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Renesas RH850 prototype

16 core, distributed shared memory, 200MHz, 1.5W

4-core cluster x 2 x

2

eMCOS clustering can be mapped per 4-core cluster, 4 x
2 cluster, or all 16 cores

Memory heaps are grouped into core local, cluster local,

and DDRs

RH850 CPU Board (FPGA)

A i {_A_\ X
v v | 1
cpu||cpul|cpullcpul  |cpul/cpul|cpul|cpu ‘CPU‘ CPU‘CPU‘CPU cpu}cpucpu}cpu
.RAMllRAMl ram|[ram] IRAM"RAM”RAMl RAM| IRAM"RAM"RAM"RAMI IRAM"RAM"RAM"RAMI
Cluster RAM Cluster RAM Cluster RAM Cluster RAM
Cluster 0 Cluster 1 Cluster 2 Cluster 3
Interconnect PCle H PCle Interconnect
DRAM Timer| |UART| | GPIO DRAM Timer| |UART| | GP1O *

RH850 CPU Board (FPGA)
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KALRAY MPPA

* 16 x16 + 4 x4 manycore processor, [T o

predictable, realtime inter-connects [ i —- | s
e 400MHz 5-10W : EEEEIEEEEEEE
« 2MB Cluster local shared memory s b b s |
without cache coherency _ ENSESENENEEEEEEE
* Only the quad-cores have DDR  ENEEEENEINESEEES
ALLess | ENSEEENENEREEEE
* Message passing over NoC ENEEEEEEIEESEEES
« All cores are connected via message BT I | |
passing - BUNEEENEINEEENEE
: L - ENENEEEENINEEEEEE
 Threads are migratable within a ‘ e -~
cluster i S B i 5
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Background
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« IWEEHM/N\— RO I 7. FERELSEROOSSHIGH
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eSOL eMCQOS — a manycore OS

Manycore Processor / Microkernel
B B '/ OS Server
-------- = omomw Application,
N4 Middleware,
........ driver
Server App ... App App
Thread  Thread Thread  Thread

Interface Library

Micro-kernel

ssol

« Distributed microkernel

— A micro kernel for every core

— Message passing

— Server/Client

— OS services as distributed servers

— A single OS view from applications
« Clustering (hierarchical)
« Layered scheduling

« Both homogeneous and
heterogeneous cores supported

* NUMA-capable memory management

EMS2015 / Gondo 11



Clustering and layered schedulers

@ = Core Local Scheduler
1S = Thread Scheduler (server)

(" Fe Root Cluster )
15 Leaf Clusterl w1 Leaf Cluster3

[

w1 Leaf Cluster2 w1 Leaf Cluster4 J
J

| \_
s sol



Semi-priority based scheduling

Hard real-time threads:
.ﬂ. Pri 2 m Pri 5
These threads are

uaranteed to run

whenever its ready

Pri 10 Pri 45 Pri 11 Pri 9
Pri 20 Pri 55 Pri 12 Pri 11 .
Soft real-time threads:
Pri 30 Pri 65 Pri 15 These threads are
Pri 70 load-balanced
Core 1 Core 2 Core 3 Core 4

BER  RUNNING

Pri # READY

Pri # Non-READY
Threads used for load

calculation: .

Any ready thread, including i :§(256_Pjready—thread) 2
running, regardless of thread group 0
| D=) Wi?
&IOL JP PAT 5734941 EMS2015 / Gondo = 1313



Distributed Name Service

A globally distributed name service

It provides a way to configure the client-server
routing of messages by system configuration

DNS enables server multiplexing and
optimization of server placement

Name caching for efficient processing

14
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DNS usage example

NEIRE Other
Server Q| servers ‘
* DNS1 is "used" as the Clusterl local

Nname server

Cluster2 « DNS2 is "used" as the Cluster2 local
NS NS hame server

Clusterl

DNS

1 2 3 « DNS3 is "used" as the global name

server

Server
A

* This usage model is determined by
system configuration, which
configures placement of these
servers and also the preset DNS

