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ABSTRACT

Recent trend is of high performance computing, in which message rate is of main measure. This
message rate depends on communication pattern. The continued growth in platform scale,
combined with emerging application area, are pushing platform to support increasing message
rates. Best case message throughput has grown in hardware generation due to growing clock

rates and on patterns.

Now, ‘with the growing scale of high performance computing, fault tolerance has become the
major issue. In computing work, there might be a chance of fault which will result in a false data.
There are various techniques available to handle faults. A method named message logging is
used to this overhead. There are various other techniques that are used to overcome fault

tolerance.

Here I used an approach similar to the approaches of fault tolerance that exist. This approach is
slightty differing with other existing approaches. With this approach we can handle faults in the
communication patterns. For this, we have to change the parallel code of the communication

patterns a bit.
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CHAPTER 1

INTRODUCTION

1.1 HPC — High Performance Computing

High-performance computing (HPC) uses super computers and computer clusters to solve advanced
computation problems. High Performance Technical Computing (HPTC), generally refers to the
engineering applications which is used in cluster based computing. HPC can also be applied to business

uses of cluster based super computers such as data warehouse, transaction processing.

HPC can also be used as a synonym for supercomputing, but in other scenarios super computer is uscd

to refer to a more powerful sct of high performance computers.

As machine sizes are growing day by day, tends to thousand of nodes, so it is important that an
application must utilize the machine resources cffectively. So it is important to know how an

application can utilize machine resources.

There are various measures on which we can find out the efficiency and cffectiveness of cluster, but
the three most commonly measured metrics are bandwidth, latency rate and message rate. However
other parameters such as independent progress, host overhead, etc can also impact application
performance. The difficult question is: how should the data be measured given that interconnect
performance can vary dramatically based on the operating conditions of the application of the
application using it?. As an example, the average length of the MPI message queues will impact both _

the latency rate and message ratef 7] that the network can deliver.

Of the three main measures of interconnect performance, message rale seems to be of measure.
Message rate is the measure of how many distinct messages a node can send and/or receive in a given
time period, and is often referred to as message throughput. For example a massage rate of 1 million
messages per second would only be able to sustain a bandwidth of 8 MB/s for messages of size 8 bytes
and a bandwidth of 1GB/s for messages of size 1| KB. Thus the message rate determines the minimum

message size which can saturate the bandwidth ot a given network.



1.2 Fault Tolerance
Fault tolerance is the property that cnables a system to continue operating cven in case of failure of
machine component. In this issue, performance of a machine decreases. The decrease in performance is

proportional to the occurrences of failure.

As most HPC applications are using the Message Passing Interface (MPI) [3] to manage data transfers,
introducing failure recovery features inside the MPI library automatically benefits a large range of
applications. One of the most popular automatic fault tolerant techniques, coordinating checkpoint,
builds a consistent recovery set [4],/51, Message logging is an alternative approach designed to avoid
coordination, in order to recover faster from failures at the expense of a higher overhead on
communications. From previous experiments, it has been proved that message logging is expected to be

better than coordinated checkpoint when the Mean Time Between Failure (MTBF) is shorter.

However, the model of message logging was recently refined to match the reality of high performance
network interface cards, where message receptions are decomposed in multiple interdependent events

i

1.3 MPI — Message Passing Interface

The generic form of message passing in parallel processing is the message passing interface (MPI),
which is used as a medium of communication. Most of the parallel programming languages differ in
view of the address space. Message Passing Interface (MPI) was designed for writing applications and
libraries for distributed memory environments. In message passing, data is moved from the address
space of one to that of other by means of a cooperative operation such as a send/receive pair. The
restriction sharply distinguishes the message passing model from the shared memory model. In shared
memory model, processes have access to a common pool of memory and can simply perform ordinary

memory operations (load from, store into) on some set of address.

1.4 Problem Statement
In HPC, there are some communications patterns on the basis of which a node can communicate with
others. The list of the various communication patterns are listed below.

+  Single Direction Communication

» Pair based Communication.



+ Pre-posted Communication

o All start communication

Now during communication, there may be a possibility of software fault. A fault results in the faise
outcome. So as to- overcome with this problem, we need to introduce fault tolerance in these

communication patterns.

Up to now, fault tolerance has not been applied to these communication patterns. So we introduce fault

tolerance in those communication patterns for the safe communication.

Hence with the use of fault tolerance, we can handle these faults and be able to reach to the correct

final outcome.



CHAPTER 2

BACKGROUND STUDY

2.1 Models of parallel computing

Interconnection problem in modern HPC systems have a variety of performance parameters Wl1icl]
impact application performance. Many metrics have been developed to try to describe this
performance. One attempt is to model these parameters and access their impact on applications led to
the development of the LogP model {8}{%]. Follow up work incorporating an analysis of long messages
generated the LogGP {111 model. More recent work has developed techniques for measuring the
LogGP parameters on modern networks }11}]. In addition to these modeling efforts, there is a body of
work on benchmarks to measure various aspects of interconnect performance. NetPIPE [127 and
-Netperf [ 121, Ohio State's OMB [14], and Intel's MPI benchmark {!5] can be used to measure network

latency and bandwidth.

In addition to these general measures, more specific work has been done to quantify MPI performance.
The OSU benchmark suite {14] has micro-benchmarks for measuring latency, streaming bandwidth and
message rate, among others. Further research has worked to measure additional areas of interconnect
performance such as overlap ;’ir’s'i‘. While others have looked at the impact of queue lengths i} and

overhead buffer re-use 1171,

Unfortunately, many of the network micro-benchmarks measure performance in idealized conditions
that do not match those present during application exccution. Additionally, it is not uncommon for
hardware and MPI developers to optimize the most common micro-benchmarks. Many areas where
such optimizations improve micro-benchmark performance, but have little to no impact on applications
performance have been identified in {i8]. One issue identified wilhv traditional micro-benchmarks is
that the only operation performed is the sending and receiving of data, which means that the MP] data
structures are always in cache. This is not the typical operating environment for real applications,

which will intersperse communication with computation.

Ancther area of specific concern is message coalescing. Both Open MPI {i%{ and MVAPICH {Z{i]



coalesce short messages when rmning Wwith software flow control. There are many ways to coalesce
messages; the simplest method implemented today works only for zero-byte messages with identical
MP envelope information. However, for coalescing to be generally useful to applications, it must work

on messages with data sizes greater than zero and across messages with non-identical tags.

In cluster, a master node can communicate with other slave node/s on the basis of some pre-defined
patterns. Each of the communication patterns works independently from others. These communication

patterns transfer data from one node to other with coordinated send-receive pair.

