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Abstract

The object oriented programming Language ModPascaL and i ts
programming environment are introduced. ModPascaL extends
Standard  PascaL  by cons t ruc ts  t ha t  have  shown use fuLLness  in
abs t rac t  da ta  type -  theory:  moduLe types ,  enr ichmentsi
ins tan t ia t ions  and instantiate t ypes .  I n  f ac t ,  ModPascaL has
been  designed as  p roceduraL  counterpar t  of  a specification
Language  based  on  abst rac t  da ta  types ;  and i t s  semantics aLso
empLoys  aLgebra ic  s t ruc tures .  ModPascaL programs may be
edi ted ,  compiLed and executed by using the ModPascaL
Programming Sys tem tha t  incLudes  a muLt i -user  data  base  for
ModPascaL ob jec ts .  -

Keywords: Object oriented programming Languages.
Parameter izat ion of types .  Software engineering
environments.  Abstract data types .
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Q .  In t roduct ion

The proceduraL programming Language ModPascaL was deveLoped as
part  of  the  Integrated Software DeveLopment- and Ver i f icat ion
System ( ISDV-Sys tem:  [BGGORV 83 ] ) .  This system empLoys
software engineering techniques aLong the
“ver i fy—whiLe-deveLop"  paradigm: newLy introduced st ructures
are  ver i f ied against formaL specifications as  soon  as  possibLe
so  t ha t  errorneous o r  inadequate design i s  de tec ted  earLy
before i t  causes  grea te r  damage (=cost of  sys tem redesign).
This technique is  used  to  Link the  very f i rst  formaL
specification: the  intermediate specification s t ruc tu res  and
the  f inaL  ModPascaL program by assigning proof tasks
( co r rec tness  cr i te r i a )  to  aLL ref inement s teps .  Then ,  the
vaLidity of aLL  proof tasks  impL ies  that  the  ModPascaL program
meets the  requi rements  imposed by  the  f i rs t  formaL
specification - a proposi t ion that i s  h ighLy vaLuabLe fo r
aLmost  aLL  sof tware  deveLopments .

The appLied method invoLves  different LeveLs  of abstract ion
and provides concepts  and tooLs  for  a Lfl r i f i abLe  t rans i t ion
f rom abs t rac t  to  concrete  s t ruc tures .  In  f igure 0 -1  a rough
overv iew o f  the  va r ious  LeveLs  is  g iven together  wi th a aLso
rough cLass i f i ca t ion :  and the verification tasks  are Located.

aLgebra ic  abstract  -<
specifications

verification

aLgori thmic intermediate
spec i f ica t ions  <

verif ication

programming concrete
Language  ob jec ts  w

F ig .  g -  : ISDV-System scenario

The formaL specif icat ions are given in the appLicat ive
spec i f ica t ion  Language  ASPIK ( [BV  83 ] )  that  is  s t rongLy based
on aLgebra ic  speci f icat ions ( [ADJ 78 ] :  [EKP 783 ) .  ASPIK
suppor ts  inc rementaL ‚  h ierarchicaL software design and o f fe rs
a number of  powerfuL descr ipt ion fea tu res .  I t  i s  the  Language
of  the  ' abs t rac t '  and ' in te rmed ia te '  LeveLs  o f  p rogram
deveLopment  in  the  ISDV-Sys tem;  the  Language of  the  ' concro te '
LeveL is  ModPascaL .  As a consequence ,  bo th  Languages  of fe r
constructs  that are  semanticaLLy equivaLent  ( e .g .  ASPIK
spec i f i ca t ions  - ModPascaL moduLes /enr ichments )  but  expLo i t
the  advantages of  appL ica t ive /proceduraL  Languages resp .

October  84  ModPascaL-Repor t



ModPascaL O.  Int roduct ion Page 2

During the specification and programming process a number o f
objects are generated and  have t o  be  administrated. This
i n cLudes  as  weLL eLemen ta ry  tasks  Like s to rage aLLoca t i on :
Link generation or  man ipuLa t ion :  check ing of  ob jec t  name
conventions o r  access  r i gh t s :  as  more pretentious t asks  L i ke
providing aLL ISDV subsys tems with apprOpr ia te  input when
demanded. This data  administration i s  done by two components
o f  t he  ISDV-Sys tem:

- the f i Le  sys tem (FS)  fo r  ASPIK ob jec ts :  and
- t he  da ta  management sys tem (DMS) fo r  ModPascaL  and ModPascaL

reLa ted  ob jec t s .

ASPIK
< > FS <——————> appLicat ions

ob jec t s  sys tems
.__—_.„ __„„_ ‚  % ( e .g .  edi tors:

comp iLe rs :
interpreters:
provers :
i npu t  un i t s )

v
ModPascaL '—-————
reLa ted  < > DNS < >
ob jec t s

E ig .  2 - ] :  ISDV-Systom structure

The appLicat ion systems represent the kerneL sof tware.  They
incLude  input un i ts  for  in teract ive:  syntax-or iented input of
ob jec t  def in i t ions:  ed i to rs :  a compiLer :  an in terpre ter  o r
mechan i caL  proof  sys tems .

One impor tant  appL ica t ion  sys tem i s  the ModPascaL Programming
Sys tem (MPPS)  wh ich  aLLows  t o  en te r  and  man ipuLa te  ob jec t s  and
programs wr i t ten in ModPascaL. MPPS i s  cLoseLy  reLa ted  t o  DMS:
and f o r  th is  paper  i t  i s  sufficient t o  cons ider  onLy  these
subsys tems  o f  t he  ISDV-Sys tem ( sec .  2 .1 .  (DMS) and  5 .2 .
(MPPS) ) .  An  overv iew o f  t he  ' conc re te '  LeveL  can  be  f ound  i n
[OL t  84c ] .

In section 1 the main features of  ModPascaL that  are  new
compared wi th  Standard PascaL are in t roduced v ia  shor t
exampLes. Sect ion  2 gives necessary  concepts of DMS such  tha t
t he  connec t ions  be tween  Language  and  envi ronment  becomes
v i s i bLe .  The main sec t i on  3 deaLs  w i th  t he  syn tax  and  s ta t i c
semantics of  ModPascaL but  conf ines i t seL f  t o  the not -Standard
PascaL  f ea tu res .  Sec t i on  4 shows how ob jec ts  o f  S tanda rd
PascaL  a re  embedded i n  the  ModPascaL  env i ronment :  sec t i on  5
t r ea t s  p rac t i caL  t asks  as  po r tab i t i t y  o f  S tandard  PascaL
programs:  and f i naLLy  ' sec t i on  6 gives an  overv iew on  t he
p recomp iL ing  concep t  appL ied  t o  execute  ModPascaL  p rog rams .

&
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ModPascaL 1 .  Object Oriented Programming ' Page 3

] .  Object  Oriented Programming in ModPasc

The virtues of object-oriented Languages and programming
s tyLes  have been expLo red  and discussed in many pubLications.
Though i t  might be necessary  t o  repeat  them again and again in
order  t o  change inveterate cryptic programming practices: t hey
are  suppressed he re .  I ns tead ,  the Language ModPascaL i s
introduced, and  in doing this some of the advantages of  ob jec t
oriented thinking wiLL  i nev i t abLy  be ment ioned.
ModPascaL is  an  ex tens ion of PascaL [ISO 7185]  in a way tha t
p rese rves  t he  f uLL  se t  o f  f ea tu res  of PascaL .  The ex tens ion
has  been  i n fLuenced  by  two  f ac t s :

. I n  sof tware engineering research aLgebraic  specifications
have become w ideLy  recognized as  a . representa t ion
independent  descr ip t ion  method fo r  da ta  types (abs t rac t  da ta
t ypes ) .  ALgebra ic  spec i f i ca t ions  aLLow moduLar iza t ion  and
somet imes h ierarch izat ion of probLem domains and they
cons t i t u t e  re fe ren t iaL  t ransparency on the spec i f i ca t ion
LeveL ( see  e .g .  [ADJ 78 ] ,  EEKP 78 ] :  [GHM 78 ] :  [BV 833 ) .

o Existing software engineering environments stiLL Lack a
satisfactory soLution t o  . f i LL  the gap between the
spec i f i ca t i on  and t he  f i naL  programming Languages  (e .g .  [SiL
80 ] ) .  Of ten ,  i t  i s  an  incompat ib iL i ty  of Language cons t ruc ts
and underLa id  semantics tha t  causes  the p robLems.

As  a consequence ModPascaL  has been des igned t o  meet
requ i rements  imposed  by  bo th  theory  o f  aLgeb ra i c
spec i f i ca t ions  and sof tware engineering env i ronments .
Concern ing the  La t t e r  sou rce  of requ i rements ,  the reason  o f
i t s  emphasis i s ,  tha t  ModPascaL was deveLoped as  part  of an
in teg ra ted  sof tware  deveLopment and ver f i ca t ion  sys tem [BGGORV
83 ]  tha t  f oLLows  the s tepwise- re f inement  and
ve r i f y -wh iLe -deveLop  pa rad igms .  Therefore ,  many components o f
t he  current  ModPascaL suppor t  sys tem are  embedded in t ha t
environment and repor ted exper ience wi th  the Language has  been
gathered  t he re .  Bu t  i t  shouLd  be po inted ou t  that  ModPascaL i s
an  imperative, p robLemor i en ted  programming Language  (as  PascaL
i s )  f o r  wide appL ica t ion :  bes ide i t s  current  use  i n  spec i f i c
so f tware  engineer ing env i ronment .

There are four  new kinds of objects that  make ModPascaL differ
f rom PascaL :  moduLes :  enr i chments :  i ns tan t i a t i ons  and
ins tan t i a te  t ypes .  The te rm ' t ype '  in i t s  usuaL  (PascaL )  sense
i s  not  appL i cabLe  to  the  f irst three of these const ruc ts  s ince
they modeL more o r  di f ferent in format ion than a r ray ,  record
e tc .

To get a feeL ing  of the new st ructures we w iLL  in t roduce them
in formaLLy via short exampLes.  The compLete def in i t ion for
moduLes :  enr ichments ‚  i ns tan t ia t ions  and i ns tan t i a te  types
w iLL  be  g iven i n  chapters  3 ,4 ‚ 5  r esp .

October  84  ModPascaL-Repor t
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1 .1 .  ModgLe Type Definition

ExamgLe  1 -1 :  Queue

txge  OUEUE = moduLe
Egg TASK;
pubL i c  p rocedure  ENTER(T :TASK) ;

p rocedu re  LEAVE;
function NEXT : TASK;
function ISEMPTY : BOOLEAN;
initiaL EMPTYQUEUE;

LocaL tyge T = §;g§x [ 1 . . 100 ]  gi TASK;
p rocedu re  SHIFT(AR:T ‚  I : INTEGER) ;
gg; A:T ‚  PTR: INTEGER;

Lf _ "vl f und .

p rocedu re  ENTER;
va r  i : INTEGER;
begin i : =PTR;

Page 4

( 1 )
(2 )

(3 )

(4 )

ii i =100  then QUEUE$ERRORPROCEDURE
eLse
wh i t e  i >1  gg

;; T.PRIo>A[iJ.PRIo
t hen  i : = i - 1

SHIFT(A I i ) ;
AEi]:=T;
PTR:=PTR+1 ;

end;

procedure LEAVE;
begin SHIFT(A :O)  end;

procedure SHIFT; ( *  omitted * )

f unc t i on  NEXT;
beg in  NEXT:=  AE1]  end;

func t ion  ISEMPTY;
beg in  ii PTR <> 0

t hen  ISEMPTY :=  FALSE
eLse  ISEMPTY :=  TRUE

eng;

i n i t i aL  EMPTYGUEUE;
Egg i : INTEGER;  T:TASK#NEH;
bed in  f o r  i : =1  to 100  gg

Alli] : =  T ;
PTR :=  O;

' ‚9.09
modend;

_0c tobe r  84 ModPascaL-Repor t



ModPascaL 1 .1. ModuLe Type Definition Page 5

ExampLe 1-1 introduces the moduLe type definition. TASK is
assumed to be an aLready def ined (moduLe) object with ( a t
Leas t )  operat ions PRIO and NEW. A moduLe type definition
mainLy  consists of four parts: a Listing of aLL used objects
of this definition (1): an introduction of aLL operations that
wiLL be tied together by this definition ( 2 ) :  definition of
LocaL items tha t  serve to ease programming in part 4 of the
moduLe t ype  definition (3): and expLicit definitions of the
operations introduced in part 2 ( 4 ) .
This combination of information has condensed out of (at
Leas t )  two infLuences of abstract data type theory:

. abstract data types do not describe a specific set but a
tupLe ( s e t :  operations) where the operations are excLusiveLy
defined on the set. Moreover :  they  are the onLy aLLowed
operations to be performed on 'set'. The programming
Language construct therefore refLects this fact in
introducing onLy those operations of part 2 as admissabLe
QUEUE—operations.

. an abstract type can be incarnated: i.e. variabLes of it may
be used in abstract programs. Most moduLe concepts do not
meet this obvious requirement ( e g .  Ada packages :  ModuLa
moduLes). They restrict themseLves to support soLeLy the
combination of procedures, functions, types and variabLes in
a specific syntactic cLause‚ and separate compitation of
moduLe header and moduLe body. On the contrary: ModPascaL

moduLes aLLow variabLe decLarations.

From the possibiLity of using objects it foLLows immediateLy‚
that precautions have to be 'taken to aLLow moduLe type
definitions which do not expLicitLy contain decLarations of
used objects i n  the surrounding program t e x t .  For this purpose

a data base has been created that can be referenced and
updated by each user of the system. It comprehends a s  weLL the
Standard P a s c a L  types and type generators as a L L  user defined
objects. The data management system administrates aLL objects
in connection with the ModPascaL programming system.

October 84 HodPascaL-Report



'ModPascaL  1 .2 .  Enrichment Definition Page 6

1 .2 .  Enrichment Defini t ion

ExampLe  1—3:  QUEUE-ENRICHMENT

enrichment E-GUEUE Egg QUEUE is ( 1 )
ggg TASK ( 2 )

p rocedu re  MERGE(T :TASK) ;
QUEUE

func t i on  LENGTH( I : INT ) : INT ;
p rocedure  SNAP;

agdend;
p rocedu re  MERGE; ( 3 )

beg in  . . .  end; -
f unc t i on  LENGTH;

begin . . .  en
Erocedu re  SNAP;

begin . . .  en
9.

\-
Q

.
\

enrenci  ‚:

ExampLe 1 -2  gives a gL impse of enrichment objects .  Enrichments
are  weLL -known  s t ruc tures  in abst ract  data type (ADT)  t heo ry .
They a re  a spec iaL  case  of  ( aLgeb ra i c )  abstract  data type
definitions because they  do not  introduce any new vaLue se t
bu t  onLy  operations on  ex i s t i ng  ones .  Fo r  that r eason ,
enr ichments  canno t  be  Linked t o  type definitions since types
a re  defined as  se t - i n t roduc ing  s t ruc tures .  Consequen tLy :  t he
enr ichment -cons t ruc t  has been added t o  ModPascaL. F i r s t Ly ‚  i t
consists of t he  en r i chment  identifier and  a L i s t  o f  used
ob jec tnames  (1 ) .  To gua ran tee  t ype  un iqueness  and  t ype
co r rec tness :  operations are  introduced according t o  moduLe
t ypes  (2 ) .  I n  pa r t  2 t he  p rocedure  MERGE i s  assoc ia ted  t o  t he
moduLe TASK.  (TASK i s  t r ans i t i veLy  used  v ia  QUEUE) .  Th is
mechanism ensures that  whenever  the enr ichment E—QUEUE i s
v i s i bLe  the  ope ra t i on  MERGE may  be  per formed onLy  on
TASK-va r i abLes .  A t  Las t :  the  f uLL  definition of aLL  ope ra t i ons
i s  g i ven  (3 ) .

Enr ichments  may be Looked  a t  as  a somewhat s t range  concep t .
Bu t  wha t  t hey  prov ide i s  j us t  the above ment ioned comb ina t i on
o f  operations ( comp.  Ada packages ,  ModuLa moduLes) work ing on
g i ven  se t s .  They  es tabL i sh  an  ex tens ion  of  t he  (ope ra t i on - )
name space  spanned by  t he  used  ob jec t s .  Add i t i onaLLy :  t hey
modeL a weLL -known  s t ruc tu re  o f  ABT—theory  t ha t  has  p roved  i t s
adequacy and specification power in many sof tware deveLopments
based  on  abs t rac t  da ta  t ypes .

1 .3 .  I ns tan t ia t i ons  and Instant igte Types

The remain ing two s t ruc tures  provided by ModPascaL in add i t ion
of PascaL are  the  ins tan t ia t ion  const ruc t  and the ins tan t ia te
t ype  de f i n i t i on .  I n  p rocedu raL  programming Languages i t  i s
f am iL ia r  t o  i ns tan t i a te  Opera t ion  de f i n i t i ons :  each  p rocedu re

Oc tobe r  84  ModPascaL—Repor t
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caLL  i s  an instance of the corresponding procedure definition
wi th  fo rmaL„  parameters substituted by information tha t  i s
eLabo ra ted  f rom the  ac tuaL  parameters of the  caLL .  The
cor rec tness  of  ope ra t i on  caLLs  i s  checked  on seve raL  LeveLs ‚
and  depends on  c r i te r ia  such  as  v i s i b i L i t y  r uLes  o r  pa rame te r
passing mechanisms tha t  are specific t o  each  Language.

Bu t  this kind of instantiation i s  confined t o  opera t ions .
ModPascaL  aLLows  fo r  a more generaL  concept  t o  instantiate
moduLe t ypes .  What par ts  of  a moduLe are poss ibLe subjec ts  t o
ac tuaL i za t i on?  To answer :  i t  i s  heLp fuL  to  cons ider  t he
ques t i on  on  s tandard  types as  a r rays :  records e t c . .  Given a
t ype  def in i t ion

type  A '=  array [ 1 . . 10 ]  of  INTEGER:
t he  exchange  of  the  component  type INTEGER by fo r  exampLe  REAL
is des i rabLe :  which resuL t s  in a new type A '  w i th  REAL
componen ts .  S ince  A ' u ses '  INTEGER ( each  array can  be seen  as
moduLe ) ,  a f i r s t  approx imat ion t o  ins tan t ia t ions  o f  moduLes  is
t o  aLLow aLL  used  ob jec ts  of  a moduLe  t o  be ac tuaL i zed .  “Th i s
i n cLudes  aLso  the not  d i rec tLy  used  objects ;  Look ing  a t  t he
t r ee  spanned  by t he  use  reLa t i on  of  a moduLe  ob jec t ,
i ns tan t ia t ions  can  be v i suaL i zed  as  exchanding one  arb i t ra ry
proper  sub t ree  by ano the r .

Mz/ M/ "„/\n.

