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Kalray Software Development Kit

Standard C/C++
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Environment
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MPPAACCESSCORE RELEASE

o Ok Wb PE
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MPPA® ACCESSCORE documentation

A Where to find the documentation?

A General presentation
A /usr/share/AccessCorgocs

A Reference documents
A /usr/share/AccessCorlocs/Book
A Dataflow.pdf
A PosixProgramming.pdf
A SimulationTraceDebug.pdf
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MPPA® ACCESSCQORIEase tools

A Dataflow programing model
A [usr/bin/ sc-*

A Posixprograming model
A /usr/local/k1tools/bin

A Eclipse
A kl-eclipse
A Dataflow plugin installed
A Posixplugin installed
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MPPA® ACCESSCORE Examples

A Where to find application examples with source code?

A lusr/share/AccessCor\pps

A Dataflow examples
A H264 dataflow code installed into eclipse
A ViolaJones
A Scaal
A AES
A Matrix multiply

A PosixLevel examples
A AES
A MPPA IPCSpbeff $1 O<F? " O@@?LCHA¢ s &
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DATAFLOW PROGRAMMING MODEL

o Ok WbhPRE
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Dataflow Programming

A Computation blocks and communication graph written iplain C

A SupportsI] N; ME J; L; FF?2FCMGjj ; H> 3>:; N
A Cyclostaticdata production & consumption :
A Dynamic dataflow extensions %

Automatic mapping onMPPA
memory, computing,
& communication resources
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Cataflow Application
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Debugger
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Trace & Debug
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The Dataflow Model

A Data is explicit, illustrated physically as a FIFO buffer

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

A Agents run when inputs become valid
A Execution order determined by movement of data through agents

w Agent 1 T —» Agent 2 w

/0 agent FIFO buffer /O agent
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The Dataflow Model

A No synchronization between processing elements
A Computing agents are scheduled once their dependencies are satisfied
A Communication exclusively via isolated FIFO channels between agents

A Model is inherently parallel

A Tasks are executed once input arrives so several processing elements can t
ready to execute at the same time
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xC Agent s Exampl

Agent Inverter's function:
- Consume an unsigned char
- Process the input unsigned char

agent keyword followed - Produce an inverted unsigned char
/ by the name of the agent

agent Inverter ()

Interface section for input/

interface o —— output channels

in<unsigned char> input; /*< input byte stream */
out<unsigned char> output; /*< output byte stream */

spec{input; output}:

. Exchange functions to
void invert (void) exchangeelinput pel—im—outpUt pel out) directly manipulate input/

‘_ pel out = 255 - pel in; OUtput Channels
void start () \ Standard C code within the
‘- invert () ; agent

\ start function is an infinite loop
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Connecting Agents

A Agents are connected within themap » section of
«subgraphs»

4 N

input output input output
input ——ph al P ph a2 P » output

subgraph Subgraphl ()

interface K\% ~’/
| incunsigned char> input:  Agents are instanciated and connected
out<unsigned char> output; . .
in the map section

spec{input; output};
o Agents are instanciated via the « new » keyword
© int N = 1024;
agent al = new ii*’“/A parameter « N » added as an argument to the agent

agent a2 = new Agent2 (N); /
connect (input, al.input):;

connect (al.output, a2.input):
connect (a2.output, output):;

I Agent interfaces are connected using « connect »
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Example Application from AccesscoreApps AES

>

AES encryption
Found in Usr/share/AccessCor\pps/AES
Root.sc: like the ®ain » process
A Includes the «oot » subgraph(entry point of asigmaCprogram)
|IOAgents.sc: file input and output
Group.sc: 10 and cluster level instantiations
Cluster.sc: group of agents to be placed on one cluster
Encoder.sc: AES encoder agent definition

> I

D>y v v D
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Import the Application into k1 -eclipse
A Open the kieclipse tool
A SelectFile->Import

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

A4BCM QCFF CGJI LN NB? JLI D?=N¢M
configurations

a 2015pKalray SA All RighReserved Confidential Information 18



Q KALRAY

AES Block Diagram

Root
Reader (on

host) \v

AESGroup (on MPPA)
AESCluster
Split (D~ Join
AESCluster

\\_) Writer (on
host)
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AES : Root.sc

