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Architectural Review Request: Porting FMLP to RTEMS 7 (Issue #4612)

11 messages

Karthikey Kadati <karthikey3608@gmail.com> 16 January 2026 at 23:52
To: junjie.shi@tu-dortmund.de, k.h.chen@utwente.nl
Cc: gbloom@uccs.edu, joel.sherrill@oarcorp.com

Dear Dr. Shi and Dr. Chen,

I am working with the RTEMS Project on Issue #4612: Locking Protocols for Multiprocessors, with the goal of
integrating your research on the Flexible Multiprocessor Locking Protocol (FMLP) into the mainline RTEMS 7
kernel.

Dr. Gedare Bloom suggested | reach out to you to verify that my modernization of your work preserves the
theoretical guarantees of the protocol.

Since your original RTEMS implementation (circa 2020), the RTEMS SuperCore has undergone significant
changes in SMP locking and thread queue management. | have ported your logic to utilize these new primitives:

* FMLP-Short (Busy-Wait): | replaced the legacy spinlocks with Thread queue Enqueue sticky. This
leverages the modern "Sticky" scheduling discipline to enforce non-preemptive busy-waiting without global
interpreter locks.

¢ FMLP-Long (Suspension): | mapped your suspension logic to the standard Thread queue Context State
transitions to ensure SMP safety.

| have verified the port using the SIS/LEON3 simulator with a 2-CPU Clustered SMP configuration. The
implementation passes the spfmlpol (Long) and spfmlp02 (Short) regression tests, confirming that priority ceiling
enforcement and lock hand-offs behave as expected under contention.

If you have a moment, could you please review the architectural mapping in the Merge Request linked below? |
specifically want to ensure that my use of Enqueue sticky and Thread queue Context has not introduced any side
effects that would violate the protocol's formal definition.

Link to Merge Request: https:/gitlab.rtems.org/rtems/rtos/rtems/-/merge_requests/882
Thank you for your original work on these protocols; looking forward to getting them into the production kernel.
Best regards,

Karthikey Kadati Undergraduate Student, UVCE Bangalore RTEMS Contributor

Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl> 19 January 2026 at 15:26
To: Karthikey Kadati <karthikey3608@gmail.com>, Gedare Bloom <gbloom@uccs.edu>

Cc: "joel.sherrill@oarcorp.com” <joel.sherrill@oarcorp.com>, "junjie.shi@tu-dortmund.de" <junjie.shi@tu-
dortmund.de>

Dear Karthikey and Gedare (cc Joel),

Thanks for reaching out to us. This looks like a solid and careful porting effort. (A quick note:
| am not sure whether Junjie is still actively checking his TU Dortmund mailbox, as he has

since moved outside academia.)

Regarding your questions:
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- FMLP-long: 1 do not - FMLP-short: The correctness hinges on the precise semantics
immediately see any of the Sticky discipline. | cannot fully confirm equivalence
conceptual issues. The without a deeper dive into details. If | may, | will follow up
mapping looks to me anything noteworthy after running a dedicated student project

reasonable. for this.
A few suggestions that may be helpful:

- You might want to - You could also consider - What you currently have are best
reference our prior porting the distributed characterized as validation results
work in your commit variant (DFLP), also rather than full verification. The
message or RTEMS mentioned in the paper spfmlp01 and spfmlp02 are case-
documentation: above. In this version, a based validations; In our work like
https://arxiv.org/ task requesting a shared this, we found that even after passing
pdf/2104.06366. resource migrates to a such, certain corner cases may still
This preprint dedicated processor and  exist. This is why | am cautious about
provides additional then follows FMLP-L on giving a strong confirmation without
implementation-levelthat core. This would be an further analysis. @Gedare Bloom, are
details that could  interesting and relevant you following this with JJ?

help. extension.

Overall, | appreciate the attention you bring up our work to align it with modern RTEMS. | am

very happy to discuss anything in more detail.
Best regards,

Kuan-Hsun

From: Karthikey Kadati <karthikey3608@gmail.com>

Sent: Friday, January 16, 2026 7:22 PM

To: junjie.shi@tu-dortmund.de <junjie.shi@tu-dortmund.de>; Chen, Kuan (UT-EEMCS)
<k.h.chen@utwente.nl>

Cc: gbloom@uccs.edu <gbloom@uccs.edu>; joel.sherrill@oarcorp.com <joel.sherrill@oarcorp.com>
Subject: Architectural Review Request: Porting FMLP to RTEMS 7 (Issue #4612)
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[Quoted text hidden]

