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Abstract

Checkpointing is a mostly used mechanism for support-
ing fault tolerance of high performance computing (HPC),
but notorious in its expensive disk access. Parallel file sys
tems such atustre GPFS PVFSare widely deployed on
super computers to provide fast I/0 bandwidth for general
data-intensive applications. However, the unique featidre
checkpointing makes it impossible to benefit from the paral-
lel file systems. In addition, the design of parallel file sys-
tem introduces extra contention overhead for checkpaintin
and significantly degrades the performance. In this study,
we propose checkpointing orchestration to mask the unnec-
essary overhead for a better performance. We ext@pen
MPI and PVFSto support the idea of checkpointing orches-
tration. The experimental results confirm the potential of
the proposed checkpointing orchestration.

e To speed up the I/O operation performance of a sin-

gle file, PFS usually stripes one file into thousands of
equal-sized data files such that they can be written to
multiple 1/0O servers concurrently. This optimization
of single file operation is difficult to benefit parallel
checkpointing. The multiple checkpointing requests
act as a whole and their performance is evaluated by
the elapsed time between the start and completion of
all the checkpointings.

Modern file systems alternate among multiple 1/O re-
quests in a round-robin manner to save the waiting
time of each request. However, waiting time of one
single request is not a metric in consideration for paral-
lel checkpointing. Due to the frequent synchronization
among processes of a parallel application, it makes lit-
tle sense for one single process to be responded earlier

if other processes involved in the synchronization are
delayed.
1 Introduction
Coordinated checkpointing is basically a burst of write

Checkpointing/Restart (C/R) is a widely used mecha- requests from hundreds of thousands of computing pro-
nism for fault tolerance, where checkpointings are taken cesses to the permanent storage. 1/O contention is a main
periodically to store a snapshot of the application state tofactor to impact the checkpointing performance due to the
a stable storage and used to restart the application in ¢ase dact that the number of nodes used for computation is nor-
failures [4]. The checkpointing/recovery mechanism miti- mally one to two orders of magnitude greater than the num-
gates the work loss due to failures. However, in the mean-ber of nodes used for I/O [9]. The gap is even enlarged
time, it introduces considerable overhead because of the exwith the introduction of multi-core/many-core processors
pensive 1/O access cost. In [8], the authors have shown thathat support multiple computation processes for one com-
1-petaFLOPS system can potentially harm the system per{ute node but help little to scale the corresponding I/O band
formance by50%. width.

Parallel file systems (PFS) such kgstre GPFSand This research proposes the orchestration of checkpoint-
PVFSare widely deployed on modern large-scale systems.ing to minimize the I/O contention and enhance the per-
PFS is usually built on dedicated I/O servers that are sep-formance. Firstly, we propose vertical checkpointing data
arated from compute nodes. While speeding up the per-access to reduce the number of competing checkpointing
formance of general data-intensive applications, thegtlesi requests for each 1/O server. Secondly, the checkpointing
and implementation of PFS also place extra overhead oncan be orchestrated for each I/O server to further boost the
checkpointing thus limit the performance. We conclude the performance. Preliminary experimental results have been
disparities between the characteristics of checkpoirgimdy conducted to verify the potential of checkpointing orches-
the design of traditional PFS as follows. tration for performance improvement.
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Figure 1: Comparison of Three Checkpointing Mechanisms

The rest of this paper is organized as follows. We intro- Checkpointings proposed to disable the striping of tradi-
duce the design and implementation of checkpointing or- tional PFS.
chestration in section 2. Section 3 presents the preliminar  Fig 1b demonstrates the checkpointing layout on 1/O
experimental results. Section 4 reviews the existing work, nodes for vertical checkpointing. We reduce the number of
followed by the conclusions and future work of section 5.  competing checkpointings from 4 of Fig 1a to 2 and signifi-

cantly mitigate the 1/0 contention. The term vertical check

2 Design and | mplementation pointing comes from the fact that each checkpointing file is
stored directly to one I/O node, instead of being horizon-
tally distributed among all the 1/0 nodes.

Checkpointing performance can be further improved by
ordering the requests for each 1/0 node. More specially,

handled on traditional PFS in Fig 1a. Suppose we have two V€ proposesequential checkpointirig service the snapshot

compute nodes, each of which is equipped with dual cores;Writing requests sequentially for each I/O node.

and executes two parallel processes. The PFS is deployed Fig 1c de_scribes the id?‘?‘ of sequentigl che(_:kpo_inting.
on two 1/O nodes. Opposed to interleaved writing for each file as in Fig 1b,

The snapshot of each process is divided into 4 data files,(nfaCh /O server handles the snapshot one by one for sequen-

which are evenly distributed onto the two I/O servers. In tial checkpointing. All the other file requests are holdti

the ideal case, the processing time of one single checkpoint completion of th.e cgrrent one. It is easy to observe that the
ing is halved by parallelling of I/O operation with two 1/O _reqL_Jest alterr_1at|_on IS rgduced to only one for each I/O node
nodes. Each I/O server alternates among the data files sucl! Fig 1c, which is significantly less than that of traditibna
that the waiting time of each request is kept as low as pos-PFS approach.

sible.

