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A good processor taxonomy helps you understand processing architectures’ 
sweet spots. You should probably look at multicore options in the same way.

of every processor. Differences in implementation 
details within a processor category become differentia-
tors with a much shorter list of candidates as a result. 
Categorizing processors in this way allows different ver-
sions of each type of processor, such as low-power DSPs 
and microcontrollers, to use the same implementation 
techniques without letting that implementation fea-
ture confuse what the target is. This issue is one of the 
points of confusion affecting a contemporary multicore 
taxonomy.

Another point of confusion is that the term multi-
core has a different meaning depending on who is us-
ing it. One use of the term describes multiple proces-
sors within a system. Another use constrains the mul-
tiple cores to one package, and yet another usage fur-
ther constrains the multiple cores to one die. People 
also use the term to refer to identical cores or heteroge-
neous cores in each of these contexts. These usages fail 
to converge on one meaning, even though these differ-
ences, in many cases, are basically transparent to the 

software-development effort. This article uses the loos-
est interpretation of multicore because a chip-level im-
plementation today was a board-level implementation 
yesterday, and that difference does not change how you 
build the software. Less transparent to the software-de-
velopment effort, however, is the application domain; 
each type of processing, most of which the single-core 
taxonomy captures, requires different analysis and pro-
gramming knowledge, and different tools and libraries 
serve them.

Some multicore processors place their primary fo-
cus on performance by stating how many cores they 
support, how much bandwidth they can handle, and 
whether they support SMP (symmetrical-multiprocess-
ing) and AMP (asymmetrical-multiprocessing) con-
figurations. As relevant, they also disclose informa-
tion about coherency mechanisms, shared-data per-
formance, multithreading support, operating-system 
support, and the ability to balance workloads between 
cores. You may have to infer the target application and 
the favored trade-offs from the information the vendor 
offers.

In contrast, some multicore offerings, similar to sin-
gle-core offerings, place their primary focus on iden-
tifying their target application, which is often digital 
media, networking, wireless infrastructure, and servers. 
They then get into the implementation details, such as 
coherency or processor interconnects, to differentiate 
them from other similar multicore offerings. However, 
multiprocessing is not limited to this short list of appli-
cations. Embedded-system designers have for decades 
been quietly and successfully implementing multicore 
designs. To understand how a more-inclusive multicore 
taxonomy might look, you should explore a taxonomy 
for single-core architectures and how you might extend 

 V
endors categorize single-pro-
cessor architectures by the 
types of applications they 
target. For example, micro-
controllers, DSPs, network 
processors, and DSCs (digi-
tal-signal controllers) employ 

different implementations to meet the needs 
of their target domains. Classifying proces-
sors at this top level enables designers to 
quickly identify candidate processors with-
out delving into the implementation details
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it to incorporate multicore offerings.
Each of the single-core processor ar-

chitectures available best fits into a 
sweet spot of processing complexity 
(Figure 1). Although each type of pro-
cessor can perform other types of pro-
cessing, they are best at the type of pro-
cessing that the target needs the most. 
The proposed primary characteristics 
for mapping each processing sweet spot 
are computational load and number of 
states, or contexts. Both of these char-
acteristics are measures of complexity. 
Computational load can indicate the 
peak magnitude, total amount, or sus-
tained amount of processing perform
ance the system needs within a system 
cycle. The number of states can indicate 
internal system states, number of system 
inputs and outputs, or a level of possible 
states or contexts that the system must 
support. The reason for proposing loose 
definitions for these characteristics is 
to rein in complexity and accommo-
date the range of processing scenarios  
that include managing scalar data or 
control flows, managing aggregate data 
or control flows, and managing many 
channels of scalar or aggregate data or 
control flows. Each of these character-
istics is implementation-independent 
and permits an orthogonal differentia-
tion for each type of processor. Each of 
these processor types evolved over time 

at different rates, and each trades one or 
more measures of performance to max-
imize one or more other measures of  
performance. 

Sweet spots
Microcontrollers are specialized pro-

cessors that offer a cost and power-effi-
ciency advantage at the expense of flex-
ibility and processing performance. They 
provide a cost advantage by incorpo-
rating memories and peripherals in the 
same package. They provide a power-
consumption advantage partly because 
they support lower clock rates and partly 
because they implement only the mini-
mum set of circuitry to perform control 
processing. If a design needs the flex-
ibility of a larger or a smaller memory, 
different peripheral set, or higher clock 

rate, the design must swap out the pro-
cessor for another. To accommodate this 
change, processor vendors offer families 
of devices with many variations of the 
same microcontroller that include differ-
ing amounts of memory, peripheral sets, 
and supported clock rates so that devel-
opers can realize the best cost and power 
efficiency without losing flexibility.

