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Instance of Large-Scale HPC Systems

« 27.1 PF Peak performance
« 18,688 compute nodes
e 16-core AMD Opteron
— * Nvidia Tesla GPU
ORNL's TITAN « 32+ 6 GB memory
(World’s #2 Supercomputer) ¢ 3-D Torus interconnect

—

Delivering science and solving real-world problems
400+ scientific users
 Diverse science domains
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/O Bottleneck in HPC
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Longer and highly variable runtime

Lower scientific productivity

Reduced resource utilization



/0 Usage Patterns Needed to Alleviate
|/0 Bottleneck
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We need to know application’s I/O patterns and trends
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Client-side Tracing

scientific applications
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Server-side Tracing

Fine-grained RPC trace

Detailed information
No user effort

Performance degradation

Huge trace data

Titan Cray XK7

Smoky

80 node
Development

Cluster

Lens
77 node
Visualization
Cluster

| Scalable /0 Network (SION) — InfiniBand |

S2A9900

Disks

- J

SZA9900I I

Disks

- J

o o
48 0SS

24 DDN I I

S2A9900

Disks

- W,

Lo 0w
48 0SS

24 DDN

S2A9900

Disks

- J

Widow 0

Widow 1

Widow 2

The Spider File System

Widow 3

Server-side tracing tools



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=W_2oBIMk_qiPdM&tbnid=Nt3vX3ks1Uh05M:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Titan_(supercomputer)&ei=RukCU--_GILBoATU24DoCQ&bvm=bv.61535280,d.cGU&psig=AFQjCNEw-r4QblkdVO5ui2BcvWRxlK60eA&ust=1392786075995042

Server-side |/0 Throughput Logs

/O throughput logs

Zero overhead

No impact on user IO

No user effort

Coarse-granule logging

Write (GB/s)

Mixed I/O traffic

RAID controller
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/O Characteristics of Scientific
Simulations
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I/0 Signature Identifier (I0Sl)

Spider server-side

Titan’s production
Throughput logs

Job scheduler logs

Start_time End_time
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Case Study: IOR Pseudo-application

IOR: Popular parallel I/O benchmark

Titan’s maintenance window
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|OSI Challenges
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|OS| Workflow
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Stage 1: Data Pre-processing (l)

ldentify “bad samples”
Criteria

Total data volume
Application execution time
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Stage 1: Data Pre-processing (Il)

PP2:Granularity refinement M

* Identify short burst A QS

« Transform data: 2 sec -> 1 sec by I~ N
inserting data points | M

« Linear interpolation e e AL

Linear interpolation

PP3:Duration correction . ::

« Contention creates drifts and
i ) £ & MMM il
causes different durations

* Noise makes sample slower WM MMMMM
« Normalize samples by LY Vo Mk kB

discarding data points
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Stage 1: Data Pre-processing (lll)

« To remove light I/O traffic (interactive user activities, ...)
« Two-level filtering
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Effect of Data Pre-processing
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Stage 2: Per-Sample Wavelet Transform

Why wavelet transform?

« Use burst as basic unit of signature identification
 |solate individual burst from background noise

MWMM
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N w
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Burst: Area between two adjacent low points

\

Sample segment after WT
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Stage 3: Cross-sample 1/O Burst Identification

Extended CLIQUE clustering [Agrawal:SIGMOD’98]
» Density-based and grid-based clustering

; Reference

Burst C
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Clique Clustering Example
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Evaluation

e |IOR
. Configurable 1/0O benchmark
. Write-intensive pseudo-applications
« Smoky, 256 processes

e S3D

. Simulation of turbulent reacting flows
. Titan, 18000 processes



Result Comparison in S3D
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Accuracy Comparison

Dynamic Time Warping (DTW)

« Pair-wise data alignment technique
« Widely used in speech pattern matching

Il 0S| w data preprocessing
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Accuracy comparison between alternative approaches

More evaluation in the paper



Closing Remarks

o Feasible and cost-effective to identify individual
I/O-intensive applications' bandwidth demands
. From aggregate, course-granule traffic logs
. Without involving user effort

o Applicable to commercial settings?
. Useful in addressing “I/O smear” from VMs
. Key requirement: repeated I/O pattern
« MapReduce, data analytics, sequential scientific computing

. Extra challenges
 Signal vs. noise level
« Complexity brought by caching
— Signhatures more resource-dependent
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