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Andrew Waterman <andrew@sifive.com> Tue, Sep 24, 2019 at 2:06 PM
To: tech@lists.riscv.org

Hello there, TC,

About a month ago, Krste wrote an email to this list proposing a mechanism for proposing lightweight extensions.  You
can read his post here: https://lists.riscv.org/g/tech/message/342

As an example, he included a proposal for the PAUSE hint instruction, which improves the efficiency of busy-waiting
loops.  But people might have missed this fact because of the title of his email, so I'm starting this new thread to solicit
feedback, just in case.

Please see the attached PDF for the spec.

Andrew
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Paul Loewenstein <paul.loewenstein@wdc.com> Tue, Sep 24, 2019 at 3:50 PM
To: Andrew Waterman <andrew@sifive.com>, "tech@lists.riscv.org" <tech@lists.riscv.org>

Andrew,

The problem with this approach is that in increases the latency between the writing hart and the slowed-down reading
hart.

A more efficient approach is load-monitor/mwait, where the hart waits for a timeout, or for a modification of the memory
location addressed by the load-monitor (in most systems signaled by an invalidation).   The load monitor instruction
specifies the address to monitor.  The mwait instruction pauses the hart until that address is potentially modified (typically
when the address is no longer present in the L1 cache).  It is good to specify a timeout in the mwait instruction, so that
there is an escape if the location is not modified.

This mechanism may seem complicated, but a similar mechanism is needed for an OoO core to process ordered loads in
parallel.  It can still be treated as a hint instruction, because it is permissible to no-op both the load-monitor and the mwait
instructions.

Paul

On 2019-09-24 14:07, Andrew Waterman wrote:
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CAUTION: This email originated from outside of Western Digital. Do not click on links or open a�achments
unless you recognize the sender and know that the content is safe.

Hello there, TC,

About a month ago, Krste wrote an email to this list proposing a mechanism for proposing lightweight
extensions.  You can read his post here: https://lists.riscv.org/g/tech/message/342

As an example, he included a proposal for the PAUSE hint instruction, which improves the efficiency of
busy-waiting loops.  But people might have missed this fact because of the title of his email, so I'm starting
this new thread to solicit feedback, just in case.

Please see the attached PDF for the spec.

Andrew

_._,_._,_
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Andrew Waterman <andrew@sifive.com> Tue, Sep 24, 2019 at 4:12 PM
To: Paul Loewenstein <Paul.Loewenstein@wdc.com>
Cc: "tech@lists.riscv.org" <tech@lists.riscv.org>

On Tue, Sep 24, 2019 at 3:50 PM Paul Loewenstein <Paul.Loewenstein@wdc.com> wrote:
Andrew,

The problem with this approach is that in increases the latency between the writing hart and the slowed-down reading
hart.

The implementation can choose to ignore the pause hint if it received a cache intervention very recently, and can interrupt
the hint as soon as it receives a cache intervention.  This doesn't always do the right thing from a performance point of
view, but it's still correct and usually seems to perform OK in practice.

A more efficient approach is load-monitor/mwait, where the hart waits for a timeout, or for a modification of the memory
location addressed by the load-monitor (in most systems signaled by an invalidation).   The load monitor instruction
specifies the address to monitor.  The mwait instruction pauses the hart until that address is potentially modified
(typically when the address is no longer present in the L1 cache).  It is good to specify a timeout in the mwait
instruction, so that there is an escape if the location is not modified.

I'm not at all opposed to monitor/mwait, but I view that as a solution to a set of problems that is only partially overlapping.

For one, there is an issue of interface.  In the Linux kernel, for example, the cpu_relax() call does not wait on a specific
memory location.  It takes no arguments and is supposed to just idle for a little bit before resuming execution.

As I pointed out to Derek Williams when he raised the same objection, POWER actually does the same thing I'm
proposing here... POWER's Linux port implements cpu_relax() with a no-argument hint instruction that does just the same
thing as this PAUSE instruction.

This mechanism may seem complicated, but a similar mechanism is needed for an OoO core to process ordered loads
in parallel.  It can still be treated as a hint instruction, because it is permissible to no-op both the load-monitor and the
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mwait instructions.

Paul

On 2019-09-24 14:07, Andrew Waterman wrote:

CAUTION: This email originated from outside of Western Digital. Do not click on links or open a�achments
unless you recognize the sender and know that the content is safe.

Hello there, TC,

About a month ago, Krste wrote an email to this list proposing a mechanism for proposing lightweight
extensions.  You can read his post here: https://lists.riscv.org/g/tech/message/342

As an example, he included a proposal for the PAUSE hint instruction, which improves the efficiency of
busy-waiting loops.  But people might have missed this fact because of the title of his email, so I'm
starting this new thread to solicit feedback, just in case.

Please see the attached PDF for the spec.

Andrew
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Andy Glew Si5 <andy.glew@sifive.com> Tue, Sep 24, 2019 at 9:20 PM
To: Andrew Waterman <andrew@sifive.com>
Cc: Paul Loewenstein <Paul.Loewenstein@wdc.com>, "tech@lists.riscv.org" <tech@lists.riscv.org>

Krste, Andrew, and I were talking about this today.  With the idea being that PAUSE is baby step, just like it was at Intel
and MIPS, with something like MWAIT next step.

On Sep 24, 2019, at 4:12 PM, Andrew Waterman <andrew@sifive.com> wrote:

On Tue, Sep 24, 2019 at 3:50 PM Paul Loewenstein <Paul.Loewenstein@wdc.com> wrote:
Andrew,

The problem with this approach is that in increases the latency between the writing hart and the slowed-
down reading hart.

