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Motivation

* Observe real-time I/O throughput at a cluster level grouped by app /

user / group.
* Mechanism to limit I/O for a given app / user / group.

* Prioritize some |/O over the others: critical applications (e.g., DAQ) vs
best-effort (e.g., batch) without reducing the total system

throughput.
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Implementation

« A similar mechanism already exists on EOS but it is not designed for real-time.

* A new mechanism to monitor I/O was implemented which provides real-time (sub

1s) info.

« The work began in 2025 by llkay Yanar under the supervision of Andreas

Peters.
| took ownership of this feature starting in January 2026.

 Feature available as of EOS 5.4.0
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Architecture Diagram

Management Node / MGM Storage Node / FST

Receive FST /O report Base Read/Write Methods

Update SMA/EMA stats Record I/O per App / User / Group
Generate FST 10 Report

Compare real-time Send |/O report to MGM (updates only)
I/O (EMA) to limits

Apply delay: Block

Calculate microseconds 1/O thread

delay and broadcast
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Implementation

I/O Shaping in EOS

fileOffset, charx buffer,
buffer_size) override;

readV, int readCount) override;

fileOffset, const char*x buffer,
buffer_size) override;

e The base read and write methods used in FST have been modified:
« Record |/O per app / user / group.

 Block the thread for some time to achieve I/O limitation.

* These are hot calls, so overhead is carefully kept at a minimum.
 FSTisjust reporting / acting on information sent by the MGM.

CERN é . . . . « . .
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Implementation: Monitoring

 The FSTs constantly send FstloReport with the total bytes

1/O Shaping in EOS

read / written since startup. message ToStatEntry {
string app_name =
. . . uint32 vid = 2;
« Reports contain only updates (e.g., a given app key is vint32 gid = 3;
only sent again when there is some change to the uinté4 generation_id = 4;
()()LJ[]tEBFES). vuinté4 total_bytes_read =
uinté4 total_bytes_written = 6;
uinté4 total_read_ops = 7;
- The MGM processes these reports and updates the , ineed totaturdte-ops -

stats: SMA (rolling window) and EMA for real-time

message FstIoReport {

string node_id = 1;
fEBEB(jt)Ei(DF(. inté4 timestamp_ms = 2;

inté64 node_start_time_ms = 3;

« Garbage collection and other mechanism ensure repeated ToStatEntry entries = 4;
}

memory usage is bound and edge cases such as
MGM/FST restarts, and network hiccups are handled

S
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CLI: Monitoring

I/O Shaping in EOS

[root@eospilot-ns-02 (mgm:master) ~]$%$ eos io shaping 1s
I0 Rates (60s simple moving average) ---
Read Rate

MB/s
B/s
GB/s
B/s
kB/s
B/s
B/s
B/s
kB/s

GB/s
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CLI: Monitoring

I/O Shaping in EOS

[root@eospilot-ns-02 (mgm:master) ~]$ eos io shaping 1ls --users

I0 Rates (60s simple moving average) ---
Read Rate

B/s
MB/s
GB/s

B/s

B/s
kB/s

B/s

GB/s
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CLI: Monitoring

I/O Shaping in EOS

[root@eospilot-ns-02 (mgm:master) ~]$ eos io shaping 1s --groups

I0 Rates (60s simple moving average) ---
Read Rate

MB/s
B/s
B/s
B/s

GB/s

GB/s
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CLI: Monitoring

I/O Shaping in EOS

[root@eospilot-ns-02 (mgm:master) ~]$ eos io shaping 1s --nodes

I0 Rates (60s simple moving average) ---
Node

Read Rate

MB/s
MB/s
MB/s
MB/s
MB/s
kB/s
kB/s
kB/s
kB/s
kB/s
kB/s
kB/s
kB/s
kB/s
MB/s
kB/s
kB/s
kB/s

GB/s

Write Rate

MB/s
MB/s
GB/s
MB/s
MB/s
B/s
MB/s
B/s
B/s
B/s
B/s
B/s
B/s
B/s
MB/s
B/s
B/s
B/s

GB/s

Read IOPS Write IOPS
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Implementation: 1/O Limiting

 |/O limits can be set per app / user / group.
 The MGM constantly compares the real-time 1/O to the limits.
* We currently use the 5s EMA for this.

