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1.Introduction

1. Introduction

The SPESY system is the central component of the Integrated
Software DevelLopment and Verification (ISDV) system. The ISDV
project was carried out at the Universities of Bonns
Kaiserslautern» and KarlLsruhe and was supported by the
Bundesministerium filir Forschung und Technologie under contract
I1T.8302363.

SPESY supports the development of verified software from
requirements specifications to Pascal programs according to tne
"stepwise refinement™ and "verify while develop" paradigms. The
methodology is elaborated in [BV 85] covering the range from
high Level axiomatic to intermediate Level algorithmic specifi-
cations via refinements and implementations. ALL these develop-
ment steps are expressed inh the algebraic specification develeop-
ment Language ASPIK. The realization of algorithmic specifi-~
cations in an extension of Pascal by modules and generic
features 1s described in [OLt 861. Surveys of the methocolLogy
are given in [BOV 86]1.

WhilLe this report does not comprise any of the papers mentioned
nor the complete description of SPESY in the manual [SBV 851, it
is rather intended as a supplement. Its purpose is twofotd: It
can be used at the terminal getting acquainted with SPESY since
it contains repeatable protocols of SPESY sessions. Besides it
contains a complete examplLe of a development from axiomatic
specifications via atgorithmic ones to modules in ModPascal.
which exhibits many interesting features, as a demonstration of
the feasability of our approach to software development.




2.1. System Overview

2..The SPEcification development SYstem (SPESY)

te e

SPESY 1is a support environment for the development of algebraic
specifications (specs) into programs and it is the central com-
ponent of the Integrated Software Development and Verification
System (ISDV System, [BGGORV 831, [BOV 86l]). The ISDV System
supports hierarchical development of programs according to the
paradigms ‘'stepwise-refinement' and 'verify-while-develop'; it
provides appropriate tools for alLl phases of the software devel-
opment process ranging from formal specifications to dimperative
Pascal programs. The general proceeding when working with SPESY
can be divided into a sequence of abstract and concrete steps
CEign 2uda~1)s

The abstract steps start from a formal requirements definition
(axiomatically) and end with a constructively defined model
(algorithmically). These steps can be distinguished into refine-
ment or implementation steps. The former replace parts of speci-
fications by more precise reguirements and thereby reduce the
set of models. For examplLer, the replacement of axiomatically
defined operations by algorithmically defined operations would
constitute a refinement step. Implementation steps replace
abstract specifications by more concrete ones. The set of mociels
is changed such that all computations valid in the old set of
models can be simulated in the new set of models.

The concrete steps start from constructively defined specifi-
cations and end with executable Pascal programs. One can cdis=
tinguish between realization steps and (pre)compilation steps:
first specifications are connected to module constructs written
in ModPascal, an extension of standard Pascal by a module and
parameterization concept. The specification hierarchy is
remodelled as module hierarchy. Then precompilation and compi-
Lation steps generate the executable code.

ALL abstract steps are expressed in the algebraic specification
Language ASPIK (I[BV 83al, I[BVY 85]). An ASPIK specification
defines a class of algebras via its signature (sort and oper-
ation symbols)., its properties (first corder predicate calculus
formulas) and its algorithmic definitions. The specifications
are structured hierarchically; the parameterization concept
allows to instantiate arbitrary used specifications ([BGV 831).
Another kind of objects are so-called map objects which are used
in the definition of refinement steps and implementation steps.
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step obdject Language
axiomatic ASPIK
requirements
specification

refinement

implLementation axiomatic
or algorithmic ASPIK
specification
algorithmic ASPIK

Vv specification

realization ModPascal ModPascal
v module

precompilation
Pascal Pascal
v program

Fig. 2.1.=-1: Stepwise Software Development

ASPIK supports two structuring mechanisms: The USE=-relation
alLlows the hierarchical composition of specifications and maps.
Especially for specifications this means that they may contain
occurrences of sorts and operations which are defined in some
used specification.

The 'Parameterization-By-Use' concept ([BV 83al) does not dis-
tinguish between formal and actual parameters at definition time
of a specification. OnLy when an instance has to be generated
the association to actual parameter specifications indicates
which subspecifications are considered as formal parameters.

SPESY is a multi=-user system which allows to assign to each user
a collection of separate name spaces for identification of his
objects. Additionally there is a set of system objects that are

&



2.2. Working with SPESY

accessible by all users.

To administrate all objects SPESY uses a sophisticated file sys-
tem. There are private files which are accessible onLy by their
owners. System files are public; they contain standard cbhjects
that are useful in various development scenarios (cdata struc-
tures Like Lists, stackss, queues etc.) or that contain objects
that are of central importance. For example, there is a system
file SYS.BOOLFILE that contains the specification BOOL. BOOL is
a specification being used by every other specification treated
by SPESY.

A file constitutes a name space in which names of objects have
to be unique. Files may be composed hierarchically whenever it
causes no name conflicts. Correctness conditions are associated
to the obgjects in a file concerning for examplLe the context-
sensitive and syntactical correctness or involvation in proof
tasks.

Beside subsystems for idnteractive syntax-oriented dinput and
editing of objects the following additional tocols are avaitable:

= A symbolic interpreter for testing of constructive specifi-
cations (currently in a stand-atone version., [KRST 831).

= A program transformation system for recursion removal
(currently 1in a stand-alone version, [Gei 841, [Pet 83].
[Ge 83]).

= A connection to proof systems which enables the user to
pass proof tasks to connected provers and to integrate the
results of proof efforts in SPESY. CurrentLy there are two
provers connected to SPESY:
The resolution-based proof system "Markgraf KarlL Refutation

Procedure™ ([BES 811) and the rewrite rule based "Rewrite
Rule Laboratory" [Tho 84] which is used in consistency
proofs.

= A subsystem to realize constructive ASPIK specifications by
ModPascal modules (realization Level; [BEORSW 851).

The tools are offered on various Levels depending on the kind of
the actual obgect. There is also strong support of information
retrieval functions in SPESY. For example, via simple commancis a
user can get information about names of his files or objects.,
their semantical status, =about access rights, uwhich he has on
objects or wnich he has given to other users, and many otners.
Tnere is also a message system that supports the communication
between users.

2:.2. Working with SPESY

The functionality of SPESY is distributed over several Levels
which are hierarchically structured (c.f. Figure 2.2.-2). The
main commands of the Levels will be presented below. Levels are
Left by use of the END command that saves the changes, or by the
AORT command that restores the state of entering the Level.

The top Level 1is the system Level. It comprises the system
administration and the data management. System administration

5
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functions and commands may onlLy be invoked by the system
manager .

The next Lower LevelL is the file Level. It is entered via the
OPEN command. The user can either open an already existing file
or create a new one; in the Latter case he has additionally to
define the environment of hierarchically Leower files including
SYS.BOOLFILE, which defines the initial name space of the newly
created file. The objects that are administrated by the file
Level are the objects of the opened file (specifications and
maps) .

Below the file Level there are several Levels. For specifi-
cations and maps SPESY provides an gditor Level (command EDIT)
for syntax=-oriented manipulLation of objects. From the edit Level
the user can call the CHECK system that performs context=
sensitive checks on recently manipulated obgjects; results of the
checker are established in the semantical status of objects.

The input Level is accessible either from the file or the edit
Level (command INPUT). INPUT may be executed in interactive as
well as in autonomous mode (where an object definition is read
from a text file). Only syntactically correct objects are &ac-
cepted and stored in the data base. A complete description of
correctness conditions may be found in [Lic 851 (for specifi-
cation objects) and [Spa 851 (for map objects). To enter objects
without immediate context-sensitive checking. one has to use the
edit Level.

Another editor and input Level for implLementation of specifi-
cations have not yet been implemented.

A third sublevel of the fiLe Level is the prealization Level
(command RL). It deals with ModPascal objects or representation
objects which are both used to realize (= correctly implement in
ModPascal) constructive ASPIK specifications. Since the
realization Level is entered via an opened file the name space
of this file is visible. Sublevels are the ModPascal Programming
System (MPPS; dedicated to input, editing- precompiling and com-
piling of ModPascal objects (c.f. [Eck 841, LHR 861)), the
Representation Object Programming System (ROPS; dedicated to in-
put and editing of representation objects (c.f. [BR 851)), and
the Compatibhility Checker (CC; dedicated to the correctness
check of a realization (c.f. [Wei 851)).

Further tools and interfaces are available at the file Level. In
order to carry out proof tasks the user can access connected
proof systems (see above) by emplLoying the PROOVE command. Typi-
cal proof tasks are termination proofs., consistency proofs or
deduction proofs from which semantical properties of objects are
derived. It is also possible to establish semantical properties
directly by the user which speeds up software development in ap-
plications where automatic verification is not necessary.

A previous version of SPESY also allowed the use cf an interpre-=
ter for alLgorithmic specifications and of a program transfor-
mation tool for recursion removalL; in the actual version these
accesses are still subject of ongoing imptementation work.
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system Level

file Level

spec
editor
Level

spec
input
Level

Eide 2.1.-2:
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editor to preter
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map-
input=
Level
realization
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ModPascal representation compatibility
programming object checker
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Command Levels of SPESY




2.3. A Protocol

2.3, A Protocol

To get a rough idea how input of objects and how working with
SPESY is done, we will present session protocols that are
annoted by comments. The protocols were generated as parts of
the below described example "stack-by-queue™. For detailed
description of the operative characteristics of SPESY., onlLy the
relLevant parts of the wnhole protocol are snown. Section 3 con=
tains all created objects which belong to the example.