RecaLL ing  the array exampLe the compatibiLi ty of INTEGER and
REAL ( i n  whatever sense )  may be asked f o r .  Since arrays a re
predef ined so  are  the i r  operat ions (componen t  seLec t i on ‚
ass ignmen t ) .  Bu t  in arbi t rary moduLes the operat ions are
use r—de f i ned  and  may  con ta in  occur rences  of opera t ions  o f  t he
used  objects. Now:  if some used  ob jec t  i s  ac tuaL i zed  by
ano the r :  t he  resuL t i ng  moduLe  wouLd  have  ope ra t i on  caLLs  o f
i LL  defined operat ions:  the  defining moduLe i s  i nv i s i bLe .
Therefore ,  occurences  of  operat ions of moduLes  be ing
ac tuaL i zed  have t o  be  repLaced  by  occurrences of operations o f
t he  ac tuaL i z i ng  moduLe during the ins tant ia t ion  p rocess .  To
gua ran tee  t ha t  t he  repLacemen t  can  be  done in aLL  cases ,  a
un ique  assoc ia t i on  be tween  aLL  oLd  and new Opera t ions  has  t o
be g iven (speaking in terms of abstract  data  type theory ,  a
s igna tu re  morph ism be tween  t he  ' f o rmaL '  parameter  ob jec t  and
t he  ' ac tuaL '  pa rame te r  ob jec t  has  t o  be  s ta ted ) .  The mos t
impor tan t  cons t ra in ts  on  these  assoc ia t ions are  compa t ib iL i t y
of parameter types of oLd  and new operat ions and compat ib iL i t y
t o  o ther  ac tuaL iza t i ons  (one  instant ia t ion may ac tuaL i ze  two
o r  more  ob jec t s ) .

In ModPascaL two tasks have been separated in the

October  84  ModPascaL-Repor t



ModPascaL 1 .3 .  tnstant iat ions[ Instant iate Types Page 8

instantiation of ob jec ts :

- I n  the instantiation definition the programmer has  to
speci fy  how objects and operations are assoc ia ted  to  other
objects and  operations. ALSO: he may incorpora te  aLready
defined instantiations via a use  cLause .  The instantiation
definition rep resen ts  a new ob jec t  t ype  i n  ModPascaL .

- I n  the  instantiate type definition the repLacement of
t hose  items associated i s  ac tuaLLy  done .  The association
has to  be speci f ied  in a List of instantiation object
ident i f ie rs :  and i t  i s  appLied to  a given moduLe or
enr ichment  ob jec t .  The resuLt  o f  the  ins tan t ia te  type
de f in i t ion  i s  again . moduLe or  enrichment ob jec t .

Therefore ‚  an  instantiation definition t ha t  never  occurs  in  an
ins tan t ia te  ;ye f  def in i t ion:  w iLL  cause  no s ide  e f fec ts  on
genera t ion  of ob jec ts  except  genera t ion  of i t seL f .  In  the
other  case i t  might be possibLe tha t  h ierarchies of  ob jec ts
have  to  be genera ted  in  evaLua t ing  ins tan t ia te  type
de f in i t ions .

ExampLe 1 -3 :  QUEUE Instantiation

instantiation TASKINT (1 .1 )
ig TASK Q! INTEGER; ( 1 .2 )
operations PRIO = IDENTITY ( 1 .3 )

instend;

type 0 '  = ins tant ia te  QUEUE Qx_TASKINT;  (2 )

In  exampLe 1 -3 :  an  instantiation TASKINT is  def ined and i t s
appLicat ion inside an  instant iate type def ini t ion i s  shown.
TASKINT estabLishes the  s ignature  morphism saying ' e xchange
aLL occur rences  of  TASK by INTEGER (1 .2 )  and aLL occurences  of
( the  onLy) TASK Operat ion PRIO by the INTEGER operat ion
IDENTITY ' ( 1 . 3 ) ' .  I t  i s  aLso possibLe to  speci fy  use cLauses
and  type  cLauses  in  ins tan t ia t ion  de f in i t ions .  I f  o ther
instant ia t ions wouLd have been used they had to  be respected
by the  current  s ignature  morphism especiaLLy i f  the i r  sources
are  h ie rach icaLLy  Linked objects ( see  3 .4 .2 . ) .  I f  enr ichments
are  invoLved:  a t ypes  cLause  has  to  be fo rmuLated  to  spec i fy
the type mapping fo r  each type occurr ing in the  enr ichment .

The generat ion of  a new ob jec t  i s  ac tuaLLy  done wi th in  the
evaLuat ion of an  instant ia te  type definit ion ( 2 ) .  QUEUE‚ the
object  to  be instantiated, i s  modif ied accord ing  to  the
mOrphism def ined in TASKINT .  The resuLt  i s  a new ob jec t
( -h ie ra rchy ‚  poss ibLy )  Q '  tha t  resembLes  QUEUE up  to  TASKINT
subst i tu t ions .  0 '  i s  accessabLe in the  subsequent program tex t
L ike  ob jec ts  def ined by  ord inary  type  de f in i t ions .
S tandard  types  L ike  array  may aLso  be ins tan t ia ted  us ing
TASKINT.  The resuLt ing  ar ray  type w iLL  range  over  INTEGER
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vaLues  instead of TASK vaLues .

I t  shouLd  be emphazised that  instant iat ions and instantiate
type definitions are more than an extension of
paramete r i za t ion  of Operat ions to  parameter izat ion of types
resp .  moduLes .  The se t  of  parameters that  have to  be
ac tuaL i zed  in an  Operat ion caLL is  fixed by the opera t ion
de f i n i t i on  and i s  aLso  manda to ry .  The se t  of  ' pa rame te rs '  o f  a
moduLe i s  onLy  impL i c i t eLy  g iven:  the  ob jects  contained in the
cLosure of  i t s  use reLa t i on .  Each subset  constitutes a
poss ibLe  se t  o f  ' f o rmaL  pa rame te rs '  t ha t  may be ac tuaL i zed  i n
an  i ns tan t i a t i on .  This concept  modeLs a par t  o f  the
' pa rame te r i za t i on -by -use '  fea ture  of ASPIK [BV 83 ]  in
ModPascaL .  Fo r  the  reLa t i ons  be tween ASPIK and ModPascaL  see
ERL  85 ] :  ESPESY 85 ]  and  EOL t  84b ] .

2 .  Da ta  Managemen t  Sys tem (DMS)

2 .1 .  ModPascaL  and  DMS

The DMS represents  the object  administration system of the
conc re te  LeveL  of the  ISDV-Sys tem ( see  f igure 0 -1 ) .  I t
i n cLudes  the da ta  base for  ModPascaL Ob jec t s ,  access  and
man ipuLa t i on  Opera t ions  as  weLL as  in format ion : : t r i evaL
func t i ons .  ALso the DMS provides the connec t ion  to  the  da ta
manangement  sys tem of t he  abs t rac t  LeveL  o f  t he  ISDV—Sys tem:
the  f i Le  sys tem (FS) .  .

To  be  more  p rec i se  we anticipate some in format ion sec t i on  5
has  been ded ica ted  t o :  programming in ModPascaL in the
ISDV-Sys tem.  The ModPascaL programming sys tem suppor ts  t he
use r  by of fer ing t ooLs  f o r  ed i t i ng :  compiLation and  t es t i ng  of
ModPascaL  p rog rams .  OnLy  v ia  MPPS i t  i s  poss ibLe  t o  en te r
ob jec t s  necessa ry  f o r  o the r  ISDV-Sys tem componen ts  ( e .g .
p rov ing  sys tems  tha t  t r y  t o  prove co r rec tness  c r i t e r i a  i n
wh ich  ASPIK specifications and ModPascaL  moduLes a re
i n voLved ) .  '

Passing a program th rough  MPPS i nvoLves  re fe rences  t o  t he  DMS
such  that  no s ide e f fec t -  and con tex t  f ree reLa t i on  between
input  and  ou tpu t  can  be s ta ted  in gene raL .  The r eason  f o r  t h i s
i s  t he  f ac t  tha t  DMS con t roLs  a da ta  base  o f  ModPascaL  ob jec t s
tha t  i s  no t  f i xed .  Each  re fe rence  t o  DMS i n  d i f f e ren t
appL i ca t i ons  of  MPPS may be responded on  d i f ferent  s t a tes  of
t he  da ta  base  and such  y ieLd ing  d i f ferent  r esuL t s .
I f :  f o r  exampLe :  a s i ngLe  moduLe  type def in i t ion  is  en te red :
MPPS Checks :

. i f  t he re  aL ready  ex i s t s  a moduLe  de f in i t ion  i n  the da ta  base
wi th  t he  same name .

. i f  aLL used  ob jec ts  of the current def in i t ion ex is t  i n  the
da ta  base  and  i f  t he i r  correctness i s  guaran teed .

. i f  no  cycL i c  use-h ie ra rchy  i s  genera ted  by  the cur ren t
moduLe  de f i n i t i on .

. i f  the  current  moduLe def ini t ion i s  syn tac t i caLLy  co r rec t .

. i f  da ta  base  dependent  semant i c  restrictions are  respec ted .
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I f  no check f a i Ls :  the moduLe definition i s  added t o  the data
base  so  tha t  i t  w iLL  be  accessabLe  t o  f u tu re  moduLe  t ype
definitions. Therefore ‚  ModPascaL  programs having onLy  a f ew
L ines  of  code may encLose a Large se t  o f  inv is ibLe ob jec ts  o f
t he  da ta  base .  The advan tages  o f  this concept  a re  obvious:
once  an  object definition i s  en te red  i t  can  be  used  i n  va r i ous
con tex t s  ( e .g .  d i f ferent  use rs )  w i thou t  redefining i t  aga in .
ALso sepa ra te  comp iLa t i on  i s  ex t remeLy  suppor ted  s i nce  ob jec t s
commun ica te  onLy  v ia  f i xed  in te r face  func t i ons  so  t ha t  changes
in  ob jec t -LocaL  rep resen ta t i ons  do not  a f f ec t  o the r  ob jec t s .
I npu t  ob jec ts  in the sense  of  MPPS are e i ther  s i ngLe  ob jec t
de f i n i t i ons  (moduLes ,  en r i chmen ts :  instantiation t ypes )  o r
' p rogs ' .  The La t t e r  con ta i n  e i t he r  a L i s t  o f  ob jec t
de f i n i t i ons  o r  an  o rd ina ry  ModPascaL  p rog ram.  Each  s t r uc tu re
o f  a p rog  i s  t r ea ted  sepa ra teLy  by  MPPS: and  a s i ngLe  ob jec t
i npu t  i s  s imuLa ted :  wheneve r  an  ob jec t  de f i n i t i on  i s
r ecogn i zeu  comp 'o te t y :  i t  w iLL  be i ns taLLed  in t he  DMS da ta
base  be fo re  t he  subsequen t  pa r t  o f  t he  prog  i s  examined. This
makes  semantic checks  un i fo rm fo r  p rog ' s  and  non -p rog ' s .  I n
sec t i on  5 .  the  use  o f  p rog ' s  i s  i LLus t ra ted .

I t  shouLd be pointed ou t  t ha t  MPPS i s  aLso  appL i cabLe  wi thout
DMS (see  sec .  5 . ) :  bu t  the cur ren t  impLemen ta t i on  empLoyed  i n
the ISDV-System makes no use  of th is  poss ib i L i t y .

2 -2 .  DMS-V is ib iL i tY

According t o  the cLose  reLat ion  between MPPS and DMS, accesses
of MPPS to  DMS-ob jec ts  have t o  be  ca r r ied  ou t  aLong
appropr ia te  r uLes .  So  i t  i s  obv ious  t ha t  ob jec t s  o f  the da ta
base  shouLd  no t  be accessabLe  by aLL  use rs ,  o r  t ha t  p ro tec t i on
mechan i sms  ( ' r ead -onLy  access ' )  shouLd  quaL i f y  t he  access .
This i s  cap tu red  by the  concept  of DMS-v i s ib iL i t y .

Def  z .3= - ]  [DMS-v i s i bLe ]

A DMS-ob jec t  OB i s  caLLed  DMS-v is ibLe  to  user  U if e i ther
a )  OB i s  owned by U
b )  there  i s  another  use r  Ü who ownes OB: and U has (a t

Leas t )  r ead -access  t o  OB
c )  OB i s  a sys tem ob jec t .  fl

The DMS-v is ib i t i t y  i s  used to  define the context  sensi t ive
condi t ions fo r  the cor rec tness of ModPascaL objects in sec .3 .

g . } .  Pre f i x ing

The DMS i s  d rawn up as  a muL t i -use r  da ta  base  tha t  aLLows
c ross  re fe rences  to ob jec ts  of any use r .  Therefore name
con fL i c t s  can  occu r :  if f o r  exampLe operat ions are named equaL
in di f ferent moduLes that  are  both v i s ibLe  in some con tex t .  I n
MPPS ( see  aLso  sec .  5 .2 . )  the f oLLow ing  convent ions have  been
set  up t o  avo id  ambiguities:
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. each  object  name can be prefixed by a user  identification,
separated by ' 3 '

. each  operat ion name can be prefixed by ei ther an object
name:  separated by -&- :  or by a user  identification and an
ob jec t  name :  separated by ' 8 ' 5  r e sp .

. i f  ob j ec t s /Ope ra t i ons  of o ther  users .  are i nvoLved /appLied :
then  t he  appropr i a t e  user  identification has  t o  be  t aken  a s
prefix
Excep t ion :  S tandard  types a s  BOOL: INTEGER: REAL: CHAR ( s ee

sec .  4 . )  need no t  be pref ixed by  the  sys t em
s tanda rd  prefix SYS.

TypicaL  identifier buiLt according to  t he se  ruLes  a r e
USERaoUEUE or  SYS&TASK&PRIO. For  in te rnaL purposes  of MPPS:
aLL identifiers are  ex tended  to  the i r  f uLL  quaL i f i ca t i on .  I f
this i s  not  possibLe i n  a unique way:  an  e r ror  message  i s
gene ra t ed .

} .  Language Defini t ion

3 .1 .  Overv iew

ModPascaL has  been deveLoped to  support the h i euuuch icaL :
ve r i f i abLe  des ign  of  p rograms .  PascaL  has  been  choosen  a s
bas i s  fo r  a Language  ex tens ion  because  many ideas  of
st ructured  programming have in fLuenced i t s  de s ign :  and i t
suppLies  t he  p rog rammer  w i th  a s e t  o f  Language  cons t ruc t s  t ha t
i s  r ega rded  a s  _ s t anda rd  fo r  a p roceduraL :  non -concu r r en t
Language .  Add i t i onaLLy :  PascaL  has  gained wide recogn i t ion  i n
indus t r i aL  sof tware  deveLopments  and i t s  cho ice  a s  t a rge t
Language  of  t he  ISDV-Sys t em wiLL  inc rease  t he  sys t ems
accep tance  and  appLicab iL i ty  concerning indus t r i aL  p robLem
domains .

ModPascaL  comprehends  PascaL  as  defined in  [ ISO 7185 ] .
Therefore aLL wr i t t en  PascaL  programs foLLowing  tha t  s t anda rd
wiLL  be  accep ted  by  MPPS:  and  aLready .done  program work  may  be
inco rpo ra t ed_v ia  DMS. Fur the rmore :  ModPascaL  aLLows

moduLe type definitions
enrichment definitions
instantiation definitions
instantiate type definitions
va r i abLe  decLara t i ons  of  moduLe  type
invocation of  moduLe operat ions

In  S tandard  PascaL :  each  program consis ts  of a ' p rogram
head ing '  and  a ' bLock ' :  and each  ' bLock '  contains  a
' t ype -de f in i t i on -pa r t '  ( t he  quoted  ent i t ies  represent
non te rminaLs  of  the  PascaL  grammar given in  [ ISO 7185 ] ) .  In
ModPascaL  prog rams  may  aLso  empLoy  moduLe  types :  en r i chmen t s :
i n s t an t i a t i ons  and  in s t an t i a t e  type  definitions so  t he
' t ype / en r i chmen t /  i n s t an t i a t ion -de f in i t i on -pa r t '  ( non te rminaL
of  t he  ModPascaL  g rammar ;  s ee  3 .5 . )  has  t o  be i n t roduced .

Oc tobe r  84  ModPascaL—Repor t



ModPascaL 3 .2 .  ModuLes Page 12

Using EBNF the grammaticaL description i s :

<type/enr ichment l instant iat ion-def in i t ion—part> ===
{<typelenr ichment l instant ia t ion—def in i t ion>}*

<type len r i chment l i ns tan t ia t i on—def in i t i on>  ===
<type-def in i t ion> | <enrichment-def in i t ion>|

( ins tant ia t ion-def in i t ion>

and refining <type—def in i t ion>

<structured—type> === <moduLe—type> I <instantiate-type> I
<unpacked-s t ruc tu red- type>
PACKED <unpacked-st ructuredütype>

In the ' t ype lenr ichment l ins tan t ia t ion—def in i t ion-par t '  the
ob jec t  definitions may be given i n  arb i t rary  order  i f  t hey
obey S tan . ”  d ' ascaL  ruLes  as  “decLara t i on -be fo re -use “  o r
ruLes  for  pointer  type definitions. As pointed ou t  in the
i n t roduc t ion  and section 1 .  t he  se t  o f  v i s i bLe  ob jec t s
encLoses not  onLy  the ob jects  de f i ned .  in t he
' type/enr ichment l ins tant ia t ion-def in i t ion-par t '  but  aLso  those
being refered t o  v ia the DMS. For  the correctness of  the
' t ype len r i chmen t I i ns tan t ia t i on -  de f in i t i on -par t '  i t  i s  c ruc i aL
tha t  the referenced objects of  the  da ta  base  a re  co r rec t ;
o the rw ise  a seman t i c  er ror  occu rs .  The cond i t i ons  f o r  moduLe
type :  enr ichment  and  i ns tan t i a t i on  definitions a re  g i ven  i n
sec .  3 .2 . :  3 .3 .  and  3 .4 .  The ' va r i abLe -decLa ra t i on -pa r t '  i s
ex tended  t o  handLe  moduLe  t ype  va r i abLe  decLa ra t i ons  ( see  sec .
3 .2 .3 . ) :  and  t hose  por t ions  o f  t he
p rocedu re -and - func t i on—decLa ra t i on  par t  t ha t  conce rn  p rocedu re
and func t ion  caLLs  are  modi f ied to  ca tch  invocations of  moduLe
operat ions ( see  sec .  3 .2 .4 . ) .

The rest  of PascaL i s  Lef t  unchanged. The f uLL  ModPascaL
grammar i s  given in sec .  3 .5 .  For  the underLaid semant ics  of
ModPascaL see  EOLt 84a ] .

3 .2 .  MgdgLes

3 .2 .1 .  Syntax

ModuLes are introduced as speciaL feature of the Standard
PascaL  type def ini t ion scheme:

<type—defini t ion> === <identi f ier> = <type>
<type> === <simpLe-type> | <structured-type>

<pointer- type>
(s t ruc tu red- type)  : : =  (unpacked-structured- type)

PACKED (unpacked—st ruc tu red- type>
<instant iate- type> | <moduLe-type>

<moduLe-type> === MODULE <usepart> <pubLicpar t>
<LocaLpar t>  { (modproc/modfuncpart>}  <initpart> HODEND

<usepar t>  ===  USE <useL i s t>
<useL i s t>  === <ident i f ier -L is t>
<pubLicpar t>  === PUBLIC <pubL icL is t>
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<pubLicList> ::= <pubLicoperationc> |
<pubLicoperationc> ; <pubLicList>

<pubLicoperationc> : : =  <procedureheading>
<functionheading> | <initiaLheading>

<LocaLpart> ::= LOCAL {<LocaLtypedefpart>}<LocaLvarcpart>
{<LocaLoperationspart>} LOCALEND ;

<LocaLtypedefpart> : : =  <type definition part>
<LocaLvarcpart> ::= <variabLe—decLaration-part>
<LocaLoperationspart> ::= <LocaLoperationList> ;“
<LocaL0perationList> : : =  <LocaLoperationheader>

<LocaLoperationheader> ; (LocaLoperationList>
<LocaLoperationheader> ::= <procedure-heading>

<function-heading>
<modproc/modfunccpart> : : =  <medproc/modfunccList> ;
<modproc/modfunccList> ::= <modproc-or-modfuncc>

<modproc-or-modfuncc> ; <modproc/modfunccList)
<modproc-or-modfuncc> ::= <modprocc> | <modfuncc>
<modprocc> ::= PROCEDURE <identifier> ; <bLock>
<medfuncc> ::= FUNCTION <identifier> ; <bLock>
<initpart> . : =  <initcList> ;
<initcList> ::= <initc> ! <initc> ; <initcList>
<initc> = IN IT IAL  <identifier> ; <csk>

( F o r  the entire ModPascaL  syntax: see sec. 3 .5 . )

1 .3 .2 .  Static Semantics of Moduteg

The semantic correctness of a moduLe type definition is
determined by the correctness  of its constituting parts and
its interface correc tness:

CMO:

moduLe type definition correct <==e

pubLicpart correct
LocaLpart correct
modproc/modfunccpart correct
initpart correct
interface correct

>
>

>
>

CM : use art correct
The usepart of a moduLe type definition defines a reLation Ru
between the current object and the used ones. This reLation
can be extended to its cLosure Eu that refLects aLL direct and
indirect used objects.