Karthikey Kadati <karthikey3608@gmail.com> 19 January 2026 at 22:31
To: "Chen, Kuan (UT-EEMCS)" <k.h.chen@utwente.nl>

Cc: Gedare Bloom <gbloom@uccs.edu>, "joel.sherrill@oarcorp.com” <joel.sherrill@oarcorp.com>, “junjie.shi@tu-
dortmund.de" <junjie.shi@tu-dortmund.de>

Dear Dr. Chen,
Thank you for the feedback! | really appreciate the kind words about the porting effort.
I completely agree with your points and have just updated the Merge Request to reflect them:

1. Added the reference: | have included the citation to your ArXiv preprint (2104.06366) in the commit
messages and documentation to ensure the context is clear for future developers.

2. Renamed the tests: | have changed the descriptions from "verification” to "case-based validation" to be
accurate.

The offer for a dedicated student project is fantastic-having someone mathematically verify the semantics would
be a huge win for this port. I'd be happy to support that however | can.

Regarding DFLP: | am definitely interested in your suggestion to port the distributed variant. I've been looking at
the task migration logic in the paper, and | think implementing DFLP is the perfect next step to round out the
multiprocessor locking support in RTEMS. | plan to start drafting a design for that soon.

Thanks again for the guidance!
Best regards,

Karthikey Kadati

[Quoted text hidden]

Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl> 19 January 2026 at 22:54
To: Karthikey Kadati <karthikey3608@gmail.com>

Cc: Gedare Bloom <gbloom@uccs.edu>, "joel.sherrill@oarcorp.com” <joel.sherrill@oarcorp.com>, "junjie.shi@tu-
dortmund.de" <junjie.shi@tu-dortmund.de>

Dear Karthikey,

All sound great! Just to make it clear - | have no objection to the merge. Since | have no
clear timeline when | will have more findings (via either my student or myself), | suggest
continuing to proceed with it. If case, we can open another issue to comprehend it.

Best,
Kuan-Hsun

From: Karthikey Kadati <karthikey3608@gmail.com>

Sent: Monday, January 19, 2026 6:01 PM

To: Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl>

Cc: Gedare Bloom <gbloom@uccs.edu>; joel.sherrill@oarcorp.com <joel.sherrill@oarcorp.com>;
junjie.shi@tu-dortmund.de <junjie.shi@tu-dortmund.de>

Subject: Re: Architectural Review Request: Porting FMLP to RTEMS 7 (Issue #4612)

[Quoted text hidden]

Karthikey Kadati <karthikey3608@gmail.com> 19 January 2026 at 23:21
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To: "Chen, Kuan (UT-EEMCS)" <k.h.chen@utwente.nl>
Cc: Gedare Bloom <gbloom@uccs.edu>, "joel.sherrill@oarcorp.com” <joel.sherrill@oarcorp.com>, “junjie.shi@tu-
dortmund.de” <junjie.shi@tu-dortmund.de>

Dear Dr. Chen,

Thank you for the clarification.

I will proceed with the merge process on the RTEMS side as you suggested. If the student project
later reveals any edge cases, we will address them in a new issue.

Best regards,

Karthikey

[Quoted text hidden]

Gedare Bloom <gbloom@uccs.edu> 20 January 2026 at 02:22
To: Karthikey Kadati <karthikey3608@gmail.com>, "Chen, Kuan (UT-EEMCS)" <k.h.chen@utwente.nl>

Cc: "joel.sherrill@oarcorp.com” <joel.sherrill@oarcorp.com>, "junjie.shi@tu-dortmund.de" <junjie.shi@tu-
dortmund.de>

Good feedback on all sides.

I have not been in touch with JJ about this topic. Karthikey is preparing to submit a GSOC application for RTEMS,
and has submitted this porting work as some preliminary evidence for showing capability.

Gedare Bloom, Ph.D.
Associate Professor of Computer Science

From: Karthikey Kadati <karthikey3608@gmail.com>

Sent: Monday, January 19, 2026 10:51 AM

To: Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl>

Cc: Gedare Bloom <gbloom@uccs.edu>; joel.sherrill@oarcorp.com; junjie.shi@tu-dortmund.de
Subject: [EXTERNAL] Re: Architectural Review Request: Porting FMLP to RTEMS 7 (Issue #4612)

You don't often get email from karthikey3608@gmail.com. Learn why this is important

[Quoted text hidden]

Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl> 20 January 2026 at 02:50
To: Gedare Bloom <gbloom@uccs.edu>, Karthikey Kadati <karthikey3608@gmail.com>