The user who works witn SPESY in our example development, has
the user=-identification and also the password SBQ. After Loading
the system, the user starts the dialogue by entering his identi-
fication and personal password.

(OUT) ENTER USERID:

(ouUT)

(IN) SBQ I
(OUT) ENTER PASSWORD:

(ouT) |
(IN) SBQ ;

Ficte 2.3.~1%

Afrer this the systemLevelL of SPESY is active. The Listriles
command informs the user which files he may access. A file
defines a name space and contains objects of different types. A
user may have several files which may be hierachically con-
nected. The following directory command Lists all existing
specifications stored on the file SEQ-LEVELL.

(OUT) SYSTEMLEVEL:

ouT)
(IN) listfiles @
(OUT) YOUR FILES:

(oum SBQ-LEVEL1
(oum SBQ-LEVELZ
(Gum) SBQ-LEVEL3
(oum SBQ-LEVEL<
oum

(OUT) SYSTERLEVEL:
oum

(IN) directory sbg-leveli spec
(0UT) SPECS ON SBQ-LEVEL1: ELEMN

Fidg. 2.3,=2
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In section 3, objects will be introduced as betonging to certain
(Logical) Levels of our. exampLe (wnich should not be confused
with the °SPESY input Level' or 'SPESY editor Level').

To compLete LevelL 1 of our examplLe, file SBQ-LEVELL will be
opened for creating the specification LIMITED-LIFO using the

input-system.

(0UT) SYSTEMLEVEL:

ouT)

(IN) open sbhg-level

(0UT) FILE OPENED !

(OUT) HESSAGE(S) FOR SBQ-LEVEL4: TO COMPLETE THIS LEVEL YOU HAVE TO CREATE THE SPEC LINITED-LIFO

(0UT) FILELVEL:

(oum)

(1IN input spec Limited-Lifo

oun) Seicioiiricicink ininicirininirininininkininioiininiininininininininiinaniciananninninionk

(ouT) whE K ekl

(oum) ok SPEC -EDITEOR Fedcie

(oum ek VERSION VOM: 10. 12. 1984 feicke

(oum ok L]

(ouT) S TR oA ieiririnieioioicioioede Bk doioiokedoioiol doinicioioiofoloiolniolniniok dninininininioink

(OUT)  sesrrodicricieik ik INPUTLEVEL FOR SPECS sl
(OUT) sk ok VERSION : 02.01.1985 fododcdieiedcinicicioiioinit

(0UT) ENTER COMMENT OR ;

Eid. 2.3,=3

The input=-Level will be entered via the editor=Level. The system
expects the input of the specification LIMITED-LIFO. Syntactical
and semantical errors which may occur in the wuser input are
detected. The following protocol which describes the creation of
the specification LIMITED-LIFO will show the input of a specifi-
cation and the functionality of the inputlevel.

(QUT) ENTER COMHENT OR ;
oout

(I%) % Loose specification of a limited container behaving Lifo-like as long as it is nmot full =/
(0UT) use

(0UT) ENTER SPECTERN COMMENT

ouT)

(IN) elem ; sorts

(OUT) ENTER SORTID COMMENT OR ;

ouT)

(IN) container ; ops

(OUT) ENTER OP-HEADER CONMENT OR ;

ouT)

(IN) into : container elem ——> conteiner

(QUT) wowx THE FOLLOWING SORTIDS ARE NEITHER IN THE INTERFACE MNOR IN SORTS-CLAUSE sk

(GUT)  CONTEINER

(OUT) ENTER OP-HEADER COMHENT OR ;

(ouT)

(IN) into : container elem --> container, last-in : container --» elem
(0UT) ENTER OP-HEADER COMMENT OR ;

(cum)

(IN) first-out : container —) elem , filled? : container —-» bool
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(OUT) ENTER OP-HEADER COMMENT OR ;
oum)

(IN)

(OUT) props

(0UT) ENTER PROPERTY COMMENT OR ;
(oum *

(INY  help

Using the pelp command the user can get informations about the
syntax of the actual clause at every prompt-position. Focussed
on the property-clause a sequence of helb or 2 commands LlLeads
for example, to the following information:

(OUT) PROPERTY ::= [LABEL] ATTRIBUTE | QUANTIFICATION

outy

(IN 7

(OUT) ATTRIBUTE ::= ATRIBUTENAME : OPID

(oum)

(am 2

(0UT) ATTRIBUTENAME ::= COIMPLICATION | QUANTIFIER VARID[, VARID] : SORTID QUANTIFICATION
(out)

(IN) 2

IHPLICATION | INMPLICATION ¢==> IHPLICATION
DISJUNCTION | DISJUNCTION ==> DISJUNCTION
:= COIMPLICATION | QUANTIFIER VARID[, VARID] : SORTID QUANTIFICATION

(OUT) COIMPLICATION ::
(OUT) IHLPICATION  ::
(OUT) QUANTIFICATION :
oun

(1IN ?

(OUT) COINMPLICATION ::
(OUT) INMLPICATION ::

INPLICATION | IMPLICATION <==) IMPLICATION
DISJUNCTION | DISJUNCTION ==) DISJUNCTION
(OUT) DISJUNCTION ::= CONJUNCTION | CONJUNCTION ' | ' CONJUNCTION
(O0UT) CONJUNCTION ::= NEGATION | NEGATION & NEGATION

(DUT) NEGATION ::= ATOMIC-FORMULA | _ ATOMIC-FORMULA

(OUT) ATOMIC-FORMULA ::= (QUANTIFICATION) | ATOM

(OUT) ATOM TERM | EQUATION | INEQUATION

(OUT) EQUATION TERH == TERM

(OUT) INEQUATION TERM =|= TERN

o se
Tunononon

nwonoun

The property-clLause consists of formulas in first order predi-
cate calculus which constrain the introduced operations by
stating relations between them. The following protocol shows the
input of two properties of a LIFO structure; note that the sys=
tem detects several errors in the user input.

(OUT) ENTER PROPERTY COMMENT CR ;
(I all ¢: container all e elem =filled(c) ==> (last-in(into{c,a)) == e & first-aut( into(c,e) == ¢)

(out)

(OUT) wwx MISSING COLON AFTER VARID-LIST sk

(OUT)  E,ELEM,_FILLED(C),==>,(LAST-INCINTO(C,A)),==,E &, FIRST-AUT(,INTOCC,E) ,==,C)
(OUT) ENTER PROPERTY COHMENT OR ;

oum
(611}] all c: container all e:elem wfilled?(¢) ==> (last-in(into(c,a)) == e & first-aut (into(c,e) == ¢)

10
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(oum) .
\ $ == - T0(CE)..-.
(CUT) wwx INPUT IS IGNORED AT : 1) E & FIRST-AUT C IN ’ 7
(QUT) wx THE FOLLOWING SYMBOL IS NEITHER A VALID VARIABLE OR CONSTANT , NOR OPID wiexe
(ouT) A
(OUT) ENTER PROPERTY COMHENT OR ;

ur) . i o
EgN) all ¢: container all e:elem «filled?(c) ==)> (last-inCinto(c,e)) == e & first aut (into(c,e)
(oum)

(OUT) #ex INPUT IS IGNORED AT : =C)

(OUT) wxx MISSSING CLOSING-PARENTHESIS BEHIND THE FOLLOWING PREFIX-OPID sox
(OuT) FIRST-0UT

(OUT) ENTER PROPERTY COMNMENT OR ;

OUT) - - - . i
EIH) all c: container all e:elem afilled?(c) ==) (Last-1n(1nto(c,¢)) == ¢ & first-out Cinto(c,e)) == ¢)
(oum
(QUT) wwx THE FOLLOWING TERHS ARE OF DIFFERENT DOMAIN ok
ouT) (FIRST-0UT (INTO (C)

oum (E)))
(out) ©

oum

(GUT) ENTER PROPERTY COMHENT OR ;
oum

(18)  all c:container all e:elem +filled?(c) ==> (last-inCinto(c,e)) == e & first-out (into(c,e)) == ¢)
(OUT) ENTER PROPERTY COMMENT OR ;

ouT)

(Iy)  end

(OUT)  seoresevnioidonitobokkk END INPUT dedcdcidciiiiiciiiio

(OUT) CPU TIHE USED : 40378 ms.

Fd 3.=6

The input system is Left by entering the end command. If at
Least one clause is not syntactically or not context-sensitively
correct, the editor for specifications is activated automati-

cally. The specification 1is Llisted whenever the dialog con-
trolparameter LIST is set.