DNS Server Servers registered server search order table

Server B Server B' | Server D

DNs1 SEIVET [ SEMVED 2 « The system configuration is
DNS2 Server B’ performed by the system designer
DNS3 Server D

« eMCOS SDK is to provide the

DNS server query order configuration script
configuration - Servers A/B/B'/C/D registers

1' DNS Srv. DNS1 DNS2 themselves using macros defining the
2' DNS Srv. DNS3 DNS3 DNS server they are to be registered
to. The macros are defined in

&IOL conjunction with the above system . .
EMS2015/Gondo o nfiguration



Heterogeneous compute/hardware
clusters

eMCOS API and services

[~

Multi-cluster chip
cluster chip "

+ Integrates heterogeneous/homogeneous multi-
manycore system over the message passing

* From single, multi, and manycore, with different
memory subsystems

&f -L*Any number of chips may be connected together
(o
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ROS on eMCQOS - running
Autoware autonomous drlvmg
system e

Autoware application
ROS nodes ROS nodes (app)
:2:R0OS.org
#ppoost 7. pcl TF2/Eigen/FLANN

PC (x86)

eMCOS API and services

Single-
cluster chip

&IOL EMS2015 / Gondo 17




Supported architecture

KALRAY MPPA255

— 255+16 manycore processor, predictable, realtime inter-connects
— 400MHz 5-10W

Renesas Electronics RH850 manycore prototype

— Based on the leading share RH850 for automotive
— 16 core, distributed shared memory, 200MHz, 1.5W

TILERA TILE-Gx family (9, 16, 36, 72 cores)
A couple more architectures under development

eMCOS is scalable to adapt to any architecture, from
single-core to manycore

EMS2015 / Gondo 18



eMCOS IDE Plug-ins
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2 & = | Process| TD PTID H . Econsole fiTasks [ Problems {J Executables [ Memory [ Message Profiler T Real-time Profiler 2 ==l
= & eMCOS lting 9 “ sldiHersrcerre LRI
@ Experiments [0] % 00:00:00. 63534654 Pie Chart (Overview) [Pie Chart (Details) - Time Series | Data Table Core Migration (Pie Chart)| Core Migration (Table) .
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ol : = T e R S O !
. Dconsole {Tasks [ Problems () Executables [ Memory [ Message Profiler ™ Real-time Profiler 52 :} & | [Resource
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Sender Thread "ts2m_00
Sender Microkernel 4
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Siﬂgif gﬁfi %g Receiver Microkernel 4.
ender Core

Sender Core 34

Sender Core 23

Sender Core 15

Sender Thread "ts2h_00 Receiver Thread "ts2m_
Receiver Thread "ts2|_
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ASSOCIATION

www.multicore-association.org
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SHIM Relationship and
use-cases

1. Tool Configuration

- /\THE.—,[
ssv - Multicore . ..
N Parallelization tool

OS/middleware
configurator

Performance
analysis tool
xml . .
‘ ' 2. Performance Estimation

3. Hardware Modeling

&IOL EMS2015 / Gondo 21
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=

Parallelizer(C K& F I fa) D HE
-
it Applications Places EXToolsuiLEZOJ.S.S de 4) 92 B Mon04:15 8 Silexica User
SLX - workshop_plp/output/workshop_plp.cgd - SLX Toolsuite 2015.6 -\
File Edit Diagram Navigate Search Project Run Window Help
oov 2 Y v & v B I |A v Biv o8 v B ov A=
Quick Access B | & Resource | ® =00 By C/c++
& Navigator 53 B[ Y = 8 ||=Cworkshop_plp.c |5 workshop_plp.cgd =0
~ @ workshop_plp ~ main (1)
¥ = bin
» & log Self Cost: 16,812 (0%)
P& obi Total Cost: 54,372,812 (100%)
¥ = output P .
- protter File:workshop_plp.c:99
v&=0
(¥ dynamic.xml 400
B header txt 40( 400
¥ static.xml L 4
B trace.txt ‘ < calculate_pi (400) | | < doSomeWork (400) | ‘ < doSomeMoreWork (400) |
~ & spec
Lo Makefile Self Cost: 23,584,800 (4 Self Cost: 331,600 (0% Self Cost: 327,600 (0%
Total Cost: 23,584,80 ‘@b Total Cost; 17,531, 6 @» Total Cost: 13,239,6f0 )
File:workshop_plp.c:16 File:workshop_plp.c:74 File:workshop_plp.c:87
2= Outline & BE =0
, 8,000 8,00 12,000
4 100%: main Y Y
4+ 43% caleutate.pi < maps_cos (8,000) | ‘ < maps_sin (20,000)
4 39%: maps_sin
4 32%: doSomeWork Self Cost: 8,592,000 (15%) Self Cost: 21,520,000 (39%)
+ 24%: doSomeMoreWork Total Cost: 8,592,000 (15%) Total Cost: 21,520,000 (39%)
¥ 154 mapscos File:workshop_plp.c:53 File:workshop_plp.c:32
¥ =0