Def 3 .2 .2 . -1  [Ru ]

Let M be a moduLe type definition with used objects U={u„
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I I I ,  Un } .  Then

R. , (M)  :=  { (H IU1 ) '  . . . ,  (M lun ) }

denotes the use- re tg t ion  indgggg by M .  I f  U is  empty ,  then
R„ (M)  i s  t he  empty  se t .  u

Def ; . z . z . - g  [Ru ]

Let  M be a moduLe type definition with R„(M) as above.
Then fi „ (M)  denotes the Least  reLa t ion  with

a )  i f  ( a ‚ b )  € R„(M) ‚  t hen  (a ‚ b )  e E „ (M)
b )  i f  ( a ‚ b )  e ä„ (M) ‚  t hen  R „ (b )  c fia tn )

fi „ (M)  i s  caLLed  the gLosu re  of  R „ (M)  . n

ModuLes  may  no t  use  t hemseLves ;  t ha t  forces i n  t o  be
cycLe f ree :

Def 3 .3 . z . - ;  [ c ycLe ‚  cycLef ree]

A cycLe C of fi„(M) i s  def ined by
a) c ; E„(M)
b )  Le t  ‚C I  = n :  C = { (u1 :u1 ' ) :  . . . :  (U„ :U„ ' ) }

t hen  V i  € { 1 !  nun- l  n '1 } . (u . ; '  = ...-1.3.51) gm (U1  = u „ ' )
c )  C i s  m in imaL  w i th  respec t  t o  b )

CY(ä„(M)) denotes the se t  of  cycLes of E „ (M) .  fi„(M) i s  caLLed
cce f ree  if  CY(R„(M))  i s  emp ty .  u

CM1:

usepar t  co r rec t  ¢==¢

ELL  used objects  in fin are DMS-visibLe and correct
A R“  i s  cycLe f ree

CMZ: pubLicpar t  correct

The pubL icpar t  of  a moduLe  type definition introduces onLy t he
headings (=  opera t ion  names ,  fo rmaL  parameters and fo rmaL
parameter  t ypes )  of  those Operat ions that  are  pubL i c :  i . e .
opera t i ons  tha t  can  be invoked f rom other  ob jec t s .  There a re
no o the r  i tems (e .g  t ypes ,  va r i abLes )  i n  the  pubL i c  cLause .

The pubL icpar t  compr ises  three kinds of headings: procedure-p
f unc t i on -  and i n i t i aL—head ings .  The def in i t ion of a t  Leas t  one
i n i t i aL  ope ra t i on  i s  manda to ry  s ince they  a re  necessa ry  f o r
i n i t i aL i za t i on  of moduLe va r i abLes .  Comparing the s t r uc tu re  of
t he  ope ra t i on  head ings in t he  pubL icpa r t .  the main d i f f e rence
L ies  i n  the  i nvoLva t i on  o f  an  impL i c i t  f o rma t  parameter  o f  t he
cur rent  moduLe t ype .  When caLLed ‚  pubL i c  Operat ions t r ans fo rm
the  s ta te  of a spec i f i c  moduLe  va r i abLe  (p rocedu res ) :  ex t rac t
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information of the state of a specific moduLe var iabLe
( f unc t i ons )  or  assign in i t iaL vaLues to  a specific var iabLe
( in i t i aLs ) .  In  the case  of procedures and functions the fo rmaL
parameter  on which the operat ion i s  performed is not mentioned
in the operat ion heading.  whenever the operat ion is  caLLed i t
has to  be suppL ied  w i th  an  appropriate var iabLe  of the current
moduLe type which is  distinguished f rom other  possibLe formaL
parameters  ‚ o f  the  current  moduLe type by syntac t ic  means and
which  is  the spec i f ic  va r iabLe  on  which the  opera t ion  i s
performed (see  sec .  3 .2 .4 . ) .  I n  the case  of in i t i aLs ‚  the
treatment is  sL igh tLy  different ( see  sec .  3 .2 .3 .  and 3 .2 .4 . ) .

The condi t ions for  parameter  Lists beLow impLy  that  no
funct ion  o r  procedure parameter  type may be decLared  in
parameterL is ts  of pubLic  operat ions of a moduLe type
def in i t ion :  aL though  o ther  occurrences (9 .9 .  ins ide  the
opera t ion  def in i t ion  bLocks :  o r  main program (see  sec .  5 .1 . ) )
are aLLowed in  ModPascaL. The reason is :  that  in ter faces of
objects  shouLd  conta in  objects  too ,  and not onLy  opera t ions .

pubLicpart  correct  <==e

aLL  procedure headings correct
A aLL funct ion headings correct
A aLL initiaL headings correct
A a t  Leas t  one initiaL heading occurs

CH: ] :  procedure heading correct

get M be a moduLe type definition with cLosure use reLat ion
R„(M) .
Then _

' U(M) :=  {a l  3(ob1‚ob,) e R„(M).(ob‚=a v ob,=a))
i s  caLLed  the se t  of used  ob jec ts  of M .
No te :  M e U (M) .

The se t
U'(M) :=  {obl  ob 6 U(M) A ob is moduLe type}

i s  caLLed  the  se t  of used  moduLes  of M .  '

U' (M)  encLoses  aLL those  objects  which aLLow decLaration of
var iabLes .
ALL parameter  types of the procedure heading have to  be
conta ined  in  U ' tM) .
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Procedure heading correct 4==e

the procedure identifier is unique in the moduLe type
definition

„ aLL parameter types are contained in U' (M)

CMZZ ; function heading correct

CM22:

funct ion heading correct <==e

the function identifier is unique in the moduLe type
definition

A aLL parameter types are contained in U' (M)
A the resuLt type is contained in U' (M)  \ {M}

M : in'tiaL headin correct

CM23:

initiaL heading correct 4==>

the initiaL identifier is unique in the moduLe type
definition

A aLL parameter types are contained in U(M) \ {M}

cm : 0 at ar correct

The LocaLpart introduces types: variabLes‚ functions and
procedures whose scope is restricted to the current moduLe
type definition. The onLy aLLowed occurrence of LocaL items is
inside the operation definitions of the modfunc/modproc- and
the initpart. The LocaLvarcpart is mandatory because  the
underLaid semantics of moduLes depend strongLy on i t .

CM3:

LocaLpart correct c==o

LocaLtypedefpart correct
„ LocaLvarcpart correct
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A LocaLoperat ionpar t  correct
A at  Leas t  one LocaL var iabLe is  decLared

CMS]:  LocaL typege fpar t  correct

To enforce moduLar programming in hierarchicaL structures: the
onLy aLLowed nesting mechanism for  moduLes is  by occurrence in
use -cLauses .  Therefore;  moduLe type definitions are the
" smaLLes t "  moduLa r  Language  const ructs  i n  ModPascaL ( i n
anaLogy t o  aLgeb ra i c  specifications in abstract  data  type
theory )  and they  do not  permi t  LocaL moduLe type definitions.
The Spec t rum o f  adm issabLe  type definitions i n  the
LocaL typede fpa r t  i s  spanned  onLy  by Standard PascaL  types and
t ype  genera to rs  ( see  sec .  4 . ) .

CM31:

LocaL typede fpar t  cor rec t  ¢==>

no moduLe type def ini t ion occurs
» introduced type identifiers are unique in the

environment of the  moduL type definition
A aLL empLoyed types are in t roduced ei ther in

the  cur rent  LocaLtypedefpar t  or  are contained
in U ! (M)  \ {M}

CM32: LocaLvarcpgr t  cor rec t

For  semant i caL  reasons ,  t he  LocaL  var iabLes are  ex t remLy
important  t o  assign an  appropr iate meaning to  a moduLe type
de f in i t i on .  The va r iabLe  decLara t ions  foLLow the extended
scheme as  given in sec .  3 .2 .5 . ‚  i . e .  decLara t ions  of  va r iabLes
o f  a rb i t ra ry  expL i c i t  t ype  and decLa ra t i on  of va r i abLes  o f
impL i c i t :  non -moduLe  t ypes .  The reason t o  forbid impLicit
moduLe t ypes  i s  the same as  given in CM31.

CM32 :

LocaLva rcpa r t  cor rec t  {==>

aLL  va r iabLes  are  e i ther  contained in
U' (M)  \ {M}  or  are impL ic i t  non-moduLe types

A aLL var iabLes  a re  unique
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cm:} :  LocaLopepat ionpar t  correct

S imiLar  to  the  pubLic  par t :  the  LocaLoperat ionpart  introduces
onLy operat ion def ini t ions: but without impLicit formaL
parameters of  the current  moduLe type :  since LocaL operat ions
cannot  be  caLLed  on  moduLe  var iabLes .

CM33:

LocaLoperat ionpar t  correct  ¢==>

aLL funct ion headings are correct
A aLL procedure  headings are  correct

QM33] :  funct ion heading correct

CM331:

funct ion heading correct 4==>

aLL parameter  types and resuLt  types are
ei ther  in U ' tM)  or  are LocaL types

A the  funct ion identifier is  unique

M : ced  re head n co  rect

CM332:

procedure heading correct (=>

aLL parameter types are either contained in U'CM)
or  are LocaL types

A the procedure identifier is  unique

CM ' ! fu  d r t  c r

Up to  now aLL operations have onLy  been introduced by giving
the i r  headings. I n  the modproc/modfunccpart  the  bodies of
jus t  these pubLic  and LocaL procedures and functions are
defined.  ' '
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CM4:

modproc/modfunccpa t correct ¢==>

for  each pubLic  and each LocaL operation there is
exac tLy  one body decLarat ion

A no other  body decLara t ion  occurs
A aLL  modprocc are correct
A aLL modfuncc are correct

eng] :  modprocc correct

A modprocc does  not repeat  the formaL parameters and their
t ypes .  I t  introduces ei ther  the body of a pubLic o r  a LocaL
procedure .  In  the pubLic  case  i t  aLLows for  a Standard PascaL
bLock -s t ruc ture  wi th  some modifications due to  the fact  tha t
moduLe type var iabLes  and  operations on  them may occur  in the
procedure body .  PubLic operat ion caLLs and occurrences of
LocaLLy decLared i tems are aLLowed in a modprocuct. The
distinction on which moduLe var iabLes Operations are performed
i s  made by  syntactic measures .  Standard  object  Operat ions (see
sec .4 . )  are  t rea ted  spec iaLLy .  In  the  LocaL case add i t ionaLLy
no invokat ion of the  LocaL operat ion on a specif ic moduLe
var iabLe  i s  aLLowed ‚  s ince  LocaLs  generaLLy  refer  to  the
var iabLe  of  the  or ig inaL pubL ic  operat ion caLL .

The PascaL  correctness  condi t ions are  omi t ted .

modprocc correct <==e

gLobaL var iabLes are restricted to  the LocaL vari-
abLe se t  of  the  current  moduLe type definition

A each caLL of  a pubLic  operation of the current
moduLe in pref ix  notation refers to  that  moduLe
var iabLe on which the originaL procedure caLL is
performed

A aLL LocaL operations are  caLLed  in prefix notation
A v is ibLe  i tems are  aLL pubLic and LocaL i tems of the

current  def ini t ion without in i t i aLs ‚  aLL pubLic
i tems in ob jects  contained in U(M) and aLL fo rmaL '
paramete rs

n operat ions of  s tandard types occur in the notat ion
tha t  i s  given by Standard PascaL

A in i t i aL  opera t ion  caLLs  occur  onLy  in var iabLe
decLara t ions .
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Qu iz :  modfgncc cor rec t

A modfuncc does not repeat the types of the formaL
parameters and  t he  resuL t  t ype .  I t  introduces ei ther  the body
of a pubL ic  o r  a LocaL func t ion .  In the pubL ic  case  i t  aLLows
fo r  a S tandard  PascaL bLock  st ructure wi th  some modifications
due t o  t he  f ac t  t ha t  moduLe  type va r i abLes  and  ope ra t i ons  on
them may occu r  in the  func t ion  body .  PubL i c  operat ion caLLs
and  occu r rences  o f  LocaLLy  decLa red  i tems are aLLowed  i n  a
mod funcc .  The distinction on  which moduLe va r i abLes
opera t ions  are performed i s  made by syn tac t i c  measu res .
Standa rd  ob jec t  opera t ions  ( see  sec .4 . )  are  t r ea ted  spec iaLLy .
I n  t he  LocaL  case  add i t i onaLLy  no invokat ion  of t he  LocaL
opera t i on  on  a spec i f i c  moduLe var iabLe  i s  aLLowed:  s i nce
LocaLs generaLLy  re fer  t o  the var iabLe of  the or ig inat  pubL i c
Opera t i on  caLL .

I f  t he  func t ion  body does modify the LocaL var iabLe vaLues :
th is  causes  no side ef fects to  the environment.  By  the
ModPascaL semant ics  th is  man ipuLat ion  i s  kept  LocaLLy in the
body  eLabo ra t i on ‚  and the  generated execu tabLe  code  uses
appropr ia te  vaLue parameter  ( see  sec .  2 .  in [RL  85 ]  and [OL t
848 ] ) .

The remaining PascaL cor rec tness  conditions are omitted.

CMAZ:

modfuncc cor rec t  <==b

gLobaL  va r iabLes  a re  restr icted to  the LocaL  va r i -
abLe  se t  o f  the  cur rent  moduLe  type def in i t ion

A v is ibLe  i tems are aLL pubL ic  and LocaL i tems wi thout
i n i t i aLs  of the current  moduLe type def in i t ion ,

- pubL i c  i t ems  con ta i ned  in U (M)  \ {M}  and  aLL  f o rmaL
parameters  .

A each caLL of an  operat ion  of the current moduLe
type def in i t ion in pref ix notat ion refers t o  tha t
moduLe  va r i abLe  on  which  the or ig inaL func t ion  caLL
i s  per formed

A aLL LocaL operat ions occur  in pref ix no ta t i on
A operat ions of  s tandard types occur  in t he  no ta t ion

t ha t  i s  def ined by Standard PascaL
A initiaL opera t ion  caLLs  occur  onLy  in va r i abLe

decLa ra t i ons

0M5: in i tpart  correct

The in i tpart  defines operat ion bodies for just  those in i t i aL
operat ions whose headings have been given in the pubL ic  par t
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of the  current  moduLe .

initpart  correct e==>

for  each initiaL Operation there is  exactLy one
in i tc

n no other in i tc  occurs
A aLL in i tcs  are correct

CMS]:  ini tc  correct

An in i tc  does not  repeat the formaL parameters and their
t ypes .  I t  aLLowes fo r  a Standard PascaL  bLock structure with
modifications due to  the fact  that  moduLe type variabLes and
operat ions on t hem may occur  in the in i tc .  CaLLs of pubLic
Operat ions of  the current moduLe type definit ion are not
aLLowed ( th is  incLudes invokations of other  in i t i aLs  o f  the
cur ren t  moduLe type  de f in i t ion ) .  LocaL  i t ems  are  as  weLL
v is ibLe  as  pubLic  i tems of  U (M) .  Since in i t iaLs  can onLy be
caLLed in variabLe decLarations (see sec -3 .2 .3 . ) ‚  the_variabLe
on which the in i t i aL  operat ion is  performed is  taken f rom
the re .  S tandard  ob jec t  Opera t ions  a re  t rea ted  spec iaLLy  (see
sec .  4 . ) .

The PascaL  cor rec tness  condi t ions  are omitted.

CM51:

initc correct  (==>

gLobaL var iabLes are restr icted to  the LocaL vari-
abLe set  of the current moduLe type definition

. v is ibLe i tems are aLL LocaL i tems of the current
moduLe,  aLL pubL ic  i tems in  U (M)  and aLL format
paramete rs

« LocaL i tems occur in prefix notat ion
A Operat ions of  Standard PascaL types occur in their

usuaL  nota t ion
A in i t i aL  operat ion caLLs occur  onLy in var iabLe

decLara t ions
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CMQ: interface corregt
The interface correctness of a moduLe encLoses conditions on
the correct occu r rence  of object identifier and on the correc t
caLL inside operation definitions of operations imported from
other moduLes. For the Letter, interface correctness is
cLoseLy reLated to cor rec tness  of moduLe operation caLLs (see
sec. 3 .2 .4 . ) .
Because of the semantics of the use cLause of a moduLe, the
set of admissabLe imported type identifiers occur r ing  inside
operation definitions is restricted t o  the set U(M)  of used
objects of M. I n  the case of used enrichments‚ this set
contains the addpart type identifier ( see  3 .3 . ) .  OnLy visibLe
Operations may be invoked; these are the pubLic and LocaL
operations of the current moduLe and the pubLic operations of
a L L  used  objects. Each  caLL  has to sa t i s f y  the conventions in
number and types of a c t u a L  paramete rs  t ha t  have  been  imposed
by the operations definition.

interface correct 4==e

aLL types occurring without definition in operation
bodies have to be contained in the use cLosure

A aLL operation caLLs occurring without Operation
definition in operation bodies have to be either
defined in the current moduLe or visibLe pubLic
operations of some used object

A the arities of the caLLs coincide with the arities
of associated definitions

3.2.3. !;piabge Decrgtions

The object oriented design of ModPascaL considers each type of
the Language as an autonomous object. This is cLear for moduLe
type definitions, but it aLso encLoses the PascaL standard
types Like BOOLEAN: INTEGER etc. or standard type generators
Like array: record etc. For convenience, in ModPascaL  the
standard objects are treated identicaLLy to PascaL. Therefore
type definitions, variabLe decLarations and operations on
instances of these types have been Left unchanged (see sec. 4.
for the invoLvement of standard objects). -
The user-defined, non—standard types are the moduLe types
( en r i chmen t  do not define a new type). Every moduLe is
considered to have an internaL state: that is excLusiveLy
changeabLe/accessabLe by the pubLic-Operations of it. ModuLe
incarnations may be generated via variabLe decLarations. To
provide a moduLe variabLe with an initiaL state, the
(moduLe-variabLe-decLaration> construct has been introduced in
ModPascaL:
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<generaL-var iabLe-decLarat ion> === (standard-var iabLe-decLa-
ra t ion )  I (moduLe-va r iabLe-decLara t i on>

(moduLe-var iabLe-decLara t ion )  ===  (identifier-List) :
<moduLe- ident i f ier> # < in i t i aL -opera t ion-caLL>

The <ident i f ier-L ist> gives a se t  of var iabLe identifiers that
serve t o  denote t he  incarnations. The <moduLe- ident i f ie r>
indicates t he  moduLe  type t o  be inca rna ted .  The mandato ry
< in i t i aL -ope ra t i on—caLL>  invokes one of the i n i t i aL  Opera t ions
of  (moduLeFident i f ie r> t o  assign an initiaL s ta te  t o  each
moduLe var iabLe  of (identifier-List).

moduLe  va r iabLe  decLara t ion  correct <==e

the moduLe type is  DMS-visibLe and correct
A the in i t iaL operat ion is  pubLic i n  the moduLe type

In i t iaL  operat ions are onLy  aLLowed in var iabLe decLarat ions -
Otherwise, a t  any point of a program eLaborat ion a moduLe
var iabLe might be ' r ese t '  to  an  in i t iaL  s ta te  - a poss ib iL i ty
that  i s  h ighLy  unwanted if moduLes and abstract  da ta  types and
the i r  reLa t ions  are considered.  As pointed out  i n  the
i n t r oduc t i on ,  ModPascaL  has  been  des igned as  pa r t  of an
i n t eg ra ted  so f tware  deveLopment  and verification sys tem,  i n
which  abs t rac t  da ta  types are used in tens iveLy .  Therefore
ModPascaL  forbids initiaL Operat ion caLLs  ou t s i de  moduLe
va r i abLe  decLa ra t i ons .

