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Consistency Properties

» Whenever read or write shared data
at different location

) Need to arrive consensus

p Specify how much inconsistency Is
tolerated before




Consistency Properties

Memory

Processor
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Sequential Consistency/
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Consistency Properties

Concurrent
Non-
blocking Data-structures
Queue/
Cached ¢ v Set/...

Values 0 5 R0 e S e EHD EID

java.util.concurrent

Linearizability




Consistency Properties

Geo-replicated Databases

Different
"evISIoNS

Fventual Consistency




Consistency Properties

Sequential Consistency/

<O Linearizability  Eventual Consistency

Different formalisms:
permutation / partial-order / operational
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Knowledge Perspective
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Distributed systems
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Distributed Knowledge

Trace

Halpern and Moses,
JACM, 1990

Distributed
<nowledge

=

/ Share everything

BE() you know
\

\
oroup G of
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What do we get!

p Very similar form:

For memory:
read last write

-

EET

o

Dg(correct)

J

/

don't get caught
cheating

Sequential
specification

of shared data-structure
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What do we get!

p Compare Conditions:

Sequential consistency:  E EDrireaps(Tcorrect)

Eventual consistency:  E FDrhreaps(TcorrectEVC)

Linearizability:  E D THREADSU{obs)(T'COITEC)
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What do we get!

» Compare Conditions: Y reduction

Sequential consistency:  E EDrireaps(Tcorrect)

A A

Eventual consistency:  E FDrhreaps(TcorrectEVC)

Linearizability: E F"DTHREAD_'COI”I”GC’E)

additional
knowledge
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OQutline

p Sequential Consistency

p Epistemic Knowledge

» Eventual Consistency

p A [ heorem




Sequential-Consistency




Sequential Consistency

darrar

oed by order reason about

of re

LU N races

/

E .= (12,1d(0)) (t2,1d(1)) (t1, st(1))

s this consistent ?




Sequential Consistency

The result of any execution Is the same as If the
operations of all the processors were executed In some
sequential order, and the operations of each individual
pDrocessor appear In this sequence In the order
specified by rts program.

S — E—
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Sequential Consistency

reads return bermutations preserving
ast write program order

\ E 1s equivalent to E' and
E' correct wrt. some sequential

specification

B ———

Alternative def. from literature




Sequential Consistency

E.= (t2,1d(0)) (t2,1d(1)) (tl, st(])) J

* reads return
ast write

/

.= (12,1d(0)) (tl,st(D) (t2, 1d( 1)




Knowledge Perspective

t] “knows” that 1t t2 “knows” that 1t
stored | loaded O and then |

E o= (12,1d(0)) (12, 1d(1)) (t1, st(1))

but: nothing about the
other thread




Knowledge Perspective

{tI 12} know the conjunction of
these facts

E o= (12,1d(0)) (12, 1d(1)) (t1, st(1))

.e., which operations were performed
but not their order




Knowledge Perspective

seguential

consistent

Y

-

-

o=

~

/

D1 123(7 correctMem)

read
B last write

N\

E .= (12,1d(0)) (12, 1d(1)) (t1, st(1))

L ———— T




| ocal views

E .= (12,1d(0)) (t2,1d(1)) (t1, st(1))

projection
| b | o — o

t2's view

(tl, st(l)) (t2,1d(0)) (t2,1d(1))

I T — —S




Indistinguishability

F - Eiff Edt=FElt

J

E .= (12,1d(0)) (t2,1d(1)) (t], st(1))

~tiyf ~2 X

.= (12,1d(0)) (tl,st(l))

L e——— T




Group Indistinguishabilrity

y
~G:= (NaeG ~a)

.

E .= (12,1d(0)) (t2,1d(1)) (t], st(1))

- [t £2) )(‘

.= (12,1d(0)) (tl,st(l))

L — T




Group Indistinguishabilrity

-

~G:= (NaeG ~a)

E .= (12,1d(0)) (t2,1d(1)) (t], st(1))

o~ \/‘

.= (12,1d(0)) (tl,st(1) (£2, 1d( 1)

L ——— T




Distributed Knowledge

threads can't tell which trace

they really saw

F F

N

Da() iiff forall E" st.E ~c EE" F

L

~N

J

it phi holds for all those traces,

they know ph
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Sequential Consistency

4 )

E EDG(p) :iff for all ' st.E ~c EZE' k¢

. J

l

E FD1HRrReaDs(correct)
iff exists E” st. E ~Threads E” and E” k correct

J

-

ne threads cant tell k

from a correct trace

A good reason to accept It
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Sequential Consistency

E s equivalent to E' and
E' correct wrt. some sequential
specification

e

E ' D1HREADS(COrTECt)
Iff exists B st. E ~Threads E- and E” E correct
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-ventual-Consistency




)

cventual Consistency

Geo-replicated database systems
( Google/Facebook ...)

Different locatior

consistent v

neca

ew oOf

to maintain
data

p However must be highly avallable

)

Minimize synchronization, allow
updates any time




Original Definrtion

Existence of two orders

Definition 4\(Eventual Con51stency) We adapt the definition presented 1M
[4] to our nota n. A {1 gaewes eventually consistent

visibility order), anfl a total order <,
) such that:

— <pC<y (visibility is compatible with program-order).