* |If throughput is above the limit, a delay in microseconds is calculated

using some heuristics.
* This delay is sent to all FSTs to apply only to this key.

« Real-time adjustment is achieved thanks to the rapid cycle.
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Architecture Diagram

Management Node / MGM Storage Node / FST

Receive FST /O report Base Read/Write Methods

Update SMA/EMA stats Record I/O per App / User / Group
Generate FST 10 Report

Compare real-time Send |/O report to MGM (updates only)
I/O (EMA) to limits

Apply delay: Block

Calculate microseconds 1/O thread

delay and broadcast
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CLI: I/O Limiting

I/O Shaping in EOS

[root@lobisapa-dev ~]# eos io shaping policy 1s
Application Policies ---
Status Read Limit Write Limit
Write Rsv.

Enabled
B/s

Enabled
B/s

User (UID) Policies ---

Status Read Limit Write Limit
Write Rsv.

Disabled
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CLI: I/O Limiting

I/0 Shaping in EOS

[root@Llobisapa-dev ~]# eos io shaping policy set --uid 133153 --limit-read 10M
Updated shaping policy for UID 133153 (Status: Disabled)

[root@lobisapa-dev ~]# eos io shaping policy set --app eoscp --limit-write 16
Updated shaping policy for App 'eoscp' (Status: Enabled)

[root@lobisapa-dev ~]# eos io shaping policy set --uid 133153 --enable
Updated shaping policy for UID 133153 (Status: Enabled)

[root@lobisapa-dev ~]# eos io shaping policy rm --uid 133153
Deleted shaping policy for UID 133153
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CLI: I/O Limiting

I/O Shaping in EOS

[root@eospilot-ns-02 (mgm:master) ~]$ eos io shaping disable
Traffic Shaping disab'led.
[root@eospilot-ns-02 (mgm:master) ~]$ eos io shaping enable
Traffic Shaping enabled.
[root@eospilot-ns-02 (mgm:master) ~]$ eos io shaping config 1s
Traffic Shaping Thread Configuration ---
Update Period: 100 ms
I0 Policy Update Period: 100 ms
I0 Stats Reporting Period: 100 ms
Stats Time Window: 15 s
[root@eospilot-ns-02 (mgm:master) ~]$ eos io shaping config set --system-window 15 --
estimators-period 100 --policy-period 100 --report-period 100
Set estimators update period to 100 ms
Set FST I0 policy update period to 100 ms
Set FST I0 stats reporting period to 100 ms
Set system stats time window to 15 s
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Observability

 Traffic Shaping metrics are integrated into the Prometheus

eos_exporter as of release v0.1.18

« Other updates: a dedicated endpoint for fast metrics enabling

seamless integration with existing CERN monitoring stack.

CERN é . . . . « . .
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https://github.com/cern-eos/eos_exporter
https://github.com/cern-eos/eos_exporter

Observability

Instance eospilot v app/user/group | app v Window (s) 15 v

Write

e <—i—a0

03/07/2026, 03:26:45 PM

Total

5.01GB/s

traffic-shaping-benchmark-fts-1 2.67 GB/s
traffic-shaping-benchmark-fts-2  2.33 GB/s

test
eos/CopyStripe

apo P oo ooy

4.47 MB/s
112 MB/s

!

L

1
A O e O O e G S e G o S O G e O e

(0] B,’S 9 =E= 0O B =G= 00 B 0= 00 0 =0=0=0 0 =0=0=—0 0 =0

15:15
Name

Total
== traffic-shaping-benchmark-fts-2
== traffic-shaping-benchmark-fts-1
== co0s/CopyStripe
== test

eos/balance
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15:35
Last

130 mB/s
0 B/s
0 B/s
0 B/s
0 B/s
130 mB/s

15:40
Max v

6.07 GB/s
4.77 GB/s
3.06 GB/s
152 MB/s
19 MB/s
264 kB/s




Validation

 Traffic Shaping requires fast cycling and messaging.

