♣

1

2

1 1 2 1

Key-words:

The W a v e Algorithms as a Self-Stabilizing

Con trol Structure

L. Duchien , G. Florin , R. G´ omez , L. Seinturier

Octob er 7, 1996

Abstract

CEDRIC - CNAM

ITESM-CEM - Dpto. Ciencias Computacionales distribute d algorithms, self-stabilizing, wave algorithms, obje ct-oriente d appr o ach,

fault-toler anc e

W ave algorithms are presented in many pap ers as solution for distributed problems. On

the other hand, there are numerous research teams working on self-stabili zin g systems e.g.

a system that, regardless of their initial state, must reach a legitimate state. In this pap er

we show how the wave scheme can b e transformed into self-stabili zin g wave and hence wave

algorithms can b e adapted into self-stabili zin g wave algorithms.

292 rue St Martin, F r 75141 Paris Cedex 03

e-mail: Laurence.Duchien @cnam.fr, Gerard.Florin@cn am.fr, Lionel.Sei nturi er@cnam.fr

T el: +33 (1) 40 27 25 83

Ap do. Postal 2 M´ odulo de Servici o Postal,

Atiz´ apan Zaragoza, 52296 Edo. de Ḿ exico

e-mail: rogomez@campus.cem.itesm.mx

T el: +52 (5) 326 55 38

1 In tro duction

2 The w a v e algorithms diffusing c omputation

e cho

diffusing c omputation

desc ending b acktr acking

desc ending

b acktr acking

A self-stabilizing solution was prop osed for the first time by Dijkstra as a solution for a distributed

election in a ring [9]. A self-stabilizing algorithm generalizes this prop osition. It can b e executed

in an arbitary initial state, eventually it reaches a legitimate state, and stays on it. The wave

algorithms are based on a so called idea. Intro duced in several solutions

in the seventies, presented as a general algorithm for the first time by Chang [7], they have b een

used in many distributed algorithms (see [19, 18, 11, 20]).

In this pap er our approach is to establish that the wave concept can b e used as a self-stabilizing

control structure and to present a simple example. F or this purp ose the pap er is divided as

follows; the second section presents the characteristics of wave algorithms. The third one shows

the principal features of a self-stabilizing system. The fourth section defines a self-stabilizing wave.

W e present a simple example of self-stabilizing wave to collect a global state. The last section

presents our conclusions and future works.

One of the pattern frequently used to design distributed algorithms is the wave control structure.

In Chang’s pap er [7], he presented the characteristics of what he called algorithms. Helary

and Raynal presente d the wave algorithms as a synchronization to ol and as a control structure

[18]. Later, Florin and al [11] intro duced the recursive wave as a control design scheme based on

recursivity and concurrent remote pro cedure call mechanisms. In [4], we find an ob ject-oriented

version of the recursive wave.

The wave concept is based on the paradigm of , that is, a distributed

computation initiated by a single pro cess called initiator, and joined by others only after receiving

a message and triggered by some condition internal to the pro cess [20]. A wave consists of two

phases: a phase, in which the wave visits all the sites of the network, and a

phase that collects an information from the visited sites. This collected information can b e for

instance termination indicators or simple computation results. This scheme can b e used for some

classical distributed problems such as broadcast, synchronization, and computing global functions.

W e just briefly recall the main principles of recursive waves. In the phase a site

initiates the wave sending a pro cedure call to its neighb ours. These neighb our sites forward these

calls to their neighb ours and so on, until a stop condition is checked in some site(s). Once the

stop condition is true the phase starts. Then, every site returns an answer to the site

that activ ates it, until the wave comes back to the initiator site. When the wave returns to the

initial site the wave computation is finished. Nevertheles s the initial site can start a new wave

P wave tr ain

link r e gister

3 The self-stabilizin g algorithms that follows the same or a different path. This last option is called by Raynal [18]. In

a wave algorithm there can b e one or several initiators sites. An algorithm with a single initiator

is called a centralized wave. Once the algorithm can b e started sp ontaneously by an arbitrary

subset of pro cesse s, it is called a decentralized wave. G´ omez [12] deals with this last case. Two or

more recursive waves are executed concurrently in order to build only one structure .