Entry pointofa sigmaC; J JF C=; NCI HsdubgrépB? JF L1 | N}
subgraph root() {

the amount of data encoded by one iteration

Enap of the AESEncoderagents
const unsigned iterationSize = BUFFER_SIZE * N_PE * N_CLUSTERS;
) _ ) ) ) the amount of data encoded by
const unsigned groupSize = iterationSize * GRANULARITY;  one iteration of the AESGroup
read the data to be encoded from
agent ioln = new myReader(groupSize); an input file
write the encoded data to an
agent ioOut = new myWriter(groupSize); output file
The myReader agent might produce dummy data to reach the
connect(ioln.qty_sync, ioOut.qty_sync); requested size. A control channel is used to transmit the
amount of real data sent for encoding
agent group = new AESGroup(N_PE, N_CLUSTERS, BUFFER_SIZE, 0,
GRANUITARITY); ) Instantiate an AESGroup subgraph to map to the MPPA and
connect(ioln.output, group.input); connect it to the reader and writer agents
connect(group.output, ioOut.input);
}
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AES : Group.sc

subgraphAESGrougunsignednProc, unsignednClus unsignedbufferSize unsignedgroup_id, unsignedgrenularity) {

interface {
in<unsigned char>input;
out<unsigned char>output;
spec{};
}
map { Split agent to dispatch to the
agent split = new Split<unsigned chamClus bufferSize* nProc); AESCluster subgraphs
SigmaC_agent_setUnitTygsplit, "k1-1/0"); The agent must be in an 1/O cluster
agent join = newrastJoirkunsigned char>{Clus bufferSize* nProc* grenularity);
SigmaC_agent_setUnitTyggin, "k1-1/0"); }]r(:)'r?] ?ﬁs rj:éosgigzéﬁggshs_
The agent must be in an I/0
connect(input, split.input); Connect the dispatch agents to cluster
connect(oin.output, output); the subgraph ports
un5|_gned_|; . Instantiate the AESCluster subgraphs and connect them
for(i= 0;i <nClus +4#){
agent cluster = nevAESClustgnProc, bufferSize group_id* nClus+i);
connect(split.output[i], cluster.input);
connect(cluster.output, join.input[i]);
}
}
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AES : Cluster.sc

subgraphAESCIlustefunsignednProc, unsignedbufferSize int clus_id){

interface {

map{

}
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in<unsignedchar>input;
out<unsignedchar>output;

sped]};
unsignedi;
unsignedint affGroup=SigmaC _createAffinityGroy000000000);

agent split = newFastSplikunsigned char>{Proc, bufferSize;
SigmaC_agent_addToAffinityGroaffGroup, split);

agent join = newFastJoircunsigned char>{Proc, bufferSize;
SigmaC_agent_addToAffinityGroaffGroup, join);

connect(input, split.input); Connect the dispatch agents to the
connect(join.output, output); ~ subgraph ports

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

Split agent to dispatch to the
AESEncoderlgents

Join agent to merge the data
from the AESCEncodengents

for(i = 0; i < nProc; ++i){ Instantiate the AESEncoderagents and connect them
agent crypt = newAESEncoddbufferSize clus_id* nProc+i);

SigmaC_agent_addToAffinityGroaffGroup crypt);
connect(split.output[i], crypt.input);
connect(crypt.output, join.input[i]);
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AES : Encoder.sc

agentAESEncoddunsignedbufferSize int id){

interface {
in<unsignedchar> input;
out<unsignedchar> output;
spedinput[bufferSiz4; output[bufferSizd},
}

[* Encryption context structure for OpenSSL */
struct ctr_state state;

map {
SigmaC_agent_resource_setStagmaC_agent_se(f, 2000);
}
init {
/* Encodingkey */
unsignedchar key[16] = "0123456789abcdef";
/* Initial vector*/
unsignedchar iv[8] = "01234567";
/* Initialize context for libcrypto */
state.num= 0;
state.id = id;
state.status= 0;
if (AES_set_encrypt_kdkey, 128, &tate.key) = 0){
__SCIO_printf'Failed to initialize AES contexn");
exit(EXIT_FAILURE);
}
memsef(state.iveg 0, 16);
memsef(state.ecount 0, 16);
memcpy(state.iveg iv, 8);
}

Main function, retrieve bufferSize data,

void start() exchange (input iffufferSizd, output out[bufferSizd){ encodethem and send them
/* Encode the data usingjbcrypto */

AES_ctrl28_encrypt(in, oubufferSize &state.key, state.iveg state.ecount, &state.num);

}

a 2015pKalray SA All RighReserved Confidential Information 23



° KALRAY

How To Build, View and Run

A Build the application
A Rightclick on the project
A SelectBuild Project
A Open theSigmaCExplorer viewer
A Rightclick on the project
A SelectOpen IRS> Debug

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

A Choose a run configuration to run the application
A Rightclick on the project
A SelectRun as> Run Configurations
A Choose a preconfigured run configuration from the list

A either simulator SigmaCSimulation configuration) or HW rurSjgmaC
Applicationon target)
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Contents

POSIX PROGRAMMING MODEL

o O hA Wb PRE
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POSIXxLevel Programming

A POSIXike process management
A Spawn 16 processes from the 1/0 subsystem

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

1/0 Subsystem Cluster 0 Cluster 1
A Inter Process Communication (IPC) mPppa_open
A POSIXQCF ? >7? M=L CJ NbAConhettOry At | H E