* |nstrument the implementation with system stats to measure

overhead.

 Benchmarks are on the way to stress-test the implementation.

S
(@ "\fmﬂ /0 Shaping in EOS | Luis Antonio Obis Aparicio | IT-SD-PDS 10 March 2026

19



Validation: 2000 transfers with unique keys

A . Write
FST Limits Sync Loop Iteration

10 GBfs
1s
100 MB/s Tl
1MB/s

10 kB/s

100 B/s

i -l

1 | &
100 ps i —

i i 1
| | |
16:50 16:55 17:00 17:05 17:10 17:15 17:20 17:25 17:30 17:35 17:40 17:45 - 16:55 17:00 17:05 17:10 1715  17:20  17:25  17:30 17:35  17:40

== Max == mean == min

Estimators Loop Iteration

l - Proper memory cleanup

10 ms

* Loop iteration says below

100 ps

10 ps ~50 ms

1us
16:50 16:55 17:00 17:05 17:10 17:15 17:20 17:25 17:30 17:35 17:40 17:45

a= max == mean == min
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Future work: I/O reservations

 Automatic limits based on |I/O reservations.

« Current limiting may reduce total system throughput with no

Immediate benefit.

* Tentative approach: a feedback loop where limits are set on non-
critical 1/0 and immediate effects on the critical I/0O are measured. The

real-time monitoring already implemented allows for very fast cycles.
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/O reservations with
manual limits: the issue

e 2000 1GB files transferred with
FTS: 1000 per app.

 Turn on/off a 1GB/s limit on one of

the apps.

* Works to prioritize traffic but
artificially reduces the total
system throughput with no gain if

not careful.

Write

7 GB/s

6 GB/s

5 GB/s

4 GB/s

3 GB/s [
:

2 GB/s '

1GB/s J

0 B/s®

18:10
Name

18:25
Last Max +

0B/s 6.40GB/s
0B/s 4.69GB/s
0B/s 4.50GB/s

Total
== traffic-shaping-benchmark-fts-2

== traffic-shaping-benchmark-fts-1

Policy Limit Write
1GB/s
10 MB/s
100 kB/s
1kB/s

10 Bfs

0 B/s

18:10 18:15

== goscp == test == traffic-shaping-benchmark-fts-1

S
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Conclusions

 The EOS Traffic Shaping implementation allows real-time I/O monitoring at a

cluster level.

« Limits may be set at an application, user or group level and their effects are felt

iInstantaneously.

« Traffic Shaping metrics are exposed by the Prometheus EOS exporter and may

be used to view real-time throughput information and system configuration.

* Our goal is to implement I/O reservations via automatic limits prioritizing critical

I/O without reducing total system throughput.

S
(@ "\fmﬂ /0 Shaping in EOS | Luis Antonio Obis Aparicio | IT-SD-PDS 10 March 2026 23



	Slide 1: I/O Shaping in EOS
	Slide 2: Motivation
	Slide 3: Motivation
	Slide 4: Implementation
	Slide 5: Architecture Diagram
	Slide 6: Implementation
	Slide 7: Implementation: Monitoring
	Slide 8: CLI: Monitoring
	Slide 9: CLI: Monitoring
	Slide 10: CLI: Monitoring
	Slide 11: CLI: Monitoring
	Slide 12: Implementation: I/O Limiting
	Slide 13: Architecture Diagram
	Slide 14: CLI: I/O Limiting
	Slide 15: CLI: I/O Limiting
	Slide 16: CLI: I/O Limiting
	Slide 17: Observability
	Slide 18: Observability
	Slide 19: Validation
	Slide 20: Validation: 2000 transfers with unique keys
	Slide 21: Future work: I/O reservations
	Slide 22: I/O reservations with manual limits: the issue
	Slide 23: Conclusions

