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m HPC job scheduling coordinates resources to
maximize system utilization.
m Traditional schedulers focus on computing

resources, yet workloads are increasingly becoming Embed the Job's command line with Sentence-BERT,
Script

Command-based Job Matching

Meta

. . selected for its efficiency and robustness, and
data-intensive.

compare it with that of historical jobs.
> Bandwidth constrains the job performance. P J

_ , T , > Find multiple semantically similar historical jobs and
m |/O-aware job scheduling mitigates contention by select the one with the closest processor count to
considering the I/0O demand of a job.

ensure the execution scale is comparable.

~“roplem JStatemen
m Existing |/O-aware schedulers [1, 2] use average I/0O

Configurable Scheduling Policy

m Scheduling policies

bandwidth or simple periodic I/O models. > FCFS (fairness-oriented), LJF (throughput-oriented)
m Average |/O bandwidth hides I/O bursts that > Mix (tune a, 8 to trade fairness and throughput.)
actually drive contention. P(j) = o . norm_wait(j)+ /. norm_runtime(;)

Job A Job B

@ Overlapping bursts @ Wasted opportunities

m Queue action
> Sort pending jobs by priority and pass them to
1/0 simulation in that order.

Demands
Demands

Demands
Demands

> Maintain total I/O demand within storage o mm==
bandwidth at every moment.

> @Given the start time t, of the candidate job, its
per-second I/O demand D is summed with the
total I/O demand of running jobs load to estimate

Time

Proposed Solution

m Contention-Avoiding Temporal |/O-aware job

Running
Jobs

—_____R

Scheduling (CATIOS) the aggregate demandA. oo
> Model the temporal I/O behavior of jobs, simulate Alt] = load[f]+ D[t—t]. s
system-wide I/O demand over time, and make m Resource availability check
scheduling decisions accordingly. > Check compute and I/O resource availability for cueueing
> Avoids peak-overlap contention and fills idle [to, totn—1]. Job 1
intervals, addressing average-based blind spots. > Forallt € [0, to+tn—1]: A [t] < B (bandwidth). Job 2
m Configurable scheduling policy > Robustness: clip any D[i] to 0.75 - B to limit - -
> Adapt to admin goals on heterogeneous workloads, outlier spikes. [ === -
balancing fairness and throughput. m Job execution decision
m Job-script-only input > If resources are available, start job, update total S
> Reduce user burden through leveraging semantic /O demand, and resource usage. : uanc;rl;g

> |f resources are unavailable, defer job execution "
and check the nextjob. S oo

analysis to retrieve historically similar jobs and infer
job behavior.

The Design of CATIOS

No
> 0On rejection, defer the job and evaluate the System Start job - @ oo
next; periodically recompute priorities. i 3 5 7§ 11 13 15

CATIOS: Time-Resolved I/O-Aware Job Scheduling for HPC Systems

Yulsen Tseng1, Masatoshi Kawal', Keichi Takahashi?, and Hiroyuki Takizawa’

xperirmernial Seltup

m Dataset: Reproduce Blue Waters traces [3] via Darshan log [4],
converted to per-second 1/O profiles.

CATIOS

m Retrieve similar historical jobs 1. Command Line m Simulator: SimGrid [5] extended to model time-resolved 1/0O with

data:

2. Requested Resource

_ bandwidth and buffer constraints.
Command-based Job Matching m Performance metrics: Makespan and average wait time,
(Semantic Analysis and Profile Retrieval) rormalized to FCES-BE.

Retrieve most similar m Compared methods

historical job
. . . > FCFS and LJF with backfilling (BF)
Contigurable Scheduling Policy > Traditional I/O-Aware job Scheduling (TIOAS)

(Reprioritize Job Queue Based on Policy) , ,
> CATIOS variants: CATIOS-FCFS/LJF/Mix.

xperimental KeSuUlts

Sequentially evaluate
Time-Resolved |/O Simulation
(Discrete-Time I/O Demand Evaluation)

Exceeds
Bandwidth?

Makespan Compared with FCFS-BF Average Wait Time Compared with FCFS-BF
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m CATIOS-FCFS: Keeps submission order; I/O-aware execution

Time-resolved 1/O Simulation and Job Execution Decision decision avoids overlapping I/O bursts; more consistent gains

= System-wide /O demand model __ System-wide /O demand model _ S LIF: Dot e
m CATIOS-LJF: Best throughput and strongest makespan

improvement; higher wait for short jobs.
m CATIOS-Mix (a:£=0.95:0.05): Tunable balance; improves
makespan while moderating wait growth under contention.

Conclusion and Future Work

m CATIOS mitigates I/O contention and reduces makespan while

[ Pll;edicted ] X \I keeping average wait times controlled compared to static
attern Evaluate DD - ﬂ D | approches, achieving a trade-off ratio of approximately 1:1.3

"-“'-'“ - — LR : between makespan reduction and average wait time increase.

sclugeelb thE\:'nael)L(lf:)eneC ! > CATIOS effectively alleviates I/O contention even in

|/O-intensive scenarios, showing its capability to improve
data-intensive HPC system:s.

> CATIOS’ configurable scheduling policies allow admin to
balance fairness and throughput as objectives evolve.

m Future work: extend to multi-resource co-scheduling and
improve profile matching accuracy.
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