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Confusing Weak Consistency Notions

S\\ stack overflow About Products For Teams

Home Strong Consistency in Cassandra

PUBLIC

@ Questions I
According to datastax article, strong consistency can be guaranteed if, R + W > N where R is

Tags . . : . . : o
g the consistency level of read operations W is the consistency level of write operations N is the
Users /7 number of replicas|
COLLECTIVES o What does strong consistency mean here? Does it mean that 'every time' a query's response is

given from the database, the response will 'always' be the last updated value? If conditions of
strong consistency is maintainegs :

% Explore Collectives

FIND A JOB returned might be inconsistent! In short, does strong consistency mean 100% consistency?
Jobs Edit 1
Companies ) . _ . ' .
Adding some additional material regarding some scenarios where Cassandra might not be
TEAMS consistent even when R+W>RF
Stack Overflow for 1. Write fails with Quorum CL

Teams - Collaborate
and share knowledge
with a nrivate aroun.

2. Cassandra's eventual consistency




Confusing Weak Consistency Notions
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= stack overflow Products For Teams

Home Data consistency in DynamoDB

PUBLIC

@ Questions
. | want to use DynamoDB for a large scale service which would be accessed by many users

293 within a second. | want to know how correct would be the read data from DynamoDb which

Users provides "Eventual Consistent" reads.

COLLECTIVES O This link http://docs.aws.amazon.com/amazondynamodb/latest/developerguide

% Explore Collectives

FIND A JOB

Jobs
Companies

TEAMS

Stack Overflow for
Teams - Collaborate

mmed Alhaes baadadaas

| am little bit afraid of the "Eventual" word.

[APISummary.html says "Consistency across all copies of the data is usually reached within a
second". | haven't tried testing SQL DBs for such highly accessed databases, but the service
provided by DynamoDB doesn't seem to be better at least.

The strongly consistent read is costly and may take more time, so | prefer the normal reads. If
necessary |'ll have to check for strongly consistent read.

as anyone seen such a scenario where DynamoDB
round, i.e. the inconsistent results read were found
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 Bank Account. Integrity: Non-negative balance.



Consistency and Integrity

 Bank Account. Integrity: Non-negative balance.

 \What users need is integrity and
Consistency is just a means to Integrity.
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Class Synthesis of replicated objects that

preserve integrity and convergence and
Z Integrity Property minimize coordination
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Well-coordination:
Synchronization between conflicting
Causality between dependent
Theorem:
Well-coordination is sufficient for
Integrity and convergence
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Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, ({(ssU{s},cs,es), L)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).

(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)

query := A o.(T, o, o)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware
/" let Student := Set (sid: Sld) in ﬂ
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
\_2> := Student X Course X Enrolmeny
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, ({(ssU{s},cs,es), L)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).
(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)
query := A o.(T, o, o)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, ({(ssU{s},cs,es), L)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).

(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)

query := A o.(T, o, o)

Gflntegrity(R,f,R’,f’) =V¥r. reR->aAr'.r" eR' A f(r) = f’(r'D




Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
Fregister(s) := A (ss,cs,es). 1
(T, ({(ssU{s},cs,es), L)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).
(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)

Lquery =Ao.{T, o, o) J

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
> := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
reflntegrity(es, ecid, cs, cid)
register(s) := A (ss,cs,es).
(T, ({(ssU{s},cs,es), L)
addCourse(c) := A (ss,cs,es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).

(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)

query := A o.(T, o, o)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, | (ssU{s),cs,es), L) (guard|update, retv)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).
(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)
query := A o.(T, o, o)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, [¢ssuU{s),es,es),| L) (guard,jupdate]retv)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).
(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)
query := A o.(T, o, o)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware

let Student := Set (sid: Sld) in

let Course := Set {cid: Cld) in

let Enrolment :=
Set {esid: Sld,ecid: Cld) in

>, := Student X Course X Enrolment

I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)

register(s) := A (ss,cs,es).

(guard,update| retv)

(T, ({(ssU{s},cs,es),| L)
addCourse(c) := A (ss,cs, es).

(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).

(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).

(T, (ss,cs\{c},es), L)
query := A o.(T, o, o)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, {(ssU{s}, cs,es), L)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).

(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)

query := A o.(T, o, o)

(guard,update, retv)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, ({(ssU{s},cs,es), L)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{cl,es), L)
enroll(s,c) := A (ss,cs,es).

(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)

query := A o.(T, o, o)

(guard,update, retv)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, ({(ssU{s},cs,es), L)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).