(DUT) POSITION: TOP OF SPEC LIMITED-LIFO LIST

(0UT) spec LINITED-LIFO

(oum) /% LOOSE SPECIFICATION OF A LIMIIED CONTAINER BEHAVING LIFO-LIKE AS x/
(oum) /% LONG AS IT IS NOT FULL =/

ouT) use ELEN ;

oumn sorts CONTAINER;

oum) ops  LE: CONTAINER CONTAINER -==> LOOL

oum GE: CONTAINER CONTAINER --> BiOL

(oum INTO: CONTAINER ELEM --> CONTAINER

(out) LAST-IN: CONTAINER --> ELEM

oum) FIRST-0UT: CONTAINER --)> ELEH

(oum) FILLED?: CONTAINER --> BOOL;

(out) props [PROP1] ALL C:CONTAINER  ALL E:ELEH

oum) SFILLED?(C)

(oum) ==> LAST-INCINTO(C,E)) == E & FIRST-OUTCINTO(C,E)) == C;

(0UT) endspec

Fi 23.=7

o
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When declaring the operation First-0ut the user entered the
wrong sort. He can cerrect this mistake using the change command
of the editor.

(QUT) SPEC-EDIT-LEVEL:

(oum)
(IN)
(oum)

ops ch 5 first-out : container --> container

(0UT) POSITION: TOP OF OPS-CLAUSE OF SPEC LIMITED-LIFO  LIST

(ouT) ops  LE: CONTAINER CONTAINER --> BOOL
(ouT) GE: CONTAINER CONTAINER ~--> BOOL
ouTd) INTO: CONTAINER ELEM --> CONTAINER
(ouT) LAST-IN: CONTAINER --> ELEW

o FIRST-0UT: CONTAINER --> CONTAINER
(oum) FILLED?: CONTAINER --> BOOL;

out)

(OU1) SPEC-EDIT-LEVEL:

(out)

(IN) end

(0UT) EDITOR-LEVEL ENDED.
(0UT) FILELEVEL:

oum
(1IN

end

The

Figq. 2.3.-8

systemlevel is re-entered. Because of using the ghande
editorlevel the specification's controlvector is set to
"unknown". To test the syntactical correctness of the object the

on

specificaticn LIMITED-LIFO is checked by the checker for

the

filelevel is Left by entering the end command and now the

command

speci-

fications. It tests the syntactical and context-sensitive con-
straints of a specification and sets the controlLvector
if no errors are detected. If an error is found, the position in

to

Ilokll

the faulty clause is printed on the screen. Now the user may
correct the mistake using the editor; after this he may test tne
correctness of the object again. The activation of tne
checksystem is possible from the filelevel as well as from the
eciitor.

(oum FILELENVEL:

(OUT)

(IN) check LlLimited-=Lifo

(OuUT) % DBO0O ERASE FILE CHECKFILE-LIMITED-LIFC.O0O

(ouUT) k¥kkxk C HE CKSYSTEMFOR SPECS STARTED ##¥kk¥

(QUT)  scdkdouk VERSION: 25.02.1885 e ek

couT) % v %k %k USE-CLAUSE CHECKED e e d de

(ouUT) L SOPU-CLAUSE CHECKED ¥ ¥ Yo e e

(ouUT) ¥k 0 %k 0PPU~CLAUSE CHECKED e ¥ ¥ % e

(OUT) % ¥ Yo 3 ¥k PROP-CLAUSE CHEZCKED % 3% de ¥

(ouUT) LR ENDCHETCKS SYSTEM F % 3 e e

(ouUT) CPU TIME USED: 9988 ms.

(OUT) % D800 ERASE FILE CHECKFILE-LIMITED-LIFO

(0UT)

(OUT) ************ir**-ki’**91******i**************‘k****

(oUT) * YOUR SPECIFICATION LIMITED-LIFO IS CORRECT *

(OUT) *******i************************************i’*

(OUT) FILELEVEL:

12
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| (OUT)

Now suppose

in section 3 has
already contains

well as the not yet completely

STACK. This information can e seen by performing the directory

Fig. 2.3.-9

that part of the LIMITED-STACK hierarchy described

created

already bheen established. File SBQ-LEVELZ
the necessary specifications LIMIT and NAT as

specification LIMITED-

command and the following Listing of the ok-status of LIMITED=~
STACK.

(oum
(oum
(1)

(oun)
oum)
ouT)
(cum)
(IN)

(oum)
(oum
(oumn
(IN)

oun
(oum)
(oum
(oum
(oum
oum
(ouT)
(ouT)
(cum
oum
out)
(GUT)
(oum)
oum
(out)
(oUT)
(ouT)
oum
(oum
(ouT)
oum
wouTm
(oum)

SYSTEMLEVEL:

open sbq-level2

FILE OPENED !

HESSAGEFILE EMPTY

FILELEVEL:

directory shq-level2 spec
SPECS ON SBQ-LEVELZ : LINMIT NAT LIMITED-STACK

FILELEVEL:

list Linited-stack ok
status of specification: LINITED-STACK

syntax: -

I

interface: +

use:
sorts:
ops:

FILELEVEL:

+
nw on uwon

-t
rest

semantics

— terninating: ?
— consistent : ?
— derivable : ?

|

+

+ props: 0+ constructors: ¢
+

enpty
ok

not ok
unknown

auxiliaries : B+
def.-aux. : 0+
gef.-carrier: 0-

def .constructors: 6-
private ops :
define ops : 0-

Using the
activated,
cation is Listed.

edit

and

the

Ed 2 3.=10

command the editor for specifications

is

already created first part of the specifi-

3
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(0UT) FILELVEL:

(outm)

(IN) edit spec linited-stack

ouT) skttt e o R inininioiofnink o it inirinnini ittt
woutm) ke feieke
(ouT) ok SPEC -EDITOR s
oum L VERSION VOM: 16. 12. 1984 ok
(ouT) ek ek
ouT) Fetedrfricicioioraiiriraiciaininink ik olnioininilaininicioi i foinioioini foininfeioinrioioin i ootk

(0UT) POSITION: TOP OF SPEC LIMITED-SIACK  LIST
(0UT) spec LIRITED-STACK :
(oum) /% STANDARD ALGORITHMIC DEFINITION OF A LINITED-STACK.PUSH ON A FULL »/

0uT) /% STACK, POP OR TOP OF AN EMPTY STACK RESULT IN ERRORS »/
(ouT) use ELEM
oum LINIT ;

(ouT) sorts STACK;
ouT) ops ENPTY: --> STACK

out) EMPTY?,FULL: STACK --> BOOL
(oum) PUSH: STACK ELEH =-=> STACK
(out) POP: STACK =-> STACK

out) TOP: STACK --> ELEN

(ouT) L7,6T: STACK STACK --> BOOL;

(0UT) spec-body
(ouT) constructors EMPTY

ouT) PUSH;
(6uT)

(0UT) SPEC-EDIT-LEVEL:
oum

(I input

Fig. 2.3.=11

The entering of the command input branches to the inputLevel. It
focusses on the currently Last clause of the object. Now the
user is able to complete the specification LIMITED-STACK.

(QUT)  sekinicieseiniok ke ook INPUTLEVEL FOR SPECS el iR A AR
(OUT)  sedomikiaionookok i VERSION : 02.01.1985 sedefcieiciioiok fokiede i
(QUT)  osdoieiacdcselc ook START WITH THE FOLLOWING  CLAUSE sededcicicciiciciooiokor
(QUT) CONSTRUCTOR-CLAUSE

(OUT) ENTER CONSTRUCTOR COMMENT OR ;

(oum

(I ;

(oUT) auxiliaries

(OUT) ENTER AUXILIARY COMMENT OR ;

(oUT)

(IN)  depth: stack —=> nat ;

(ouT) !!! SPESY CAN'T DECLARE THE EQ-OPERATION FOR THE FOLLOWING SORTS 1

(QUT) STACK

(OUT) define-auxiliaries

(0UT) ENTER AUXILIARY-DEFINITION COMHENT
ouT:

(IN)  depth(st) = case st is

(oUT) * EWPTY :

(ouT)

(IN) nat.zero

(0UT) * PUSH ( STO , ELO ) s

14




2.3. A Protocol

oum
Ny’
(ouT)

(ouT)
(ouT)
(IN)

oum
oum
(oum
(oum
oumn
woun
(IN)

(ouT)
(oum
(Qut>
(our)
oum
(ouT)
(§8))

(gum
(out.
(oum)
(outT)
oum
(I

(ouT)
(oum)
(oum
oum
ouT)
oum

suc(depth(st0)),
ESAC

ENTER CARRIER-DEFINITION COMMENT OR ;

is-stuck(st) =

wiw INPUT IS IGNORED AT : (sT) =
sxx INVALID CHARACTERISTIC PREDICATE IN DEFINE-CARRIERS-CLAUSE siw
18-STUCK

ENTER CARRIER-DEFINITION COMMENT OR ;

is-stack(st) = if st then

wiek INPUT IS IGNORED AT : ST THEN
sowk BISSING CASE IN DEFINITION OF CHARACTERISTIC PREDICATE et

ENTER CARRIER-DEFINITION COMMENT OR ;

is-stack(st) = case st is
* PUSH ¢ STO , ELD ) :

IF ( NOT (IS-STACK (ST0)) )
THEN FALSE

ELSE

(depht(st0) Lt Llinit)

wrx INPUT IS IGNORED AT : ¢ STO ) LT LINIT)
w&x THE FOLLOWING SYMBOL IS NEITHER A VALID VARIABLE OR CONSTANT , NOR OPID sk
DEPHT