A ExtensiontothePCIeECHN? L @; =? QC N LS Ll ) 7 )

#1 HH? = NI L Mg mppa_spaw
A Rich communication and synchronization
mppa_write \
A Multi-threading inside clusters mppa_read mppa_write
A Standard GCC/G+@penMPsupport mppa_close mppa_close
A #pragmafor thread-level parallelism Lgipa sl
A Compiler automatically creates threads R
A POSIX threads interface
A Explicit threadlevel parallelism

mppa_open

mppa_read

OpenMP
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The compute clusters

A Inside a computer cluster:
A There is no cache coherence

A This can be managed manually using WBflush, Dcache invalidation, ..
A Docs: /usr/local/k1tools/Manuals/GCCBuiltins/GCCBUuiltins. pdf

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

A The compute cluster boot
A The BSP is executed on the System Core processor
A The NodeOS operating system starts
A NodeOS spawns thmain function to the PCO core

A From themainfunction, the others 15 PC cores can be used using POSIX
pthreads or OpenMP

A A PC core cannot be shared by 2 POSIX pthreads
A Docs: /usr/local/k1tools/doc/Specifications/NodeOS/NodeOS. pdf
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No Cache Coherence (inside a compute cluster)

Instruction cache : 8KB
2 way set associative

C I 64B lines
Core 1l Data cache: 8KB
2 way set associative
L J 32B lines

( )

| \ $D IWQ Write Buffer : 8 lines

U
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No Cache Coherence (inside a compute cluster)

sl s s we
T o

Int store = 3
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No Cache Coherence (inside a compute cluster)

lu $(store)

a N

Core 1 Core2
N\ . J
Cache Miss WB Flush D cachdnvalidation

T
Int store = 3
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Start A

g y main() H y
- ]ITrt reaq_FreateH

System core / LN L
Run{\r}ér:jgegegmel | I _:W\} l
" J [ )
N
i p—
S
; % !

[ BSP. NodeOS| Code:  Data | Stack |
Shaled I\flemoly (2 Mo)

o

[j Frocessing core
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The MPPA boot

A Anhelloworldexample is available:
A /usr/share/AccessCor\pps/MPPAIPExampleshello_world

A First step: x86> 10 cluster using PCI

A Amppa_spawnis called from the x86 to transfer a mubinary to
the DDR of the 10 cluster usii§le(./sr¢host/main_host.g

A Second step: 10 cluster Computer cluster (PCO)

A Amppa_spawnis called from the I@luster to transfer a binary from
the DDR of the 10 cluster to the SMEM memory of a computer cluste
using theNoC(./srcd/k1-io/io_main.c

A Third step: Computer cluster (PC® all PC cores

A Somepthread_createare called to create threads on all the core of
the compte clusters (.6rdkl-cluser/cluster_main.q
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The MPPA boot

HEB
Frocess

Hostx86
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4GB ]
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The IPC objects

A There are three communication objects to transfer data
between clusters

A Docs: Docs:usr/local/kltools/doc/Specifications/Process/Process.pdf
A Portal: used to transfer large blocks of data

A Rqueue remote queue to transfer small messages

A Sync: half barrier tsynchronisebetween clusters
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Bitmask :
| 0X00

i OxFO -=

i OxFO
. or -

' OxOF
| OxFF

== gynchronized

|
|
i or
|
|
|
|
|
|
|
|
|
|
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MPPA IPC objectginter -cluster communication)

Rgueue: message passing with credits

Cluster O* <P >‘7
Txprocess
. Cluster 3
l_, > Rx process
Cluster 1|
TX process ( k >,
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D>y v v D

Example Application from AccesscoreApps AES

AES encryption
Found in Usr/share/AccessCorpps/MPPAIPQAES
l0_main.c. process running on |O cluster

cluster_main.c process running on compute clusters (same process on ¢
compute clusters)
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Import the Application into k1 -eclipse
A Open the kieclipse tool
A SelectFile->Import

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

A4BCM QCFF CGJI LN NB? JLI D?=N¢M
configurations
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AES Block Diagram

|O cluster: Open queues, syncs
and portals for communication

between IO cluster and sync:"fmppa/ sy nc/ 128: 7
| | r rqueue: "/mppa/rqueue/ 128 : [ 0, 1, 2, 3, 4]
ComDUte CIUSterS ISUﬁSUSte read portal: "/mppa/ port al / 128: 3i
i0_main.c
Compute Compute Compute Compute Compute
cluster O cluster 1 cluster 2 cluster 3 cluster 4
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AES Block Diagram

1O Cluster: Spawn cluster processes

|O cluster:

Runs

i0_main.c
Compute Compute Compute Compute
cluster 1: cluster 2: cluster 3: cluster 4.
Runs Runs Runs Runs
cluster_main.c cluster_main.c cluster_main.c cluster_main.c

a 2015pKalray SA All RighReserved Confidential Information 41



