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Abstract- P2012 is an area- and power-efficient many-core 
computing fabric based on multiple globally asynchronous, 
locally synchronous (GALS) clusters supporting aggressive fine-
grained power, reliability and variability management. Clusters 
feature up to 16 processors and one control processor with 
independent instruction streams sharing a multi-banked L1 data 
memory, a multi-channel DMA engine, and specialized hardware 
for synchronization and scheduling. P2012 achieves extreme area 
and energy efficiency by supporting domain-specific acceleration 
at the processor and cluster level through the addition of 
dedicated HW IPs.  P2012 can run standard OpenCL and 
OpenMP parallel codes well as proprietary Native Programming 
Model (NPM) SW components that provide the highest level of 
control on application-to-resource mapping. In Q3 2011 the 
P2012 SW Development Kit (SDK) has been made available to a 
community of R&D users; it includes full OpenCL and NPM 
development environments. The first P2012 SoC prototype in 
28nm CMOS will sample in Q4 2012, featuring four clusters and 
delivering 80GOPS (with single precision floating point support) 
in 15.2mm2 with 2W power consumption. 

I.  INTRODUCTION 
The Platform 2012 (P2012) project aims at moving a 

significant step forward in programmable accelerator 
architectures for next-generation data-intensive embedded 
applications such as multi-modal sensor fusion, image 
understanding, mobile augmented reality.  P2012 is an area- 
and power-efficient many-core computing fabric, and it 
provides an architectural harness that eases integration of 
hardwired accelerators. The P2012 computing fabric is highly 
modular, as it is based on multiple processor clusters 
implemented with independent power and clock domains, 
enabling aggressive fine-grained power, reliability and 
variability management.  

Clusters are connected via a high-performance fully-
asynchronous network-on-chip (NoC) and feature up to 16 
processors with independent instruction streams (MPMD) 
sharing single-cycle access multi-banked level-1 data 
memories, a multi-channel DMA engine, and specialized 
hardware for synchronization and scheduling acceleration. 
P2012 achieves extreme area and energy efficiency by 
aggressive exploitation of domain-specific acceleration at the 
processor and cluster level. Each processor can be specialized 
at design time with modular extensions (vector units, floating-
point units, special-purpose instructions). Clusters can easily 
become heterogeneous computing engines thanks to the 
integration of coarse-grained hardware processing elements. 

Hardware-software interaction is facilitated by the local and 
global interconnect which efficiently supports point-to-point 
stream communication. The ultimate goal of P2012 is to fill the 
area and power efficiency gap between general-purpose 
embedded CPUs and fully hardwired application accelerators. 

From the software viewpoint, P2012 supports different 
programming models for a wide range of performance and 
platform portability objectives.  Standards-based Programming 
Models are based on industry standards that can be 
implemented effectively on the P2012 platform. OpenCL is 
supported since 2011, and OpenMP support is planned for 
2012. The Native Programming Model (NPM) is closely 
coupled to the platform and provides the highest level of  
control on application-to-resource mapping, at the expense of 
abstraction. Advanced Programming Models (typically data 
flow variations) are tuned to exploit combinations of HW and 
SW processing elements within a cluster.  P2012 programming 
tools assist the developer from high-level application capture 
and simulation, to the analysis, debug and visualization of the 
performance- and power-optimized version of the application 
mapped onto the fabric, including its interaction with a host 
processor Programming-model awareness is maintained at all 
abstraction levels and for all the different tools provided. 

The P2012 ecosystem is rapidly shaping up. A complete 
SDK for OpenCL and NPM is available today for a community 
with more than thirty partners. The full runtime source is 
available to promote independent development of innovative 
software environments. OpenCV bindings have also been 
prototyped to facilitate acceleration of computer vision and 
image understanding applications. A variety of virtual platform 
options are supported for software development, performance 
analysis and optimization, HW-SW design exploration. An 
FPGA emulation board will be available by Q2 2012, and the 
first P2012 SoC will sample in STM 28nm CMOS technology 
[1] by Q4 with 4 fully populated clusters, each capable of  
19GOPS (with full floating point support) in 3.8mm2 of silicon 
with a 0.5W power consumption. 

II. P2012 POSITIONING 
The digital IC industry shift toward multi-core platforms  is 

now well under way. There are two main architectures that are 
driving this evolution: general purpose shared memory multi-
cores (GP-SMPs) and programmable graphic units (GP-GPUs). 
Both families have to strike a reasonable balance between 
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III. ARCHITECTURE 
P2012 can be described as a GALS fabric of tiles, called 

clusters, connected through an asynchronous global NoC [2] 
(GANOC). The P2012 cluster, depicted in Fig. 2, aggregates a 
multi-core computing engine, called ENCore and a cluster 
controller. The ENCore cluster can host a number of processors 
(processing elements – PEs) varying from 1 to 16 (the maximal 
configuration). The extensible processor STxP70-V4 is the PE 
for the ENCore. It is a cost effective and customizable 32-bit 
RISC core supported by a comprehensive state-of-the-art 
development toolset. The STxP70-V4 architecture is a 32-bit 
load/store architecture with a variable-length instruction-set 
encoding (16, 32 or 48-bit), allowing manipulation of 32-bit, 
16-bit or 8-bit data words and supporting predicated execution 
to minimize the branch penalty impact. The STxP70-V4 core is 
implemented with a 7-stage pipeline, and it can execute up to 
two instructions per clock cycle (dual issue).  The P2012 
baseline STxP70 core is configured with a 32-entry register 
file, two zero-cycle overhead hardware loops, a 32-bit 
hardware multiplier, a second 32-bit core ALU and an interrupt 
controller with 16 maskable interrupt lines and 1 non-maskable 
interrupt. 