Prop osed for the first time by Dijkstra in 1974 [9], a self-stabilizing system is such that, regardless

of its initial state, (legitimate or illegitim ate), eventually reach a legitimate state. These systems

can b e defined as correct pro cesses that may b ehave transiently inconsistant but that guarantee a

return to a correct b ehaviour within a finite time after the fault ceases. A self-stabilizing system

protects for instance against the transient failures such as memory failures. This prop erty is also

very useful for systems comp osed of pro cessors that may crash and recover in an arbitrary state.

Due to the previous features self-stabilizing algorithms must b ehave according to the following

rules:

1. an algorithm has no sp ecific initial state,

2. it must b e fault tolerant,

3. there is no termination pro cedure.

The first prop erty means that an algorithm can b e started at any time, in an arbitrary state, any

site can initiate the pro cessus, and yet eventually co ordinated b ehaviour leading to a legitimate

state is guaranteed. The second one requires full and automatic protection against transient

pro cess failures b ecause the algorithm may recover from any configuration. As a self-stabilizing

algorithm must b e constantly and undefinitly maintained a legitimate state it never ends. Hence

it do es not have a termination pro cedure. So we never can observe that a legimitate configuration

has b een reached.

Self-stabilizing algorithms often use a particular comm unication scheme called

comm unication. Each communicating pro cess pair shares a register such that one of the pro cess

is always writer and the other is always reader. The most widely used comm unication mo de is

the classical message passing mo de used in lo osely coupled pro cess networks. In [14] a metho d

to create a self-stabilizing version of a message passing algorithm is prop osed. The idea is to

establish a global prop erty that will b e verified by all the sites. The prop erty is verified using a

snapshot algorithm prop osed by Chandy and Lamp ort [6]. If the prop erty is false the algorithm

is executed again by the site that initiates the snapshot. In the opp osite the site continues its

♦

□

4.1 Computational mo del

cr e ate, r e ad, write, invalidate, r emove

4 W a v e algorithms and self-stabilizi ng systems

act act

act act act

act act

K

x i i x

x

C

i.K x.r ead v i

v x

x previous work, until it decides to execute another snapshot. In [1] another metho d to create a

self-stabilizing version is based on lo cal checking. The pap er [5] prop oses a general scheme based

on token passing.

W e prop ose to use the wave algorithms to design a distributed solution to build and to keep

a distributed structure . The solution is transformed into a self-stabilizing wave. As far as we

know no author presented such a systematic transformation with an ob ject-oriented p oint of view.

Details are presented in the next section.

This pap er uses a distributed ob ject oriented approach. In these systems a collection of ob jects

lo cated on different sites interacts synchronously with remote metho d calls or asynchronously with

message passing comm unications. W e do assume that every message is eventually received and

that every remote metho d call is eventually pro cesse d and eventually returns results.

Each ob jet can access to other ob ject public metho ds (including lo cal or remote ob jects).

Ob jects can b e dynamically created or removed. In order to represent the futur b ehaviour of the

system (metho ds that will b e executed) we may use the T emp oral Logic of Actions (TLA) [15].

T o express metho ds or data that can b e accessed in the current environment as a result of the

previous executions, we may use a knowledge logic [10].

With the T emp oral Logic of Actions [15], each action is asso ciated with a predicate

that is true if is executed in the current site. means that will eventually b e true (will

b e executed) and means that is always true.

In the knowledge based logic used in this pap er we express with an op erator that an ob ject

exists in the environment of an ob ject . So can access any metho d offered by in the current

state. The meaning of the knowledge op erator can b e precised for an ob ject that is a classic

v ariable instance of a class (e.g. a b o olean, an integer). The class implements metho ds such as

. Roughly sp eaking, ( ( )) means that an ob ject

can read correctly the v alue of the v ariable encapsulated by the ob ject . More precisely

, the

correctnes s of a read op eration can b e defined by a predicate: has b een created and, at least,

once written since the last write op eration and, was not inv alidated or removed. The right v alue

is the v alue written by the last write op eration.

