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Efficient Decentralized Consensus Protocols
Using a Finite Projective Plane

AMANE Naxganmat

This paper discusses two-round communication structures of decentralized consensus pro-
tocols and creates an efficient communication structure using symmetric relation of points
and lines in a finite projective plane. Decentralized consensus protocols are distributed algo-
rithms that compute a function whose arguments are distributed in nodes of a nework.
Processing of decentralized consensus protocols is devided into two parts: computation in
each node and communication. The communication part is common in all decentralized
consensus protocols. Thus, a good communication structure reduces the number of mes-
sages required for decentralized consensus protocols. The paper proposes an efficient two-
round communication structure based on a finite projective plane. With the proposed com-
munication structure, decentralized consensus protocols that require 27 v 7 | messages are
obtained. The paper constructs a two-round decentralized commit protol as an example of
decentralized consensus protocols using the proposed communication structure, and proves
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the correctness of the protocol.
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Fig. 1 Finite state automaton of a two-round
decentralized consensus protocol (1).
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Fig. 2 Finite projective plane of order two (1).

WU THD, NEI3FIRE2EDLDHRL o8
BEBRATEIDRELETS.
FE2 HEVPEOPT, SOBIERULOZER
HE T &S,
HRHELEICEAL TUTOEESEET 51710
FH1 miIm=2 AT ERAEYLE T
CBNTROBME R TNTHNCEETH 5.

1. 1#iEbx5E m+1) BOAERT.
1HEbx2E (m+1) HORLICH 5.
TANTORIBE &S5 E (m+1) HOFEEED.
TARTOER D& D E m+1) HOBREICH 5.
T i3 BsHE mP+m+1) BAORBH 5.

6. witiRbxHE mP+m+1l) HORPH 5.
mABRMEEE  OMEEV .
FI2 g HEK, aBERKO L E, NH m=g”
OFREELEBELT 5.
gk 2, &0 TEE THEGOEBEINZEREEL
HEOFAER 21T,

2.3 Lakshman & Agrawala O@(EHEE

Lakshman & Agrawala (3EREEFEEAFIHL
T25v Y FORBBEBEABK L. CDXdichs
BECHAERNEEZROAEREAKE T VT Y X
LCFIFT 5 C SR HITON TV 3. FREREE
FRABESE S 0 b a v TOFRIBRETICR, SEdk
HEMCENSLNTOEY, Fi, BELSva—FE
MBTBHDT 7 4 VERETIIHEREAZISICH
BN, HAERTFYIA v EFENIELK
EAETI ) XAFIAL IS H B,

BREHETE 7 O& i % po, Rikxk L LETC
et B (1<i<m?+m+1). Lakshman & Agrawala
BAERHEZEED S L%

Lmp: (A<i<m’+m+1) (1)

LHBEHNRBTES C LATHL, COBEE
B EREEYEAS b & kK UTEERELZERL

ook LN

May 1994

% 1 Lakshman & Agrawala O@&EHEDH
Table 1 Example of Lakshman and Agrawala’s
communication structure.

i Si(f) Sa(%)

1 2,4,6,7 2,4,6,7
2 1,5,6,7 1,5,6,7
3 4,5,6,7 4,5,6,7
4 1,3,5,7 1,3,5,7
5 2,3,4,6 2,3,4,6
6 1,2,3,5 1,2,3,5
7 1,2,3,4 1,2,3,4

e Fi, RUBEBEEERLIOEF = v 7 R
AVF4VvTOTNT YV XLERRINTNEY.
2WRLICERAEEE R (L) ZE LT A,
=V iOF jRIERLE Si() LELCLIKTA
&, Lakshman & Agrawala O@B{EfEiENL,
S1(D)=S2(t)={a: LiD ps, i#a}
U {b: Lop:, b#i}
(1<a, b, i<m?+m+1), (2)
LB,/ —F ik p & LTS EBE, /-
F i35V FT L LOERHERTS/ —F&,
pi B 5RBICHIET S/ —FOI BEHSPIAD, —
FICA v =V ERBTEICNE. COLE,
[81(2) | = | S2(d) | =2m,
n=m2+m-+1,

DT, 7’0 b aVTREEILHBA v 2 — VI,
,§l (1S10)] + 1S ) =dmn=4n| v ], (3)

&85,
R 2R e ERHEEEAFER L2 & & O Lak-
shman & Agrawala OFEEEELER 1ICRT.
3. MO L IEEHE
AFETI2, Lakshman & Agrawala O@E{EREIC
BT, 2 v 2= Y HAXRT 2BERELERT
3. TTEEHELZVCESISBE Iy PP b
NO—HMOEEETRL, ZOHTENDDESKE
AT 5.
3.1 EEWEOBRE
WXOBEEERD, X(1)E2ETHERAETLE
ZHERL, UToXdicES#IN5.
Si)=la: inpt (1<aq,i<m?+m+1), (4)
Sei)={a: L,op:} (1<a,i<m?*+m+1). (5)
=V ik pi & L THIGIEDE, /—F i 3F
159 Y FT L LORCNET S/, —Fic, #2535



Vol. 36 No. 5
£ 2 RKRXOBEBZOH

Table 2 Example of our communication structure.

i Si(3) Sa(2)
1 1,2,4 1,6,7
2 2,6,7 1,2,5
3 3,4,6 3,5,7
4 4,5,7 1,34
5 2,3,5 4,5,6
6 1,5,6 2,3,6
7 1,3,7 2,4,7
D1
i 2
Pe N D2
[Pg,
) &
15

P I3 D3 s

3 fr¥k2 oREHETEE (2)

Fig. 3 Finite projective plane of order two (2).
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Fig. 4 Finite state automaton of a two-round
decentralized consensus protocol (2).
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