2.2 Fault Tolerance
Fault-tolerant describes a system or component designed so that, in the cvent that a component fails, a
backup component or procedure can immediately take its place with no loss of service. Fault tolerance

can be provided with software, or embedded in hardware, or provided by some combination.

HPC applicationé are using the Message Passing Interface (MPI) [3] which manages data transfer. Now
introducing failure recovery features inside the MPI library automatically benefits in a large range of
applications. One of the most popular automatic fault tolerant techniques, coordinating checkpoint,
builds a consistent recovery set {41,i5}. Message logging is an alternative approach designed to avoid
coordination. From previous experiments, it has been proved that message logging is expected to be

better than coordinated checkpoint when the Mean Time Between Failure (MTBF) is shorter.

2.2.1 Message Logging

Message logging is defined in the more general model of message passing distributed systems.
Communications between processes are considered explicit: processes explicitly request sending and
recciving messages; and a message is considered as delivered only when the receive operation
associated with the data movement is complete. Additionally, from the perspective of the application
each communication channel is EIFO, but there is no particular order on messages traveling along
different channels. The execution model is pseudo-synchronous; there is no global shared clock among
processes but there is some (potentially unknown) maximum propagation delay of messages in the
network. An intuitive interpretation is to say the system is asynchronous. Failures can affect both the
processes and the network. Usually, network failures are managed by some CRC mecﬁanism.

Therefore, the considered failure model is definitive crash failures, where a failed process completely



stops sending any subsequent message.
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Figure 2.1

. Events : Each computational or communication step of a process is an event. An execution is
an alternate sequence of events and process states, with the effect of an event on the preceding
state leading the process to the new state. As the system is basically asynchronous, there is no

direct time relationship between events occurring on different processes.

These events can be classified into two categories: deterministic and non-deterministic. An
event is deterministic when from the current state there is only onc possible outcome state for
this event. On the contrary, if an event can result in several different states, then it is non-
deterministic. Examples of deterministic events are internal computations and message
emissions, which follow the code-flow. Examples of nondeterministic events are message

receptions, which depend on time constraints on message deliveries.

+  Checkpoints and Inconsistent States : Checkpoints are used to recover from failures. The
recovery line is the configuration of the application after some processes have been reloaded
from checkpoints. Unfortunately, check pointing a distributed application is not as simple as
storing each single process image without any coordination, as illustrated by the example
cxecution of figure 1. When process P1 fails, it rolls back to checkpoint CI1 . Messages from
the past crossing the recovery line (m3,m4) are in transit messages; the restarted process will
request their reception while the source process never sends them again, thus it is needed to
save the messages. Messages from the future crossing the recovery line (m5) are orphan;
following the Lamport relationship current state of PO depends on reception of m5 and by
transitivity on any event that occurred on P1 since C11 (e3, e4,€5). Since the channels between

PO and P1 and between P2 and P1 are asynchronous, the reception of m3 and m#4 could occur in
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a different order during re-execution, leading during the recovery to a state of P1 that diverges
from the initial execution. As the current state of PO depends on states P1 can no longer reach,
the overall state of the parallel- application after the recovery is inconsistent. Checkiaoints
leading to an inconsistent state are useless and must be discarded. In the worst case all

checkpoints are uscless and the computation may have to be restarted from the beginning.

Event Logging : In event logging, processes are considered as Piecewise deterministic: only
sparse non-delerministic events occur separating large parts of deterministic computation.
Considering that non-deterministic event outcomes, called determinants, are committed during
the initial execution into some safe repository, a recovering process is able to replay exactly the
same order for all non-deterministic evenfs, and therefore, it is able to reach exactly the same
state as prior to the failure. Furthermore, message logging considers the network as the only
source of non-determinism and only logs the relative ordering of messages from different
senders (e3, e4 in figure 1). The sufficient condition to define a consistent global state, from
where a recovery can be successful, is that a process must never depend on an unlogged non-

deterministic event from another process.

Synchronicity of Event Logging : Pessimistic message logging is the most synchronous event
logging technique. It ensures the always no-orphan condition: all the previous non-deterministic
cvents of a process must be logged before a process is allowed to impact the rest of the system.
Therefore any process has to ensure that every event is safely logged before any MPI send can
proceed. Since no orphan process can be created, only the failed processes have to restart after a
failure. In order to improve latency, the no-orphan condition can be relaxed. Causal message
logging piggybacks unlogged events on outgoing messages. Then any process always depends
on events either logged or known locally.‘Optimistic message logging pushes one step further;
non-deterministic events are buffered in the process memory and logged asynchronously. While
message sending is never delayed, the consequence is that a message sent by a process may
depend on an unlogged event and may become orphianed. Thus a recovery protocol is needed to
detect orphaﬁ messages and to recover the application in a consistent global state after a failure.
To be able to detect orphaix messages, dependencies between non-deterministic events need to
be tracked during the entire execution; dependency information must be piggybacked on

application messages.



+  Sender-Based Logging : Event logging only saves events in the remote repository, without
storing the message payload. However, when a process is recovering, it needs to replay any
reception that happened between the last checkpoint and the failure. Therefore, all the in transit
message payload needs to be saved (m3,m4 in figurel). During normal execution, every
outgoing message is saved in the sender’s volatile memory: a mechanism called sender-based
message logging. This allows the surviving processes to serve past messages to recovering
processes on demand, without rolling back. Unlike events, sender-based data do not require
stable or synchronous storage. Should a process holding useful sender-based data crash, the
recovery procedure of this- process replays every outgoing send and thus rebuilds the missing

messages.

2.3 MPI - MESSAGE PASSING INTERFACE
Message Passing Interface (MPI) is a specification for an API that allows many computers to

communicate with one another. It is used in computer clusters and supercomputers.

Your program

MPT Library

Custom Standard
SW TCP/IP
Custom Standard
HW natwork HW

FIGURE 2.2

MPI is a language-independent communications protocol used to program parallel computers. Both
point-to-point and collective communication are supported. MPI "is a message-passing application
programmer interface, together with protocol and semantic specifications for how its features must
behave in any implementation."{211 MPI's goals are high performance, scalability, and portability. MPI

)

remains the dominant model used in high-performance computing today{22}.

MP! is not sanctioned by any major standards body; nevertheless, it has become a de facto standard for



communication among procecsses that model a parallel program running on a distributed memory
system. Actual distributed memory supercomputers such as computer clusters often run these
programs. The principal MPI-1 model has no shared memory concept, and MPI-2 has only a limited
distributed shared memoryconcept. Nonetheless, MPI programs are regularly run on shared memory
computers. Designing programs around the MPI model (as opposed to explicit shared memory models)

has advantages on NUMA architectures since MPI encourages memory locality.