ExampLe 3 -1
A QUEUE var iabLe  ( see  ExampLe 1 -1 )  may be decLared by

var  Q:OUEUE # EMPTYQUEUE ;

3 .2 .5 .  Operat ion CaLLs

To emphasize the ob ject  or ientedness of ModPascaL:  speciaL
notations and features have been introduced fo r  working wi th
moduLe incarnat ions :

. extended dot notation for moduLe Operations

. Lef t -hand-s ide moduLe funct ion occurrences in assignments
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. . . . S ntax

a)<procedure-statement> : :=  <operation-designator>
<operat ion-designator>  : :=  (designator-List) I <operat ion-_

designator> . (designator-List ) ;
<des ignator -L is t )  : :=  <identif ier>

<ident i f ier> ( <act -parm-L is t )  )

b)<expression> : :=  . . .  | <factor>
<factor> : :=  . . .  | <operation-designator>

c )<ass ignment -s ta tement>  : :=  <assign-structure> :=
<expression>

<assign-structure> : :=  <compound-variabte)
<referenced-var iabLe>
<operat ion-designator>

(For  the compLete  ModPascaL grammar: see  sec .  3 .5 . )

3 .2 .5 .2 .  Static Semantics of Operat ion CaLLs

AdmissabLe operat ion caLLs in ModPascaL may be either Standard
PascaL operat ion caLLs or  moduLe operat ion caLLs.  The former
foLLow- the  same syntactic and. semantic conditions as in
PascaL:  wh iLe  the  La t te r  are  based  on  spec i f ic  notations and
semantics.
The generaL invocation form for moduLe operations is  the
so-caLLed  'do t  no ta t ion ' :

<ident i f ier>  . <operat ion-caLL) :
where <ident i f ier> has  to  be_a var iabLe of a moduLe type .
Addi t ionaLLy  the <opera t ion -caLL>  has to  contain an  invokat ion
of  a pubL ic  operat ion of the moduLe type of < ident i f ie r> .

The ef fect  of the invocat ion depends on the Operat ions type :

. i f  the <operat ion-caLL> contains a moduLe procedure caLL:
then the moduLe incarnation <ident i f ier>  is  modified by the
body  of  the  p rocedure .

. i f  the  <opera t ion -caLL>  contains a moduLe funct ion  caLL ‚
then the moduLe incarnat ion <identi f ier> is  Lef t  unchanged;
onLy  information of  the functions vaLue type is  ex t rac ted .

This coincides with the-  view of procedures as 's ta te
transforming operat ions '  and functions as  ' s ta te  observing
Opera t ions ' .  -

ExampLe 3 -2
From ExampLe 1 -1  we -ge t  caLLs

q.ENTER(T) ( 1 )
q .LEAVE ( 2 )
q .NEXT  (3 )

( 1 ) ‚ ( 2 )  modify q .  ( 3 )  extracts  information. u

Beside the generaL invocation form: ModPascaL provides an
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'extended dot no ta t ion ' .  This covers cases when operation caLL
sequences on the same moduLe incarnation or caLLs on component
moduLes of a given incarnation have to  be programmed. Ins tead
of repeat ing the reLevant  moduLe var iabLe or  assigning a
component moduLe to  aux iL iary  var iabLes before executing the
opera t ion  of in terest :  the operat ion caLLs may be sequenced by
using the  'do t '  as  deL imi te r :  '

<variabLe- ident i f ier> . <operat ion-caLL1> . . . .  . <operation-
caLL„>

' do t '  is  Left  associative; so the sequence is eLaborated by
first appLying <var iabLe- ident i f ier ) .<operat ion-caLL1>:
according to  the generaL invocat ion forms.  The resuLt  i s
passed to  <opera t ion -caLL ,> :

e <var iabLe- ident i f ie r ) :  if a procedure had been invoked in
<opera t ion—caLL1>  '

o a component  of <variabLe-identi f ier>:  if a funct ion had
been invoked in <operat ion-caLL1>

Then <operation-caLL‚> is eLaborated: and so on.
At  each  s tep  i t  has  to  be checked:  whether incarnation and
operat ion  a re  compat ibLe .  That  i s :  if the  operation i s  pubL ic
operat ion in the incarnations moduLe type .
I f  an  Operat ion caLL in extended dot notat ion occur :  ; t  the
Lef t -hand-s ide  of  an  ass ignment :  then <opera t ion -caLL„>  has to
be a function caLL .  Since dot  notat ion is  rest r ic ted to
s t ruc tured  type operations this ensures  that  aLways an
appropr ia te  substructure  of  an ex is t ing object i s  evaLua ted .

ExampLe  3 -3

a) q.ENTER(T°);q.ENTER(T1);q.ENTER(T‚)
may be eXpressed as
q.ENTER(T°) .ENTER(T1) .ENTER(T‚)

b)  T :=  q .NEXT;  . . .  ; T .PRIO  . . .
may be expressed  as
. . .  q .NEXT .PRIO  . . .

c )  q .ENTER(To) .NEXT  :=  T;
denotes an  assignment with Left-hand-side consisting of a
dot  notated funct ionaL expression.

u

Extended dot notat ion may aLso  be used for mixed sequences of
moduLe procedure and moduLe function caLLs .  But one shouLd be
aware:  that  even if the whoLe construct evaLuates to  an
express ion :  i t  might have had side effects coming f rom
intermediate  moduLe procedure caLLs.  '

Remark:  Extended dot notation aLso  incLudes access functions
on the standard type generators array: record:  f iLe :
se t  of PascaL:
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Let
A = array [ 1 . . 10 ]  of INT
R = record  f 1 :A ‚  f 2 :A  end
QUEUECR) denotes the moduLe of exampLe 1—1:  bu t
us ing R
q=  QUEUE(R)  # EMPTYQUEUE;

then
q .ENTER( r ) .NEXT . f1 [S ]

i s  an  adm issabLe  express ion .
( f o r  s tandard  ob jec ts  see  sec .4 . )

COC1:

moduLe  ope ra t i on  caLL  cor rec t :  4==e

t he  var iabLe on which the operat ion is caLLed i s  of
moduLe  t ype
a )  [ do t  notation]:

A the operat ion i s  pubLic in that  moduLe
b )  [ ex tended  dot notation]:

A by eLabo ra t i on  of the  sequence of caLLs  from Lef t  t o
r i gh t ,  i t  hoLds :  each  operat ion is  pubLic in the
preced ing  moduLe resp .  r esuL t i ng  s t ruc tu re

A t he  ope ra t i ons  ac tuaL  pa rame te r  t ypes  and the i r
number co inc i de  w i th  the  f o rmaL  parameter types and
t he i r  number in the  opera t ion  def in i t ion

3 .2 .5=  Er ror  Opera t ions

A ModPascaL  moduLe  object  posseses an  internaL s ta te  tha t  i s
expressed  by the  vaLues of i t s  LocaL va r i abLes .  To specify
undef inedness the programmer may use standard error Operat ions
t ha t  i ncLude  aLso  exception handL ing  p rocesses  L i ke  e r ro r
p repaga t i on .  An  unde f i ned  moduLe  ob jec t  i s  a moduLe ob jec t
where t he  vaLue of every  LocaL var iabLe i s  undef ined.  To each
moduLe type de f in i t ion  w i t h  type iden t i f i e r  M two  opera t ions
are  impL i c i t eLy  gene ra ted :

M&ERRORPROCEDURE
M&ERRORFUNCTION '

Bo th  a re  i nvokabLe  wi thout  parameters:  and their ob jec t  types
( p rocedu re :  func t ion)  are ind icated by their names.  If an
e r ro r  ope ra t i on  i s  caLLed  the normaL evaLua t ion  ‚ p rocess  i s
i n t e r rup ted .  I f  an  express ion  con ta ins  an  error  f unc t i on  caLL ;
t hen  an  e r ro r  ob jec t  of  the  exp ress ion  type i s  gene ra ted  as
express ion  vaLue .  I f  a s ta tement  L i s t  conta ins  an  e r ro r
p rocedu re  caLL  t hen  t he  vaLue  of  t he  moduLe  va r i abLe  on  wh ich
t he  e r ro r  p rocedure  i s  invoked i s  se t  t o  the  undef ined  moduLe
ob jec t .

Er ror  opera t ions  are  pubL i c  operat ions of t he  assoc ia ted
moduLe type def in i t ion and obey the same ruLes  as  g iven i n
3 -2 -2 -
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EXBMQLQ 3 '5 :
8 )  The pubL ic  procedure ENTER of exampLe 1 -1  contains an

appLication of an  er ror  p rocedure .
b )  Le t  va ;  Q :  QUEUEfiEMPTYQUEUE denote a var iebLe decLa ra t i on .

Then
Q : =  QUEUE3ERRORFUNCTION

i s  an  appLication of the  QUEUE error  func t ion .

: . } .  Enr ichments

Enrichments introduce new Operat ions for  previousLy defined
moduLes .  They aLLow programmers t o  augment moduLe_ opera t ion
se t s  i n  spec i f i c  env i ronmen ts .  -

Enrichments have been int roduced in ModPascaL to  aLLow
programmers the  specification of objects that  soLeLy  in t roduce
operations instead of operat ions gag data  ( as  moduLes do ) .
This  corresponds t o  abst ract  data  type theory  where aLgebra i c
specifications may have empty  sor t  cLauses  ( see  ASPIK (EBV
83] )  o r  [ADJ  78 ] ) .  The re fo re ‚  i t  i s  no t  poss ibLe  t o  decLa re
va r iabLes  of  enrichment type since no se t  of vaLues  i s  def ined
by the enr ichment  definition. Enrichments may be  used ,  and
they  extend  the se t  o f  pubLic operations f o r  aL ready  de f i ned
moduLes. As a consequence: on  a va r iabLe  of  a moduLe type t he
Opera t ions  of the  enrichment may be executed if the enr ichment
i s  v i s i bLe  and i f  t he  opera t ion  i s  assoc ia ted  t o  t ha t  moduLe
(see  beLow) .
3 .3 .1 .  Syn tax

An  enrichment definition may occur  in the
( type lenr ichment I ins tan t ia t ion-par t ) .

<en r i chmen t -de f i n i t i on> : :=  ENRICHMENT <enr ichment- ident i -
f i e r>  USE <ob jec t -L i s t>  IS

<addpar t>  ADDEND
<opera t ion—def in i t ion-par t>  ENREND

<ob jec t -L i s t> : :=  ( ident i f ie r )  I < ideht i f ie r>  , (object-List)
<addpar t> : :=  <addi t ion> | <addi t ion> <addpart>
<add i t i on> : :=  ADD ( ident i f ie r )  <pubL i c -L i s t>
<opera t ion -de f in i t i on—par t> : :=  <operat ion-def in i t ion) |

(operation—definition) (operation-definition-List)
(operation-definition)::= <modprocc> | modfuncc) |

< in i t c>

Remark: 1 )  For  <pubL ic -L i s t> ‚  <modprocc>‚  <medfuncc>‚
< in i t c>  re f inement :  see  3 .2 .1 .

2 )  Fo r  the ent i re  ModPascaL  syn tax :  see 3 .5 .

3 .3 .2 .  S ta t i c  Semantics

The cor rec tness of an  enrichment definition i s  determined by
the cor rec tness  of i t s  constituting parts and i t s  in ter face
co r rec tness .
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CEO:

enrichment definition correct ¢==¢

usepart correct
A addpart correct
n operation-definition-part correct
A interface correct

CE1: ugepart correct _ _ _
The usepart of an enrichment definition contains aLL objects
(moduLes: enrichments) that are used by the current
definition. The pubLic items of the used objects may occur in
the current definition. The correctness of the usepart depends
on simiLar criteria as useparts of moduLes (DMS-visibiLity and
cycLefreeness). The definitions 3 .2 .2 .—1 ‚2 :3  (R. fin,
cycLefreeness) take over. anaLogousLy for the use—cLause of
enrichments.

CE1 :

usepart COPPOCt <===>

E L L  objects  in fiu are DMS-visibLe and'cOrrect
A Ru is cycLefree

CEg:  addpart correct
The enrichment definiton does not introduce a new type.
Therefore. aLL operat ions defined by an enrichment are not
impLiciteLy associated with some moduLe type (as it is true
for operations defined by a moduLe type definition). On the
other hand: there has to be a unique ‚association of each
operation to some moduLe type since —

o ModPascaL  is strongLy t yped;  for exampLe: evaLuating a
functionaL expression requires information of parameter and
vaLue types;

. the enrichment operations wiLL be invoked on specific moduLe
incarnations; and to check the correctness of the moduLe
operation caLL it is necessary to know the associated moduLe
type operation (see aLso sec. 3 .2 .4 . ) .

The addpart of an enrichment provides the means to assign a
specific moduLe to a set of newLy introduced operations in
form of a List 'additions'.
If no addition is specified the enrichment definition is
semanticaLLy equivaLent to its usepart.
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addpart  cor rec t  ¢==$

aLL  additions are correct

GEZ] :  addition cor rec t
An  addition ex tends  t he  se t  of  pubL ic  operations of a specific
moduLe ob jec t .  This object has to  be contained in the use
cLosu re  o f  the  enrichment definition. In the addi t ion,  onLy
head ings  o f  operations are  g i ven ,  whereas the  opera t ion  bodies
are  def ined in the  opera t ion  def in i ton pa r t .  This separation
i s  anaLogous t o  moduLe type definitions. -

The nonempty List of func t ion :  procedure and in i t iaL  headings
represent  t he  pubL i c  par t  o f  an  add i t i on .  Again :  each  head ing
invoLves  an  impL i c i t  f i r s t  fo rmaL parameter  of  that  type t o
which t he  add i t i on  i s  ded i ca ted .  When invoked:  pubLic
Opera t ions  t rans fo rm the  s ta te  of a speci f ic  moduLe va r iabLe
(p rocedu res ) ,  ex t rac t  in fo rmat ion  f rom the s ta te  of  a spec i f i c
moduLe va r i abLe  ( f unc t i ons )  o r  ass ign  i n i t i aL  vaLues t o  a
spec i f i c  va r i abLe  ( i n i t i aLs ) .  Th is  va r i abLe  of i n t e res t  i s  t he
ac tuaL  vaLue of  the above ment ioned impL ic i t  fo rmaL pa ramete r ;
and  a spec iaL  invocation fo rm ( ' do t—no ta t i on ' )  was in t roduced
to  emphas ize  th is  concep t  of  ac t ion  ( see  sec .  3 .2 .4 . ‚  f o r
i n i t i aLs  3 .2 .3 . ) .

CE21 :

add i t ion  cor rec t  ¢==>

t he  ob ject  o f  add i t ion is  contained in fin  and o f
moduLe type
t he  pubL i c  L i s t  i s  nonempty
aLL  p rocedure  head ings  are  correct
aLL func t ion  headings are correct
aLL i n i t i aL  headings are correct>

>
>

)

CEZJ] :  procedure  head ind co r rec t
Fo r  t he  co r rec tness  cond i t i ons :  def in i t ions 3 .2 .2 . -4  and
3 .2 .2 . -5  t ake  anaLogousLy  over  fo r  an  enrichment definition E.

A procedure heading i s  cor rec t  i f  the procedure ident i f ier  i s
unique as  weLL i n  the un ion  of addi t ions of E as  in the  moduLe
type def in i t ion t o  which i t  i s  assoc ia ted  by the add i t i on .  The
f i r s t  cond i t ion  re fLec t s  the f ac t :  tha t  an enr ichment
opera t ion  may be used  in the def in i t ion of  an  arbi t rary o ther
ope ra t i on .  Even  i f  s t r ong  typ ing  of ModPascaL  wouLd  aLLow fo r
name con fL i c t  r esoLu t i on ‚  overLoad ing  of  enrichment ident i f ie r
was  d i s rega rded :  since abs t rac t  da ta  t ypes  of  t he  ModPascaL
env i ronment  do  no t  suppor t  amb iguous  iden t i f i e r  ( see  [SPESY
85 ] ) .  ALso aLL  pa rame te r  t ypes  have t o  be  con ta ined  i n  U ' (E ) .
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CE211:

procedure heading correct  <==e

the procedure identifier i s  unique in the enrichment
and the  associated moduLe type definition

A aLL  parameter  t ypes  a re  contained in U' (E )

CEZJZ:  f unc t i on  heading co r rec t

CE212 :

func t ion  heading correct  <==e

the func t ion  identifier i s  unique in the enrichment
and the assoc ia ted  moduLe type def in i t ion

A aLL parameter  t ypes  are  contained in U ' (E )

CE213 :  i n i t i aL  head ind  co r rec t

CE213 :

i n i t iaL  heading correct  <==e

the  i n i t i aL  identifier i s  unique in the enrichment
and the  assöc ia ted  moduLe type def in i t ion

A aLL  paramete r  t ypes  are contained i n  U' (E )
A no parameter  type i s  the assoc ia ted  mOduLe type

c - e a t i on  de f '  t i on  ar t  cor re  t
I n  the opera t ion  def in i t ion par t  aLL operations, upto now onLy
introduced by headings, have t o  be compLeted in arb i t rary
o rde r  by  g iv ing t he  body  de f i n i t i ons .  The cor rec tness  i s
der ived f rom the cons t i tu t ing  par ts  of the opera t i on
def in i t ion pa r t .

CE3 :

operat ion def in i t ion part correct  <==e

fo r  each  in t roduced operat ion of the  addpart there
i s  exac tLy  one body def in i t ion
no o ther  bOdy def ini t ions occur
aLL  moduLe  procedure decLara t ions  are correct
aLL moduLe funct ion decLara t ions  are correct
aLL  i n i t i aL  decLa ra t i ons  a re  cor rect>

>
>

)
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CEE] :  I‘I'IOdQI‘OCdCL COPflOEt
The correctness conditions for modprocc inside an enrichment
are  very s im iLa r  t o  those for  modprocc inside moduLe type
definitions. The se t  of LocaLLy  decLared items i s  now the se t
of LocaLLy  decLared  items of the addition objec t ,  and the se t
of  visibLe i tems aLso  incLudes aLL  operations of the  current
enr ichment .

