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Multicore/Manycore processors

Massive task parallelism

Massive data parallelism

Integrating black box applications

Complex task dependencies (task graphs)
Failure, and other execution management issues
Dynamic task graphs

Documenting provenance of data products

Data management: input, intermediate, output
Dynamic data access over large amounts of data
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Many Loosely Coupled Apps

Low
1 1K 1M
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Single task, modest data
MPI, etc...

Many Tasks
DAGMan+Pegasus
Karajan+Swift+Falkon




Bridge the gap between HPC and HTC
Loosely coupled applications with HPC orientations

HPC comprising of multiple distinct activities, coupled
via file system operations or message passing

Emphasis on many resources over short time periods
Tasks can be:

— small or large, independent and dependent, uniprocessor or
multiprocessor, compute-intensive or data-intensive, static or
dynamic, homogeneous or heterogeneous, loosely or tightly
coupled, large number of tasks, large quantity of computing,
and large volumes of data... o



* Project Kittyhawk
— IBM Research

« HTC-mode in Cobalt/BG
— IBM

« Condor on BG
— University of Wisconsin at Madison, IBM

« Grid Enabling the BG

— University of Colorado, National Center for Atmospheric Research

e Plan 9
— Bell Labs, IBM Research, Sandia National Labs

 Falkon/Swift on BG/P and Sun Constellation

— University of Chicago, Argonne National Laboratory 10



e Jaguar (#2) [to be announced in 90 minutes]
— DOE, Oak Ridge National Laboratory
* Intrepid (#5)
— DOE, Argonne National Laboratory
* Ranger (#6)
— University of Texas / NFS TeraGrid
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. The 1/O subsystem of petascale systems offers
unique capabillities needed by MTC
applications

. The cost to manage and run on petascale
systems is less than that of conventional
clusters or Grids

. Large-scale systems that favor large jobs have
utilization issues

. Some problems are intractable without
petascale systems
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Some context on
systems we used as
building blocks
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PBS (v2.1.8) - Production

Dual Xeon 2.4GHz, 4GB

Condor (v6.7.2) - Production

Condor (v6.8.2) - Production

Quad Xeon 3 GHz, 4GB

Condor (v6.9.3) - Development

Condor-J2 - Experimental
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« Falkon: A Fast and Light-weight taskK executiON framework

— Goal: enable the rapid and efficient execution of many independent
jobs on large compute clusters

— Combines three components:
« A streamlined task dispatcher

* Resource provisioning through multi-level scheduling techniques

« Data diffusion and data-aware scheduling to leverage the co-located
computational and storage resources

« Swift: A parallel programming system for loosely coupled
applications

— Applications cover many domains: Astronomy, astro-physics, medicine,
chemistry, economics, climate modeling, data analytics
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Task Dispatcher
Data-Aware Scheduler

Persistent Storage

Dynamic
Resource
Provisioning

Available Resources
(GRAM4)
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Swift Architecture
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Contributions:
Proposed Changes & Results

Toward Loosely Coupled Programming on Petascale Systems 21



« At 1K CPUs:
— 1 Server to manage all 1K CPUs

— Use shared file system extensively
* Invoke application from shared file system
* Read/write data from/to shared file system

« At 100K CPUs:

— N Servers to manage 100K CPUs (1:256 ratio)

— Don't trust the application 1/O access patterns to behave optimally
» Copy applications and input data to RAM
* Read input data from RAM, compute, and write results to RAM
» Archive all results in a single file in RAM
» Copy 1 result file from RAM back to GPFS

— Use collective I/O primitives to make app logic simpler

— Leverage all networks (Ethernet, Tree, and Torus) for high aggregate

bandwidth
22



Login Nodes
(x10)

I/O Nodes
(x640)

Provisioner

'

Cobalt &Z’

Compute Nodes
(x40K)

Executor
3
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Slower shared storage
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Time (sec)
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397,951 tasks+ 908675 tasks— O tasks-> 1048576 completed 86,66 tasks_tp 3246,03 aver_tp 2695,68 stdev_tp 3157,365 ETA p |
398,959 tasks+ 911918 tasks— 0 tasks-> 1048576 completed 86,97 tasks_tp 3217.,26 aver_tp 2697.24 stdev_tp 3152,763 ETA i) — e —
399,967 tasks+ 913940 tasks— 0 tasks-> 1048576 completed 87,16 tasks_tp 2005,95 aver_tp 2695,18 stdev_tp 3148.28 ETA SEEEE
400,976 tasks+ 916630 tasks— 0 tasks—> conpleted 87,42 tasks_tp 2668.65 aver_tp 2695,1 stdev_tp 3143,592 ETA 5
401,984 tasks+ 919282 tasks- O tasks—> completed 87 ,67 tasks_tp aver_tp 2694,91 stdev_tp 3138,926 ETA i
402,992 tasks+ 921616 tasks- O tasks—> completed 87,89 tasks_tp 231 aver_tp 2693,79 stdev_tp 3134,347 ETA i
404,0 tasks+ 924266 task: tasks-> 1048576 completed 88,14 tasks_tp 2628, 97 aver_tp 2693,6 stdev_tp 3129,723 ETA 54
405,004 tasks+ 926864 tasl 0 tasks-> 1048576 completed 88,39 tasks_tp 2587.65 aver_tp 2693,29 stdev_tp 3125,122 ETA
406,008 tasks+ 929627 tasks— O tasks-> 1048576 completed 88.66 tasks_tp 2751,99 aver_tp 2693.46 stdev_tp 3120.538 ETA EIET