The STxP70-4 architecture offers a simple way to extend 
the basic STxP70 instruction set with application-specific 
instructions. An STxP70-4 version with a floating-point unit 
extension (FPX) is used for the first silicon implementation of 
P2012. In this configuration, one single ENCore16 cluster can 
execute up to 16 floating point operations per cycle. The dual-
issue architecture of STxP70-4 ensure that this FLOP rate is 
sustainable as loads, stores and integer operations can be issued 
in parallel with the FLOPs. In addition, since all cores have 
independent instruction issue pipelines, there is no single-
instruction, multiple-data restriction on execution, which is a 
common restriction of GPUs. This greatly simplifies 
application porting and development.  

The processing elements have a L1-private program cache 
(P$, 16KB direct mapped).  The ENCore16 processing 
elements do not have private data caches or memories, 
therefore avoiding memory coherency overhead. All ENCore 
processers share  a L1, 256-KB (32-bank) tightly coupled data 
memory (TCDM). The TCDM can therefore support a 
throughput one data access per PE on each clock cycle. This L1 
memory has been architected with a banking factor (number of 
memory banks divided by the number of processor) of 2 to 
reduce memory bank conflicts occurring when several PEs 
attempt to access the same memory bank simultaneously. The 
performance of most digital systems today is limited by the 
performance of their interconnection between logic and 
memory, rather than the performance of the logic or memory 
itself. The ENCore16 architecture solves this problem by using 
a high-performance, ultra-low latency network to interconnect 
its processing elements and on-chip shared memory banks.  

ENCore provides scheduling and synchronization 
acceleration by means of a Hardware Synchronizer (HWS). 
The HWS includes a synchronization module, an event and an 
interrupt generator, a dynamic allocator, and a fault-tolerance 
module. The synchronization module provides a hardware-
supported acceleration of various synchronization mechanisms: 

semaphores, mutexes, barriers, joins, etc. The event and 
interrupt generators allow any processor to generate an event or 
interrupt (a PE sees the event as a low-priority interrupt) to any 
ENCore16 PE. To avoid systematic polling operations, 
automatic notification is made possible via the programmable 
notifier which can send trigger events on specific 
synchronization values. The Interrupt generator also contains a 
System Messenger providing a set of mail-boxes to generate 
interrupt notifications to a target PE, whenever a new message 
is stored. The Dynamic Allocator allows the system to 
dynamically assign a task to an available PE. It is able to check 
the resource states (PE fault status, dynamic interrupt priority 
level table, etc.) and to allocate the best processor to execute 
the task. 

The cluster controller (CC) consists of a cluster processor 
sub-system, a DMA sub-system, a CC interconnect, and three 
interfaces: one to ENCore16, one to global fabric-level 
GANOC and  one to the local asynchronous network for 
plugging in hardwired accelerators. The CC contains a cluster 
processor designed around a STxP70-V4 dual-issue core with 
FPX, 16-KB of program cache and 32-KB of local data 
memory. The cluster processor, in conjunction with its cluster 
controller peripherals, is in charge of booting and initializing 
the ENCore16 PE. It also performs application deployment on 
the ENCore16 PEs, some of the error handling, as well as 
energy management through the Clock Variability and Power 
(CVP) module. The CVP exposes process, variability and 
temperature sensors information and generates clocks. The 
DMA sub-system is made of 2 independent DMA  channels. It 
performs the data block transfers from the external memory to 
the internal memory and vice versa while the various PE are 
operating. The CC interconnect supports intra and inter-cluster 
communication.  

As depicted in Fig. 2, the P2012 cluster can link the 
ENcore, described above, with a set of hardware accelerators 
(Hardware Processing Elements, or HWPEs) that provide cost-
optimized implementation for those functions for which a 
software implementation would be too expensive in terms of 
area and energy (e.g. advanced motion compensation in video 
encoding). Local, point-to-point communication between 
HPWEs is provided by an asynchronous local interconnect 
which ensures complete physical decoupling (clock and power 
domains) for maximum energy efficiency and robustness. The 
orchestration of the HWPEs, as well as the synchronization and 
communication with external memories and other SoC actors 
are provided by the cluster controller.  

The local interconnect (LIC) is based on the asynchronous 
NoC technology also used at the fabric level. It natively 
supports flow-based communication, i.e. data flowing between 
HWPEs are not converted into read and write transactions, but 
they are managed directly as data packets by the network. This 
maximizes payload efficiency as addresses do not need to be 
packetized into flits. Moreover, data exchange and input-output 
FIFO management at the boundary of each HWPE are natively 
supported by the network through and end-to-end credit-based 
protocol. This greatly reduces the latency of control 
information communication (e.g. queue status), thereby 
minimizing FIFO sizes. Read-write communication is also 
supported though read-write wrappers, and this is a convenient 
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IV. SOFTWARE AND TOOLS
As depicted in Fig. 3, the P2012 software 
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