The design of traditional PFS (striping and alternation)
actually helps little to speed up the checkpointing perfor-
mance because it is evaluated by the overall elapsed time of
all the checkpointing snapshots. Furthermore, the dedign o
traditional PFS introduces unnecessary I/0O contention tha
degrades the performance of parallel checkpointings. e Configuration File Creation. In this procedure we

We take two steps to eliminate the extra overhead in- make the decision of scheduling checkpointing re-
volved in checkpointing on traditional PFS. Firsgrtical guests to 1/O nodes. It is required that the number of

2.1 Design Overview

We illustrate how parallel checkpointing requests are

2.2 Preliminary Implementation of the
Prototype

We have three main procedures to implement check-
pointing orchestration, which are listed as follows.



requests serviced by all the I/O nodes are set the samestriped approach with at lea2%% for all the cases. In Fig
to guarantee the even distribution: the overloaded 1/0 2b we fix the image size at 10GB and vary the number of
node may delay the entire parallel checkpointing pro- parallel processes from 64 to 256. Though the total image
cess thus hurt the performance. sizes is fixed, we still observe the growth of checkpointing
) . . , overhead as the number of processes increased for the first
o Vertical Checkpointing on PVFSEquipped with the o1 of striped checkpointing. For example, the checkpoint-
configuration file, PVFS is ready to implement ver- ., costis increased from 72 seconds of 64 processes to 113
tical checkpointing. When processing one incOMiNg geconds of 256 processes. This observation reveals that the
checkpointing request, the PVFS2 server will check (o4 rce contention on the 1/0 servers leads to considerabl
the configuration file to select the corresponding I/O 4\ erhead and confirms the significance of this research. The
node. PVFS2 has a functionality to disable striping 5qyantage of vertical checkpointing over striped approach
such that one checkpointing stores directly to only one g opyious. We also observe the cost increase for vertical
/O node. checkpointing as the number of processes increased. How-

« Sequential Checkpointing on Open MRle choose to ~ €VeT: the growth is kept stable at about 10 seconds and does
implement sequential checkpointing on Open MPI [6]. Ot scale for more parallel applications.
The processes that share one 1/0O server are mutually
MPI and can be activated by a flag parameter specified by = _ ﬂ H
the user. It is easy to switch back to checkpoint with tradi- 2 .

excluded for checkpointing, which guarantees only
tional file system support. (a) Problem Size Scaling (b) Task Scaling

one checkpointing request serviced for an 1/O server
at any time and achieves sequential checkpointing.
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3 Preliminary Experimental Results Figure 3: Sequential Checkpointing Performance

The experiments were conducted on a Sun Fire Linux- /e spawn multiple (up to 128) processes on one com-

based cluster of 65 nodes, with one dual 2.7 GHz Opteronpute node , store the ;heckpointipg_image to the Ioca] di§k
head node and 32 dual 2.3GHz Opteron computing nodes.anOI observe sequential checprI'ntlng' performance n Fig
All the nodes are composed of 8 GB memory and 250GB 3. _We_ §tudy the performance with d'ﬁere”t_ Image Sizes
SATA hard driver. Four extra nodes are dedicated as PvFS2VNiI€ fiXing the number of processes at 128 in Fig 3a. Se-

servers. Each I/O server of PVFS2 also works as a metedat@Uential checkpointing saves more tri#ity; checkpointing
server. The stripe size for traditional checkpointing isase overhead than the traditional interleaved approach when th
64KB. image size is less than 256MB. The advantage of 5120MB

is relatively low, this is due to that the checkpointing may

actually needs double memory size, which overloads the
= — system memory of 8GB and triggers extra swap in/out oper-
ations. Fig 3b reports the performance with different num-
ber of processes and confirms the advantage of proposed
seqguential checkpointing.
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4 Reated Work

(a) Problem Size Scaling (b) Task Scaling It is well recognized by the community that checkpoint-
) . o ing overhead is an important issue to limit the scalability
Figure 2: Vertical Checkpointing Performance and performance of large-scale systems and the upcoming

extreme-scale environment. Several efforts have been made
We first verify the performance of vertical checkpoint- recently to optimize checkpointing performance from the
ing in Fig 2. We deploy 8 processes on each compute nodeperspective of the file system or storage.
and vary the overall image size in Fig 2a. We can observe Lightweight File System (LWFS) [9] allows secure, di-
that vertical checkpointing constantly advances tradélo  rect access to storage, bypassing features of traditideal fi



systems that impose performance bottleneck. However, the The long term goal of our research is to build a scalable,
resource contention of existing PFS is not a concern in [9]. efficient and reliable file system that facilitates chechkpoi

In [1], the authors proposed a parallel log-structured file ing for large-scale computing and the upcoming extreme
system(PLFS) that sits between the applications and the uneomputing environment.
derlying parallel file system to achieve a higher checkpoint
i_ng.bapdwidth. The goal of .[1]_ was the performance op- Acknowledgement
timization of N — 1 checkpointing, instead of & — N
approach tackled in this study.
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