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A MODEL OF DISTRIBUTED COMPUTATIONS: DISTRIBUTED PROGRAM 

 A distributed program is composed of a set of asynchronous processes that communicate 

by message passing over the communication network. Each process may run on 

different processor.  

 The processes do not share a global memory and communicate solely by passing 

messages. These processes do not share a global clock that is instantaneously accessible 

to these processes.  

 Process execution and message transfer are asynchronous – a process may execute an 

action spontaneously and a process sending a message does not wait for the delivery of 

the message to be complete. 

 The global state of a distributed computation is composed of the states of the processes 

and the communication channels. The state of a process is characterized by the state of 

its local memory and depends upon the context. 

 The state of a channel is characterized by the set of messages in transit in the channel. 

A MODEL OF DISTRIBUTED EXECUTIONS 

 The execution of a process consists of a sequential execution of its actions. 

 The actions are atomic and the actions of a process are modeled as three types of events: 

internal events, message send events, and message receive events. 

 The occurrence of events changes the states of respective processes and channels, thus 

causing transitions in the global system state.  

 An internal event changes the state of the process at which it occurs.  

 A send event changes the state of the process that sends the message and the state of the 

channel on which the message is sent. 

 The execution of process pi produces a sequence of events e1, e2, e3, …, and it is 

denoted by Hi: Hi =(hii).  Here hiare states produced by pi and are the casual 

dependencies among events pi. 

 msgindicates the dependency that exists due to message passing between two events. 
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Fig: Space time distribution of distributed systems 

 An internal event changes the state of the process at which it occurs. A send event 

changes the state of the process that sends the message and the state of the channel on 

which the message is sent. 

 A receive event changes the state of the process that receives the message and the state 

of the channel on which the message is received. 

Casual Precedence Relations 

Causal message ordering is a partial ordering of messages in a distributed computing 

environment. It is the delivery of messages to a process in the order in which they were 

transmitted to that process. 

 

It places a restriction on communication between processes by requiring that if the transmission of 

message mi to process pk necessarily preceded the transmission of message mj to the same process, 

then the delivery of these messages to that process must be ordered such that mi is delivered before 

mj. 

  

Happen Before Relation  

The partial ordering obtained by generalizing the relationship between two process is 

called as happened-before relation or causal ordering or potential causal ordering.  This term 

was coined by Lamport.  Happens-before defines a partial order of events in a distributed 

system. Some events can’t be placed in the order. If say A →B if A happens before B. AB is 

defined using the following rules: 

 Local ordering:A and B occur on same process and A occurs before B. 

 Messages:  send(m) → receive(m) for any message m 
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 Transitivity:  e → e’’ if e → e’ and e’ → e’’ 

 Ordering can be based on two situations: 

1. If two events occur in same process then they occurred in the order observed. 

2. During message passing, the event of sending message occurred before the event of receiving 

it.   

Lamports ordering is happen before relation denoted by  

 ab, if a and b are events in the same process and a occurred before b. 

 ab, if a is the vent of sending a message m in a process and b is the event of the same 

message m being received by another process. 

 If ab and bc, then ac. Lamports law follow transitivity property. 

When all the above conditions are satisfied, then it can be concluded that ab is casually 

related. Consider two events c and d; cd and dc is false (i.e) they are not casually related, 

then c and d are said to be concurrent events denoted as c||d. 

                                              

Fig: Communication between processes 

Fig 1.22 shows the communication of messages m1 and m2 between three processes p1, p2 and 

p3.  a, b, c, d, e and f are events. It can be inferred from the diagram that, ab; cd; ef; b-

>c; df; ad; af; bd; bf. Also a||e and c||e. 

 

Logical vs physical concurrency 

 Physical as well as logical concurrency is two events that creates confusion in distributed 

systems.  

Physical concurrency: Several program units from the same program that execute 

simultaneously. 

Logical concurrency: Multiple processors providing actual concurrency. The actual execution 

of programs is taking place in interleaved fashion on a single processor. 
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Differences between logical and physical concurrency 

Logical concurrency Physical concurrency 

Several units of the same program execute 

simultaneously on same processor, giving an 

illusion to the programmer that they are 

executing on multiple processors. 

Several program units of the same program 

execute at the same time on different processors. 

They are implemented through interleaving. They are implemented as uni-processor with I/O 

channels, multiple CPUs, network of uni or 

multi CPU machines. 

 

 

 


