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Á 4 I/O clusters with Quad cores 

 
Á 16 compute clusters (marked C) 

Á 16 cores 2 MB of shared memory 
each 

Á SMP type of architecture 
 

Á 2D torus wrap-around network on chip 
(NoC) 
Á 3.2 GB/S full duplex between each 

cluster and its 4 neighbors 
Á NoC extension between MPPA 

 
Á DDR3 Memory interfaces 
Á 2 x 8 lanes PCIe Gen3 interface 
Á 1G/10G Ethernet interfaces 
Á Universal Static Memory Controller 

(NAND/NOR/SRAM) 
Á GPIO / SPI / I2C / UART / PWM  
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MPPA® ACCESSCORE 1.4 
Kalray Software Development Kit  

Standard C/C++ 
Programming 
Environment  

Dataflow Programming  
DSP Style 

C/C++ - POSIX-Level 
Programming  

CPU Style 

Simulators & Profilers , 
Debuggers & 
System Trace 

Operating Systems & 
Device Drivers 
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ÁWhere to find the documentation? 

 

ÁGeneral presentation 
Á /usr/share/AccessCore/docs 

 

ÁReference documents 

Á /usr/share/AccessCore/docs/Book 

Á Dataflow.pdf 

Á PosixProgramming.pdf 

Á SimulationTraceDebug.pdf 

 

MPPA® ACCESSCORE documentation 



â2015 ɒ Kalray SA All Rights Reserved                  Confidential Information                                                                           8  

ÁDataflow programing model 

Á /usr/bin/ sc-* 

 

ÁPosix programing model 

Á /usr/local/k1tools/bin  

 

ÁEclipse 

Á k1-eclipse 

Á Dataflow plugin installed 

Á Posix plugin installed 

 

MPPA® ACCESSCORE release tools 
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ÁWhere to find application examples with source code? 

Á /usr/share/AccessCore/Apps 
Á Dataflow examples : 

ÁH264 dataflow code installed into eclipse 

ÁViolaJones 

ÁScaaL 

ÁAES 

ÁMatrix multiply 

ÁPosix Level examples : 

ÁAES 

ÁMPPA IPC (Sobelȼ $IO<F? "O@@?LCHAȼ ȿɚ 

MPPA® ACCESSCORE Examples 
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Á Computation blocks and communication graph written in plain C  

Á Supports ɈN;ME J;L;FF?FCMGɉ ;H> Ɉ>;N; J;L;FF?FCMGɉ 

Á Cyclostatic data production & consumption 

Á Dynamic dataflow extensions 

Dataflow Programming 

Automatic mapping on MPPA® 
memory, computing, 

& communication resources 
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Dataflow Development flow  
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Á Data is explicit, illustrated physically as a FIFO buffer 

 

Á Operations are within processing elements with inputs and outputs 
(« agents ») 

 

Á Agents run when inputs become valid 

 

Á Execution order determined by movement of data through agents 

The Dataflow Model 
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Á No synchronization between processing elements 

 

Á Computing agents are scheduled  once their dependencies are satisfied 

 

Á Communication exclusively via isolated FIFO channels between agents 

 

Á Model is inherently parallel 

Á Tasks are executed once input arrives so several processing elements can be 
ready to execute at the same time 

The Dataflow Model 
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×C Agents : Example 
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ÁAgents are connected within the « map » section of 
« subgraphs » 

Connecting Agents 
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Á AES encryption 

Á Found in /usr/share/AccessCore/Apps/AES 

Á Root.sc: like the « main » process 

Á Includes the « root » subgraph (entry point of a sigmaC program) 

Á IOAgents.sc: file input and output  

Á Group.sc: IO and cluster level instantiations 

Á Cluster.sc: group of agents to be placed on one cluster 

Á Encoder.sc: AES encoder agent definition 

 

 

Example Application from AccesscoreApps : AES 
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Á Open the k1-eclipse tool 

 

Á Select File->Import 

 

Á Import project (make sure you check the Copy to workspace box) 

