
Designing Chips without
Guarantees

D&T: For the past several decades, the prime direc-

tive in chip design has been: ‘‘Thou shalt conform

100 percent to specs and be 100 percent error-free.’’

What is driving the change to a paradigm of ‘‘com-

puting without guarantees’’ today?

Shanbhag: The term ‘‘computing without guaran-

tees’’ is not precisely right. We are computing with

guarantees at the system level, but here we’re talking

about computing on the circuit fabric, and the fabric’s

reliability isn’t perfect. The move toward computing

without guarantees has occurred simply because of

the cost involved. Worst-case design is expensive,

yet that’s been the mode of operation for many

years. It’s simply no longer feasible for us to design

systems where the circuit fabric can be guaranteed

to be perfect.

Breuer: Basically, I agree; but the term I use as

the reason for what’s driving the change is yield.

It’s harder to guarantee high yield with these nano-

technology fabrics. If we don’t extend to deep

nanotechnology, then circuit reliability can remain

fairly high. But as we get to quantum levels, the fabric

becomes statistical in nature, and it’s hard to guaran-

tee what’s going to happen. We either have to say, ‘‘I’m

not going to use these fabrics for certain applications,’’

or say, ‘‘I will use them in applications where I can tol-

erate noise, or certain errors.’’ We’re not guaranteeing

deterministic results the way we currently do, but we

will guarantee a certain level of performance or that

we will work within some tolerance for error. We

can say that an answer will be correct within an

error tolerance of .01 and with a certainty of .99.

Chakradhar: Multiple factors are driving the change

to computing without guarantees��three come to

mind. One is deep scaling. We cannot produce work-

ing devices completely, so we don’t have a choice but

to see what we can do with partially working or non-

functional devices.

The second driver, I think, is system scalability.

We’re building systems that will be used by millions,

and we’re beginning to see that it’s very hard to
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build them if we have to stick to traditional guaran-

tees. The third factor is applications. Applications

are emerging that can tolerate a lot of errors; they

are quite forgiving. By and large, I would say the

key factor driving the change to computing without

guarantees is applications. If the applications weren’t

so error-tolerant, we’d be forced to do a lot of gim-

micks at the lower level of design.

D&T: The second question for this roundtable con-

cerns the scope of this paradigm. Where and when

can we afford to compute without guarantees? And

how application-dependent are these approaches?

Are we going to see case studies or an application-

agnostic methodology to implement computing-

without-guarantee paradigms?

Shanbhag: Many of the applications that we talk

about have been around for quite some time.

Video compression, speech compression, media

processing��these have to be considered traditional;

they’ve always been forgiving. It’s just that now we

exploit the forgiving nature of these applications

for tolerating errors in the hardware. The question

is, where can these kinds of approaches be applied?

I would say in all applications where either media-

rich data has to be processed or some sort of decision

making is needed: for example, the detection of a fea-

ture in an image database or the detection of a bio-

logical anomaly in a database of ECG waveforms.

It’s these predominantly biomedical, energy-related,

and media processing applications that will drive

the move toward computing without guarantees.

Breuer: Multimedia certainly will be part of that

drive. Just watch what young people, specifically,

are doing��they’re downloading pictures and mov-

ies, and they’re constantly in communication. No

one’s walking around anymore talking to somebody

in person. They’re talking to somebody, but it’s always

over some electronic media. So communication is

ubiquitous, and it’s going on constantly. There’s so

much noise in the system, which means we’re dealing

with information that just doesn’t have to be precise.

Dealing with imprecise information is one of the

main applications of computing without guarantees.

Another consideration is the lifetime of a given

unit. Right now, we have graceful degradation built

into some products, which means that when things

start wearing out, we turn off features. As we start

learning more about these stochastic processes,

we might be able to say, ‘‘Okay. This thing��after

10 years of operation, it’s starting to deteriorate.