The processing sweet spot for micro
controllers is systems that must re-
spond—often deterministically—to ex-
ternal real-world events, such as for mo-
tor control, with tight latency require-
ments. Microcontrollers are capable of 
rapid, frequent, and prioritized context 
switching; they usually can also handle 
many different contexts. A common 
differentiation for handling context 
switching includes employing special-
ized hardware-interrupt processing that 
can sense and react to external events 
and change the microcontroller’s inter-
nal context within a few clock cycles. 
Alternatively, the system can avoid con-
text-switching overhead by using pe-
ripheral-to-peripheral communication 
coprocessors that are independent of the 
processor core. Some microcontrollers 
differentiate for deterministic operation 
by not using caches or pipelines, so as to 
avoid the uncertainty from stalls during 
cache misses or pipeline flushes.

Microcontroller suppliers differenti-
ate their devices with features such as 
vertically appropriate peripheral sets, 
on-chip memories, a range of clock 
rates, packaging options, power-man-
agement options, deterministic opera-
tion, and development support. Because 
projects that include microcontrollers 
are often cost-sensitive, it is important 
to include only the necessary peripher-
als and amount of on-chip memory to 
complete the project. To support high-
er clock rates, microcontroller suppli-
ers can employ many techniques, such 
as wide data buses, to mask the access 
latency to on-chip flash memory. Some 
of these approaches focus on burst/peak 
performance versus sustained perform
ance before encountering a wait state. 
Power management is common in mi-
crocontrollers with many ways to imple-
ment sleep and low-power modes that 
have varying granularity for turning off 
parts of the processor’s resources. Each 
of these differentiations is an example 
of implementation details that do not 
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Figure 1 This taxonomy mapping highlights processing sweet spots of mainstream 
processing architectures and how embedded developers can combine them to comple-
ment each other and cost-effectively cover the range of an application’s processing 
requirements.
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AT A  G LAN CE
Processing architectures choose 

optimization preferences that target 
a processing sweet spot.

Each type of processing has its 
own development ecosystem.

Focusing on functional capabili-
ties enables stakeholders to con-
verge their efforts to evolve their 
type of processing.

Multicore discussions should 
expand beyond digital media, net-
working, and server applications.
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change the primary function of the mi-
crocontroller but enable it to compete 
with other microcontrollers.

Software development with micro-
controllers often involves open- or 
closed-loop control algorithms as well as 
filtering of real-world inputs. Microcon-
trollers are common in board- and sys-
tem-level multicore embedded designs 
in which they find use in distributed or 
periodic system monitoring, distributed 
control, management of simple user in-
terfaces, and even low-power-superviso-
ry functions to power up and down more 
expensive parts of the system. They are 
also present in some multicore chips 
alongside a DSP as an efficient way to 
complement the strengths and weak-
nesses of the DSP architecture.

DSPs are similar to microcontrollers 
in that they offer advantages in cost 
and power efficiency at the expense of 
flexibility and processing performance. 
However, they substantially differ from 
microcontrollers because they sacrifice 
efficiency in handling context switch-
ing to maximize their performance of 
continuous and repetitive calculations, 
such as in most signal-processing tasks. 
They also do not integrate many periph-
erals because they are not ideally struc-
tured to handle the context switching 
that handling many peripherals could 
require. The most common integrated 
peripheral is an ADC that the DSP uses 
to collect a stream of real-world data to 
process. DSPs often support fixed-point 
operations to optimize the performance 
and energy efficiency for fractional 
mathematics, and they use special ad-
dress generators to optimize algorithms 
that work on arrays, circular buffers, or 
even bit-reversed values. They employ 
multiple buses and memory structures so 
that they can do simultaneous memory 
operations to support continuous single-
cycle MAC (multiply/accumulate) op-
erations. They may employ specialized 
registers to minimize memory accesses 
and to enable zero-overhead looping. 

The processing sweet spot for DSPs 
is systems that process continuous and 
sustained streams of data, especially if 
there is extensive computational pro-
cessing on that data stream. The upper 
limit of this sweet spot overlaps with 
FPGAs, except for highly computation-
ally intensive algorithms that include a 
high level of state or decision complex-

ity. VOIP (voice over Internet Protocol) 
is an algorithm that would work better 
on a DSP than as an FPGA-only im-
plementation because the domain-spe-
cific knowledge for compressing data 
involves many control states and deci-
sions. Software development with DSPs 
usually requires an understanding of 
signal-processing algorithms. Many ap-
plication- and domain-specific analysis 
and development tools and libraries are 
available to assist developers with their 
DSP applications.

