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The observations I will share with you today 
b d b d ( d l ) i ithare based on broad (and long) experience with 

real‐life High Throughput Computing (HTC) 
Workloads

I hope to motivate you to work with us on what 
we do not have while leveraging what iswe do not have while leveraging what is 
available and works
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We should not waste our time in redefining terms or 
key technologies: clusters, Grids, Clouds... What is in 
a name? Ian Foster recently quoted Miron Livny 
saying: "I was doing Cloud computing way beforesaying:  I was doing Cloud computing way before 
people called it Grid computing", referring to the 
ground breaking Condor technology. It is the Grid 

f d h !scientific paradigm that counts!



In 1996 I introduced the distinction between High 
Performance Computing (HPC) and High 
Throughput Computing (HTC) in a seminar at the 
NASA Goddard Flight Center in and a month later at theNASA Goddard Flight Center in and a month later at the 
European Laboratory for Particle Physics (CERN). In June 
of 1997 HPCWire published an interview on Highof 1997 HPCWire published an interview on High 
Throughput Computing. 





“  many fields today rely on high-… many fields today rely on high-
throughput computing for discovery.”

“Many fields increasingly rely on high-
th h t ti ” throughput computing” 

“R d  2 2  N F h ld ( )  “Recommendation 2.2. NSF should (a) … 
and (b) broaden the accessibility and ( ) y
utility of these large-scale platforms by 
allocating high-throughput as well as allocating high throughput as well as 
high-performance workflows to them.”



Hi h Th h t C tiHigh Throughput Computing 
requires automation as itrequires automation as it
is a 24‐7‐365 activity that 

involves large numbers of jobs

FLOPY  (60*60*24*7*52)*FLOPSFLOPY  (60 60 24 7 52) FLOPS

100K Hours*1 Job ≠ 1 H*100K J100K Hours 1 Job ≠ 1 H 100K J



Serving the UW Madison campusServing the UW‐Madison campus

• The Center for High Throughput Computing 
(CHTC) has been serving the campus for more ( ) g p
than 10 years

• Delivered more than 320M core hours in the• Delivered more than 320M core hours in the 
past  12 month to researchers with HTC 

kl f hworkload from more than 50 departments 
• ~10% of these hours where provided by the10% of these hours where provided by the 
Open Science Grid (OSG) 



Operating at a National ScaleOperating at a National Scale

h i id ( ) i idi• The Open Science Grid (OSG) is providing a 
fabric of distributed HTC services across more 
than 50 sites in the US

• Supporting a broad variety of Virtual pp g y
Organizations (VOs) and resource providers

• Delivered more than 1 3B core hours in theDelivered more than 1.3B core hours in the 
past 12 month
%65 f th h i t f th US• %65 of these hours were in support of the US‐
LHC community



Support International OrganizationsSupport International Organizations

• Deployment of HTC technologies at Large 
Hadron Collider (LHC)  Tire‐0 (CERN), Tire‐1 ( ) ( )
and Tier‐2 sites

• The CompactMuon Solenoid (CMS) LHC• The CompactMuon Solenoid (CMS) LHC 
experiment global computing 

• The Laser Interferometer Gravitational‐Wave 
Observatory (LIGO) global computingObservatory (LIGO) global computing 





“When a workflow might consist of 600,000 
jobs, we don’t want to rerun them if we make a 
mistake. So we use DAGMan (Directed Acyclic 
Graph Manager, a meta‐scheduler for 
HTCondor) and Pegasus workflow manager to 
optimize changes,” added Couvares. “The 
combination of Pegasus, Condor, and OSG work g
great together.” Keeping track of what has run 
and how the workflow progresses, Pegasus p g , g
translates the abstract layer of what needs to be 
done into actual jobs for Condor, which then j ,
puts them out on OSG.



