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 Generally speaking we have that…’’A Cluster is a group of 

servers/workstations interconnected through a dedicated 

network designed to act like a single IT processing 

resource/infrastructure. Clustering improves performance and 

the system's availability to users actually by distributing 

workload across all connected servers (multitasking/multiuser 

environment).’’



❑ Shared vs. Distributed (Memory) Parallel Computing:
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❑ Distributed (Memory) Parallel Computing:

Dual Ethernet and Infiniband switch cluster 
configuration example

3 compute nodes 1 head node 3 switches

PS. Global Array provides a friendly API for shared-memory 
programming on distributed-memory computers for 
multidimensional arrays but performance may be strongly 
affected by non local data availability..

https://en.wikipedia.org/wiki/API


• All processors may access the whole main – RAM – memory at run 
time…

NUMA
UMA









Tor Vergata centro di calcolo



MPI program must include the MPI header file

MPI PARALLEL REGION BEGINS

COMPUTATIONS AND COMMUNICATIONS

MPI PARALLEL REGION ENDS

Simile a quanto 
visto con OpenMP

/ SMP
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MPI’s send and receive calls operate in the following manner:

First, process A decides a message needs to be sent to process B.
Process A then packs up all of its necessary data into a buffer for process B.
These buffers are often referred to as envelopes since the data is being packed into a single message before
transmission.

After the data is packed into a buffer, the communication device (which is often a network) is responsible
for routing the message to the proper location. The location of the message is defined by the process’s rank.
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Reduce is a classic concept from functional programming. 

Data reduction involves reducing a set of numbers into a smaller set of numbers via a function. 

For example, let’s say we have a list of numbers [1, 2, 3, 4, 5]. Reducing this list of numbers with the sum 

function would produce sum([1, 2, 3, 4, 5]) = 15. 

Similarly, the multiplication reduction would yield multiply([1, 2, 3, 4, 5]) = 120.

MPI_REDUCE

The send_data parameter is an array of elements

of type datatype that each process wants to reduce. 

The recv_data is only relevant on the process with a rank of root. 

The recv_data array contains the reduced result and has a size 

of sizeof(datatype) * count. 

The op parameter is the operation that you wish to apply to your

data. MPI contains a set of common  reduction operations that

can be used. 



The reduction operations defined by MPI include:

•MPI_MAX - Returns the maximum element.

•MPI_MIN - Returns the minimum element.

•MPI_SUM - Sums the elements.

•MPI_PROD - Multiplies all elements.

•MPI_LAND - Performs a logical and across the elements.

•MPI_LOR - Performs a logical or across the elements.

•MPI_BAND - Performs a bitwise and across the bits of the elements.

•MPI_BOR - Performs a bitwise or across the bits of the elements.

•MPI_MAXLOC - Returns the maximum value and the rank of the process that owns it.

•MPI_MINLOC - Returns the minimum value and the rank of the process that owns it.

MPI_REDUCE



MPI_REDUCE

each process creates random numbers

and makes a local_sum calculation.

The local_sum is then reduced to the root 

process using MPI_SUM.

The global average is then

global_sum / (world_size * num_elements_per_proc)



Many parallel applications will require accessing the reduced results across all processes rather than

the root process. The function prototype is the following:

MPI_Allreduce is identical to MPI_Reduce with the exception that it does not need

a root process id (since the results are distributed to all processes).
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