ENTER CARRIER-DEFINITION COMMENT OR ;

Fig. 2.3.-12

The Last part of the protocol explicates the system's capability
to generate Large parts of a specification automatically. The
user completes the input of the specification with the
following:

(IN)

(IN)

oun
(oun)
(IN)

oum
i)
(oum
(oum)
(IN)

oum)
(oun
oum
oum
(oum
(In

(oum)
(ouT)

is-stack(st) = case st is * push(stD,el0) : if (not(is-stack(st0))) then false
else (depth(st0) nat.lt Limit)
ENTER THE HISSING CASE-PARTS OR 'OTHERWISE®

otherwise : true

ESAC
define-constructor-ops

ENTER CONSTRUCTOR-DEFINITION COMMENT

eppty = enpty

s HISSING ' % ' IN CONSTRUCTOR DEFINITION sox
ENTER CONSTRUCTOR-DEFINITION COMMENT

enpty = * enpty
ENTER CONSTRUCTOR-DEFINITION COMMENT OR ;

15




2.3. A Protocol

(IN)  push{st0,elD) = if (depth(st8) nat.lt Limit) then = push(st0,elB) else error-stack
(0UT) private-ops

(OUT) ENTER PRIVATE-OPERATION COMMENT OR ;

(ouT)

(IN) & N
(our) gefine-ops

(OUT) ENTER CP-DEFINITION COMMENT

out)

(IN)  ;

oun

(OUT) wwx FIRST YOU HUST DEFINE THE FOLLOWING OPERATIONS ww
(OUT) ENPTY? FULL POP TOP

(OUT) ENTER OP-DEFINITION COMMENT

oum)

(M) full(st) = bool.not((depth(st) nat.lt Limit))

(0UT) ENTER OP-DEFINITIGN COMHENT OR ;

oum

(IN)  empty?(st) = case st is

(oUT) * ENMPTY :

oum

(IN)  true otheruise : false

(ouT) ESAC

(DUT) ENTER OP-DEFINITION COMMENT OR ;

ouT)

(IN) pop(st) = case st is x push(st1,el1) : st1 otherwise : error-stack
(0UT) ESAC

(0UT) ENTER OP-DEFINITION COMMENT OR ;

Uy

(IN)  top(st) = case st is

(oUT) * EMPTY :

oum

(IN) error-elenm

(OUT) = PUSH ( STO , ELO ) :

out)

(IN) elO

(GUT) ESAC

(0UT) ENTER OP-DEFINITION COHHENT OR ;

ouT)

(IN) end

(OUT)  soseiririoirriokinioink END INPUT Sefciciciririciiriciciciik
(GUT) CPU TIME USED : 124218 ms.

Fig. =
Now all objects of the second development Level are created (c.f

section 3). Nextr the user requires information and the file
SBQ-LEVELZ2 is clLosed. Next., the user requires information about

the

use-relation of the specification LIMITED-STACK by using the

List command.

(OUT) FILELEVEL:

(ouT)

(IN) List Limited=stack usrel

(ouUT)

(OUT) spec LIMITED-STACK: alLl used specifications
(QUT)

(ouT) 1 2 3 4 S

(ouT) 1 BOOL

16




2.3. A Protocol

(ouT) 2 NAT * *
(OUT) 3 ELEM * %*
(OUT) 4 LIMIT * * ¥*
(OUT) S LIMITED=STACK % % % % %
(OUT)
(U™ FILELEVEL:

Fide 2.3.=14

The map LIMIT-INCREASE=>LIMIT+1
Level 3 of the example. To do
mmand on
and enters the wanted map.

co

the filelevel to

shall be generated on development
so, the user performs the input
activate the inputsystem for maps

b CouT)
(ouT)
(IN)

(OUT)
(ouT)
(ouUT)
(IN)

(ouT)
(oum
CIN)

couT)
(QuT)
(IND

(oum
(OUT)
couT?
(IN)

(ouUT)
(ouUT)
(IN)

(ouT)
CouT)
(OUT)
(ouUT)
(ouT)
(IN)

(QuUT)
(OUT)
(OUT)
CIN)

(ouT)
(ouT)
CIND

(ouT)
(ouT)
(ouT™

FILELEVEL:

input map Limit

-increase

=> Limit+1

INPUT FOR MAPS AT CMT-CLAUSE STARTED :

CHMT

/% replace Limit by Limit+1 */

IS

refinement
BASE

help

SPECTERM /% COMMENT */ » ...
OR END BY ;

L4

USE

ALL USED SPECTERMS FROM SOURCE HAVE TO BE IN THE BASE-CLAUSE
OR EQUAL TO THE SOURCE OF AN USE-TERM

THE USE=CLAUSE IS NOT 0K
SORTS

elem
ELEM

[ .
s

4

oOPS

Limit

E

XPECTED,

elem
ELEM

suc=of=limit

ENDMAP ;
THE MAP IS NOT INTERFACE-OK

END OF MAP=INPUT:

THE MAP FOR THE SORTS IS COMPLETE :

1140 MSEC USED

Fig. 2.3.=15

17




2.3. A Protocol

The map is not interface=-ok because a context

tion

requires

in the base-clause.

This error is corrected in

ness by performing of the check command.

the

sensitive
that the used specification NAT has to be Listed
editor
maps; after this the map will be tested for syntactical correct-

(ouT MAP—-EDIT-LEVEL:
(ouT)
CIND base
(ouT) MAP=EDIT: (LIMIT =INCREASE => LIMIT+1) AT BASE :
(ouT)
(QUT)
(oum) MAP-EDIT-LEVEL:
(ouT)
(IN) insert 1 nat
(oum) MAP=EDIT: (LIMIT —~INCREASE => LIMIT+1) AT BASE :
(ouT)
(ouT) base
(ouT) NAT ;
(ouT) MAP-EDIT-LEVEL:
(IN) check
coum) CHECK OF THE MAPID-CLAUSE STARTED ...
(oum) CHECK OF THE IS=CLAUSE STARTED ...
(ouUT) CHECK OF THE BASE-CLAUSE STARTED .=
(oum CHECK OF THE USE-CLAUSE STARTED a2a=
(oum CHECK OF THE SORTS-CLAUSE STARTED cwa
(ouT) CHECK OF THE OPS=CLAUSE STARTED .aa
Fi = -]
To show the semantical correctness of the map, the MKRP=Prover

will be activated. Thereby a proof task will be generated formu-
Lated in the input Language of the prover. The prover shows that
the properties of objects are derivabLe. To prove the con=
sistency of the properties the parameter RRLAB is passed to the
prove-command, which generates an interface to the RRLab.

i8



3. The Stack-by-Queue Example

3. The Stack=by=Queue Example

This is an example for software development with the ISDV=system

- beginning with a Loose axiomatic specification for a Limited
Lifo=stack

= which is refined to a Limited stack

- which is simulated by a Limited queue

= wnich is instantiated with a concrete Limit and concrete ele-=
ments

- which is at Last realized with ModPascal modules.

The development process is divided into five Levels and four
transitioens (from one Level to another). Ffor each Level we
present the associated object hierarchy and the object defini-
tions; for each transition we also present the verification con-
ditions that are connected to it.

Level 1: comprises the LIMITED-LIFO hierarchy; a Limited Lifo~-
storage is Loosely specified using axioms.

Level 2: presents the Limited stack specification object; the
LIMITED-STACK hierarchy is specified using fixed algor-
itnmic specifications.

Transition 1=-2: The refinement map (LIMITED-LIFO =FIX> LIMITED-
STACK) refines objects of LlLevelL 1 to objects of
Level 2 by fixing LIMITED-LIFO to LIMITED-STACK.

Level 3: The LIMITED-QUEUE-CONSTRUCTION hierarchy; STACK oper-=
ations are specified via an algorithmicatly specified
Limited queue object.

Transition 2=3: The implementation object =I:Stack implements
objects of Level 2 by 3, simulating LIMITED-
STACK by LIMITED=QUEUE.

Level 4: The LIMITED-QUEUE=CONSTRUCTION {=POINTO->. -LIMITi00>}
hierarchy instantiates the LIMITED-QUEUE=CONSTRUCTLON
hierarchy with Limit 2100 and nat-elements.

Transition 3=4: The refinement map object (LIMITED-QUEUE=-
CONSTRUCTION —_— LIMITED=-QUEUE=CONSTRUCTION
{=POINTO=>., -LIMIT1002}) instantiates obgjects of
Level 3 to 4 by fixing the Limit and the type of
elLements.

Level 5: Specification objects of Level & are realized as
ModPascal module or enrichment objects.

