
A LANCUACE FOR STRUCTURED 

SPECIFICA TIONS 

AN ENVIRONMENT POR PORMAL / 

SPECIFICA TION 

. ~ - CC 0 «Vll.un c.rfi ce n 
E{Io Imfi@lCIDfift D Imo Imfi~IID(o)WlD (Co ~Iln@!P.>llDWD 

$0 IKmIP> llmnnD lA 0 IMImunllDcmun ~ ~ finnD Wo W'cmfi ~finn 



-Jrlllt ~I!l@ltl!/B $j!JJI(C/ll!/lrc~ It/l@N 

/t;.iJII/(wllfil (W/J" 

-PL USS is tbe result of several 

erperiments in writing large 

specifications 

uSing algebraic - data 

types 

- in collaboration witb 

,people from industry 

ST ARTING POINTS 

- ASL primitives (Wirsing &. Sanella) 

-Some software tool s 

parser (CIGAlE). symbolic eyaluator 

(SPECTH A l) •... 

-PERQ workstations 

CASE STUDIES 

-Recorders management in ElOS 

. (a telephone slYitchinl system) 

-CSE Electronic Sattelit Concentrator 

.rtogether lYith Petri Nets) 

-P ASCAL into P-Code Compiler 

- ADA Data Types 

-Level 2 &. 3 protocols in CCITT no 7 

CURRENT RESEARCHES 

-PLUSS: Specificatioh language 

,-ASSPEGIQUE: Integrated Specification 

EnYironment' 

-MAlA: lisp-Pr%glPorKstlltion 

'-,.' 



!la &lRtCG11R $(QHPirV AlRtlR IP'lRt(Q) ~1R«:"1f$ 

&~lO) ~(Q)lRti2IAI1 $JP>m;«:n~n«:& irn(Q)~$ 

OPEN PROBLEMS (some ofl) 

• STRUCTURING & MODULARIZING 

SPECIFICATIONS 

• COEXISTENCE OF VARIOUS 

FORMALISMS ff-i. Algebraic spec. + 

Petri Nets) 

• IMP ACT ON OTHER STEPS OF THE 

DEVELOPMENT PROCESS ff-i. Tes/iog) 

\ 

Hie.,../l). c.e):u.Q S~~:(.a.,h·~ 

cw. tG-t) ~ ;'0 !J.,A}.dJ"A tdJA.oI . 
T~~ It.-\J). d;'.~."CJ.JJJ-·lo 
cl.V.,J:g "', . 

T 

wKI?») J.tW: ~ ~,;",,~, a, A~~,-,:,~:,-,--h'!M, 
. ~ D t' IJ) 0 .... ) J. ,. 0 '1";1 od);:f~, I--P~ 

\) "' 
tP'V~ 0 f ~\} J) r1J)/.) 

.' IN .~!!}} lJ~~ r: ',', ~ Cl, A ~O:#:L'PJ.; c-,. 
,,",,' I 'I . 6 l~ 

'~t;)\J. ','I' '-' .. .-:'~ r' \-'.tj(' ,~\".OC .. \'f~ f~. 

r.!/~~}0 ()~~ ','loch'L, 
,-' 



REMA~.'<S 

. _ R Srtc.tJ(((Lh'cM ~CA.i~~ 

0. c...Q.~ OJ ..l·\\Ap~~~ct,h·cMo 

((.~. A ~6'bl\6l.e ) 

_ W~ ~ou. ~a.r:l Cl ()ttcJ.cfo'CAtcOvl. 
~ov. ClItl~ ttcJ-~ 

&a:M~~ ~rJu:l ~b~ 
~ CbMi~-

- 'W ~A· ~ Ou. W I\.lJe a. 13 J-W cP·(f.Ij-t'Ot1. ! 

~Ou. ~lWJU1 r~aJ- "'O.t-
f:\Ij~~ . ~.MwI a.Q~bM-:) 
OA~,' (,fJ'/tA-t' otf)~ . . . " 

A 'Ir(O)n (o)W JF.>11lIJ]$$ 
rum @m@ Qlilll@l@ 

BASED ON ASL PHINITIYES . 

specif use 

proc ) 
param 

., 

parameterized 
specifications 

draft enrich un10n 

observe 



specif TABLE = 
use ELEMENT 

sort Table 

operations 

empty-table: -> Table; 

insert _into _: Element x Table -> Table; 

_is-in _: Element x Table -> Bool ; 

remove _from _: Element x Table -> Table; 

gen empty-table, insert _into _ 

axioms 
% definition of is4-n % 

e is-in empty-table = false; 

eis-in (insert e' into t) = (e is e') or (e is-in t) ; 

% definition of remove % 

remove e from empty-table = empty-table; 

e ise' = false => remove e from (insert e' into t) = 
insert e' into (removee from t); 

e is e' = true => remove e from (insert e' into t) = 
remove e from t 

where 
e, 'e' : Element; 

t: Table 
end TABLE 

The TABLE specification 

Example of term : 
insert e into t . 