What does the error look like; what is the error pro-

file? Do I have to really downgrade it and turn that

portion of the electronics off? Or can we live with

this degree of noisiness?’’

Chakradhar: Where, and when, can we afford to

compute without guarantees? Almost any application

where the results are going to be used by humans

can, I think, be computed without guarantee. For ex-

ample, we talked about multimedia: I fully agree that

it’s easy to see media as forgiving. But let’s take an ex-

ample of an application for cancer diagnosis. There’s

nothing more sacred than life, which is what cancer

diagnosis involves. This application involves digital,

high-resolution images that are analyzed by physi-

cians. They look at these images and determine if

the diagnosis is cancer or not. Even for an application

like that, we were able to use best-effort computing

techniques (as described in the DAC paper). We

were able to do image segmentation, provide the

results, and give it back to the physician or patholo-

gist. He looks at it and is able to make the best effort

diagnosis. There are many applications, even life-

critical ones, where we can afford to compute

without guarantees.

Another aspect of computing without guarantees

is the notion of the guarantees themselves. Different

situations will be able to tolerate a lack of different

types of guarantees, such as loss of performance,

loss of power, or loss of function. It may be hard to

provide a universal guarantee��if there’s really such

a thing as a guarantee in real life��but I don’t think

this is how it will be. So, considering the variety of

ways in which relaxed guarantees show up, and con-

sidering the fact that the end user of the computation

is a person, there are many applications, going for-

ward, that will fall into the compute-without-guarantees

category.

Raghunathan: Guarantees can take different forms:

functional, performance, power, reliability, and so

on. In the broadest sense, computing without guar-

antees covers all of these areas. However, in looking

at specifically functional guarantees��that’s the part

that holds the more radical ideas in the area��we

should acknowledge that not all applications neces-

sarily can or need to fit into this paradigm. We don’t
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want our bank’s transactions server computing with-

out guarantees, certainly. However, the analytics

that the bank runs to decide which product to mar-

ket to you, based on your behavior, certainly can

use this approach. What makes it interesting is that

the growth in demand for computing is coming

mostly from the latter category. That’s why this

area is so promising.

Kumar: I believe that the scope for such a computing

paradigm is potentially broad and will really be deter-

mined by our success at managing the power or the

variability problem. Work that has been done recently

seems to suggest that we may be able to tolerate

errors even in applications that are traditionally not

considered error-tolerant. So if there are more and

more compelling reasons to move toward hardware

that does not provide guarantees, I think we’ll see

an increasing amount of work, even at the applica-

tion level, where there might be efforts trying to con-

vert applications that currently aren’t considered

error-tolerant into forms that will be tolerant of the

errors that hardware might produce.

D&T: Could you give an example?

Kumar: For example, we have been doing some

work in our group that we call ‘‘application robustifi-

cation.’’ This is where we take an application such as

sorting, where we want the final result to be fully and

correctly sorted even in the presence of hardware

errors. We can work this sort of routine into a stochas-

tic optimization problem, and we show that as long as

the mean of the numerical error is around zero, this

iterative version of sorting converges, and we can

reclaim the exact, fully sorted result despite errors. Al-

though this is still preliminary work, it does encour-

age us to look into these avenues where we try to

convert applications that are not traditionally error-

tolerant into forms that are.

Joyner: I’d like to go back to the situation Mel was

talking about��everybody walking around with cell

phones and sometimes losing calls. That may have

something to do more with communication without

guarantees, but a lot of it is related to cost, right? It’s

very annoying when you drop your call��agreed.

But if we told these students, ‘‘Sure, we can make

this service much better, but your cell phone is

going to cost three times as much,’’ or ‘‘Your monthly

bill is going to be three times as much,’’ they’d be

more forgiving. We’re able to tolerate computing with-

out guarantees, in some applications, because we

don’t want to pay for the higher level of service that

does guarantee computing.