[21 Problems 52 | & Console [ Properties

19 items

Description Resource Path Location Type |
~ i Infos (19 items) :
i APP - main was selected by the user for parallelization, Total execution percentage: 100% workshop_g!  /workshop_plp/s| line 99 Application Information
5
1/4

[Bl stxuser@locathost:~ [ E# SLX - workshop_plp/output/wo...

ssol

EMS2015 / Gondo
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569 DUEZRDD

. WESUTE (DRJEENE) Z=Hit/DHhd D

S —4&7E1% (Data dependency) &illfilllEF (Control
dependency) ZiiH L. EATIEE/QMFINIBEST IV ERDD

WBHLDFESE RDD
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Task Level

Parallelism
(TLP)

Data Level
Parallelism
(DLP)

Pipeline Level
Parallelism
(PLP)

3’5’/]’7’0)\ 5 TE

Cores

RAWI[X
a [ 2

VvV

Ve~

Cores? | P R—
q COAt
=

Cores|
Loop
i
T CoreS“
% t
—% Loop Cores
¢ COERENED
~RAWIX] >

I

\) Cores !
e
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= workshop_plp.c & | &5 workshop_plp.cgd

A+ z);

| | | |
loat y =
float z = 0.0
float a = 9.2 \
for (int i = 0;
x = calculate pi();
y = doSomewWork(x / 2);
y =y + a;
z = doSomeMorewWork (y
¥
printf("z=%f\n", z);
return O;
¥

(2! Problems | & Console 82 | [ Properties

SLXConsole

Partitioning process started...

-= Creating statement partition

Finished!

-= Analyze DLP/PLP partitions for function main

workshop_plp.

workshop_plp.c:111:

c
c o]
workshop_plp.c:111:0:
C o]

workshop_plp.c:111:

$111:0:

phint:
: phint:
phint:
: phint:

DLP
PP
PLP
PLP

Loop (111:117)
Loop (LLL:1Ls)
Loop (111:117)
Loop (111:117)

-= Analyze TLP partitions for function main

-= Report DLP/PLP partitions for function main

workshop_plp.c:111:0: phint: PLP - Loop (111:117)

-= Report TLP partitions for all functions

izerlCcKD/\—Fr>3=—>
A S eem ERiE

# A for loop that can be broken into stages (e.g, PLP] */
i < MAIN LOAD PLP; i++)

SLX Toolsuite 2015.6

Please enter the number of cores for partitioning

4

Cancel OK

does not provide DLP because of loop-carried dependency on variable z [Raw]

has a plpellne wlth £ stages and an estlmated speedup ot L./ /4968, ETTlclency: U,87484

has a pipeline with 3 stages and an estimated speedup of 2.27321. Efficiency: 0.757737

has recommended pipeline configuration with 3 stages. Estimated speedup 1s: Local 2.27321, Global 2.27304

presents PLP parallelism pattern with a local speedup of 2.27321

workshop_plp.c:99:0: phint: TLP - No task-level parallelism selected for function main

workshop_plp.c:99:0:

