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Impossibility

A Hundred Impossibility Proofs for Distributed Computing

Nancy A. Lynch *
Lab for Computer Science
MIT, Cambridge, MA 02139
lynch@tds.lcs.mit.edu

1 Introduction

This talk is about impossibility results in the area of
distributed computing. In this category, I include not
just results that say that a particular task cannot be
accomplished, but also lower bound results, which say
that a task cannot be accomplished within a certain
bound on cost.

I started out with a simple plan for preparing this
talk: I would spend a couple of weeks reading all the
impossibility proofs in our field, and would catego-

a tour of the impossibility results that I was able to
collect. I apologize for not being comprehensive, and
in particular for placing perhaps undue emphasis on
results I have been involved in (but those are the ones
I know best!). I will describe the techniques used, as
well as giving some historical perspective. I'll inter-
sperse this with my opinions and observations, and
I'll try to collect what I consider to be the most im-
portant of these at the end. Then I'll make some
suggestions for future work.



CAP Theorem

e Consistency: Read must see the latest value of write.
e Availability: The system should be able to serve requests.

e Partition-tolerance: The system must handle network partitions
(regardless of whether there actually is a partition or not).
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CAP Theorem
The CAP Theorem

Consistency (C)

All nodes have the same up-to-date data.

Availability (A) Partition Tolerance (P)

Every request gets a response. System works despite network partitions.

In a Partition, you can choose only 2 out of 3:
v/ Consistency + Availability (CA)

\/ Consistency + Partition Tolerance (CP)
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FLP Theorem

e FLP Theorem: In an asynchronous network, it is not possible to achieve
safety and liveness when there may be one crash failure.



Properties/Results
Problem scope
Failure
Formalization
Solutions

FLP/CAP

FLP Impossibility | CAP Theorem

Fault Availability
Tolerance (A)

v

Partition
Tolerance (P)

~ Impossible " Impossible

FLP

Distributed consensus

Node crash fails

Rigorous

Synchronous network model

CAP

Replicated storage

Network fails

Gilbert & Lynch approximation
No solutions exists
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= A Note on Distributed Computing
= An Introduction to Input/Output Automata
= Time, Clocks, and the Ordering of Events in a Distributed System

= Implementing Fault-Tolerant Services Using the State Machine Approach: A Tutorial
= Harvest, Yield, and Scalable Tolerant Systems
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