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Naughton III, Thomas   0:03
And.
All right.
Well hello everyone.
Good evening.
Good afternoon. Wherever you're at our speaker tonight is Ryan Langfield from Oak Ridge National lab.
And Ryan, I'm going to let you give your intro for your talk here, but I really appreciate you giving the talk tonight and look forward to hearing what you have to say.
[image: ]
Landfield, Ryan   0:20
Sounds good.
So again, hello everybody.
I'm Ryan landfield.
I know a lot of the people on the names on this call.
I'm part of the Oak Ridge National lab QHPC integration group.
Today I'm going to be discussing the paper and talk I gave at Quantum Week. The title of the paper is data flows and computational patterns for hybrid quantum classical scientific computing. Like I said, I gave this talk last month, for it was a workshop talk in that I.
Gave in Toronto and in the paper we describe the quantum execution framework for health.
My little rule of thumb is if there's an E, there's a vowel after the, you say that you say it like it's AK like Kiss Kit. If it's a if, there's a like a consonant, then you say Q, whatever.
But this is kelth, so kelf is a dataflow oriented framework for understanding recurring execution structures and hybrid quantum HPC scientific computing. The central idea is that the hybrid applications differ in not just what algorithm they run, but how the quantum execution is organized relative to the host class.
System and so after I talk about the pattern framework, I'll discuss several near term applications that utilize it.
So this work actually began as a different effort starting back in 2024. In my previous role at Oak Ridge, I began assembling.
Attempting to be a catch all matrix of all known and proposed hybrid Quan classical applications.
My intent was originally scientific outreach and engagement, essentially making a menu for HPC scientists, a potentially useful methods.
The idea was to ask a given scientist, given your science problem, what quantum algorithms and methods might be might benefit your workflow.
And so we started out characterizing the applications in terms of their algorithms, their scientific goals.
What the? What the what they were attempting to achieve with workflow coupling model hardware requirements.
The HPCPC balance, which was one was the driver among other things. But as the matrix grew, we began to notice something else.
Very different applications were exhibiting similarities in how to compute the data and the control move between the classical system and the QPU, and that observation became the starting point for what's discussed in this talk.
So once we have the application matrix, we need a way to compare the workflows that were scientifically very different.
So we deliberately extracted away the science and asked a small set of structural questions.
Where does the computation occur?
What information moves between the host and the QPU?
How frequently do they synchronize? Is 1 quantum called dependent on the result of the previous one?
And what computational role is the que actually playing? The ones described in those terms?
Applications from chemistry optimization, material science and simulation that looked unrelated.
Scient, but he began to look similar operationally.
And those similarities?
What gave rise to the recurring computational patterns?
So in the paper, we name and focused on five representative recurring patterns. These are not intended to be an exhaustive catalog of quantum algorithms or software design patterns.
These also aren't scientific domain categories. Chemistry, optimization, AI or machine learning can each contain applications that fall into several different health patterns.
What determines the pattern is its execution structure. What the QP was actually doing, what crosses the boundary, and then when the classical host has to intervene.
But we group the applications according to the role played by the QPU and the structure of the of the host QP interaction.
So just this is a little redundant, but let me say them so to be clear. The first one is QOL, which is the familiar quantum optimization outer loop, QASP or quantum assisted set of space projection, which uses the QPU to construct subspaces or project representation. The familiar Q.
See Bono's death in Monte Carlo, which uses the QPU primarily as a sampling engine, and then qtes, which is quantum time evolution simulation that keeps evolution on the QPU before measurement, and lastly qlao quantum Laryajiba Oracle, which is the the US uses the QU for linear Al.
Primitives with classical setup in post processing and the interesting point for us was that these patterns differ structurally in how long the computation can remain quantum resident.
Is the name, so we call this property quantum execution locality.
To which useful computation remains resident on the qpu before host intervention or synchronization. At low locality, quantum computation is fragmented.
The short kernel separated by repeated host interaction at medium locality quantum operations can be grouped into batches before returning to the host at higher locality. Larger regions of useful computation can remain quantum resident.
It's worth mentioning that locality isn't simply the fraction of total runtime spent on the Qu.
E it describes the structure and continuity of the quantum resident execution.
So this is analogous in spirit to computational locality and conventional accelerator computing.
Here.
All right, so the five patterns are naturally mapped into specific locality regimes.
Optimization loops tend to be fragmented because each quantum evaluation feeds a host update subspace, and sampling approaches naturally aggregate quantum work into batches. Time evolution and linear eligible workflows have the greatest potential for contiguous quantum resident execution.
Our paper gives ballpark orders of magnitude for the host QPU crossings, roughly 10,000 for VQA, 1000 for QAOA.
Around 100 for subspace and sampling more closely.
Order one to 10 for time evolution, quantum linear solvers and these are just structural estimates rather than measured performance numbers.
One second, there we go.
So the reason we care about locality is that these patterns stress different parts of the system. Low locality, QOL workloads, for example, emphasize rapid iteration and low latency.
Host QPU interaction, often implying a high IO overhead. The intermediate QASP and QSMC workloads favor efficient batching. I throughput sampling and classical aggregation, whereas the TTS and QLAO when they can sustain high locality.
Put much more emphasis on useful, coherent execution.
Fidelity and the ability to keep competition resident on the qpu, and it's worth mentioning that these patterns are not hardware neutral.
Feature hybrid systems may need to optimize for different workload classes rather than treating every qpu as interchangeable accelerator.
Let's see.
All right, so this work also highlights an interesting transformation question.
Which scientific workflows can be reformulated to create larger useful quantum resonant regions, and that can mean batching to work, batching work to reduce synchronization deferred measurements, so a quantum state is preserved across multiple transformations, or restructuring the workflow around subplane sub space, sampling time evolution or linear out?
That allow more compute to stay resident on the qpu.
The analogy is to GPU computing. Performance can often be improved not simply because the accelerator becomes faster.
But because applications can be reformulated around larger contiguous accelerator regions, one important caveat is that the goal is useful locality, not locality for its own sake.
So this is a slide I didn't include in my talk in Quan Week because I wasn't aware of the the nature of this work until afterwards.
But this is simply a useful example of workflow reformulation like I mentioned on the previous slide. This is work from my colleagues Xiaomin Kim and other colleagues at at Oak Ridge University of Tennessee in Q and NVIDIA, and it was also presented at Quantum Week and I believe.
It won an award, so the important point here is that conventional DQAOA has a strongly iterative inner loop.