CE31 :

modprocc cor rec t  €==>

CM41 (with obvious substitutions for
the enrichment case )

„ aLL  Operat ions of the enrichment are visibLe inside
the  procedure body

CE33:  modfuncc co r rec t
The cor rec tness  cond i t ions  for  modfuncc inside an enrichment
a re  very s im iLa r  t o  t hose  fo r  modfuncc ins ide  moduLe type
definitions. The se t  o f  LocaLLy  decLared  i t ems  is  now the se t
of LocaLLy decLared  i tems of the addition object ;  and the se t
of  visibLe i t ems aLso  incLudes  aLL operations of the current
en r i chmen t .

CE32:

modfuncc co r rec t  ¢==>

CM42 (w i t h  obvious substitutions for
the  enr ichment case )

A aLL operat ions of the enrichment are visibLe inside
the  func t i on  body

CHE}: in i tdc ;  cor rec t
The cor rec tness condi t ions for  initc inside an enrichment
a re  very  s im iLa r  t o  those for  in i tc  inside moduLe  type
definitions. The se t  of  LocaLLy decLared i tems i s  now the se t
of LocaLLy  decLa red  i tems of the addition ob jec t ,  and the se t
of visibLe i t ems  aLso  i ncLudes  aLL  operat ions of the current
enr ichment ,  excep t  of  those associated to  the  add i t ion ob jec t .

CE33:

initc correct  <==e

CMS1 (w i t h  obvious subst i tut ions for
the enr ichment  case )

A aLL operat ions of other  additions of the enrichment
are v i s ibLe  inside the in i t iaL body
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CE4: in ter face corrggt
The interface cor rec tness of  an  enrichment encLoses conditions
on  t he  co r rec t  occurrence of ob jec t  identifier, and  the
correc t  caLL  inside operation definitions of  opera t ions
imported f rom o the r  additions o r  ob jec t s .  I n te r f ace
cor rec tness  i s  cLoseLy  reLa ted  t o  the  correctness  of_ moduLe
operation caLLs  ( see  sec .  3 .2 .4 . ) .  Accord ing  t o  the semantics
o f  t he  usepa r t  o f  an  en r i chmen t :  t he  se t  of  adm issabLe
impor ted  type identifiers occurr ing inside operation
definitions i s  restricted t o  ob jec ts  of the  cLosu re  se t  o f  t he
use  reLa t i on  of t he  enr ichment  ( as  gene ra ted  by  definition
3 .2 .2 . -5  f o r  en r i chmen ts ) .  This se t  con ta ins  aLso  the add i t i on
t ypes  o f  t he  cu r ren t  en r i chmen t .

OnLy  v i s i bLe  ope ra t i ons  may be invoked: t ha t  a re  t he  pubL i c
and LocaL opera t ions  o f  the current  addi t ion t ype ,  aLL
enr ichment  ope ra t i ons  o f  the cu r ren t  en r i chment ,  and  aLL
pubL i c  ope ra t i ons  o f  the  used  ob jec t s .  I f  some used  ob jeC t  i s
i t seL f  an  enr ichment ,  t hen  i t s  pubL i c  opera t ions  a re  aLL
ope ra t i ons  de f ined  by i t .  _
Each opera t ion  caLL has t o  satisfy the convent ions in number
and  t ype  o f  ac tuaL  pa rame te rs  t ha t  have  been  imposed  by  t he
opera t i ons  de f i n i t i on .  ‘

CE4:

i n te r face  co r rec t  <=)

aLL types occurr ing without def in i t ion in opera t ion
bodies have to  be conta ined in the use  cLosu re

A aLL  opera t ion  caLLs  occurr ing wi thout
def in i t ion of opera t ion  bodies have to  be e i ther
de f ined  i n  the  cu r ren t  enr ichment  o r  v i s i bLe  pubL i c
opera t i on  of some used  ob jec t

A t he  a r i t i es  o f  t he  caLLs  co inc ide  wi th the a r i t i es
o f  assoc ia ted  def in i t ions

3 .4 .  I ns tan t ia t i ons  and I ns tan t i a te  Types

The instantiation concept provided by ModPascaL may be
cha rac te r i zed  as  a s t a t i c  ac tuaL i za t i on  of a rb i t ra ry
subs t ruc tu res  ‚ o f  ob jec t  h ierarch ies by use r  de f ined
ac tuaL i za t i ons .  The concep t  i s  par t ioned in to  t he
ins tan t i a t i on  cons t ruc t  and  the i ns tan t i a te  type  de f i n i t i on .
The former  es tabL ishes a new kind of  ob jects  in a proceduraL
programming Language:  mappings between program iden t i f i e rs ;
poss ibLy  h ie ra rch i caLLy  s t ruc tu red .  The La t t e r  may be seen  as
t ype  genera to rs  L i ke  ar rays or  reco rds :  bu t  the  genera t i on  i s
d i rec ted  by user  def ined ins tan t ia t ions .  ResuL t  t ype  o f  an
ins tan t ia te  type def in i t ion i s  aLways an  aL ready  ex i s t i ng  but
poss ibLy  modi f ied  t ype .
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3 .4 .1 .  Svntax of Instantiations

As described in sec .  3 .1 .  instantiations occur in a ModPascaL
program within a common object  definition part
(<type/enrichment/ instantiation—definition-part>): where the
dif ferent  kinds of object definitions may be given in
arbitrary sequence (as Long as decLaration-before-use is
respec ted ) .  The syntac t icaL  structure of instantiations is :

<instantiation-definition> === INSTANTIATION <instanti—
ation-header> <instantiation-body> ENDINST ;

<instantiation-header> === <identifier>
<instantiation-body> === <usepart> | <actuaLizationpart> |

<usepart> <actuaLizati0npart>
<use—part> === USE <object—List) ;
<object-List> === (object-identifier) | <object-List> :

(object-identifier)
<actuaLizationpart> === IS <actuaLiza t ion>
<actuaLization> : : =  <object-actuaLization> {<type-actuaLiza-

tion>} <operation+actuaLization)
<object-actuaLization> === <object-actuaLization-List> ;
<object-actuaLization-List> === <o-actuaLizstion-cLause)

<object—actuaLization-List> : <o-actuaL12ation-cLause>
<o-actuaLization-cLause> === (object-identifier) BY

<object-identifier)
<type—actuaLization> === TYPES (type-actuaLization-List)
<type-actuaLization-List> === <t-actuaLization-cLause)

(type-actuaLization-List> , <t-actuaLization-cLause>
<t-actuaLization-cLause> === (object-identifier) = <object-

(identifier)
<operation-actuaLization) === OPERATIONS <operation-actu-

aLization—List) ;
(operation-actuaLization-List> ::=<op-actuaLization-cLause>|

- <operation—actuaLization-List> :
(op-actuaLization-cLause>

<op-actuaLization-cLause) === (operation-identifier) =
<operation-identifier>

( F o r  the compLete ModPascaL syn tax :  see sec .  3 .5 . )

3 .5 .2 .  Static Semantics of Instantiations

An instantiation definition is correct," if its constituting
parts are correct, and if the instantiatian header introduces
an object identifier tha t  is unique with respect to
DMS-visibLe object identifier ( s e e  Def. 2 .3 .1 . ) .

The instantiation body contains either a usepartp an
actuaLizationpart or both. I n  the first case: onLy a new name
is introduced for a coLLection of existing instantiation
objects; in the second case a signature morphism ( s e e  beLow)
is stated that is not based on any other object: and the third
case represents  the hierarchicaL definition of an
instantiation based on existing instantiation objects.
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CI1 :

instantiation definition correct  ¢==>

at  Least  a usepart  o r  an actuaL izat ionpar t  occurs
A usepar t  cor rec t
A ac tuaL iza t ionpar t  cor rec t

922 : gsepart  cor rec t
V ia  the use  cLause of  an  instantiation, t he  programmer may
refer  t o  aL ready  defined ins tant ia t ions and i s  enabLed t o
incorporate t hem i n  t he  cu r ren t  instantiation definition. The
cor rec tness  of  the usepar t  depends on  s im iLa r  c r i te r ia  as
usepa r t s  of moduLes  and  en r i chments  (DMS-v i s i b i t i t y  and
cyLe f reeness ) .  The definitions 3 .2 .2 .—1 ‚—2‚ -3  (R ,  Ru :
cycLe f reeness )  take  over  f o r  the  use  cLause  o f  i ns tan t i a t i ons .
In add i t i on ,  the  se t  of usabLe ob jec t s  i s  restricted t o
instantiation objects.
Instantiations define a mapping between objects and  a mapping
be tween  Operations. On this t he  concep t  o f  s i gna tu re  morph i sm
is  based .

Def  3 .4 .2 . -1  [ a r i t y ‚  s ignature morphism]
Le t  081 ,  DB: be se ts  of  ob jec t  names (moduLes ‚  en r i chmen ts ) :
and  OP; denote  t he  se t  of  pubL i c  ope ra t i ons  o f  ob jec t s  i n  08 ; ,
1 € { 1 :2 } .

1 )  A mapping A ;  : .OP;  > OB;*  ( nonemp ty  s t r i ngs  ove r  085 )  i s
caLLed ar i t y  ( i  € {1 :2 } ) .
I f  A top )=ob lobz . . . obn ,  then ob l . . . ob „_1  a re  caLLed  the
sou rce  of op :  and  obn the  ta rge t  o f  op .

2)  A t upLe  ( f i g )  of mappings f:OBl———>OB,, g :0P1
caLLed signature morph ism:  i f  . '
VOp € OP1 w i t h  A1 (op )=ob1 . . . obn  . A2(g (op ) )= f (ob1 ) . . . f ( ob „ )

>0P2 i s

Remark : The ar i ty  of an  opera t ion  i s  the s t r ing  consisting of
aLL  parameter  t ype  and vaLue  t ype  names .  The
s igna tu re  morph ism proper ty  says ,  tha t  t he  mapp ing
be tween  opera t i on  names  preserves  the a r i t y  and  i s
compa t i bLe  wi th  the  mapping be tween  ob jec t s .

The usepar t  o f  an  instantiation object genera tes  a cLosu re  o f
instantiation objects. By  th is  aLso  a ' cLosu re '  o f  s igna ture
morphisms i s  generated that  i t seL f  rep resen ts  a “ s igna tu re
morph i sm.

Espec iaLLy ‚  th is  s ignature morphism has t o  respect  the
h ie ra rch i caL  s t ruc tu re  Ly ing  on  i t s  se t  o f  source ob jec t s
(moduLes ‚  en r i chmen ts ) .  H ierarchy i n  t h i s  con tex t  means  a
cLosu re  use  reLa t i on  fig induced by the  use  reLa t i on  o f  an
ob jec t ,  and i t  corresponds to  the  no ta t i on  of  a d i rec ted
acycL i c  graph ( see  [OL t  84a ]  f o r  ModPascaL  hierarchies).
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Then the condition for  signature morphisms means tha t  whenever
an  object  ob  i s  mapped to  another  object  ob*  aLL i t s
predecessors in the hierarchy wiLL be modif ied to  conta in
occu r rences  of  ob*  soLeLy .  This restriction t akes  aLso  over  to
ar i t ies  of  operations: i f  ar i ty(op)=oblobob‚l -—>ob° and
obF—>ob* hoLds: then the modified ar i ty  i s  oblob*ob,b—>obo‚
and the  conserva t ion  of the second a r i t y  i s  examined in the
check of  the  s ignature  morphism property  of  the  instantiation.

(The checking aLgor i thm is  descr ibed in  [RL 85 ] ) .

C12:

usepar t  correct  ¢==>

aLL  objects  are DMS-v is ibLe  and  cor rec t
A E„ is cycLe f ree
A 3 ob  e cLosure (ob ) . t ype (ob )= INST
A Ru descr ibes a s ignature  morphism

CI :  : ac tuaL iza t ionpar t  cor rec t
The ac tuaL iza t ion  part  cons is ts  o f  ob jec t - ;  type-  and
Operation— ac tuaL iza t ion .  -The type ac tuaL iza t ion  may be
omitted i f  aLL invoLved  ob jec ts  of  the  ac tuaL iza t ion  a re  of
moduLe type .  Otherwise ( i f  enr ichments occur)  the_ type
ac tuaL iza t ion  serves to  associate the objects occur r ing  in the
enr ichment  to  new ob jec ts  of  the  ac tuaL iz ing  enr ichment .

The ac tuaL iza t ion  par t  toge ther  wi th  the  usepar t  has to  define
a s ignature  morphism.  The  cor rec tness  of  the  usepar t  impL ies
th is  proper ty  fo r  the  used  ins tan t ia t ions ‚  so  tha t  onLy the
newLy int roduced mappings have  to  be checked  fo r  s ignature
morphism proper ty  and consistency with used  instantiations.
The ob jec t - ,  type— and  opera t ion—actuaL iza t ions  a re  g iven  as
assoc ia t ions  " id1  91 ide"  (ob jec ts )  o r  “ id l  = i de“  ( t ypes ,
Opera t ions)  where the  Left -hand—side rep resen ts  the  ac tuaL ized
and  the  r ight -hand—side  the  ac tuaL iz ing  i t ems .

C I 3 :

actuaLization correc t  ¢==>

object actuaLization co r rec t
A type  ac tuaL iza t ion  cor rec t

opera t ion  ac tuaL iza t ion  cor rec t
A the  s igna ture  morph ism proper ty  hoLds

>

613 ]  : ob ject  ac tuaL iza t ion  cor rec t
The ob jec t  ac tuaL iza t ion  associates e i ther  DMS-vis ibLe moduLes
or  enr ichments .  Cross  assoc ia t ion  (o f  moduLe wi th  enr ichment)
i s  not  aLLowed s ince enr ichments  do not  possess  a unique type .
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0131 :

object actuaLization correct <==o

onLy moduLe or enrichment type Objects occur
A objects are associated t o  objects of the same type
A aLL occuring objects are DMS-visibLe

M33 type actuaLization correct
The type a c t u a L i z a t i o n  i s  a List of equations invoLving object
names that have t o  b e  read a s  “substitute the Left—hand-side
of the equation by the right—hand-side“. OnLy moduLe objects
may occur since enrichments do not introduce resp. possess an
own type (vaLue set).

The set of t ypes to be actuaLized (the Left hand sides of the
equations) has t o  be a subse t  of the set of types of the
actuaLized enrichments of the object actuaLization. If the
subse t  is properp aLL missing types are assumed to be
actuaLized identicaLLy.
The set of actuaLizing types has t o  be a subset of the set of
t ypes  of the actuaLizing enrichments of the object
actuaLization. —

C132 :

type actuaLization correct 4==o

onLy visibLe moduLe types occur
A actuaLized and actuaLizing types have to be types

of corresponding a c t u a L i z e d  and actuaLizing
enrichments of the object actuaLization

CI33  : operation actuaLization correct '
In the operation actuaLization: aLL pubLic Operations of
actuaLized objects occurring, in the object or type
actuaLization have to be associated with pubLic Operations of
actuaLizing objects. If an operation is omitted it is assumed
to be actuaLized identicaLLy. '

The given actuaLization has to define a signature morphism on
operations. Therefore‚' the arities of the associated
Operations have to be checked  using the object and type
actuaLization of the current instantiation definition and the
signature morphism of the used instentiations (for the check
aLgorithm‚ see [RL 85 ] ) .
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6133 :

operat ion ac tuaL iza t ion  correct  4==>

onLy pubLic  operations of the  ac tuaL ized  objects
are associated wi th  pubL ic  operations of the
ac tuaL iz ing  ob jec ts

A the a r i t i es  o f  associated operat ions obey the
signature  morphism pr0perty

3 .4 .3 .  Syn tax  of  Ins tan t ia te  Type Def in i t ion

The instantiate type def in i t ion  can be given inside the
<typelenr ichment l instant ia t ion—def in i t ion-par t>  as  variant of
the type def in i t ion (see  sec 3 .5 . )

<instant ia te—type> : :=  instantiate <oLd—object - ident i f ie r>
EX <ob jec t -L is t>

<ob jec t -L is t )  : :=  < ins tan t ia t ion - iden t i f i e ; \
<object—List>  , <instantiation-identiffia»)

3 .4 .4 .  Static Semantics of  Ins tan t ia te  Type Def in i t ion

The instantiate t ype  definition provides the  means to  appLy  an
instantiation (=s igna ture  morphism)  to  a specific ob jec t
( incLud ing  i ts  h ie ra rchy ) .  As resuLt ‚  a new ob jec t  (w i th
possibLy aL te red  h ie ra rchy )  i s  c rea ted ;  in  which aLL
modifications are  per fo rmed  tha t  a re  induced  by the
instantiation objects of  the  <ob jec t -L is t ) .  <ob jec t—Lis t )  must
be  nonempty ;  and each  instantiation object has  to  def ine  a
s ignature  morph ism.  Fur the rmore ,  aLL instantiations toge ther
have to  descr ibe  a s igna ture  morph ism ( th is  i s  checked  i n
anaLogy  to  the  co r rec tness  check  of  the  usepar t  o f  an
ins tant ia t ion  def in i t ion;  see C12 ) .

OnLy moduLe or  enr ichment  types  may be ins tan t ia ted  by the
ins tant ia te  type de f in i t ion ,  and the s ignature  morphism wiLL
onLy  work  cor rec tLy ;  i f  aLL  i t s  source  ob jec ts  a re  conta ined
i n  the hierarchy genera ted  by <oLd-ob jec t—ident i f i e r ) .

I n  generating an  instantiated h ie ra rchy  of ob jec ts  i t  might be
necessary  to  c rea te  new ob jec ts  accord ing  to  the  s igna ture
morphism requ i rement .  The  reason  is ,  tha t  ob jec ts  might  be
ac tuaL ized  (=  subs t i tu ted )  by the  s ignature  morphism tha t  a re
Loca ted  somewhere in  the  h ie ra rchy  o f  <oLdob jec t—ident i f i e r> .
I n  genera t  the  ac tuaL ized  ob jec t  has  one  o r  more  p redecessor
objec ts  that  use i t  (d i rec tLy  o r  ind i rec t ty ) .  Now the
subst i tu t ion  means fo r  each predecessor ob jec t  tha t  a modi f ied
se t  of  used  ob jec ts  i s  genera ted ;  and  tha t  poss ibLe
occurrences  of  opera t ion  caLLs  o f  the  assoc ia ted  Opera t ions  of
the  ac tuaL ized  ob jec t  have to  be subs t i tu ted  by assoc ia ted
Operat ions  of the  ac tuaL iz ing  ob jec t .  There fore  each
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predecessor object  is poss ibLy  modified itseLf. This process
is transitive: the predecesso rs  of each predecessor  of the
ac tuaL ized  object  now use a modified object, so t ha t  t hey
themseLves have to be modified (at Least  exchange of eLements
of the use-List), and so on.In a chain reaction the
actuaLization of an object may Lead  to a compLe teLy  di f ferent
( bu t  au toma t i caLLy  generatabLe) hierarchy of objects.

