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Uniform Self-Stabilizing Extension Algorithm under Message Passing
Model

Shigemi Aoyagi Yoshifumi Manabe
NTT Basic Research Laboratories

Many distributed algorithms assume an initial state (processor state and network state)
and must start from the initial state, while self-stabilizing algorithms assume no initial
state. Katz,et al. proposed an algorithm for automatically creating a self-stabilizing
extension of any distributed algorithm under the model which there exists one special
processor. In this paper, we present a new enhanced version of their self-stabilizing
extension algorithm which works under the uniform message passing model. Uniform

means all processors have no identifier in the system.
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for j:=1 to d do (* 2 v € — JEE*)
send_message {tid := tid; (*tree id*)
dis := dis; (* 18 & OFEME™)
order := j; (* F+ ArORE™)
parent := £; (*$§*)

sender_clock := clock; (* Ay ¥~V D7 ay 7 *)

rclock := rclock; (XD 7wy 7 *)
color := color; (* 5 %)
ack := ack; (* ¥ = v 7 HMDNIT true®)
other_trees := other_trees; (* fLDRHSFHFLE *)
} toj
endfor;
for j:=1 to ddo
mes[j] := receive_message(j) endfor;
(* A v v—VRE*)

atomicend;

mtid := max(mes[j].tid);
mdis := min {mes[j].dis|mes[j].tid = mtid} + 1;
mf = {first j|mes[j].tid = mtid

and mes[j].dis = (mdis — 1) }

if (tid,dis) > (mtid, mdis) then
dis ;= 0; (*#Rich 3 *)
else if not (dis =0 and tid > mtid) then
(*tid EEREORCA VRS *)
(* MAD tid ¥ HORE v ey FERET DY)
f := mf; tid := mtid; dis := mdis; endif;
endif;
if (Vjlmes[j].tid = tid) then
one_tree_election() endif;
(*one'tree'election DT *)

clock := max(clock — 1,mes[j].sender clock) + 1;
if dis = 0 then rclock := clock; (*HDEPS *)
else rclock := mes[f].rclock endif; (*#RTAWVRE*)
if color_modify = true then
color_clock := rclock;
color_modify := false
endif
until forever;

function son(j : integer) : boolean;

begin
if mes[j].order = mes[j].parent then son := true
else son := false endif

end;

procedure one.tree_election();
begin
if (dis = 0 and {Vjlson(j) — mes[j].ack = true
and mes[j].color = do_color})
then

if {3j|mes[j].other_trees = true or
(mes[j].color # do_color
and mes[j).rclock > colorclock) } then
tid := extend_tid(tid); (*tree id DT *)

endif;

do_color := choose.color(previous_color,do_color);

color.modify := true; (* fLDHHE *)

else (*-non root *)

if (dis # 0) and (do.color # mes[f].color) then
other_trees := false; (* WOBIEHEI LA *)
do.color := mes[£].color;
color_modify := true;
ack := false;

else if ((not ack) and
{Vilson(j) — mes[j].do.color = do.color

and mes[j].ack}

and {Vj|mes[j].rclock > colorclock}) then
if ( {3jlson(j) and mes[j].other_trees}
or {3j|mes[j].color # do_color})
then other_trees := true endif;
ack := true

endif

endif
endif
end
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const d : (* FrRXr DX *);

type
ID:; (*bit sequence®)
message = record
tid : ID; (*tree id*)
dis : integer; (* #&2b DM *)
order : 1..d; (*channel order of sender processor*)
parent : 1..d; (*E T uwy4*)
sender_clock : integer; (* A v =YD uy s *)
rclock : integer; (* D2 ay 2 *)
color : 1..8; (* Koot *)
ack:boolean; (*true if all children have checked color*)
other_trees : boolean; (* o tree 74 *)

snap.flag : boolean; (*true if snapshot message*)
rflag : boolean; (*true if message contains a report*)
marker : boolean; (*true if message is a marker*)
report_content; (*content of report message*)

val : integer;

id : ID; (*sender process id*)

path : (*list of id*)

end;

var
j : integer;
mes : array(l..d] of message; (*message buffer*)
clock : integer; (*clock of the processor*)
rclock : integer : (*possible known clock of the root*)

color_clock:integer; (*last color-changed time of the root proc.*)

color_modify : boolean; (*true if changed*)
tid, mtid : ID; (*tree id*)

dis, mdis : integer; (* iR & OYEM *)

