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Abstract. Traditionally, Operating system jitter has been a source of
performance degradation for parallel applications running on large num-
ber of processors. While some large scale HPC systems such as Blue
Gene/L and Cray XT4, mitigate jitter by making use of a specialized
light-weight operating system on compute nodes, other clusters have
attempted using HPC-ready commodity operating systems such as Zep-
t00S (based on Linux). However, as large systems continue to be de-
signed to work with commodity OSes, OS jitter still remains an active
area of research within the HPC community. While, it is true that some
of the specialized commodity OSes like ZeptoOS have relatively low OS
jitter levels, there is still a need to have a quick and easy set of tools
that can predict the impact of OS jitter at a given configuration and
processor number. Such tools are also required to validate and compare
any new techniques or OS enhancements that mitigate jitter. Emulating
jitter on a large ”jitter-free” platform using either synthetic jitter or real
traces from commodity OSes has been proposed as one useful mechanism
to study scalability behavior under the presence of jitter. However, this
requires access to large scale jitter free systems, which are few in number
and not so easily accessible. As new systems are built, that should scale
up to a million tasks and more, the emulation approach is still limited
by the largest jitter free system available. In this paper we present jitSim
- a simulation framework for predicting scalability of parallel compute
intensive applications in presence of OS jitter using trace driven simula-
tion. The jitter simulation framework can be used to quickly simulate the
effects of jitter that is characteristic of a given OS using a given trace.
Furthermore, this system can be used to predict scalability up to any
arbitrarily large number of task counts. Our methodology comprises of
collection of real jitter traces, measurement of network latency, message
passing stack latency, and shared memory latency. The simulation frame-
work takes the above as inputs and then simulates multiple parallel tasks
starting at randomly chosen points in the jitter trace and executing a
compute phase. We validate the simulation results by comparing it with
real data and demonstrate the efficacy of the simulation framework by
evaluating various jitter mitigation techniques through simulation.

1 Introduction

Operating system jitter (or OS jitter) refers to the interference experienced by
an application due to scheduling of background daemon processes and handling
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of asynchronous events such as interrupts. It has been shown that parallel ap-
plications on large clusters suffer considerable degradation in performance due
to OS jitter [II2].

Techniques to mitigate jitter fall broadly under four categories: use of micro-
kernels, OS and hardware level tuning techniques [3], synchronization of jitter
[4J5] and enhancements to popular commodity OSes [6]. Several large scale HPC
systems, like the Blue Gene/L [7] and Cray XT4 [8], make use of a customized
light-weight microkernel at the compute nodes to mitigate OS jitter. These cus-
tomized kernels typically do not support general purpose multitasking and may
not even support interrupts. However, these systems require applications to be
modified or ported to their respective platforms. Other systems like the ASCI
Purple and the JS21 system at the Barcelona Supercomputing Center [9], which
make use of commodity OSes (AIX and RedHat Enterprise Linux respectively),
still suffer from OS jitter [10]. These systems rely mainly on OS and hardware
level tuning and/or synchronization of jitter across nodes. Synchronization of
jitter across all nodes can yield moderate (close to 50% [4]) to very high (close
to 300% [5]) performance improvements. Simultaneous multi threaded (SMT)
and hyperthreaded processors can also help in mitigating jitter, even though
they may have other performance implications. The ZeptoOS project [6] from
Argonne National Laboratory has been working on making Linux HPC-ready
on compute nodes as well as I/O nodes.

While, it is true that some of the specialized commodity OSes like ZeptoOS
have relatively low OS jitter levels, OS jitter still remains an active area of re-
search within the HPC community as researchers continue to explore application
sensitivity to jitter levels in their clusters [II]. As large systems continue to be
designed to work with commodity OSes [T2/T36], there is a need to have a quick
and easy set of tools that can predict the impact of OS jitter at a given config-
uration and number of processors. Such tools are also required to validate and
compare any new techniques or OS enhancements that mitigate jitter. As the
effectiveness of any technique to mitigate jitter can only be evaluated in a large
cluster with thousands of nodes, one of the biggest hindrances in the develop-
ment and evaluation of new techniques for handling jitter is that there are a few
large clusters running commodity OSes worldwide, which are often unavailable
for experimental and validation purposes.