Although MPI belongs in layers 5 and higher of the OSI Reference Model, implementations may cover

most layers of the reference model, with socket and TCP being used in the transport layer.

Most MPI implementations consist of a specific set of routines (i.e., an API) callable from Fortran, C,
C-++ or Java and from any language capable of interfacing with such routine libraries. The advantages
of MPI over older message passing libraries are portability (because MPI has been implemented for
almost every distributed memory architecture) and speed (because each implementation is in principie

optimized for the hardware on which it runs).

2.4 Concepts of MPL

MPI provides a rich range of capabilities. The following concepts help in understanding and providing
context for all of thosc capabilities and help the programmer to decide what functionality to use in their
application programs. Therce are seven basic concepts of MPI, three of which are unique to MPI-2.

' «  Communicator : Communicators are objects connecting groups of processes in the MPI
session. Within each comunicator each contained process has an independent identifier and
the contained processes are arrangcd in an ordered topology. MP1 also has explicit groups, but
these arc mainly good for organizing and reorganizing subsets of processes. MPI understands
single group intra-communicator operations, and bipartite (two-group) inter-communicator
communication. Single group operations are most prevalent in MPI-1 whereas a bipartite

operation plays a major role in MPI-2.

Communicators can be pattitioned using several commands in MPI, these’ commands include a .
graph-coloring-type algorithm called MPI_COMM_SPLIT, which is commonly used to derive

topological and other logical sub-groupings in an efficient way.



Point-to-point basics : A number of important functions in the MPI API involve
communication between two specific processes. A much used example is the MPI_Send
interface, which allows one specified process to send a message to a second specified process.
Point-to-point operations are useful in irregular communication, for cxample, a data-parallel
architecture in which each processor routinely swaps regions of data with specific other
processors between calculation steps, or a master-slave architecture in which the master sends

new task data to a slave whenever the previous task is completed.

MPI-1 specifies mechanisms for both blocking and non-blocking point-to-point communication
mechanisms, as well as the so-called 'ready-send' mechanism whereby a send request can be

made only when the matching receive request has already been made.

Collective basics : Collective functions in the MPI API involve communication between alt
processes in a process group (which can mean the entire process pool or a program-defined
subset). A t};pical function is the MPI_Bcast call (short for "broadcast"). This function takes
data from one specially identified node and sends that message to all processes in the process
group. A reverse operation is the MPL_Reduce call, which is a function designed to take data
from all processes in a group, performs a user-chosen operation (like summing), and store the
results on one individual node. These types of calls are often useful at the beginning or end of a
large distributed calculation, whete each processor operates on a part of the data and then

combines it into a result.

Derived Data types : Many MPI functions require that you specify the type of the data which
is sent between processors. This is because these arguments to MP1 functions are variables, not
defined types. If the data type is a standard one, such as, int, char, double, etc., you can use
predefincd MPI data-types such as MPI_INT, MPI_CHAR, MPL_ DOUBLE. Suppose your data

is an array of ints and all the processors want to send their array to the root with MPI_Gather.

Here is a C example of hovy to do it:

int array[100];

int root, total_p, *recelve array;
MPI Comm size (comm, &total p);

receive array=(int *) malloc{total_p*100*sizeof {int));

10



MPI Gather (array, 100, MPI_INT, receive array, 100, MPI_TNT,

root, comm);

However, you may instead wish to send your data as one block as opposed to 100 ints. You can
do this by defining a continuous block derived data type.

MPI_Datatype newtype; .

MPI_Type_contiguous (100, MPI_INT, &newtype);

MPI Type_ commit (&newtype);

MPI_Gather(array, 1, newtype, receive array, 1, newtype, root,

comm) ;

Sometimes, your data might be a class or a data structure. In this case, there is not a predefined
data type and you have to create one. You can make an MPI derived data type from

MPI_predefined data types, by using MPI_Type_create_struct, which has the following format:

int MPI_Type create_struct(int count, int blocklen{}, MPI_Aint
disp[], MPI Datatype type[], MPI_Datatype *newtype)

where,

count - number of blocks,

blocklen[] - number of elements in each block (array of integer),

disp|] - byte displacement of each block (array of integer),

typef] - type of elements in each block (array of handles to datatype objects).

« One-sided Communication (MPI-2) : MPI-2 defines three one-sided communications
operations, Put, Get, and Accumulate, being a write to remote memory, a read from remote
memory, and a reduction operation on the same memory across a number of tasks. Also defined
arc three different methods for synchronizing this communication - global, pairwise, and remote
locks - as the specification does not guarantee that these operations have taken place until a

synchronization point.

. Dynamic Process Management (MPI-2) : The key aspect of this MPI-2 feature is "the ability



of an MPI process to participate in the creation of new MPI processes or to establish
communication with MPI processes that have been started separately.” The MPI-2 specification
describes three main interfaces by which MPI processes can dynamically establish
communications, MPI_Comm_spawn, MPI_Comm_accept /MPI_Comm connect and
MPI_Comm_join. The MP1_Comm_spawn interface allows an MP] process to spawn a number
of instances of the named MPI pi'ocess. The newly spawned set of MPI processes form a new
MPI_COMM_WORLD intra-communicator but can communicate with the parent and the inter-
communicator the function returns. MPI_Comm_spawn_multiple is an alternate interface that

allows the different instances spawned to be different binaries with different arguments.} 23

MPI /O (MPI-2) : The Parallel I/O feature introduced with MPI-2,.is sometimes shortly called
MPI-10,i 247 and refers to a collection of functions designed to allow the difficulties of
managing /O on distributed systems to be abstracted away to the MPI library, as well as
allowing files to be easily accessed in a péttemed fashion using the existing derived data-type
functionality, The little research has been done on this feature indicatcé the difficulty for good
performance. For example, some implementation of sparse matrix-vector multiplications using

the MPI 1/O library disastrously fall in efficient parallelization.

2.5 Implementation of MPI"

Cluster computing is the technique of linking two or more computers into a nctwork (usually through a

local area network) in order to take advantage of the parallel processing power of those computers.

MPI is a widely used library that facilitates communication between parallel programs written in C,

C++, FORTRAN, Python etc.

The concept of a cluster involves taking two or more computers and organizing them to work together

to provide higher availability, reliability and scalability than can be obtained by using a single system.

When failure oceurs in a cluster, resources can be redirected and the workload can be redistributed. The

usc of MPI libraries have greatly helped in making it easier to utilize the power of clusters as the same

implementation that runs on a multi-core system can also run on a cluster.