Transition 4-5: A set of representation objects realizes (=im-
plLements) objects of Level &4 by objects of Level
S

This chapter contains the objects of our example from Level 1 to
Level 4. We will show you for each Level the object-hierarchy
and the transition from each Level to the next one along with a

19



3.1. Level 1: Axiomatic LIMITED-LIFO specification

graphical representation.
To dindicate the different objecttypes we will use the following
symbols.

loose specification

: fixed specification

refinement map

:

= > : implementation map

inclusion

Pe—
s

implementation specification

3.1, Level 1: Axiomatic LIMITED-LIFO specification

3.1.1. The Hierarchy

LIMITED=LIFO

ELEM

BOOL

20



3.1. Level 1: Axiomatic LIMITED-LIFO specification

3.1.2. Object Definitions

spec BOOL
sorts BOOL;
ops TRUE,FALSE: ==> BOOL
NOT: BOOL =-=> BOOL
_AND_.,_OR_-EQ-BOOL: BOOL BOOL ==> BOOL;

spec-=body
constructors TRUE
FALSE;
auxiliaries EQ-B0OOL: B0OOL BOQL ==> BOOL;

define-auxiliaries
EQ-BOOL(B1,B2) = case Bi is
* TRUE : case B2 is
* TRUE : TRUE
otherwise FALSE
esac
* FALSE : case B2 jis
* FALSE : TRUE
otherwise FALSE
esac
esac,;
define-carriers
IS=BOOL(B) = TRUE;
define-constructor—-ops
TRUE = * TRUE
FALSE = * FALSE;
define-ops
NGT(B) = case B is
* TRUE : FALSE
* FALSE : TRUE
egsac
Bi AND B2 = case Bl is
-% TRUE : B2
* FALSE : Bi
esac
Bi OR B2 = gase Bl is
* TRUE : Bi1
* FALSE : B2
egsac; .
endspec

spee ELEM
/* LOOSE SPECIFICATION OF JUST A SET =*/
use BOOL ;
sorts ELEM;
endspec¢

21




3.1. Level 1: Axiomatic LIMITED-LIFO specification

spec LIMITED-LIFO
/* LOOSE SPECIFICATION OF A LIMITED CONTAINER BEHAVING
/% LIFO-LIKE AS LONG AS IT IS NOT FULL */
use ELEM
sorts CONTAINER;
ops INTO: CONTAINER ELEM -=> CONTAINER
LAST=IN: CONTAINER ==> ELEM
FIRST=0UT: CONTAINER =~> CONTAINER
FILLED?: CONTAINER ==> BOOL;
props [PROP1] ALL C:CONTAINER ALL E:ELEM
SFILLED?(C)
==> LAST-IN(INTO(C,E)) == E & FIRST=-QUT(INTO(C,E)})
endspec

i}

]
O
.

*/

(@]

The symbolL _ is used for Logical negation.

3.1.3. Verification Conditions

BOOL: all operations terminate
ELEM: =

LIMITED-LIFO: property PROP1 is consistent wrt. BOOL

22




3.2. Level 2: AlLgorithmic LIMITED-STACK specification

3,2, Level 2: Algorithmic LIMITED=-STACK specification

2.2.1. The Hierarchy

LIMITED=STACK

ELEM LIMIT

NAT

BOOL

3.2.2, Object Definitions

spec NAT
/* STANDARD ALGORITHMIC DEFINITION OF THE NATURAL NUMBERS */
use BoOL ;
sorts NAT;
cps ZERQ: ==> NAT

SUC,PRED: NAT ==> NAT

MULT+EXPo_*_or_=_»_[_: NAT NAT ==> NAT

ZERO?: NAT ==> BOOL

LT_»_LE_»_GT_-_GE_-EQ=NAT: NAT NAT -==> BOOL

C__1: NAT NAT ==> NAT

ONE-TWO» THREE+FOUR,FIVE+SIXsSEVEN,EIGTHsNINE,TEN: ==> NAT

props L[PROP1] ALL X,Y:NAT (L X,y 1) == (MULT(X,TEN) + Y);

spec-body

constructors SUC., ZERO;
auxiliaries EQ-NAT: NAT NAT ==> BOOL;
define—-auxiliaries
EQ-NAT(N,0O) = case N is
¥ SUC(NO) : case 0 is
* SUC(00) : EQ-NAT(NO,00)
otherwise FALSE
esac
* ZERO : case 0 is
* ZERO : TRUE

23




3.2. Level 2: Algorithmic LIMITED-STACK specification

gtherwise FALSE
esac
£sac,
define-carriers
IS=-NAT(N) = TRUE;
define-constructor—-ops
SUC(NAO) = * SUC(NAO)
ZERO = * ZEROD;
define-ops
ONE = SUC(ZERO)
TWO = SUC(ONE)
THREE = SUC(TKWO)
FOUR = SUC(THREE)
FIVE = SUC(FOUR)
§IX = SUC(FIVE)
SEVEN = SUC(SIX)
EIGTH = SUC(SEVEN)
NINE = SUC(EIGTH)
TEN = SUC(NINE)
PRED(N) = case N is
* SUC(NAD) NAO
* ZERO : ERROR-NAT
esac
Ni + N2 = case N1 is
* SUC(NAD) (NAD + SUC(N2))
* ZERO : N2
esac
Ni = N2 = case N2 is
* SUCINAD) : (PRED(N1) = NAQD)
* ZEROQ : N1
esac
MULT(N1-N2) = case N1 is
* SUC(NAD) : case N2 is
* SUC(NALY =
(N1 + MULT(N1L-NAL))
* ZERO : ZERQO
* ZERO : ZERO
gsac
Ni / N2 = case N2 is
* SUC(NAO) : case N1 is
* SUC(NAL) :
if (((N1 = N2)) LT ZERO)
then ZERO
else (ONE + ((N1 = N2) / N2))
* ZERO ZERO
£s0C
* ZERO : ERROR-NAT
esac
EXP(N1,N2) = case N2 is
* SUC(NAD) : MULT(N1,EXP(N1i-,NAD))

* ZERO :
£sac
case N 1s
* SUC(NAD)
* ZERO
esac )
case N2 1is

ZERQO? (N)

N1 LT N2

ONE

FALSE

TRUE

24




3.2. Level 2: Algorithmic LIMITED-STACK specification

* SUC(NAO) : case N1 is
* SUC(NA1) : (NA1 LT NAQD)
* ZERO : TRUE

£sac
* ZERQ : FALSE

gsac
NOT((N2 LT N1))

N1 GT N2 (N2 LT N1)

N1 GE N2 (N2 LE N1)

[ N1-N2 1 = (MULT(N1.TEN) + N2);
endspec

Ni LE N2

speec LIMIT
/% LOOSE SPECIFICATION COF A NON-ERROR-NATURAL NUMBER AS
/% LIMIT % /
use NAT;
ops LIMIT: ==> NAT;
props L[PROP11 LIMIT =|= ERROR=NAT;
endspec

*/

spec LIMITED-STACK
/% STANDARD ALGORITHMIC DEFINITION OF A LIMITED=STACK . PUSH
/x* ON A FULL STACK» POP OR TOP OF AN EMPTY STACK RESULT IN
/% ERRORS */
use ELEM » LIMIT ;
sorts STACK;

i/
*/

ops EMPTY: ==> STACK
EMPTY? »FULL?: STACK ==> BOOL
PUSH: STACK ELEM ==> STACK
POP: STACK =-=> STACK
TOP: STACK ==> ELEM;
spec—body

constructors EMPTY., PUSH,;
auxiliaries DEPTH: STACK ==> NAT;
define—auxiliaries
DEPTH(ST) = case ST is
* EMPTY : ZERO
* PUSH(STO-,ELO) : SUC(DEPTH(STO))
esac;
define=carriers .
IS=STACK(ST) = case ST is ‘
* PUSH(STO,ELO) : if NOT(IS=-STACK(STO))

then FALSE
else

(DEPTH(STO) LT LIMIT)

otherwise TRUE
esac;
define—constructor-ops
EMPTY = % EMPTY
PUSH(STO,EL0) = if (DEPTH(STO) LT LIMIT)
then * PUSH(STO,ELD)
else ERROR-STACK;
define—ops
EMPTY?(ST) = case ST is
* EMPTY : TRUE
L * PUSH(STO,ELO) : FALSE

25




3.2. Level 2: Algorithmic LIMITED-STACK specification

esac

FULL? (ST) = NOT((DEPTH(ST) LT LIMIT))

POP(ST) = case ST is

* EMPTY : ERROR-STACK
* PUSH(STO,ELQ)

£sac
TOP(ST) = ¢case ST is

* EMPTY : ERROR-=ELEM
* PUSH(STO,ELD)

gsac;
endspec

3.2.3. Verification Conditions

NAT: alLlL operations terminate;

property PROP1 is (inductively)

deducible by the

algor-=

ithmic operation definitions of NAT and the hierarchy below

LIMIT: property PROPL1L is consistent wrt. the hierarchy below

LIMITED-STACK: all operations terminate

26



3.3. Transition Level 1 to Level 2

3.3,

Transition Level 1 to Level 2

330

The Hierarchy

LIMITED=LIFO

FIX > LIMITED=STACK

ELEM

LIMIT

NAT

BOgL

3.3.2. Object Definitions

map (LIMITED-LIFO =FIX-> LIMITED-STACK)
/% FIX LIMITED-LIFQO IN THE LIMITED-STACK MODEL */
is REFINEMENT;

base
ELEM ;

sorts CONTAINER = STACK:

ops INTQ = PUSH
LAST=IN = TOP
FIRST=0QUT = POP
FILLED? = FULL?;

endmap

3.3.3. Verification Conditions

LIMITED=-LIFO =FIX> LIMITED=STACK: property PROP1

of LIMITED-

LIFO, translated as defined by

FIX, 1is (inductively)
bLe in the
hierarchy.