Using these logic to ols, we can express inv ariants on lo cal v ariables defined on each site. The

sequel of this section presents two kinds of inv ariants that must b e used in self-stabilizing solution.

In a self-stabilizing proto col we assume that each ob ject holds two kinds of lo cal v ariables. The

□

□ ♦

□

□

♦

□

∀ ∈

∀ ∈ ⇒ ⇒

∀ ∈ ̸∧ ⇒

∀

∀ ∧ ⇒

∀ ∈ ̸∧ ⇒ ∈ ∧ ∈ eg o

i

v K i S ites, i.K eg o.r ead v

eg o v

i S ites, i.eg o.r ead v i.eg o.r ead v v v

i.eg o.r ead v i.K eg o.r ead v

eg o

i eg o

j

i, j S ites, i j, i.eg o.r ead v j.eg o.r ead v v v

i i, i.K i.neig hbour s.r ead v

i, i.neig hbour.r ead v i.neig hbour.r ead v v v

i

j

i, j sites, i j, j.neig hbour.r ead v i.neig hbour.r ead v j v i v first kind of ob ject assumes that v alues and co des are correctly initialized and cannot b e corrupted.

Hence a set of inv ariants is always maintained. F or example, we assume that each ob ject includes

an ob ject identifier that is unique in the global system. This ob ject identifier is called in each

ob jet. W e can write that :

1. It is always true that a given site can read its identifier v alue. The read metho d accesses to

the v ariable . denotes that we can access to this v ariable : ( ( ( ) )).

can b e defined itself as an ob ject encapsulating an elementary v ariable that stores the

identifier.

2. The identifier do es not change: ([ ( 1) ( 2)] 1 = 2)

The difference b etween the notation ( ) and ( ( )) comes in first case

we are sure of the ob ject is intanciated. In the second case, we just may say that the

ob ject exists and it can b e reached.

3. It is always true that, if a site pro cesses a read op eration on its own identifier , it obtains

a different v alue that another site .

= ([ ( 1) ( 2)] 1 = 2)

This first kind of ob ject assumption is only convenient to fo cus on a particular problem solved

by a given proto col. If a proto col needs a unique identifier to correctly p erform its task, this

identifier must b e initialized and maintained by a correct naming proto col.

In self-stabilizing solutions there are v ariables that can b e incorrectly initialized. Then we

consider a second kind of ob jects. They are asso ciated with v alues that can b e asynchronously

mo dified during a given initial p erio d. So a given inv ariant cannot b e always but only eventually

verified. Let consider an ob ject as the neighb our set of a given site in a network top ology: we

may assume that this ob ject is asynchronously mo dified by write op erations p erformed by a failure

detector. Hence the neighb our set is not constant during the whole life of the system. Nevertheless

a self-stabilizing proto col must converge if there exists a time such that a failure never o ccurs after.

Beyond this date the following prop erties are verified:

1. A given site knows its neighb ourho o d: ( ( ( )))

2. The neighb our set is stabilized:

( ( 1) ( 2) 1 = 2)

W e also consider in our mo del that the comm unication links are symmetrical i.e. a site that

calls a site necessary can b e called by this site.

= ([ ( 1) ( 2)] [ 2 1])

Let just recall that a fault tolerant b ehaviour must include :

i i

P AR

•

•

•

p p i

n n

4.2 The recursiv e w a v e a failur e dete ctor:

a failur e extension assertion:

a r e c overy str ate gy:

n

n this comp onent must check the system to decide whether it is correct or

not.

this comp onent must decide (when a failure is detected) that

different comp onents are susp ect ed to b e also faulty .

this comp onent must decide what are the steps that must b e p erformed

to recover the failed comp onents.

The recursive wave was presented in [11] as a control structure to design distributed algorithms.

It is based on the remote pro cedure call mechanisms (RPC), the concurrency theory and the

recursivity concept.

In a wave algorithm a network of sites builds and maintains a data structure represe nted by

the v alues of the lo cal v ariables defined in each site. A site considers to b e in legitimate state if

an inv ariant prop erty is verified (i.e. is v alid for the site ).