You can run the circuit, measure, update the parameters classically, and then repeat from a health perspective, that gives us a highly fragmented execution pattern because each quantum evaluation depends on the result of the previous one.
So in their newer formulation, DQA, GPT changes that execution structure instead of performing that repeated parameter search.
A trained generative model proposes an ensemble of candidate circuits that can be evaluated together, scored, and then pass back.
To the larger optimization workflow. So the better optimization loop.
It's the literal iterative, but the inner loop has been reformulated from a sequence of dependent evaluations towards something much more bash like.
But this is such an example that reformulation found in the wild.
The performance of this is significant. In the reported study, the conventional circuit finding grows from roughly 34 seconds to more than 11 minutes as test, as the tested sub problem increases from 4:00 to 12:00 cubits, while the GPT based circuit generation remains about 30 seconds and 1:00.
Important thing to note is that these measurements were made using CUDA Q&Q quantum on an NVIDIA H200 rather than on Imq hardware, so I'm not setting this up as evidence of improved QPU scheduling or host GPU or sorry host QPU communication, but rather as.
An example of workload reformulation.
[image: ]
Naughton III, Thomas   8:57
Hey, Ryan, there's a question. Do you want to take questions now or at the end?
[image: ]
Mohseni, Masoud   8:57
Umm.
[image: ]
Landfield, Ryan   8:58
Yes.
Oh sure, I can take one now.
[image: ]
Naughton III, Thomas   9:05
All right.
[image: ]
Mohseni, Masoud   9:06
Right. I have a question about the the definition of locality here.
It seems that here you you mean local in time, not in a space.
[image: ]
Landfield, Ryan   9:16
Ah.
[image: ]
Mohseni, Masoud   9:16
You can consider situation that you have a subset of variables or like a sub graph that can be content prone.
[image: ]
Landfield, Ryan   9:22
Mm-hmm.
Mm-hmm.
[image: ]
Mohseni, Masoud   9:25
Also you could consider like a space-time separated. It means that.
[image: ]
Landfield, Ryan   9:28
Mm-hmm.
[image: ]
Mohseni, Masoud   9:30
It's a more of, you know, even like on separations of different.
[image: ]
Landfield, Ryan   9:35
Mm-hmm.
[image: ]
Mohseni, Masoud   9:35
When computational primitive are you only considering locality in time, it seems that you know.
[image: ]
Landfield, Ryan   9:43
So so I actually I there's a great paper on IBM paper on this. That's about. It was like a reference architecture is in the name.
[image: ]
Mohseni, Masoud   9:45
Your definition is not clear to me.
[image: ]
Landfield, Ryan   9:52
It's not too.
It's not very old, but basically they I use their definitions of locality or of of coupling.
So spatial coupling, temporal coupling and locality. When I say locality, I mean residency on the specifically on the QU.
Eue the parts of the computation and the workflow that remain resonant.
That's my specific definition of locality here for spatial and temporal coupling I use that.
Papers definition.
Oh, I'm glad.
[image: ]
Mohseni, Masoud   10:18
So it says it's a special temporal.
It could be either or both OK.
[image: ]
Landfield, Ryan   10:22
All of them.
I mean, it's they're all they're all part of this.
They all factor into this and I'll go into that in a little later when I talk about scheduling.
[image: ]
Mohseni, Masoud   10:29
OK. Thanks.
[image: ]
Landfield, Ryan   10:30
Sure. OK.
So this framework is currently qualitative, so validation is the next step and the paper I submitted proposed the two phase strategy.
Phase 1 uses algorithm descriptions and published data to estimate structural characteristic or its magnitude and phase two implements minimal representative kernels within a common environment, such as the one I'm using as our in-house hybrid benchmarking toolkit Q heat, and I'll explain that in a more in a bit.
So we can measure behavior consistently across.
Independent platforms.
OK.
So the first phase is putting numbers behind the structural differences that Kelth describes.
We start with a common tiny map for a hybrid workflow, classical preparation, submission and queuing compilation, GPU execution result, return, classical processing and then potentially another sing point for each health pattern.
We then ask how that same app changes for QOL. The sequence is repeatedly.
Traversed by the classifier, optimizer calls to the QPU and awaits for result before taking the next step.
Even if each individual quantum kernel is relatively small, those boundary crossings can accumulate over many iterations of the of the pattern for qasp and qsmc both move towards batching, but in different ways.
In quantum assisted subspace projection we generate a set of related quantum results before moving on to something like a classical reduced solve in quantum sampling Monte Carlo. We many quantum states can be accumulated before returning them to the classical for classical physical processing.
But in both cases, we're amortizing some of the synchronization and orchestration costs over a larger unit of quantum work.
Qts or quantum time evolution simulation represents the other end of the spectrum.
We prepare the state, perform relatively contiguous region of quantum evolution, and then return the result.
There are fewer classical quantum crossings, although the long quantum residency brings its own constraints from circuit depth, fidelity and coherence.
So phase one, the the phase one undeliverable is therefore a quantitative.
Structural profile counts plus approximate stage timings.
This gives us something quantitative to carry into the actual experimental validation.
Phase two.
This takes the structural timeline out from phase one and measurement measures it. Replacing those approximations with consistent measurements from Q heat before representative patterns become controlled.
Q. Heat workloads.
We keep inputs such as qubit count, shot count and problem scale as comparable as as the workflows allow to collect a common telemetry scheme and execute across multiple backends.
The key output isn't just the total runtime, it's the distribution of costs across the timing map.
That lets us test 2 hypotheses whether a health pattern predicts a repeatable system level cost signature, and whether a particular architecture architectures are better matched to a particular execution. Shapes and those relationships hold.
Kelth becomes more than just a taxonomy. It becomes a measurable basis for workload prediction and system Co design.
So since developing the framework, we've begun using it in a couple different directions.
The first is Q heat or quantum hybrid evaluation and assessment toolkit. Rather than selecting quantum algorithms arbitrarily, calc gives us a rationale for choosing benchmark workloads that can span meaningfully different hybrid execution structures or orthogonal aspects of the of the workflow.
2nd is Q. What I'm being a little cute with the title there, but quantum workload analysis toolkit, most HPC and TC assets produce good operational information like job metadata.
Circuit runtime and utilization data that doesn't necessarily tell us what users are doing algorithmically.
Health gives us a compact structure of vocabulary that we may be able to use to interpret workload telemetry. So from a bird's eye view Q.
He asked.
What representative workloads?
We should test.
Do what asks.
What workloads users are actually running and health provides a common basis and vocabulary for both.
Now this is a slide from a different presentation, but I wanted to include this because it provides some big background motivation for.