— for each e, = (t,qu(id,q,r)) € E, we have r = apply({e | e <, €4},<a,50)
(consistent query results).

(arbitration order) on thé

— <,C<q (arbitration extends visibility).

— <4 and <, factor over =; ( atomic revisions).

— if (t,com(id)) ¢ E and (t,_(id,.)) <, (t',_) then t = t' (uncommitted up-
dates).

— if e = (t,com(id)) € E then there are only finitely many e’ := (t', com(id"))
such that €' € E and e £, €' (eventual visibility).
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Our Version

Participants don't know It
violates

N\

E F D HRreADs(TcorrectEVO)

/

/
temporal/sequential specification




cventual Consistency

“so far”

\ correctEVC := YtVavr (
(query(t,g,r) = 3L(L validLog t A

result(a,L, r))))
A atomiclrans A alive A fwd

results are justified
by consistent logs




cventual Consistency

store/load t knows a

/

[ validlogt := Va(ain L < t ke, a)
A consistent (L)
log order matches
CONCENSUS




cventual Consistency

(E) Et ko aiff

there 1s | <1:(EQ@Q) =(t,a) or
((E)) E forward(t’ t,id) and
there is | < :(El) E commit(t’,id) and
(E)) E koo a))




A theorem




Axioms of knowledge

(1) :=EkEDc(p) = @
(4) := F Da(@) 2 De(Da(@))
(5) := F7Da(@) 2 Dc(TDa(p))

(Truth axiom)

(Pos. Introspection)

(Neg. Introspection)




Knowledge about
Consistency

seqCons ;= 7DrHreabs(correct)

IN:= D 1HREADSU{0bs}( TCOrTect)

e —




Knowledge about
Consistency

F (seqCons <

(TsegCons <

DThreads(seqCons)) A

DThreads(_lseq COHS)) :




Knowledge about
Consistency

E LN <

DThreadsu{obs}<_' LII’])

but

eX|StS E: E = |_Iﬂ AN ﬁ)Threadsu{obs}(Liﬂ))




)

)

Conclusion

Ramification of consi

ouarantees are notorioc

S

ste
y O

ncy

dlique

VWe provide declarative spec

» Uncover non-trivial relations between

properties

p Previously unstudied perspective on

consistency




Thank youl!




Future VWork

»p Observational refinement

p Explort Epistemic Logic [ heory

p Other properties In Epistemic Logic

p Model-check logic to check arbitrary
properties




cventual Consistency

alive : = ViVt Vid
(B(commit(t,id) A0< (3id’
(commit(t’,id"))) —
Oforward(t, t',id)))




| he observer's
indistinguisnability
relation

obs(kE) = {(rc) € RET x CALL I pos(rE) < pos(c,E)}

E ~obs E” :iff obs(E) € obs(E")




| he observer

| E .= (t2.call IdO)(t2ret Id(
st(TRU

N(tl,call st(1)) (tl,ret \

)

obs(E) = {( (t2,ret Id(I)) , (tl,call st(1)) )}

The observer's view Is the order of non-
overlapping method calls




| he observer

r

\_

E .= (t2,call Id())(t!,cal

st(

st(

RU

)) (t2ret Id(D) (tret

)

J

obs(k) = {}

The observer's view Is the order of non-
overlapping method calls




Linearizability

- E D THREADS

(Tcorrect)

1ff exists E' s.t. E ~Threads E'and E’ E correct
o dd) o (. Jadl) i
S S
1:2 ............... ( ) ..... J[Z ..............
N d(l)




Syntax

In the last time-step

P: —PHP/\(P'TP'

prop05|t|on Smce Untll
knowledge
O

D@ 1VX(P)

J

basic

temporal

quantification
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Semantics

\_

(B, k@ A W :iff (
(E, DE7¢ :iff not(

(E")E@

(E) E wx(e) iiff foralld € D : () F @[d/x]

) E@and (B 1) EWY

- 1) @

(E)EO :iff i>0 and (E,i— )k
(E,)E@SW iff (E,i)E U iff

thereis| < i1st(E) FWYandforall | <k =<1:

(Ek) E @

(E, 1) E Dot :iff for all (E',i"):if (E, i) ~c (E',i") then




150 Consistency

E F ' D1HREADS(T )




Read from the buffer

T you read from the store
buffer; you need to read the
atest value stored

/ \

locallyLatest(t, a, v) := 2(3v’
store(t, a,Vv' )) S store(t, a, v))




150 Consistency

= flush In Fifo-
FlushOrdera < order
"so far’ vivavy
\\»( (load(t,av) —
(IdBuff(t,a,v) v Idl\/lerp(t,a,v))))

load from load from memory
bufter




Basic Predicates

J

E Inspected at Event at
position 1 € N /position |
(E,)) E store(t, a,v) uff E@QI = (1, st(a, v))
(E1) Eload(ta,v) :Iff E@1 = (tld(a,v))
(E1) E flush(t,a,v) T EQ1I = (Msys,Tl(t,a,v))
| \
pc\:;/i?i;neseﬁor The memory system

time

flushed a value
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