F rom the previous informal description it app ears that a recursive wave is a distributed pro-

gramming scheme defined by a recursive pro cedure that calls in parallel instances of itself on

different sites. So the programming scheme is the following:

METHOD Recursive W ave() IS

BEGIN

IF (condition) THEN

P AR i IN Neighb ours DO

i.Recursive W ave();

ENP AR;

ENDIF;

END Recursive W ave;

Executing a recursive wave leads to a tree where the ro ot represe nts the first execution of the

pro cedure (i.e. the initiator of the computation), the leaves corresp ond to the active execution of

the pro cedure, and the rest of the no des are the blo cked pro cedures, waiting for the termination

of the parallel recursive calls.

The presented scheme considers concurrent executions of pro cedures. Therefore a program-

ming control structure must b e av ailable for the parallel execution of threads on the same

pro cessor. W e assume that the following language constructor , similar to OCCAM, can b e

used.

Instruction block

< >

< >

< >

Local S tate

4.3 The self-stabilizing w a v e

T est And Set

Par ent

sle eping state:

visiting state:

b acktr acking state:

P AR i IN domain DO

;

ENDP AR;

F or each parameter v alue in a discrete set ( domain ), a thread asso ciated with the instruction

blo ck is started on the pro cessor executing the P

AR instruction. This instruction is terminated

when all the activ ated threads are finished and the next instruction is executed.

F rom the previous scheme it can b e derived many sp ecified waves (e.g. sequential, spanning

tree, traversal algorithms) solving many differents distributed problems. F or this pap er we must

cho ose one kind of recursive wave and we take the example of the flo o ding recursive wave. This

recursive wave is sp ecified in Figure 1. W e use a passive distributed ob ject-oriented language,

close to the GUIDE language [2]. W e also use control clauses and event counters to express the

concurrency control. Each visited ob ject calls in parallel all of its neighb ours. P

AR instruction

implements a group remote pro cedure call [8]. This group invo cation is p erformed only once, when

the ob ject is visited for the first time. The metho d allows to know if a call is the

first one or not. This metho d is executed in mutual exclusion, as it is p ointed out by the control

clause. This calling scheme limits the flo o ding of the wave to only one call in each direction in

every logical link b etween two ob jects.

The program in Figure 1 is very simplified in order to b e short and understandable. Neverthe-

less it records the identifier of the calling ob ject in the v ariable, and it do es not call back

its own parent.

The program also records in each ob ject (v ariable ) the state of the wave. The

wave separates the past from the future in each site. There are three states:

1. it is the initial state of the site, (i.e. the state b efore the wave b egins),

2. it is the state reached when the wave arrives for the first time,

3. a site is in backtracking state once it receives the answer of all its neigh-

b ours. The state is reached when the wave backtracks, and leaves the considered ob ject.

The given solution can supp ort only one initiator and only one wave at a time. Many others

facilities can b e added as a wave identifier allowing several waves to b e executed at the same time

and an ep o ch numb er necessary to manage success ive executions of the wave solution [3].

In this section we prop ose a general scheme to create self-stabilizing algorithms in accordance

with the previous scheme. W e prop ose a simple example of using this control structure to collect

a global state.

General description of a flo o ding recursive wave

– Possible site state

– Current site identifier

– Neighb ours set

TYPE F rw IS

METHOD Flo o ding Recursive W ave(Calling);

METHOD T est and Set(First Visit, Calling);

END F rw;

CLASS F rw Implement IMPLEMENTS F rw IS

TYPE F rw State IS (Sleeping, Visiting, Backtracking);

V ARIABLES

Ego: REF F rw;

Neighb ours: SET OF REF F rw;

Lo cal State: F rw State := Sleeping;

Parent: REF F rw;

METHOD T est And Set

(IN OUT First Visit : BOOLEAN, IN Calling : REF F rw)

BEGIN

IF (Lo cal State = Sleeping) THEN

Lo cal State:= Visiting;

First Visit:= TRUE;

Parent:= Calling;

ENDIF

END T est-and-Set;

