r i n te r p r e ted as a by t e
add ress i n  the f i l e .  N o te t h a t  t h i s  la tt er a p p r o a c h  is  v e r y
unr el iable , unless the user is perfectl y sure of what he is doing ,
he-cause the internal state of the system will not be cleaned; in
pa r t i c u l a r , it is not- possible to “back track” , i . e . , to f o r g e t
some of the lexeme s that have alread y been processed .

The last alternative is A (for Abort) which will interrupt the
f u n c ti on and  go i n  e r r o r  mode.

When the w h o l e  f i l e  h as  been s u c c e s s f u l l y  processed  by t he
syntac tic analyzer , the full file name is printed , end t he second
phase is init iated . -

—-The second phase performs all the so—called s e m a nt i c  checks , and
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is mos tly concerned with the enforcement of the t ype rules , the
sc ope rule s , and the wel l—form edness of the specification.
V ari ous error or warning messaoes ma y be issued , giving some
info rmat ion about the location of the error (e .g., a d e f i n i t i o n  or
a function specification), the k ind of error ( e . q . ,  type-
in c o mpatibili t y, scope error , etc..J , and some-tim es a contrx~
ir form at - ior which is an expression derived from the ori qir :~~l ore
—— generally a prefix form of the source expres sion , e a ~~,

a~~L b
w o u l d  app ea r as
(+ a b)

If no error was detected dur ino the second phase (warnir a
messages are not considered as resu ltira from errors) , the f c l i w i r a
message is printed :

Link File?

Pn r- w e r in q Y will cause a lin k  file mo dulename.M LTNK to he
written , and its name to he returned as the value of CPFC1 (MOI~ULE; if
t h e  a n s w e r i s  N , t h e  v a l u e  i s  T .

In the case of external references , howe ver , the check w i l l
he f i n a l  onl y af ter the irfor m ation contain ed in the FXTFPNPLPFFS
paragra ph has been matched aaainst f-he original definition. This is
not done by CPE CFM (’DULF , bu t by the interface-handler.

4.2.2. Prin ting a mo du le spec ificaticn :

P F F O P M A T ( i n p u t f i l e n a n i e out putfi le ramel

is a pretty—print routine which causes a medv ]e specifica tion
con tained in the file “input - filename ” to be printed en the f i l e
“ eu t -putfi l en ame” with appropriate spacing and indent a tion. If the
arg ument -s are omitted , the proqram wi l l  ask e x p l i c i t l y  for them to br-
pr ovided. A poss ible use of this fi’nct ion is to aive i t the v~~lw T
as its second araument , which wil l  cause the specifica tion to h~
print e d en the u s e r ’ s terminal; it should be noted , howe ve r , that the
comman d

TTY f i l en ame

can he t yped di r e c t l y  to the hierarchy mana qer , end w i l l  cause an
a rbitrary fil e “ f i l ename ” to he printed on the terminal (2).

2 ) T h i s  f a c i l it y ,  as wel l as the direct inveca tion of TFCO by typ inc
“TFC O fil en ame ” a re part of the standard i n i t i a l i z a t i o n  of the
system ; if the user types GPFFT() , as suqoested by ~hc system
messaqe , h e/ sh e  i s  l i k e l y  to lose these two commands.
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5. The Mapp ina-Fu rction Handler

The mapping—func tio n handler is separated in two functional
units: on e deal s with the internal consistency of a mapping—function
specification , and the other , w h i ch i s  s i m i l ar to a se cond pass ,
check s the consistency of the mapping function expressions w ith
respec t to the modules involved .

5.]. Intern al Consistency Checker

The in ternal consistency checker is the counterpart of tb- c
rrrdule specification handler for ma p p in q—functi on s~ t h e  same ccmm ands
for input and output are ava ilab le .

E~.l. 1 . Source file

The source  f i le  i s  a mapp ing—function spe cifi c atien w h i ch
associ ates an expression using ohriects of “lowe r ” modules with each
primi tive object of an “ uppe r ” module. The d etail ed ~yrtax is
described in (SPECIAL Reference Manual).

