QBETS Batch Queue Prediction Evaluation

1. General information

a. What is the name of the tool? Queue Bounds Estimation from Time Series (QBETS)
b. Where is the web site for the tool? http://nws.cs.ucsb.edu/ewiki/nws.php?id=Batch+Queue+Prediction
c. Cost/Licensing

i. Is the tool free to use? Is support free? For the moment, the tool is free to use by TeraGrid. This relies on the good will of the authors. Minimal support might be available for free, but it again depends on the good will of the authors (who are focusing on other projects).
ii. How is the tool licensed? (GPL, Commercial, etc.)) Unknown. The authors created QBETS while at the University of California at Santa Barbara, but they are now at a start up company. No license is provided in the downloadable client software.
d. Code Availability

i. Is the code open-source? Source code for the clients is available. Source code for the service is not available. Source code for the information gatherers is not available.
ii. Is there a mechanism for the developer to accept code changes from TeraGrid? No.
e. Support/Documentation

i. What support does the scheduler developer provide? (24/7, user forums, faqs) The developers are willing to provide paid support through their new company. The developers volunteered to provide a small amount of best-effort support for free.
ii. What is the quality of the documentation? Sufficient for using the service.
iii. Is the web site for the tool helpful and informative? Yes.
f. Product Maturity

i. How long has the product been available?  About 2-3 years.
ii. What is the production status of the code (prototype/alpha/beta/production)? Between beta and production.
iii. How many other production grids use this software today? QBETS is currently used in TeraGrid via the TeraGrid portal and is used by the LEAD gateway. QBETS is also part of the VGRaDS software.
iv. Approximately how many users of this software are there? Probably several hundred via the TeraGrid portal and LEAD gateway.
v. Approximately how many developers support this product? There currently appear to be no developers.
2. Functionality. Does the tool support the following functionality at this time? (also indicate if the functionality is planned in the future and a timeline, if known)

a. Estimate of job start time. In exactly what form is this estimate provided? (e.g. estimated time, upper bound)

i. For jobs that have not yet been submitted. QBETS provides two estimates related to the start time of jobs. The first estimate is a time where with a probability of X%, the job described will start by this time. The supported values for X are 50, 75, and 95. The second estimate is the probability that a job will complete by a specific time.
ii. For jobs waiting in a queue. No estimates provided.
b. Estimate of job completion time. In exactly what form is this estimate provided?

i. For jobs that have not yet been submitted. No estimates provided.
ii. For jobs waiting in a queue. No estimates provided.
c. The expected accuracy of each estimate. In exactly what form is this estimate provided? (e.g. XX% confidence interval) The user provides an accuracy (X%) to QBETS for the first type of estimate and QBETS provides a probability in the second type of estimate.
d. How dynamically do predictions change? (e.g. as soon as jobs begin to execute, estimates are updated) As a job begins to execute, the wait time for this job is incorporated into QBETS.
3. Installation

a. Were the installation instructions clear? The client install instructions are clear. The service is unavailable for us to install. The information gatherers are unavailable for us to install.
b. How long did installation take in hours of work? A few minutes for the clients.
c. What components of the software are installed:

i. On each TeraGrid resource (e.g. information gatherers) Custom QBETS information gatherers. These gatherers watch scheduler log files and send information to QBETS.
ii. Somewhere on TeraGrid (e.g. a TeraGrid-only prediction service) The QBETS clients are installed on any system where users might want to access predictions. Currently, this is only the TeraGrid portal.
iii. Somewhere outside of TeraGrid (e.g. a global prediction service) The QBETS prediction service.
d. What additional software is required in order to support the tool and where must it be installed? For each software dependency, is that software already in CTSS?

i. Each Teragrid resource (for example, MDS)  The dependencies of the information gathering software are unknown.
ii. Somewhere on TeraGrid (for example, MDS, relational database) The client software has no external dependencies.
e. Did you ask any questions of the developers? If so, were the developers responsive? The developers have been responsive in the past, but I have not asked them any questions since they formed their company. 

f. What customization was necessary to get the software to work? Was this customization easy or difficult? None needed for the clients. I believe the QBETS developers customize the service to support specific systems and queues on those systems.
g. Are there installation problems that you expect would occur on many installations? No.
h. For the software components that would be installed by RPs, are there any barriers to installing these components automatically as part of a CTSS kit? The main barrier is that neither source code nor binaries are available for the information gatherers. I have installed the client software on several TeraGrid systems without any issues.
4. Operation

a. How reliable is the software (failures/week)? The software seems quite reliable. I have not seen any queries to the service fail.
b. What failures were encountered? The information gathering infrastructure has failed in the past. This resulted in the service not receiving updated information causing (I assume) less accurate predictions.
c. Does the software provide logging? Can the amount of logging be adjusted? The client does not appear to provide logging. The logging performed by the service and information gatherers is unknown.
d. What amount of resources are typically used by the software? On what systems? (e.g. central server, login node) (e.g. disk space, physical/virtual memory, CPU time) The client uses minimal resources. The resource use of the service and the information gatherers is unknown.
e. What is the accuracy of the estimates provided? The average error of the estimates is close to the average wait time of the jobs predicted. See the detailed information below.
f. If accuracy estimates are provided, how tight are they? (e.g. they average X% of the estimate) The accuracy estimates are relatively good. They are right on for Queen Bee, a bit aggressive for BigRed, and a bit loose for Mercury.
g. If accuracy estimates are provided, what fraction of actual values within the accuracy estimates? For Queen Bee and Mercury, the estimates satisfy the quantile provided. For BigRed, the estimates do not satisfy the quantile.
5. User Experience

a. What is the quality of the user documentation? Sufficient.
b. What client interfaces are provided (GUI, command line, web interface, etc.) Command line programs, C API, WSDL.
c. For each user interface evaluated (e.g. GUI, API, command line):

i. Provide the interface name: Command line programs
ii. Is it well documented? Sufficient.
iii. Is it easy to understand and use?  Yes.
iv. Are there any changes to the interface that would improve it? 