2.6 Key MPI Functions and Constants

MPI_Init (int *argc, char ***argv)
MPI_Finalize (void) '



MPI_Comm_rank (MPL_COMM comm, int *rank)

MPI_Comm_size (MPI_ COMM comm, int *size)

MPI_Send (void *buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm comm)
MPI_Recv (void *buf, int count, MPI_Datatype datatype, int source, int tag, MPI_Comm
comm, MPI Status *status)

MPI_CHAR, MPL_INT, MPL_LONG, MPI_BYTE

MPI_ANY _SOURCE, MPI_ANY _TAG

2.7 MPI Communicators, contexts, groups

A distinguishable featurc of the MPI standard is that it includes a mechanism for creating separate

worlds of communication, accomplished through communicators, contexts and groups.

A communicator specifies'a group of processes that will conduct communication operations
with in a specified context without affecting or being affected by operations occurring in other
group or contexts elsewhere in a program.

Define communication domain of a communication operation : set of processes that are allowed
to communicate among themselves.

Initially all in MPI_COMM_WORLD

A group is an ordered collection of processes. Each processor has a rank in the group, the rank
runs from 0 to n-1. A process can belong to more than one group; its rank in one group has
nothing to do with its rank in other group. A context is the internal mechanism by which a
communicator guarantees a safe communication space to the group.

Communicator provide a caching mechanism, which allow an application to attach attribute to

communicators. Attributes can be user data or any other kind of information.

Example

main (int argc,v char *argvl[])
{
MPI Init(&argc, &argv);

MPT_Comm_ rank (MPI_COMM_WORLD, s&myrank) ;
if {(myrank == 0}

master () ;



else

slave();

MPI Finalize(};

2.8 MPI Message Tag
+ Used to differentiate between different types of messages being sent.
= Message tag is carried out with in message and used in both send and receive calls.
« If'special type matching is not required, a wild card message tag is used, so that the receive will

match with any send.

2.9 Flavors of send/receives

» Synchronous message passing
+ Send/Receive routines that return when message transfer completed.
« Synchronous Send wait until complete message can be accepted by receiving process before

sending the message. :

« Synchronous Reccive wait until the message it is expecting arrives.
= Synchronous routine perform two actions: transfer data and synchronize pracesses

+ Asynchronous message passing
= Send/Receive do not wait for actions to complete before returning
» Usually requirc local storage for messages

» In general, they do not synchronize processes but allow processes to move forward sooner.

2.10 MPI Blocking and Non-Blocking »
« Blocking - return after local actions complete, though the message transfer may not have been
completed
«  Non-blocking - return immediately )
« Assumes that data storage to be used for transfer is not modified by subsequent statements
prior to being used for transfer.

» Implementation dependent Jocal buffer space is used for keeping message temporarily.
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2.11 MPI Communication Modes
« Standard Mode

= Does not assume that corresponding receive routine has been reached.

= Does not specify whether messages are buffered
» Buffered Mode

» Send may start and return before matching receive is reached.

o Necessary to specify buffer space.

» Can be done using the MPI routine MPI_Buffer attach()
« Synchronous Mode

= Send and reccive can start before each other but can only complete together
+  Ready Mode .

= Send can only start if matching receive has already been reached

2.11.1 Modes of Blocking MPI Sends
» Standard mode: MPI_Send
« Buffered mode: MPI_Bsend
« Synchronous mode: MPI_Ssend
« Ready mode: MPI_Rsend
«  MPI_Recv works for all send modes

» Buffered mode requires user to provide' buffer space using MP1_Buffer attach

2.11.2 Modes of Non-Blocking MPI Sends
» Standard mode : MPI_Isend
= Buffered mode : MPI_Ibsend
»  Synchronous mode : MPI_Issend
» Ready mode : MPI_Jrsend ’
» MPI_Irecy non-blocking receive works for all.
« Functions to test or wait for completion
« MPI_Test
« MPI Wait

2.11.3 MPI Group Communication

« MPI also provides routines that sends messages to a group of processes or receives messages
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from a group of brocesses
« Not absolutely necessary for programming
« More efficient than separate point to point routines.
» LExamples : broadcast, multicast, gather, scatter, reduce, barrier
« MPI_Bcast, MPI_Reduce, MPI_Allreduce, MPI_Alltoall, MPI_Scatter, MPI_Gather,

MPI_Barrier
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MPL Reduce ( void *sbuf, void *rbuf, int count, MPI_Datatype datatype, MPI_Op op, int root,

MPI_Comm comm)

2.12 MPI Safe Message Passing
»  Combined se.nd/receive routine MPI_Sendrecv()
+  Guarntee not to deadlock
« Buffered send MPI_Bsend()
« user provides explicit storage space
« Non blocking routines MPI_Isend(), MP1_Irecv()
« return immediately

»  separate routinc used to determine whether message has been received (MPT_Wait() etc)

2.13 Timing with MPI
+  MPL Wtime
« elapsed time in seconds since some arbitrary point in past.
» Return a double value.

+ Clock values for different processes are not necessarily comparable or synchronized

2.14 Example prbgrams of MPI

Here is a "Hello World" program ‘in MPI written in C. In this example, we send a "hello" message to
cach processor, manipulate it trivially, send the results back to the main process, and print the messages
out.

/*

/*"Hello World" Type MPI Test Program

*/

#include <mpi.h>

#include <stdio.h>

#include <string.h>

fdefine BUFSIZE 128
ffdefine TAG O



int main{int érgc, char *argvl[])

{

char idstr([32];
char buff[BUFSIZEj;
int numprocs;
int myid;
int i;
MPI Status stat;
MPI Init(sarge,&argv); /* all MPI programs start with
MPI Init; all 'N' processes exist
" thereafter */
MPI_Comm size (MPI_COMM WORLD, &numprocs); /* f£ind out how big
. the SPMD world is */
MPI_Comm_rank (MPI_COMM WORLD, &myid); /* and this processes'’
. rank is */
/* At this poinE, all the programs are running equivalently,
the rank is used to distinguish the roles of the programs in
the spMD model, with rank 0 often used specially... *[
if{myid == 0)
{
printf("%d: We have %d processors\n", myid, numprocs);
for (i=1;i<numprocs;i++)
{
sprintf(buff, "Hello %d! ™, i);
MPT Send (buff, BUFSIZE, MéI_CHAR, i, TAG,MPI_COMM WORLD) ;
1
for (i=1; i<numprocs;i++)
{ . .
MPI Recv(buff, BUFSIZE,MPI CHAR, i, TAG,MPI_COMM WORLD,
&stat);
printf("%d: %s\n", myid, buff);
}
}



/* receive irom rank 0: */

MPI Recv(buff, BUFSIZE, MPI CHAR, 0, TAG, MPI COMM WORLD,
&stat);

sprintf (idstr, "Processor %d ", myid);

st.rcat (buff, idstr);

stroat {buff, "reporting for duty\n");