Á4BCM QCFF CGJILN NB? JLID?=NɇM MIOL=? @CF?M ;M Q?FF ;M NB? <OCF> ;H> LOH 
configurations 

 

Import the Application into k1 -eclipse 
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AES Block Diagram 

Root 

AESGroup (on MPPA) 
AESCluster 

Reader (on 
host) 

Writer (on 
host) 

AESCluster 
é
 

Split Join 
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AES : Root.sc 

subgraph root() { 
 map 
 { 
  const unsigned iterationSize = BUFFER_SIZE * N_PE * N_CLUSTERS; 
   
  const unsigned groupSize = iterationSize * GRANULARITY; 
 
  agent ioIn = new myReader(groupSize); 
 
  agent ioOut = new myWriter(groupSize); 
 
  connect(ioIn.qty_sync, ioOut.qty_sync); 
 
  agent group = new AESGroup(N_PE, N_CLUSTERS, BUFFER_SIZE, 0,   
  GRANULARITY); 
  connect(ioIn.output, group.input); 
  connect(group.output, ioOut.input); 
 } 
} 
 

the amount of data encoded by one iteration  
of the AESEncoder agents 

the amount of data encoded by 
one iteration of the AESGroup 

read the data to be encoded from 
an input file  

write the encoded data to an 
output file  

The myReader agent might produce dummy data to reach the 
requested size. A control channel is used to transmit the 
amount of real data sent for encoding 

Instantiate an AESGroup subgraph to map to the MPPA and 
connect it to the reader and writer agents  

Entry point of a sigmaC ;JJFC=;NCIHȽ NB? ɈLIINɉ subgraph 



â2015 ɒ Kalray SA All Rights Reserved                  Confidential Information                                                                           21  

AES : Group.sc 
subgraph AESGroup (unsigned nProc, unsigned nClus, unsigned bufferSize, unsigned group_id, unsigned grenularity) { 
 interface { 
  in<unsigned char>input; 
  out<unsigned char>output; 
  spec{}; 
 } 
 map { 
  agent split = new Split<unsigned char>(nClus, bufferSize * nProc); 
   
  SigmaC_agent_setUnitType(split, "k1-I/O"); 
 
  agent join = new FastJoin<unsigned char>(nClus, bufferSize * nProc * grenularity); 
   
  SigmaC_agent_setUnitType(join, "k1-I/O"); 
 
  connect(input, split.input); 
  connect(join.output, output); 
 
  unsigned i; 
  for( i = 0; i < nClus; ++i){ 
   agent cluster = new AESCluster(nProc, bufferSize, group_id * nClus + i); 
   connect(split.output[i], cluster.input); 
   connect(cluster.output, join.input[i]); 
  } 
 } 
} 

Split agent to dispatch to the  
AESCluster subgraphs 

The agent must be in an I/O cluster 

Join agent to merge the data 
from the AESCluster subgraphs. 
The agent must be in an I/O 
cluster  Connect the dispatch agents to 

the subgraph ports 

Instantiate the AESCluster subgraphs and connect them 
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AES : Cluster.sc 
subgraph AESCluster (unsigned nProc, unsigned bufferSize, int clus_id){ 
 interface { 
  in<unsigned char>input; 
  out<unsigned char>output; 
  spec{}; 
 } 
 map{ 
  unsigned i; 
 
  unsigned int affGroup = SigmaC_createAffinityGroup(1000000000); 
 
  agent split = new FastSplit<unsigned char>(nProc, bufferSize); 
  SigmaC_agent_addToAffinityGroup(affGroup, split); 
 
  agent join = new FastJoin<unsigned char>(nProc, bufferSize); 
  SigmaC_agent_addToAffinityGroup(affGroup, join); 
 
  connect(input, split.input); 
  connect(join.output, output); 
 
  for(i = 0; i < nProc; ++i){ 
   agent crypt = new AESEncoder(bufferSize, clus_id * nProc + i); 
   SigmaC_agent_addToAffinityGroup(affGroup, crypt); 
   connect(split.output[i], crypt.input); 
   connect(crypt.output, join.input[i]); 
  } 
 } 
} 