LIMITED=-STACK




3.4. Level 3: Algorithmic LIMITED-QUEUE-CONSTRUCTION

The translated property is:

all c: stack aLlL e: elem
not(full?(st)) ==

(top(push(str,e)) =

pop(push(stse)) =

28



3.4. Level 3: Algorithmic LIMITED-QUEUE-CONSTRUCTION

3.4, Lovel 3: Algorithmic LIMITED-QUEUE-CONSTRUCTION

3.4.1. The Hierarchy

STACK=SIMULATION

|

LIMITED-QUEUE {ELEM=EXTEND->POINTED-ELEM
LIMIT=INCREASE=>LIMIT+1}

( INCREASE }————) LIMIT+1 LIMITED=QUEUVE

L 1

!

POINTED-ELEM

L |

LIMIT

EXTEND

ELEM

NAT

BOOL

29




3.4. Level 3: Algorithmic LIMITED-QUEUE-CONSTRUCTION

3.4.2., Object Definitions

spec LIMITED-QUEUE
/% ALGORITHMIC SPECIFICATION OF A LIMITED QUEUE. ENQUEUE IN A%/
/* FULL QUEUE,DEQUEUE OR FRONT ON AN EMPTY QUEUE RESULT IN */
/* ERRQRS */
use ELEM » LIMIT ;
sorts QUEUE;
ops NEWQ@: ==> QUEUE
NEWQ? »FULLQ?: QUEUE ==> BOOL
ENQ: QUEUE ELEM ==> QUEUE
DEQ: QUEVE =-=> QUEUE
FRONT: QUEUE ~==> ELEM;

spec—~body
constructors ENQ, NENWQG;
auxiliaries LENGTH: QUEUE ==> NAT;
define-auxiliaries
LENGTH(Q) = case Q is
* ENQ(QUOSELO)Y : SUC(LENGTH(QUD))
* NEWQ : ZERO
esac;
define-carriers
IS=QUEUVE(Q) = case Q is
* ENQ(QUOSELD) : if NOT(IS-QUEUE(QUD))
then FALSE
else (LENGTH(QUO) LT LIMIT)
otherwise TRUE
£sac;
define-constructor-eps
NEWQ = * NENWQ
ENQ(QUO,ELD)Y = if (LENGTH(QUD) LT LIMIT)
then * ENQ(QUOSELD)
else ERROR-QUEUE;
define~ops )
NEW@?(Q) = case Q is
* ENQ(QUO,ELO) : FALSE
* NEWQ@ : TRUE

£sag
FULLQ?(Q) = NOT((LENGTH(Q) LT LIMIT))
DEQ(Q) = gase Q is
* ENQ(QUO-ELO) : gase QUO is
' * ENQ(QUI,EL1) :

ENQ(DEQ(QUO) »ELD)
* NEWQ : NEHQ
gsac
* NEWQ : ERROR-QUEUE

esac
FRONT(Q) = case @ is
* NEWQ : ERROR-ELEM
* ENQ(QUO,ELO) : case QUO is.
* NEWQ : ELO
* ENQ(QUI,EL1Y : FRONT(QUD)

£sac

endspec
e
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3.4. Level 3: AlLgorithmic LIMITED-QUEUE=CONSTRUCTION

spec LIMIT+1

/* AXIOMATIC DEFINITION OF LIMIT + 1 */
use LIMIT ;

ops  SUC=0F=LIMIT: ==> NAT;
preps L[PROP1] SUC=0F=LIMIT == SUC(LIMIT);

endspec B
wap (LIMIT =INCREASE=> LIMIT+1)
/% REPLACE LIMIT BY LIMIT+i */
is REFINEMENT;
base
NAT ;
eps LIMIT = SUC=0F-LIMIT;
endmap E
spec POINTED-ELEM
/* LOOSE SPECIFICATION OF A NON=ERROR CONSTANT OF SORT ELEM */
/* TOGETHER WITH AN IDENTIFICATION=TEST */
use ELEM ;
ops POINT: ==> ELEM
POINT?: ELEM ~-=> BOOL;
props L[PROP1] ALL E:ELEM POINT?(E) <==> E == POINT
LPROP2] POINT =|= ERROR-ELEM;
endspec
0
map (ELEM =EXTEND=> POINTED=-ELEM)
/¥ THE INCLUSION OF ELEM IN POINTED-ELEM */
is REFINEMENT;
base
BooL ;
sorts ELEM = ELEM;
endmap B
spec STACK-=SIMULATION ’
/% SIMULATES THE LIMITED=STACK=0PERATIONS USING LIMITED= */
/* QUEUES WITH THE FOLLOWING SUBSTITUTIONS: =ELEM IS */
/% EXTENDED BY POINTED-ELEM; THE POINT WILL SEPARATE THE TOP */
/* OF THE STACK FROM ITS BQTTOM WITHIN THE QUEUE */
/% REPRESENTATION = LIMIT IS INCREASED BY ONE DUE TO THE */
/% EXTRA POINT IN THE QUEUE REPRESENTATION. INVARIARIBLY» * /
/% THE POINT WILL BE THE OLDEST ELEMENT OF ALL QUEUES */
/* GENERATED BY STACK OPERATIONS. NOTE: THE IMPLEMENTATION */
/* MUST GUARANTEE POINT NOT TO REPRESENT ANY ABSTRACT ELEM! ¥/

use LIMITED-QUEUELELEM —-EXTEND=> POINTED-ELEM.,
LIMIT =INCREASE=> LIMIT+1);
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3.4. Level 3: Algorithmic LIMITED-QUEUE-CONSTRUCTION

ops S=EMPTY: =-==> QUEUE
S=POP: QUEUE ==> QUEUE

5=T0P: QUEUE ==> ELEM
S=EMPTY?: QUEUE =-=> BQOL;
spec—body

define-ops
S=EMPTY?(Q) = (POINT?(FRONT(Q)) AND NEWQ?(DEQ(Q)))
S=EMPTY = ENQ(NEWQ,-POINT)
S=POP(Q) = let T = FRONT(Q)
T=1 = FRONT(DEQ(Q)) in
if POINT?(T=1)
then DEQ(Q)
else S=POP(ENQ(DEQ(Q),T))
S=TOP(Q) = let T = FRONT(Q)
=1 = FRONT(DEQ(Q)) in
0

else S=TOP(ENQ(DEQ(Q),T));
endspec

BT VRPAFicarion T S
LIMITED=-QUEUE: alLlL operations terminate

LIMIT+1: property PROPL of LIMIT+1I is consistent wrt.
hierachy below

LIMIT -INCREASE> LIMIT+1:
property PROP1 of LIMIT, translLated as defined by

CREASE, dis (inductively) deduciblLe in the hierarchy of

LEIMIT+1

The translated property is:
Limit+1 =|= error-nat

POINTED-ELEM: properties PROP1 and PROP2Z of POINTED-ELEM
consistent wrt. the hierarchy below it

ELEM =-EXTEND»> POINTED-ELEM: ——

LIMITED-QUEUE-CONSTRUCTION: alLlL operations terminate
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3.5. Transition Level 2 to Level 3

3.5, Transition Level 2 to Level 3
3.5.1. The Hierarchy

SIMULATE

>| STACK-SIMULATION

L

LIMITED-QUEUE {ELEM-EXTEND->POINTED-ELEM
LIMIT=-INCREASE=->LIMIT+12}

( INCREASE >l LIMIT+1 LIMITED=STACK

!

POINTED-ELEM

|

L

LIMIT

ELEM

| :ELEM

NAT

BoaL

EXTEND

Due tg technical reasons in the following paragraphs sometimes
underlined keywords are used instead of bold-face keywords.
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3.5.