The name of such a file should he

f i l en am e . M A P

5.1 .2. Check

The source file can be read in by the command PARS , as in the
case of a modul e specification. The irt e rnal form will  also be lef t
i r th e v a r i a b l e  MODULF , and t h en t h e ch ec k s  ar e i n v o k e d  by t he
command

CETFCKMPPEPEC ( filename

whi ch runs through the same three passes as CPFCKMODULF does. Pt the
end of the check s , if the user wishes to create a l i n k  file , a
filename w i l l  be asked for , and the system will create a new s o u r ce
f i l e fileram e .MAP , end a li n k  fi le fileneme. SYI’JLTNK .

5 . 2 .  Ext ernal Consistency Checker

The ext ernal consistency checker is invoked by the commend

CP ECKMPP (f i l e n e m e )

and w i l l  attempt to take its input from the li n k  file
fi l~ n a m e  . S Y N I I N K .

The checks are:
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--f il e sv~~tem consistency~ each of the modules r ef e rence d in th
m appin g function should h a v c -  been previousl y ch e ck E d (i. e . ,  the- re’
e x i s t an “ M L T N V ” f i le), and the corresponding source file- s should
not have been modi fied since then :

--external t ype consistency . all the objects that have been
declared as extern a l in the mapp ing—func tion specific a tion are
che cked against their orig inal declara tion in the- module
speci ficat ions;

--c ompleteness : there must exist a uniQue mappinq—function
expression for each primitiv e object of the “upper ” modul e. This
check can fail in three ways : an object may h a v e  no
repres entation , or t h e r e  may  be an objec t appea r i n g  i n t he
m apping—function specification and which is not a primitive etject
of the “upper ” m o d u l e , or a p r i m i t i v e  ob jec t may  h ave m o r e  t h e n
one representation.

T f  all the checks are performed correctl y, a link fil ’ - i a
aut om - t i c a l l y  created under the name

f ilename. SF~i I  TN!~

1- . The Interface Handler

In Section 2 , we h a v e  g i v e n  a d e f i n i t i o n  of the t e r m
“ i n t e r f a c e ” and h a v e introduced the rules to he satisfied. The
interface handler enforces these rules.

6. 1 . So u r c e F i le

An in terface specificatio n is to he- written on a fil e
according to a particular syntax:

<interfa ce specification> (INTFRFPCE <int erfac ename>
<module list ))

<module l ist> <module dcc>
<module list> <module dec>

<modul e dcc> <modu lenam e>
(<modulename>)

: : =  (<modulename> WITHOUT <ohjectlist ))
<obje c t - l i s t >  : : =  <objectname>

::  <object -list> <objec t-name>
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When a m o d u l e  name  i s  f o l l o w e d  by the construct - “WITHOUT
<object ]ist- ’> ” , each name ape aring in the li st is taken to be hidden
by the interface. If this construct - is not - pres~’nt , a l l  t he g l o b a l
ob jects of the module are visible at the interface- .

The in terface specification is expected to be found in a file
named

in ter fecenarne . INTERFACE

6.2. The Interface Checker

The command

CHECVTNTERFACE (interfacenam-’ )

will cause the file interfacename. INTFPFPC F to be re-ad and t h e
followin g checks to be performed:

-— A syntax check controls the well formedness of the specification
(it also checks that the prefix of the filename corresponds to  t h e
in terface name).

-—The consis tency of the file system is also checked , i .e., a l l  t h e
modul e’s ape aring in the interface specification must have been
s p e c i f i ed , checked , and should not have been modified after the
heck.

——The naming consistency is enforced : presently, the n a m e s  of a l l
the objects of the modules of an interface must be uniQu e .

--The objec ts appearin g on a “WITHOUT” list must have been defined
in the specification of the corresponding module.

-—r -a s tly, the program verifies that the interface is “c l o s e d ”  u n d e r
external references , i.e., that all the extern alre fs of any module
ar c to objects of other modules of the interface and that the
types correspond.

If all these checks are carried out correctly , a l i n k  f i l e

in terfacename .ILTNT (

is au tomatically created .

~t is also worth noti ng that this command follows the “Do as
m u c h  as you can ” philosophy if a module has not - been specified , a l l
the checks that can he made w ith the available information are s t - i l ]
performed . Powever , the interface specification will he’ considered
i n c o m p l e te , an d no lin k  file w i ll he produced.
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/ .  The Hierarchy Handler

A complete software system is described in our methodolog y as
a h i e r ach y of interfaces (see Section 2). Within a hierarch y, two
in terfaces are connected if there is a set of mapp i ng-functions which
implemen ts all I-he modules of one interface in terms of objects that
are vis ible in the other one.

