Much of this cla ss is dedica ted to the discussion of the pa per

C.A.Visser, G. Scollo, M.v. Sinderen, E. Brinksma Specifica tion Styles in Distributed System Design a nd Verifica tion.

Theoretica l Computer Science 89 (1991) 179-206

SPECIFICATION STYLES

____________________________________

Extensiona l: "pure definition" no implementa tion implica tions

Monolithic : Spe c is tre e of a lterna tive s, i.e. expa nded

Exec ution se que nce s a re e xplic itly e nume ra te d.

Constra int-oriente d : Spe c is pa ra lle l composition of proc e sse s.

Ea c h proc e ss re pre se nts a c onstra int.

All proce sse s (c onstra ints) must be simulta neously sa tisfied.

Intensiona l: suggests a n implement. a rchitecture

Sta te -oriente d : Use of sta te va ria ble s or of proc esses tha t de sc ribe sta te s

Re sourc e-orie nte d : Proce sses c orre spond to imple m. struc ture

Expa nsion The orem (Milner):

Every LOTOS spe cifica tion ca n be tra nsforme d ste p-by-ste p into a (possibly infinite!) monolithic (=e xpa nde d) one .

Sta te-Oriented Style

No use of pa ra llel composition, explicit reference to system sta tes. Two va ria nts:

Sta te-Oriented - 1st Va ria nt (used in pa per by Vissers et a l.)

(used in paper) Use variables for states: state changes are parameter changes.

A(state) := [state = 0] -> actions ; A(1) [] [state = 1] -> actions ; A(0)

A(0) to initialize

useful when specification requires passing state names as parameters, comparing states of different components, and similar.

Sta te-Oriented - 2nd Va ria nt

Use processes for states. State changes are invocations of processes. More concise, but perhaps inadequate in some cases (if we want to pass around state values).

state0 := actions; state1 state1 := actions; state0 etc.

Specifying the QA_service in the �other� State-Oriented style:

� define a process for each state.

� state transitions are actions,

� state changes are invocations of processes.

awaitQ := Q?x: question; pending Q(x) pendingQ(x) := A!x; awaitA awaitA := A?y:answer; pendingA(y) pendingA(y) := Q!y; stop

Monolithic Style

Expanded view of the system.

Similar to second state-oriented style, but process names do not necessarily have meaning of system state.

Resource-Oriented or

Implementation-Oriented Style.

Describes a system architecture in terms of communicating processes. Processes corresponds to system modules.

Synchronization is usually two-way only, and models implementation-level interprocess communication.

Hiding used to hide internal synchronization events.

The most intuitively appealing, close to implementation level.

Constraint-Oriented Style

Each process defines a set of constraints that must be collectively satisfied by the whole system.

High abstraction, no relation with implementation.

No use of hiding. Synhcronization usually multi-way.

There are two types of constraints:

a) event sequence constraints

b) data value constraints

a ) Event sequence Constra ints

EXAMPLE. Defining the following pa rtia l order: a ctions a , b, c ca n be executed in a ny order before a ction d.

b) Da ta va lue constra ints

(by using selection predica tes)

P := g ? x : int [x mod 2 = 0]; P will only a ccept even numbers

Q := g ?y:int [y mod 3 = 0]; Q will only a ccept multiples of 3

P ll Q will only a ccept multiples of 6

P lll Q will a ccept sequences where ea ch element is either a multiple of 2 or a multiple of 3

P [] Q will ha ve to decide a t the beginning whether to a ct like P or like Q.

P ll (P lll Q) will a ccept ?

Exam ple of data constraints:

the bounded buffer

process BB[input,output](n:nat) := Bag[input,output] | | Bound[input,output](n) where process Bag[input,output] := input ?x:elem; (Bag[input,output] | | | output !x; stop) endproc process Bound[input,output](n:nat) := (output ?x:elem; Bound[input,output](n+1) [] [n>0] -> input ?x:elem; Bound[input,output](n-1)) endproc

Two interpreta tions of | |

In the constra int-oriented style, the full synchroniza tion opera tor ta kes the logica l mea ning of composition of logica l constra ints, while in the resource-oriented style, the sa me opera tor ha s the mea ning of communica tion over sha red events.