Why the patterns became something you know, we we sought out.
We we looked for because.
The motivation it's is for Q.
What specifically is it?
Probably run into operationally for years. What people say they intend to run an allocation proposal and what they actually execute can be different. Sometimes the proposal, something doesn't contain enough detail, or the user's job expectation or needs evolve.
They maybe have to redo something and so things change.
This goes back to 2024 at our Oak Ridge Quantum Computing User Forum, where we got the question.
What is the algorithm and application cross section that our users were running and we had to reply?
We don't know.
So to get a better picture of this, we started making our users tell us what they were going to run more explicitly in terms of algorithms, applications and workflow shape.
We realized that even that was a rough approximation. They when they tell us when they asked for it and what they actually do, there might be some we wanted to try to try to match those as best as we could.
So you want was our idea for approaching that from the other direction using the available circuit job and execution metadata?
And for workload characteristics from actual usage to create like a pie chart of what algorithms and applications were being actually conducted.
Our first goal is workload characterization.
For example, can we identify a recurring algorithmic health patterns from job behavior? From there it becomes useful for resource demand forecasting as well. If we know what kinds of workloads people are running their execution frequency, that should behavior certain characteristics and resource consumption. We have a much strong.
Basis for thinking about future quantum capacity.
And scientifically, it gives us a way to test whether health taxonomy corresponds to what we actually observe in practice.
This is this is something that kind of came out of the last Laura's talk at Quantum Week, the last discussion.
Anecdotally, I think it comes up from let me see here, came up in the last section one week about how note cloning prevents checkpointing and so basically.
I-11 challenge that I'm very familiar with when educating new quantum computing users is when you try to translate quantum execution into a unit of work.
That the HPC community already knows how to reason about.
If I start saying the QPU is a sampler or quantum execution stochastic, in my experience that's where you start to see people's eyes glaze over.
People who aren't don't necessarily have a quantum background or are primarily HPC folks. Those statements are technically true that it's a sampler in that it's stochastic.
But what I've described is the device rather than the useful computational abstraction, and I risk losing a big part of the HPC audience right there.
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Ferguson, Michael   16:50
Hmm.
[image: ]
Landfield, Ryan   16:53
And so an individual shot or QPU call is a constituent operation, but it's usually too fine grained to be the thing we calculate.
We schedule compare checkpoint or account account for as a completed work.
So I I like this concept of using the patterns.
To make things clearer, and basically the quantum computational work becomes clearer at the pattern level as a circuit ensemble at an iterative loop as a batch evaluation, a mitigation workflow, and so on.
That recurring pattern is repeatable, schedulable and comparable. In that sense, the pattern is the relatable unit of computational work.
That when I'm that I can make someone understand.
1P distinction is that the pattern defines the work structure, but the user ultimately cares about the completed execution of that pattern through the required number of shots or stopping criterion.
So the completed pattern produces the expectation value optimized parameter or other scientifically actionable result.
And This is why I think this is just an example of how kel's pattern instruction might be useful. Beyond just classification, it gives us a granularity at which HPC systems can reason about scheduling, checkpointing, performance and cost.
And the hardware affinity across different.
GPU types and algorithms and so to go back to the my anecdote.
Basically my point was to suggest checkpointing has to be done after these. You know at the points of each of these units of computational work.
OK.
This is. This also captures a realization that came out of a quantum week panel discussion. Amir's panel on I want to say it was resource.
Scheduling. Basically, once we realized we could describe workflow bias.
Actually execution pattern a natural question emerge.
Could a scheduler benefit from using that information as well?
So a health pattern aware scheduling system and this is hypothetical.
Client Q Pass for short but then allow informed decisions about where, when, and how a hybrid workflow should be executed based on its underlying execution pattern. With an HPC system with multiple, this is this is, I think, a key point with an HPC system with multiple GPU mod.
Such a system qpass could use the KEF patterns to help route workload toward the resource best match for that particular workflow's execution needs.
And so it's worth mentioning Qpass and Kuwait aren't a serial pipeline.
They said at the same extraction layer at opposite ends of the workflow cycle, using the same Telstra qpass is perspective.
It's an incoming workload or a cyclic graph, and identifies the relevant structural pattern and locality, and use that information to choose a back end and scheduling policy to what is retrospective.
It sees what actually was actually executed and uses the same vocabulary to classify the workload. The measurement's behavior and cost, and to identify stray structures for further study.
Let's see.
So an important research question is whether pattern identity actually changes the best scheduling or placement decision.
If it does, that makes kelth move from just from a descriptive taxonomy to a more operational obstruction or QHPC resource management or management.
All right, so this slide separates the three kinds of information qpas could use. The 1st is application declared intent card requirements, hardware, preferences, deadlines, priorities or an optimization objective such as minimizing cost or times of solution.
2nd structural information inferred from the workflow itself using the calc vocabulary pattern, locality, dependencies, iteration, batching and residency potential, and this is where the same classification logic developed for QAT could be reused prospectively without making.
QAT itself.
Part of the same runtime path, the third device.
3rd is device advertise information topology.
Native operations Q state execution model and cost information. The Q Pass concept combines those 3 inputs and selects the back end and scheduling policy.
Unknown or low confidence patterns would fall back into a safer general policy.
But the telemetry isn't pertained, so QAT can investigate what they represent, if they, whether they represent newer or refined health patterns.
All right, this is another insight that came later that I think is interesting.
But Faust is a natural second axis for the QQ password architecture.
Because better accounting models are heterogeneous and often difficult to compare directly, qpas needs perspective estimates.
How much time Q exposure and resource uses usage?
Is this pattern likely to incur on each feasible back end? And which option best satisfies the user objective?
Q Heat provides the controlled experimental basis for those predictions.
By measuring measuring.
Pattern by by scale and back end behavior across systems. If you want closes the loop retrospectively by measuring what workflow actually what the workflow actually consumed and how cost.
Scaled in a real facility, use. We could preserve vendor native accounting rather than forcing everything into one building unit and then normalize measures across, such as cost per workflow and cost per valid result. The long term feedback loop is qwat measures the cost surface, QV models it and.
Qpass would use those models to inform future.
After scheduling decisions.
Let's see.
So I'm actually gonna this was originally a one week 12 minute talk. So I expanded it, but I'm still gonna cut.
I'm still essentially done.
Now I'll close with a few key takeaways first.
Very different scientific applications can share hybrid execution structures.
Second, quantum execution locality gives us a way to connect those structures to systems.