Partitioning process finished

ahint: APP - Speedup for application workshop plp due to all kinds of parallelism i1s estimated to be: 2.27304
1.20 s

[ Running partitioning algorithms finished ]

hddl v W I

EMS2015 / Gondo 26
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Process network

o HRMICIFHDAHFS AT AT H)LJOtvS >0,
HPCICAHWSNZAEHBHEETILDO—D

- KB ZED [JOCR] ETJO0REZERT D
[ FrRIV] ESNERFIFO CHERL

o FRILDOEBEEFIAHIEnon-blocking. FEiAldIblocking
« BRIRBDTKPN (Kahn process networks)
» TRWHITOISEIVEE/BLUTEZASNTZED

K. Gilles, “The semantics of a simple language for parallel programming,” in In
Information Processing’74: Proceedings of the IFIP Congress, 1974, vol. 74, pp. 471-475.
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2AT

% workshop_plp.cgd

& workshop_plp.task

O
SLX(ZCPN (C Process Networks)

EWVWDSCERZA UVINERUIZSEE
LY TCProcess NetworkzHRIER I B

EMS2015 / Gondo 30
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[ ]

=]

RATF—= )\ T =4 > DCPN
(1/2)

__PNkpn plp_111_stage_1 __PNout(float x) | = float doSomeMoreWork(float x)/!
i {4
; /* First stage: follow hint by copying the loop | float tmp = 0.0; )
* statement and accessing the variable x within | &
*x the loop #*//! for (float i = 0.0; i < 1.5 * WORKER_LOAD_PLP; 1i++)!
float ;! {
for (i = @; 1 < MAIN_LOAD_PLP; i++)/ tmp += maps_sin(x) / (i + 1);/l
{4 H
__PNout(x)! -~ &
B X = calculate_pi();) CPNj B I\ return tmp;l
2 H
1 d
& =int main(void) !
/**i*i******i******i*i******i******i*i******i********i******/xl/ {J«
/* Process for stage 2 of PLP loop at line 111 * [ 4 W
JREKKAKEKKKKKKAREKK KA KKK AKAR KKK AR KKK AR AR AR KAk AR K hkox [ float x = 0.0;/ EE@C: Y I\
__PNkpn plp_111_stage_2 __PNin(float a, float x) __PNout(float z)! &
{4 float y = 0.0;/
float y = 0.0;) N
J float z = 0.0;/
/* Second stage: follow hint by copying the loop | 4
* statement, accessing the variable x within | float a = 9.2;/
*x the loop and variables 'a' and 'z' outsidel N
* the loop =*//. /* A for loop that can be broken into stages (e.g, PLP) x/l
__PNin(a) __PNout(z) {! for (int i = 0; 1 < MAIN_LOAD_PLP; i++)/
float 1; {l
for (i = ®; i < MAIN_LOAD_PLP; 1i++)l x = calculate_pi();
{l y = doSomeWork(x / 2);i
__PNin(x) ! y =y + a3l
{4 z = doSomeMoreWork(y / 4 + z);/)
° y = doSomeWork(x / 2); i
y =y + a3l N
: z = doSomeMoreWork(y / 4 + z);! printf("z=%f\n", z);!l
1 return 0;/
H H
j [EOF]
&IOL EMS2015 / Gondo 31



RATF—= )\ T =4 > DCPN
(2/2)

/***********************************************************/¢
[ * Source and sink processes with code from main * /L
f***********************************************************/¢
__PNkpn source __PNout(float a)/l

{l

__PNout(a)l
L e CPNICKRBD2RT =)\ A TS
1

L it : A\ ORERTIOLX,

__PNkpn sink __PNin(float z)!

>{\L __PNin(z)/! éjontzwlﬂt-l%\ ?-\7 >*)b®i%

e printf("z=%f\n", z);!
H

&
/***********************************************************i¢
[ * Instantiate and connect proceses (done by hand) *x /1

/***********************************************************i¢

/* Channels to connect processes: Written by hand */.

__PNchannel fleoat a_ch, x_ch, z_ch;l

4

/* Instantiate and connect processes */.