Exampte 3'5

Consider the moduLe h ie ra rchy

and the instantiation

instantigtion I ig M‘ by H5 ; -
Operations 0p4 = ops ; instend ;

and the_instantiate type definition that empLoys I:

type H1 = instantiate M1 by I ;

The primary effect of this definition is the substitution of
M4 by M5 in the M1 h ie ra r chy .  But then M3 is no Longer
appropriate since it uses M4 in its object definition and has
possibLy occurrences of H4 operations. 80 E, is generated
(name conventions are impLemented in a simiLar manner) as a
copy of M; with exchanged  use List and substituted operation
caLLs. Now the same argument is appLicabLe t o M 2 ,  resuLting in
H,: and finaLLy to M1 to yieLd to fi; as outcome of the
instantiate type definition. n

The treatment of impLicit generated objects with respect to
the data base is dependent on user options. It is possibLe to
incLude them in the user specific data base (if further use is
intended): to hide them in the system managers data base (to
keep data bases free from 'technicaL' objects) or to decLare
them as temporary objects that together with the expLicit
generated objects wiLL be deLeted at the end of the session if
onLy testing is intended.

The detaiLs of the impLicit object generation aLgorithm can be
found in EOLt 84a] and [RL 85] .
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CIT1 :

instantiate t ype  definition correct ¢==>

<oLd-ob jec t—iden t i f i e r>  i s  e i ther  a moduLe or
enrichment type

A t he  eLements of  <oLd -ob jec t -L i s t )  are correct  in-
. s t an t i a t i ons  and  t hey  describe a signature morphism

A aLL sou rce  ob jec t s  of  the  s ignature morphism are
contained i n  t he  h ie ra rchy  spanned  by <oLd -ob jec t -
identifier)

3 .5 .  ModPascaL  Grammar

This section documen ts  t he  compLe te  g rammar  of the  Language .
The ModPascaL  p rograms a re  f i r s t  p recomp iLed  in to  PascaL  and
then comp iLed  i n to  execu tabLe  code .  The p recompiLer  ( see  EECK
84] )  has  been  impLemen ted  us ing  a pa rse r  gene ra t i ng  sys tem fo r
LALR(1 )  g rammars .  The re fo re ,  some modifications on  the f o rm  o f
p roduc t i on  have  been  done  t o  r each  LALP ‘1 )  p rope r t y .  The
accep ted  Language i s  no t  a f fec ted  by the  changes .
The  non te rm inaLs  < id> ‚  (unsigned-integer), <uns igneo - reaL ) :
<s t r i ng>  a re  no t  r e f i ned ;  t hey  a re  recognized by t he  scanne r
of  the p recomp iLe r .

<program> : = <program-head ing>  <bLock>  .
<program-heading> - = PROGRAM < iden t i f i e r>  (

(p rog ram-pa ramete rs )  ) ;
<ident i f ie r>  = < id>
<program—paramete rs>  = (identifier-List)
< iden t i f i e r—Lis t>  : : =  < iden t i f i e r>  /

(identifier-List) I
( i den t i f i e r )

<bLock>  : : =  <LabeL—decLa ra t i on -pa r t>
( cons tan t—de f in i t i on -pa r t>
( t ype /en r i chmen t !
i n s tan t i a t i on -pa r t>
( va r i abLe -decLa ra t i on—par t>
<subprog ram-decLara t i ons>
<s ta temen t -pa r t )

<LabeL-decLara t ion-par t )  : :  LABEL <Lab -L i s t>  ;
( Lab -L i s t )  : <Lab> / ( Lab -L i s t )  I <Lab>
<Lab>  : :  <uns igned - i n tege r )
(constant-definition-part> : :  CONST <cons tan t -

de f i n i t i on—L is t>  / <empty>
(constant-definition)
l (constant-definition)
<constant-definition-List)

<constant-definition-List>

(constant-definition) : : =  < i den t i f i e r>  : <cons tan t>  ;
<cons tan t>  === <uns igned—number>  ! (s ign )

(uns igned -number )  /
( i den t i f i e r )  / <s ign>
( i den t i f i e r )

(unsigned-number) : : =  (uns igned - in tege r )  I
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<uns igned- reaL)
(Sign) ::= + l -
(empty )  ::=
<typeIenrichment[instantiation-part)

“ : =  <type /enr ichment l
instantiation-definition> !
(type/enrichmentlinstantiation-
definition) ( type/enrichment!
instantiation-part) / <empty>

(type/enrichmentlinstantiation-definition)
::= <type—definition-part> l

(enrichment-definition) I
(instantiation—definition>
TYPE <type-definition-List) ;
(type-definition) l
<type-definition-List> ;
(type-definition)

<type-definition-part) :
<type-definition-List)

(type-definition) === (identifier) = <t t ype>
<t type>  =:= <s impLe - t ype )  !

( s t r uc tu red - t ype )  /
( po in te r - t ype )

<simpLe-type)  === <scaLar—type )  / <subrange-type)
/ (identifier)

<scaLar- type> = :=  ( <idantifier-List) )
<subrange- type)  === <constan t>  . .  <constan t>
( s t ruc tu red - t ypo )  ::= ( unpacked -s t ruc tu red - t ype>  I

<instantiate-typa> /
<moduLe - t ype>  / PACKED
( unpacked -s t ruc tu red - t ype )

-= ( a r ray - t ype )  / <record—type>  /
<se t - t ype>  l < f i Le - t ype )

(unpacked-structured-type)

(array-type) ::= ARRAY E <1ndex - t ype -L i s t )  ] OF
( componen t—type )

<index-type-List) === ( i ndex - t ype )  / < index- type> :
<index-type-List)

( index-type) ::= <s impLe - t ype>
(component - type)  ::= < t t ype>
<record- type> : = RECORD <fieLd-List> END
<f iaLd -L is t>  : = (fixed-part) l (fixed-part) ;

( va r i an t—par t )  / ( var ian t -par t )
( f ixed-part> <record—section-List>

( r eco rd -sec t i on )  /
<record—section-List> ;
( r eco rd -sec t i on )

<record-sect ion-List)

(record-section) === <fieLd-id-List) : <t type> [ '
<empty>

<fieLd-id-List> === (identifier-List)
(var iant—part )  === CASE <tag-fieLd—identifier> 0F_

(variant-List)
<tag-fieLd-identifier> = <identifier> : <identifier> I

(identifier)
(variant-List) ::= <variant> l (variant-List) ;

( va r ian t )
(variant) : : =  <case—LabeL-L is t>  : (

<fieLd-List> ) / (empty)
<case -LabeL-L is t>  === <case -LabeL>  I
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<case -LabeL-L is t>  :
<case-LabeL>

<case -LabeL>  : :=  <cons tan t>
<set - type> : :=  SET OF <base- type>
<base- type> : :=  <s impLe- type>
<f iLe - type>  : :=  F ILE  OF <t type>
(instantiate-type) - -=  INSTANTIATE

<oLd-object-identifier> BY
<i_object-List>
( iden t i f i e r )
(instantiation-identifier> I
<i_object-List> ,
(instantiation-identifier)
<identifier>

<oLd-object - ident i f ier>
<i_object-List>

<instantiation-idontifior) - :
<moduLe-type> : :=  MODULE <usepart>  <pubLicpart>

<LocaLpa r t>  [<m0dproc /
modfuncpa r t>1  <initpart> MODEND

<usepart> : :=  USE <useList> ; / <empty>
<useList> : :=  (identifier-List) .
<pubLicpar t>  : :=  PUBLIC <pubLicList> ; I <empty>
<pubLicList> - :=  <pubL i cp roc - f unc -L i s t )

<pubL i cope raL ionc>  I
<pubLicoperationc> :
<pubLicList> ;

(pubLicproc-func-List>

<pubLicoperat ionc> : :=  <procedure-head ing> I
(function-heading) /
<initiaL-heading)

(procedure-heading)  : :=  PROCEDURE <procparms>
<procparms> ' :=  <identifier> l <identifier> (

<formparmsection-List) )
< fo rmpa rmsec t i on>  /
< fo rmpa rmsec t i on>  ;
<formparmsection-List)

<formparmsection-List> :

<formparmsection> : :=  <pa rame te rg roup>  / VAR
<pa rame te rg roup>  / FUNCTION
<pa rame te rg roup>  / PROCEDURE
(identifier-List)

<parametergroup> : :=  <identifier—List) :
(identifier)

<function-heading> : :=  FUNCTION <funcparms>
<funcparms> : :=  (identifier) : < resuLt - type)  I

( iden t i f i e r )  (
<formparmsection-List) ) :
( r esuL t—type>

<resuLt - type>  : :=  <identifier>
<initiaL-heading> : :=  IN IT IAL  (identifier)

<initparams>
<initparams> : :=  <procparams>
(LocaLpar t>  : :=  LOCAL <LocaLtypede fpar t>

<LocaLvarcpar t>
[ <LocaLope ra t i onpa r t> ]  LOCALEND

<LocaLtypedefpar t>  : :=  <type-definition-part) I
(empty )

<LocaLvarcpar t>  : :=  (var iabLe-decLara t ion-par t )
(variabLe-decLarat ion-part)
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<varc -L is t )
(generaL -var iabLe -decLara t ion>
/ <va rc -L i s t ) ;
( gene raL -va r i abLe -decLa ra t i on>

_<varc—Lis t>

(generaL-var iabLe-decLara t ion>
=== <s tanda rd -va r i abLe -decLa ra t i on>

/ (moduLe -va r i abLe -decLa ra t i on )
(s tandard-var iabLe-decLarat ion)

' : = “  ( va r i abLe—decLa ra t i on>
<var iabLe-decLara t ion>  <va rc - kop f>  <ttype>
<varc -kopf>  :: <identifier-List)
<moduLe-var iabLe -decLara t ion

(identifier-List) :
<moduLe-identifier> #
(initiaL—Operation-caLL>

<moduLe-identifier> : <identifier>
<initiaL-operation-caLL) :: <identifier> / (identifier) (

<act-parm-List) )
<ac t -parm-L is t )  ::= <ac t -pa rm)  / <act-parm-List> I

( ac t -pe rm)
(ac t -pe rm)  :: ( exp ress ion )  ! <va r i abLe>
( exp ress ion )  : :  ( s impLe—QXpress ion>  l

<s impLe -exp ress ion>
< reLa t i onaL -0pe ra to r>
<s impLe -exp ress ion>
( te rm)  / <simpLe-expression>
<add ing -ope ra to r>  ( t e rm>_ /
(sign) ( t e rm)
( f ac to r )  I < te rm>
<muL t i pLy ing -0pe ra to r>  ( factor)
<variabLe> /
( uns igned—cons tan t )  /
(function-designator-part) I
<sett> / ( <expression> ) / NOT
< fac to r>
<componen t - va r i abLe )  /
<re fe renced -va r i abLe )  /
(identifier)

: =  <indexed—variabLe> /
<fieLd—designator>

<simpLe-expresssion> ::

( t e rm)

<fac tor>  : :

<var iabLo>

<component-var iabLe)

<indexed-variabLe> ::= <array-variabLe> E
_ (expression-List) J

<ar ray—var iabLe>  : - =  <va r i abLe>
<9xpression—List> === <expression> l

' <expression-List) ,
( exp ress ion )

( f ieLd-designator> ::= <componen t - va r i abLe>  .
(identifier) / <identifier> .
(identifier) /
<re fe renced—var i abLe )  .

- <identifier>
(referenced-variabLo> ::= <pointer-variabLe) a
<pointer -var iabLe>  === <va r i abLe>
(uns igned-cons tan t )  : : =  (uns igned—number )  / <string> !

<identifier> I NIL
<funct ion-designator-part )  ::= (operation-designator)
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<operation-designator>

(designator-List)
(act-List) '

<se t t>
<eLement-List)
<eLementList>

<eLement>

<muLtpLy ing -opera to r>
(add ing—opera to r )
<reLa t ionaL-opera to r>
<LocaL0pera t ionpar t>
<LocaLoperationList>

<LocaLoperatiohheader>

<modproc/modfuncpart>
<modproclmodfunccList>

<modproc-or-modfuncc>
<modprocc>

<modfuncc>
<initpart>
(initcList>

<initc>
<pointertype>
(enrichment-definition)

(enrichment-identifier)
<e-object-List)

<addpar t>

(addition)
<operation—definition-part>

(operation-definition)

(instantiationvdefinition)

(instantiation—header)
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<designator-List> I
(operat ion-designator)  .
(designator-List)
<identifier> / (act-List)
<identifier> ( <ac t -parm-L is t )
)
E <eLement-List> ]
<eLementList> / <empty>
<eLemen t>  / <eLementL is t>  I
<eLemen t>  .

<expression> / (expression)  ..
( exp ress ion )
* / / / DIV I MOD I AND
+ l — / OR
<> / = l < / > / <= / >= I IN
<LocaLoperationList> ;
<LocaLoperationheader> /
<LocaLopera t ionheader>  ;
<LocaLoperationList>
<p rocedu re -head ing )  l
<function—heading>
<modp roc /mod ‘unccL i s t )  ;
<medproc—or-modfuncc> /
(modp roc /mod funccL i sc ’  ,
<modproc-or-modfuncc)
<modprocc> / <modfuncc>
PROCEDURE (identifier) ;
<bLock>
FUNCTION (identifier) ;
< i n i t c L i s t >  ;
<initc> / <initcList> ;
<initc>
IN IT IAL  (identifier) ;
a (identifier)
ENRICHMENT (enrichment-identi-
fier) USE <e-object-List> IS
<addpart> ADDEND
(operation-definition-part)
ENREND
(identifier)
(enrichment—identifier) I
<enrichment-identifier>‚

<bLOCk>

<bLOCk>

<e—object-List>
(addition) | (addition)
<addpart>
ADD (identifier) <pubLicList>

(operation-definition) I
<0peration-definition>
<operation-definition-part)
<modprocc> (modfuncc> |
<initc>
INSTANTIATION <instanti-
ation—header)
<instantiation—body> ENDINST ;
(identifier)
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(instantiation—body)

<actuaLizat ionpar t>
<actuaLization>

<0bject—actuaLization)
(object—actuaLization-List>

<o-ac tuaL iza t ion -cLause )

<0bject-identifier)
<type—actuaLization>
<type-actuaLization-List)

<t -ac tuaL iza t ion -cLause>

(operat ion-actuaLizat ion> '

(operation-actuaLization-List)

(op-actuaLizat ion-cLause)

(operation-identifier)
(subprogram-decLara t ions)

<3ub-decLara t ion -p8r t )
<sub-decLarat ion>

<proc-decLarat ion>
< func -decLara t ion )
<5tatementpar t>
<compound-s ta tement>
<s ta tement -sequence )

(statement)

<unLabaLLéd-statemont)

<simpLo-stutement>

(assignment-statement)

<assign-st ructure>

(p rocedure-s ta tement )
( ga te - s ta temen t )
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<usepart> | <actuaLizationpart>
<usepart>  <actuaLizationpart>

IS <actuaLization>
<0bject—actuaLization)
{<typ9-actuaLization>}
(operation—actuaLization)
<object-actuaLization-List) ;

<0-actuaLization-cLause) I
(object-actuaLization-List> I
<0-actuaLization-cLause)
(object-identifier) BY
<0bject-identifier>
(identifier)
TYPES (type-actuaLization-List>
<t-actuaLization—cLause>
(type-actuaLization—List) I
< t - a c t u a L i z a t i o n - c L a u s e )
(object-identifier) = <object-
(identifier)
OPERATIONS <operation-actu-
aLization-List> ;

<0p-actuaLization-cLause>|
(operation-actuaLization-List)
, <op-actuaLization-cLause>
<0peration-identifier) :
<operation—identifier)
(identifier)
<sub—decLa ra t i on -pa r t )
<subp rog ram-decLa ra t i ons )  /
( emp ty ) -
<sub—decLa ra t i on>  ;
<p r0c~decLa ra t i on>  /
< func -decLa ra t i on>
<p rocedu re—head ing>  ; <bLock>
( func t i on—head ing )  ; <bLock>
(compound -s ta temen t )  / (empty )
BEGIN  <5 ta temen t - sequence>  END
<s ta temen t>  /
( s t a temen t - sequence )  ;
( s t a temen t )
<unLabeLLed-s ta tement>  / ( Lab )
: <unLabeLLed-s ta tement>
( s impLe -s ta temen t>  /
<structured—statement>
(ass ignment—sta tement )  /
<procedu re -s ta teman t>  /
<goto-statement> / (empty)
(ass ign -s t r uc tu re )  : =
<expression>
<componen t - va r i abLe>  !
( r e fe renced—var i abLe>  /
<operationfidesignator>
(operation-designator)
GOTO ( Lab )
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(structured-statement)

(condi t ionaL-statement)

( i f -s ta tement)

( case -s ta temen t )

( case -L i s t )

( case—Lis t -eLemen t )

(repetet ive-statement)

(whiLe-statement)

( repea t - s ta temen t )

(s ta tement -L is t )

( fo r -s ta tement )

(con t roL-var iab te)
_ ( fo r—L is t>

( i n i t i aL -vaLue)
( f i naL -vaLue )
(w i th—sta tement )

( record—var iabLe—Lis t )

( record-var iabLe)
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(compound-statement)  I
( cond i t i onaL-s ta temen t )  I
( repe te t i ve -s ta tement )  I
(w i t h - s ta temen t )
( i f—s ta temen t )  /
( case -s ta temen t )
I F  (express ion)  THEN
(s ta temen t )  / IF (expression)
THEN ( s ta temen t )  ELSE
( s t a temen t )  '
CASE (express ion)  OF
( case -L i s t )  END
( case -L is t -eLement>  I
( case -L i s t - eLemen t )  ;
( case—L is t )
( case -LabeL -L i s t )  :
1 ( emp ty )
<whiLe-statement) /
( r epea t - s ta temen t )  I
( f o r - s ta temen t )
WHILE (exp ress ion )  DO
( s t a temen t )
REPEAT ( s ta temen t -L i s t )  UNTIL
( exp ress ion )
( s ta tement )  I (s ta tement -L is t )
; ( s t a temen t )
FOR (con t roL -va r i abLe>  :=
( f o r -L i s t )  Do  <sta tement>
(identifier)
( i n i t i aL—vaLue )  TO
( f i naL—vaLue )  I ( i n i t i aL—vaLue)
DOWNTO < f i naL -vaLue )
(exp ress ion )
(exp ress ion )
WITH ( reco rd -va r i abLe -L i s t )  DO
( s t a temen t )
( r eco rd -va r i abLe )  I
( r eco rd—var i abLe -L i s t )  ;
<reco rd -va r i abLe )
(identifier)

(s ta tement )
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S t  der T s a d S tandard  T e Genera to r

5 . ] .  In tcoduct ion

Since ModPascaL extends PascaL the question arises how to
t rea t  t he  PascaL  standard types (BOOLEAN, INTEGER, REAL; CHAR)
and  type  genera to rs  (ARRAY,  RECORD, F ILE :  SET ,  POINTER,
ENUMERATION: SUBRANGE) i n  an  object oriented env i ronment .
ShouLd they  be redef ined t o  f i t  i n t o  t he  moduLe definition
f rame,  wi th  the e f fec t  o f  redefining aLso  f am iL ia r  funct ions
and  notations?

