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Abstract: In order to solve the problem of metadata propagation overhead, operation delay and remote update visibility
latency in the current causal consistency model, a causal consistency model for distributed data stores based on the shared
graph and partial replication strategy was proposed. This model was based on the topology of the shared graph, and each
data center stored an arbitrary subset of the data. At the same time, the global stabilization strategy combining shared sta-
ble vector and hybrid logical clocks was proposed to provide data consistency guarantees on the premise of ensuring
causality. The theoretical analysis and experimental results show that the proposed model can effectively balance the re-
mote update visibility and the metadata overhead compared with the existing models while reducing the operation delay.
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1) function GET (key k)

2) send<GETREQ %, SSV> to server
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3) receive<GETREPLY v, DV, SSV"> //li] 3
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B dEE K

8) receive<PUTREPLY ut, sr> TN
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9) DV.—maxDV (DV,, {<sr, ut>}) /S
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21) receive<migratereply>
5.2.2 PUT 44

# /o REEEHRE, RS p) NS
P, WL 2 P JLEARGRER, &/ e K
HE<PUT k, v, DV 1K, b k AR 5 AHdE 4,
v NN NIRE, DV MG, il i e
ARSI . IRk 55 2% pl WS Bl K5, H DV,
{58 SSV!" , ¥ A update clock &% (532 3 )
update clock on PUT #32) S PV [m], fRilF PUT
BAEW R IR K R RS p B k BORCAEE
BN, XA R &, SO N (A
v, BERERY ST IN TR ER ut D4 PV [m], BN
IR EIAS s Rz g vt ID. RS 4% p 0508
SSVZ B k6 R FEEUETIN TR ut FIYRREIA st LA
PUTREPLY S R 1% i o [ BE, 257 o
¢ ¥ PUTREPLY iH &5, i maxDV 5%
B AER ut FIYEEIA st S8 DV, FSSV” ¥
SSV. .

Bok2 RS p) WA e B SRR

/WM GET 13k

1) Upon receive<GETREQ £, SSV > from ¢ do

2) SSV"<«max (SSV. SSV")

3) obtain latest version d from version chain of
key k, the version with highest value <ut, sr>  //i%
OB ke PR RRAS B P T A

d.sr=m, orany <i,h/> € dDV, h <SSV [i]

4) DV « maxDV (DV, {<sr, ut>})
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6)Upon receive <PUTREQ £, v, DV>from ¢ do
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/BRI [ dt
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11) insert d in the version chain of k /¥ H1h%
AFHNBE kI RRAEE

12) send <PUTREPLY d.ut, m> to ¢
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13) for each server p, ,i€EN,, i#m do
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Ny B P B 0 R B0 [ 20 00 6
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i€P,

21) SSV"«max (SSV,, SSV")

22) send <migatereply>
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//PUT BEHrIN BhA

1)function update clock on PUT (dt)

2) dt « max{DV,} //DV H (P8 K
JUEPRIC dt

3) max p <« max{ PV" [m]p, clock! , dtp}
/1 3R BT R ) BRI ]k

4) if (max p == PV"[m].p ==DV_ m].p) then

5) [Fmax{PV'[m].l, DV [m].[}+1

AR EPSE AE

6) else
=PV [m].l+1

iflmaxp == PV" [m]p) then

7) else if(maxp == DV/Jm]p) then [=
DV [m].l+1

8) else/=0

9) endif

10) PV [m]p — maxp; PV'[m]ll—1 //&
B PV [m]

11) end function
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12)function update clock on SSV

13) SSV," «<minPV7, je{l,2,---,n}

/1R PV i) d /M BT SSV

110 BT

14)upon every At time do
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in the past Az time //#5At I [a] Y AR BZCE R R 2000
K, U O BEHIL T SR R BTIRAS

16) update clock on Heartbeat()

17) for eachserver p’, jEN;, j#mdo

18) send<Heartbeat PV [m]> to p’
Sea T EdE L j AR O EE B

/120 Bk S I B S

19)function update clock on Heartbeat

20) if Cclock” > PV [m].p) then

21) PV"[m].p <clock” ; PV" [m].l « 0//% &
PV [m]IN} )k

22) endif

23)end function

/1 Bk

24)upon receiving <Heartbeat PV [/]> from

//TH) N;

p. do
25)  PV'[j] <PV [j] /ISR E,
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