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Classifying Deterministic Shared Memory Objects

 Computability = the power to solve tasks wait-free
= non-blocking



Deterministic Objects Task (deterministic and non-det.)

Linearizable concurrent state machine | Input-vector =2 Output-vector function:
(0,2,5,14,1) = {(2,5,5,2,5),(2,2,2,2,2).....}
AtomicR/WReg’s | ...
Stack, Queue, F&Add, ... | .....

 CAS, * Consensus (agreement & validity)
1/1 0/0

mﬂ’"‘““\

* Set-Consensus (set-agreement)

@ @ * Immediate Snapshot
w

1:\Au

deterministic object = DFSA




Classifying Deterministic Shared Memory Objects

Computability = the power to solve tasks wait-free
= non-blocking

e Standard asynchronous shared memory
e Shared deterministic objects

* Interested (only) in wait-free linearizable implementations of tasks == non-blocking!



Object O Consensus Number

Cons#(0O) = C=Max number of processors that can do w-f
consensus with any number of O and Reg’s



Herlihy’s Consensus Hierarchy

Test-and-set

Fetch-and-add

R/W registers

SWAP

Queue

Stack

m-write

Compare-and-syfap




Herlihy’s Consensus Hierarchy

Test-and-set

R/W registers Fetch-and-add
1
Queue
Stack 4—( ompare-and-swdp
2 —

* If cons#(O1)<cons#(02) =» O1 cannot implement 02
* Objectin L, is universal for k processes (implements any O)

* Is level k complete? different objects in L, can implement each
other in a system with n>k processes?

m-write




Common 2 [AWeisbergerWeisman 1994]

Test&Set from 2-cons
— Yes

Fetc&Add from 2-cons
— Yes

SWAP from 2-cons
— Yes

Stack from 2-cons
— Yes

Queue from 2-cons
_ 27

Test-and-set

Fetch-and-add
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=Qinistic Obj of consensus

number n cqn be implemet “cofisensus for any number

of processors.



Set-Consensus

Soma Chaudhuri 1990:

(n,k)Set-Consensus:
Agreement — output-vector is a set of at most k different values

Validity — each value is an input of some process

[HS, BG, SZ 1999] Atomic R/W cannot w-f solve (n,k)set-
consensus, n>k>1



Borowsky Gafni 1993

Roughly, n>I and k>j:|(l,j)set-consensus|implements|(n,k)set-consensus

if k=j*n/I (use n/I copies of (l,j)set-consensus)

More precisely (dealing with remainders): ......... if and only if
k2]j,

n/k < m/j, and

either k> [n/mw ork=>j Ln/mJ +Nn—m Ln/mJ :
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+ AABBA Q @

— cons#(AABBA)=2=(2,1)sc A/A */A B

— Set-consensus Power (AABBA) = (5,2)

— BG=»(2,1)set-consensus cannot do (5,2)set-consensus

— FLP (bivalent) proof cons#(AABBA)<3, =2 !

ample for common2 !!

— =»counter e
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 AABBCCBA (=(8,3)) implements AABBA

 AABBA does not implement AABBCCBA
* Hierarchy !

> Test-and-3
R/W regist;;\‘\Fetch_a \ ddL
([ T )

nEstger

QU

—=

Compare-and-syfap




Comparing the Hierarchies

Herlihy’s Hierarchy
* Uses consensus

— Deterministic task

e Classifies deterministic
objects

AEG
* Uses set consensus

— Nondeterministic task

e Classifies deterministic
objects
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Remains Open [AEG cojecture]
Are there deterministic objects O s.t.,:
Reg’s < O < 2-consensus ?7?