Emulating jitter on a large “jitter-free” platform using either synthetic jitter
or real traces from commodity OSes has been proposed as useful mechanism to
study scalability behavior under the presence of jitter [IIT4IT5]. Beckman et
al. [I5] used a single node benchmark to measure jitter and injected synthetic
jitter of varying length and periodicity on a jitter-less platform such as Blue
Gene/L to study its impact on scalability of various collective operations. They
used purely synthetic jitter rather than collecting traces from real Linux systems.
In an earlier work, we improved upon their emulation technique to ensure precise
emulation of jitter [14]. Ferreira et al. [I1], in their Supercomputing 2008 (SC
2008) paper, described the effect of different kinds of kernel-generated noise on
application performance at scale.
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All the above approaches to predict system performance require an accurate
methodology for precisely emulating jitter. Emulation of jitter on large ”jitter
free” platforms requires access to large scale jitter free systems. As new systems
are built that should scale up to a million tasks and more, the emulation approach
is still limited by the largest jitter free system available. In this paper, we present
the design and implementation of jitSim - a simulation framework for predicting
scalability of parallel compute intensive applications in presence of OS jitter
using trace driven simulation. The jitter simulation framework can be used to
quickly simulate the effects of jitter that is characteristic of a given OS using
a given trace. Furthermore, this system can be used to predict scalability up
to any arbitrarily large number of task counts. The methodology is based on
collection of real jitter traces, measurement of network, message passing stack,
and shared memory latencies and simulation of multiple parallel tasks starting
at randomly chosen points in the trace that use the cycles between jitter events
in the trace as the available compute cycles to reach a given number of compute
phase cycles. We validate the simulation results by comparing it with real data
and demonstrate the efficacy of the simulation framework by evaluating various
jitter mitigation techniques through simulation.

The rest of this paper is organized as follows. Section [2 describes the chal-
lenges involved in simulating OS jitter and gives an overview of our approach.
Section Bl gives the details of the jitter simulator framework. Section M presents
our results. We present an overview of related research in section [l and finally
conclude in section

2 Methodology

In this section we first describe the challenges involved in simulating the effects
of OS jitter. We then give an overview of our methodology.

2.1 Challenges

Any methodology for predicting scalability of parallel applications in presence
of OS jitter using trace driven simulation faces the following challenges:

— Collection of a trace that is representative of OS Jitter on a real system
— Simulation of the synchronization step in a parallel application
e Requires knowledge of network topology, system architecture, number of
cores on a single chip, number of chips in a node
e Requires measurement of one hop network latency, latency in the mes-
sage passing stack, shared memory access latency
e Requires knowledge of the synchronization algorithm in the message
passing layer (e.g. a binary tree, a k-ary tree, an octet tree, etc)
— Different types of applications are likely to be affected differently by OS
jitter and will therefore, have a different scaling behavior.
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In this paper, we present a methodology that is aware of the above challenges and
overcomes them. We collect jitter traces using a microbenchmark that ensures
that it does not introduce any additional jitter of its own. We collect information
about one hop network latency, latency in the message passing stack and shared
memory access latency through various micorexperiments. This work assumes
the parallel application to be a compute intensive application. For a real appli-
cation to fit into this model, we require that the application be modeled as a
sequence of compute, communication and jitter phases. The jitter phases will
comprise of various application induced latencies such as memory access latency
or I/0 latency.

2.2 Overall Approach
Our overall approach comprises of the following steps:

1. A large jitter trace is collected from a single core, or a set of cores. The jitter
trace is collected using a timestamp reader benchmark, which is explained
later.

2. one hop network latency, MPI stack latency, shared memory access latency
using SEND/RECV messages of varying sizes between MPI tasks running
on same nodes and those running on the same node (but different cores) are
measured.

3. Different portions of the trace can be thought of as multiple traces collected
on different nodes - can be used to model jitter experienced by multiple
tasks.

4. Different MPI tasks start their simulation from an index at any random
point in the trace (for baseline) or at any random point that represents the
start of a high priority window (for co-scheduler) or at the same randomly
chosen point (for perfectly synchronized jitter).

5. Cycles between two jitter events in trace are used as available compute cycles
and the total cycles consumed by each task (which include jitter cycles and
compute cycles) are calculated to complete a compute phase.

6. A synchronization point is simulated across all tasks at the end of a compute
phase by passing send and receive messages (using the latencies measured
earlier) across the tasks arranged in a tree.

7. A slowdown is calculated by by comparing the total consumed cycles to the
compute cycles.

These steps are described in more detail in the sections below.