£,mf : integer; (*ES o€y 3 *)

do_color, previouscolor : 1..6; (* {2 *)

ack : boolean; (™ FHOBF = v 7 T *)
other_trees : boolean;

current :integer; (*current iteration number of snapshot*)
node_id:; (*identifier*)

basic_state : state; (*basic program P & state*)

initiated : boolean; (*true if initiated*)

eoc:array[l..d] of boolean; (*j #»& marker %Z U H -7 *)
rec : array([l..d] of array(1..M] of message;

(*eoclk] 2 false DIEIC k 2 LJH A A v v —T %)

(*M: large enough to save all the messages™)

global_state : array of state;

report_flag : array[l..d] of boolean;

report_content : array[l..d] of queue;

report_queue : queue;

messge_queue : arrary[1..d] of queue;

repeat
atomicbegin
for j:=1toddo

repeat
send_message(j, deque(message_queue[j]})
until empty(message.queue[j);
(*message’quevelj] K Ao T3 2y w— Uk BE*)
endfor;
for j:=1 to d do
mes[j] := receive_message(J)

(*FrAIribbitye—Tk—DRIEF*)
endfor;
atomicend;

(* Y —BEDTATY XLHBTLICADY)

(*snapshot ® 7 A=Y X4 *)
for j:=1tod do
if snap_flag then
if dis = 0 then (*{ROEE™*)
if ismarker(j) then
snapshot(j);
if finished(j) then report() endif
endif
if (isctri(j) and (not seen(j))
and isreport(j)) then
save_report_info(j);
if finshed(j) then report() endif
endif
if (isctrl(j) and (not seen(3))
and (not isreport(j))) then
if finshed(j) then report() endif
endif
initialize();
else (*IRTAVRE ™)
if rep_message(j) then
push_report_info(j);
report_flag[j] := true;

endif
if ismarker(j) then

snapshot(j);

if finished(j) = true then report() endif
endif

if (isctrl(j) and (not seen(j))

and isnext(j)) then
current = mes[j].val;
propagate(3j);

endif

if (isctrl(j) and (not seen(j))

and (not isnext(j))) then
propagate(j);
if finshed(j) then report() endif

endif

endif
endif
endfor
until forever;

function rep_message(j : integer) : boolean;
begin

rep_message := mes[j].r_flag
end;

procedure save.report.info(j : integer);
begin

report_queue :=

push(report_queue, mes[j].report.content);
end;

function ismarker(j) : boolean;

begin
if eoc[j] = false and mes[j].val = current
then ismarker := true
else ismarker := false endif

end;

function isctrl(j : integer) : boolean;
begin

isctrl := (not ismarker(j));
end;



4 FE®

function seen(j : integer) : boolean;

begin ae —

if ((exist(node.d, mes[j].path)) KRR, H—A Ay - VEEEFALCBNTY —

?]l:d ((noded 3 null) or (path # null})) KEEBIUHYAF vy 7Tvay bEfTSHERET

en seen := true )

else seen := false endif TY XA TNEAVAFHERE v 7 A0HEER
ends FBlbkDWwTihRes A v - VBEETAMCIENWTR,
function exist(id, path) : boolean; FrFLCHRNMUEFBCC LRI Y, LYXEHEETE
begin . .y .