P h i e r a r c h y is specified when all the interfaces and all the ’
mapp i ng-func tions are known. This information is to he found on a
f i l e  named

h i  e r a r c h y n am e .  H I  FPPRCF’Y

7~~~1~~ Source  F i l e

The syn t ax f o r  a h i e r ach y specification is g iven formally
b e low

<hi erarchy sp eci fication> ?-:= (HIERARCHY <hierech y n a m e >
< lis t of implem”n -I-ions>)

<list of implement a’-ions> :~~~r <implementation>
<li st of implementations >

< i m p l e m e n t a t i o n >

<imp lemem tation> : : =  ( < int e rfac en ame> TMFI.FMFNTS <interf acename>
tTSTNC ~l i s t  of mapp ing—func tions>)

<lis t of mapp i ng—functions> : - =  <mapp ing—function name>
<list of mapping—functions>

<mapping-func tion name>

Some addi tional restrictions must he observed :

— — <hi erachy name> should be the’ same identifi er as the prefix of the
file name.

—— (mapp i ng—fun ction name> is the prefix name of a F i le  con t aining a
mapp ing—func tion specification

——Th e’ order in which the imp lementation specific a tion s arc aiven is
no t arbitrar y : i n c  specification

(1° IMPLF.MFNTS J i USING — — — )

we s h a l l  refer to TO as the lower interface and 11 as the higher
one. The lowe r interface of the f i r s t  implementation
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specifica tion mus t- be the root of the hi erarchy, and a n y low e r
i n t e r f a c e  in  a s p e c i f i c a t ion m u s t  e i t h e r he t he root  or h~ ve~
appeared as the higher interface of a p~~ v i o u s  spec i f i c a t i o n .  T n
addition , each in terface except the root must appear once and only
once as t he h i ghe r i n t e r f a c e  of some i m p l e m e nt a t ion  spe c i f i c at i on
(these r e s t r i c t i o n s  g u a r a n t ee t h a t t he h i e r ~~rchy is an oriented
t r ee wi t h the l o w e s t  i n te r f a c e  as i t s  r o o t .

7.2. The Hierarch y Checker

The H i e r a r c h y  c h e c k e r  is i n v o k e d  b y t h e  com m a n d

CH E C F H I F R A R C H Y (h i e r a r c h y n am e )

T t  w i l l  f i r s t c h e c k  t h a t  t h e  h i e r a r c h y  s p e c i f i c a t i o n  f o u n d
(hopefully!) in the file hierarchyn ame .HTERARCHY is syntactically
correct and that none of the rules described in 7 . ] .  is violated .

I t  then verifies that for each implementation specification ,
l ink files exist for hot -h interfaces and all mapp ing—func tions and
that the implementation is consistent and complete.

The implemen tation is consistent when the higher modul e- of
each mapping-func tion exists in the higher interface and the lower
modules exist in the l ower interface. The implemen tation is complete
if there is one mapping—function for each module of the hi ghe r
i n te r f a c e .  If this is not the case , b u t  i f  a l l  t h e  m o d u l e s  of  t h e
higher in terface which have no corresonding mapp ing—func tion also
appear  i n t he  lower  i n t e r f a c e  t h e  p r o g r a m  w i l l  a s sume  t h a t t he
mapping is the iden tity mapp i n g .  Th u s , m o d u l e s  w h i c h  ar e  mapped
ident ically need not be associated with a specific mapp i nq-function
file.

No te t h a t a m o d u l e  may  appear  i n  s e v e r a l  in te r f a c e s , and t h a t
a mapping-function specifica tion may he used i n  sev e r a l
impi enlenta t ions.

I f  the checks  h a v e  been c a r r i e d  ou t p r o p e r l y , you a r e  see i n g
the li ght at - the end of the tunnel: the letter T wi l l  he printed and
a f i l e

h i  era rchyname . HL ~ ‘iF

will be created . Al though this file does not link to any particula r
t r e a su r e , i t contains interesting information ?bout the files that
have- been used in order to check the hierarchy, and can  he h e l p f u l
for res toring the consistency of a file system .
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