__PNprocess main_src = source __PNout(a_ch);!

__PNprocess plp_111 stage_1_dinstance = plp_111 stage_1 __ PNout(x_ch);/

__PNprocess plp_111_stage_2_ 1instance = plp_111_stage_2 __PNin(a_ch, x_ch) __PNout(z_ch);!
__PNprocess main_sink = sink __PNin(z_ch);/)

EMS2015 / Gondo
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AT —2)\A TS 4 > DCPUFIFER

« C2HNBNILZRY D
¢« IRDT. CNEEB(I\ATSA>149D

workshop_plp.c o] workshop_plp_hint.cpn Ii’_' SLX Toolsuite Configuration History Visualizer configuration0 configurationO.uvector &3 = E

D |G K4 M| ed|F = 4

S workshop_plp_hint.2015-09-1 n n 10000000n 15000000n 20000000n 25000000n 30000000n

PRAF— )\ TFSA>TcodOzyv B a70F AR
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155 7’(**"(**’(‘**’(*Iﬁl’(*ﬁ("(*t’(lf(’(**"(**’(‘**’(*lﬁ’(*ﬁ("(*ﬁ(’(I*1(’(*I’(**’(‘**’(*I*’(*ﬁ"(**’(llJa I

156|__PNkpn plp_111_stage_2 __PNin(float a, float x) __PNout(float z).

157 | {¢

158 float y = @.@;J/ (74 I I I I3 I 143, I It 1 180, 1 185 1 ok, 1 184, 1 i 1 Jiu 1
159 1 201 /*"(********"(********"(********"(********"(*********************/J/

160 /* Second stage: follow hint by copying the loop | 202| /* Process for stage 3 of PLP loop at line 111 * [

161" * statement, accessing the variable x within | 203 | [ kkkkkk kR kAR R AARRRRRRR KA AR IR Rk hhk kR R kR R RAXRRRRR R * KR K*H*K*K* [

162| * t:e ‘{DOP an%variables 'a' and 'z' outsidel 204|__PNkpn plp_111_stage_3 __PNin(float y) __PNout(float z).!

163" * the loop = 205 {1

164 |: 77PN1‘n(a) __PNout(z) {! 206 { __PNout(z) {!

= , 2070  float i; |

ig? Ii’r ST TS i e R T 208 for (i = @; i < MAIN_LOAD_PLP; q++)!

168 __PNin(x) L 209 t ,

e[ “ 210" ; g __PNin(y)!

170 . y = doSomeWork(x / 2); 211 ’ {

171 y =y + ajl 212 ; : z = doSomeMoreWork(y / 4 + z);}

172 - || z = doSomeMoreWork(y / 4 + z);! 213" : H

173 3L 214 T

174 T 215}l

175" L 216|}L

1763 217 | #endifl

177 218/ .

178 |#else //added another stagel LG | e ko sk ok ok kK sk ok ok ok kK ok ok ok ok kK ok ok ok ok ok ok kK

179 /’(**’(**’(**’(**’(**’(**’(*’(**’(**’(**t**t**t**t**t*************’(***/la 220 /* Instant_iate and connect proceses (done by hand) */\L

180 /x Process for stage 2 of PLP loop at line 111 474 b R e T T A
e T oy vttt 31 222 [+ Chamels to comect processes: Written by hand -/

P EI - - - ’ - 223 | #if TWO_STAGE //originall

184 /* Second stage: follow hint by copying the loop | 224|__PNchannel float a_ch, x_ch, z_chj!

185" * statement, accessing the variable x within | 225| #elsel

186" * the loop and variables 'a' and 'z' outsidel 226|__PNchannel float a_ch, x_ch, y _ch z _ch;!

187/ * the loop */l 227| #tendifl

188- _ _PNin(a){} 228| L

189 float i; | 229| /* Instantiate and connect processes /.