METHOD Flo o ding Recursive W ave(IN Calling: REF F rw)

First Visit: BOOLEAN = F

ALSE;

i: Ref F rw;

BEGIN

T est And Set(First Visit, Calling);

IF (First Visit) THEN

P AR i IN (Neighb ours - Parent) DO

i.Flo o ding Recursive W ave(Ego);

ENDP AR

ENDIF

Lo cal State:= Backtracking;

END Flo o ding Recursive W ave;

CONTROL current(T est and Set) = 0;

END F rw Implement;

Figure 1:

< condition >

i.N eig hbour E xchang e

i

C al l ing D epth D epth

4.3.1 Intro duction to a self-stabilizing wave control structure

WHILE

4.3.2 A self-stabilizing wave algorithm to collect a global state after a p erio d,

a state is r e ache d

P after a p erio d, the

r o ot le arns that the wave has r e ache d al l the sites

Neighb our Exchange

Neighb our Exchange Ssfrw L o op

The scheme was first prop osed using message passing communication in the ARP

A network and it

is used in the most p opular routing algorithms implemented for instance on the Internet network,

(RIP and BGP proto cols [17, 13, 16]). In an infinite lo op each no de sends its routing table to its

neighb ours and receives the routing table from its neighb ours. Then it computes its new table

from all the received routing tables.

A self-stabilizing version of the recursive wave is mainly defined from the combination of a

instruction and a group remote pro cedure call invo cation. The programming scheme is

the following:

WHILE DO

P AR i IN Neighb ours DO

i.Neighb our Exchange();

ENDP AR;

ENDWHILE;

The lo op is pro cessed while the condition is checked to b e true. In a self-stabilizing with no

termination detection, the lo op must b e p erformed for ever. The purp ose of this scheme is to

ensure that a stabilizing prop erty is eventually reached. A standard prop erty is

. In a self-stabilizing recursive wave the state is computed from the state of

the neighb ourho o d. The remote metho d call sends the state of the no de

to the neighb our and receives its state. Using this result, the no de state is up dated. With

a self-stabilizing approach, the lo op is infinite to tolerate transient failures and to accept the

neighb ourho o d v ariations for instance due to the v ariations of the network top ology .

An example of a self-stabilizing wave using the previous design pattern is given in figures 2 and

3. As it is imp ossible to give a complex example it is simply designed to collect a global state.

The prop erty that we want to verify with this self-stabilizing algorithm is:

. They transmit data collected by the wave and

the initiator of the wave collects the state of the structure built with the self-stabilizing approach.

The co de gives a basic version of a flo o ding self-stabilizing wave. It is develop ed in order to show

the global b ehaviour of flo o ding wave in a self-stabilizing approach.

The algorithm is started by the initiator that p erforms a call to the metho d

on itself with its own identifier for the v alue and a v alue equal to zero. This

parameter is added to main tain on each visited site its distance to the initiator site in numb er

of hops. The metho d uses an asynchronous metho d call to to

∧

>

General schema of a self-stabilizing wave

– Possible site state

– Current site identifier

– Neighb ours set

TYPE Ssfrw IS

METHOD Ssfrw Lo op();

METHOD Neighb our Exchange();

METHOD T est And Set();

END Ssfrw

CLASS Ssfrw Implement IMPLEMENTS Ssfrw IS

TYPE Ssfrw State IS (Sleeping, Visiting, Backtracking);

V ARIABLES

Ego: REF Ssfrw;

Neighb ours: SET OF REF Ssfrw;

Lo cal State: Ssfrw State := Sleeping;

Parent: REF Ssfrw;

Depth : INTEGER;

First Visit: BOOLEAN:=F

ALSE;

METHOD Ssfrw Lo op() IS

Neighb our State: ARRA

Y OF Ssfrw State;

Neighb our Depth: ARRA

Y OF INTEGER;

i : REF Ssfrw;

BEGIN

WHILE true DO

P AR i IN Neighb ours DO

i.Neighb our Exchange

(Neighb our State(i),Neighb our Depth(i), Ego, Depth);