Questions like latency, synchronization, throughput, throughput, coherence, scheduling, and hardware affinity.
3rd the framework contended to become predictive not only descriptive, and since I first presented this from a quantum week, it conecationally clear that the same extraction, extraction, excuse me, extraction may also be useful for benchmarking workload analysis, cost modeling, and ultimately pattern aware scheduling.
Apparently, the useful localities, heavily constrained by NIST error rates and coherence as fault tolerant systems, emerge somewhere, flows that can't practically sustain long quantum resident regions today may become candidates for reformulation.
Which means the important question to answer in advance is which patterns or combinations of patterns have the greatest latent potential.
Benefit from increased execution locality. Ultimately the question is not only which problems Quantum Peters can solve, but how those problems are expressed. Thank you.
That's it.
Can you guys hear me?
[image: ]
Naughton III, Thomas   23:20
Yeah, really good. Thank you.
[image: ]
Landfield, Ryan   23:21
Cool. Thanks.
[image: ]
Schulz, Laura   23:22
OK.
[image: ]
Naughton III, Thomas   23:24
Excellent.
All right.
Well, I've got a question or two, but any from the the group before I ask mine.
Go ahead, Laura.
[image: ]
Schulz, Laura   23:36
Yeah. Just really quick question.
So the so this is this is great. Ryan. Really nice job and really well thought through.
The the status what is the development status of the Quell? And by the way, Q?
What should be Q, what and?
[image: ]
Landfield, Ryan   23:52
Agreed. Agreed.
Technically, CASP should qasp should be cast, but I'm I wanted to introduce them for the first time and then I'll you know, internally I I use them based on that. That logic of vowel or consonant after cue.
[image: ]
Schulz, Laura   24:04
OK, so development wise then this is conceptually and now we're moving to to hard coding them.
[image: ]
Landfield, Ryan   24:10
Yep, as I already have the kernels all all there.
Basically what I'm what I'm the next step, I told Amir.
[image: ]
Schulz, Laura   24:12
OK.
[image: ]
Landfield, Ryan   24:15
Like once I give this talk my this is my event horizon for for this discussion.
But I have the kernels ready to go.
I the next, the next step is basically implementing them locally and on the cloud. I want to do both.
You know, I want to try, you know, to kind of get estimates and understand again, like, you know, there's a lot of questions that remain answered.
We have to work with each vendor to determine what you know because what the client provided by each vendor isn't necessarily the same.
Right. And I need to know, you know, what can I read and what more do I need a while back came up that like something I need in the metadata is kiscuit version right.
I need to know to actually make sense of the data. I need to know what? What's? That's something that's not necessarily intuitive, but you know it's something I need.
You know, so basically there's a lot there.
We may be.
And again, there's a narrow there's there's limited number of this.
This would probably be impossible on regular HPC, but it's by virtue of the fact that there's this hybrid connection and there's a limited number of algorithms primitives. At the moment it's very quickly expanding, but, but it's still, you know, that's kind of what we're.
Basically, that's what we're trying to do at the moment.
[image: ]
Schulz, Laura   25:20
Yeah, yeah.
And the telemetry part is another onion layer to to go down. We we can talk about that one later, but I'll let others ask questions. Good job.
[image: ]
Naughton III, Thomas   25:30
Thanks, Jeff. I think you're next.
[image: ]
Landfield, Ryan   25:30
Thanks.
[image: ]
Heckey, Jeffrey   25:33
Yeah. Thanks a lot.
This was a really interesting and and very informative talk.
I I really appreciate the approach here too. I was curious.
[image: ]
Landfield, Ryan   25:46
Thanks.
[image: ]
Heckey, Jeffrey   25:49
Have you actually been able to determine any any results of what the workloads are? Or are you mostly in this categorization for observation phase?
[image: ]
Landfield, Ryan   26:00
There's two phases basically.
So first, so we have a massive and I'm not the only one doing this work.
There's similar people thinking one similar lines.
Basically the the lens through which I look at this result is the is this execution locality and with that we broke things into two different groups.
We broke things into scientific workflow patterns and infrastructure patterns.
Here I'm just focusing on the scientific workflow stuff.
I've I don't have a slide for it, but I've created this giant tiny map.
That is basically phase one and I do see meaningful differences in and. I also this is a little back story, but before I came up with this queue heat thing I had, we created Oakridge, an internal quantum only mapping kit called Q map quantum metric.
Assessment platform and this was basically just to kind of you know, I chose a few algorithms that were orthogonal in their impact, just literally to test it was meant to be a diagnostic tool.
To kind of test the health of the quantum systems like you know, I run it today and I run it next week. And if there's a difference, I should know what what I should be able to find out why.
And so then from that I was able to get timing data you know for for you know for each vendor that kind of thing.
So I've got that, and then there's the. Then it basically the next step depends on the coupling, right?
Is it?
Is it a local system?
Am I doing it over the cloud?
That kind of thing.
So you know that's that's basically where that all that changes that face space changes.
So that's kind of now that we have the Q key kernels, I'm ready to test.
So basically that's kind of going to be and I feel I feel bad for many vendors because I've been had this on the back burner but with quantum week and with SC and planning, I keep having to table the actual deployment.
But this this talk is essentially my the last barrier so that I can now focus on actually deploying them and kind of understanding the the landscape that I see after.
After we actually deploy them.
[image: ]
Heckey, Jeffrey   27:59
All right.
Thank you very much.
I appreciate the the feedback in the talk.
[image: ]
Landfield, Ryan   28:03
Thanks.
[image: ]
Mohseni, Masoud   28:08
Yeah. So great work, Ryan.
[image: ]
Landfield, Ryan   28:11
Thank you.
[image: ]
Mohseni, Masoud   28:12
I really like the approach of thinking about it in this abstract way of categorizing, but I just want to see if you consider pattern in the problem themselves rather than like I think the way you assorted categorizing is based on the known quantum algorithms and how they would.
[image: ]
Landfield, Ryan   28:29
Mm-hmm.
[image: ]
Mohseni, Masoud   28:29
Fit in like different pipelines or workflow for quantum algorithms.
[image: ]
Landfield, Ryan   28:32
Mm-hmm.
[image: ]
Mohseni, Masoud   28:34
But you can consider this in more abstract like in problem space already.
Like, forget about having quantum or classical solver or anything like the notion of locality. It can be defined in problem space depends on also what kind of like dynamics you want to simulate, like for example for manybody system quantum dynamics. In short, very short term you can do.
Showtime skills. You can apply tensor network in some intermediate regime.
