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Summary

A Motivation: Block traces collected on old systems (a decade ago HI
can make system analysis significantly different from the modern sys

A Challenges: Trace reconstruction is higtpst work and inaccurate

i Application execution requires prohibitive resources; thousands ¢
users, largescale computing systemanpractical)

i Overlysimplified methods arexcessively imprecise due to lack of
runtime contexts

A Goal: Accurately reconstruct workloadsvithout application execution
A Solutions: Hardware/Software cevaluation method
1. Software method: Infer runtime contexts from existing block trac
2. Hardware method:. Remaster storage traces; aware of target sy
A Evaluation:

I TraceTrackeinfer runtime contexts 99%, 96% for number of

occurrences and total periods, respectively ﬁ
i ApplyTraceTracketo 577 openlicense block traces &‘;'z
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Inaccuracy of existing block traces

Existing traces: collected on theo

systems and published arou@07
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Blo

@Tickl

Diskbased
storage system

‘Reql‘

X ¢ A O

Block Layer

Isk-basedstorage

@Tickl

@Tick2

storage system

Timing information of block traces should be
revised correspond to target storage system |
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Goal of TraceTracker

Existing old block trace

Runtime context

Inference model
Request

New Storage System

However, how runtime context can be
inferred from block trace?
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Key idea: Classify all requests in trace with
access pattern, operation type, request lengtl
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Request classification

Key idea: Classify all requests in trace with
access pattern, operation type, request lengtl

Oldblock traces Lengthl Length L
Reql: Read Lenl \SeqRead. \ |SeqRead. |
Req2: R_ead Len2 [Seqwrite.. | | SeqWrite.. |
?ec3:.\/\./rite Lend.. [m=—p [RandRead | . ]RandRead |
RegN Write LenN.. [RandWrite.]  |RandWrite.. ]

ggz



Inter-arrival times distribution

Key idea: Easily decomposé from same
categor y4d rdsygiougogat s’




Inter-arrival times distribution

Key idea: Easily decomposé from same
categor y4d rdsygiougogat s’

Lengthl sequential read



Inter-arrival times distribution

Key idea: Easily decomposé from same
categor y4d rdsygiougogat s’

CDE4 )t

>

Inter-arrival times 4
Lengthl sequential read




Inter-arrival times distribution

Key idea: Easily decomposé from same
categor y4d rdsygiougogat s’

CDE4 )t

>

Inter-arrival times 4
Lengthl sequential read




Inter-arrival times distribution

Key idea: Easily decomposé from same
categor y4d rdsygiougogat s’

CDE4 )t

>

Inter-arrival times 4
Lengthl sequential read




Inter-arrival times distribution

Key idea: Easily decomposé from same
categor y4d rdsygiougogat s’

CDE4 )t

>

Inter-arrival times 4
Lengthl sequential read




Inter-arrival times distribution

Key idea: Easily decomposé from same
categor y4d rdsygiougogat s’

CDE4 )t

>

Inter-arrival times 4
Lengthl sequential read




Overview of TraceTracker

Hardware
evaluation

Old block traces 1/ Os

\/
oINew
evice
— ”

Remastering
storage-system




Trace replay

In-house application




Trace replay

Old block trace

Reql:READ 1513413400 1024
Req2: WRITE 1513413800 2048

'

In-house application ‘




Trace replay

Old block trace

Reql:READ 1513413400 1024
Req2: WRITE 1513413800 2048

'

In-house application ‘

1/0
~ N
N —— _— —~—————
N— "
New device
N— _/

N— ___




Overview of TraceTracker

Postsoftware
evaluation

{ Replayed traces J
Mode flagu

[New block tracesJ

/O execution mode
Inference model

g‘}z



/0O execution mode inference

Key idea: Asynchronous I/O has short period
which iIs less than storage 1/O latencY ( )

Old traces nferred™Y
el > [V
Y ¢l > ['Y ¢
Y ol € |'Y ©




/0O execution mode inference

Key idea: Asynchronous I/O has short period
which iIs less than storage 1/O latencY ( )

Old traces nferred”Y Mode flag

Y p| > |'Y p Sync
Y ¢l > |'Y ¢ Sync
Y ol « |'Y © Async




/0O execution mode inference

Key idea: Asynchronous I/O has short period
which iIs less than storage 1/O latencY ( )

Old traces nferred”Y Mode flag
Y pl > |'Y p Sync
Y ¢ > |'Y ¢ Sync
Y ol € |'Y © Async
Replayed
traces
Y o
Y ¢

AV




/0O execution mode inference

Key idea: Asynchronous I/O has short period
which iIs less than storage 1/O latencY ( )

Old traces nferred”Y Mode flag
Y opl > |Y p Sync
Y ¢l > |'Y ¢ Sync
Y ol € |'Y © Async
Replayed

traces Mode flag New traces
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Evaluation Methodology

AEvaluation node
AAlHlash array (by grouping four NVM Express SSDs)

ATarget block traces
A577 of largescale block traces (around 2007~2009)

MReconstruction techniques
AAcceleration Reconstruction by shorteniriyy
ARevision Replaying block trace on-flthsh array

AFixedth: An advanced revision method by inferring
with a fixed threshold

ADynamic Reconstructions using our inference model, |
with no postprocessing.

ATraceTrackerHardware/software cevalution ﬁ
S\‘fj




Evaluation #1: Different I/O timing
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Evaluation #2: Inaccuracy of reconstruction
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2 i
0, 109
— 103
=102
£103
— 103
w— 1072
O 10°
Q T @ I NL X3 G ARSI T3 L O
@ QQ. O QL OGS &
U S&\ QQ%%\Q&&Q}Q@ QATE S NN
Q
Q2 OO "oQ“Q
& ﬁ\@ K&

- Accelerationand Revision 7.08, 7.15 sec
due to no information forY

- Fixedth : 1.3ms(inaccurate’yY )

- Dynamic: 0.035ms (inaccurate |@node) g!z




Conclusion

ATraceTrackeis trace reconstruction method which
remasters the storage latency while maintaining
runtime contexts of target traces.

AWe’re preparing brand new traces for open-license!
Trace download is avallable at trace.camelab.org

HOMEPAGE NEWS TRACES DOWNLOADS ACKNOWLEDGEMENT

B Welcome to CAMELab's Trace Repository!
KANDEMIR : All-Flash Array based HPC Testbed m
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. Computation cycles by user/kernel

: Delay due to storage interface (channel) data movement

gi vH I;)Actual device time taken by the storage to service the 10

. user/application does nothing

Why inter-arrival times decomposition

is important to infer runtime context?
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Old traces

Read Addro.] | SegqRead |
Read Addrl .| [ SeqWrite.. |
Write Addr2 .. | ~andRoad |
Write-A:d-drN. | RandWrite.. |

Request Classification

Each JIHF = _apd Jl‘ vm _have similar values

for same operation type and request size
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Read Addr0 ] [ SeqRead | %

Read Addrl .1 I'seqwrite.. |

erte-A.d:JIrZ . [RandRead | =P

Write AddrN. | RandWrite.. | dﬂSi‘z’e

Request Classification 31 ya+ <«  Replay
Inference  old traces

Replay old traces’ I/Os with inferred J,‘ m

while remastering -,‘ v = £rQm new system
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Then, which two CDF will be best?
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1) Number of 5

| pecurrence: 99%

2) Total periods of 7|