/* send to rank.0: */

MP! Scnd({buff, BUFS1ZE, MPI CHAR, 0, TAG, MPI COMM WORILD);

}

MPI Finatize(}; /* MPL Programs end with MPI Finallzc; Lhis
is a weak synchronization point */

relurn O3

It is important to note that the runtime environment for the MPI implementation used (often called
mpirun or mpicxec) spawns multiple copics of the program, with the total number of copies
determining the number of process ranks in MPI_COMM_WORI.D, which is an opaque descriptor for
communication between the set of processes. A Single-Program-Multiple-Data (SPMD) programming
model is thereby facilitated. but not required: many MPI implementations allow multiple. dillerent.
cxecutables to be started in the same MPI job. Each process has its own rank, the total number of
proccsses in the world, and the' ability to communicate between them cither with point-to-point
{(send/reccive) communication, or by collective communication among the group. It is enough for MPI
o provide an SPMD-style program with MPI_COMM_WORLD, its own rank, and the sizc of the
world to allow for algorithms to decide what they do based on their rank. In morc robust examples. /O
should be more carciully managed than in this example. MPI does not guarantec how POSIX /O

would actually work on a given system, but it commonly does work, at least from rank 0.
The notion of process and not processor is used in MPL. The copics of this program arc mapped to

processors by the runtime environment of MPL In that sense, the parallel machine can map 1o |

physical processor, or N where N is the total number of processors available, or something in between.
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For maximal potential for parallel speedup more physical processors are used. It should also be noted
that this example adjusts its behavior to the size of the world N, so it also seeks to be scalable to the
size given at runtime. There is no separate compilation for each size of the concurrency, although
different decisions might be taken internally depending on that absolute amount of concurrency

provided to the program.

2.15 Programming Paradigms

The application users commonly used two types of programming paradigm: SPMD (Single Program
Multiple Data) and MPMD (Multiple Program Multiple Data). In SPMD model, each process runs the
same program in which branching statements may be used. The statements executed by various
processes may be different in various segments of the program, but one executable (same program) file

runs on all processes.
In MPMD programming paradigm, each process may execute different programs, depending on the
rank of the processes. More than one executable (program) is needed in MPMD model. The application

user writes several distinct program, which may or may not depend on the rank of the processes.

e For execution of the SPMD program, the command format used is:

mpirun -n <number of processes> <Executable>

® For execution of MPMD program, the command format used is:

mpirun -n <number of processes> -h<number of hosts> <Master Executable>: -n

<pumber of processes> -host <hosts> <Number of hosts> <Slave Executable>
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3. Previous Work

3.1 Communication Patterns

We can measure message ratc impersonating those found in typical scientific applications with the help
of these communication patterns. In this benchmark, a test on the set of three different communication
patterns, namely pair based communication, pre-posted receives and all-start model are verified without
fault tolerance. A single direction pair-based test which is similar to the communication pattern found
in most message ratc benchmarks is also provided to offer comparison and validation with other

existing benchmarks.

All tests share a number of features in common, including a computation/communication phase design,
variable tags and the ability to send data during communication. The reported massage rate for each

process includes both the sends and receives accomplished by that process.

Large scale applications can be divided into periods of computation and communication, which repeat
for the life of the application. During the communication phase, a significant portion of main memory,
is modified, resulting in cache misses during communication phases. Each test includes a cache

invalidation step, which simulates an application working set for each computation phase.

A brief overview of the communication patterns are given below:

« Single Direction Communication: The single direction communication test mimics existing
message rate benchmarks. Processes are paired off, with the lower rank sending message to the
higher rank in a tight loop. The individual pair synchronize before communication begins to
minimize jitter in measurements. Process pairs are chosen to minimize the number of pairs

placed on the same node and maximize traffic across the network.

» Pair-based Communication: In pair based communication, each process communicates with a
small number of remote processes in each communication phase. The communication is paired,
so that a given process is both sending and receiving messages with exactly one other process at
a time, rotating to a new f)rocess when communication is complete. A best effort is made to
ensure that the remote processes a given process must communicate with are located on remote

nodes, in order to more fully stress the network. This is likely a departure from our application-
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centric approach as it is likely that at least one communicating process would be on the same

node in a multi-core environment.

+ Pre-posted Communication: In order to increase the probability of expected message
reception, a number of applications pre-post receives for the next communication phase before
starting the computation phase. The long communication phase essentially guarantees that
receive buffers will be available during the communication phase and that all messages are

expected by the MP1 layer.

The pre-posted communication test simulates such a model by posting data receives from all
communicating processes, invalidating the cache to simulate the computation working set and
synchronizing with a barrier, followed by starting data send to all communicating processes.
Alﬂlough the test guarantees that all receives are posted, it also tends to push the receive queue
out o cache for early receives due to the cache invalidation between posting the receives an

starting the sends.

» All-Start Communication: The all start communication test processes many of the same
properties as the pre-posted communication test, but does not guarantee that all receives are pre-
posted and on validates the cache to simulate the computation working set before any
communication calls in a give iteration. The test simulates an application which finishes a
computation phase, then issues all communication calls at once with a single MPI WAITALL

call to complete all communication.

Like the pre-posted commhnicat_ion test, the MPI is forced to deal with the large number of
outstanding receives. The test will also likely cause the MPI to have to search a large portion of
the expected queues for any incoming messages, as the queue is ordered by remote process.
MPI implementations which optimize queue searching by maintaining per-process receive
queues in addition to a global queue for handling MPI_ANY_ SOURCE may be able to avoid

the deep queue search.

3.2 Recent Amendments in Fault Tolerance

As we showed in section 2.3 message logging is better than coordinated check point. The modcl of

message logging has been extensively evaluated in the past. The modifications are embedded into the
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model itself and drastically change the need and minimizes the overhead caused by message logging. In

this section we describe the nature of the changes at the source for a new evaluation of the impact of

synchronicity on event logging performance.

Adapted Message Logging Model for MPI Communications : Though the previous model
has been used in many implementations of message logging in the past, it is unable to capture
the complexity of MPI communications. This was left unaddressed as long as the performance
gap between network and memory bandwidth was hiding the ensuing overhead. But as the
performance of network interface cards progressed it became clear that extra memory copics on

the critical path of messages were the source of significant performance penalties.
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Discrepancies between the model and the reality of MPI communication basically lie in the
existence of nonblocking communications. Those are intended to maximize opportunities for
communication overlap by computation by allowing for the application to post its intention to
communicate, compute while the communication actually takes place, and to wait for
completion of the communications later. The rest of this section details the improved model

used to better describe non-deterministic events with concurrent nonblocking messages.

o Fragments : Every message is divided into a number of network fragments when it is
transfered over the network, the number depending on its length. Though MPI enforces a
FIFO semantic for messages from a particular sender, at the lowest network level there is no
particular order between fragments. Consequently, as depicted in the example of figure 8,
when receiving two different messages m1 and m2, the first fragment of m1 coming first

does not imply that the last frégment of m1 arrives before the [ast fragment of m2.
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Therefore, unlike in the classic model, with MPI communications the reception order of a
message cannot be fully described by a single event denoting message reception, but rather
depends on the relative ordering of the multiple fragments composing the messages.
Although there is a very large number of such network nondeterministic events, only the
order of events denoting the first and last fragments of messages are actually meaningful to

the application, as described in the next paragraphs.