Might be more quantum prone and later time might be intractable.
And this leads to a different kind of characterization, where it's based on desired accuracy. It gives you different amounts.
Secret depths.
Residency requirements. Let's say QPU, which would be very interesting to go beyond this, let's say to early of TQC and.
Like saying that.
You know, is this a mega club or Giga club?
[image: ]
Landfield, Ryan   29:30
Mm-hmm.
[image: ]
Mohseni, Masoud   29:31
Required it.
It's a different residency, you know, in in your language, using the language you're using is that same certain sub problem might need like a longer, you know, more accuracy. So you need to increase ticket depth.
So sometimes you might be getting away with, you know, some tensor network contractions.
Sometimes you need to run other nisk or you know.
Gives you different.
A space-time trade off.
If you consider this way, have you looked at it at this depth?
To basically connect the patterns at the problems to to modify the workflow, because this is kind of my approach at HP, we want to build things from the problem space.
[image: ]
Landfield, Ryan   30:03
You see.
Let me stop sharing for a second.
I'm gonna actually unhide a slide that I had hidden at the end.
I added a couple slides that were essentially in case someone asked that question.
Just a second.
OK.
Let me share again now.
[image: ]
Mohseni, Masoud   30:33
So did you hope to get this question or you didn't?
[image: ]
Landfield, Ryan   30:36
It's when I anticipated.
It's one that basically I I have been wondering about myself. Let me share again.
[image: ]
Mohseni, Masoud   30:42
OK, cool.
[image: ]
Landfield, Ryan   30:46
Here we go. Let me represent.
OK, my team's window is blocking my PowerPoint.
Here we go.
Of the Mac wheel.
There we go.
OK.
So this was kind of a more.
Let me do my presenter view.
Sorry, my laptop is from 2019. I think I need a new new one taking a stack.
Well, I can just answer your question while we're waiting for here we go.
There we go.
So as we moved from this towards fault tolerance, I think a lot of costs are gonna change, right? The overhead from certain operations is going to go down.
Knock on wood, hopefully that's that's here we go.
This is the slide I want to show you.
There we go.
So SKQD, that's one that I thought would notably benefit as we go towards fault tolerance.
So essentially, you know, as things improve, I expect that we're going to see many different aspects of improved performance when you go towards fault tolerance and in terms of what can be done, you know in terms of.
You know again the prismite or the lens went through, which I look at things as locality potential. This is an example of a particular algorithm or workflow that would benefit more by being able to remain on resident longer.
And so basically, you know beyond that this is just one I focus on.
I'm I'm I focus on these particular algorithms because each of them captures some aspect of of execution locality.
But it's possible that not only increased, you know as noise.
As error correction improves as.
Fedely improves that.
We're going to see a lot more different algorithms that can that can go in and we're going to have to revisit this continually continuously because one of the fun things about this field is every week or so, I hear about some new application or some potential reformulation of.
A particular algorithm into a different shape, or even a new out once in a while.
A new algorithm, and so that's the kind of stuff that's very interesting, but I think this is a dynamic work. I think we'll have to.
Kind of. Every now and then check back in and see what's changed based on the change in.
You know.
What's what's available in terms of hardware, but also that goes back to that question about Q.
What about how we wanted to know not only what our users were doing this year, but last year and next year, right?
We want to see where people are moving the work right, you know, in terms of the algorithms applications because.
I had a discussion with some folks at Quantenium about this.
That was Eric.
Correction improves.
I think you're going to see the boundary from NIST to fault tolerance.
There's going to be activity near that boundary.
Where as the air correction kind of gets to a particular transition point where it gets good enough that you know there might be kind of a interregnum phase where like we're not quite fault tolerant, but we're really getting out of NIST.
And so I'm curious to see how this work will change as we get there.
That's a long way away. To answer your question, but.
[image: ]
Mohseni, Masoud   34:02
Yeah. So but, but I want to. Yeah. Thanks.
I can't see where you are going with this slide, but I just want to say as part of my comment was much more general. Like I I'm saying that you know this is related to some understanding happen like around 20 years ago with Paul Ozanne and others that.
10s of product structures.
They are observer in the use that based on what observers you are measuring.
What accuracy you need at what time?
[image: ]
Landfield, Ryan   34:34
Yeah.
[image: ]
Mohseni, Masoud   34:35
Skill. You're looking the entire tensor structure of the problem.
Changing it means that then the the notion of locality and everything would change.
This is fundamental that, like you know, it's a quantum.
Anybody physics?
It would change the notion of locality fundamentally in the problem space before envisioning any quantum algorithm.
And so I think, you know, I LED NAMI to comment on this.
[image: ]
Landfield, Ryan   34:58
Mm-hmm.
[image: ]
Mohseni, Masoud   35:02
I think his family are the deadline not work. Yeah.
[image: ]
Landfield, Ryan   35:05
Let me before you go, let me jump back to Song Min and Insane slide.
[image: ]
Anand, Namit   35:06
Yes.
[image: ]
Landfield, Ryan   35:12
Let's see.
Sorry, my team's just taking a while again, this is the one where the the the DQAOAGPT that when I saw that for the first time that was even different method of when I when I talked when in my mind when I was envisioning I execution locality I.
Always think of qtes the quantum time evolution simulation where I imagine kind of like, you know, a a long resident. You know Trotter Hamiltonian evaluation for example.
In some men in sing and other folks's work that in the in the that paper.
That's just a, you know, it's a bunch of batches going on.
It's it's a bunch of. What was this?
You know a iterative loop going in together like it's an even.
It's an even orthogonal direction.
It's versus, you know, just one continuous calculation, right?
So that's yeah, there's there's many different aspects of this that I think will.
There it is.
Will be able to to be utilized to be exploited to pot for reformulation.
But anyway, sorry.
I get I get a little long winded.
[image: ]
Naughton III, Thomas   36:14
So nahi if yours is Jermaine to this, please continue.
[image: ]
Anand, Namit   36:14
Can I ask a question, Ryan?
[image: ]
Naughton III, Thomas   36:21
Otherwise, UN I I saw your hand go up, so I don't want you to lose your your question.
So so if yours is.
[image: ]
Eun Kyung Lee   36:28
Oh, thank you.
[image: ]
Anand, Namit   36:28
Yeah. You're gonna go first. Yeah, basically.
[image: ]
Eun Kyung Lee   36:30
Yeah. So basically, you know, my question is a partially answered, but I can, you know, still ask questions.
[image: ]
Naughton III, Thomas   36:31
It it.