d. Where any problems encountered? (e.g. documentation not matching interface, unimplemented features) No.
e. Are the error messages clear and helpful for debugging problems? Yes.
f. What is the average response time of the software? 3-5 seconds for a single machine query. Approximately 20 seconds for information about all machines.
g. How does the software perform under load? At what amount of load does the software begin to respond slowly? (e.g. twice as slow as unloaded response time) Unknown.
h. For each TeraGrid user helping evaluate:

i. Does this software meet your needs? 

ii. Is this your preferred software for performing advance reservation and/or co-scheduling? 

6. Other evaluator comments

The QBETS software performs well and is as accurate as the other prediction software that was evaluated. The problems with QBETS are licensing, control of the service (we can’t deploy it ourselves on a TeraGrid server – the code is not currently in a state that allows non-QBETS developers to deploy and manage it), and availability of code (service and information gathering code is unavailable to us).


Prediction Availability

QBETS predictions are currently available for the following TeraGrid resources and queues.

	System
	Resource Manager
	Scheduler
	Queues

	Kraken
	PBS
	Moab
	

	Ranger
	SGE
	SGE
	clean, development, large, noaa, normal, request, serial, sysdebug, systest, upgrade, vis

	Abe
	PBS
	Moab
	dque

	Lonestar
	KSF
	LSF
	normal, high, development, serial, hero

	Steele
	PBS
	PBS
	

	Queen Bee
	PBS
	Moab
	workq, checkpt

	Lincoln
	PBS
	Moab
	

	Big Red
	LoadLeveler
	Moab
	LONG, NORMAL, DEBUG

	BigBen
	PBS
	PBS
	batch, debug

	Mercury
	PBS
	Moab
	dque, big, long, priority, quake, gpfs-wan, debug

	Cobalt
	PBS
	Moab
	standard, industrial

	Frost
	Cobalt
	Cobalt
	

	Pople
	PBS
	PBS
	batch

	NSTG
	PBS
	PBS
	dque


Performance Information

The error shown below is the average difference between the estimate provided by the tool/method and the actual start time. 

Mercury

average wait time for 2813 jobs is 01:03:02 (H:M:S)

average wait time for 2160 predicted jobs is 01:16:52 (H:M:S)

average prediction errors for 2158 are:

  showstart historical:  2158 jobs, error 01:03:59 (H:M:S)

  showstart reservation: 2157 jobs, error 00:36:11 (H:M:S)

  showstart priority:    2158 jobs, error 05:47:33 (H:M:S)

  qbets 50% quantile:    2158 jobs, error 01:09:44 (H:M:S),

                                    66% before estimate

  qbets 75% quantile:    2158 jobs, error 01:37:52 (H:M:S),

                                    70% before estimate

  qbets 95% quantile:    2158 jobs, error 37:00:55 (H:M:S),

                                    99% before estimate

  karnak:                2158 jobs, error 01:10:01








 avg 90% confidence: 00:00:36








 65% in confidence

Queen Bee

I started gathering data for my predictions after I started doing Moab and QBETS predictions. The lack of Karnak predictions is the reaeson why the number of predicted jobs is quite a bit less than the number of jobs shown here.

average wait time for 6965 jobs is 07:47:21 (H:M:S)

average wait time for 1394 predicted jobs is 13:57:13 (H:M:S)

average prediction errors for 1389 are:

  showstart historical:  1389 jobs, error 10:44:52 (H:M:S)

  showstart reservation: 1389 jobs, error 11:55:57 (H:M:S)

  showstart priority:    1389 jobs, error 14:19:15 (H:M:S)

  qbets 50% quantile:    1389 jobs, error 12:13:09 (H:M:S),

                                    57% before estimate

  qbets 75% quantile:    1388 jobs, error 15:45:24 (H:M:S),

                                    77% before estimate

  qbets 95% quantile:    1388 jobs, error 62:06:04 (H:M:S),

                                    97% before estimate

  karnak:                1379 jobs, error 10:44:11








 avg 90% confidence: 04:53:58








 44% in confidence

BigRed

QBETS only provides predictions for jobs in queues LONG, NORMAL, and DEBUG. There are lots of jobs in the SERIAL queue, for example. These jobs aren't predicted by QBETS (they are predicted by showstart) and this is why I only report 1780 predictions below.

In this case, I optimized my predictions from Karnak to only the queues that QBETS predicted.

average wait time for 15614 jobs is 03:04:44 (H:M:S)

average wait time for 1780 predicted jobs is 09:57:33 (H:M:S)

average prediction errors for 1780 are:

  showstart historical:  1780 jobs, error 11:50:44 (H:M:S)

  showstart reservation: 1780 jobs, error 11:07:38 (H:M:S)

  showstart priority:    1780 jobs, error 32:37:49 (H:M:S)

  qbets 50% quantile:    1780 jobs, error 09:26:37 (H:M:S),

                                    31% before estimate

  qbets 75% quantile:    1777 jobs, error 09:12:32 (H:M:S),

                                    44% before estimate

  qbets 95% quantile:    1780 jobs, error 13:57:01 (H:M:S),

                                    78% before estimate

  karnak:                1780 jobs, error 09:26:10








 avg 90% confidence: 01:13:32








 31% in confidence
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