Unfortuna tely, however, this opera tor ca nnot quite a chieve the mea ning of the logica l a nd opera tor: it ha s been noted tha t in genera l (nondeterminism!)

A | | A ≠ A while instea d in logic

A ∧ A = A

An input file of records (x,y)

P := g ?x:int ?y:int [x>3]; P

Q := g ?x:int ?y:int [y mod 2 = 0]; Q

Process P| | Q will a ccept only sequences of records such tha t the field x sa tisfies P, a nd field y sa tisfies Q

Process P| | | Q will a ccept sequences of records such tha t either field x sa tisfies P, or field y sa tisfies Q.

Note: unfortuna tely, it is impossible to hide a field from one of the intera cting processes.

Exiting

Suppose tha t we ha ve severa l proc esse s, e a ch one che c king a differe nt constra int. One proc e ss dicta te s the e xit condition.

P := g?x:int [x>5 a nd x<9]; P

[] g!12; e xit

Q := ( g? x:int [x mod 3 = 0]; Q) [> e xit

R := ( g? x:int [x mod 2 = 0]; R) [> exit

Proce ss P ll Q ll R will a c ce pt only 6�s. Whe n a 12 is enc ounte re d, the e xit of P will forc e a rende z-vous of a ll proce sses on exit ga te. All disa ble s will then occ ur, a nd a ll proc e sse s will exit.

P Q R exit disa ble /exit disa ble /exit

Consider the following variant of the Example 4.1 in the paper by Visser et al. It appears to be simpler, but unfortunately it contains two mistakes, corresponding to points of which the language user should be aware.

process QA_service[Q,A]: noexit := hide CLQ, CLA in

((Q_entity[Q,CLQ] ||| A_entity[A,CLA]) |[CLQ,CLA]| CL_service[CLQ,CLA])

where

process Q_entity [X,Y]: noexit :=

X ? x: question; Y !encode_q(x); Y ?d:data; X !decode_a(d); stop endproc

process A_entity [X,Y]: noexit :=

Y ?d:data; X !decode_q(d); X ?y:answer; Y !encode_a(y); stop endproc

process CL_service [X,Y]: noexit :=

X ?d1:data; Y !d1; Y ?d2:data; X !d2; stop [] X ?d1:data; Y ?d2:data; Y !d1; X !d2; stop [] X ?d1:data; Y ?d2:data; X !d2; Y !d1; stop [] Y ?d2:data; X !d2; X ?d1:data; Y !d1; stop [] Y ?d2:data; X ?d1:data; X !d2; Y !d1; stop [] Y ?d2:data; X ?d1:data; Y !d1; X !d2; stop endproc

endproc

RELATIONSHIP BETWEEN STYLES

Intensional

Extensional

Resource

State

Constraint

Monolithic

Arrows denote refinement relationship

State-oriented cannot be refined further

system complexity spec. size monolithic

constra int resource sta te

More structured styles, such a s constra int a nd resource, conta in sta te explosion thus lea d to sma ller spec sizes for complex systems.

GATES AND ADDRESSES IN LOTOS

As in CSP a nd CCS, only a finite, sta tic a lly de fine d se t of ga te s c a n be use d in a spec ifica tion. Dyna mic ga te c re a tion is not possible .

How ca n a multiplic ity of dyna mica lly c rea te d intera cting proc esse s be define d ?

A proce ss c a n be replic a te d by rec ursive c a ll:

proce ss Connec tions [Usr,Ctl]: noe xit :=

Single _Connec tion [Usr,Ctl] lll i; Conne c tions [Usr, Ctl]

Specifica tion level

Processes A a nd B communica te via ga te g. A B g

A B A A B B g Execution Level

The va rious insta nc es of A�s a nd B�s still c ommunic a te via ga te g.

An inte ra ction be twe en A a nd B must sta te not only the ga te g, but a lso a dditiona l informa tion to distinguish the severa l insta nce s of A a nd B.

