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The Birth of ArmMulticore Processing
John Goodacre , The University of Manchester, M13 9PL, Manchester, U.K., and also Research and Innovation
Agency, SN2 1FL, Swindon, U.K.

It was 2002 and my second year at Arm having
recently moved back to the United Kingdom from
Redmond, WA, USA, having created Microsoft’s

first real-time data and video collaboration server,
which shipped as part of Exchange 2000 Server1—
guess we’re all pleased this early work happened way
back then—anyway—having taken the move to can-
cel the product for which I was the manager, the Pri-
meXsys platform, I along with five engineers based in
the south of France started to look at how Arm might
be able to extend beyond their purely mobile proces-
sor roadmap, and enable scalable performance along
with reduced power consumption. Intel at the time
was promising a 10-GHz Pentium 4, and Arm was
working on the Arm 1136 and looking toward their first
gigahertz-level central processing unit (CPU), so multi-
core really was not a given, especially for embedded
systems in which no operating system (OS)/real time
operating system (RTOS) or apps existed for such a
device, simply because there had never been an Arm
multicore processor before—which needed some
effort2 to make happen for sure!

I knew that we did not want to build the more
traditional multicore solution in which each proces-
sor snooped the memory bus to keep their caches
coherent, so we decided we would build a multicore
processor as a single-processor IP core in which we
created a new concept called the snoop control unit
(SCU) and an integrated interrupt controller, later
formalized as the general interrupt controller, which
together, would tie each CPU into a cluster; clusters
of up to four processors, and yes someone built a
three-core multiprocessor—we chose four CPU clus-
ters simply because we wanted to be able to serial-
ize the writes required for coherence in one clock
cycle, and for a larger cluster, we would need to add
more cycles and end up taking a nasty performance
hit on each CPU—but which processor core should
we base our multicore investigations was not an
easy choice. The ARM926 was very popular at the
time, so we pulled that apart and added our

multicore magic sauce around it and implemented it
in a stack of field-programmable gate array (FPGA)
boards—a true 3-D stacked multicore processor,
who would have thought—we also modified an early
2.4 Linux kernel to run on it—6 MHz but it was sur-
prisingly spritely, one CPU ended up running X11,
another the application, and the others the drivers
and background tasks—the concept worked—the
architecture did not—we had kept the old cache
policies of the 926, and these were causing all sorts
of corner case problems as we worked to keep the
caches coherent—so back to the drawing board.

By 2003, NEC of Japan became our multicore proj-
ect’s lead partner, as they needed to find a solution to
delivery more performance for automotive3 without
being able to increase the megahertz due to fabrica-
tion process limitations needed for devices in such
environments. NEC, as historians will know, had built
multicore chips previously, so together we found a set
of memory policies for our SCU and CPU that should
work with the Arm architecture. For a short time, we
looked at the next maturing CPU from the ARM10 fam-
ily, but decided we would sync up with the ongoing
ARM11 revisions and build the first Arm multicore
product around that pipeline. I shared4 some early
thoughts about the potential solution at a conference
in 2003, the only conference I attend every year and
have done for 20 years, and tested the concept—with
unknown to me, the press5 in attendance too.

The ARM11 MPCore, as opposed to the MPSoC,6

the name of that conference, was first released in
early 2004 as a single IP core, capable of implement-
ing with ease between one and four CPUs (for the
price of a single CPU IP), in an SoC that could run
independently, without cache coherence, or with
some number of CPU as an SMP-coherent multi-
core. Getting the worlds OS/RTOS to become multi-
core capable was taking a lot of effort, so much of
the initial use was simply as an easy way to build an
SoC with multiple processors and it ended up in var-
ious devices running imaging pipelines—which as
the pixel counts were exploding needed the extra
umph and it was easy to split the imaging pipeline
over each CPU. It did mean however that these
devices during boot could turn into SMP multiproc-
essors, and this enabled the next revisions of
the products to start to share tasks over all the
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CPU—and with task balancing and dynamic voltage
and frequency scaling (DVFS) lowering the power
consumption significantly compared to the equiva-
lent number of cycles needed on a single-core pro-
cessor—made selling the concept pretty easy—I
would run a workload, typically playing a video on
one CPU, dynamically turn on the other three CPUs
and the power consumption would halve while still
paying the video at the same quality and speed.