Cc: "joel.sherrill@oarcorp.com” <joel.sherrill@oarcorp.com>, "junjie.shi@tu-dortmund.de" <junjie.shi@tu-
dortmund.de>

Hey Gedare,

Then this seems to me a solid start. If the topic is something | can co-mentor this time, | am
happy to help.
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Best,
Kuan-Hsun

Get Outlook for iOS

From: Gedare Bloom <gbloom@uccs.edu>

Sent: Monday, January 19, 2026 9:52:50 PM

To: Karthikey Kadati <karthikey3608@gmail.com>; Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl>
Cc: joel.sherrill@oarcorp.com <joel.sherrill@oarcorp.com>; junjie.shi@tu-dortmund.de
<junjie.shi@tu-dortmund.de>

Subject: RE: [EXTERNAL] Re: Architectural Review Request: Porting FMLP to RTEMS 7 (Issue
#4612)

[Quoted text hidden]

Joel Sherrill <joel.sherrill@oarcorp.com> 20 January 2026 at 07:13
To: "Chen, Kuan (UT-EEMCS)" <k.h.chen@utwente.nl>, Gedare Bloom <gbloom@uccs.edu>, Karthikey Kadati
<karthikey3608@gmail.com>

Cc: "junjie.shi@tu-dortmund.de” <junjie.shi@tu-dortmund.de>

Thanks for reviewing this.

Any suggestions for test cases that might push corners? This always
seems to be an area that calls for insight and creativity.

Thanks.

--Joel Sherrill, Ph.D.
Chief Scientist
OAR Corporation

On 1/19/2026 3:20 PM, Chen, Kuan (UT-EEMCS) wrote:

> Hey Gedare,

>

> Then this seems to me a solid start. If the topic is something | can co-
> mentor this time, | am happy to help.

>

> Best,

> Kuan-Hsun

>

> Get Outlook for iOS <https://aka.ms/oOukef>

>
> *From:* Gedare Bloom <gbloom@uccs.edu>

> *Sent:* Monday, January 19, 2026 9:52:50 PM

> *To:* Karthikey Kadati <karthikey3608@gmail.com>; Chen, Kuan (UT-EEMCS)
> <k.h.chen@utwente.nl>

> *Cc:* joel.sherrill@oarcorp.com <joel.sherrill@oarcorp.com>;

> junjie.shi@tu-dortmund.de <junjie.shi@tu-dortmund.de>

> *Subject:* RE: [EXTERNAL] Re: Architectural Review Request: Porting FMLP
>to RTEMS 7 (Issue #4612)

>

> Good feedback on all sides.

>

> | have not been in touch with JJ about this topic. Karthikey is

> preparing to submit a GSOC application for RTEMS, and has submitted this

> porting work as some preliminary evidence for showing capability.

>

> Gedare Bloom, Ph.D.

> Associate Professor of Computer Science

>
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> *From:*Karthikey Kadati <karthikey3608@gmail.com>

> *Sent:* Monday, January 19, 2026 10:51 AM

> *To:* Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl>

> *Cc:* Gedare Bloom <gbloom@uccs.edu>; joel.sherrill@oarcorp.com;

> junjie.shi@tu-dortmund.de

> *Subject:* [EXTERNAL] Re: Architectural Review Request: Porting FMLP to
> RTEMS 7 (Issue #4612)

>

>

>

> You don't often get email from karthikey3608@gmail.com

> <mailto:karthikey3608@gmail.com>. Learn why this is important <https://
> aka.ms/LearnAboutSenderldentification>

>

Dear Dr. Chen,

Thank you for the clarification.

I will proceed with the merge process on the RTEMS side as you
suggested. If the student project later reveals any edge cases, we
will address them in a new issue.

Best regards,

Karthikey

VVVVVVVVVVYVYVYVYV

> On Mon, 19 Jan 2026 at 22:54, Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl
> <mailto:k.h.chen@utwente.nl>> wrote:
>

Dear Karthikey,

All sound great! Just to make it clear - | have no objection to the
merge. Since | have no clear timeline when | will have more findings
(via either my student or myself), | suggest continuing to proceed
with it. If case, we can open another issue to comprehend it.