Create an affinity group to encourage  
the placer to place all the cluster  
subgraph in a single cluster 

Connect the dispatch agents to the 
subgraph ports 

Split agent to dispatch to the 
AESEncoder agents 

Join agent to merge the data 
from the AESCEncoder agents 

Instantiate the AESEncoder agents and connect them 
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AES : Encoder.sc 
agent AESEncoder(unsigned bufferSize, int id){ 
 interface { 
  in<unsigned char> input; 
  out<unsigned char> output; 
  spec{input[bufferSize]; output[bufferSize]}; 
 } 
 
 /* Encryption context structure for OpenSSL */ 
 struct ctr_state state; 
 
 map { 
  SigmaC_agent_resource_setStack(SigmaC_agent_self(), 2000); 
 } 
 
 init  { 
  /* Encoding key */ 
  unsigned char key[16] = "0123456789abcdef"; 
  /* Initial vector */  
  unsigned char iv[8] = "01234567"; 
 
  /* Initialize context for libcrypto */  
  state.num = 0; 
  state.id = id; 
  state.status = 0; 
 
  if (AES_set_encrypt_key(key, 128, &state.key) != 0){ 
   __SCIO_printf("Failed to initialize AES context.\n"); 
   exit(EXIT_FAILURE); 
  } 
 
  memset(state.ivec, 0, 16); 
  memset(state.ecount, 0, 16); 
  memcpy(state.ivec, iv, 8); 
 } 
 
 void start() exchange (input in[bufferSize], output out[bufferSize]){ 
  /* Encode the data using libcrypto */  
  AES_ctr128_encrypt(in, out, bufferSize, &state.key, state.ivec, state.ecount, &state.num); 
 
 } 
} 

Main function, retrieve bufferSize data,  
encode them and send them 
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Á Build the application 

Á Right-click on the project 

Á Select Build Project 

Á Open the SigmaC Explorer viewer 

Á Right-click on the project 

Á Select Open IRS -> Debug 

Á Here you have all the different views (Dataflow, Mapping and Scheduling, 
etc) 

Á Choose a run configuration to run the application 

Á Right-click on the project  

Á Select Run as -> Run Configurations 

Á Choose a pre-configured run configuration from the list  

Áeither simulator (SigmaC Simulation configuration) or HW run (SigmaC 
Application on target) 

 

How To Build, View and Run 
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Á POSIX-like process management 

Á Spawn 16 processes from the I/O subsystem 

Á Process execution on the 16 clusters start with 
main(argc, argv) and environment 

 

Á Inter Process Communication (IPC) 

Á POSIX @CF? >?M=LCJNIL IJ?L;NCIHM IH ɆNoC Connectorsɇ 

Á Extension to the PCIe CHN?L@;=? QCNB NB? Ɇ0#) 
#IHH?=NILMɇ 

Á Rich communication and synchronization 

 

Á Multi-threading inside clusters 

Á Standard GCC/G++ OpenMP support 

Á #pragma for thread-level parallelism 

Á Compiler automatically creates threads 

Á POSIX threads interface 

Á Explicit thread-level parallelism 

POSIX-Level Programming 
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Á Inside a computer cluster: 

Á There is no cache coherence 

ÁThis can be managed manually using  WBflush, Dcache invalidation, .. 
Á Docs: /usr/local/k1tools/Manuals/GCCBuiltins/GCCBuiltins.pdf 

ÁWe recommend to use the POSIX Mutex 
Á Docs: /usr/local/k1tools/doc/Specifications/NodeOS/NodeOS.pdf 

Á The compute cluster boot 

Á The BSP is executed on the System Core processor 

Á The NodeOS operating system starts 

Á NodeOS spawns the main function to the PC0 core 

Á From the main function,  the others 15 PC cores can be used using POSIX 
pthreads or OpenMP 

Á A PC core cannot be shared by 2 POSIX pthreads 

ÁDocs: /usr/local/k1tools/doc/Specifications/NodeOS/NodeOS.pdf 

The compute clusters 
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Core 1 

