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*),(O)*3;&V+&L*1&Q(*P/7(F&(+&C(%&'(F-,/&-+&23/;&.)F)+1"0-$-%3&YC(%.)FWKf\=&`#+)&JKKf;

C .;&Q"+9=&R;&@"1"+=&A;&'*-O)1-=&2),#*-%3&"+"$3/-/&(E&2V'<8&-+%*#/-(+&%($)*"+,)&/3/%)4E&
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234F(/-#4&(+&IF)*"%-+9&23/%)4/&6*-+,-F$)/=&F"9)/&JcLdJHf=&I,%;&JKKL;

C D;&a7(#=&!;&R;&2,7+)-1)*&"+1&8;&>;&8)+)//);&<622^&F*(",%-O)&/),*)%&/7"*-+9&-+&
"/3+,7*(+(#/&/3/%)4/;&<5@&'*"+/",%-(+/&(+&V+E(*4"%-(+&"+1&23/%)4 2),#*-%3=&
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C 6;&a-)$-+/P-;&6"_(/ "%&X"*;&'),7+-,"$&8)F(*%&i5<@G5DG'8GcML=&i+-O)*/-%3&(E&5"40*-19)&
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1-/%*-0#%)1&(0j),%&/3/%)4/;&&V:::&'*"+/;&(+&6"*"$$)$&"+1&.-/%*-0#%)1&23/%)4/=&
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A computer network is not a distributed system

• computer network
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• Objective:

• order events by cause-effect 

or precedence (e1 --> e2)

• Implementation rules:

• initially: LCi=0 forall i;

• at each e local to p: incr. LCp

• at each send, timestamp m 

with LC value: LC(m) = LCp

• at each reception at q, incr. 

LCq,   and update LCq with 

max [LCq,LC(m)] 

• Ordering rules:

• e1 --> e2 ==>  LC(e1) < LC(e2)

q

r

s

[1 ]

[1 ]

[2 ] [3 ]

[4 ]

[2 ] [3 ]

[5 ]

[4 ]

[6 ] [7 ]

m 1

m 2

q

r

s

[1 ]

[1 ]

[2 ] [3 ]

[4 ]

[2 ] [3 ]

[5 ]

[5 ] [6 ]

[7 ] [8 ]

m 1

m 2

[4 ]
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• Implementation rules (Pi -> Pj):

• initially: VTi[k]=0 forall i,k

• at each send m:

• incr. VTi[i] and timestamp m with VTi: VT(m)

• at each Rx at Pj delay delivery until:

• msg m-1 from Pi seen : VT(Pj)[i]=VT(m)[i]-1 and

• all msgs preceding m delivered at Pi, 

also delivered at Pj : VT(m)[k]!VT(Pj)[k] , forall k

• Pi does not delay msgs to itself

• upon each delivery:

• update VT(Pj) w/ max[VT(Pj)[k],VT(m)[k]] forall k

• Example:

• when p3 receives m5, VT3=[1,1,1] 

• since VT(m) =[2,2,1], msg from p1 is missing at p3

• wait until rx m4, which sets VT3=[2,1,1], and deliver 
m5, setting VT3=[2,2,1]

2,1,1

2,2,1

2,1,1

[ ]1 
1 
1
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