Transition Level 2 to Level 3

3.5.2. Ob-ject Definitions

imp I:ELEM

/* algorithmic implementation definition; every */
/* ELEM=-obgect represents itselLf except for point ¥/
/* which corresponds to error on the abstract side %/

for ELEM -EXTEND> POINTED-ELEM
props [PROP1] abs-elem(point) = error-elLem

imp=podyv
constructors abs-elem
define-carriers
is-etem(e) = case e is *abs-elem(el):
not(point?(el))

esac
define=aps=-opns
abhs-elem(e) =
if not(point?(e))
nen *abs-elem(e)
Lse error-elem

ct

D

endimp

map

(LIMITED=STACK =SIMULATE=> STACK=SIMULATION)
/* MAPS STACK TO QUEUE AND THE STACK-0OPERATIONS TO THEIR
/% SIMULATING QUEUE OPERATIONS. THIS MAP INCLUDES THE
/* EXTENSION OF ELEM TO POINTED=ELEM; BUT IT MAPS LIMIT TQ
/% ITSELF = SINCE THE INCREMENT ISNOT USED ' *x/
is IMPLEMENTATION;
base
LIMIT ;
use (ELEM =EXTEND=> POINTED-ELEM):
sorts STACK = QUEUVE:;
ops EMPTY = S=EMPTY
PUSH = ENQ
EMPTY? = S<EMPTY?
FULL? = FULLQ?
PCP S=POP
TGP §5=TOP;

endmap

*/
* /
* /
*/

imp I:STACK
/* algorithmic implementation definition for the
/* simutation of LIMITED-STACK by the
/% STACK=-SIMULATION.

for LIMITED=-STACK =SIMULATE®> STACK=-SIMULATION
use I:ELEM
/* since abs=-elem(point) must represent error-elem */

imp=hody
define-abs=ops
abhs=stack(q) = if s=empty?(q)
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3.5. Transition Level 2 to Level 3

l endimp

then empty
glse push(abs=-stack(s=pop(q)).
abs=elem(s=top(qg)))

3.5.3. Verification Conditions

I:ELEM: all operations terminate;

property PROP1 is (inductively) deducible from the oper=-=
ations in I:ELEM and the hierachy below

LIMITED=STACK =SIMULATE=> STACK-SIMULATION: —

I:STACK: its operation terminates

The "homomorphism"-equations:

abbreviations:
ST 2 LIMITED-STACK

Qc =

ABS1

ABS2

ABS3

ABS4

ABSS

ABSE

STACK-SIMULATION

abs-stack(QC.s-empty) == ST.empty

atl qgq: queue

(abs-stack(q) =|= error-stack ==
abs-stack(QC.s-pop(qg)) == ST.pop(abs=stack(g)))

atl g: gueue

(abs-stack(q) =|= error-stack ==
abs-stack(QC.s~topl(qg)) == ST.topl(abs-stack(qg)))

alLl q: queue
(abs-stack(qg) =|= error-stack ==
s=empty? (¢g) == empty? (abs=stack(q)))

aLt ¢q: queue
(abs-stack(q) =|= error-stack ==
QC.fullg?(q) == ST.full? (abs-stack(qg)))

all q:queue E:elem
((abs-stack(qg) =|= error=stack &
abs=eLtem(e) =|= error=-eLem) ==>
abs-stack(enq(qgre)) ==
push(abs~-stack(q) ., abs=elem(e))))
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3.6, Level 4: Parameterization and Instantiation

3.6.1. The Hierarchy

STACK=SIMULATION

{POINTED-ELEM= POINTO=>NAT
STACK-SIMULATION LIMIT+1=LIMIT100->NAT101}
LIMITED=-QUEUE LIMITED=-QUEUE
{LIMIT-INCREASE=>LIMIT+1 LELEM=EXTEND=->POINTED=ELEM=POINTO=>NAT
ELEH-EXTEND—>POINTED-ELE@} LIMIT-INCREASE?LIHIT+1-LIMITIOG-)NATIDQ

i

LIMIT+1

LIMIT100

> NAT101

. b r-‘ﬂiﬁﬂ&i’

>
POINTED=ELEM -———{ POINTO }*“-‘ LIMIT '——————{ LIMITI00 }——f—

L EXTEND L | LL L
ELEM ——(E >| NaT

BOOL
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3.6. Level 4: Parameterization and Instantiation

spec NAT101
/% ENRICHES NAT BY DERIVED CONSTANTS */
use NAT
ops HUNDRED HUNDRED=AND=0ONE : ==> NAT;

spec-hody
define-ops
HUNDRED = (L TEN,ZERQO 1)
HUNDRED=AND=ONE = ([ TEN-ONE 1]);
endspec

e
map (ELEM =IS=> NAT)
/* CHOOSES NAT AS ELEM */
is REFINEMENT;
base
BoOL ;
serts ELEM = NAT;
endmap
O
map (POINTED-ELEM -POINTO-> NAT)
/* CHOOSES PFROAS POINT */
is REFINEMENT;
base
BOOL ;
use (ELEM =IS-=> NAT);
ops PODINT = ZERO
POINT? = ZERQ?;
endmap E
map (LIMIT =LIMIT100-=> NATi101)
f* CHOOSE 100 AS LIMIT x/
is REFINEMENT;
base
NAT ;
ops LIMIT = HUNDRED;
endmap
T
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3.6. Level 4: Parameterization and Instantiation

map (LIMIT+1 =-LIMIT100-> NAT3i@1)
/% CONSEQUENTLY CHOOSES 101 FOR SUC-0F-LIMIT */
is REFINEMENT;
base
NAT ;
use (LIMIT =LIMITI00-> NAT101);
ops SUC-0F=LIMIT = HUNDRED~AND-ONE;
endmap

3.6.3. Verification Conditions

NAT101: all operations terminate
ELEM =IS> NAT: —

POINTED-ELEM -POINTO = NAT:

Properties PROP1 and PROP2 of POINTED-ELEM, translated as
defined by POINTO, are (inductively) derivable in the NAT

hierarchy.
The translated properties are:

all e:nat (zero?(e) <=> e == zero)

zZero =! error-nat

LIMIT =-LIMITI00 > NAT:

Property PROPL of LIMIT. translated as defined by

LIMITL0O, is (inductively) derivable from
hierarchy.

The translated property is:

hundred =|= error-nat

LIMIT+:i =-LIMIT100> NAT1O01:

the NAT

Property PROP1 of LIMIT+1, translated as defined by

LIMITi00, 1s (inductively) derivable Ffrom the
hierarcny.
The translated property is:

hundred=and=one == suc(hundred)

NAT101
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3.7. Transition Level 3 to Level 4

3.7.1. The Hierarchy

STACK=SIMULATION

B

STACK=SIMULATION
{POINTED=-ELEM= POINTO=->NAT
LIMIT+1-LIMIT100->NAT108

t

LIMITED-QUEUE

{LIMIT=-INCREASE=>LIMIT+1
ELEM~EXTEND->POINTED-ELEM]

u

POINTED=ELEM

EXTEND

—

L

LIMITED-QUEUE
{ELEM=EXTEND=>POINTED=ELEM=POINTO=>NAT
LIHIT—INCREASE)LIHIT+I"LIMIT100">NAT10ﬂ

Jy

POINTO

J

L L

LIMIT+1 ——***—{rLIHITIOD }——1

NAT101

BOOL
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3.7. Transition Level 3 to Level 4

3.7.2. Object Definitions

STACK=-SIMULATION= = STACK-SIMULATION
{POINTED=ELEM =POINTO> NAT.,
LIMIT+1 -LIMIT100> NAT1012>

is the canonical map between a specification and an instance
thereof.

3.7.3. Verification Conditions

Since the map is a standard refinement map between a hierarchi-
cal specification and an instantiation of it there are no veri-
fication conditions to be prooved.
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3.8, Level 5: Realization in ModPascal
3.8.1. The Hierarchy

The ModPascal Level firstlLy remodels the central objects of
Level & but using the advantages of an imperative obgject
oriented Language. Then an instantiation is performed resulting
in an object hierarchy that serves as counterpart to the ASPIK
objects to be realized.

E-LIM=Q-CON I-LIM=Q-CON

M=LIM=QUEUE

E=LIMIT+1 E~INTEGER
I ¢
E-POINTED=ELEM E-LIMIT
M=ELEM INTEGER
BOOLEAN
Module _— Inclusion
LommnEns==h Instantiation Link

Enrichment
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3.8. Level 5: Realization in ModPascal

3.8.2. Opbiject Definitions

BOOLEAN /* ModPascal Standardtype */
INTEGER /* ModPascal Standardtype */
M-ELEM /% Standard-Module with dummy representation */

type M-ELEM = module
Uuse
Local vars b: BOOLEAN Localend

modend;

E=POINTED=ELEM /* A simulation of the Loose POINTED=-ELEM
spec */
enrichment E-POINTED-ELEM use M-ELEM
add M-ELEM
initial M=POINT; begin b := true
function M=POINT?:BOOLEAN;
begin if b then M=POINT? :
eLse M=POINT? :

D
Q.

n

4

true
false end;

e

E-LIMIT /% adds a Limit function to INTEGER: SimuLation
of the Loose specification LIMIT */
enrichment E-LIMIT is INTEGER
add INTEGER
function E-LIM: INTEGER;

pbegin E-LIM := 10 end;

enrend;

E-LIMIT+1 /* adds the element succ(E-LIM) to LIMIT.
simulation of the Loose specification
LIMIT+1 */
enrichment E-LIMIT+1 is E-LIMIT
add INTEGER
function E=-SUCC=-0F=LIM:INTEGER;
begin E-SUCC-OF-LIM := E-LIM*1 end;

enrend;

E-INTEGER /* EXTENDs standardtype INTEGER */

enrichment E-INTEGER is INTEGER
add INTEGER
function HUNDRED: INTEGER;
begin HUNDRED := 100 end;
function POINT: INTEGER;
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3.8. Level 5: Realization in ModPascal

begin POINT := 0 end;
function NullL? (I:INTEGER): BOOLEAN;
begin if I=0 then true
enrend;
M=LIM=Q /* The LIMITED=-QUEUE-module on E=POINTED-ELEM and

