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Formal derivation of a self-stabilizing program:
Leader election on a uniform tree
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Abstract Probabilistic programs are effective for several kinds of distributed problems, especially for

problems involving the resolution of symmetry, where no deterministic counterparts exist. This is also
the case with the distributed program for leader election on a uniform tree network, because probabilistic
transitions should be made to break the possible symmetry of the tree. In this paper, we report a formal
derivation of a probabilistic distributed program for this problem, using the UNITY formalism which has
been recently extended by Rao to treat probabilistic programs.
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(Vz,yadly| =iABY=jAM=kw— M>k)
= {#ERE}
(Br,y v zdy] =iABL=)AM=k— M=k
= { HHEBERE]
(Fe,yady] #BVAM=k— M =~k
= {de Morgan}
(Vz,y madly] =AM =k— M~k (G2.1)

G2.2 IZD0WT:

1 P1 unless false
, G2.3 OFEHL V51 5[0

2 (Ve ze# ap oz =)
,G3.2&D

3(Vz: PlAze# oy PlAz.e=ay)
,1 &2 @ PSP '

4(Vz:: PlAze=ca— PlAze=0y)
, B9

5(Vz:: Pl PlAz.e = ay)
, 3, 4, BiEhE

6 (Vz :: P1 Az.e = oy unless false)
, G2.4 DFERAX DFESN B

TPl = PIA(Vz :ze=0q, — (G2.2)
, 5, 6, SEAE{L O

6.3 EUt

BEETNVOHPOTTIOV S LABLVOT—%
& ORI HIET 5720 OB %
725 Kxv b= FLoEREOTOELX 2 OB
SR T2 0S5 A G, &L TUTOHE G4
NEeN5.

[k G4
(G4.1) (Vy:y # x : stabley.e = k in G)
(G4.2) (Vy,z:y # z : stable y.d[z] = kin Gy)



(G4.3) stabler.e =iAa, =iinG,
(G4.4) (Vy ::stablez.dly]=kABY =kinG,)
(G4.5) (Vy =

z.dly] =i AM =k unless M > kin G,)
(G4.6) M = k unless M = kin G,
(G4.7) (Yy :: z.d[y] =i A BY = j ensures

zdly] = A BY = j in Gy)
(G4.8) z.e # oz ensures z.e = o, in Gy,

[BREE] 24HE. o

6.4 TASSAG

ZOBETTOY 5 G ~OERIIEEH S M
BoTNWS, ik G4 REN TSRO RHIT
G4.7 & G4.8 AT, TIEN, z.dfy] == Y XU
z.e:=o, DERERBLTNWS. 22T, 70r5
L GOBRRBREFHELUTUTOLONEZONS.
Tarshq
(lz:zeV:

(Dy:{y,z} e E:

z.dly] ;= (maxv:{v,z} € EAv #y:vdz] +1)

)
lz.e:=(maxv:{v,z} € E:v.dfz]+1)

)
BREE] ARUw I M EUT, UTOEX 372 (A +1)-
FHZEATS (hm = (maxu,v: {u,v} € E: hY)):
((Cu,v: b =0Audp]=p82:1),
(Cu,v:hl =1Audv]=p2:1),

(Cu,v: k= hp Audp] =67 : 1))
Ty S5h G OREDLET 2O M BEDSHESE
HOBEE W X (hy+ 1)-FHETORSEIET ~ Ob
EWREHTHS. ZOEDRTARNI YT M 2EDD
& PR, RAX 2.dfy] = gY 13RH Ga5 ITHER
Lz, a5, ZORAIICHTBHEE G4.5 1%
cdly] =AM =kABL#1= Mlz.dly] :=8Y] = k
ECRMETH S I LB EICLORTIENTE,
M DEDF LD ZORBIIMEETHS. thodboiz
DT HFRICGREBEFTE TREED T2 2 5. O

BB, EEL2&0, VS AL (= FIG) D
FERTIE, 57 08X 2 ITBWT, ZRUCBET
ZETOTOER y ML T z.e = 2.dfy] THDM,
BENETEETEHD yil DN T ze = zdfy] +1 5
Drsly] > yriz] B5E, TOTULX 2 BRY—F
TH5.

7T BbLYUIC

H—aRRy b T~ ETOY)—RHREEMR <
BRERNLHCSRETOY 5 0%, EE i UNITY
DRRERTHHTHI ENTEBZEERLE. 7
Oy 5 ABEHIMROFMEZRVIET I &IckD
fiiz oz, HEFHMULDIEL X OREER, g ay
SLOA—ROBKRTHEIAZEETEHI LML, R
EHEOHBENTERNICTRA . ZOATEE
OTTT 5 LABERIBRNTHHENES. I,
BT 00 5 AOETRIID, &4 ORRNER
DEET S BENAHRRbER T HIHREND -7,
SEEECRE 0S5 LAOERBENO—F %5
L7ZDATH SN, BHOMFEA L U-RIHRRI,
ThafkzoRERORRNRER LS RT &
NTED. ZUIMOBEERET TV 5 LOBRY
HEHORREM ZRB L TS,

&k
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