ENDP AR

FOR i IN (Neighb ours - Parent) DO

IF (Neighb our State(i) = Visiting)

(Neighb our Depth(i) Depth) THEN

Lo cal State:= Visiting;

GOTO Known State;

ENDIF;

ENDDO;

Lo cal State := Backtracking;

Known State:

ENDWHILE;

END Ssfrw Lo op;

Figure 2:

4.3.3 Self-stabilizing asp ects

Neighb our Exchange

L o c al State

Sle eping, Visiting, or

Backtr acking Backtr acking

Backtr acking

S l eeping B ack tr ack ing

N eig hbour E xchang e

S l eeping V isiting N eig hbour E xchang e

B ack tr ack ing V isiting

N eig hbour E xchang e S tate V isiting

B ack tr ack ing B ack tr ack ing

V isiting N eig hbour E xchang e V isiting start the self-stabilizing control structure. The lo op is presented as a simple WHILE lo op. The

lo op can b e also timed in order to synchronize on the basis of a given p erio d. F or the other

sites, a site is visited when it is reached for the first time by the wave by the first execution of

the metho d. This metho d is implemented on each site. It uses two kinds of

parameters: input parameters from the calling ob ject and answer parameters from the invoked

ob ject (i.e. callee) to p oint out its state and its depth.

In this way we can see in the program that the v ariable records the evolution of

the state of the wave also managed by the flo o ding recursive wave (i.e.

). A site b ecomes when all its neighb ours with a depth greater than its

own depth are in state or when it has no neighb our with a depth greater than its

own depth (i.e. it is a leaf ).

Three self-stabilization asp ects may b e considered. First the algorithm must reach a stable state

regardless of the initial state. Secondly

, a self-stabilizing algorithm offers a protection against

transient failures. Lastly

, the network top ology is a dynamic structure .

In a normal statement, the pro cesses start in state and reach the

state. But the self-stabilizing features indicate that the consistent initialization of an algorithm

can b e eliminated. In transient failure on data, the state can have any v alue at the next starting.

Indeed in the next metho d call the state v alue will b e up dated. The state

can go from to v alue by the next call, and then in

normal statement it b ecomes in state. If, after the failure, the state is ,

the next metho d call allows to up date the v ariable to or

. Lastly

, if, after a failure, the state is and its neighb ourho o d is in

state, the next metho d call allows to change it in state.

Indeed the solution can consider recoveries. A a site can b e again added and up dated in the

structure by its neighb ours.

As in the self-stabilizing approach, we assume that uncontrolled v ariations on top ology v ariables

are transient. Each ob ject p erforms an infinite lo op of group remote pro cedure calls on its set

of neighb ours. T o b e actually self-stabilizing the group remote pro cedure call must b e correctly

sp ecified. So we can assume that RPC can fail but in this case a neighb our failure must b e detected.

Then the neighb our set is mo dified. In fact the failure detector and the RPC comm unication

proto col must b e related and consistant. So the algorithm converges to a new solution after the

o ccurrence of a change in the top ology .

The network top ology is a dynamic structure, we assume that links and sites can go down and

come up an arbitrary numb er of times, and at any time. W e assume that the neighb our set is set

– Asynchronous invo cation

Metho ds description used in the self-stabilizing wave

METHOD T est And Set

(First Visit, Calling, Depth Calling) IS

BEGIN

IF (Lo cal State = Sleeping) THEN

First Visit:= TRUE;

Parent:= Calling;

Lo cal State:= Visiting;

Depth:=Depth Calling +1;

ELSE

First Visit:=F

ALSE;

ENDIF

END T est And Set;

METHOD Neighb our Exchange

(Reply State, Reply Depth, Calling, Depth Calling) IS

BEGIN

SELF.T est And Set(First Visit, Calling, Depth Calling);

IF (First Visit) THEN

!A.SELF.Ssfrw Lo op();

ENDIF;

Reply State:= Lo cal State;

Reply Depth:= Depth;

END Neighb our Exchange;

CONTROL current(T est And Set) = 0;

END Ssrfrw Implement;

Figure 3:

□ ♦

□

□

♦

♦ i

i i

i j

i i j

i i i

∀ ∈ ⇒

∀

∀ ∈ ∀ ∈

∀ ∈ ∀ ∈ − ∧

∨ ̸∃ ∈ − ∧ ⇒

∀ ∧ ⇒

4.3.4 Correctness pro ofs

Prop erty

Sle eping, Visiting, Backtr acking

Neighb our Exchange i σ

i S ites, σ S l eeping σ B ack tr ack ing

i

i, i.K N eig hbour.r ead v

i S ites, j N eig hbour , i.K j.r ead σ

S l eeping

V isiting V isiting

B ack tr ack ing B ack tr ack ing

i S ites, j N eig hbour P ar ent , σ B ack tr ack ing j.depth > i.depth

j, j N eig hbour P ar ent j.depth > i.depth σ B ack tr ack ing

i, i.N eig hbour.r ead v i.N eig hbour.r ead v v v

B ack tr ack ing

B ack tr ack ing V isiting

B ack tr ack ing B ack tr ack ing

B ack tr ack ing up by a lo cal failure detector mechanism dep ending on the state of links and sites.

W e give hence a brief intro duction to correctnes s pro of of the solution.

1. Each site is visitied by the construction wave (as a given site calls again and again its

neighb ours).

2. All sites b ecomes in backtracking state (if no failure o ccurs (following the algorithm con-

struction).

3. After a time p erio d, the algorithm b ecomes stable. The state of site , denoted by , is a

v alue in the enumerated typ e ( ).

: ( = = )

Each site can read the state of its neighb our. By this assumption: A given site knows its

neighb ourho o d: ( ( ( )).

W e can say that: ( ( )).

Each site computes its new state at each lo op. The state of a site changes from to

v alue once the site is visited the first time. Again, the state changes from

to v alue once the neighb our set minus its Parent is in state

with a depth greater than its own depth or when it has no neighb our with depth greater

than its own.

(( ( ) = )

( ( ( ) )) ( = )

By the assumption : After a b eginning p erio dhe neighb our set may b e constant in a p erio d:

( ( 1) ( 2) 1 = 2)

Once the neighb our set is stable, the site state will b e stable to the state.

W e also must prove that, if a new site is added in the structure or b ecomes again after a tran-

sient failure, its neighb ourho o d will change their state in their next metho d

call with this new site. Their state v alue could b ecome from to . Once the

new state has its neighb our set in state, it b ecomes in state and the

algorithm can again converge in state. T o do this pro of, the p ossibility of lo osing

the network connexity must b e considered. T o develop this pro of requires space that we do not

have.

5 Conclusion

References

Pr o c e e dings of WDAG

Computing Systems

Pr o c e e dings of the 1st IFIP Workshop on

F ormal Mehto ds for Op en Obje ct-Base d Distribute d Systems (FMOODS’96)

IEEE T r ans. on

Computers

ACM T r ansactions on Computer Systems

IEEE T r ans-

actions on Softwar e Engene ering

This pap er intro duces two distributed algorithms ideas. First, we extend the wave algorithm to a

new control structure: the self- stabilizing wave. Then we give the solution in an ob ject-oriented

programming approach. As far as we know these twoideas are new.

This work defines the generic control structure for the computation of a global state in a

network with transient failures. The generic control structure can also b e used with other wave

algorithms with a self-stabilizing approach. As future works we will develop an algorithm to build

a spanning tree with this structure. W e also will define completely the data fault detectors to

consider link and pro cess failures and to keep the tree structure.

A last remark is to emphasize on the interest to use an ob ject-oriented programing mo del to

develop these algorithms. The implementation is made much easier by this approach. One of our

other work is to develop a complete ob ject pro cess from the sp ecification to the implementation[4 ].

[1] B. Awerbuch, B. Patt-Shamir, G. V arghese, and S.Dolev. Self-stabilization by lo cal checking

and global reset. In . LNCS 857, Springer-V erlag, 1994.

