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System Noise T Introduction and History

A CPUs are time-shared
A Deamons, interrupts, etc. steal cycles

A No problem for single-core performance
A Maximum seen: 0.26%, average: 0.05% overhead

Al Resonance0 aRetridi etr g&% J e
A Numerous studies
ATheoretical (Agarwal 605|,|]|[Ts
Alnjection (Beckmand06, JReJr
ASi mul ation (Sottil ed04)
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Measuring OS Noise on a Single Core

A Selfish Detour Benchmark (Beckman et al.)
A Tight execution loop, benchmark iteration time
A Record each outlier in iteration time
A Improved detour (~30% better resolution)

A Detour implemented in Netgauge benchmark tool

A Also FWQ, FTQ (not used in this work)
A Available at: http://www.unixer.de/Netgauge
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Measurement Results T CHIC Linux (diskless)
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A 2152 Opteron cores, 11.2 Tflop/s Linux 2.6.18
A Resolution: 3.74 ns, noise overhead: 0.21%
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Measurement Results T SGI Altix
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A Altix 4700, 2048 Itanium Il cores, 13.1 Tflop/s, Linux 2.6.16
A Resolution: 25.1 ns, noise overhead: 0.05%
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Measurement Results T BG/P ZeptoOS
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A 164k PPC 450 cores, 485.6 Tflop/s, ZeptoOS 2.6.19.2
A Resolution: 29.1 ns, noise overhead: 0.08%
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Measurement Results T Cray XT-4 (Jaguar)
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A 150k Opteron cores, 1.38 Pflop/s, Linux 2.6.16 CNL
A Resolution: 32.9 ns, noise overhead: 0.02%
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An Analytical Model for Noise Propagation

A Synchronization propagates or absorbs noise
AL a mp ohapgpéns-before-relation for messages
A Depends on relative time of send/recv (or wait)
A Several protocol-specific details
A Small (eager), large (rendezvous), and nonblocking
A LogP model to express communication
A Several missing pieces
A LogGPS model (Ino et al.) captures most effects!
AWe added fiO0 to capture s
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Collective Operations

AMPI-22:A[ .. .] a collective comm
not, have the effect of synchronizing all calling processes.
This statement excludes, of

A Main weaknesses in theoretical models:
A Assumption 1: All collective operations synchronize

A In fact, many do not (e.g., Bcast, Sc an, Reducg $ é

A Assumption 2: Collectives synchronize instantaneously
A In fact, they (most likely) communicate with messages Y Y Y
A Assumption 3: All processes leave collective simultaneously
A In fact, they leave as early as possible (when data is consistent)

T. Hoefler: Influence of System Noise on Large-Scale Applications
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A Violates all three assumptions:
A No global or instant synchronization, asynchronous exit

T. Hoefler: Influence of System Noise on Large-Scale Applications
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LogGOPS Simulation Framework

A Detailed analytical modeling is hard!
A Model-based (LogGOPS) simulator
A Available at: http://www.unixer.de/LogGOPSIim

A Discrete-event simulation of MPI traces (<2% error) or collective
operations (<1% error)

A > 108 events per second!

A Allows for trace-based noise injection
A In o, o, O, local reduction, and application time

A Validation
A Simulations reproduce measurements by Beckman and Ferreira well!

A Details: Hoefler et al. LogGOPSim i Simulating Large-Scale Applications in the LogGOPS
Model (Workshop on Large-Scale System and Application Performance, Best Paper)
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A Single queue design
A Fast priority queue

1. Find executable ops
A send, recv, msg, or loclop

2. Insert with current time

insert msg
with est.
arrival time in

3. Fetch (globally) next op i
A check if it can be executed g > |

A match send/recv
A re-insertif 0, g not available <>

4. Lather, rinse, repeat

rndv
atis! fy remote
eq uires, add
new events to AQ

satisfy irequires,
add new events
to AQ

satisfy irequires
and requires, add
new events to AQ

T. Hoefler: Influence of System Noise on Large-Scale Applications
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Verification i Binomial Tree
Thino = (20 + L + max{sO, sG})|log, P|
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Verification - Dissemination
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Experimental Evaluation

A Odin: L=5.3us, 0=2.3us, g=2us, G=2.5ns, O=1ns
A Big Red: L=2.9us, 0=2.4us, g=1.7us, G=5ns, O=2ns
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80 |
U — X
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e
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<1% avqg. error

Latency in Microseconds

Big Red (binomial, predicted)
Big Red (binomial, measured) +

Odin (binomial, predicted) - .
" Oclin (binomial. reasured) <16% error (congestion)

0 16 32 48 64 80 96 112 128
Number of Processes
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