3 Implementation Details

In this section we describe in detail the steps involved in our simulation
methodology.
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3.1 Collection of a Jitter Trace

We use a single node timestamp register reader benchmark (which we refer to as
the TraceCollector) for collecting a jitter trace. The TraceCollector is run on a
single node that is running the operating system with the specific configuration
under which we want to predict the cluster scalability. The TraceCollector has a
tight loop that reads the timestamp counter register repeatedly and finds out the
timestamp deltas between successive readings. It then compares each timestamp
delta with the minimum timestamp delta (tmin) observed on that platform to
decide whether that timestamp delta constitutes a jitter instance or not. This
is used to create a jitter distribution as well as a jitter trace. Each core runs a
unique instance of TraceCollector and a trace is generated for each core. The
jitter trace is a tuple of the form: < jitter duration, cycles to next jitter >.
More details about trace collection can be found in [I6].

3.2 Measurement of Message Passing Latencies

When parallel tasks run on the same physical node in a system, they typically
communicate over shared memory whereas when they run on different physical
nodes, they communicate over the network using the high speed interconnect.
In order to simulate a tree based synchronization point (for example, a barrier)
across tasks, these latencies need to be measured. Three experiments are con-
ducted to estimate one hop, network latency, MPI Stack Latency and Shared
Memory Latency. In each experiment, two MPI tasks are run either on two cores
of the same node (for measuring shared memory access latency or the MPI stack
latency) or on two different physical nodes (for measuring one hop network la-
tency) and MPI SEND and RECV messages of varying sizes are passed between
these two tasks and finally an average is calculated. These experiments are shown
in Figure[[l MPI Stack latency is divided by half to get an estimate of SEND and
RECYV latencies. MPI tasks are allocated sequentially among the cores followed
by nodes.

3.3 Simulating Multiple Parallel Tasks Using a Single Jitter Trace
Different portions of the trace can be thought of as multiple traces collected on

different nodes and hence can be used to model jitter experienced by multiple
tasks.

Node 1 Node 1

Share Memory Access latency  MPI Stack latency MPI Stack + Metwork latency

Fig. 1. Measurement of communication latencies
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Choosing the point in the jitter trace from where the different tasks start
executing is an important decision and it can have interesting ramifications. In a
cluster that has unsynchronized jitter, different kinds of jitter activities will hit
each node at different points in time. On the other hand, in a cluster that has
employed a mechanism for synchronizing jitter across all nodes, jitter activities
will hit each node at the same time. In order to emulate the unsynchronized jitter
scenario, simulation starts different tasks at different randomly chosen points
in the jitter trace. To simulate synchronized jitter, simulation starts different
tasks from the same randomly chosen point in the jitter trace. To simulate co-
scheduled jitter [B], where a user level co-scheduler daemon puts the favored
process into high priority for a given time window (referred to as high priority
window) and then into low priority for a short time window (referred to as low
priority window), the different parallel tasks start at any random point in the
trace that represents the start of a high priority window. This is explained in
detail with the help of an example in section [l

3.4 Simulating Effects of Jitter on a Parallel Application

The simulator is a cycle accurate simulator that takes as input a jitter trace,
work quanta value in time and frequency of the platform from where the trace
has been collected. It first converts the time work quanta into the target compute
cycles in each phase by multiplying it by the frequency value. Cycles between
two jitter events in trace are used as available compute cycles that can be used
by the parallel task. At each task, it keeps adding the available compute cycles
till a jitter value is reached or the target compute cycles for a compute phase

Simulation of a compute phase -- 2 nodes - no barrier

Target Compute Cycles = 100

Jitter duration Cycles_to_next_jitter
10 50 NODE 1
5 30 Compute cycles = 50 + 30 + 20 = 100
25 20 Jitter =5 + 25 =30
5 10 Total cycles to finish a compute phase = 130
15 100
20 300 NODE 2
10 20 Compute cycles = 20 + 60 + 20 = 100
60 60 Jitter = 60 + 5 = 65
5 20 Total cycles to finish a compute phase = 165
10 70

I:l Randomly chosen portion of trace for Node 1

] Randomly chosen portion of trace for Node 2

Fig. 2. Simulation of a compute phase with 2 parallel tasks
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Simulation of a compute phase
2 nodes — with wait at the barrier

Node1  Node 2giart of Compute Phase 1

Jitter duration Cycles_to_next_jitter
20

10 50 50
5 30 I Compute cycles
25 60 I Jitter cycles

2 I Wait cycles at Barrier

@ o5

Start of Phase 2 for

300 Node 1 25 0
10 20
20
60 60 End of Compute
35
5 20 5
> 20
10 70 End of Compute Phase 1 at
ﬁt:dne 02' Phase 2 for R ——— slowest node
l:] Randomly chosen portion of trace for ~ TTTRTTERRERRRREERR Start of Next Phase