E-LIMIT+1; Local variablte bl models the
point */

type M-LIM=-Q = module

use £-LIMIT+1, M=-ELEM

puplic procedure M—-ENQ (E: M=ELEM);
procedure M-DEQ;
function M=EMPTY?: BOOLEAN;
function M=FULL?: BOOLEAN;
function M-0LDEST: BOOLEAN;
initial M=-EMPTYQUEUE;

Local type A = array [1..E-LIM] of M=ELEM;
vars al:A; bil:300LEAN; 3J1:INTEGER
Localend;

Qrgcedure M==NQ

beain if J1<E~-LIM then begin 3ji1 := ji+i;
alljil := E;
end

else ERROR.M-LIM=-Q end;

procedure M-DEQ;
vars Ki: INTEGER;
peain if 31>0 then bedin
while K1 £ j1 do
begin ailfkKil := allKi+il
K1 := K1+1 end;
Ji = Ji~1 end:
else ERROR.M=-LIM-Q end;

HIW

function M=-EMPTY?;
begin if 31
end;
function M=FULL?;
begin if 31

0 then true else false

E-LIM then true
eLse false end:

function M-0OLDEST;
begin if 1 € j1 € E-LIM
then M=0OLDEST := ai1l1]
eLse M=0OLDEST := ERROR.M=LIM=Q
end;
initial M- EMPTYQ'” VE;
beain bl := false; J1 := 0 end;

E-LIM=-Q=CON /* adds STACK operations to M-LIM-Q.

enrichment

Stacks are queues with bl := true. */
E-LIM=-Q-CON is M~-LIM=-Q
add M-LIM-Q
initial E-EMPTYSTACK;

becdin bl := true; Jjl := 0 end;
procecdure E-POP;

begin if bi and 3j1>0

then Jl1 := ji-1
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3.8. Level S5: Realization in ModPascal

else ERROR.M=-LIM-Q end;
function E-TOP: M~ELEM;
begin if bl and 1<ji<E-LIM

then E-TOP := ail1]
elLse E-TOP := ERROR.M=ELEM

end;
function E-SIZE1?: BOOLEAN
begin if b1 j jil=1

then E=SIZE1? := true
else E=SIZE1? := false

end;
procedure E-PUSH(E:M-ELEM);
begin if bi
then M-ENQ(E)
elLse FRROR.M-LIM=Q end;

I-LIM=-Q=CON /% E=LIMIT and E-POINTED-ELEM are
substituted using E~INTEGER */
instantiation I-LIM-Q-CON of E-LIM=-Q-~CON is
E-LIMIT to E-INTEGER~»
E=RPOINTED=ELEM to E=INTEGER;
operations
E-LIM = HUNDRED.,
M=POINT = POINTs
M=POINT? = NULL?;

instend;

3.8.3. Verification-Conditions

Checks made during the input of module /enrichment
/instantiation-objects guarantee the context sensitive correct-

ness (interface, signature morphisms., property, etc.)(c.f.

g86l, [OoLt 861).
Further semantical cnecks are hot necessary.

[HR
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3.9, Transition Level &4 to Level S

3.2 The Hierarc
R=LQC
LIM=QUEUE=CONSTR {...2 {============> E=-LIM-Q=CON
R=LQ
LIM=QUEUE A e ) M=LIM=0Q
R=ENAT
ENRICHED=NAT e E=-INTEGER
R=NAT=INT
NAT bttt e e S INTEGER
R=BOOL
BOOL e b b BOOLEAN

{====z====> Rep-0bject R

3.9.2. Obdject Definitions

R-BOOL /* Standard object; semantics of ModPascal-BOOLEAN
is identical to ASPIK=-BOOL */

R=NATINT /% Standard object connecting ModPascal=INTEGER
and ASPIK NAT. Negative Integer values are
mapped to error.nat. */

R=LIM /* maps ASPIK-LIMIT operation to ModPascal
operation; valtues are mapped by repfunction
of R-=NATINT. */
rep R-LIM connecting LIMIT, E-LIMIT

use R=-NATINT
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3.9. Transition Level 4 to Level 5

operations LIMIT = E-LIMIT
repend

R=ENAT /* associates boundary operations */

rep R=ENAT connecting ENRICHED=-NAT, E-INTEGER
use R=NATINT

operations 100 = HUNDRED
101 = HUNDREDONE
0?7 = NULL?
repend
R=-LQ /* associates the operations and defines a carrier

mapping. */

rep R-LQ connecting LIMITED-QUEUE, M-LIM-Q
operations ENG@ = M-ENQ

DEQ = M-DEQ

EMPTY? = M-EMPTY?

FULL? = M=FULL?

OLDEST = M-QLDEST

EMPTYQUEUE = M-EMPTYQUEUE

repfunction
R=-LQ(al,pl1,31) := _ﬁ Ji=0 then EMPTYQUEUE
seif F1<E-LIM
then ENQ(R=LQ(al-blr,3jl=1) .
R=ELEM(a1lj11))
else ERROR.LIMITED-=-QUEUE
repend

R=LQC I% caw */

rep R=LQC connectigg LIMITED=QUEUE=CONSTRUCTION.,
E=LIM=Q=CON
use R=LQ
operations EMPTY = E~EMPTYSTACK
PUSH = E-PUSH
POP = E-POP
= E-TOP
SIZE1? = E-=SIZEA?
repend
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3.9. Transition Level 4 to Level 5

3.9.3. Verification Conditions

R-BOOL, R=-ELEM, R-NATINT: Assumed to be already correct
repobjects(=realizations)

R=ENAT

Assumptions: ALL used repobjects are realizations.

Then the following realization conditions have to be shown:

(1) R=NATINT'(HUNDRED) = 100

(2) R=NATINT'(HUNDREDONE) = 101

(3) all I € INTEGER . (R=NATINT'(I) # error.nat =»
R=BOOL{(NULL?(I)) = 0?(R=NATINT(I)))

R=-LQA
Assumptions:
- ALL used objects are realizations.
- The types of the Local variables of M-LIM-Q are realizations
(for standardtypes: ARRAY., BOOLEAN, INTEGER).
Then the following realization conditions have to be shown:
(1) all Q=<al',bi',jl'> € (array x bool x integer). alLl I € in-
teger .
(R-LQ'(Q) # error.Limited=-queue & R=NATINT'(I) z
error.integer =
(31°<100) » R=LQ'(<assign(al',plus(jl’'.,1).,I),bl",
pLlus(j1',1)>) = ENQ(R=LQ'(Q), R=-NATINT'(I))
[In case of (ji'2100) R-LQ evaluates to
error.limited-queue.]

(2) all Q@=<al',bl',3jl'> e (array x bool X integer) .
(R=LQ'(Q) # error.limited-queue) >
(a) (3gi1'=0) » R=-BOOL'(true) = EMPTY?2(R-LQ'(Q))
(b) —=(3ji'=0) > R-BOOL'(false) = EMPTY?(R-LQ'(Q)

(3) alLl Q=<al',bl',jl'> € (array x boolL x integer) .
(R=LQ'(Q) # error.lLimited-queue) >
(a) (Ji'= 100) = R-BOOL'(true) = FULL?(R-LQ'(Q@))
(b) —=(3ji'= 100) = R=BCOL'(false) = FULL?(R-LQ'(Q))

(4) all @=<al’',bl',.Jjl'> € (array x bool x integer) .
(R=LQ'(Q) # error.Limited=queue) >
(1€31'<€1200) » R=NATINT'(read(al',1)) = OLDEST(R=-LQ'(®))
[In case of —(1<51'<100) R=NATINT?® evalLuates to
error.nat.l

(5) alLLl @=<al’',bl',31i'> € (array x bool x integer) .
R-LQ'(<al',false,0>) = EMPTYQUEUE

For the operation DEQ a homomorphism equation of the following
form is generated:

(B) all @ € Carrier (M-LIM-Q@) . (R-LQ(Q) # error.lLimited.queue)
> DEQ(R-LQ(Q)) = R-LQ(M-DEQ(Q))

R=LQC

Assumptions:

- R-LQ is realization.

- ALL objects in E=LIM=Q=CONSTR are realized objects. Then the
following realization conditions have to be shown:
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3.9. Transition Level 4 to LevelL 5

(1)
(2)

(3)

(&)

(5)

R-LQ'(al',true,0>) = EMPTYSTACK.
(b1* and (j1'>0)) > R-LQ'(<al',n1',minus(Jl',1)>)

[In case

of

=1’

error.linited=queue.]

Pop(RL=Q'(Q))
and (31'>0)) R-LQ@' evaluates to

(bl1' and (1<31°'<100)) = R-NATINT'(read(al',1))

= TOP(RL=Q'(@))

[INn case of —=(b1l' and (1<£3J1'<100)) R=NATINT' evaluates to

error.nat.l

(b1' and (j1'=1)) > R=BOOL'(true) = SIZE1?7(R=LQ"(Q))

*=1)) > R=BOOL'(false) = SIZE1?7(R-LQ"(Q))
(b1® > ((31°<100) » R-LQ'(<assign(al', plus(Jl*'1),I),bl"%,
plus(jl',1(>) = PUSH(R=LQ'"(Q) »

=(bl" and (3

[In case of

=l

R—

R=-LQ"

NATINT*(I))
evaluates to error.limited.queue.]
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