(T, {(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)

query :=A10.(T, o, o)

(guard,update, retv)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, ({(ssU{s},cs,es), L)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).
(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)

Guery =Ao.{T, o, o) )

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')

(guard,update, retv)




Example Class

Class Courseware
let Student := Set (sid: Sld) in
let Course := Set {cid: Cld) in
let Enrolment :=
Set {esid: Sld,ecid: Cld) in
>, := Student X Course X Enrolment
I := A {ss,cs,es).
refIntegrity(es,esid, ss,sid) A
refIntegrity(es,ecid,cs, cid)
register(s) := A (ss,cs,es).
(T, (ssU{s),cs,es), L) (guard,update, retv)
addCourse(c) := A (ss,cs, es).
(T, (ss,csU{c},es), L)
enroll(s,c) := A (ss,cs,es).
(T, <{(ss,cs,esU{(s,c)}), L)
deleteCourse(c) := A (ss,cs,es).
(T, (ss,cs\{c},es), L)
query := A o.(T, o, o)

refintegrity(R, f,R’, f’) :=Vr. re R—- Ar'.r" e R" A f(r) = f'(r')



Convergence and Integrity

Convergence
cq co = (g, u,T)
o 02
repq . ;l ;l

reps o1 L_________J i L_________J




Convergence and Integrity

repq

repP2

Convergence




Convergence and Integrity

repq

repP2

Convergence
C1 C2 = (g,u,r>
| e \




Convergence and Integrity

repq

repP2

Convergence




Convergence and Integrity

Convergence
cq co = (g, u,T)
o 02
repq . ;l ;l

reps o1 L_________J i L_________J




Convergence and Integrity

Integrity

pepr— L1 ]

reps o1 \—l i \—l




Convergence and Integrity

repq

repP2

Integrity




Convergence and Integrity

repq

repP2

Integrity

Cq CCQ = (g, u, T‘D

]
I S B




Convergence and Integrity

repq

repP2

Integrity




ty
tegri
nce and In

erge

Conv

I
(C(O'Q), C/i)
o
. \\ | |
Integrity J
C1 . Cl
01 -
repi L————————J L————————J

05
i I
01
rep2



Convergence and Integrity

Integrity c((@), cAz) =
g\o2
1(o2)
C1 C2 = <g,u,7°>
rep: 01 ‘ \ 02 ‘ \ 03
Co C1
o

reps o1 \—l i \—l




Convergence and Integrity

Integrity Co2,¢2) =
L g(oz) N
Permissibility I(os)
C1 C2 = <g,u,7°>
rep: 01 ‘ \ g2 ‘ \ 03
Co C1
05

reps o1 \—l i \—l




Convergence and Integrity

Integrity g((gj) CAQ) - ZD((JO;) CAQ)D
Permissibility T(o) g(u(GQ))J
“1 co = (g, u,T)
rep; i \—l 72 ‘ \ 93
Co ¢

o1 ‘ \ 04 ‘ \ 05
repP2




Convergence and Integrity

| | C(oz,c2) = Ploz,c2) =
ﬂtegljlty. - gloa) N g(o2) A
Permissibility (o) Z(u(o2))
C1 Co — <g,u,7°>
repy 01 ‘ \ 02 ‘ \ 03
Co C1

01 ‘ \ 04 ‘ \ 05
rep2




Coordination Conditions as Commutativity Conditions

Contlict
Dependency
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Movie Booking use-case

Reservation

User ID: Integer |Movie ID: integer Movie ID: integer |Available Space: Integer

book({u,m))
cancelBook({u, m))
offScreen(m)
specialReserve({(m,n))

increaseSpace({m, n))
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Staleness bounds specification and inference
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Experimental Results

Bank account

Movie booking

As the recency bound increases,
the coordination overhnead and response time decrease.
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Coordination as Commutativity

Synthesis of replicated objects that
preserve integrity, convergence and recency, and
minimize coordination

Coordination conditions sufficient for these properties
that are captured as commutativity conditions

Reduced coordination minimization to classical graph optimization

Coordination protocols that preserve these conditions
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Movie Booking use-case

Reservation

User ID: Integer |Movie ID: integer Movie ID: integer |Available Space: Integer

Class MovieBooking

Y = let rs := Set N x N in > Reservation: user identifier and movie identifier
let ms := Set N X N in > Movie: movie identifier and available space
(rs, ms)

7T := X(rs,ms). unique (ms, A(m, a). m) A
reflntegrity (rs, A{u, m). m, ms, \(m,a). m) A
rowlntegrity (ms, A(m,a). a > 0)
book({u,m)) := 0 A(rs,ms).
((u,m) &rs, (rsU u,m), Uxim’.a). (m'=m,(m,a—1)) MS), L)
cancelBook({u,m)) := 0 A{rs, ms).
<True, <TS \ <’LL, m>7 uA(m’,a). (m’=m,(m,a+1)) m5>a J—>
offScreen(m) := 0 A(rs, ms).
(True, (rs, ms\ Ox(m’.a). m'=m ms), L)
specialReserve({m,n)) := 0 A(rs, ms).
(n > 0, <TS Z/{Mm a). (m/=m,(m,a—n)) ms) J_>
increaseSpace({m,n)) := 0 A(rs, ms).
<TL > O,‘ <TS Z/{Mm a). (m/=m,(m,a+n)) ms> J_>
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State of the art

UC

Convergence | Integrity | Recency | Synchronization | Communication
avoidance avoidance

Strong consistency v v v X X
Eventual consistency / CRDT v X X v X
Sieve, Indigo, CISE, Hamsaz, v v X v X
Soteria

TACT, TRAPP, FRACT, PBS v X v X v
Hampa v v v v v
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State of the Art

Facilitating the consistency choices
* Require user-specitied choices or annotations

* Crucially dependent on causal consistency as
the weakest notion
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