Using Directed AcyclicUsing Directed Acyclic 
Graphs (DAGs) to supportGraphs (DAGs) to support 
declarative automation ofdeclarative automation of 
interdependent tasksinterdependent tasks



Example of a LIGO Inspiral DAGp p



d l (lTraditional (low 
frequency) Capacity 

Planninga g



Turning $s into computing powerTurning $s into computing power

• Collect workload characteristics and customer 
(performance) metrics (p )

• Understand the cost‐performance profile of 
the hardware and software optionsthe hardware and software options 

• Acquire (select, purchase, install) the 
resources and place them under the control of 
a batch servicea batch service

• Live with your decision for (5‐8) years 



A j b b itt d t b t h iA job submitted to a batch service 
consists of an Acquisition Requestconsists of an Acquisition Request 
(AquR) and a Job Description (JobD).

The Provision Manager (Pman) of theThe Provision Manager (Pman) of the 
service provisions the resources and 
then runs the job on theses resources 
i th J b L h (J L)via the Job Launcher (JaL)



b hMost batch services 
manage a static 

collection of resources co ect o o esou ces



HTCondor uses a two phase  p
matchmaking process to 
dynamically acquire resources 
and then provision them to 

d j b J b l h dqueued jobs. Jobs are launched
via a task delegation protocolvia a task delegation protocol. 
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www.cs.wisc.edu/condor



Researchers and VOs  want to 
“S b it L ll“Submit Locally 

and run Globally”and run Globally .
This principal has beenThis principal has been 

underpinning HTCondor and p g
OSG since inseption



“ l b ll ”“Run Globally” 
implies 

“Acquire Globally”cqu e G oba y



Here is what the OSGHere is what the OSG 
offers today with theoffers today with the 
support of HTCondorsupport of HTCondor 

h l itechnologies



HTCondor 101HTCondor 101
• Jobs are submitted to the HTCondor SchedDJobs are submitted to the HTCondor SchedD
• The SchedD can Flock to additional Matchmakers
• The SchedD can delegate a job for execution to aThe SchedD can delegate a job for execution to a 
HTCondor StartD

• The SchedD can delegate a job for execution to aThe SchedD can delegate a job for execution to a 
another Batch system. 

• The SchedD can delegate a job for execution to aThe SchedD can delegate a job for execution to a 
Grid Compute Element (CE)

• The SchedD can delegate a job for execution to a g j
Commercial Cloud
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Researcher or VOs may haveResearcher or VOs may have … 

h d h f f ll l• Resources they own and therefore fully control
• An allocation of resources on shared 
campus/national computing facility

• “Fair Share” privileges on shared p g
campus/national computing facilities

• Opportunistic Resources provided byOpportunistic Resources provided by 
collaborators

• Funding to purchase resources from aFunding to purchase resources from a 
commercial cloud provider



Commercial clouds offer to 
individuals with money … 

• Unbounded on demand capacity for (almost) 
as long as neededg

• A variety of cost/performance option for 
processing and storage resourcesprocessing and storage resources

• Dynamic cost structures that track demand 
and supply 

• Diverse (and competing) suppliers of• Diverse (and competing) suppliers of 
computing resources and associated services



h dHere is what we can do 
today with the 

Condor‐Annex UtilityCo do e Ut ty



What $1 5K can do for you
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Annex means AdditionAnnex means Addition

• An annex is “a building joined to main 
building, providing additional space or g p g p
accommodations.”
– extra cores– extra cores
– GPUs or larger main memories
– specialized policies

• To condor annex is “to append or add as _ pp
an extra or subordinate pool.”

33



Annex LifecycleAnnex Lifecycle

1. User requests resources (number, duration).
2. Then condor annex starts instances.2. Then condor_annex starts instances.
3. Instances join pool.
4. Instances stop spending your money:

– if they become idle, orif they become idle, or
– after the duration.

34



Here is what we can doHere is what we can do 
today with the GlideIntoday with the GlideIn
Workflow ManagementWorkflow Management 

System (WMS)System (WMS)
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Cost <  $100K  Cost <  $100K  



HEPCloud is an R&DHEPCloud is an R&D 
project led by theproject led by the 
Fermi computingFermi computing 

di i idivision







Decision Engine will have to 
implement on‐the‐fly 

capacity planning to control 
acquisition and release of 

resources



Many Challenges AheadMany Challenges Ahead

• Language to define policies
• Software that manages (real) moneySoftware that manages (real) money
• Validation and verification of policies and 

f lsoftware tools
• Risk managementg
• Accounting and Auditing 
• Integration with DAGMan (workflows)