Best,
Kuan-Hsun

*From:*Karthikey Kadati <karthikey3608@gmail.com
<mailto:karthikey3608@gmail.com>>

*Sent:* Monday, January 19, 2026 6:01 PM

*To:* Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl
<mailto:k.h.chen@utwente.n|>>

*Cc:* Gedare Bloom <gbloom@uccs.edu <mailto:gbloom@uccs.edu>>;
joel.sherrill@oarcorp.com <mailto:joel.sherrill@oarcorp.com>
<joel.sherrill@oarcorp.com <mailto:joel.sherrill@oarcorp.com>>;
junjie.shi@tu-dortmund.de <mailto:junjie.shi@tu-dortmund.de>
<junjie.shi@tu-dortmund.de <mailto:junjie.shi@tu-dortmund.de>>
*Subject:* Re: Architectural Review Request: Porting FMLP to RTEMS 7
(Issue #4612)

Dear Dr. Chen,

Thank you for the feedback! | really appreciate the kind words
about the porting effort.

I completely agree with your points and *have just updated* the
Merge Request to reflect them:

1. *Added the reference:* | have included the citation to your
ArXiv preprint (2104.06366) in the commit messages and

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVYVYVYVYVYV
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documentation to ensure the context is clear for future developers.
2. *Renamed the tests:* | have changed the descriptions from
"verification” to "case-based validation" to be accurate.

The offer for a dedicated student project is fantastic-having
someone mathematically verify the semantics would be a huge win for
this port. I'd be happy to support that however | can.

*Regarding DFLP:* | am definitely interested in your suggestion to
uoted text hidden]
<https://arxiv.org/pdf/2104.06366>. This preprint provides
additional implementation-level details that could help.

-You could also consider porting the distributed variant (DFLP),
also mentioned in the paper above. In this version, a task
requesting a shared resource migrates to a dedicated processor
and then follows FMLP-L on that core. This would be an
interesting and relevant extension.

‘What you currently have are best characterized as validation
results rather than full verification. The spfmlp01 and spfmlp02
are case-based validations; In our work like this <https://
ieeexplore.ieee.org/abstract/document/9852753>, we found that
even after passing such, certain corner cases may still exist.
This is why | am cautious about giving a strong confirmation
without further analysis. @Gedare Bloom
<mailto:gbloom@uccs.edu>, are you following this with JJ?

Overall, | appreciate the attention you bring up our work to
align it with modern RTEMS. | am very happy to discuss anything
in more detail.

Best regards,

Kuan-Hsun

*From:* Karthikey Kadati <karthikey3608@gmail.com
<mailto:karthikey3608@gmail.com>>

*Sent:* Friday, January 16, 2026 7:22 PM

*To:* junjie.shi@tu-dortmund.de <mailto:junjie.shi@tu-
dortmund.de> <junjie.shi@tu-dortmund.de <mailto:junjie.shi@tu-
dortmund.de>>; Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl
<mailto:k.h.chen@utwente.n|>>

*Cc:* gbloom@uccs.edu <mailto:gbloom@uccs.edu> <gbloom@uccs.edu
<mailto:gbloom@uccs.edu>>; joel.sherrill@oarcorp.com
<mailto:joel.sherrill@oarcorp.com> <joel.sherrill@oarcorp.com
<mailto:joel.sherrill@oarcorp.com>>

*Subject:* Architectural Review Request: Porting FMLP to RTEMS 7
(Issue #4612)

Dear Dr. Shi and Dr. Chen,

I am working with the RTEMS Project on *Issue #4612: Locking
Protocols for Multiprocessors*, with the goal of integrating

your research on the Flexible Multiprocessor Locking Protocol
(FMLP) into the mainline RTEMS 7 kernel.

Dr. Gedare Bloom suggested | reach out to you to verify that my
modernization of your work preserves the theoretical guarantees
of the protocol.

Since your original RTEMS implementation (circa 2020), the RTEMS
SuperCore has undergone significant changes in SMP locking and
thread queue management. | have ported your logic to utilize

https://mail.google.com/mail/u/1/?ik=4b912a7{51&view=pt...

3/16/26, 01:13
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these new primitives:

* *EMLP-Short (Busy-Wait):* | replaced the legacy spinlocks
with |_Thread_queue_Enqueue_sticky|. This leverages the
modern "Sticky" scheduling discipline to enforce non-
preemptive busy-waiting without global interpreter locks.

* *EMLP-Long (Suspension):* | mapped your suspension logic to
the standard |_Thread_queue_Context| state transitions to
ensure SMP safety.

| have verified the port using the SIS/LEON3 simulator with a 2-
CPU Clustered SMP configuration. The implementation passes the |
spfmlp01| (Long) and |spfmlp02| (Short) regression tests,
confirming that priority ceiling enforcement and lock hand-offs
behave as expected under contention.

If you have a moment, could you please review the architectural
mapping in the Merge Request linked below? | specifically want
to ensure that my use of |Enqueue_sticky| and |
Thread_queue_Context| has not introduced any side effects that
would violate the protocol's formal definition.