WRN, OBJECTS

 A[O], A[1], ..., A[k-1] Registers, initially |

 WRN(i,v):
— Write v 2 Al[i]
— Return A[(i+1) mod k]



Example of WRN; Objects
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Example of WRN; Objects
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Example of WRN; Objects
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Example of WRN; Objects
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Example of WRN; Objects
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Example of WRN; Objects
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Want to Prove that WRNjy, is:

AStronger than registers

dWeaker than 2-consensus

Registers < WRN, < 2-consensus
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WRN,, is Stronger than Registers

e Theorem:

- Set consensus cannot be solved using registers
[HS, SZ, BG 1993]

*ldea:
«Solve set consensus using WRN,,
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(k,k — 1)-Set Consensus using WRNy,

« Each process assigned with index

»Uses WRN,, with that index

26



Example — 3 processes

Propose
Y

L

Al2] Al1]
1 1
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Example — 3 processes

Decide

I.
pa: i

VA J_ y
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Example — 3 processes

Propose
X
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Example — 3 processes
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Solution for 3 Processes out of Many

[ More ltdrations }

* v v

\ \/ v v
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Solution for k Processes out of Many

 Proof:
 The processes get exactly k namesin{0,1, ..., 2k — 2}

«It's a k-sized subset of {0,1, ..., 2k — 2}

eLetits index be £*

« One process must lose until iteration £* + 1
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Want to Prove that WRNjy, is:

v'Stronger than registers

dWeaker than 2-consensus

Registers < WRN, < 2-consensus
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WRN,, is Weaker than 2-Consensus

q takes

1lis
decided
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The Critical State

1lis
decided
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Want to Prove that WRNjy, is:

v'Stronger than registers

vWeakerthan 2-consensus

Registers < WRN, < 2-consensus
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WRNKk is a deterministic object WRNKk s.t.,:
Reg’s < WRNk < 2-consensus ?7?




Building an Infinite Hierarchy

1 shot WRN,, variant: 1sWRN,,

- 1sWRN;, = (k, k — 1)-strong set election
(If pis elected, then p elects itself)

* Details in the paper
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Building from Strong Set Election

1: shared (k,k — 1)-strong set election implementation SSE

2: shared MWMR register Doorway, initially opened

3: shared SWMR register array R[i], 0 < i < k! initially R[i] = L for every i
4: shared SWMR register array O [i], 0 < i < k; initially O [{] = | for every i

5. function 1sWRN(¢,v) »ie{0,...,k— 1} is the index, v & { 1,0} is the value.
6: Rli] + v > v is announced at the index 7.
T if Read(Doorway) = opened then

8: Doorway + closed

9: if SSE.Invoke(i) =i then

10: return |

11: end if

12: end if

3 SR < Snapshot(R) > SH is a local array.
14: O[i] + SR

15: S50 4+ Snapshot(0) > SO is a local array.
16: for 7=0,1,....k—1do

17: if SO[j][i] =vand SO[j][(i+ 1) mod k] = | then

18: return L

19: end if

20: end for
21: return SR[(: +1) mod k]
22: end function

May 22, 2019



May 22, 201

N =1

strong set
election

Implementation Directions

(k,k —1)-set

consensus

1
9931 Already shown

—

In the paper
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Infinite hierarchy in L1

* An infinite hierarchy




Set-Consensus below 2-consensus

=

o N oo U»1 B~ W
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Set-Consensus below 2-consensus

=

o N oo U»1 B~ W




Consensus Vvs. Set Consensus Power

- We've shown: Registers < WRN,, < 2-consensus
- Consensus numberis 1

« WRN,, solves (k — 1)-set consensus

« Consensus and set consensus powers are unrelated!
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Delporte-Gallet, Fauconnier, Gafni, Kuznetsov

e Set-consensus power vector (Obj)=
(k1, k2, k3, .....)

where Obj and registers can w-f implement (ki,i)set-consensus
and NOT (ki+1,i)set-consensus.



Set Consensus Power Vector

- Foran object O:
‘170 — <a1, a,, )
- 0 and registers solve wait-free i-set consensus:

- for a; processes
-notfora; + 1 processes

a4 is the consensus number of O
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Remaining Open Questions

- For deterministic objects:

« The case (k, k — 1)-set consensus is resolved

« What about arbitrary (n, m)-set consensus?
. l.e., (4,2) or (5,2)

- Is there a more fine grained hierarchy?
» More than set-consensus vector power? Tha N k YOU!
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