DSP suppliers can differentiate their 
devices by including application-spe-

cific hardware accelera-
tors or by implementing a 
SIMD (single-instruction/mul-
tiple-data) or VLIW (very-long-instruc-
tion-word) architecture that supports 
the simultaneous operation of multiple 
execution units. Contemporary DSPs 
use orthogonal instruction sets so that 
software developers can use compiled C, 
rather than assembly, to program most 
of the code. Programming signal-pro-
cessing code requires different experi-
ence and skills from those for develop-
ing control or application code. An im-
portant differentiator for DSPs is access 
to signal-processing libraries that either 
help jump-start a project or enable an 
application- or control-software devel-
oper to use the DSP as a coprocessor 
without understanding how to program 
those algorithms.

DSPs commonly find use in embed-
ded-multicore designs; designers often 
pair them with a complementary micro-
controller or microprocessor for control- 
and application-level support. They also 
often combine them with hardware ac-
celerators or FPGAs to perform heavy 
lifting for intensive computational pro-

cessing. Another common multicore 
configuration involves a cluster or array 
of DSP cores that work together on mul-
tiple streams of data or wide streams of 
data, such as for image processing. The 
arrays of DSPs can involve dozens of 
cores that connect at the board level. A 
lot of experimentation with multicore-
DSP configurations has occurred over 
the years. The commercial failure—ver-
sus obsolescence—of many of those at-
tempts serves as a reminder that chip-
level multicore offerings have to bal-
ance between technological advantage 
and serving a set of applications that 
generate enough volume to support the 
device.

DSCs are new to this taxonomy; most 
of the market in 2007 formally acknowl-
edged them as separate types of processor. 
Before then, market participants usually 
referred to them as “hybrid,” or “unified,” 
processors because they combined fea-

tures of DSPs and microcontrollers in 
a single processor. The processing 

sweet spot for DSCs focuses on 
applications that must handle a 
fair amount of not only context 
switching, but also signal pro-
cessing. These devices can allevi-

ate the need to use two heteroge-
neous cores—a microcontroller and 

a DSP, for example—in a design. This ap-
proach can lower the system BOM (bill-
of-materials) cost, and it can lower the 
development-tools cost because software 
developers can use the same development 
tools to program the system. The software 
developer still must understand the details 
of programming control or signal-process-
ing algorithms, however.

Because DSCs are relatively new, de-
signers do not have a rich base of expe-
rience in implementing them in multi-
core designs. An early motivation for de-
veloping DSCs was to replace multicore 
designs involving a microcontroller and 
a DSP with a single device executing a 
single instruction thread that included 
both signal-processing and control code. 
Dual DSCs are now available as single 
chips. One rationale for using multiple 
DSCs in a design is that you could nor-
mally use one core as a control proces-
sor and the other as a signal processor. 
When one function heavily outweighs 
the other function, however, the system 
can more easily perform load balancing 
between the cores because all of the cores 

Because DSCs are 
relatively new, 
designers do not 
have a rich base 
of experience in 
implementing 
them in 
multicore 
designs.
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can support both types of processing.
FPGAs provide a programmable plat-

form that can leverage arbitrarily wide 
signal-processing algorithms acting as 
hardware-acceleration blocks. This fea-
ture gives them an advantage over DSPs 
when the signal-processing algorithm is 
sufficiently wide enough that it can effi-
ciently use more than the available pro-
cessing units in the DSP. FPGA signal-
processing blocks work well when they 
involve few decision states and large 
amounts of processing per data point. As 
the number of decision states increases 
in an algorithm, it can make sense to 
place one or more processor cores in or 
next to the FPGA fabric. FPGA signal-
processing implementations function 
well as coprocessors or accelerators next 
to a DSP, a microprocessor, or both.

