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@ Consider a non-stable predicate ¢ encoding,
say, a safety property. We want to determine
whether ® holds for our program.

@ Suppose we apply @ to X°

@ O holding in >°does not preclude the
possibility that our program violates safety!
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The challenges of
non-stable predicates

@ Consider now a different non-stable predicate ®.
We want to determine whether ® ever holds
during a particular computation.

@ Suppose we apply @ to X°

@ & holding in 2X’does not imply that ® ever held
during the actual computation!
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Detect whether the following

predicates hold: Assume that initially:
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Possibly

ZOO
21‘0/ >201 A IfFX%is 33 or 24
11 \202 x =1y — 2 is detected,
/221\‘ >21'2/ >ZO3 but it may never have
/23f\ /222\‘ >213 occurred
4 3 &3
< K\«242‘/ > \233/ : @ Possibly(d)
\24/ There exists a
25/ \244 consistent observation
26‘3/ \254/ 5145 of the computation O
\26/ \255/ such that ® holds in a
P 6‘5/ global state of O




Definitely
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Definitely

310 ‘>201\‘ @ We know thatz =y
\‘211 P has occurred, but it
s <N
221\ /212 /203 may not be detected
ZSI/ 2% N ni3 if tested before X°°
3 & >23< \/223/ or after ¥°*
242 233/
>Z4< @ Definitely(®)
BEF /244 For every consistent
5163 \/254 5\/245 observation O of the
5764 >z5 computation, there
\265 exists a global state

of Oin which ® holds




Computing Possibly
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Computing Possibly

200
ZlAO/ \201
1< >202
B
221 12 03
@ Scan lattice, level after 23< \22/2\213/2
level 24/ 232‘/ \223/
ot
® If ® holds in one global S
state, then Possibly(®) e
2633/ \2521/ \245
\264‘/ \255/
\EGAS/

Possibly(x
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Computing Definitely

@ Scan lattice, level after
==



Computing Definitely

@ Scan lattice, level after

00
level 210/2>201
11 \‘ 02
@ Given a level, only o i 1‘2/2 B s
expand nodes that 3< \22.2/2\ 1?/2
correspond to states o 5 RN A 5
for which—® 5 \:42/2 e 33./2
S iy
24
253'/ \244
E6‘3/ \2521/ \245
\264/ \255‘/
Nyt




Computing Definitely

@ Scan lattice, level after

EOO
level 210/ \201
S A
. 11 202
@ Given a level, only o \21‘2/ \203
expand nodes that 3< \229/ P 13/
correspond to states o 5 RN Y 5
. : b2 33 %
or which—® \342/ i
S
@ If no such state, then 25/24\244
Definitely(®) 63/ P 54/ N
e N
® If reached last state X! 264\‘ i 2
and ®(%1), then P

-Definitely(P)




Computing Definitely

@ Scan lattice, level after

ZOO
level 210/ \201
1‘1/ \202
@ Given a level, only 221/ \21‘2/ B
expand nodes that 3< \22.2/ 1 el
correspond to states o 5 B
for which—® o Yy
@ If no such state, then
Definitely(®) Definitely (x = y)

@ If reached last state '
and ®(X'), then
-Definitely(P)



Building the lattice:
collecting local states

@ To build the global states in the lattice, po
collects local states from each process.

@ Do keeps the set of local states received
from p; in a FIFO queue Q);

Key questions:

1. when is it safe for pg to discard a local
state o of p;?

2. Given level © of the lattice, how does one
build level ¢+ + 1?



Garbage-collecting
local states

@ For each local state o, we need to determine:

O Xmin(07)), the earliest consistent state
that of can belong to

O Emax( %)), the latest consistent state
that o can belong to
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“earliest” and "latest”
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Defining
“earliest” and "latest”

Associate a vector clock
with each consistent
global state

@ Ynin(oF))is the consistent
global state with the
lowest vector clock that
has o’ on its frontier

B Yaz(or))is the one with
the highest




Computing X,,in

[1,0,0] [2,0,0] [3 4,1] [4,4,1] [5,5,5]
@
R w
. [ ] Q’
1,0,0] [120] [1,41] \ /
[o,o,1] [0, o 2] (530 (45510 [45,5]

@ Label 0¥ with VC(el)

me(ak) = (DT g i e e c s VC(Uf)[j]

S me(af) and Of have the same vector clock!



Computing X, 44

[1,0,0] [2,0,0] [3 4,1] [4,4,1] [5,5,5]

: f

13,1
: [ ] Q’
[1,0,0] [120] 1,41] \ /

[OOl] [002] [1,5,3] [4,5,4] [455]

Smad(Or) = (07, 0o~

AV 2 VO(e)[i] < VO(ok)]i
A(ef = a3f) v VO )il > VO(aF)li]))

J



Computing X, 44

[1,0,0] [2,0,0] [3,4.,1] [4,4,1] [5,5,5]

[1,0,0] [1,2,0]

)
[0,0,1] [0,0,2] [1,5,3] [4,5,4] [4,5,5]
set of local states
s ok = (6. o2 . o) -
maa(07) = (07", 09%, n') one for each process,

s.t.

AV 2 VO(e)[i] < VO(ok)]i

N(o§7 = a7") v V(o7 )il > VC(a)li)))



Computing X, 44

[1,0,0] [2,0,0] [341] [4,4,1] [5,5,5]

001 (20 f

13 @
[1oo] [1,2,0] / [141] i/ \ /

[0, 1] [002] [1,53] [4,5,4] [455]

set of local states ‘
one for each process,
s.t. I

Smad(Or) = (07, 0o~

all local states are pair-
| Wise consistent with 0,

(@ = 05"V VC(eF )il > VO(ab)[i)))

J

V] 2 VO(o$)i] < VO(eR)li] |




Computing X, 44

[1,0,0] [2,0,0] [3,4.,1] [4,4,1] [5,5,5]
Q@

o
[1,0,0] [1,2,0]

&
[0,0,1] [0,0,2] [1,53] [454] [45,5]
k 1 set of local states
Y imar (F,") = (0] 00 > RN ‘

one for each process,
s.t. I

all local states are pair-

/\Vj ] VC(O%)M = VC(Of)[i] | wise consrs’ren’r with O,

ANloT s g AV V(o Cg+1)H 55 VC( N D) ‘and they are the

J last such state




Assembling the levels

@ To build level [

O wait until each (); contains a local state for
whose vector clock:

Z:’:l VCli] > |

@ To build level [ + 1 Lt
O For each global state 2_ on level I, build

Zil—i_l,iz,...,in ZZl,ZQ—i_l ..... Z’I’L Zil,iQ,...,in—i_l
’ 7 L] L] L] 7

O UsingV(Cs, check whether these global
states are consistent




