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A message delivery system which preserves the causal order between sending events seems to be useful in
distributed systems. In this paper, we propose a protocol which achieves such a message delivery system using
vector time and message tags called “s-record”. A s-record is a 3-tuple, sender’s and receiver’s identifiers, and
sending time in sender’s local time. In the protocol, every message contains vector time and s-records of all
preceding messages, and the receiver compares those of receiving message and those stored in itself to achieve

message delivery preserving causal order between sending events. We also discusses conditions to remove useless
s-records.
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R(m) OHDERTD s-record & R; KKHMZ, m
* P CEZETR. P i BEANY N RREL,
S b m i"}{"h’&%

() v(i,j.t) € Rim)[Vi[i] 2 1] D& &

InEE, S P PRE LIS P K&
AvE—=V m 2T TP KEELTWS.
Sj 1% V]D] = V}L)]-{—l & Lf:f&, V,[/C] =
max{V;[k], V(m)[k]}(k # j) TFEITL, KD
1.,2.,3. RBUICETT 5. FITH, R(m) ©
FOFTRTD srecord & By KMEA, m %
P \CELET . £Df%k, Queue ODFD A
-V m HV(,4,t) € Rm)[V;li] > 1] &
ok, S; i3 V][]] = V][]]—}- 1, V;[k] =
max{V;[k], V(m)[k]}(k # j) ZETL, m' %
Queue 225 HIL, 1.,2.,3. #FETT S, £
Tt%, R(m) O DT XTD srecord ¥ R;
KMz, m % P; KEET .

L V{k, 1, t) € R;[({k,1,1) € Rj)A({k, 1)) €
R(m))] D& &
(@)t>t DL
(k,1,t") & R(m) »OHWHEL.
b) t<t! DL &
(k,1,t) & R; »HEY B L.
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2. ((k1,8) € R) A((k, 1) & ROm) A (1 <
V(m)[k]) DL X
(k,4,t) % R; »HEDERL.
3. ((k,0,1) € Rj)A((k,11) € R(m)) A (¢ <
V][k]) nEX
(k,1,t) % R(m) »HE KL,
(i) 3t(i,5,1) € Rm)[V;[i] < 1) D & &
CDEE, S; 3P L LIC P K%or
Ave—Um 2ER P KRELTWRY,
S; ldm % P ICEC%E T, Queue ICANSD.
o

TEE 2 CMD BEX5&M (1) OB 21RFET 5.

EIRA mHE 1 LY srecord DEBERS S VIES,
ETHEOBRIIBNT, £ (1) ORI RRIELTVED
T, SFEOBRICBVT srecord DEHERS Lz L
LTHEUEMER T2 L% 1,2,3. DBEEICOVTEE
RPefTi ).
[1. DfEEE) €D L H %2200 s-record % (4,5,8),(1, §,t")
@<t) &L, (4,50 ,(6,5,) KLV EEINBE Ay £—
v&%n%nmﬂw&T%.ﬁ%%ﬁ%uswr,ly
T AT AT XTOEATEE A XY F D s-record 21R%F
LTwaizd, P ~NREEIND Ay L~ Tk srecord
(4,4,1),(5, 5, ') BEDIFMENRSE, ZDX I 2y -
Tem" k¥aE, §;0m" & P ~NEETHEE, B
ELACMD I Vil >t »D Vfi] >t THBT
ERHBTDLEVHDN, wE, t <t THHOT,
ViEl 2 ¢ = Vil >t RV ID. #oT, (4,5, i
Ay =TT 52 LER R,
[2. DIER) (k,1,2) LW REEND AV E—TEm L
TBE, (ki1) € R 5 (k1t) ¢ R; DD Vi[k] > ¢
o r(m)e EPRAT I LEBBTERETHON
2FATOREE D ELTET D CEENLARY MY
n ICHT BRI L VAR AT .
EEBEBELT, n=00LE, ARVEF1DH
¢, BERRIL. DOHO pBUTOA XY+ 2FD
HEEDETICBWTEESRLLTWBLIREL, p+1
BOANRYF 2FHOFTTOETIIBIT 2HEIBELL
TR LRHATE. 5 pBEOARY M 2RHOH D
T D LT BE, BREOREEL LT D KDWT
BERBBRILTALRELT, Do—{e} =Dy £%5% D,
onTh, BENFBRILTHIEZEHTE. D, 25
Dy ~FEAL Lz L Z T, vector time DEB L R o
stecord EREEINZ DI 1207 0L AICBVTOAT
HHDT, EOT/OLRHKFHETH. e id, REA Y
FHLARFE/ARYPDOThDICE>TEY, #0
TRDFEITOWTHREITE .
e e WREEARVIDLE
eCE, Ay t—TUmEREETHLETS. m %
BYBEE, eV, (p#q) PEFTHZ L% L,
Vool = Volpl+1 EFBDHTHY, £/, R, HD
stecord 2EETHILIRTEY, R, s (m) D
s-record EMR B DA THBENDT, s(m) BHO s
record ICDWTIZEEIIEIL. s(m) @ s-record 2
DWTERL. WE, s(m)—e LB} ¢

PHEELZCOT, HEI3 LY, V(s(m)) < V()
B o BEELLZY. XoT, V(s(m)k] <
V(e')k] L% % e BELELLZVOT, V(s(m))[k] =
tdh, ikl <t knbZ ki, -7, BE
BT
e e WEFARVIDL &
rim)=e € E, (s(m) € E;) £F 5. s(m) D s
record {Z2WTIE r(m) PFLET 50 THEILR
Y. m DAY &=V % m' L L, s(m) D s
record & (k,1,t) £33, D IKBWT, (k1,2
KOWTEREPHILT AL E, TTI, r(m) ¥
FET2OTHERRY. £H0IH, 0L &,
(k,1,t) € Ry DABILL, EDTTXR P iZDwn
TH (k1) e R VV[k]l<t ThBLETH. D T
BWC, INHER DEE, mERELT D, K
B, (k)¢ R, LIRETSD. DL E, %
TaEAMITE T m OEERIC, (k1) € R,
PO Vilk]l >t BRALT LLENDE. —F, 5
Ay e—TEZTT, —HIY BRI s-record 23
LIRET B 3%, 72, V,[k] OftiiLHEHR
W2 EI0ED, Dy CBWTDH, (k1) eR,
POV [k] >t PEILL, BEKKT 20T, m %
SRELT (k1) ¢ R ERBI LRV, D, I
BYT, k]l <t k& m #%ELT D,
BWT, V[k] >tV (k1,t) ¢ R, LRETS. &
DEE, FETOXAAMIBVT m DEERIC,
(k,1,t) ¢ Ry 22D Vo [k] > t DRMT LB H 5.
Zhid, BCRZLICEDTOER P ikonT
b, (k1) € R VV[kl <t THBEWIEEK
K¥5. #0995, (k1) ¢ Ry, Vi[k] <t DB
IFBEE, (kit) ¥EELZVDOT, bk
(kB € Ry EB BT LBV, Thbb, 2.12L
D (k,1,t) 2° P, OB BROND DI (k,1,t) 1T
HIET BEEANRY P TTIERE LTV ABET
5.

[3. DIEH] 2. DI & FAL. o

4 FT&H

FRTR I 1 BECBT 5 RRMERPRET L A Y
- VERRETERTIFERREL. T, IV FFy
APBEICBVTH 1N 1 BEOBESLABDFELE
WAEZEIZEIYAEETHE, SHOBEHE LT, BEL
REMBRETREET A AvE—VREPERT L 2T
ADYIab—YaryiisERNFHMEOER 2 BIET.
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