Matching : In order to receive a message, an MPI application needs to post a reception
request, using the MPI_Irecv or MPI_Recv functions. Each request contains a buffer, a
source, a tag and its relative ordering to other requests, depending on the date it has been
posted. When the first fragment of a message is delivered by the network, requests are
considered in order by the matching logic; the first request with a matching source and fag is
associated with the incoming message fragments. All upcoming fragments of this message
are delivered directly into the requests reception buffer. If no request matches, the message
is unexpected; it is copied into an internal buffer until it matches an upcoming posted

request.

A matching determinant is the event denoting the association between the first fragment of a
message and a particular request. In the example of figure 2, Mm1 rl is the matching
determinant between the request created by the any-source non-blocking receive Pany rl
and the first fragment reception event efirst] . Though the relative order of the fragments
from the network is always non-deterministic, the FIFO by channel MP1 semantic allows for
most of the matching determinants to be deterministic. The only non-deterministic ones are
promiscubus receptions, i.e., when a request can match a message coming from any-source.
Those promiscuous maiching determinants are the only events that need to be logged in

order to replay a correct matching during recovery.

Waiting for completion of requests : When using nonblocking communications, several
requests can concurrently progress while the application is computing. When computation
cannol process [urther without accessing buffers involved in an ongoing communication, the
application waits for the completion of the corresponding requests. All the functions
allowing the application to check the status of a request (like MPI_Wait) are represented by

a completion test event. A delivery determinant is the event denoting the association
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between a particular completion test event and a meéssage last fragment event. As an
example, in figure 2, Dr2 1 is the delivery determinant associated to the last fragment
reception event elast 2 and the completion test Wany(r1,12) | . A special bottom event
denotes that no last fragment event occurred since the last test for completion event. Again,
the most common delivery determinants are always deterministic, namely the MPI_Recv,
MPI_Send, MPL_Wait and ‘MPI_Waitall functions. However, for MPI_Waitany, the
outcome of the MPI call depends on the ordering between last fragment events of messages
matched with the waited requests. MPI Waitsome, MPI_Test, MPL Testany,
MPI_Testsome and MPI Iprobe add to the previous source of non-determinism a
dependency between the arrival date of the last fragments and the date of the completion
test. Logging all the delivery determinant events appearing in a function where only a subset
of the requests is allowed to complete is sufficient to ensure a deterministic replay of all

non-deterministic deliveries.

» Benefiis from the improved model : One of the most important optimizations for a high
throughput communication library is zero copy: the ability to send and receive directly into
the application’s user-space buffer without intermediary memory copies. To enable it, the
matching must be resolved upon arrival of the very first fragment. When it is delayed until
the completion of the message, as it is necessary when using the legacy model of atomic
message reception event, the actual result is that the message cannot be delivered directly
into the application buffer. The MPI library has not yet associated a request with the
message; every message pays the same penalty as if it were unexpected. The only sofiware
layer where the MPI matching can be delayed is the very low level interface with the
network. Implementing message logging at this level has two severe limitations. First the
message logging mechanism cannot easily take advantage of the optimized network drivers
and second, at this level it is impossible to make a distinction between deterministic and
non-deterministic delivery determinants. By interposing the event logging mechanism
higher in the MPI library architecture, it is only necessary to log the communication events
at the library level, and one can completely ignore the expensive events generated by the

lower network layer, overall reducing by a large amount the number of events to log.

» Active Optimistic Message Logging : A new optimistic message logging solution, called

active optimistic message Jogging |26}, has been recently proposed to limit the drawbacks of
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existing optimistic message logging protocols.

Optimistic message logging has two main drawbacks. First, it is less efficient than pessimistic
message logging on recovery because orphan processes may be created. In the event of a
failure, a recovery protocol must be executed to detect orphan processes and these orphan
processes must be rolled-back in addition to the failed processes. Second, to track dependencies
between processes during failure free execution, dependency information must be piggyBacked

71

on application messages, adding overhead on communications {27}.

In the standard modcl of optimistic message logging, determinants are buffercd is the process
memory and logged asynchronously. O2P is an active optimistic message logging protocol, i.e.,
it logs non-deterministic determinants on stable storage as soon as possible to reduce the
probability that a message depends on an unlogged determinant when it is sent. Thus it reduces

the risk of orphan message creation in case of failure.

To reduce the amount of data piggybacked on application messages, it has been proved that to
be able to detect orphan messages only dependencies to unlogged non-deterministic
determinants have to be tracked [28]. Since active optimistic message logging maximizes the
probability that previous nondeterministic determinants are logged when a message is sent, it

reduces the amount of data that needs to be piggybacked on application messages.

3.3 Existing Problem

The communication patterns that are described in section 3.1 are not safe in case of fault occurrence.
So we introduce the technique of fault tolerance in these communication patterns for better and safe

result.
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CHAPTER 4

THE PROPOSED WORK

As defined in section 2.2, there are some communication patterns on the basis of which master node
can communicate with the other nodes. These communication patterns are:

» Single Direction communications

+ Pair-based communications

»  Pre-posted communications

»  All-start communications

Now in the above patterns of communication, there may be a chance of failure of node which results in
the loss of data, as a result of which one has to suffer from communication as well as from computation

loss.

Sa as to handle with the fault, here we proposed a procedure, which contains 4 steps. These steps are
s Processing
» Computation
o Detection

o Evaluation

In order to overcome the faults that may arise during the processing phase, we need to introduce fault
tolerance ability in that. Hence with the use of fault tolerance we can handle faulls and be able to reach
to the correct final outcome. But before doing so, we also need to implement the parallel code for the

same.

