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Introduction 
In general, a system is a mapping of a set of inputs into a set of 
outputs. 
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RTS 
A real-time system (RTS) is a computer system that is required to meet 
response time constraints or face severe consequences.  
 
The correctness of a real time system is based on both the correctness 
of the outputs and their timeliness. Based on the aforementioned 
definition, a failed system is a system that is not able to meet one or 
more of the requirements described in the given system specifications.  
 
A real-time system is considered to be reactive because the task 
scheduling is driven by a constant communication with the 
environment.  
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Types of RTS 
When classified by the degree of “Real-Time,” RTSs follow the 
following classification: 
Soft Real-Time System: In this type of systems, failure to meet the 
response-time constraints results in performance degradation.  
 
Hard Real-Time System: Even if a single deadline is not met, we can 
encounter a complete or highly severe system failure.  
 
Firm Real-Time System: Missing a few deadlines will not result in total 
failure, but if the number increases we can encounter an complete or 
highly severe system failure.  
 

 



Background Information, cont. 

16 May 2017 EE720 Paper Presentation 5 

 

 



Background Information, cont. 
From what we’ve have seen so far, fault tolerance is one of the 
fundamental aspects of any real time system, so the study of it is 
paramount if it is to be used properly.  
 
It is also important to study the most common design philosophies or 
paradigms, such as, time-driven or event driven.  
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Some RTSs 
• QNX 
• AMOS 
• CapROS 
• Flex OS 
• VxWorks  
• FunkOS 
• MQX 
• FreeRTOS 
• ThreadX 
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MPI 
MPI is a standard, portable interface for communication in parallel 
programs that use a distributed-memory programming model.  
 
The communication commonly needed in parallel programs and other 
features are part of this interface. It supports the MPMD (multiple 
program, multiple data) programming model. It is library based, so its 
functions can be called from different languages.  
 
MPI is the most widely used programming system for parallel scientific 
applications.  
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MPI, cont. 
Point-to-point communication 
 
This is the most basic communication in MPI, and it is carried out 
between pairs of processes. One process sends data and the other 
receives it.  
 
These functions must specify the data to be sent or received, where the 
data is going or coming from, a communicator and other relevant 
information.  



MPI, cont.  
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This is a sample code snippet showing the functions used to send and 
receive data as specified by the MPI standard.  
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MPI/RT 
The MPI standard gives us the interface and functionality for a wide 
range of message passing capabilities. MPI/RT aims to give message 
passing functionality with quality of service (QoS). The parameters of 
this QoS include variours fault-tolerance and real-time application 
requirements.  
 
RTSs can be used with a single or multiple processors. The MPI/RT 
standard was created to provide an application programming interface 
that lets the user implement MPI on real time applications. By doing so, 
the user can take advantage of the MPI functionality while meeting the 
timing requiriments of a RTS.  



MPI/RT, cont.  
When using MPI/RT, the user has to provide information about the 
timing constraints of different parts of an application and the 
interactions between these parts including the message passing data 
and the control message exchanges. 
 
The platform analyzes what the user requires, and will determine 
whether or not those requirements can be met. This is where the 
Quality of Service comes into play.  
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Reasons for using MPI/RT 

MPI/RT provides software that acts as a bridge 
between an operating system or database and 
applications. MPI/RT provides extensions and 
restrictions to MPI that result in adding better 
predictability and schedulability to message-
passing programming.  
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Issues to be faced when using 
MPI/RT 
One of the biggest issues when trying to implement MPI/RT is that even 
though there is a lot of work going on in CPU and network real-time 
scheduling, these results are not sufficient to provide guarantees for 
communication.  
 
These resources are different from one platform to another, which 
becomes an inconvenient when it comes to portability. When trying to 
perform point-to-point communication, we can have different results on 
different platforms.  
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MPI/RT and Fault Tolerance 
MPI/RT provides limited functionality for fault-tolerance.  
 
The standard does provide functionality for an application to recover 
from faults. It provides timeout parameters for all data transfer and 
other MPI functionality.  By doing this, the application will be able to 
associate the appropriate error handler with timeout errors.  
 
There is also an error handler for those times when the QoS cannot be 
guaranteed.  
 
Based on these fault tolerance, this standard might not be suitable for 
hard real-time systems.  
 

 
 



MPI/RT and real-time paradigms 
MPI/RT defines functionality to support three real-time paradigms:  
 
Time-Driven Paradigm: The primary goal of the time-driven approach 
to MPI/RT is to allow a real-time application sufficient control of the 
environment in which it is running so that it can explicitly schedule its 
message-passing activities and resource usage.  
 
Event-Driven Paradigm: The event-driven paradigm supports the 
specification of events that either trigger or stop application or MPI 
operations. This provides a low-level, event-driven paradigm that 
provides a mechanism for scheduling an application handler upon the 
completion of a data transfer operation with quality of service.  
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MPI/RT and real-time paradigms 
Priority-Driven Paradigm: The priorities for a process or task can be 
specified as part of the QoS argument to channel creation calls. The 
processes at both ends of the channel must provide the same priority 
or there will be an error.  
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Experiment  
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“A Synchronized Real-Time Linux Based Myrinet Cluster 
for Deterministic High Performance Computing 
and MPI/RT” 
 
This work described the design and implementation of  a real-time 
cluster of PCs that provides globally synchronized scheduling and 
predictable message passing. In this experiment, a real-time 
messaging layer provides predictable communication latencies over the 
interconnecting network.  
 
This system is implemented adhering to QoS principles.  



Experiment, cont.   
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In this implementation, Myrinet (high-speed local area networking 
system) is used by MPI/RT channel tasks for 
real-time messaging, while Ethernet is used by non-realtime 
Linux processes.  
 
The Myrinet network chiefly consists of low-latency worm-hole 
switches, high-speed Myrinet cables, and programmable Myrinet 
interface cards. The Myrinet interface consists of the LANai 
processor, on-board SRAM, two DMA engines for 
network DMA, and one DMA engine for transferring data 
between host memory and LANai memory. 



Experiment, cont.  
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Experiment, cont.  
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The picture shows the jitter in message receive time. The authors 
determined the this results we acceptable based on comparison to 
other systems.  
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Conclusion  
This MPI/RT standard can be useful for certain applications, but it has 
limited use. The example presented yielded acceptable result and was 
successful in establishing bounds on the worst case message passing 
latency.  
 
There is not a lot of work in this field is the limited fault tolerance of 
MPI/RT makes it inappropriate for application in hard real-time systems.  


	CMPE 655�MPI for Real Time Systems (MPI/RT)
	Introduction
	RTS
	Types of RTS
	Background Information, cont.
	Background Information, cont.
	Some RTSs
	MPI
	MPI, cont.
	MPI, cont. 
	MPI/RT
	MPI/RT, cont. 
	Reasons for using MPI/RT
	Issues to be faced when using MPI/RT
	MPI/RT and Fault Tolerance
	MPI/RT and real-time paradigms
	MPI/RT and real-time paradigms
	Experiment 
	Experiment, cont.  
	Experiment, cont. 
	Experiment, cont. 
	Conclusion 