- Workload B —
« 160K CPUs
« 1M tasks
* 60 sec per task

 17.5K CPU hours in 7.5 min
« Throughput: 2312 tasks/sec
« 85% efficiency | ——

451,331 tasks+ 1048576 tasks- 0 tasks—> 1048576 completed 100,00 tasks_tp 2354,17 aver_tp 2685.29 stdev_tp 2987.766 ETH —_—

452,339 tasks+ 1048576 tasks— O tasks-> 1048576 completed 100,0 tasks_tp 0.0 aver_tp 2678.35 stdev_tp 2987.,016 ETA O, J——'—f

453,347 tasks+ 1048576 tasks— 0 tasks-> 1048576 completed 100,0 tasks_tp 0,0 aver_tp 2671,45 stdev_tp 2986,253 ETA 0,G I ,,_ﬁ—y—’ﬂ‘_'J .
1048576 tasks completed in 453,505 sec 3 y
Successful tasks: 1048576 — —= SR PAL e i — S,

Failed tasks: O 0
Notification Errors: O

Overall Throughput {(tasks/sec): 2312.16 —— TCAESiE
Overall Throughput Standard Deviation: 2986,253 b

waiting to des

ShutdownHook triggered successfully!
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Executor Implementation and Various Systems




Efficiency
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MARS Economic Modelin
on IBMBG/P
« CPU Cores: 2048 Y |

 Tasks: 49152
 Micro-tasks: 7077888
« Elapsed time: 1601 secs S
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MARS Economic Modeling

on IBM BG/P (128K CPUs)

CPU Cores: 130816
Tasks: 1048576
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Protein X 2M+ ligands

target(s) &m

O s

(Mike Kubal, Benoit Roux, and others) .



NAB sript

Many Many Tasks: R
Identlfylng Potential Drug Targets eiesfeioe S8

residues,

#MDsteps
BuildNABScript

£V (1 per protein:
ructures

defines pocket

(1 per proteln:
defines pocket

protein protein
descriptions| |(1MB)

Amber prep:
[ glcﬁlst 2 AmberizeReceptor
~ perl gen nabscript
{ ERED DOCKG 4M x 60s x 1 cpu
/ ~60K cpu-hrs
Select best ~5K |Select best ~5K
N _— Amber Score
m ~10Kx20mx1cpu| 1. AmberizeLigand
~3K cpu-hrs 3. AmberizeComplex
v 5. RunNABScript
Select best ~500

|
{ GC*MC ~500 x 10hr x 100 Cpu} For 1 target:

~500K cpu-hrs o
4 million tasks

y

) 500,000 cpu-hrs
[ report | [ ligands |  [complexes (50 CpU'yearS)

y
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CPU cores: 118784
Tasks: 934803

Elapsed time: 2.01 hours

Compute time: 21.43 CPU years

Average task time: 667 sec
Relative Efficiency: 99.7%

(from 16 to 32 racks)

Utilization: -
e Sustained: 99.6%
Overall: 78.3%
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10000 -+ Directory Create (single dir)

- & File Create (single dir)

— Directory Create (across many dirs)
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Application Script

Global FS

‘ ZOID IFS for
staging

ZOID on
|O node

<-- Torus & Tree Interconnects -->

~~~~~

IFS |

P> IFS .
IFS Compute Compute |:
€Y node €Y node |:
5 3
Compute Compute
LFS | LFS
nodé node

(local datasets)

(local datasets)
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Efficiency
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Conclusions and Future Work

Toward Loosely Coupled Programming on Petascale Systems 41



. Ewmpily parallel apps are trivial to run

— Logistical problems can be tremendous

» Loosely coupled apps do not require “supercomputers”
— Total computational requirements can be enormous
— Individual tasks may be tightly coupled
— Workloads frequently involve large amounts of I/O
— Make use of idle resources from “supercomputers” via backfilling

— Costs to run “supercomputers” per FLOP is among the best
+ BG/P: 0.35 gigaflops/watt (higher is better)
» SiCortex: 0.32 gigaflops/watt
« BG/L: 0.23 gigaflops/watt
+ x86-based HPC systems: an order of magnitude lower

« Loosely coupled apps do not require specialized system software

« Shared file systems are good for all applications
— They don’t scale proportionally with the compute resources
— Data intensive applications don’t perform and scale well



Defined a new class of applications: MTC

Proved that MTC applications can be executed
efficiently on supercomputers at full scale

Extended Falkon by distributing the
dispatcher/scheduler

Falkon installed and configured on the BG/P for
anyone to use
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« Ranger: Sun Constellation

— Basic mechanisms in place, and have started testing
e Jaguar: Cray

— Plan to get accounts on machine as soon as its online

* Future Blue Gene machines (Q?)
— Discussions underway between IBM, ANL and UChicago
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Resource acquired in
response to demand

Data and applications diffuse
from archival storage to
newly acquired resources

Resource “caching” allows
faster responses to
subsequent requests
— Cache Eviction Strategies:
RANDOM, FIFO, LRU, LFU
Resources are released
when demand drops

Task Dispatcher
Data-Aware Scheduler
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 More information: http://people.cs.uchicago.edu/~iraicu/

* Related Projects:
— Falkon: http://dev.globus.org/wiki/Incubator/Falkon
— Swift: http://www.ci.uchicago.edu/swift/index.php
* Funding:
— NASA: Ames Research Center, Graduate Student Research Program

« Jerry C. Yan, NASA GSRP Research Advisor

— DOE: Mathematical, Information, and Computational Sciences Division
subprogram of the Office of Advanced Scientific Computing Research,
Office of Science, U.S. Dept. of Energy

— NSF: TeraGrid
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