4.1 Parallel code for the communication patterns
I took the codes of communication patterns one by one and run it over an example to check whether or

not it is working. Before that, we first need to parallelize the code of the patterns of communications.
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« Code for the Single Direction Communications

for (i==0;i<niters ; ++i)

{

nregs = 0;
cachie_invalidate();
synchronize();

start = timer();

if (rank <size / 2) {

for (k=0 ; k <nmsgs ; ++k)
{

MPI_Isend(send_buf + (nbytes * k), nbytes, MP[_CHAR, rank + (size / 2), tag,
comm, &reqs[nreqs++]);

}

}

else {
for (k=0 k <nmsgs ; ++k)

{
MPI_Irecv(recy_buf+ (nbytes * k), nbytes, MP1 CHAR, rank - (size / 2), tag,
comm, &regsfnreqs++1);

}

MPL Waitall(nregs, regs,
MPI_STATUSES JGNORE);
total += (timer() - start);

« Code for the pair based communications
for (i=0; i <niters ; ++i)

cache_invalidate();
MPI_Barrier(MPI_COMM_WORLD);
start = timer{);

for (j =0 < npeers ; ++j)

{

nreqs = 0;

for (k=0 ; k <nmsgs ; ++k)

offset = nbytes * (k +j * nmsgs);

MPI_Irecv(recv_buf + offset,nbytes, MPI_CHAR,recv _peers(j], tag, MPT_COMM_WORLD,
&reqgs[nreqst-+]); i ’
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for (k=0 ; k < nmsgs ; +k)

offset =nbytes * (k +j * nmsgs);

MPI_Isend(send_buf + offset, nbytes, MPI_CHAR, send_peers[npeers - j - 1], tag,

MPI_COMM_WORLD, &regs[nreqs++]);

MPI_Waitall(nreqgs, reqs,
MPI_STATUSES_IGNORE);

total += (timer() - start);

» Code for pre-posted communications

start = timer();

for (j=0;j <npeers ; +4j) {

for (k=0 ; k < nmsgs ; ++k) {

offset = nbytes * (k + j * nmsgs);

MPL_Irecv(recv_buf + offsetnbytes, MPI_CHAR, recv_peers[j], tag,
MPI_COMM_WORLD, &regs[nregst+]);

1
i

\
)

total += (timer() - start);

for (i=0; 1 <niters - ] ; -+-+H)

cache_invalidate();

MPI_Barrier(MPI_COMM_WORLD);

start = timer();

for (j =0 j <npeers ; +4j) {

for (k=10 ; k <nmsgs ; ++k} {

offset = nbytes * (k - j * nmsgs);

MPI_Isend(send_buf + offsetnbytes, MPI_CHAR, send_peers[npeers - j - 11, tag,
MPI_COMM_WORLD, &reqs[nreqs++]);

}

MPI_Waitall(nregs, regs,

MPI_STATUSES_IGNORE);

nreqs = 0;

for (=0 ;] <npeers ; ++j) {

for (k=10 ; k < nmsgs ; ++k) {

offset = nbytes * (k + j * nmsgs);

MPI_Irecv(recv_buf + offsetnbytes, MPI_CHAR, recv_peers[j], tag,
MPI_COMM_WORLD, &reqs[nreqs++]);

)

total += (timer() - start);



b1
s

start = timer();
for (j=0;j <npeers ; ++)

{
for (k =0 ; k < nmsgs ; ++k)

offset = nbytes * (k + j * nmsgs);
MPI_Isend(send_buf + offset, nbytes, MPI_CHAR, send_peers[npeers - j - 1], tag,
MPI_COMM_WORLD, &reqsinreqs++]);

}

} .
MPI_Waitall(nreqs, reqs, MPI_STATUSES_IGNORE);
total += (timer() - start);

All-start communications
for (i=0; i <niters ; ++)

{
1

cache_invalidate();
MPI_BarrierMPI_COMM_WORLD);
start = timer();

nreqs = 0; .

for (j =0 ; j < npeets ; ++j)

{
for (k=0 ; k <nmmsgs ; ++k)

offset = nbytes * (k +] * nmsgs);
MPI Irecv(recv_buf + offset, nbytes, MPI CHAR, recv_peers(j], tag, MPL COMM_WORLD,
&reqs[nreqst+t]);

for (k=0 ; k <nmsgs ; ++k)

{ .

offset = nbytes * (k +j * nmsgs);

MPI_Isend(send_buf + offset, nbytes, MPI_CHAR, send_peers[npeers - j - 1], tag,
MPI_ COMM_WORLD, &regs[nreqs++]);

H

}
MPI_Waitall(nregs, reqs, MPI_STATUSES_IGNORE);
total += (timer() - start);

4.2 Fault Tolerance Technique
Fault tolerance is the property that enables a system to continue operating properly in the event of the
failure of some of its component. If its operating quality decreases at all, the decrease is proportional to

the severity of the failure.
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Recovery from crrors in fault tolerant systems can be characterized as either roll-forward or roli-back.
When the system detects that it has made an error , roll-forward recovery take the system state back to
some earlier, correct version. Roll-back recovery reverts the system state back to some earlier, correct

version.

The basic characteristics of fault tolcrance require:
« No single point of repair.
« Fault isolation to the failing component.
» Fault containment to propagation of the failure.

«  Avajlability of reversion modes.

Here T used the technique similar to that of one discussed in section 2.3. We can use these techniques,
but there are certain problems due to which I cant use them in recovering from fault. Some of the
problems associated with these techniques are listed below:

« If the fault occur frequently, then we need to restore it at the earlier safe point which is of-

course a hectic job to do. '

« It may suffer from the communication latency.

» The performance penalty in case of fault.

« The other drawback of the co-ordinated check point are the synchronization cost before the

checkpoint, the synchronized checkpoint cost and the restart cost after the fault.

4.3 MPI commands

The MPI API used for communication among the threads of execution during phases are:

1. |int MPI Send(void *buf, int count, MPI D‘atatypc datatype, int dest, int tag, MP] Comm comm#

where,

buf Starting address of send buer (choice).

count Number of elements (o send (nonnegative integer).
datatype Datatype of each send buer element (handle).
dest Rank of destination (integer).

tag Message tag (integer).

comm Communicator (handle).
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2. | int MPI Recv(void *buf, int count, MPI Datatype datatype, int source,
int tag, MPI Comm comm, MP] Status *status)

where,

count Maximum number of elements to receive (integer).
datatype Datatype of each receive buer entry (handle).
source Rank of source (integer).

tag Message tag (integer).

comm Communicator (handle).

4.4 Approach

Here 1 proposed a procedure, which contains 4 steps. These steps are

+ Processing : Sends data to the monitored system and make a record of an offset and some other
relevant data.

. Compulatioh : Compute the data that was sent by monitoring system. Make the record of the
offset and some other relevant data and then sends back the result to the monitored system
along with some checking parameters,

» Detection: Now the monitoring system verify the parameters with its own recored parameters,
if it matches then it allow the result else it marked as faulty.

« Evaluator : Now if the monitored system is found faulty, then it computes the result of the data

associated with that faulty processor else it ignore this phase.