From a theore t i caL  point o f  v iew there i s  no d i f ference
between s tandard  ob jec t s  and  non  s tanda rd  ob jec t s  as  moduLes
o r  en r i chments .  To  each  o f  them the  same semantic s t ruc tu re
(aLgeb ra )  i s  assigned. This becomes  cLea r  i f  one  reaL i zes  t ha t
f o r  exampLe t he  t ype  iden t i f i e r  INTEGER in  PascaL /ModPascaL
does  no t  onLy  denote  t he  se t  { . . . : - 1 :0 ‚ 1 I . . . }  bu t  aLso
prov ides  t he  approp r ia te  a rgumen ts  f o r  t he  ' + '  Ope ra to r .  I f
coe rc i ons  a re  d i s rega rded  (aL though  f i t t i ng  f o r  society, t hey
obscu re  p rog rams  s im iLa r  t o  go to ' s ) ‚  t hen  ' + '  i s  onLy
appL i cabLe  t o  INTEGER vaLues  - a f ac t  t ha t  i s  a t  Leas t
sufficient t o  group the se t  and  t he  Opera to r  more cLoseLy ‚  f o r
exampLe in an  aLgeb ra .  Th is  i s  t r ue  aLso f o r  '—'‚ ' d i v ' ‚  '*'‚
' f a cuL t y '  e t c . :  and  aLso  PascaL /ModPascaL  BOOLEAN (opera to rs :
' AND ' I  'OR ' I  'NOT '  E t c - ) 1  REAL  ( ' + ' :  " " ' I - - . I  ' s i n ' ,  'COS '

e tc . )  and CHAR (impLementation dependen t :  bu t  i ncLud ing
subrange opera t ions  as  p redecesso r :  successo r ;  ' < ' ‚  ' >= '  e t c . )
desc r i be  seman t i caLLy  t he  same  t ype  o f  s t r uc tu re  as  moduLe
type definitions, t ha t  i s  an  aLgeb ra .

The s tanda rd  t ype  gene ra to r s  d i f f e r  onLy  sL igh tLy .  ' Fo r
instance; an  ' a r ray  [ 1 . . 10 ]  o f  INTEGER' describes as  vaLue se t
10 - tupLes  o f  INTEGER vaLues ‚  and  ope ra t i ons  onLy  appL i cabLe  t o
ar rays  are ass ignment  ( ' : = ' )  and  seLec t i on  ( ' _ [ _ ] ' ) .  Reco rds ,
f i Les ‚  se t s ,  w i th  restrictions pointer, enumeration and
subrange types  can  aLL  t oge the r  be assoc ia ted  w i t h  aLgeb ras :
so  t ha t  a moduLe t ype  de f i n i t i on  wouLd  no t  be  senseLess .

Bu t  Look ing a t  the de f in i t i on  scheme fo r  moduLes ( sec .  3 . )  one
has  t o  provide a se t  of  LocaL  va r i abLes  t ha t  a re  used  t o
descr ibe  the  vaLue  se t  o f  t he  assoc ia ted  aLgeb ra  ( ca r t es i an
produc t  of  LocaL  va r i abLe  t ypes ) .  I n  gene raL :  t h i s  i s
imposs ibLe  even  unna tu raL  i n  t he  case  o f  s t anda rd  t ype
gene ra to r s .  Fo r  exampLe  t he  above  men t i oned  a r ray  ob jec t  couLd
be  def ined by a ModPascaL  moduLe  t ype  de f i n i t i on  by  us ing  t en
LocaL  va r i abLes  o f  t ype  INTEGER.  Bu t  f o r  s t anda rd  t ypes  even
th is  cLumsy way o f  de f in i t i on  f a i Ls .  There i s  no  way t o
r ep resen t ;  f o r  exampLe ‚  INTEGER vaLues  i n  a moduLe  type
de f in i t i on  by LocaL  va r i abLes  o f  o the r  t ype  than  INTEGER - and
t ha t  means  be ing  c i r cuLa r .  The  reason  i s  t ha t  s t anda rd  t ype
gene ra to r s  possess  a t  Leas t  one  componen t  o r  pa rame te r  t ype
and  the  representa t ion  i n  a moduLe  t ype  de f i n i t i on  may eas iLy
be t aken  as  an  app rop r i a te  vec to r  of  componen t  type  va r i abLes .
In th is  v iew:  s tandard  t ypes  a re  bas i c  and a re  no t  de f i nabLe
by moduLe type de f i n i t i ons .
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Even if this fact  i s  sufficient enough to  t reat  standard
objects  of ModPascaL apar t  f rom moduLes ‚  another _d i f f i cuL ty
shouLd be mentioned. ALL objects administrated by the DMS form
some kind of hierarchy, since this i s  h ighLy  vaLuabLe fo r  '
incrementaL sof tware deveLopment  and verification. I n  generaL ‚
the hierarchy is  buiLt upon a use reLa t ion .  Being hierarchicaL
impLies:  no cycLes occur .  But  Looking a t  INTEGER and BOOLEAN
of  ModPascaL ‚  the  fo rmer  type  encLoses  pred ica te  operations as
'< '  (Less )  which evaLua te  to  a booLean  vaLue  and there fore
' INTEGER uses  BOOLEAN' .  On  the  o ther  hand:_  in  PascaL  BOOLEAN
i s  considered as  instance of a two vaLue enumerat ion type
( faLse I t rue )  (EISO 71851 ) ,  and i t  invo tves  aLL operat ions
normaLLy found fo r  enumera t ion  types .  So there  i s  an  o rd (e r )
Operat ion that  evaLuate to  an  INTEGER number indicating the
pos i t ion  of  an  i t em in  the  defining sequence  ( e .g .  ord ( t rue )  =
2 ) .  Bu t  this means  'BOOLEAN uses  INTEGER'  and  a cycLe  i s
in t roduced .  The soLut ion  o f  th is  probLem wi th  respec t  to  the
DMS is  described in sec .  4 .2 .

From aLL this i t  comes ou t  to  t reat  the standard types and the
standard type genera tors  in  two  LeveLs :

. the  Language de f in i t ion  introduces the  s tandard  ob jects  of
ModPascaL iden t icaLLy  to  those  of  PascaL.  ‘No modULe type
def in i t ion i s  empLoyed‚ so tha t  the PascaL type se t  i s  a
proper  subse t  of  the  ModPascaL  type  se t .  Th is  guaran tees
por tab iL i ty  of  p rograms and  avoids irritation of  programmers
that  are  conf ronted wi th  a r t i f i c ia t  definitions of famiL ia r
t ypeS;

. the  ModPascaL envi ronment  (DMS and MPPS) i ns taLLs  predef ined
objec ts  fo r  the  s tandard  types and predef ined ob jec t
generators  fo r  s tandard  type gene ra to r s .  These  objects
represent  the  semant ic  s t ruc ture  of  t ypes  and types  def ined
by the  genera to rs ,  and  they  conta in  fo r  exampLe L is ts  of
Operat ions and the i r  func t iona t i t i es  assoc ia ted  to  the type .
ALso spec iaL  ob jec ts  a re  predef ined tha t  enabLe
decomposi t ion of cycL ic  s t ruc tures .

This design has consequences as  weLL for  the semantics of
ModPascaL programs as  fo r  the  aLgor i thms  of  the  ModPascaL
precompi te r  tha t  check  cor rec tness .  F i rs tLy ‚  the  semant ics  of
a ModPascaL ob jec t  becomes contex t  sensitive in t ha t  sense
t ha t  the  current  s ta te  of  the  da ta  base  of  DMS is  essent iaL
for  semant ic  computa t ions .  DeLe t ing  o r  manipuLat ing  ob jec ts
might have s ide e f fec ts  on the  cor rec tness  of  some other
ob jec ts .  SecondLy the  unchanged  syn tax  of  s tandard  ob jec ts
together  wi th  a new moduLe-L ike  semant ics  induces  a var ie ty  o f
syntact ic  and semantic probLems that  occur by combining
standard  ob jec ts  wi th  non s tandard  ob jec ts  (e .g .  enrichments
of  INTEGER) .  Bo th  consequences  wiLL  be tackLed  in  the
foLLowing  sec t ions .

October  84  ModPascaL—Report



ModPascaL 4 .2 .  OMS-Structures for  S tand .  Objects Page 48

5 .2 .  DMS-Stcugtures fo r  S tandard  Objects

&.2 . J  Standard Types

The se t  of  s tandard types  o f  ModPascaL  comprises BOOLEAN:
INTEGER: REAL and  CHAR (=  PascaL  s tandard  t ypes ) .  Each  type
has  assoc ia ted  a number  o f  operations t ha t  are  e i t he r
expL i c i t Ly  cha rac te r i zed  ( i n  [ ISO  71853) as  beLong ing  t o  the
t ype  (e .g .  the  ' and '  ope ra to r  beLongs  t o  BOOLEAN) o r  a re
impL i c i t Ly  de r i vabLe  f r om ove rLoaded  gene raL  ope ra to rs  ( e .g .
t he  ' : = '  ( ass ignmen t )  ope ra to r  o r  t he  ' = '  ( equaL i t y )  Ope ra to r :
that  may be assoc ia ted  w i th  each  s tandard  t ype ) .  This
assoc ia t i on  i s  f i xed  by  t he  Language  de f in i t i on  so  tha t  use r
de f i ned  p rograms canno t  mod i f y  s t anda rd  t ype  s t r uc tu res .

The DMS des t i ngu ishes  be tween  i t s  use rs :  among  t hem there  i s
one  - t he  sys tem manage r  SYS  — wh ich  has  un res t r i c t ed  access
t o  aLL  ob jec t s ,  con t ra r y  t o  t he  L im i t a t i ons  t ha t  a re  imposed
on  o rd ina ry  use rs .  SYS ownes  aLso  ob jec t s ,  bu t  mos t  o f  t hem
possess  two  impor tan t  characteristics: t hey  a re  v iewed as
f i xed ,  and aLL  o the r  use rs  do  have  read -access  t o  t hem,  so
t ha t  they  can  i nco rpo ra te  SYS-ob jec t s  a rb i t r a r i Ly .  This
' gene raL  L ib ra ry  p rope r t y '  o f  t he  SYS-ob jec t  se t  i s  bes t
su i t ed  to  i ncLude  ModPascaL s tandard  t ypes .  Therefore they  a re
def ined  as  SYS-ob jec t s  and  accessabLe  t o  aLL  use rs  ( as  PascaL
s tandard  types a re  ava iLabLe  i n  each  PascaL p rog ram) .

The p robLem o f  c i r cuLa r i t y  i n  the  ModPascaL  s tandard  type
hierarchy ( see  4 .1 . )  i s  soLved  by  in t roduc ing two  new ob jec t s :

. BOOL: which i s  a r es t r i c t i on  of  BOOLEAN to  i t s  essen t i aL
Operat ions 'TRUE' and 'FALSE ' ,  and

. INT ,  which i s  a r es t r i c t i on  o f  INTEGER t o  i t s  essent iaL
operat ions ' ZERO ' :  'PRED '  and  'SUCC ' .

OnLy  the most  necessa ry  i ng red ien t s  o f  BOOLEAN o r  INTEGER,
without which t he  type i s  unde f inebLe .  were choosen f o r  BOOL
and INT .  ALL add i t i onaL  Ope ra t i ons  — i n cLud ing  the t r oubLe
making ' o rd '  — are  de f ined  i n  ' h i ghe r '  ob jec ts  ( see  [RL  85 ] ) .
The resuLt ing  h ie ra rchy  of  s tandard  types  i s  as  f oLLows :

BOOL

INT
+

BOOLEAN

INTEGER CHAR

REAL
BOOL: iNT. REAL and CHAR are moduLes: whiLe BOOLEAN and

'ÖC tObe r  84  ModPascaL-Report



HodPascaL _ ' 4.3.1. Standard Types" ‘ ' . Page &?

INTEGER are enrichments (o f  BOOL: INT resp . ) .  Since BOOL and
BOOLEAN are intended to  work On the same_data set (o f  booLean'
vaLues = ( t rue ,  f aLse ) )  both cannot be moduLes. A moduLe type
definition introduces i t s  own vaLue se t i ' tha t  i s  by definition
the source on which moduLe operat ions are excLusivLy
invocabLe. In  the case of BOOL and BOOLEAN this wouLd Lead to
incompatibiLity of their  operations - -  in contrary to  the
intent ion.  Therefore BOOLEAN ( and  aLso INTEGER) was introduced
as  enriéhment which guaren tees_ tha t  the  'new '  operat ions  work
on the  same data  se t  ( see  3 .3 . ) .  . - .

This h ierarchicaL s t ructure  of Standard ob jec ts  i s ' impLemented
in the DMS. Each object  i s  defined by: a se t  of fLags  and
properties depending on the  object t ype  (moduLe: enrichment,
standard e tc . ) .  For  s tandard types ,  the foLLowing i t ems-a re
def ined:  ‘ ' ' . '

FLAGS: SYNTAX (indicates Syntacticat correctness; triviaLLy '
t rue )

INTERFACE ( con tex t  sensit ive conditions; t rue)
USED _ (existence of using objects; "true except

' BOOL) . ' ' -
. STANDARD (quaLifier; trUe)
PROPERTIES: RIGHTS ( acCess  r igh ts )

USE (used  Ob jec ts )
USED (us ing_ob jec t3 )  _ ' — _
PUBLIC (Lis_t . o f  7 .pubLic xop_erations and

fundt ionaL i t i es )  '
TYPE)  (e i the r  MOD(ULe)  or ENR(1chment ) )

' (This List  of propert ies i s  1ncömpLete, see_ [RL 853 ) .

These objeCt def in i t ions a re  i 'ntended to  guarantee consistency
of sets of user  defined objects  (e .  g .  _moduLeS).R_If standard
types are referenced by some eLement of the se t ,  the ModPascaL
precompiLer  w iLL  check  i t s  existence i n  the  da ta  base  (as  fo r
eyery  used  ob jec t )  and  then  w iLL  perform cor rec tness  checks
using the  informat ion prov ided-  _by objeCt  _ fLag  ‚ and  ob jec t
property vaLues.; „ .  ‚ .  ' . '  «;

_Remarks: 5 .1  _ _ -_. »
1 )  I t  shouLd  be pe inted ou t  tha t  concerning standard types

PascaL  compiLer  checks  -coincide with Some ModPascaL
precompiLer  checks ;  bu t  aLgor i thms  beCome uniform fo r  aLL
ob jec ts  and  errors a re  deLe ted  as .ea rLy  as_poss ibLe .
The a r t i f i c iaL  ob jec ts  BOOL and ' INT  a re  not  ModPascaL
standard types' So that  type „definit ions o r .  variabLe
decLara t ions  may not  „ incorporate _ t hem. “  ‘ The i r  onLy
appLication is‘ their  “existance in '  the 'DMS' to  aLLow-

_ cycLe f ree  h ie ra rch ies .
?) In  generaL ‚  enr ichment  ident i f iers may not  be used as type

ident i f iers '  ( see  sec .  _3.  3_ . ) .  - I n  the  case of  INTEGER and
- BOOLEAN there is  an exception. They may be_' USed as  type

' .  ident i f ie rs :  [ and  the  ModPascaL precompiLer  w iLL  recogn ize
i t  appropr ia teLy . ‚  The reasons fer  this inconsis tency a re
compat ib iL i ty -w i th  Standard Pascata  convenience by famiL ia r

_\ .-'_.L‘
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structures:  and  i nv i s i b i L i t y  o f  the  basing moduLes BOOL and
INT in ModPascaL. ‘

5 .2 .3 .  Standa rd  Type Gene ra to r s

The se t  of  s t anda rd  t ype  gene ra to r s  of  ModPascaL  compr i ses
ar ray :  record :  f i Le :  se t :  po in te r :  enumera t ion :  and subrange
t ypes (=PascaL s tanda rd  t ype  gene ra to r s ) .  I n  opposition t o
s tandard  types t hey  do  no t  have  an  i n i t i aL  meaning i n  t he
Language  de f i n i t i on :  because  essen t i aL  in fo rmat ion  (e .g .  a r ray
s i ze :  component t ype )  i s  m i ss i ng .  Th is  in fo rmat ion  mus t  be
prov ided in an  expL i c i t  t ype  de f i n i t i on  by the programmer :  so
t ha t  the  seman t i cs '  o f  a s t anda rd  t ype  genera to r  w iLL  become
compu tabLe .

Desp i te  o f  tha t  f ac t :  t he re  a re  f i xed  s t r uc tu res  f o r  each  t ype
gene ra to r .  Fo r  exampLe :  a r rays  do  aLways  come w i th  a seLec t i on
operator  ' E_ ] '  o r  po in te rs  w i t h  a dere ferenc ing Ope ra to r .
These se ts  of ope ra t i on  f r ames  ( s i nce  f unc t i onaL i t i es  a re  no t
f i xed )  a re  assoc ia ted  t o  each  s tanda rd  t ype  gene ra to r  and  t hey
are compLete in. t ha t  sense  t ha t  the  ac tuaL i za t i on  done i n  a
type def in i t ion  does not  add  o r  deLe te  opera t ions  t o  o r  f r om
t hem.

There fore :  the DMS makes  ob jec t  pa t te rns  ava iLabLe  f o r  each
standard type gene ra to r .  I f  a type definition occu rs :  the
parametr ic  par ts  a re  ac tuaL i zed :  and  t he  resuL t i ng
weLL—de f i ned  ob jec t  i s  en te red  i n to  t he  da ta  base .  ALL ob jec t
pat te rns  represent  moduLe t ype  ob jec t s  s i nce :  on  the seman t i c
LeveL :  ( ac tuaL i zed )  a r rays :  r eco rds :  e t c .  do  no t  d i f fe r  f r om
moduLe type de f i n i t i ons :  so  t ha t  aLso  aLgeb ras  a re  ass igned  t o
t hem.

The s tandard  t ype  gene ra to r s  couLd  aLso  be o rde red  i n  a
' h i e ra r chy '  over  t he  s tanda rd  t ypes :  but  the  h ie ra rch i caL
reLa t ion  used beLow i s  cons t ruc ted  soLeLy  f o r  pedagog icaL
purposes  ( s i nce  t ype  gene ra to r s  a re  no t  t ypes :  and  t hus  canno t
be mixed wi th  s tandard  t ypes ) .

STANDARD TYPES

ENUMERATION_TYPES RECORD FILE POINTER

SUBRANGE TYPES

ARRAY SET

(poss ibLo  connect ions be tween  the s tandard type generators are
omi t t ed ) .

The Language def in i t ion of PascaL does not  incLude cycLes  in
the hierarchy of s tandard  type generators :  so  that  no
ar t i f i c iaL  objects have to  be int roduced ( see  4 .2 .1 . ) .  But  i t
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shouLd be emphasized t ha t  objects generated by standard object
generators may very weLL induce cycLes .  Due to  the fact  that
the 'decLara t ion -be fore -use '  paradigm i s  ignored in PascaL
pointer type definitions; a cycLe  is  easy constructabte:

ExamgLe  5 ; " !

type L = ? LISTELEM
type LISTELEM = record f1 :  COMPONENT;

f 2 :  L gag;
which yieLds in the hierarchy

[
L

LISTELEM

COMPONENT ' n

Even if this probLem is  soLved  by the PascaL compiLer ‚
ModPascaL does not aLLow this type of definition. The reason
is  the  intended use of  the  Language as  a counterpart  of the
aLgebraic  specification Language ASPIK ( see  sec .  O. )  inside a
sof tware  deveLopment  and  verification system;  and
cycLefreeness of ob jec t  t rees  i s  one of the  basing features

' the re .