Node 1 X
[] Randomly chosen portion of trace for
3 Node 2 . . .
Y Portion of trace spent in waiting at the barrier by Node 1

Fig. 3. Simulation of a compute phase with 2 parallel tasks showing wait at the barrier

is reached. If a jitter value is reached, it is added to the total cycles consumed.
When the target compute cycles are reached, it represents the end of a compute
phase and entry into the barrier phase. This is shown in Figure 2

Due to jitter being introduced, different tasks will report a different value of
the total cycles consumed in each phase, and maximum of all those values is
calculated to predict the overall completion time for that phase. The compute
time taken by the faster tasks is subtracted from this maximum completion time
to calculate the number of cycles each task should wait (wasted cycles) before
starting the next compute phase. This is shown in Figure Bl

After the end of N compute phases (N represents end of work or an experi-
ment), an average of these overall completion times for each phase is calculated.
Advantage of using a simulator approach is that one can use it to predict scala-
bility at any processor count.

3.5 Simulating Effects of Co-scheduled or Synchronized Jitter on a
Parallel Application

It has been shown that synchronization of jitter across all nodes can yield
moderate (close to 50% [4]) to very high (close to 300% [5]) performance im-
provements. Jitter can be synchronized across nodes using a coscheduler. A co
scheduler makes use of a user level co scheduler daemon puts the favored process
into high priority for a given time window (referred to as high priority window)
and then into low priority for a short time window (referred to as low priority
window). The start of these windows is synchronized across nodes by updating
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Co-scheduler Trace with time window=500 cycles

Jitter Cycles_to_next_jitter
duration
Node 1 Node 2
10 50 mEttRTEEEERR T Start of Compute Phase
HI (400) 1
5 50 50 lc |
Ny ompute cycles
&n\\\ 5 280 ] o  litter cycles
70 10 LO (100) I Wait cycles at Barrier
50
15 5
10
5 90 Calennunnndal®s
HI (400) ey e End of Compute Phase1 at slowest nod
10 10 | 145 EEssEsEEEEEEEE
10 130
60 4 LO (100)
30 6

D Randomly chosen hi priority window for Node 1
D Randomly chosen high priority window for Node 2

Portion of trace spent in waiting at the barrier by Node 1
Jitter (interrupts and daemons that are not co-scheduled) strike in a un-synchronized manner during HI
priority window, and the effect is captured in simulation

Fig. 4. simulation phase 1: Simulation of co-scheduled jitter on two nodes

the length of the low priority window according to the clock skew. This effec-
tively synchronizes all jitter across the different nodes as all jitter now occurs
during the low priority window. To simulate co-scheduled jitter, the different
parallel tasks start at any random point in the trace that represents the start of
a high priority window.

The overall simulation of co scheduled jitter for two nodes is shown in Fig @
and Fig Bl

3.6 Simulating Effect of Jitter at Synchronization Phase(Barrier)

The above discussion does not mention the effect of OS jitter due to commu-
nication once the slowest task reaches a synchronization point such as barrier.
Usually, a synchronization point for Messaging Passing Interface (MPI) applica-
tions is implemented by arranging the tasks in a tree like structure. This ensures
that each task only communicates with its neighbors in the tree while performing
a synchronization operation.

The barrier operation comprises of two stages: a pre-barrier stage succeeded by
a post-barrier stage. We assume that these stages are implemented using message
passing along a complete binary tree, as shown in Figure[6l The basic structure
does not change for any implementation based on a fixed tree of bounded degree,
such as a k-ary tree. A process is associated to each node of the binary tree. A
special process, called the root (Task 1 in Figure [f) initiates the post-barrier
stage and concludes the pre-barrier stage. The pre-barrier stage is entered at
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Co-scheduler Trace with time window=500 cycles Node 1 Node 2
Jitter Cycles_to_next_jitter 1Start of Compute Phase
duration 50 I
Compute cycles
10 50 HI (400) s 90 I itter cycles
5 50 I Wait cycles at Barrier
N\ 5 | 100 | 180 %
W\ .
70 10
LO (100)  Wulas -;‘;t-sr-’jﬁp'End of Compute Phase1 at slowest node
15 5 sf )" " " Start of Phase 2
5 90
100
10 10 |1oo @ 40 | [HH@00)
100
10 130
60 4 LO (100) .. S s End of Compute Phase? at slowest
20 5 SaeNa s, node

