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Modeling processes, shared variables, and I/0 automata for asynchronous computation
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INTRODUCTION

What Is an Asynchronous Shared Memory System?

A finite collection of processes interacting through a finite collection of KEY IDEA
shared variables.

. ) ) Each process i has:
® Each process has a port through which it interacts with the outside world

via input and output actions.

A set of states, states;

Modeled using an I/0 automaton A, whose actions are only of two kinds: * Aset of start states, start,
input and output.

Processes are indexed 1, 2, ..., n, following the same convention as the Each shared variable x has:
synchronous network model.

A set of values, values,

* An initial value, initial,
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INTRODUCTION

System Structure: Ports, Processes, Shared Variables
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FORMAL MODEL

States, Values, and Actions

Process states Variable values Actions
Each process i has a set of states states; with Each shared variable x has a set of values act(A) denotes the actions of the system;
designated start states start;. values,, with an initial value initial,. interactions for process i occur on port port;.

TRANSITIONS

Transitions are represented by i, generated by triples (s, 11, s’), where s, s” € states;.

When an action also touches variable x, triples extend to ((s, v), m, (s’, V'), with v, v' € values,.
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WORKED EXAMPLE

A Single Shared Variable: First to Decide Wins

Setup

® A fixed value set V. System A has n processes 1, ..., n and one shared variable x, with values in V U {unknown}, initially unknown.

® Inputs: init(v); for v € V. Outputs: decide(v);. Internal actions: access; (all indexed by process i).

How a decision is reached

= Process i receives input init(v); and accesses x.
= If x = unknown, it writes its own value v into x, and decides v.

= If x=w for some w €V, it leaves x unchanged, and decides w instead.
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WORKED EXAMPLE

States of Process i

status { idle, access, decide, done } idle
input V U { unknown } unknown
output V U { unknown } unknown

Each process’s local state is exactly these three variables — a status flag plus the input and output values it has seen so far.
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WORKED EXAMPLE

Transitions of Process i

EFFECT PRECONDITION

o o
IR = status = access

if status = idle then status := access
EFFECT

* if x = unknown then x := input
* output:=Xx

status := decide
No precondition — this input action is always enabled.
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WORKED EXAMPLE

Deciding, and How Actions Group Into Tasks

decide(v); TASK STRUCTURE

. - ,
PRECONDITION There is one task per process, containing all of that process’s

access and decide actions.
status = decide A output=v

EFFECT

status := done

Fairness guarantee

In every fair execution a of A, any process that receives an init input eventually performs a decide output.
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RESULT

Two Guarantees, for Every Execution

These hold for every execution — fair or not — with any number of init events occurring anywhere.

Agreement Property Validity Property

No two processes ever decide on different values — the

Every decision value is the initial value of some process —
whole system converges on a single outcome.

nothing is decided that wasn’t actually proposed.



CLOSING
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Disclaimer: these notes have not been subjected to the usual scrutiny reserved for formal publications. They may be distributed outside this class only with the permission of the instructor.

Distributed Algorithms - Lecture 5 - Asynchronous Shared Memory Model 10



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10