*Link to Merge Request:* https://gitlab.rtems.org/rtems/rtos/
rtems/-/merge_requests/882 <https://gitlab.rtems.org/rtems/rtos/
rtems/-/merge_requests/882>

Thank you for your original work on these protocols; looking
forward to getting them into the production kernel.

Best regards,

*Karthikey Kadati* Undergraduate Student, UVCE Bangalore RTEMS
Contributor

VVVVVVVVVVVVVVVVVVVVVVVVVVVVYVVYVYVYVYV

Junjie Shi <junjie.shi@tu-dortmund.de> 21 January 2026 at 13:59
To: Joel Sherrill <joel.sherrill@oarcorp.com>

Cc: "Chen, Kuan (UT-EEMCS)" <k.h.chen@utwente.nl>, Gedare Bloom <gbloom@uccs.edu>, Karthikey Kadati
<karthikey3608@gmail.com>

Dear all,

I hope this email finds you well.
| am still actively checking my academic mailbox, although | have transitioned to an industry position.

As Kuan mentioned, we previously implemented these protocols in our prior work, and the source code (for
RTEMS 4.12 and 5.0) is available at:
https://github.com/JJShi92/RTEMS-Resource-Synchronization-Protocols

This includes our implementation and the accompanying formal verification results.

Due to limited manpower, we have not continued the development and formal verification for the latest RTEMS
versions. That said, | would strongly recommend validating the new RTEMS 7 implementation with formal
verification (e.g., via a student project using Frama-C), following the approach proposed in:
https://ieeexplore.ieee.org/abstract/document/9852753

Regression tests are valuable, but they may still miss subtle corner cases in synchronization protocols, so a proof-
based check would provide much stronger confidence.

If you decide to pursue formal verification for the updated implementation, such as a student project, | would be

happy to help where | can.

Best regards,
Junjie Shi
[Quoted text hidden]
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Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl> 28 January 2026 at 13:26
To: Joel Sherrill <joel.sherrill@oarcorp.com>, Gedare Bloom <gbloom@uccs.edu>, Karthikey Kadati
<karthikey3608@gmail.com>

Cc: "junjie.shi@tu-dortmund.de" <junjie.shi@tu-dortmund.de>

Hi Joel,
Sorry for the late reply.

My general observation is that, as long as the assumptions of original scheduling theories do
not cover, practical constraints often lead to tricky cases. Nevertheless, to really push
corners, we have to find cases, testing specific semantics of the tested policies /
mechanisms.

Regarding scheduling, a few cases we can think of (not necessary RTEMS constraints):
- Limited number of priorities (Linux and RTEMS) which might be problem for scheduling
with priority assignment, i.e., often the assumption is that each task priority is unique.
- Limited number of system tick value (EDF for example may use absolute value as the
priorities, for example, in Erika OS)
- Two or multiple tasks have the same priority/ceiling value (like the case Junjie and |
found)

If you have ideas to explore, | am happy to help.

Best regards,
Kuan-Hsun

From: Joel Sherrill <joel.sherrill@oarcorp.com>

Sent: Tuesday, January 20, 2026 2:43 AM

To: Chen, Kuan (UT-EEMCS) <k.h.chen@utwente.nl>; Gedare Bloom <gbloom@uccs.edu>;
Karthikey Kadati <karthikey3608@gmail.com>

Cc: junjie.shi@tu-dortmund.de <junjie.shi@tu-dortmund.de>

Subject: Re: [EXTERNAL] Re: Architectural Review Request: Porting FMLP to RTEMS 7 (Issue
#4612)

[Quoted text hidden]

Karthikey Kadati <karthikey3608@gmail.com> 29 January 2026 at 22:12
To: "Chen, Kuan (UT-EEMCS)" <k.h.chen@utwente.nl>
Cc: Joel Sherrill <joel.sherrill@oarcorp.com>, Gedare Bloom <gbloom@uccs.edu>, "junjie.shi@tu-dortmund.de"
<junjie.shi@tu-dortmund.de>

Hi all,

I've pushed the final changes for the 7.1 merge.

Summarizing the updates:

-Added spfmlp03 to cover the tricky cases Dr. Chen mentioned (FIFO same-priority and ceiling boundaries).
Passes on 4-CPU LEONS.

-Nuked hardcoded limits in FMLP-Long. It now uses _Scheduler_Count and _Thread_priority storage for
dynamic scaling.
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-Fixed the ceiling override in FMLP-Short; it now respects the API -passed priority.
Let me know if anything else is needed.

Best regards,
Karthikey Kadati

[Quoted text hidden]
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