$I $D WB 

2M B  S hared M em ory

Instruction cache  : 8KB 
2 way set associative 
64B lines 
 
Data cache : 8KB 
2 way set associative 
32B lines 
 
Write Buffer : 8 lines 

No Cache Coherence (inside a compute cluster) 
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Core 1 

$I $D WB 

No Cache Coherence (inside a compute cluster) 

Core 2 

$I $D WB 

2M B  S hared M em ory

Int store = 3 
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Core 1 

$I $D WB 

2M B  S hared M em ory

Core 2 

$I $D WB 

Int store = 3 

lu $(store) 

Cache Miss D cache invalidation WB Flush 

No Cache Coherence (inside a compute cluster) 
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NodeOS boot (inside a compute cluster)  
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ÁAn helloworld example is available: 
Á /usr/share/AccessCore/Apps/MPPAIPC-Examples/hello_world 

ÁFirst step: x86 -> IO cluster using PCI 
ÁA mppa_spawn  is called from the  x86 to transfer a multi-binary  to 

the DDR of the IO cluster using PCIe  (./src/host/main_host.c) 

ÁSecond step:  IO cluster -> Computer cluster (PC0)  
ÁA mppa_spawn  is called from the IO-cluster to transfer a binary from 

the DDR of the IO cluster to the SMEM memory of a computer cluster 
using the NoC (./src/k1-io/io_main.c) 

ÁThird step:  Computer cluster (PC0) -> all PC cores 
ÁSome pthread_create  are called to create threads on all the core of 

the compte clusters (./src/k1-cluser/cluster_main.c) 

 

 

 
 

 
 

The MPPA boot 
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The MPPA boot 
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ÁThere are three communication objects to transfer data 
between clusters 
Á Docs: Docs: /usr/local/k1tools/doc/Specifications/Process/Process.pdf 

ÁPortal: used to transfer large blocks of data 

ÁRqueue: remote queue to transfer small messages 

ÁSync: half barrier to synchronise between clusters  

 

 
 

 
 

The IPC objects 
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MPPA IPC objects (inter-cluster communication)  
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MPPA IPC objects (inter -cluster communication)  
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MPPA IPC objects (inter -cluster communication)  

Cluster 0 
Tx process 

Cluster 1 
Tx process 

Cluster 3 
Rx process 

 
 

C 

C 

Rqueue : message passing with credits 
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Á AES encryption 

Á Found in /usr/share/AccessCore/Apps/MPPAIPC-AES 

Á io_main.c: process running on IO cluster 

Á cluster_main.c: process running on compute clusters (same process on 5 
compute clusters) 

 

Example Application from AccesscoreApps : AES 
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Á Open the k1-eclipse tool 

 

Á Select File->Import 

 

Á Import project (make sure you check the Copy to workspace box) 

Á4BCM QCFF CGJILN NB? JLID?=NɇM MIOL=? @CF?M ;M Q?FF ;M NB? <OCF> ;H> LOH 
configurations 

 

Import the Application into k1 -eclipse 
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AES Block Diagram 

IO cluster: 
Runs 
io_main.c 

Compute 
cluster 0 

Compute 
cluster 2 

Compute 
cluster 3 

Compute 
cluster 4 

Compute 
cluster 1 

IO cluster: Open queues, syncs  

and portals for communication 

between IO cluster and  

Compute clusters 

sync: "/mppa/sync/128:7ñ 

rqueue: "/mppa/rqueue/128:[0,1,2,3,4]:3ñ 

read portal: "/mppa/portal/128:3ñ 
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AES Block Diagram 

IO cluster: 
Runs 
io_main.c 

Compute 
cluster 0:  
Runs 
cluster_main.c 

Compute 
cluster 2:  
Runs 
cluster_main.c 

Compute 
cluster 3:  
Runs 
cluster_main.c 

Compute 
cluster 4:  
Runs 
cluster_main.c 

Compute 
cluster 1:  
Runs 
cluster_main.c 

IO Cluster: Spawn cluster processes 


