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• Europe HTCondor Week #3

• (HT)Condor Week #18

• 12 years to the Open Science Grid (OSG)

• 21 years to High Throughput Computing 
(HTC)

• 32 years to the first production deployment 
of (HT)Condor 

• 40 years since I started to work on 
distributed systems





D. H. J Epema, Miron Livny, R. van Dantzig, X. Evers, and Jim Pruyne, "A Worldwide 

Flock of Condors : Load Sharing among  Workstation Clusters" Journal on Future 

Generations of Computer Systems, Volume 12, 1996
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“The members of OSG are united by a 
commitment to promote the adoption and to 

advance the state of the art of distributed 
high throughput computing (DHTC) –
shared utilization of autonomous resources 
where all the elements are optimized for 
maximizing computational throughput.”



1.42B core hours in 
12 months!

Almost all jobs executed by 

the OSG leverage (HT)Condor

technologies:
– Condor-G

– HTCondor-CE

– Basco

– Condor Collectors

– HTCondor overlays

– HTCondor pools



Two weeks ago … 





The words of Koheleth son of David, king in 

Jerusalem  ~ 200 A.D.

Only that shall happen 

Which has happened,

Only that occur

Which has occurred;

There is nothing new

Beneath the sun!

Ecclesiastes Chapter 1 verse 9

Ecclesiastes, ( , קהֶֹלֶת Kohelet, "son 

of David, and king in Jerusalem" 

alias Solomon, Wood engraving

Gustave Doré (1832–1883)





– High Availability and Reliability

– High System Performance

– Ease of Modular and Incremental Growth

– Automatic Load and Resource Sharing

– Good Response to Temporary Overloads

– Easy Expansion in Capacity and/or Function

Claims for “benefits” provided by 
Distributed Processing Systems

P.H. Enslow, “What is a Distributed Data 
Processing System?” Computer, January 1978





Minimize wait
(job/task queued) 

while Idle (a 
resource that is 
capable and willing to 
serve the job/task is 
running a lower 
priority job/task) 



Submit locally (queue and 

manage your jobs/tasks locally; 

leverage your local resources) and 
run globally (acquire any 

resource that is capable and willing to 
run your job/task) 



• Job owner identity is local
• Owner identity should never “travel” with the 

job to execution site

• Owner attributes are local

• Name spaces are local
• File names are locally defined

• Resource acquisition is local
• Submission site (local) is responsible for the 

acquisition of all resources



“external” forces moved us away from 
this “pure” local centric view of the 
distributed computing environment. 

With the help of capabilities (short lived 
tokens) and reassignment of 
responsibilities we are committed to 
regain local control. 

Handing users with money (real or funny) 
to acquire commuting resources helps us 
move (push) in this positive direction. 



In 1996 I introduced the distinction between High 

Performance Computing (HPC) and High 

Throughput Computing (HTC) in a seminar at 

NASA Goddard Flight Center and a month later at 
European Laboratory for Particle Physics (CERN). 

In June of 1997 HPCWire published an interview on High 
Throughput Computing.



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

“Many fields increasingly rely on 
high-throughput computing” 



High Throughput Computing 
requires automation as it
is a 24-7-365 activity that 

involves large numbers of jobs

FLOPY  (60*60*24*7*52)*FLOPS

100K Hours*1 Job ≠ 1 H*100K J



HTC is about many jobs, 
many users, many 

servers, many sites and 
(potentially) long running 

workflows



HTCondor uses a matchmaking process to 

dynamically acquire resources.

HTCondor uses a matchmaking process to 

provision them to queued jobs. 

HTCondor launches jobs via a task 

delegation protocol.





HTCondor 101
• Jobs are submitted to the HTCondor SchedD
• A job can be a Container or a VM
• The SchedD can Flock to additional Matchmakers
• The SchedD can delegate a job for execution to a 

HTCondor StartD
• The SchedD can delegate a job for execution to a 

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

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

Commercial Cloud









350K

All Managed by HTCondor!





A crowded and growing space of 
distributed execution 

environments that can benefit 
from the capabilities offered by 

HTCondor 



97



The road from PVM to DASK 

• In the 80’s we added support for resource 
management primitives (AddHost, DelHost
and Spawn) of Parallel Virtual Machine (PVM) 
message passing environment 

• Today we working on adding support for 
dynamic (on the fly) addition and removal of 
worker nodes to Dask



J. Pruyne and M. Livny, ``Parallel Processing on Dynamic 

Resources with CARMI,'' in Job Scheduling Strategies for Parallel 

Processing, D. G. Feitelson and L. Rudolph (eds.), Springer-Verlag, 

1995.



How to expose all shared 
resources that require 

protection (allocation) to 
application (user) 

software and control 
(configuration)? 



1. Request/Acquire

2. Schedule/Provision

3. Allocate

4. Protect

5. Monitor

6. Reclaim

7. Account



• We do not have tools to manage storage allocations 

• We do not have tools to schedule storage allocations

• We do not have protocols to request allocation of storage 

• We do not have means to deal with “sorry no storage 
available now”

• We do not know how to manage, use and reclaim 
opportunistic storage

• We do not know how to budget for storage space

• We do not know how to schedule access to storage devices

It is all about Storage Management, stupid!
(Allocate B bytes for T time units)
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