[image: ]
Eun Kyung Lee   36:37
So seems like this requires a lot of profiling effort and so some of the metric I think you showed of show already you know some of the metrics about the compile or something. Can you, you know maybe explain a little more about the what kind of metric you.
Thinking of for the profiling effort.
[image: ]
Landfield, Ryan   36:56
So this began as a profiling effort.
That's that's 100% accurate.
Basically this was born out of like I mentioned. I had this in addition to Q heat. We started out with Qmap.
That was about profiling and creating kind of a diagnostic baseline for each machine's back end.
For just for general quantum computing, once things became hybrid, you know, that's again where I started seeing this. These patterns emerge and that's sort of where I, yeah, we we need to have a.
Let me let me say it this way.
Here's a better way to say it. When I created Qmap, I was choosing the smallest and this is terrific Q key as well.
The smallest example of a particular kernel, the minimum number of qubits required to get it done. Because this isn't, this is like baseline profiling.
This isn't scientific utility profiling, right?
Like for example with with Linpack, right?
We have.
We're trying to see what the maximum thing that can be done on a on a particular HPC asset is.
And I know we've everyone's been talking about like, you know what?
Is that the Linpack for quantum right?
This is more literally creating a floor so that we can, you know, a profile baseline floor for the particular hybrid workflow.
So then we can maybe try someone from IBM once ask me like what's your dream?
What's your dream scenario?
My background is actually in computational astrophysics, and Martin Savage has done some and some other folks have done some really interesting stuff using.
Neutrinos.
Neutral modeling and I would love my my for my dissertation.
I did modeling different nuclear equations of state in a supernova simulation and I was doing in 2D.
Now we can do in three DI would love to have the ability to call from Frontier or Discovery call out to IBM or INQ, or on onsite system and actually do a real neutrino.
You know calculation in flight, you know that kind of a thing.
That's the kind of that would be the scientific utility, benchmarking that I'd love to show, but this isn't that.
This is literally just trying to understand what the floor is for a deployable hybrid workload. To then understand a scientific utility.
Computation in in in context to see like where we can improve 'cause. I imagine we're gonna you know that we're very limited right now and what we can do by IO by you know how is it how how is our spatial and temporal coupling. You know even the.
Batching. There's that idea on paper I mentioned there was. They also talk about time.
Like is it, you know, real time near term batch level that kind of thing and so.
Yeah, there's there's gonna be a lot of different lenses to which we look to see how you know how and.
What characterization and profiling we can really do but but again we have to try and then we'll see where we're at.
[image: ]
Eun Kyung Lee   39:38
It makes sense. Thank you.
[image: ]
Landfield, Ryan   39:40
Definitely.
[image: ]
Naughton III, Thomas   39:40
All right.
Thank you.
And now let me thank you for your patience.
[image: ]
Landfield, Ryan   39:43
Gonna be.
[image: ]
Anand, Namit   39:44
Hi, no worries.
Hey. Hey, Ryan. I want to understand. Because so I think I get the description of your quantum execution locality. To me it seems.
To have a flavor of the structure we look for in distributed quantum computing, which is something that is spatially and temporally local, maybe even kind of there is some density in the quantum circuit in this thing and sparsity across space and time.
And so you know that that makes like a good thing to put on a single qpu.
Chop it up in time and then you do to kind of batched things between them.
Do you see it like that?
Do you see it in a slightly different way?
Because then I have a more formal statement. I would like to make, but I first want to get your get a sense.
[image: ]
Landfield, Ryan   40:32
Go back to the earlier the previous question.
I'm looking at. I I look at this from a crawl before you.
You walk before you run.
Perspective and basically like you're mapping it out.
I'm not even talking about parallel.
You know, computing quantum computing yet.
[image: ]
Anand, Namit   40:44
Mm-hmm. Mm-hmm.
[image: ]
Landfield, Ryan   40:44
I'm just trying to map out a a serial even if it's iterative, but like a a serial workflow first before we begin to, you know, kind of use what we learned there to go to a distributed model.
Because I kind of think we have to, you know, identify.
We can now before things kind of get reformulated in different directions. I expect reformulation to be a very productive direction, and I expect that kind of historically we see that with GPU's, right?
[image: ]
Anand, Namit   41:11
Mm-hmm. Mm-hmm.
[image: ]
Landfield, Ryan   41:15
It was more, you know, GPU's obviously can handle a much more diverse.
Workload, workload, shape. You know, you know, family or hierarchy than CPUs at the moment.
But that's kind of where I started.
[image: ]
Anand, Namit   41:30
Right. Let me let me try to make it more concrete, right.
So imagine I give you a quantum circuit on 10 qubits, and I know for a fact that the first five don't talk to the next 5 at any point in time.
Is that quantum execution local in your framework?
[image: ]
Landfield, Ryan   41:48
Did it one more time?
[image: ]
Anand, Namit   41:49
So imagine they give you 10 cubits, like you've you've 10 cubits in a 1D chain.
And I know that the first five there is a circuit on the 1st 5.
The circuit on the 1st next 5 and these two don't talk each other.
There are no cross 2 cubic gates across this five in this 5, right?
So there is basically a natural partition.
In your language of quantum execution locality.
Is that is that what you would call quantum execution local?
[image: ]
Landfield, Ryan   42:15
I would assume this is naive.
I'd have to think about the question further, but I would assume that you would call each each group that is communicating.
You know, because I'm defining it at where?
Where do you sync back to a classical resource?
You know, and where does something stay quantum resident?
I have my own goals here in terms of like which algorithms I would bet on for being more having a higher potential for locality, or for how it would change the workflow. If you can remain quantum local or execution local.
And I think we'll that's that's for the next.
I want to have results where I demonstrate it and so I'm keeping some secrets. But but basically yeah, there are some aspects where we might be able to change that definition exactly if via like you know mid circuit measurement, things like that. You know there's gonna be other.
[image: ]
Anand, Namit   42:47
Fair.
[image: ]
Landfield, Ryan   43:00
Aspects that that come into play.
[image: ]
Anand, Namit   43:02
OK, OK.
Thank you.
[image: ]
Landfield, Ryan   43:06
Thanks.
[image: ]
Naughton III, Thomas   43:09
Audio.
[image: ]
Claudio Siqueira de Carvalho   43:11
Yeah. So you you mentioned about the patterns once you determine the the pattern, do the mapping after that. I think there is an other levels of mappings or categorizations because once you know the patterns, you mentioned that one one next step could be to rescheduling part how you.
Could.
Inform the scheduler about this.
Currently we have this quantum resource management interfaces.