D Randomly chosen hi priority window for Node 1

D Randomly chosen high priority window for Node 2
Portion of trace spent in waiting at the barrier by Node 1

Jitter (interrupts and daemons that are not co-scheduled) strike in a un-synchronized manner during
HI priority window, and the effect is captured in simulation

Fig. 5. simulation phase 2: Simulation of co-scheduled jitter on two nodes

Simulation of Barrier

Pre-barrier message
Post-barrier message
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—
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Fig. 6. Simulation of barrier for 7 tasks arranged in a complete binary tree
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the end of computation phase, when each task notifies its parents of completion
of work. This stage ends when the root finishes its computation and receives a
message from both its children indicating the same. This is followed by a post-
barrier stage, when a start-compute-phase message initiated by root is percolated
to all leaf nodes. A more complete description of the communication phase can
be found in [17].

Every time a message is sent from a task to its parent, or receives a message
from its children, certain number of cycles are allocated to that operation (and
counted as part of the compute cycles). These latencies are measured from the
experiments mentioned earlier. As the simulator traverses the trace, it looks for
the given number of send or receive cycles. If it encounters a jitter event during
this time, the jitter cycles are added to the total cycles consumed. Simulation of
a barrier for 7 tasks arranged in a binary tree is shown in Figure

4 Experimental Results

We conducted 3 main sets of experiments to prove the effectiveness of our jitter
simulation methodology.

1. Validation of simulation results against real data
2. Effect of length of trace on simulation
3. Use of simulation results to evaluate various jitter mitigation techniques

All results in this section assume a 1 to 1 correspondence between Processors
and MPI tasks. For example, a result at 16K Processor implies that there are
16K MPI tasks that are running on 16K Processors, each with its own OS image.

4.1 Comparing Simulator Results with Real Runs

A comparison of scalability prediction from simulation with real runs on Linux
running in run level 3 in the baseline (unsynchronized jitter) version is given in
Figure[ll The real runs were done on a cluster with 13 identical nodes and each
node had 32 Power6 cores running SLES 10. For simulation, a trace was collected
from each of the 32 cores on a node. Scalability prediction from simulation
matches the real results closely. In this case, simulation used only the average
maximum compute times (i.e. the compute phase and the wait after the compute
phase due to synchronization point) and did not include the slowdown in the
communication phase.

4.2 Effect of Trace Coverage by Each Process during Simulation

One of the critical factors that controls the accuracy of the simulation process
is the overall length of the trace used for simulation and what percentage of
it gets covered by each MPI task. We found that a jitter trace of about an
hour was sufficient to capture most periodic daemons. The percentage of the
trace covered by each MPI task is a more difficult parameter to decide. If the
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—#-Real Runs Effect of % of Trace Covered ~#-6.66% Trace —4—3.33% Trace
Percentage Slowdown 13 T

60 40

@
g

s
&

o
8

Percentage Slowdown
@
8
Percentage Slowdown
= N

5

o

16 64 128 256 512 768 1024 1536 2048 4096 8192 12288 16384
Processor Count

32 64 128 256 320 416
Task Count

Fig. 7. Comparison of real runs with sim- Fig. 8. Effect of length of trace covered by
ulation results each process during simulation

percentage is too high, all MPI tasks will end up observing similar jitter and
hence the overall slowdown will not change as you add more MPI tasks to the
simulation. If the percentage is too low, then the simulation results are in the
danger of "not being representative enough”. We conducted an experiment by
varying the percentage of the trace covered by each MPI task. The simulation is
done using traces collected from a node with a single Power 5, 1.5 GHz processor
running Fedora Core 6, kernel version 2.6.24 (with the CFS scheduler) and with
the timer interrupt interval set to 10 ms (100 Hz).The results are shown in
Figure Bl While the percentage slowdown keeps increasing as the percentage of
trace covered is increased, the overall trend remains the same. More importantly,
the number of processors at which the trend flattens (the percentage slowdown
becomes constant) is almost the same (4096 processors).

4.3 Comparing Jitter Mitigation Techniques Using Simulation

In this section, we show the effectiveness of the simulation methodology by eval-
uating various jitter mitigation techniques.