Example of ground term : 
remove a from insert b into insert a into empty-table 

specif COMPARABLE-TABLES = 
use TABLE 

operation 

_is-included-in _: Table x Table -> Bool 

% tests inclusion of tables % 

axioms 

empty-table is-included-in t = true; 

(insert e into t) is-included-in f = 
(e is-in t') and (t is-included.;.in t') 

where 
t, t'.: Table; 

. e : Element 

end COMPARABLE-TABLES 

Example of use of the TABLE specification 



· proc PTABLE(ITEM) = 

sort Ptable 

operations 

empty: -> Ptable ; 

add-entry: Item x Pt able -> Ptable ; 

suppress: Item x Ptable -> Ptable ; 

_belongs-to _: Item x Ptable -> Bool ; . 

gen empty, add-entry 

axioms 

i belongs-to empty = false; 

i belongs-to add-entry(i' ,t) = (i eq i') 

or (i belongs-to t) ; 
suppress(i, empty) = empty; 

i eq i' = true => suppress(i, add-entry(i' ,t)) = 
suppress(i, t) ; 

i eq i' = false => suppress(i, add-entry(i', t)) = 
add-entry(i', suppress(i,t)) 

where 

i, j' : Item; 

t: Ptable 

endPTABLE 

Specification of Parameterized'Tables 

param ITEM = 
use BOOL 

sort Item 

operation 

_eq_: Item x Item -> Bool 

axioms 
% eq is an equivalence % 

i eq i = true; 

i eq j = j eq i ; 

i eq j = true & j eq k = true => i eq k = true 

where 

i, j, k: Item 

. end ITEM 

Specification of the Properties 

Required for the Arguments 

specif TABLE = 
PTABLE(ELEMENT) 

renaming Ptable into Table, 

empty into empty-table, 

add-entry into insert _into_, 

suppress into remove _from _, 

_belongs-to _ into _is-in_ 

end TABLE 

Making the TABLE Specification 

.. from the Pararneterized One 



specif SPEC export s, op, SPEC 1 = 
use SPEC l,SPEC2 

sorts s, s· 

operations 

op: 000; 

axioms 000 

end SPEC 

specif SPEC forget s·. SPEC2 = 
use SPEC 1. SPEC2 

sorts s. s· 
operations 

op: 000; 

axioms 000 

end SPEC 

specif RESTRICTED-TABLE forget insert _into_. 

removeJroII1-= 
use TABLE 

end RESTRICTED-TABLE 

Visibility Clauses 

speci! CONTINUUM = 
use MESSAGE, INTEGER 

sort Board, Erroneous-Message 
operations 

new-board: -> Board; 
add-new-message : Message • Board -> Board; 
erase-message: Int • Board -> Board; 
read : Int • Board ->MessageU Erroneous­
Message; 
size : Board -> lnt ; 
%the following operations correspond to error 
messages% 
erased-message: -> Erroneous-Message; 
no-such-message : -> Erroneous-Message ; 

gen new-board, add-new-message, erase-message, 
erased-message, no-such-message 

axioms 
size(new-board) = 0 ; . 
size(add-new-message(m, b)) = size(b) + 1 ; 
size(erase-message(n, b)) = size(b) ; 

read(n, new-board) = no-such-message ; 
n is size(b) = true => 

read(n, add-new-message(m,b)) = m; 
n is size(b) = false => 

read(n, add-new-message(m, b)) = read(n, b) ; 
n is n' = true => 

read(n, erase(n', b)) == erased-message; 
n is n' = false => 

read(n, erase(n', b)) = read(n, b) ; 
. where 

b: Board; 
m, m': Message; 

. n : Integer; 
end COl\TINUUM 



specif USER-CONTINUUM 
export MESSAGE, INTEGER. Board, 
Erroneous-Message, add-new-message, read, 
size; erased-D;lessage. no-such-message 
= CONTINUUM 

end USER-CONTINUUM 

specif CHAIRMAN-CONTINUUM = 
use CONTINUUM, USER, PTABLE(USER) 
%USER defines the attributes of users. 
Besides this specif uses tables of users 
which are renamed as users-lists. 
renaming Pt able into Users-list; ... 

