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1. MOTIVATION
Many works have proposed the use of planning and
metaheuristics when scheduling jobs in HPC or Grid-
like environments. In simulations, these approaches
show significant improvement over classical queue-
based solutions like (prioritized) FCFS or backfilling [1].

However, actual complexity of real-life resource
managers and schedulers so far prevented any imple-
mentation of such a solution in a production and main-
stream (open source) resource manager.

2. CONTRIBUTION AND OVERVIEW
Our main contribution is a new scheduler with an ad-
vanced planning functionality within a freely available
TORQUE resource manager. Notably, it offers the fol-
lowing important features:

• Predictability (job execution plan)
• Schedule optimization using metaheuristic
• Use of multi resource fairness policy reflecting

heterogeneous jobs’ demands
• Textual and graphical user interfaces

It is currently experimentally deployed in the Czech
National Grid Infrastructure MetaCentrum [3] and
tested by selected users. Soon it will be freely available
as an alternative to the current queue-based solution.

4. PERIODIC SCHEDULE OPTIMIZATION

The job schedule is optimized using a metaheuristic.
Following performance-related criteria are minimized:

• Mean wait time (WT)
• Mean response time (RT)
• Mean bounded slowdown (SD)

User-to-user fairness is also optimized by minimizing
the mean and the standard deviation of Normalized
User Wait Time (NUWT).

• For a given user, NUWT is the total user wait time
divided by the amount of previously consumed
system resources by that user

• Multiple consumed resources are reflected when
calculating NUWT (see the box bellow)

The following figure describes the applied metaheuristic:

6. USER INTERFACES
Two interfaces provide users information about planned
start times and expected completion times of their jobs:

• An extended qstat command
• A web application that gets up-to-date job sched-

ule from the pbs_server and displays planned
start/completion times of running/waiting jobs

5. MULTI RESOURCE FAIRNESS
We use recent methods to guarantee user-to-user fair-
ness [2]. Notably, the solution is aware of heteroge-
neous jobs’ demands concerning different resources.

• The schedule is optimized using a fairshare prin-
ciple

• A user with lower resource usage and/or higher
total wait time gets higher priority

• Both CPU and RAM consumption are used when
measuring users’ resource consumption

The following figure demonstrates the penalty distribu-
tion (Z-axis) according to the relative consumption of
available CPU and RAM resources (X and Y-axes) when
either single resource-based (left) or multi resource-
based (right) fairness is applied.

7. EVALUATION
Prior to its deployment, our solution was tested using
MetaCentrum workloads. The following charts show:

• Mean improvement in wait time, response time
(WT, RT) and slowdown (SD)

• Mean improvement in fairness indicators (mean
NUWT and std. deviation of all NUWT values)

• The accuracy of initial predictions

 0

 20

 40

 60

 80

 100

Mean improvement obtained
by optimization algorithm

Mean improvement wrt. current
MetaCentrum scheduler

%

WT, RT and SD reduction

WT reduction
RT reduction
SD reduction

 0

 20

 40

 60

 80

 100

Mean improvement obtained
by optimization algorithm

Mean improvement wrt. current
MetaCentrum scheduler

%

Fairness indicators

reduction of mean NUWT
reduction of NUWT std. deviation

 0

 20

 40

 60

 80

 100

starting earlier
(e.g., due to early

completions of prev. jobs)

on time starting later
(e.g., due to changing
fairshare priorities)

%

Accuracy of initial start time prediction

% of jobs

8. CONCLUSION AND FUTURE WORK

We present a unique extension to the widely used
TORQUE resource manager that supports:

• planning (schedule construction)
• periodic schedule optimization
• multi resource-aware user-to-user fairness

The system will be further improved as it is currently
in the process of experimental deployment in the
MetaCentrum Grid infrastructure. Last but not least,
the system can be freely obtained at: http://www.
metacentrum.cz/docs/pbts.

3. NEW TORQUE SCHEDULER

The developed solution is based on a newly developed
TORQUE scheduler (pbs_sched module) featuring:

• Complete job schedule data structures
• Schedule construction (backfill-like) algorithm
• Schedule optimization via metaheuristic
• Maintenance routines

– adjust the schedule in time upon dynamic
events such as (early) job completions

– using so called schedule compression
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