Breuer: Well, yes. The example that I used is kind of

the reverse, in the sense that I can sell you a display

for your laptop that I can guarantee has no bad pix-

els. But I’m going to charge you for it. But vendors

don’t even offer that, because they know people

will tolerate two and three bad pixels. So they give

you the $1,000 laptop, rather than the one that’s

$3,000, because of the pixels. As we increase yield

by tolerating these things, I would assume that the

cost of chips goes down. There’s certainly a trade-

off. Of course, this paradigm should make things

cheaper for the end user.

Chakradhar: The mistake we are all making is that

we are treating every human being the same. We’re

looking at the computation structure. We’re saying

it’s producing information with some amount of errors,

with guarantees in the data. What we don’t take into

account is that different users are willing to forgive

things at different rates. We have to take that into ac-

count, and the system must be able to adjust to that.

With cell phones, we’re dropping some frames; the

voice quality is bad��yet students are adjusting. One

way to look at this situation is: there are 6 billion

human beings on earth, and they’re all very different.

What the electronics industry is trying to do is find the

majority of them willing to tolerate these kinds of

losses and design devices that meet their needs. Alter-

natively, we have to start taking into account users’ in-

dividual quirks��we’re all very different, and we

forgive things at different levels. The computing infra-

structure must be able to match with the users’ require-

ments. Today, it’s essentially ‘‘one size fits all’’ on

computing devices. I think that’s going to change.

Breuer: I disagree. Let’s say we’re buying a brand-

new digital camera. When we go to buy it, we find

that the available cameras are essentially all about

quality and price. You can get half a million pixels,

2 million pixels, 10 million pixels. These are all

good cameras; there are no defects in them. But the

vendors are saying to the end user: ‘‘How much qual-

ity do you need in your picture?’’ The price of the

camera correlates to the quality. For instance, I have

DAC 2010 Roundtable

62 IEEE Design & Test of Computers

[3B2-14] mdt2010050060.3d 4/9/010 11:4 Page 62



a nice Canon lens that costs more than most people’s

cameras, but that’s because I need it. So vendors are

already offering us products on the quality-versus-

price scale. They offer a lot of different choices in

items, and it always comes down to quality and quan-

tity. There’s one more dimension to the story, of

course, which is the errors. The vendors haven’t

added errors into the price-quality trade-off yet.

Chakradhar: I don’t think we disagree here. All we

are saying is that we need computing systems that

are able to adapt to the expectations of specific

users, not to those of the general population. That’s

where the extra dimension of optimization is going

to come. A one-size-fits-all computing fabric for every-

body is not sustainable.

Breuer: The analog world has been doing this for a

long time. When I was a young boy, you could go

to the store, look at the audio receivers, and vendors

would ask, ‘‘What frequency range do you want to

carry��from 200 cycles up to 10,000? Or do you

want to go down to 100 cycles, with the dB loss

and all that?’’ So vendors essentially just said, ‘‘We

have different qualities of receivers we could sell

you.’’ And it’s just part of the analog field. Digital-

systems vendors, for some reason, don’t think that.

They think 32 bits is 32 bits. It’s going to be right,

period. It’s just a different design paradigm.

D&T: Clearly, we’re following this computing-without-

guarantees approach for a reason��to gain some-

thing. The question is: what do we expect to gain

from this approach, and by how much? Each of you

has a different perspective of the problem��I’d like

to hear what it is.

Shanbhag: Let’s look at applications where this par-

ticular approach would work very well, in terms of

robustness��let’s say I take a conventional design

methodology and a conventional design and look

at its energy efficiency and performance. If I com-

pare it with a stochastic processor or a stochastic

computation-based implementation, in the presence

of errors, I could show an orders-of-magnitude im-

provement in robustness while accompanying it

with a roughly 40 to 50 percent energy efficiency

improvement. So we can put hard numbers on spe-

cific algorithmic kernels that can benefit from the

application of these ideas today. In the future, the

potential is even greater in new and emerging

areas, such as pattern recognition. So far, we have

looked at applications in image processing and data

communications, and kernels such as PN code

acquisition��motion estimation, and video decod-

ing. The potential to apply the ideas in computing

without guarantees is even greater in applica-

tions of pattern recognition, image recognition, and

decision-making.