Exa mple showing tha t the se c onda ry inte ra c tion point na me ca n be a pa ra me ter:

A[g](1) ll B[g](1) whe re proce ss A[g](a ddr: CEPid): noexit :=

. . .

g !a ddr !3

. . .

endproc proce ss B[g](a ddr: CEPip): noe xit :=

. . .

g !a ddr ?x:int

. . .

endproc

It c a n a lso be de termine d by a n inte ra c tion:

g ?a ddr: CEPid . . . . A[g](a ddr)

Or a c hoic e be twe en a numbe r of possible na me s ca n be e xpre ssed:

choic e a ddr: CEPid [] A[g](a ddr)

Exa mple: POTS SPECIFICATION

WHAT ARE THE CONSTRAINTS

LOCAL CONSTRAINTS

Appropria te sequence of events a t ea ch phone

(e .g. before dia ling, one must pic k up the ha ndse t)

END_TO_END CONSTRAINTS

Appropria te sequence of events in ea ch connection

(e .g. ringing a t one end must follow dia ling a t the othe r)

GLOBAL CONSTRAINTS

System-wide constra ints

(e .g. no phone c a n be involved in two c onne c tions)

POTS Specification in LOTOS: The Top Level

be ha vior ( Esta blish_Conne c tions[S_Usr] | | Use rs_List_Ha ndle r [S_Usr](e mpty) ) whe re proce ss Esta blish_Conne c tions[S_Usr]:noexit:= ( Single _Conne c tion[S_Usr]

| | | i; Esta blish_Conne c tions[S_Usr] ) whe re proc ess Single _Conne c tion[S_Usr]:noe xit:= ( ( Ca lle r[S_Usr]

| | |

Ca lle d[S_Usr] ) | | ( Controlle r[S_Usr]

[> Controlle r_Ha ng_Up[S_Usr] ) )

Establish_Connections

Controller

POTS_System

Establish_Connections Users_List_Handler

Single_Connection

Caller Called

A graphical representation of the POTS specification�s top levels

S_Usr

CONCLUSIONS

LOTOS provides powerful concepts for the specifica - tion of distributed systems.

Systems ca n be specified in a number of wa ys, hence empha sizing different a spects of system beha vior.

By using concepts of beha vior equiva lence, it is possible in principle to cha nge from a n a spect to a nother.

Beca use LOTOS is executa ble, LOTOS specifica tions ca n be used a s a bstra ct prototypes of systems.

La belled tra nsition systems ca n be used

� as a basis for testing

� as a basis for validation activities such as model checking

� as a basis for implementation (translation LTS-> code)

Empha size ea rly sta ges of softwa re development cycle: design, design va lida tion, deriva tion of implementa tion directly from design.

Prevent a nd detect softwa re errors a t the ea rly sta ges of design.

De-empha size la te sta ges, when defect correction is more complex.

Problems....

Sha rp diffe re nce be twe en da ta a nd be ha vior forma lisms. Low expre ssiveness of the da ta forma lism, e .g. in ea ch da ta type equa lity must be define d by equa tions In the beha vior pa rt it is not possible to:

a sk the question: in wha t sta te a m I now? a nd pa ss the b. ex. of tha t sta te ma nipula te b.e x., pa ss them a s pa ra mete rs, a nd then exec ute them (not refle ctive ) From the point of view of forma l verific a tion, it is not possible to: rea son in terms of pre- a nd post-conditions: e .g. given tha t the precondition a nd postc ondition for A a nd B a re known, dete rmine the pre- a nd post-conditions for A | [...]| B (no c ompositiona lity, no Hoa re logic) rea son in terms of fixpoints (no monotonicity beca use of interna l a ction) expression of nondeterminism by interna l a ction is a proble m

And more...

No explicit concept of time

(however this is only critica l for the expression of ha rd rea l-time)

However on the other ha nd: too genera l a forma lism:

designers need constra ined templa tes, a da pted to specific doma ins.

Towa rds new genera tion specifica tion la ngua ges