I n  opposite to  s tandard  types ;  the  objects  generated by
standard  type generators a re  no t  ob jec ts  owned by the system
manager SYS. They are  assigned to  the  individuaL user  who has
entered the  generating t ype  definition that  aLso  conta ins  the
objec t  identifier used  by DMS. The ob jec t  descr ip t ion  i s
s imiLar  to  s tandard  types  and  moduLes ‚  and i t  compr ises (among
others )  the  foLLowing  fLags  and proper t i es :

FLAGS: SYNTAX (indicates syntacticaL correctness;  t r i v iaLLy
t rue )

INTERFACE (context sensitive conditions; t rue )
USED (existence of .  using objects; t rue  except

BOOL)
STANDARD (quaL i f i e r ;  t rue )

PROPERTIES: RIGHTS (access r ights )
USE (used  ob jec ts )
USED (us ing  ob jec ts )
PUBLIC (L is t  of  pubL ic  operat ions and

func t ionaL i t i es )
TYPE ( e i the r  MOD(uLe) o r  ENR( ichment ) )

(This List  of properties is  incompLete;  see [RL  853 ) .

Once an object  genera ted  in  th is  way i s  entered in the data
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base ,  i t  may be man ipuLa ted  i n  t he  same way as  aLL  ModPascaL
ob jec ts .  The g rea t  advan tage  o f  this uni form t reatment  i s :
tha t  the no ta t i onaL  d i f f e rences  be tween  moduLe  and  non -moduLe
type def in i t ions ,  induced by  po r t ab iL i t y  and  convenience
considerations: a re  w iped  away .  The  da ta  base  t he re fo re
r e fLec t s  t he  semantics o f  a se t  o f  ob jec t  definitions more
cLea rLy .

Remarks: 1 )  Sometimes i t  might be convenient t o  incorporate
ob jec t s  gene ra ted  by ob jec t  genera to rs  onLy
t empo ra r i Ly .  There a re  modes in MPPS that enabLe
t h i s  .

2 )  The  Checks  pe r fo rmed  by  t he  ModPascaL  p recomp iLe r
on  s tanda rd  t ype  gene ra to r s  do onLy  i nvoLve  t he
use r  suppL ied  pa r t s ;  f o r  t he  res t  co r rec tness  i s
assumed .

4 .3 .  Mixed_Constructs

The i ncLus ion  o f  s t anda rd  ob jec ts  i n  ModPascaL  was done
wi thout  mod i f i ca t ion  o f  t he  PascaL syn tax  aL though  t he
semantics were  changed .  Th is  way  i s  s t r a i gh t  f o rwa rd  bu t  t he re
are  a number  o f  p robLems  a r i s i ng  i n  s t r uc tu res  t ha t  con ta i n  as
weLL s tanda rd_  PascaL  cons t ruc t s  as  ModPascaL—spec i f i c
cons t ruc t s .  O f ten  a soLu t i on  i s  poss ibLe  i f  syntactic
requ i remen ts  a re  reLaxed  o r  i f  add i t i onaL  check ing  i s
pe r f o rmed  by  t he  p recomp iLe r .

The co r rec tness  checks  f o r  m i xed  cons t ruc t s  a re  per fo rmed i n
pa raLLeL  t o  those  o f  sec .  3 .2 .  and  3 .3 .  So  t he  env i ronmen taL
in fo rma t ion  i s  assumed  i n  t he  f o tLow ing :  where t he  poss ibLe
s i t ua t i ons  of mixing are  dep i c ted :

A) Ob jec t  Def in i t ions
I n  s tandard  and  non-s tandard  ob jec t  def in i t ions types and
enr ichments  may occu r  aLong  th ree  ruLes :

A1 )  Ob jec ts  gene ra ted  by  s tanda rd  ob jec t  genera to rs  may
re fe rence  use r  de f ined  moduLe types  in t he i r  de f in i t i on
scheme.

A2) ModuLe type  de f in i t i ons  may re ference s tandard ob jec t s :
use r  de f ined moduLes o r  use r  de f ined  enr ichments  in
the i r  usecLause .  '

A3)  Enr ichment  definitions may re fe rence  . s t anda rd  ob jec ts
o r  use r  de f i ned  moduLes  i n  t he i r  addpar ts  and  s tanda rd
ob jec t s ,  uSe r  de f ined  moduLes o r  enr ichments  i n  the i r
use  cLause .

These conven t ions  a re  based  on  the  unde rLa id  seman t i cs  fo r
ModPascaL .  The re ,  componen ts  o f  s t anda rd  ob jec t s  mus t  have
t he i r  own vaLue  se t  (wh i ch  excLudes  enr i chments  i n  A1 ) :  and
adding o f  Ope ra t i ons  may onLy  be  done  f o r  ob jec t s  w i t h  vaLue
se t  (wh i ch  excLudes  en r i chmen ts  i n  A3 ) .

By  t h i s ;  correctness conditions 0M1 and  CE1 a re  ex tended .
[BeLow ‚  the ob jec t  gene ra t i on  by a s tandard  ob jec t  genera to r
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is refered to as structured type definition; see HodPascaL
grammar: sec. 3 .5 . ]

CMIX1:

structured type definition correct c==>

type is correct
A used types are user defined moduLe types

CMIXZ:

moduLe type definition correct €==>

CMO hoLds
A used objects are standard objects: user defined

moduLe types and enrichments

CMIX3:

enrichment definition correct ¢==>

CEO hoLds _
A addparts may be buiLd upon standard objects or

user defined moduLes
A used objects are standard objects: user defined

moduLes and enrichments

B) Operation Definitions
Standard object operations are usuaLLy predefined and
fixed. OnLy by enrichment of standard objects one is abLe
to define new standard object Operations. Then it hoLds‚
that
— onLy func t ions  may be defined for standard objects
- the func t ion  body does  not contain gLobaL  variabLes
— the functionaLity does not incl.ude an impLicit formaL

parameter.
This Leads  to modification of CE21 and CE32 for the standard
object case:

CMIXA:

addition correct ¢==>

the object of addition is contained in flu and of
moduLe type
the pubLic List is non-empty
aLL function headings are correct
no procedure or initiaL occur
no impLicit parameter is introduced

>
>

>
)
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CMIXS:

modfuncc correct ¢==¢

CE32  hoLds
A the function body does not contain gLobaL variabLes

C) Operation CaLLs
UsuaLLy moduLe operations are caLLed in 'dot-notation' (see
sec. 3 .2 .4 . )  except  occur rences  in operation definitions of
their associated moduLe type (see CM41/CM42 in sec.
3 .2 .2 . ) .  -
This is not true for standard object operation caLLs. They
are invoked in their usuaL prefix, infix or mixfix
notation. Since their association to standard objects is
fixed and unique, the precompiLer is abLe to recognize t hem
properLy.
C a L L s  of standard object operations that are defined by
enrichments aLways use prefix notation.

CMIXG:

standard operation caLL correct ¢==>

PascaL  conventions are respected

CMIX7:

enrichment defined standard operation caLL
correct ¢==>

the defining enrichment is DMS-visibLe
A prefix notation is used

D) VariabLe DecLarations
VariabLes of standard object types are not initiaLized.

E) Prefixing
The standard types need not be prefixed by SYS.  Objects
generated by standard object generators obey the same
prefixing ruLes than user defined moduLes or enrichments
(see sec. 2 -2 . ) .
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5 .  Ppogramming in uodPascaL

. M Pro rams

Up to  now the main emphasis has been put on singLe objects and
object  types of ModPascaL‚  and how to  incLude them in a data
base  of a spec iaL  purpose programming envi ronment .  Object
oriented programming i s  encouraged by the Language as much as
poss ibLe  but  convent ionaL s t yLes  have to  be covered anyway.  To
guarantee  por tab iL i ty  o f  aLready  wr i t ten PascaL code
provisions were taken  to  incorporate programs that  are not
object  or iented.

I n  MPPS‚ the vehicLe for  th is  a re  objects  of  type 'p rog ' .  I f
prog objects  are entered ,  the  sys tem expects  as  input ordinary
programs consisting of LabeL—‚ type- ,  var iabLe- ‚  function-
and /or  p rocedure  decLara t ions  and a s ta tement  part  (bLock ) .

Exam Le  “1 :

program TEST ( inpu t ‚ou tpu t ) ;
type  M1 = moduLe  . . .  ;

A = array . . .  ;
instantiation I psp . . . ;
enr ichment  E psp . . . ;
t ype  M2 = instantiate . . . ;
funct ion  . . .  ;
!ät - - -  ;
begin

end .

ExampLe 5 -1  shows a prog ob jec t .  n

I f  object definitions as  type definitions, enrichment
definitions or instant iat ion definitions are recognized they
are subsequentLy submitted to  the data base ( i f  no
contradict ing user  opt ion  i s  ac t i ve ) .  This means that no
expLic i t  connect ion between the object  and i ts  defining prog
i s  saved,  and i t  s imuLates  the behaviour of s ingLe  object
input .

The remaining var iabLe decLara t ion ‚  operat ion definit ion and
s ta tement  par t  a re  connec ted  to  the  prog object  making i t
s imiLar  to  moduLe ob jec ts .  In  this v iew the ent ire s ta tement
part  i s  seen  as  a spec iaL  operat ion of the prog ob jec t :  an
impLic i t  decLared  ' s ta tement  p rocedure ' .  I f  nes ted  bLock
st ruc tures  occur  th is  separa t ion  between object  and non-object
def ini t ion is  performed fo r  each  bLock .

I f  errors occur ,  the  user  can  cor rec t  them by enter ing the
ModPascaL edi tor  ( cur ren tLy  a s tandard  f iLe  ed i to r ) .  Otherwise
the precompiLed object  (now connected  to  a PascaL program) can
be  passed  to  the  PascaL  compiLer  wh ich  checks PascaL  reLevant
semant ics  and generates  executabLe  code .  A t  Las t ,  in a tes t ing
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environment programs wri t ten in  ModPascaL may be excecuted .

From this it might be d i rec tLy  suggested to  impose a t ree
structure  on p rogs :  h ie ra rch icaL  reLa t ions  to  o ther  progs:
interface operat ions and in te rnaL  s ta tes  are  eas iLy  der ivabLe
in  the  parsing p rocess :  and the  ' s ta tement  p rocedure '
generat ion i s  jus t  a naming probLem.  I f  some prog fa iLs  to
meet  requirements  the  user  couLd be advised to  cor rec t  i t .

But this soLut ion i s  re jected  in  the MPPS. I t  wouLd have
reversed  the  goaLs  o f  an  ob jec t  o r ien ted  programming  Language
since i t  en fo rceS 'a  k ind of  hidden moduLar i za t ion  that  i s  onLy
v is ibLe  to  the  sys tem.  ALL disadvantages of  convent ionaL
programming wouLd take  over  when modifying or  exchang ing  prog
ob jec ts  of  th is  s tyLe .

I ns tead  progs are  t rea ted  in  the  mixed fash ion  as  descr ibed
above .  Those  parts  which  can  eas iLy  be  t ransformed to  ob jec t
or iented fo rmaL isms a re  grasped and incLuded  wh iLe  o ther  par ts
are  disregarded f rom fu r ther  use .  In  the  consequence  this
Leads programmers to  reL inqu ish  p rog  ob jec ts  in  the i r  work  and
to  use  that  ob jec t  de f in i t ion  pa t te rns  t ha t  are  o f fered  by
ModPascaL. AppL ica t ion  o f  ob jec t  o r ien ted  techn iques  then
exhibits the  's tatement  procedure '  as a pubLic operat ion  of  a
user  de f ined  moduLe  ob jec t :  and  convent ionaL  programs  a re
expressed  by  a moduLe  (enr ichment )  ob jec t  h ie ra rchy .

5 .2 .  The ModPascaL  Programming Sys tem (MPPS)

The MPPS provides the  user  in ter face  fo r  the  current
impLementation of  the ModPascaL Language environment.  I t
compr ises

a an  editor  for  ModPascaL ob jec t  ed i t ing:
. a precompiLer  fo r  t ransLa t ing  the  ModPascaL ob jec ts  to

PascaL  programS:
. a PascaL compiLer  fo r  generat ion of executabLe  code :  and
I a t es t ing  dev ice  t ha t  aLLows  execution of  moduLe  opera t ions

i n  spec i f ic  moduLe env i ronmen ts .

Besides:  there are a number of information commands avaiLabLe
tha t  e .g .  L is t  ex is t ing  o r  accessabLe  ob jec ts :  o r  pr int  them
on screen :  o r  compute  in te r faces  fo r  g iven  ob jec ts .

A typicaL MPPS session s ta r ts  wi th  edi t ing an ob jec t .
Therefore  the  user  has  to  suppLy  an  ob jec t  name .  I f  i t  aL ready
exists the sys tem makes  sure  by reques t  to  the  user :  tha t  he
i s  wiLLing to  overwrite i t  possibLy.  I f  the  ob ject  i s  new: an
object  type has  to  be suppL ied  ou t  of the  se t  (MOD: ENR: INST:
PROS} ( s tandard  ob jec ts  are  t rea ted  as  moduLes ) .  Then  the
edi tor  i s  en tered:  and  the  user  can  type  in  h is  de f in i t ion .
When Leaving the  ed i tor  the object  i s  created  in the data  base
and the ModPascaL code  i s  assoc ia ted  to  i t .

Now the precompiLer  i s  invoked on  the  ed i ted  ob jec t .  I t  checks
for  syntactic correctness of  the ob ject  and performs aLL
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semantic checks that are necessary for  the specific ModPascaL
portions of the ob jec t .  ResuLt  of the invocation of the
precompiLer  i s  an equ ivaLent  PascaL program.

I f  nothing has to  be cor rec ted ‚  the precompiLed object  can  be
compiLed by a standard PascaL compiLer  getting either error
messages  or  executabLe  code tha t  can  be used  d i rec tLy  in  a
speci f ic  t es t ing  envi ronment  o r  i s  s to red  in  the data  base .  I f
the  ob jec t  i s  invoLved  in  compiLa t ion  t asks  of  o ther  ob jec ts :
the  generated code  wiLL  be  used  there .

5 .3 .  PrecomgiLing

ModPascaL source  code i s  not  compiLed to  executabLe  code .
I ns tead ,  programs are f i rs t  precompiLed to  Standard PascaL
code ,  and then  t rans formed  to  executabLe  code  by 8 S tandard
PascaL CompiLer .  The reasons  fo r  th is  proceeding are  of
prac t icaL  na ture :  the  impLementa t ion  of a precompiLer  based  on
an  ex is t ing  compiLer  and  runt ime sys tem ( [S IEM 83 ] )  t akes  Less
time i n  generaL  than  the  impLementa t ion  of  a compLete
compiLer .  Bu t  a t  Long te rm,  a ModPascaL compiLer  and runt ime
sys tem has to  be p rov ided .

The most important  precondi t ion  fo r  the  feas ib iL i tv  of  the
precompiL ing  s tep  i s  the  express ib i t i t y  o f  pure ModPascaL
fea tures  in  Standard PascaL .  Add i t ionaLLy ‚  Eeery  soLut ion  of
th is  task  has  to  guaran tee  tha t  the  semant ics  of  the  invoLved
const ruc ts  are  p reserved .

The precompiLer  empLoyed by the  MPPS meets  th is  requi rements .
I t  t rans forms:  fo r  exampLe‚  moduLe type definitions into a
sequence of  type and func t ion  definitions, or  operat ion caLLs
in dot  notat ion into pref ix  no ta t ion .  The scope of ac t ions  o f
the precompiLer  incLudes :

. checks of s ta t ic  semantics of ModPascaL as  described in th is
report  and eLementary  PascaL s ta t i c  semant ics

. t ransforming the  ModPascaL  source  code  in to  PascaL  code

. i ns taLL ing  ob jec ts  occurr ing  in the  ModPascaL source  code in
the  da ta  base

The equ ivaLence  of  source  and  target  code  then  is  assured  by
the  underLa id  semant ics  of  ModPascaL and PascaL:  and the
precompiLer  is  designed to  guarantee the equ ivaLence .  The
de ta iLs  o f  the  precompiL ing  process are descr ibed in [Eck  84 ]
( the  system);  [RL 85] ( the  transformations)  and [OLt  84a]
(semanticaL cor rec tness ) .
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g .  nmgrx

The main goaLs the ModPascaL deveLopment aimed at  were defined
by the objectives of the ISDV—System pro ject .  The Language of
the concre te  LeveL  shouLd  provide s t ruc tures  and concepts  tha t
aLLow the veri f icat ion of  - a  ref inement step f rom the
intermediate to  the concre te  LeveL .  Beside, i t  shouLd  i ncLude
the expressive power of  an  ex is t ing  and recognized proceduraL
programming Language such that  the  acceptance of  the  whoLe
system were fac iL i ta ted .  And f inaLLy ‚  i t  shouLd be a Language
which justifies i t s  ex is tence  through the or ig inaL i ty  of  i t s
concepts  aLone and not  through the  fuLLf iLLment  of  the
requirements of i t s  f i r s t  appL ica t ion  env i ronment .

From th is  start ing point  the  foLLowing  goaLs have been
achieved by the deveLopment of ModPascaL:

a )  Design of an  ob jec t  or iented Language wi th expressive
features  for  moduLar iza t ion:  separa te  compiLat ion  and
hierarchizat ion,  based on a w ideLy  d is t r ibuted programming
Language.

b )  Convenient  parameter iza t ion  of  ob jec t  h ierarchies  by
instantiation ob jec ts .

c )  Provis ion of an  eLabora ted  environment that  heav iLy
suppor ts  the  ob jec t  o r ien tedness  o f  the  Language  (e .g .  da ta
base  for  aLL ob jec t  t ypes ) .

d )  The main  Language fea tu res  can  be eas iLy  connec ted  to
s t ruc tures  of  abs t rac t  da ta  type  theory .

Espec iaLLy  the Las t  point  provides a promising bas is  fo r  the
unsoLved probLem in current  sof tware  deveLopment systems of
how to  veri fy a ref inement  s tep  tha t  t ransforms an  ob ject  of
an  abs t rac t  ( appL ica t ive )  LeveL  in to  an  ob jec t  of  concre te
(p roceduraL )  environment.  Ver i f icat ion in th is  contex t  means a
mathemat icaL  proof of  the  vaL id i ty  of propert ies on  both
LeveLs (see  EOLt 84aJ ‚EOLt  Sßb l ) .

Looking a t  ex is t ing  Languages w i th  ob jec t  or iented  s t ruc tures ,
a common occurrence of  a ) -d )  cannot  be found .  Of ten  important
fea tu res  as  incarnab iL i ty  of  moduLes (ADA [ADA 80 ] ,  ModuLa-Z
[WIR 831 ) ,  object  based hierarchizat ion (ModuLa-2‚ CLU [ L IS
77 ] :  EUCLID [Lam 77 ] )  o r  p ro tec t ion  of  in ter face  opera t ion
definit ions (SIMULA [S IM  67 ] )  are  s impLy miss ing ,  and the
necessary  parameter iza t ion  of types  can  onLy be found  in  the
st i f f  form of the 'gener ic '  cons t ruc t  of ADA. Add i t ionaLLy  the
underLa id  semant ics  - i f  expL ic i tLy  def ined - do not empLoy
spec iaL  s t ruc tures  tha t  re fLec t  the  ob jec t  o r ien tedness  of  the
Languages;  and by th is  i t  wiLL be d i f f i cuL t  to  incorporate
them in contexts  tha t  s t ress  ver i f ica t ion  concerns .

ModPascaL has  proven  i t s  adequacy  fo r  h ie ra rch icaL  moduLar i zed
ver i f iabLe sof tware des ign  in  case  s tud ies  incLud ing  p rac t icaL
appLicat ions  as  personaL  da ta  management systems or  account ing
systems [OLt  84d ] .
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