Breuer: Well, coming from a test background, what I

hope we gain from the computing-without-guarantees

approach is yield. Certainly, we can tolerate chips that

have defects. Those defects produce some errors, and

if the functional performance is still acceptable, then

we don’t really have to trash those chips. So I see com-

puting without guarantees as a yield enhancement.

D&T: By how much? Do you have an estimate?

Breuer: I don’t have the numbers here, off the top of

my head, to say, ‘‘What does that do, in terms of yield

enhancement?’’ But if we added all the other specula-

tion that goes on��the power and everything else��a

significant percent could be gained. For example,

when I talk to companies they’ll say, ‘‘If you can help

my yield by one percent, it means millions of dollars.’’

So I think the enhanced yield could be significant.

Chakradhar: What do we expect to gain, and how

much, from this approach? First, this approach��
best-effort computing or computation without

guarantees��can be used at multiple levels. Today

we see the use of it at the circuit and the architecture

level. Soon we’ll see it in software, at multiple levels.

How much do we gain? It depends on at what level

these abstractions are being done, and so far, we’ve

seen orders-of-magnitude improvements. But that’s

the wrong question to ask. Let’s look at networking.

We don’t ask the question today: ‘‘How much do we

gain from IP protocol?’’ We don’t ask that��in fact,

what we could gain is limitless. We’re saying, ‘‘Hey,

it’s up to you, the applications, how you organize

yourself and get the performance out of this network

system.’’ The applications have shown a tremendous

variety. Look at the applications that we’re seeing��
Skype, Twitter, Facebook, Google��all those are run-

ning on top of IP. And the performance is limitless.

The same thing will happen for the computing

fabric as well. Today, because computation without
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guarantees is new, we worry about how much im-

provement we’ll see. But the real payoff will come

when we standardize the infrastructure and tell peo-

ple, ‘‘Look, this is what we can build��it’s done.

Now as far as applications go, let your ingenuity

fly. Find out ways you can use this kind of infrastruc-

ture we’ve built.’’ I say, when that happens, that will

be the real takeoff point for the whole industry. I’m

sure about that��the way we’re seeing it in IP

networking is how it will happen in computing

everywhere.

Raghunathan: From an initial adoption point of view,

we have a conceptual barrier that we’re trying to break

through here��that we’re dropping functional guaran-

tees. We’re breaking a deeply entrenched axiom that

people have come to accept, right or wrong. We

need to have at least an initial quantum improvement

for this to be adopted.

But such improvements are possible, especially if

we take a cross-layer holistic approach to taking

advantage of these relaxed criteria at different layers.

For example, we’ve demonstrated that order-of-

magnitude improvements can be achieved, either in

performance or in energy. I don’t think a 10 or 20 per-

cent improvement is going to be enough to push

adoption. From another perspective, if there’s an un-

bearable pain in the design of a computing platform

with unreliable devices, and there’s just no other way

to design it, that could be another driver for the initial

adoption of this paradigm.

Shanbhag: I’d like to make one observation here re-

garding the potential benefit of computing without

guarantees: we’ve heard a lot about exploiting the in-

trinsic resiliency of emerging applications, but that’s

only half of the story. The other half is about error com-

pensation and error resilience through proactively

introducing ideas such as stochastic computing��
for example, those from communication-inspired

design techniques. That’s the second half of

the computing-without-guarantees story, which we

haven’t talked about here. If we add these two parts

together, we can obtain even more benefits. So far,

most of the discussions have focused on just exploit-

ing the intrinsic resilience of these new applications.

