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What Is a Distributed Algorithm?

An interconnected collection of autonomous processes, running on 
many interconnected processors that operate concurrently and 
independently.

A correct distributed algorithm must keep functioning even when 
processors or channels run at different speeds — or when some of 
them fail.

U S E D  F O R

Information exchange

Resource sharing & parallelization

Replication for reliability

Multi-core programming
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Distributed vs. Uniprocess

1

Lack of Global-State 
Knowledge

A process has no up-to-date view of 

other processes' local state — 

termination and deadlock become major 

issues.

2

Lack of a Global Time Frame

There is no total order on events by 

temporal occurrence, which makes 

mutual exclusion a core issue.

3

Non-Determinism

Process execution is non-deterministic, 

so running the system twice can give 

different results — e.g., race conditions.
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Applications of Distributed Algorithms

Telecommunications
Distributed information 
processing

Scientific computing Real-time process control

Telephone systems Airline reservations Banking Weather prediction
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Synchronous vs. Asynchronous Communication
Two important paradigms capture communication in a distributed system: message passing and shared memory. Fundamentally, that communication 
is either synchronous or asynchronous.

Synchronous

Sending and receiving a message are coordinated into a 

single event — a message is sent only when its destination 

is ready to receive it.

Example: handshake communication.

Asynchronous

Sending and receiving a message are independent events, 

with no coordination required between sender and 

receiver.

Example: postal letters, email.
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Assumptions in a Communication Network
Messages travel through a medium that may lose, duplicate, or garble them; a 

communication protocol (e.g. sliding-window) detects such flaws. We further 

assume:

1 A strongly connected network

2 Message-passing, asynchronous communication

3 Arbitrary but finite channel delay

4 Non-FIFO channels

5 Processes do not crash
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Types of Distributed Algorithms

1 IPC Method

Accessing shared memory, sending point-to-point or broadcast 
messages, and remote procedure calls.

2 Timing Model

Fully synchronous, completely asynchronous (arbitrary speed and 
order), or partially synchronous with approximately synchronized 
clocks.

3 Failure Model

Processor failures (stop, with/without notice, or transient), or 
communication failures — message loss or duplication.

4 Problem Addressed

Resource allocation, communication, consensus, database 
concurrency control, deadlock detection, global snapshots, 
synchronization.
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Features of Distributed Networks

Unknown number of processors

Unknown hardware topology

Independent inputs at different locations

Uncertain message delivery times

Several programs starting at different times, at different speeds

Unknown message ordering

Processor and communication failures
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Synchronous Network Model
A synchronous network system is a graph G = (V, E), |V| = n, where nodes are 
logical software processes and edges are communication paths.

out-nbrsᵢ Outgoing neighbors of node i

in-nbrsᵢ Incoming neighbors of node i

distance(i, j) Shortest path from i to j (∞ if none)

M Set of message alphabet

null Absence of a message

Per-process components:

statesᵢ  (state set)   ·   startᵢ  (initial state)   ·   msgsᵢ : statesᵢ × out nbrsᵢ → M  {null}‑ ∪

Distributed Algorithms  ·  M.Tech, CSE  ·  Lecture 1



Rounds, Execution & Randomization

Round

A sequence of message generation, then state transition, repeated — starting from an arbitrary start state.

Execution

Formally C₀, M₁, N₁, C₁, M₂, N₂, …, Cᵣ, Mᵣ₊₁, Nᵣ₊₁ — where Cᵣ is the state after r rounds, and Mᵣ, Nᵣ may differ on a lossy network.

Randomization

Each state gets a component randᵢ(S), a probability distribution over states; a random state is picked before msgsᵢ and transᵢ are applied.
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Proof Methods

1

Invariant Assertions

A statement proven true in every execution, after every round 

— established by induction on the number of rounds r, 

starting at r = 0.

2

Simulation

A synchronous algorithm A “implements” another 

synchronous algorithm B when it provides the same I/O 

behavior — a simulation relation.
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Complexity Measures

TIME

Number of rounds until the 

required output is produced, or 

until the process halts.

MESSAGE

Total number of non-null 

messages exchanged across the 

system.

BIT

Total number of bits exchanged 

— used only when messages 

are too long.

SPACE

Amount of space used across 

the processes.

Communication cost causes network congestion and affects other processes — a core reason to minimize the number of messages an algorithm generates.
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Exercises

1
What are the basic communication approaches? Suggest three suitable application domains for each.

2
Which type of communication suits distributed algorithms — synchronous or asynchronous? Justify.

3
Identify the communication type used for: hard-disk-to-RAM transfer, computer-to-printer, and CPU-to-monitor.

4
Give a brief comparison of distributed vs. uni-process computing.

5
What criteria determine the complexity of a distributed system?
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