4.5 Algorithm

As defined above, the technique/method that I used to recover from fault. The algorithm is divided into
three phases each of which perform certain operation to find out the faulty node and then to overcome

from the fault that occur,

Processing :
A master or monitoring node sends the data that needs some computation to the slave node. Before

sending data to the slave node, it makes a record of an offset and some other relevant data that will
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needed when the slave node will send the result to it. It is necessary because it is use for comparison or

matching.

Slave
Node 1

Mater V Slave
Node Node 2

Slave
Node (n-1)

Figure 4.1

Computation :
In this phase the monitored node computes the result or perform some analysis on the data that was sent

by monitoring node. It also make a record of the offset vaiue and some other relevant data.

After the computation, it sends back the result to the monitoring node with the offset value and some

other parameters that was recorded by that node.

The offset value and other relevant data is stored in a temporary memory at the monitored node. As the

monitored node sends back the result 1o the monitoring node, the memory at monitored node flashes.

Slave calculation
Node | o
Slave calculation
Mater J
Node Node 2
Slave -m
Node (n-1)

Figure 5.2



Detection :
This is an important phase among the all because in this phase, monitoring node will detect whether a

monitored node is faulty or not.

What all the monitoring node do is that, during the time of receiving of data from the monitored node,
it checks the offset valuc and other relevant data. It then verify the receiving parameters with the one it

recorded préviously.
If they both matches, then the monitored node is not faulty i.e. data received by mionitored data is
correct and can be use further. But if they dont match, then the monitored node is faully and the data

senit by the node is ignored.

Now in the case of fault detection, fourth phase will work.

Check for

failure

Mater
Node

Slave
Node (n-1)

Figure 5.3
Evaluation
In this phase, if a node was founci faulty in third phase, then we would not reach to the final correct
outcome. So as to reach to the correct final outcome, a monitoring node computes the result of the data

associated with that faulty processor.

Monitoring system takes the same offiset value and other relevant data of that faulty node and computes

the result.
Thus we reach to the final correct outcome.
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[t is assumed that the monitoring system never fails until there is some power breakdown or some

external natural cause,

Do computation
and show
result

Slave
Node 1

Slave
Node (n-1)

Figure 5.4

Step 1: Makes a record of the offSet value and come other relevant data that has to be send  for
computation.
Step 2: Sends the data to the monitored node/s
Step 3: Monitored node/s receive the data and also makes a record of the offsct value and other
parameters.
Step 4: Monitored node/s computes the result of the data that was sent by monitoring node.
Step 5: After computation, monitored node/s sends back the result to the monitoring node with the
offset value and some other relevant data and flashes the memory that was used during the time of
record.
Step 6: Monitoring node receives the result from monitored node/s with the offset value and some
other relevant data. .
Step 7: It then verifies the offset value and other parameters with its own recorded one's.
Step 8: If the data matches, then OK and END

clse it declares the faulty node.
Step 9: If the node was faulty, then monitoring processor computes the result of the data associated
with that faulty processor.

Step 10: Now the result is OK and the final outcome or result will be declare by the monitoring node.
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4.6 Flow chart

Initial computation is done
and make a record

J

data is send to the node/s
monitored node/s receive

data, make record and
start computation

1

monitored node/s send
data

|

monitoring node receive
data

i

match the offset and other
parameters

NO

if
parameters
matches

fault detected

1

-YES

perform computation
on the data

show the result
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CHAPTER 5
RESULT ANALYSIS

5.1 Peer Count Analysis

The results for pair-based, pre-posted, and all-start communication patterns presented, assume a
process is communicating with six other peers. In this section, the impact of varying the number of
peers utilized in communication is examined. Two explanations for the performance behavior are the
longer rﬁcssagc queucs of the pre-posted and all-start tests and a limitation in the network stack when
receives are posted for messages from multiple peers. The performance of the pairbased test does not
eliminate either hypothesis, as the process only posts receives from a single peer at a time, which also

results in a significantly shorter receive queue.

—e— Pair-based
—=— Pre-posted
All-start
Rate
(msg/s)

Number of peers

Figure 5.1
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5.2 Process per Node Scaling

The results present the impact of running multlple processes on a node. Rather than raw mcssagc rales,

the 1esults are presented as scalability based on total node message rate d1v1ded by one process per
node message rate. The total number of processes in the experiment varies bascd on the number of
process per node. The communication pattern between nodes is setup such that two processes on the

same node will not communicate.

Scaling from 1 ppn rate

Number of peers

Figure 5.2
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CHAPTER 6

CONCLUSION

Network design and platform procurement is, in part, driven by performance. Therefore it is critical

that it accurately reflects the performance characteristics of real applications.
Herc we test the message rate under fault tolerance scenario likely to bc cncountered by real
applications by simulating an application working set and both sending and receiving data with

muitiple nodes.

The impact of the working set size, number of processes and the number of processes per node will

affect the result under the conditions.
In peer count analysis, pair-based communication shows the best result.
In the number of pecr per node analysis, we can see that all have almost equal starting and ending

values. But they differ in their values in between points due to which pre-posted communication shows

the best result .
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CHAPTER 1

INTRODUCTION

1.1 HPC — High Performance Computing

High-performance computing (IiPC) uses super computers and computer clusters to solve advanced
computation problems. High Performance Technical Computing (HPTC), generally refers to the
engineering applications which is used in cluster based computing. HPC can also be applied to business

uses of cluster based super computers such as data warchouse, transaction processing.

HPC can also be used as a synonym for supercomputing, but in other scenarios super computer is used

to refer to a more powerful set of high performance computers.

As machine sizes are growing day by day, tends to thousand of nodes, so it is important that an
application must utilize the machine resources effectively. So it is important to know how an

application can utilize machine resources.

There are various measures on which we can find out the efficiency and effectiveness of cluster, but
the three most commonly measured metrics are bandwidth, latency rate and message rate. However
other parameters such as_ independent’ progress, host overhead, etc can also impact application
performance. The difficult question is: how should the data be measured given that interconnect
performance can vary dramatically based on the operating conditions of the application of the
application using it? As an example, the average length of the MPI message queues will impact both

the latency rate and message rate{2] that the network can deliver.

Of the three main -measures of interconnect pérformancé, message rate seems to be of measure.
Message rate is the measure of how many distinct messages a node can send and/or receive in a given
time period, and is often referred to as message throughput. For example a massage rate of 1 million
messages per secortd would only be able to sustain a bandwidth of 8 MB/s for messages of size 8 bytes
and a bandwidth of 1GB/s for messages of size 1 KB. Thus the message rate determines the minimum

" ‘message size which can saturate the bandwidth ofa given network.
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