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Abstract. This article is written in the context of running a suite of time-critical 
operational numerical weather prediction batch jobs, along with a substantial 
number of research batch jobs on a large IBM Cluster 1600 system. The batch 
subsystem used is IBM’s LoadLeveler incorporating a little known feature 
called Resource Reservation. 
 
The article describes how the mixture of operational and research parallel batch 
jobs are scheduled to run on the 117 nodes provided, and how Resource 
Reservation for operational jobs is performed without reference to job class. 
Where research parallel batch jobs are jobs requesting more than 1 CPU and 
must run consistently to ensure resources are released predictably. Note - 
information is given explaining how consistent runtimes are achieved. 

 
 

1. Background Information 
 
Before 2001, ECMWF had no experience of Loadleveler, having previously used 
systems from CDC, CRAY (NQE) and Fujitsu (NQS). So ECMWF’s experience of 
Loadleveler is limited to the needs of the system described, and the scheduling 
strategy, devised in early 2002, was kept simple to minimise the learning curve/time. 
More recently additional IBM Server systems again using Loadleveler have been 
installed, but experience has shown there is little common ground between the 
philosophy of scheduling batch and interactive work on Servers and the philosophy of 
scheduling high-performance parallel batch jobs on a Cluster. So my 
Loadleveler/scheduling experience is therefore fine-tuned in a blinkered way to the 

                                                           
* ECMWF (European Centre for Medium-Range Weather Forecasts) was founded in 1973 and is funded by 
25 European Countries (18 original participating Member States and 7 cooperating Member States) where 
Medium-Range Weather Forecasts concentrate on the period 4 – 10 days ahead.  The European Weather 
Centre, as it is more commonly known, is located 35 miles west of London, England on the outskirts of a 
town called Reading. See http://www.ecmwf.int/about/overview/ for more information. 
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needs of well balanced, highly parallelised batch jobs on a large Cluster to ensure 
good performance and consistent runtimes. Importantly the over-subscription of 
processes per node is not allowed, shared memory use is only permitted by up to 4 
jobs per node having a maximum 8 processes, as long as the total real memory 
requested by all the jobs does not exceed the total real memory available, and memory 
paging when detected is reported as very undesirable, even more so if job 
performance (CPU utilisation) appears to be compromised. 
      In 2002 the Loadleveler feature Resource Reservation was not known to 
ECMWF. At that time when operational jobs were about to be run nodes were 
‘reserved’ by draining ‘user’ batch job classes so that no new ‘user’ jobs could start. 
But this manual, time consuming and often complicated method was frequently found 
to be wasteful, with nodes being left idle unnecessarily. Then in 2003 a decision was 
taken to introduce a tighter operational schedule and as a result plans were made to 
develop an automated resource based scheduling scheme that would also overcome 
the known weaknesses in the manual system in use. 
      It was clear even in 2002 that predictable runtimes were essential for backfill to 
maximise node utilisation and for predictable node release. So it was agreed the 
scheduling scheme should be knowledge based and use predicted wall_clock_limits 
derived from historical run-time data. By good fortune a lot of work had already gone 
into creating tools and displays that enabled runtime data to be captured, visualised, 
and made available to enhance job selection and empower backfill. Importantly, 
having no previous understanding of IBM backfill, tools had already been created to 
monitor the results of backfill so that the way it worked could be studied and 
understood. So plans were made to enhance these displays for scheduling purposes 
during operational periods. But most importantly a dynamic reservation based 
scheduling scheme was sought, a scheme independent of physical nodes and physical 
classes. For this IBM suggested using Resource Reservation. 
 

2. Overview of Operational Needs at ECMWF 
 
At ECMWF, many types of operational forecasts are run on a daily, weekly and 
monthly basis, and hundreds of thousands of products are sent (disseminated) to the 
Member States each day. Twice a day for about 90 minutes all 117 nodes (936 CPUs) 
are reserved for and used by operational batch jobs (see Figure 1 below). 
      Please note – when all 936 CPUs are reserved for operational jobs, some CPUs 
become unallocated for a few seconds as jobs complete and new jobs start, and at 
times due to the job-mix at least 1 node (8 CPUs) may not be used for some minutes. 
So the average maximum use of around 920 CPUs out of 936 is seen as a very good 
achievement.   
      However when operational batch jobs are not being run or do not require all of the 
‘parallel’ nodes, every attempt is made to fully utilise ‘resources’ by running research 
user’s batch jobs  
 