Kumar: We need to be careful, however: are we

simply pushing the complexity from hardware to soft-

ware? When we quantify the benefits from computing

without guarantees, we should be very careful in how

we estimate the benefits. For one thing, while we may

see benefits in terms of hardware parameters when

we’re relaxing the guarantees, perhaps the software

now has to do more work. And if the software cannot

tolerate that situation seamlessly, then perhaps the

overall system benefits may not be as much as we as-

sume. So one of the challenges, going forward, would

be to look at this problem in a vertical, holistic

fashion, as opposed to looking at it piecemeal, on

an individual-stack level.

D&T: How accepting do you think industry would be

of this computing-without-guarantees paradigm? As

an example, built-in self-test was a luxury not so

long ago; now, it’s indispensable. Do you see comput-

ing without guarantees as following the same path?

Shanbhag: Industry is already open to these ideas. In

fact, at this year’s International Solid State Circuits

Conference [ISSCC], Intel presented a paper on an

error-resilient process architecture. We know of a

number of companies that are actively pursuing

these approaches; they’re very interested in looking

at what’s feasible, and in building resiliency into

their chips and designs. What’s holding the industry

back is a guaranteed method of delivering high-

quality products and getting comfortable with a statis-

tical or a stochastic design paradigm. That’s the

cultural change associated with adopting computing

without guarantees. The research community is also

grappling with this change, but it will happen

eventually.

Breuer: I’m very hopeful that it will happen, but my

experience to date has been otherwise��I’ve found a

lot of resistance to this idea. Computing without guar-

antees deals with a different model for binning

things. Right now, people seem to accept the fact

that we bin things on functionality and clock rate.

This new approach has to deal with a new terminol-

ogy that companies have to develop, and it is just not

in their models. Their focus is, of course, on high

yield, but it’s also got to be on performance and reli-

ability. The companies that we talk to want to make

sure that the chips they sell are good, so they have

very low defects or bad chips per million, and that

they guarantee to work for 10 years or so. That’s

their focus. I’d like to see this approach be used

more extensively, and I think it will be at some point.
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Chakradhar: How accepting do you think industry

would be of computing without guarantees? Comput-

ing without guarantees is a new technology. What did

we do with another new technology��parallel com-

puting? Today, and even in my kids’ generation, the

only form of computing we’ll see is parallel comput-

ing. In fact, ‘‘parallel computing’’ has become a re-

dundant term because the only way we compute

today is parallel. Now how did it arrive at that

point? Simple: parallel computing is the only ap-

proach we can take today to deliver performance.

The computing industry must adjust to what we can

build, and so they’ve adjusted by making the applica-

tions parallel. I clearly envision that the only form of

computing my grandkids will know is computing

without guarantees. Why? Two reasons. First, that’s

the only way we will know how to build large, high-

performance systems 15, 20, or 25 years from now.

And if that’s the only way we’re building, the industry

will have to adjust, just as the industry is doing for par-

allel computing.

Second, I also see another strong force coming in.

The killer applications that we are seeing today and

the killer applications in social and collaborative

computing that are expected in the near future��all

of them are very forgiving, very tolerant. It’s a great

fit for building systems that compute without guaran-

tees. The killer applications that we’re concerned

about��developers of those apps also want exactly

that type of fabric. They’re not looking for guarantees.

Kumar: What we currently call Moore’s law has actu-

ally held for a long time, even before integrated cir-

cuits. Ray Kurzweil has shown a nice graph to

demonstrate how the amount of computation per dol-

lar has changed over time. Moore’s law has been, es-

sentially, a portion of that graph in the IC era. Now,

every time that curve was threatened, we moved on

to a new technology. So in my mind, the question

is, whether we come up with a new technology that

lets us ride Moore’s law. Unless we come up with a dif-

ferent kind of technology that lets us do computing

deterministically and still lets us ride this exponential

growth, we have to figure out how to do computing

with present devices, which we know have variability

that we can’t tame using older design techniques. In

the latter case, the only way to move forward is, per-

haps, through computing without guarantees. So, just

as with multicore architectures, where the industry is

accepting of the technology even as the entire

software ecosystem needs to change, if computing

without guarantees is the only way to tame the vari-

ability problem, industry might adopt it.