We have the vendors, we have the multiple schedulers.
That to me seems to bring up new questions such as how you integrate with all this. So I know that you're doing the base here the base, but have you explored about this, how you would integrate this information with?
The other other software stacks.
[image: ]
Landfield, Ryan   44:03
I must.
I would love some feedback because I'm a scheduler newbie.
I literally wasn't thinking about scheduling at all until Quantum Week until Amir's panel.
[image: ]
Claudio Siqueira de Carvalho   44:13
Mm-hmm.
[image: ]
Landfield, Ryan   44:16
Yeah. No, I I definitely think there's gonna be there.
There are many people on this call with more scheduling experience than me.
I will have will have to see how to do it.
Right now I was thinking it more from the retrospective analysis how to actually deploy that, what telemetry and timing and cost surface data is needed. That's.
[image: ]
Claudio Siqueira de Carvalho   44:30
Mm-hmm.
[image: ]
Landfield, Ryan   44:34
Yet to be to be figured out.
[image: ]
Claudio Siqueira de Carvalho   44:37
OK.
[image: ]
Landfield, Ryan   44:38
I will.
I will add an additional level of complexity and this is this is going to part of what I'm curious about. The future is combinations of patterns.
How that kind of effects things? If you're trying to have more complicated applications that use pattern combinations.
[image: ]
Claudio Siqueira de Carvalho   44:55
OK, OK. OK. Thank you.
[image: ]
Landfield, Ryan   44:58
Thank you.
[image: ]
Naughton III, Thomas   44:59
Thank you, Michael. I think you're next.
[image: ]
Ferguson, Michael   45:03
Thanks. Thanks for the talk.
My my question may be a little bit more philosophical, I see.
I see you've observed this pattern.
Or perhaps it's a a hope that we'll have.
Work flows moving towards higher locality, or in other words, longer Qubu resident regions.
And my question is, as you're creating these sort of catalogs of patterns?
And gathering timing information about those.
It would be tempting to use that information when designing systems to say, well, here are the kinds of things that people are doing, and we'll make the system be able to do that. And my question is, do you think that's an appropriate thing to do at this stage?
Or with this information? Or do you think that?
The either the the work you have or the community is not ready for that yet.
[image: ]
Landfield, Ryan   46:04
I think it's worth trying to see what we can glean because I agree that we're kind of this.
This goes back to the fact that we wanted to analyze what our users were doing algorithmically, not just right now, but create a backlog to see where things are going and that could possibly be what becomes the more informative for resource planning.
And system planning and integration planning that might become the most interesting thing.
And again, there's that fault tolerant horizon, which is another thing that's hard to see.
Cross because I again it would require someone coming up with a novel implementation to really take advantage of that.
That I think would be where we kind of really start to see some interesting stuff that could change this or change how we use this.
So I mean, I'm going to try it, you know, and I don't think I'll be alone in doing so. And so I think that you know, we're we're definitely curious what we can do and I think the other benefit of trying it is to is to kind of.
Understand what challenges we run into right into.
Kind of where they're probably unforeseen aspects of it.
Telemetry needs that are that are currently not not fulfilled or available, that we might need to implement on an ad and it's one of those things where.
I don't.
It's paralysis, but at the same time I do want to, you know this right now I think is deployable and that's why I focused on this baseline benchmarking and profiling, not scientific utility. Yet because, though, you know, a lot of our our vendors and a lot of our.
You know the you know, people who monitor the field are interested in the scientific utility stuff.
Just getting creating the floor on which to walk I think is kind of the the the step here.
[image: ]
Naughton III, Thomas   47:42
Jeff.
[image: ]
Ferguson, Michael   47:43
Yeah. Thanks.
[image: ]
Naughton III, Thomas   47:44
Oh, sorry.
[image: ]
Ferguson, Michael   47:44
I I think before we go to Jeff, I'll just, I'll just leave you with the thought that.
You know in, in using this kind of analysis about what what people are able to do today, we shouldn't curtail possibilities of what the system could do tomorrow.
Because we we might not be able to see what those are yet and if we can see those possibilities.
Then we can avoid curtailing them anyway.
[image: ]
Landfield, Ryan   48:15
100% and then to go back to Laura gave a talk.
[image: ]
Ferguson, Michael   48:17
On to Jeff.
[image: ]
Landfield, Ryan   48:19
Jeff, one second.
We have instilled time.
Laura gave a talk for this call series on this Octopus analogy of, like, how quantum computing requires multiple different brains.
You know it's there's the scheduler people. There's the application people. There's the, you know, kind of the infra people and there's all kinds, you know, in this.
I'm really glad we do these meetings because this is a subject that I think that requires this kind of feedback in exchange to talk about.
Exactly that, right. Because you know, I sit kind of on the on the border between user experience and user feedback side, but then also on integration.
But I have a physic background and I moonlight as a geneticist in genetics and so like there's all these different applications that that become have different the different interfaces.
And so it's, you know, quantum computing in general seems to be a field of people who can sit on fences and kind of talk to two different group of people with expertise.
IA 100% agree that as things move forward, there might be aspects of utility that we do not want to bottleneck or we don't want to close them off as we move forward. But this is just even try to identify them to try to kind of like see.
Things through a different grammar so that we might possibly identify.
Relationships that, that, that can be informative.
[image: ]
Ferguson, Michael   49:34
Thanks.
[image: ]
Landfield, Ryan   49:37
Jeff.
[image: ]
Heckey, Jeffrey   49:39
You you started down the path that I was.
I I wanted to follow up on Michael's question of, you know, do you foresee that there are risks to premature optimization that we might also discover?
Where the use pattern today just informs the the devices that we build tomorrow and we find out that that's not the use pattern of tomorrow.
[image: ]
Landfield, Ryan   50:07
Yes and no.
I think that OK, so I always make the joke that, you know, quantum computing is sort of in the halt and catch fire age of its development, but it's moving much more quickly than than things did back then.
We're also at another allergy I use.
We're at the sort of the VHS versus Betamax era in terms of cubit modalities.
I'm like several others I've spoken to.
I'm not a backer.
I have no horse in this race, right? I don't.
I'm not hoping one modality worth 1 doesn't.
I'm hoping they all work.
And that they can work in concert. And this is a really interesting face face because each one provides different benefits. And there's new ones appearing all the time, right?
There's, you know, we have the, the, the nitrogen vacancy stuff at Oak Ridge.
We have.
You know it's transvand stuff.
And then there's the. There's the iron trap stuff.
There's also other ones.
