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Fig. 1: HPC job scheduling problem involves in multiple resources.

• Next generation HPC systems are equipped with diverse global and local
resources.

• HPC job scheduler plays a crucial role in efficient use of resources.

• Our previous work proposed a job scheduling framework named BBSched
[3] to schedule CPUs and burst buffers.

• As we are heading toward exascale computing, a variety of heterogeneous
resources are deployed in HPC systems.

• In this poster, we extend BBSched for allocating and managing multiple
resources beyond CPUs and burst buffers.

• We formulate multi-resource scheduling as a general multi-objective opti-
mization (MOO) problem, present a heuristic method to solve the NP-hard
MOO problem, and provide a preliminary evaluation of the multi-resource
scheduling design for scheduling up to ten distinct global/local resources.
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Fig. 2: Multi-resource scheduling design (MultiSched). The framework is composed of two key components:

window-based mechanism and a scheduling optimization engine.
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Fig. 3: We use the knob k to dynamicially control the number of jobs entering to the window for optimization.

Scheduling Optimization

• We formulate the scheduling CPUs and n other resources problems as a multi-
objective optimization (MOO) problem:
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• Because this MOO problem is NP-hard, we use genetic algorithm to approximate the
Pareto set (optimal solutions).

• However, as the number of resources increases, it becomes more difficult for gen-
eral genetic algorithms to get close to true Pareto set in limit scheduling time (30
seconds for typical HPC scheduling).

• In order to improve the quality of the solutions, we made several improvements over
BBSched:

1. We shrink the problem size by only considering jobs that can fit into the cur-
rent available resources. In practice, this reprocessing step can exclude more
than half of jobs in the window. For the example in Figure 4, the problem size
reduces from 1,024 to 32, if we exclude 5 out of 10 jobs from consideration.

2. If the number of candidate jobs is less 10, we use exhaustive search to find
optimal solutions instead of genetic algorithm. We made this change due to two
reasons: the time consumed by these two methods are similar when the problem
size is small; exhaustive search can find all optimal solutions.

Fig. 4: Improvements in scheduling optimization.

Preliminary Results

• We evaluate our design through trace-based simulation using the half-year
trace from Theta [2][1][4][5].

• We compare six scheduling methods.

Fig. 5: Resource utilization.

• MultiSched outperforms FCFS and BBSched in terms of resource utilization.

• The larger the knob k is, the higher the resource utilization is.

Fig. 6: Average scheduling time.

• MultiSched takes less than 0.6 seconds to make scheduling decision, which
is practical to be used in real HPC systems.

• Increasing the number of resources results in longer scheduling time.

• The scheduling time increases with the increases of the knob k value.
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