Another processing option is to em-
ploy specialized hardware blocks or pro-
cessors that accelerate software func-
tions. These blocks or processors are 
usually not stand-alone, instead typi-
cally connecting to another processor, 
such as a DSP or a microprocessor. Some 
processor vendors integrate these spe-
cialized hardware blocks as coprocessors 
into the same device and even into the 
instruction-pipeline flow to differentiate 
their devices. Besides the quick and en-
ergy-efficient performance of some tasks, 
hardware accelerators help offload com-
putational load from the main proces-
sor, thus freeing that processing capacity 
for some other differentiating function. 
This taxonomy currently lumps net-
work, graphic, and video processors in 
with the hardware-accelerator and co-
processor category. These types of accel-
erators are usually not stand-alone sys-
tems, and, when they are stand-alone, 
they exist in a multicore structure, and 
the proposed multicore categories en-
compass them. Please contribute to the 
companion blog post for this article at 
www.edn.com/blog/1890000189.html 
to expand on these architectures or add 
any others.

Microprocessors round out the taxon-
omy. They employ general-purpose ar-
chitectures that enable them to perform 
well enough across the range of process-
ing tasks. They do not handle context 
switching as quickly or deterministically 
as microcontrollers do because they usu-
ally employ software within the interrupt 
handling. They do not handle looped 

processing as quickly or efficiently as 
DSPs do because they usually neither 
include zero-overhead looping nor em-
ploy the bus and memory structures to 
keep a single-cycle MAC busy every cy-
cle. Microprocessors are ideal when the 
processing requirements that the system 
must support are not well-known, such 
as when the system supports user-loaded 
applications.

Microprocessors generally support 
large memory-address spaces and rely 
on large on-chip caches to compensate 
for time penalties from off-chip memo-
ry accesses. They can execute complex 
operating systems and support a range 
of legacy code. Microprocessors are also 

appropriate for “quick and dirty” 
prototyping and proof-of-concept explo-
ration when cost and energy efficiency 
are less important than a short develop-
ment cycle.

The sweet spot for microprocessors is 
to support systems that exhibit signifi-
cant uncertainty in processing behavior 
and loads, such as when executing dis-
parate processing threads over the same 
processor resources. A microprocessor’s 
flexibility and operating-system abstrac-
tions of the hardware peripherals make 
them ideal for the development of so-
phisticated user interfaces and high-
level application code. Microprocessors 
can perform most functions—at higher 
cost and energy consumption—that the 
other specialized processor architectures 
can perform. Using a microprocessor for 
control or signal-processing tasks can 
make sense if the design needs a micro-
processor anyway and there is sufficient 
head room to accommodate the process-
ing; otherwise, for embedded systems, 
designers may migrate well-defined tasks 
to the appropriate specialized processor 

to save cost and energy consumption.
Multicore-microprocessor designs in

clude desktops and servers. As cell phones 
evolve to include sophisticated graphics 
and user interfaces, microprocessors and 
graphics accelerators are supplanting the 
microcontrollers that sit next to the DSP 
that handles the signal processing in 
these devices. In all of these cases, each 
processor architecture has use cases for 
single-core and multicore designs, and, in 
many cases, the multicore-use cases in-
volve combining processor architectures 
so that they complement each other.

MULTICORE
This taxonomy highlights the major 

single-core architectures and the dis-
tinct development ecosystems that exist 
for each type of processing architecture. 
Each ecosystem includes its own silicon 
offerings, domain-specific analysis and 
development tools, and libraries that 

abstract some of the complexity 
for those developers who spe-

cialize in the other types of 
processing. Perhaps looking 
at multicore offerings in a 
similar fashion will help our 
industry address a problem 

that still seems intractable. 
A number of companies have 

come and gone that offered their 
vision of a multicore architecture. Were 
they off-base, or were they just missing a 
single component that could have made 
all the difference for success?

Multicore terminology is not stan-
dard; this article proposes a couple of 
multicore-configuration names. The 
terminology instead attempts to propose 
functional-level descriptions for multi-
core architectures. A developer should 
be able to incorporate one or more of 
these types of multicore architectures in 
the same design, much as many embed-
ded designs incorporate more than one 
type of processor architecture.

Channel-multicore architectures tar-
get the parallel nature of some applica-
tions, such as infrastructure-networking 
equipment, which apply the same type 
of processing across many input sources 
at once. The processing for each input 
is relatively independent of the process-
ing of the other inputs. These systems 
implement multiple copies of the pro-
cessing engine so that each copy can ap-
ply the same processing across multiple 
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The sweet spot for 
microprocessors 
is to support  
systems that exhibit 
significant 
uncertainty 
in processing 
behavior 
and loads.



channels of data. The system contains 
duplicate processing resources so that 
they are local to each processing engine; 
this approach provides lower latency 
and better processing performance than 
do architectures that access the same re-
sources through a shared-access mecha-
nism. The nature of the processing en-
gine is application-specific, and it is not 
limited to a single function. Software 
development for these systems focuses 
on optimizing the domain-specific pro-
cessing of the inputs so that the system 
minimizes how much it must manage 
program resources.