There's there's many out there that are very interesting. And so I want to keep all of our options open.
I want to map what we can map now.
And what if we if there's something we run into?
Why we have trouble mapping a particular technology that tells us something, right?
And so I think that's an additional part of this.
And I don't think again.
I never thought I'm a theorist.
My background is actually theory, but this is, you know, being able to deploy this stuff is really interesting and it's and it's really you know, so I like that there are these different. I myself enjoy doing this kind of stuff because of that because there's so many near.
Term lohain fruit aspects of this.
To test and check and then look for differences and understand why.
So I think I don't see it as a danger.
Right now I think.
Looking at his water, like on a landscape like, you know, as something becomes usable, people are gonna flock to it.
That's why we kinda wanna do the analysis so that we can see what our users are doing and anticipate something before you know needs before there's a bottleneck. But at the same time there's a street light effect in physics, right?
Like you know, as as a technology becomes easy, but we'll probably focus up there where harder stuff may have better pay off.
That's not for me to decide.
I just wanna try to map it.
[image: ]
Heckey, Jeffrey   52:03
Thank you.
[image: ]
Schulz, Laura   52:09
Yeah, just just a general comment. I mean, with all of this, I mean, all of this is a moving train, right?
And so in terms of the algorithms that we already have and so we're already, I mean we have to be really careful that we're not, we're not solidifying assumptions and and pattern observations based on what we currently have and everything from the current algorithms they have and the.
[image: ]
Landfield, Ryan   52:16
Mm-hmm.
Mm.
[image: ]
Schulz, Laura   52:33
Current you know workflows that we have all this.
So I mean, I just in general this field, we just have to keep.
Very loose and open because as we as we start applying you know if we start applying, you know AI to these to to better quantum algorithm development we're going to be constantly and and I hate to say this but in in one of my earlier careers because I.
Had several of them at this point, you know, I was.
I was really into paleontology early in school and what I loved about paleontology is that nobody could stay definitively that that something that something happened a certain way, because the only thing it took was a new being discovered or something to to counteract your, your, your, your hy.
So I mean all of this, I guess my point is all of this is hypothesis and we still have to go through and explore, but we have to be open to to new evidence that comes our way.
That was just an observation.
[image: ]
Landfield, Ryan   53:26
Vernet shins don't have hollow bones. That blew my mind.
[image: ]
Schulz, Laura   53:30
There you go.
[image: ]
Landfield, Ryan   53:30
But basically, yeah, no, I I agree entirely, yeah.
And again this work, this actual mapping and profiling.
May you know, get lost in the churn if if things go a different direction or you know the application space changes dramatically. But I feel like it's good to benchmark what we can while we can.
You know, and in a particular regime, even just to repeat this process over the course of of time to see what's changing and what's what's where, things are accelerating.
[image: ]
Naughton III, Thomas   54:01
I think we have time for one more, Nick.
[image: ]
Nick Wright   54:03
Yeah, I mean, just to pull on that a little more.
Do you have a notion of?
Error bars or you know if you were to change this assumption in this way along the lines of what you're talking about, how it would change your conclusions.
[image: ]
Landfield, Ryan   54:19
I would say that what we first have to do is on a hardware by hardware basis, right?
Kind of map things out and then basically we could kind of going from phase two to like a phase three would be to look back to phase one and see if we kind of tweak things a little bit like change you know the the timing and 1st for.
Mapping the timing and then we can ask the question in hindsight, what if the timing was a little bit better?
What would that change, that kind of thing, or what would you know the coherent variance approved?
So I think it's we quantify.
Again, I don't think this is a phase one and phase two thing.
I think this is a Phase 345.
Etc. Like as things as we kind of like try it once, get better integration, have more.
You know, so in my old role I was in user support and we would complain to the vendors for years and years.
About the WWQ problem and if a WQ problem didn't go away, this was a moot point.
And now we have things like qrmi and qdmi to actually try this on the cloud.
And so I would say.
We have to map things now.
With what we can map things with now.
And then as things improve, repeat this process to kind of see how that floor moves.
Get Laura into Brian.
Or Thomas.
[image: ]
Naughton III, Thomas   55:33
Yeah, you have one more, Laura.
[image: ]
Schulz, Laura   55:35
Yeah, yeah, it was just a just. So this is. Yeah, this was kind of. This is really converging.
I really like this.
This is converging on a thought, a pattern that I was going down.
It was really pulling apart, pulling apart.
An entire use case and really going in depth.
You know, decomposing it, getting all of these steps, but then going down at each and every layer.
And this is really I mean this is you're doing this from the you know a workflow perspective. I was thinking about it from a workflow, but really kind of all of the pieces.
Is in the matrix like what's happening?
And so to your point about, you know, you change up one particular cell within this. You know this, this matrix of what's happening across the workflow and the different dimensions and turning including the software parameters, the hardware, the the networking, the timing, all you know all of these.
Components you change one thing and then if you start, if you've got a pretty good picture or pretty good model, you could start to see where changes.
Pull on other components.
Parts of the cells you know the other parts going down the line downstream or upstream or dependencies, I mean. So I I think I think this is a really valuable exercise because it just more than anything it gets us to see.
[image: ]
Landfield, Ryan   56:39
Mm-hmm.
[image: ]
Schulz, Laura   56:49
It gets us a document, but then it gets us to see these pieces and it gets to see the dependencies and the and the processes involved.
[image: ]
Landfield, Ryan   56:51
Mm-hmm.
[image: ]
Schulz, Laura   56:56
So for that, even even if we do change this and we change our thinking, this is a really good exercise to hone in how we see it and also how able to communicate it.
[image: ]
Landfield, Ryan   57:00
Mm-hmm.
I agree 100%.
I mean, you're getting me thinking of, like, derivatives of those of those connection terms. Like, you know, you could do ADD, you know, DDT, you know, for the spatial coupling and DDX for the for the sorry DDT for the tempo couple and DDX for the spatial companies like.
That, and that's a joke.
I know that obviously it's better to when it's integrated, but but at the same time, yeah 100%. I think you looking quantifying those terms and quantifying those stresses is key.
[image: ]
Naughton III, Thomas   57:35
Excellent.
Thank you so much tonight, Ryan and all the questions have been fantastic. Here. I will hold mine till another day at coffee, so I appreciate it. And thank you again for your talk and thank you all for joining tonight.
Next week we have a talk from Paolo Viali. I think it's I look just now it's online and the title's there for folks to join and I guess with that I'll stop the recording.
We can adjourned.
[image: ]
Naughton III, Thomas stopped transcription
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