Unsynchronized jitter vs synchronized (co-scheduled) jitter: We first
compare unsynchronized (baseline) and synchronized (co-scheduled) jitter. The
simulation is done using the traces collected above in section

Simulation results are shown in Figure[d It can be observed that at lower pro-
cessor counts (till about 512 processors) the synchronized jitter performs poorly
as compared to the Baseline configuration due to the high jitter introduced by
the co-scheduler user daemon and ntpdate. It starts providing performance ben-
efits only after 512 processors and then the slowdown flattens at around 4K
processor to a level of 10.8% slowdown and remains the same till about 16K
processor counts . The Baseline curve continues to increase without showing any
signs of a plateau effect.

OS and hardware tuning techniques to mitigate jitter: In order to
demonstrate the effectiveness of the simulation methodology, we reproduce here,
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Fig.9. Using simulation to compare un- Fig.10. Using simulation to compare OS
synchronized (baseline) and synchronized and hardware level tuning techniques
(co-scheduled) jitter

a result from one of our earlier works that explored various OS and hardware
level tuning techniques to mitigate jitter [3]. The simulation was done using
traces collected from a node with a single Power 5, 1.5 GHz processor running
Fedora Core 6, kernel version 2.6.24 (with the CFS scheduler) in SMT-ON mode
(Baseline). We compared the effectiveness of following techniques compared to
the baseline configuration:

— Boosting the OS scheduling priority - SCHED RR 80 (OS Priority)

— Isolating the primary SMT thread along with IRQ rerouting (Isolated CPU)

— Boosting primary SMT thread hardware priority to 6, while lowering the
other thread’s priority to 1 (HW Priority)

The results from simulation are given in Figure The percentage slowdown
in the average case is reduced from 44.2% in the Baseline SMTON configura-
tion to about 31.2% in the Isolated CPU configuration at 16K tasks - a 30%
reduction in slowdown. This result indicates that most of the jitter in these con-
figurations came from interrupts and some from user level and kernel processes.
While boosting the OS scheduling priority reduced the jitter due to user level
and kernel processes, it did nothing to the jitter due to interrupts. Isolating the
primary SMT thread along with IRQ rerouting (Isolated CPU) handled both
these sources of jitter and hence performed the best. Boosting the hardware
SMT thread priority had limited effect as both the sources of jitter kept getting
scheduled on the primary thread. It is interesting to note that the difference
between various techniques became apparent only after 128 tasks. This clearly
demonstrates the effectiveness of our simulation methodology in comparing var-
ious jitter mitigation techniques.

5 Related Research

Application performance modeling and prediction is a well established area in
HPC and there are various toolkits available. In [I8], WARPP simulator was
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used to model the industrial strength Chimaera benchmark and to simulate the
effect of machine noise on the runtime variance of the code. A jitter distribution
was first generated through the use of P-SNAP benchmark [I9] and randomized
jitter samples from this distribution were then injected into the simulation during
execution. While the WARPP approach preserves the statistical properties of OS
jitter on a given node, jitSim attempts to preserve both the statistical as well as
time domain behavior of jitter across nodes through trace driven simulation. This
helps us simulate both synchronized and unsynchronized (randomized) jitter
accurately.

Dimemas [20] is a performance prediction tool for MPI programs that uses
trace driven simulation. There are other toolkits such as the PACE toolkit [21]
that simulate each individual program instruction directly. While all these toolk-
its can simulate runtime variance indirectly, they do not have explicit support
for modeling OS jitter. The framework presented in this paper can be integrated
with any of these tools to predict the overall performance of a given application.

Sottile et. al [22] presented an analysis methodology driven by message-passing
traces and discussed how operating system and interconnect parameters can be
generated and integrated into their methodology. They modeled the application
as a message passing graph similar to barrier simulation presented in this paper.

6 Conclusions and Future Work

In this paper, we presented the design, implementation and evaluation of jitSim -
a simulation framework for predicting scalability of parallel applications in pres-
ence of OS jitter. We validated the simulation results by comparing it with real
data. The results presented the slowdown in the computation phase. Slowdown
in the communication phase is closely tied to the underlying communication net-
work and the barrier algorithm used (which is dependent on the MPI library).
Predicting communication phase slowdown will be an extension to this work.

There are some inherent limitations of the simulation framework that we
would like to address in our future work. Currently, it only models a computation
phase and a communication phase characteristic of a MPI barrier. One obvious
extension is to include other forms of MPI synchronization primitives (such as
all-reduce, scatter, gather, etc). Furthermore, the application itself may not be
strictly compute intensive and may be sensitive to the memory hierarchy layout.
In such cases memory latencies also need to be added to the model.
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