end CHAIRMAN-CONTINUUM 
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draft FILE-T = . 
use NAME, TEXT. 

sort File 
operations 

name _: File -> Name; 

content _: File -> Text; 
<_, _> : Name x Text -> File 

axioms 

name <n, t>= n ; 
contenf <n, t> = t-; 
where 

n : Name .; 

. t: Text 

endFILE-T 

File of Text: Draft 

draft FILE-B = 
use NAME, BINCODE 

sort File 
_ operations 

name _: File -> Name; 
content _: File -> Bincode ; 

<_,_> : Name x Bincode -> File 

axioms 
name <n, c> = n ; 
content <n, c> :::: c ; 

where 
n: Name; 
c : Bincode 

end FILE-B 

File of Binary Code : Draft . 



draft FILE-E = 
use NAME 

sort File 

operations 

create: Name -> File: 
name _: File -> Name 

axioms 

name create(n) = n 

where 

n: Name 

end FILE-:E 

Empty File: Draft 
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draft FILE = 
enrich FILE-E, FILE-T, FILE-B by 

operation 
file _: File -> ~empty, englishtext, executable! 

axioms 

file create(n) = empty: 

file <n, t> = t : 

file <n, c> = c 
where 

n : Name ; t : Text: c : Bincode 

end FILE 

specif FILE from FILE = 
gen < _, _>, create 

% possibly some new operations can be added here % 

end FILE 

Making the F1LE specification from Drafts 
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draft SYSTEM = 
use PATH 
enrich FOREST by 

sort System 

operations 

rooL: -> SysLem ; 

mkfile : System x Path x File -> System; 

mkdir : System x Path x Name -> System; 

_: System -> Directory; 

% This is a coercion: a system is a directory and 

all the operations on directories can be applied 
to systems. % 

Is: System x Path -> Namelist ; 

axioms 

p is pi = true => ls(mkfile(s,p,f),p') = (name f)-ls(s,p'); 

p is p' = false => Is(mkfile(s,p,f),p') = ls(s,p'); 

p is p'= true => Is(mkdir(s,p,n),p') = n-ls(s,p'); 

p is p' = false => Is(mkdir(s,p,n},p') = ls(s,p'); 

where 

p, p' : Path; s : System; 

f : File ; n : Name 

end SYSTEM 

Specification of a File System: Draft 

\. , 
\ 

specif SYSTEM from SYSTEM = 
gen root, mkfile, mkdir for System; 

cp, _- _for Forest; 

< _, _> for Directory; 
, 

% operations such that rm or rmdir 

can be specified here. % 

end SYSTEM 

Making the FiLE SYSTEM specification from the DraTt 
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SPEC: DICTIONNARY 
SORTED-ARRAY (SORTED-THING => WORD) 

END DICTIONNARY. 

SPEC : COMPARABLE-WORDS 
WITH WORD 

END WORD. 

SPEC : WOAD 

PROC: SORTED-ARRAY (SORTED-THING) 
WITH INTEGER 

SEQUENCE ( X => CHAR ) 
END WOAD. 

END SOATED-ARRAY. 

PAR: SORTED-THING 
WITH BOOl· 

END SORTED-THING. 

SPEC: INTEGER 
\'iITH SOOl 

END INTEGER. 

SPEC : SOOl 

PAOC : SEQUENCE (X) 
WITH BOOL 

END SEQUENCE. 

PAR: X 
END X. 

SPEC : CHAR 
WITH SOOl 

END CHAR. 

r----~ 

END BOOl. 
--'----use 

=====parameterized by , 
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I 

SPEC I SEQUENCE ... 
WITH I BOOL 

SORTS I Seq 
IOPERATIONS~_U;;_iNS:;-t;-;d7t-;;;;~;-;~d-;;~;_;;;:;h-;h;-pEiQ~· 
I e.pty I -) Seq , 

I -I X -) Seq - ane-item list I -
cans __ I X Seq -) Seq , 
car _ I Seq -) X 
cdr _ I Seq -) Seq 
_ append _ I Seq Seq -) Seq 
_ less than _, Seq Seq -) Baal 

VARIABlES: 
51. sZ I Seq 

I le I X 
AXIOMS , I car-1 I car cans le 51 .. le ' 

_~~-~_I_~~~_~~:-~-~----' __ "--_________ !!~, 
(ASSEDIQUE(mod») Value I t 

_ le5s than _ 

- ~5 b;~-
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