BY 2009, YES YOU GUESSED IT, AT THE
ANNUAL MPSoC CONFERENCE, I
PUBLICLY SHARED MY GROUP’S
WORK FOR TARGETED EXECUTION ON
WHAT BECAME KNOWN AS BIGLITTLE
MULTIPROCESSING FROM ARM.

Showing7 that quadcore processor could run the
same workload as a single CPU at half the power,
which also is able to boost up to four times the peak
performance (at yes, four times the power!), was a real
hit. It also meant that interrupts could always find
some available cycles, something that was about to
become important in another market—mobile.

Mobile chips however in the then processes' geome-
tries could not afford that peak power consumption, so
we knew dual-core processors would likely be the first
devices—but we also knew we could significantly
increase the performance and power efficiency of

ARM11 MPCore—so started building and marketing the
ARMCortex-A9, released inOctober 2007; it adopted the
other ARM11 technologies of Trustzone and Thumb2—
although multicore was still not a concept accepted by
all Arm partners, there was especially one very large
OEM at the time along with their chipmanufacturer that
decided to stay with the ARM1176, aimed to boost its
megahertz from 400 to 800 MHz, and keep phones run-
ning the same Symbian OS—I think history tells us that
might not have been the best decision.

Another lead partner joined the Cortex-A9 project,
Nvidia, with the desire to build a mobile chip that
became to be known as Tegra. They also had experi-
ence of multicore processing and knew that if the
power could be kept low for the typical workloads,
then the peak “boost” performance significantly
improved interrupt responses on which say a side-to-
side scroll, or pinch and zoom of the screen occurred,
and then, a multicore could be the answer to changing
the form factor of what was becoming to be known as
the smartphone. By 2008, the prototypes8 were look-
ing good, and then, the worst news any chip and hand-
set manufacture could get—the OS vendor decided
they would no longer be making their OS available,
which left another company that controlled their own
OS to release this new touch-smartphone concept
first—with other vendors waiting on this new thing
called Android—Symbian as I mentioned was no lon-
ger an option—what a different world it could have
been. As Android was based on the Linux kernel, it
could also benefit from multicore pretty much from
day 1, and it did not take many revisions to start to

FIGURE 1. ARM11 MPCore first silicon prototype board.
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stand out—along with that other “leading” company’s
later move to multicore too—so that the screen could
flow without choppiness—while keeping the battery
living all day.

The Cortex-A9 opened so many doors to higher per-
formance designs for Arm; there was even a company,
Calxeda, that tried to build the first Arm server chip
using this core. I however needed to investigate what
came next while the billions of multicores filled the
world’s hunger for technology. In 2004, Kumar et al.9 had
published an article "Single-ISA Heterogeneous Multi-
core Architectures" that caught my attention, and I
started to investigate various other approaches that
could potentially allow a mix of CPU pipelines run the
various tasks of different sizes that were becoming evi-
dent in the workloads we were seeing on the A9. By
2009, yes you guessed it, at the annual MPSoC confer-
ence, I publicly shared my group’s work for Targeted
Execution10 on what became known as bigLITTLE mul-
tiprocessing from Arm. I also joined a collaboration,
ENCORE, EU FP7-ICT, with the Barcelona Supercom-
puter Centre around that time to see if the Arm multi-
core could scale up to HPC—a resounding, err, no, but
we did learn it could, and as those that follow the press,
Arm multicore is now sitting pretty at the top of the
TOP500 of the biggest HPC clusters in the world while
my own research agenda11 at The University of Man-
chester further investigates beyond multicore on how
to take processor and system technology to the next
level of performance and power efficiency.
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