[2] R. Balter, J. Bernadat, D. Decouchant, A. Duda, A. F reyssinet, S. Krakowiak, P

. L. Dot,

M. Meysemb ourg, H. Nguyen, E. Paire, M. Riveill, C. Roisin, X. R. de Pina, R. Scioville,

and G. V andome. Architecture and implementation of Guide, an ob ject-oriented distributed

system. , 4(1):31–67, 1991.

[3] L. Bonnet. Sṕ ecification et preuves d’algorithmes distribú es en appro che orient́ ee ob jet.

Master’s thesis, CNAM-Cedric, Dec. 1994.

[4] L. Bonnet, L. Duchien, G. Florin, and L. Seinturier. Some sp ecification steps of a spanning

tree algorithm with an ob ject-oriented approach. In

, Paris, F rance,

Mar. 1996.

[5] G. Brown, M. Gouda, and C.-L. W u. T oken systems that self-stabilize.

, 38(6), June 1989.

[6] K. Chandy and L. Lamp ort. Distributed snapshots: Determining global states of distributed

systems. , 3(1):63–75, F eb. 1985.

[7] E. J.-H. Chang. Echo algorithms: Depth parallel op erations on general graphs.

, 8(4):391–401, July 1982.

A ctes des Jourń ees de R e cher che sur le Contr^ ole Ŕ ep arti

dans les Applic ations Co oṕ er atives (CRAC’96)

Communic ations of the

ACM

R e asonning Ab out Know le dge

Pr o-

c e e dings of the ISADS

Conc eption et sṕ ecific ation d’algorithmes distribú es : la vague ŕ ecursive

Pr o c e e dings

of the 9th ACM Symp osium on Principles of Distribute d Computing (PODC’90)

ACM T r ansactions on Pr o gr amming L anguages

and Systems

IEEE T r ansactions on

Communic ation

Synchr onisation et c ontr^ ole des syst̀ emes et des pr o gr ammes ŕ ep artis

IEEE T r ans. Inform. Ther oy

Intr o duction to Distribute d Algorithms

[8] C. Coste, L. Duchien, G. Florin, and L. Seinturier. Diff́ erentes appro ches des relations d’ordre

dans un environnement co oṕ eratif. In

, pages 17–22, May 1996.

[9] E. Dijkstra. Self-stabilizing systems in spite of distributed control.

, 17(11):643–644, 1974.

[10] R. F agin, J. Halp ern, Y. Moses, and M. V ardi. . MIT Press,

Cambridge, Massachusetts, 1995.

[11] G. Florin, R. G´ omez, and I. Lav alĺ ee. Recursive distributed programming schemes. In

, Kawasaki, Jap on, May 1993.

[12] R. G´ omez-Cardenas. .

Th̀ ese de do ctorat, Universit́ e Paris VI I I, Apr. 1995.

[13] C. Hedricks. Routing information proto col. RFC 1058, June 1988.

[14] S. Katz and K. Perry

. Self-stabilizing extensions for message-passing systems. In

, pages 91–

101, Queb ec, Canada, 1990.

[15] L. Lamp ort. The temp oral logic of actions.

, pages 872–923, May 1994.

[16] K. Lougheed and Y. Rekhter. A b order gateway proto col 3 (bgp-3). RFC 1267, Oct. 1991.

[17] J. McQuillan and al. The new routing algorithm for the arpanet.

, May 1980.

[18] M. Raynal and J. Helary . .

Eyrolles, Paris, F rance, 1988.

[19] A. Segall. Distributed network proto cols. , 29:23–35, 1983.

[20] G. T el. . Cambridge University Press, 1994.

Con ten ts

1 Intro duction 2

2 The wave algorithms 2

3 The self-stabilizing algorithms 3

4 W ave algorithms and self-stabilizing systems 4

5 Conclusion 14

4.1 Computational mo del . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4.2 The recursive wave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

4.3 The self-stabilizing wave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4.3.1 Intro duction to a self-stabilizing wave control structure . . . . . . . . . . . 9

4.3.2 A self-stabilizing wave algorithm to collect a global state . . . . . . . . . . . 9

4.3.3 Self-stabilizing asp ects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.3.4 Correctness pro ofs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13