Aggregate-multicore architectures tar-
get processing tasks, such as video or im-
age processing, that are impractical or 
less practical to perform in one instruc-
tion thread. The processing engine con-
sists of multiple homogeneous or hetero-
geneous processing elements that per-
form separate parts of the same overall 
task. The architecture aggregates the 
results from the separate processing ele-
ments in some fashion to complete the 
processing. This type of multicore system 
has existed for decades as high-end signal 
processing or simulation systems. These 
types of systems are of increasing impor-
tance for high-performance processing as 
processor clock rates have stalled and are 
no longer racing to higher rates. Much 
research is going into how tools can help 
developers extract parallelism in their 
software. No widely used tools are cur-
rently available that automate paralleliz-
ing general code. Some domain-specific 
analysis tools for signal-processing-algo-
rithm exploration assist domain experts 
in determining how to structure their al-
gorithms, but they do not completely au-
tomate the parallelization of algorithms 
and software to take advantage of these 
types of systems.

Multidomain multicore architectures 
target those applications that encompass 
multiple software domains, such as cell 
phones, automobiles, and many con-
sumer products. This area is the bread 
and butter of many embedded-multicore 
designs that developers have been doing 
for decades. Some coupling and commu-
nication may occur between the cores in 
the system. Each processing element in 
the system not only makes optimization 
choices that align with the function it 
performs, but also works in tandem with 
and complements the other process-

ing elements in the system. These types 
of systems have existed as proprietary 
board-level designs. Single-chip, multi-
domain multicore devices are available 
as vertically targeted devices for appli-
cations such as mobile devices with rich 
video support. Software developers are 
aware of each type of processing engine 
they are targeting, and they use the ap-
propriate set of analysis and develop-
ment tools to perform their tasks. There 
are challenges in debugging these types 
of systems because each processor has 
different on-chip resources and may not 
provide visibility to all of those resourc-
es in the same way from chip to chip. 

Feedback-multicore architectures tar-
get those applications, such as autono-
mous systems, that employ feedback 
within and between subsystems or dif-
ferent domains of the system to perform 
their functions. These systems may em-
ploy a central command unit or aggre-
gate decisions across distributed deci-
sion makers. The feedback loop may be 
as simple as an actuator sense-and-con-
trol loop, or it may involve larger-scope 
feedback that can assist the system with 
trending, predicting, planning, and 
learning. These emerging designs cur-
rently exist mostly in the academic, aero-
space, and military domains, but they 
are set to spill into the industrial and 
consumer areas. A candidate industrial 
system is a smart building that manages 
systemwide resources across distributed 
decision makers. Consumer candidates 
include automated active functions in 
automobiles as well as household appli-
ances, such as vacuum cleaners. Soft-
ware developers need an integrated and 
correlated aggregate of analysis and de-
velopment tools that cover filters, sig-
nal processing, control algorithms, and 
closed-loop simulations.

Convergence
This taxonomy for single-core archi-

tectures has successfully enabled the in-
dustry to converge the vocabulary and 
key requirements for each application 

domain between the relevant chip ar-
chitects, board-level-system designers, 
software developers, and development-
tool providers. Each processor type has 
its own ecosystem with its own set of 
vendors for chip-, board-, and software-
level-design support. Even for those 
hardware and software companies that 
offer products and services across mul-
tiple types of processor, different teams 
support each processor market.

The multicore-system market could 
benefit from a convergence of vocab-
ulary and requirements that employs 
functional capabilities rather than raw 
implementation and performance de-
tails. Rather than a single general-pur-
pose discussion on SMP versus AMP, 
there should be at least four and at least 
one for each of the multicore categories. 
You could say the same for core topolo-
gies, coherency mechanisms, messaging, 
multithreading, operating-system sup-
port, virtualization, hypervisors, code 
parallelizing, and balancing workloads. 
By defining and establishing the optimi-
zation preferences employing required 
functional capabilities, chip architects, 
board-level-system designers, and soft-
ware developers can meaningfully dis-
cuss how to allocate technical approach-
es among all of the stakeholders rather 
than an ad hoc fitting together of what 
each group builds.EDN
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     For related blog posts about embed-
ded processing, go to www.edn.com/
blog/1890000189.html.

For a related article about process-
ing options, go to www.edn.com/article/
CA6298267.
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