(*id 2% path ICFFEET 3 & b true®) FATCHL TAT Y X 20—, Ay €— VEBELT
onds FERTNE, BEACEEALCHATCERTES
function isnext(j : integer) : boolean; FREHED D B
begin

if (mes[j}.val > current) then isnext := true
en;:se isnext := false endif Z}%Xﬁk
function finished(j) : boolean; [1] B. Awerbuch and G. Varghese: “Distributed Pro-
begin gram Checking: a Paradigm for Building Self-

if ((mes(j].val # current) stabilizing Distributed Protocols,” Proc. 82nd

or (Vk,eoc[x])) then FOCS, pp.258-267(1991).
finished := true L.

else finished := false endif [2] K. M. Chandy and L. Lamport: “Distributed

end; Snapshots: Determining Global States of Dis-
tributed Systems,” ACM TOCS, Vol.3, No. 1, pp.
l]Zrof:edure report(); 63-75(1985).
egin

%eport_queue = [3] E.W. Dijkstra: “Self-stabilizing systems in spite

push(report_queue, id, basic_state, rec) of distributed control,” Comm. ACM, Vol.17,
end; No.11, pp.643-644(1974).

[4] S. Dolev, A. Israeli, and S. Moran: “Self Sta-

procedure snapshot(j : integer); (*j b ®D A v £—*) . OU i k
bilization of Dynamic Systems Assuming Only

begin

if (not initiated) then Read/Write Atomicity, > ACM Proc. of 9th
ifnitia.ted :I:ttrui;d PODC, pp.103-117(1990).
or =
e;ci ::?alse'orecord j] := nil 5] S. Dolev, A. Israeli, and S. Moran: “Resource
i} ; {3} ;
endfor Bounds ofr Self Stabilizing Message Driven Pro-
eoc[j] := true; tocols,” ACM Proc. of 10th PODC, pp.281-
basic_state := state of P(*-save checkpoint *) 293(1991).
(*BET vy FCe—n%%kD*) : R .
lse if (initiated and M th (6] S. Dolev and A. Israeli: “Uniform Self-Stabilizing
ese leii:r]['jt]la: t,i:; ézzzfeocb])) then Leader Election (Extended Abstract),” WDAG,(1991).
endif [7] S. Dolev, A. Israeli, and S. Moran: “Uniform
end; Self-Stabilizing Leader Election IC’:art 1: Cgm—
- lete Graph Protocol,” TR 807, Computer Sci-
(* Ay e—Uk¥a—ICIREY) p ocol, ,
procedure propagate( : integer); ence Dept., Technion.(1994).
begin (8] S. Dolev, A. Israeli, and S. Moran: “Uniform Self-
for j:=1to d do Stabilizing Leader Election Part 2:General Graph
message-queue . 1 sath. vl Protocol,” TR 94-039, Dept. Computer Science,
end.;):nqueue(message_queue, 3j, mes[j].path, val) Texas A&M Univ.(1994).
end; (9] S. Katz and K.J. Perry: “Self-stabilizing Exten-
e sions for Message-passing Systems,” ACM Proc.
prosedure infialize(); (* e ERIICHIT K of 9th PODC, pp 91-103(1990).
if (Vjlreport.flag(j]) then [10] L. Lamport: “Time, Clocks, and the Ordering of
(*reported from all proc.®) Events in a Distributed Systems,” Comm. ACM,
for j:=1tod do+report_ﬂag[j] = false endfor; Vol. 21, No.7, pp. 558-563, July (1988).
current := current + 1; . N . "
initiated := false; [11] Eﬂ\ }#vmlz 3;‘%&'?1%(175;;): J X LEDNWT,”
end; JLEE, Vol.34, No. .
emg*path:()'valzcmem £ LC broadcast™) [12] M. Schneider: “Self-Stablization,” ACM Compul-
ing Surveys,Vol.25, No.1, pp.45-67(1993).
B2 [BRLAT A=Y 4] (13] T ME: DT A=Y Ko, FRFER (1994).