D&T: It’s already hard enough to design chips with

crisp specs. How do we change today’s ‘‘exact’’design

technologies to accommodate this new paradigm?

I’m talking about synthesis, verification, validation,

and testing.

Shanbhag: If we look at modern-day CAD methodol-

ogy, at the very top, the specifications are already

statistical for most of these applications. The perfor-

mance metrics are statistical. We talk about signal-to-

noise ratio, bit-error rates, quality of the image that

has been reconstructed, and so on. At the lowest

level, when we look at the device fabrics��circuit

fabrics��and the process parameters, they are also

characterized in a statistical manner. So there are

statistics at the top and at the bottom. Right in the mid-

dle, a switch occurs, going from a system or algorithm

design to architectures, and this is where the philoso-

phy of determinism gets hold of the designer. The chal-

lenge is then to convert the middle part��architecture,

design, logic, and circuit design��into this statistical

framework. The first step in achieving this change is

to have statistical models of behavior available to

the designer at various levels. These behavior models

should emerge from the underlying circuit fabric��
from device fabrics��and be propagated up through

the design hierarchy. We might need to revisit and

redefine some of the levels in the design hierarchy

in order for this to occur. But that’s the first, most im-

portant step: the availability of statistical models of

behavior. It needs to be developed and made avail-

able for system designers, and then the rest of the

methodology will follow.

Breuer: We can accommodate the computing-

without-guarantees paradigm with two things. One is

parallelism. From the case studies we’ve looked at,

we see that highly parallel architectures are much

more tolerant to faults and errors. The more parallel

a unit is, the better��and the better the quality, the

smaller the degradation in performance. Parallelism

is more robust to defects, as we’ve seen. The second

thing, as was just said, is that we have error measures:

error rates, error threshold values. We’re trying to fig-

ure out how to propagate error measures��either

push forward to the outputs or push back to the
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inputs. If someone says, ‘‘I can accept a certain error

rate at the output of this module,’’ what does that

mean in terms of the input? We’re trying to find

these mappings, where we map output specifications

back through the design, to ultimately be able to say,

‘‘This unit only has to be so good to produce results

that are acceptable at the output.’’ At the moment,

we don’t know how to do that very well, and we’re

looking at that problem.

Chakradhar: If it’s already hard enough to design

chips with crisp specs, you’re asking how we change

today’s exact technologies and still design chips

while allowing for computing without guarantees?

I think the reason it’s hard to design chips is that

we’re doing the wrong thing. Once we start design-

ing hardware according to computing without guar-

antees, the actual design process becomes easier. If

we look at the networking space, let’s say, and drop

the requirement of reliability, just like the Internet

Protocol did, the complexity of networking software

drops by 90 percent. It’s a fact; it happened. Simi-

larly, if we start designing chips��designing plat-

forms that compute without guarantees��the

design process will become much simpler and eas-

ier because we don’t have to worry about guaran-

tees. And there’s another aspect: we design chips

today using a lot of CAD tools, a lot of software. If

we look within the CAD tools, what are they

doing? They’re using heuristics to help us compute

with exact guarantees. So if we can tolerate errors,

and if we produce a platform that computes without

guarantees, these heuristics can also be very simple.

In the process, we can probably eliminate 90 per-

cent of the complexity we’re seeing now in the soft-

ware tools as well. Computing without guarantees is

a blessing. It’s going to dramatically simplify the de-

sign process and dramatically simplify the tools we

use to design chips.