The implementation can choose to ignore the pause hint if it received a cache intervention very recently,
and can interrupt the hint as soon as it receives a cache intervention.  This doesn't always do the right thing
from a performance point of view, but it's still correct and usually seems to perform OK in practice.

A more efficient approach is load-monitor/mwait, where the hart waits for a timeout, or for a modification
of the memory location addressed by the load-monitor (in most systems signaled by an invalidation).  
The load monitor instruction specifies the address to monitor.  The mwait instruction pauses the hart until
that address is potentially modified (typically when the address is no longer present in the L1 cache).  It is
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good to specify a timeout in the mwait instruction, so that there is an escape if the location is not
modified.

I'm not at all opposed to monitor/mwait, but I view that as a solution to a set of problems that is only partially
overlapping.

For one, there is an issue of interface.  In the Linux kernel, for example, the cpu_relax() call does not wait
on a specific memory location.  It takes no arguments and is supposed to just idle for a little bit before
resuming execution.

As I pointed out to Derek Williams when he raised the same objection, POWER actually does the same
thing I'm proposing here... POWER's Linux port implements cpu_relax() with a no-argument hint instruction
that does just the same thing as this PAUSE instruction.

This mechanism may seem complicated, but a similar mechanism is needed for an OoO core to process
ordered loads in parallel.  It can still be treated as a hint instruction, because it is permissible to no-op
both the load-monitor and the mwait instructions.

Paul

On 2019-09-24 14:07, Andrew Waterman wrote:

CAUTION: This email originated from outside of Western Digital. Do not click on links or open
a�achments unless you recognize the sender and know that the content is safe.

Hello there, TC,

About a month ago, Krste wrote an email to this list proposing a mechanism for proposing
lightweight extensions.  You can read his post here: https://lists.riscv.org/
g/tech/message/342

As an example, he included a proposal for the PAUSE hint instruction, which improves the
efficiency of busy-waiting loops.  But people might have missed this fact because of the title
of his email, so I'm starting this new thread to solicit feedback, just in case.

Please see the attached PDF for the spec.

Andrew
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Christoph Hellwig <christoph.hellwig@wdc.com> Fri, Sep 27, 2019 at 8:34 AM
To: "andy.glew@sifive.com" <andy.glew@sifive.com>, "andrew@sifive.com" <andrew@sifive.com>
Cc: Paul Loewenstein <Paul.Loewenstein@wdc.com>, "tech@lists.riscv.org" <tech@lists.riscv.org>

On Tue, 2019-09-24 at 21:20 -0700, Andy Glew Si5 wrote:
> Krste, Andrew, and I were talking about this today.  With the idea
> being that PAUSE is baby step, just like it was at Intel and MIPS,
> with something like MWAIT next step.

And both of the really are different use cases as well.
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Andrew Waterman <andrew@sifive.com> Tue, Nov 12, 2019 at 2:39 PM
To: Christoph Hellwig <Christoph.Hellwig@wdc.com>
Cc: "andy.glew@sifive.com" <andy.glew@sifive.com>, Paul Loewenstein <Paul.Loewenstein@wdc.com>,
"tech@lists.riscv.org" <tech@lists.riscv.org>

I've updated the commentary in this proposal to reflect the MONITOR/MWAIT discussion.
[Quoted text hidden]
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Ilan Pardo <ilanpa@mellanox.com> Wed, Nov 13, 2019 at 12:00 AM
To: "andrew@sifive.com" <andrew@sifive.com>, Christoph Hellwig <Christoph.Hellwig@wdc.com>
Cc: "tech@lists.riscv.org" <tech@lists.riscv.org>

Why do you chose to encode this hint as FENCE with pred=W?

I thought this encoding is standard use for “release acquire” producer consumer model.

The producer writes several data items, than fence (pred=W) and then writes the flag to indicate the data is validly
exposed.
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Andrew Waterman <andrew@sifive.com> Wed, Nov 13, 2019 at 4:03 AM
To: Ilan Pardo <ilanpa@mellanox.com>
Cc: Christoph Hellwig <Christoph.Hellwig@wdc.com>, "tech@lists.riscv.org" <tech@lists.riscv.org>

On Wed, Nov 13, 2019 at 12:00 AM Ilan Pardo <ilanpa@mellanox.com> wrote:
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Why do you chose to encode this hint as FENCE with pred=W?

I thought this encoding is standard use for “release acquire” producer consumer model.

The producer writes several data items, than fence (pred=W) and then writes the flag to indicate the data is validly
exposed.

The principal technical justification for encoding PAUSE as a FENCE is because of the LR/SC forward-progress
guarantee.  For obvious reasons, we do not want to guarantee forward progress if there is a PAUSE hint within an LR/SC
loop.  If we had encoded PAUSE as an ADD, we would still be required to guarantee LR/SC forward progress if PAUSE
appeared in the middle of an LR/SC loop.  Fortunately, if FENCE appears within an LR/SC loop, there is no
such guarantee.

Why did we choose pred=W?  It's somewhat arbitrary.  Since succ=0, this FENCE has no impact on the memory model,
and so it is effectively a no-op.  Hence, our choice of pred does not affect the semantics; it just becomes another opcode
field.

Implementations are, of course, at liberty to detect succ=0 and ignore this instruction, so there should be no impact on
producer/consumer performance.
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