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High Performance Embedded Computing
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TI Keystone Architecture
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Keystone I: C6678 SoC
• Eight 8 C66x cores
• Each with 32k L1P, 32k 

L1D, 512k L2
• 1 to 1.25 GHz
• 320 GMACS 
• 160 SP GFLOPS
• 512 KB/Core of local L2
• 4MB Multicore Shared 

Memory (MSMC)
• Multicore Navigator (8k 

HW queues) and 
TeraNet

• Serial-RapidIO, PCIe-II, 
Ethernet, 1xHyperlink
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Energy Efficiency
LINPACK running on C6678 achieves 25.6 Gflops, ~2.1 Gflops/W

PRACE First Implementation Project, Grant RI-261557, Final Report on Prototypes Evaluation. Lennart 
Johnsson, Gilbert Netzer, SNIC/KTH, 3/29/2013.
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High Density COTS boards
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Keystone II: 66AK2H12/06 SoC
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Available HPC Platforms

Programming Heterogeneous Multicore SoCs

8

Multicore NavigatorMulticore Navigator
Te

ra
N

et

Network
AccelerationPacs

System ElementsSystem Elements

Power Mgr

Packet
Accelerator

5 port  1GbE Switch

EMIF and  I/OEMIF and  I/O
16b

EMIF
UART

x2
SPI
x3

I2C
x3

High Speed SERDES

GbESRIO HyperLinkPCIe

Security
Accelerator

SysMon

Debug EDMA

Multicore Memory 
Controller

Multicore Memory 
Controller

64/72b 
DDR3

x2

66x66x 66x66x66x66x66x66x

1MB1MB 1MB1MB 1MB1MB 1MB1MB

ARM
A15
ARM
A15

ARM
A15
ARM
A15

ARM
A15
ARM
A15

ARM
A15
ARM
A15

4MB4MB

66x66x 66x66x66x66x66x66x

1MB1MB 1MB1MB 1MB1MB 1MB1MB

USB3

HP Moonshot 
ProLiant m800

nCore
Brown Dwarf

66AK2H 
Evaluation Module

ProDrive PDAK2H



Heterogeneous Multicore Programming
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 Within a node, OpenCL™ or OpenMP® 4.0 can be used to program heterogeneous compute 
cores

 Across nodes, MPI is used to partition the application and manage program execution, data 
transfer and synchronization
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DSP subsystem

ARM subsystem
TI 66AK2H12

OpenMP Accelerator

OpenMP

OpenMP

// OpenMP Accelerator vector add
// OpenMP for loop parallelization
void ompVectorAdd(int   N, 
                  float *a,
                  float *b,
                  float *c)
{
  #pragma omp target           \
  map(to:   N, a[0:N], b[0:N]) \ 
  map(from: c[0:N])
  {
    int i;
    #pragma omp parallel for
    for (i = 0; i < N; i++)
      c[i] = a[i] + b[i];
  }
}

Data movement
- to copies variables from the ARM memory to 
the DSP memory
- from copies variables from the DSP memory 
to the ARM memory
- TI provides special alloc and free functions 
to allocate DSP memory such that copies are not 
needed

Calling existing DSP code from the ARM
- Wrapping existing DSP functions with OpenMP 
Accelerator code is straightforward

ARM + OpenMP 4.0



OpenMP Compiler support at TI

• OpenMP 3.0 on C667x (DSP only) 
– BIOS MCSDK 2.1.x

• OpenMP 3.0 + OpenMP 4.0 device constructs
– HPC MCSDK 3.0.x

• Ongoing development to get to 4.0
• Come by the Texas Instruments Booth 3745 at SC
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