Raghunathan: It doesn’t make sense to completely

throw away well-established methodologies. We, the

researchers, must look for approaches that can use

this paradigm without adding significant design

complexity. A good example is the parallel program-

ming model we’ve talked about. There would be

minimal additional programming complexity if the

software developers, in this case, can specify their

algorithms while naturally exposing the parts of

their applications that can tolerate errors or a loss

of guarantees. We’re taking the effort that is applied

to timing and power closure, and signal integrity, and

transferring some of that into a different way of think-

ing about the specifications. So, I second the opin-

ion that if it’s done correctly, computing without

guarantees can actually reduce, not increase, design

complexity.

Kumar: I agree with Naresh that we need to carefully

figure out what the mapping is between the error rate

that a design produces and the output quality, and

bring that notion into the design flow. Current design

methodologies are agnostic to the workloads. It’s un-

fortunate, because when architects build chips, they

optimize the processors based on the expected work-

loads that are supposed to run on them. When EDA

designers build EDA tools, they rely on methodolo-

gies such as static analysis that are workload-agnostic.

Future EDA tools need to be workload-aware in order

to optimize a design to be ‘‘acceptable’’ for common

workloads. I also think that initial advances to design

flow should be minimally disruptive to the existing

flow. We know it can be done. In fact, we just pre-

sented a paper at DAC 2010 where our CAD flow

that uses standard EDA tools takes a target error rate

as input, and it moves away from static analysis and

instead relies on the frequency of execution of differ-

ent paths by different workloads, and uses that infor-

mation to allow errors. So we know it can be done.

That understanding of how different design optimiza-

tions might impact the reliability behavior of work-

loads needs to be brought into the community at

large.

D&T: If you look out five years from now, what would

a SoC look like, vis-à-vis computing without guaran-

tees? How different will it be from today’s SoCs?

Raghunathan: Since we’re talking about five years

from now, I don’t think the control processors in an

SoC will use this model of computation. It’s going to

take more time for these ideas to pervade the entire

SoC. I believe the application-specific accelerators

would be the first to adopt this approach, just be-

cause we can vertically guarantee the end-user expe-

rience, probably followed by the many-core domain-

specific processing units. For example, the graphics

arrays or maybe the recognition and mining applica-

tions using many core arrays. Domain-specific arrays

would be the next application to use computation
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without guarantees. In the next five years, that’s prob-

ably what we’ll see. Looking even further beyond,

there’s certainly a possibility of this approach being

adopted more pervasively.

Chakradhar: The SoC will have accelerators and

components that do best-effort computing. But let’s

not forget: applications don’t use chips, applications

use systems. So we need chips, as well as software

that runs on the chips, which will help the application

developers. What we need is a combined look at

both the software infrastructure and the chips to

work with it. More and more of the functionality bur-

den will be shifted to the software. The SoC itself will

become much simpler when we design it for compu-

tation without guarantees.

Shanbhag: I’ll try to answer a slightly different

version of this question in the following sense: how

will a SoC look in the near future if computing with-

out guarantees were to take hold? In the first place,

I agree with both Anand and Srimat that accelerator

cores��application-specific cores��are where these

ideas can first be shown to provide benefits. And, there-

fore, communication SoCs where these application-

specific cores are used would be the ideal platform

for demonstrating these ideas. We can do that today.

We’ve already shown the benefits for motion estimation

cores, and for Viterbi decoder cores. We can build

these accelerator cores today and show benefits of

computing without guarantees. In the future, a collec-

tion of these cores on a SoC platform would be the

right place for these ideas to show up.

Chakradhar: Let me also add that we have done

work on GPUs as well��best-effort computing on

GPUs. We’re beginning to see that the techniques

that worked well for us on a general-purpose multicore

processor are the same techniques that work for the

GPUs. The focus there was mechanisms: provide

mechanisms for computation without guarantees,

and build hardware that is very simple. Build software

that’s very simple and provides no guarantees��just

like we have been doing for a network. Also, we

must let the applications get more creative on how

to use the infrastructure to enhance performance.

We’re seeing that in the networking space; we’re seeing

that in the storage space. Why treat computing any

differently?

D&T: Thank you, all, very much.
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