190 for (i = ©@; i < MAIN_LOAD_PLP; +i++)/! 230|__PNprocess main_src = source __PNout(a_ch);/)

191 {l 231|__PNprocess plp_111_stage_1_tinstance = plp_111_stage_1 __PNout(x_ch);
192 __PNin(x) __PNout(y)!l 232| #if TWO_STAGE //originall

193 {4 . LT 233|__PNprocess plp_111_stage_2_dinstance = plp_111_stage_2 __PNin(a_ch, x_ch) __PNout(z_ch);
194 - y = doSomeWork (x 2); 234 | telsel

195 y =y +ajl 235| PNprocess plp 111 stage 2 instance = plp 111 stage 2  PNin(a ch. x ch)  PNout(v ch);
13- L 236 __PNprocess plp_111 stage_3_tinstance = plp_111 stage_3 _ PNin(y_ch) __PNout(z_ch);/
Tos| 31 H 237 #endif |

19 238|__PNprocess main_sink = sink __PNin(z_ch);!}

om 239 [EOF]

9|}l
A | .l .
Cssol

37



FECEIDIYVE>TREE

o YUIRDER\2IT7DDOUNIBEZE )\A TSA > DIRFT—DA77(C

ARMOO ARMO2 ARMO3

{{Zymain_sink ({)plp_111_stage_2_instance {{/)plp_111_stage_3_instance

amman maaman OO
a »
L »
L »
L »
L »
vewwew =
{{2plp_111_stage_1_instance
EfF works g pp i eva s vo x
. § |
=% ARMOO
5% ARMO1
= ARMO2Z
=% ARMO3

EMS2015 / Gondo 38



INATS5A>2D3RFT—ABIC KD
AE—RFPvT

« QXAF—= (WO~ vE>YD, EEB2)7) THLSE
¢« 3XT—= (377N wE>Y) THI3E

Mapping Analysis: Configuration History

2RF—2 L
4TS+ 3AT—>
INATSA>

Cycles [x107]
000510152025 3035404505055 6860

2.39

17-21-47 17-23-10 17-37-22
2015-09-15 2015-09-15 2015-09-15
Results

&IOL EMS2015 / Gondo 39



thread CE

ssol

838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857

858

859

860
861
862
863
864
865
866
867
868
AR9

€

int main(int argc, char x%xargv, char xxenv) {!

LLfifo_chan *const a_ch = LLfifo_create(®, sizeof(float), 8UL, GUL); .
LLfifo_chan *const x_ch = LLfifo_create(l, sizeof(float), 8UL, GQUL); !
LLfifo_chan *const y_ch = LLfifo_create(2, sizeof(float), 8UL, GQUL);.
LLfifo_chan *const z_ch
LLfifo_init();

3
N

o

struct PNargs_source const PNargs_main_src = { a_ch };!

struct PNargs_plp_111_stage_l const PNargs_plp_1l11_stage_1_tinstance
struct PNargs_plp_111_stage_2 const PNargs_plp_1l11_stage_2_tinstance = { a_ch, x_c
struct PNargs_plp_111_stage_3 const PNargs_plp_l11_stage_3_tinstance
struct PNargs_sink const PNargs_main_sink = { z_ch };!

pthread_t
pthread_t
pthread_t
pthread_t
pthread_t

pthread_create(&main_src, 0, (void x(x)(void *))&PNwrapped_source, (void *)&PNarg
pthread_create(&plp_111_stage_1_instance, 0, (void *(x)(void *))&PNwrapped_plp_11
111_stage_1_instance);!

pthread_create(&plp_111_stage_2_dinstance, 0, (void *(x)(void x))&PNwrapped_plp_11
111_stage_2_dinstance);!

pthread_create(&plp_111_stage_3_instance, 0, (void *(x)(void *))&PNwrapped_plp_11
111_stage_3_instance);!

pthread_create(&main_sink, 0, (void x(x)(void #*))&PNwrapped_sink, (void *)&PNargs
pthread_join(main_src, 0);!

pthread_join(plp_111_stage_1_tinstance, 0);l
pthread_join(plp_111_stage_2_qinstance, 0);l
pthread_join(plp_111_stage_3_instance, 0);/l i
pthread_join(main_sink, 0);/l i

H
return 0;.

NEMSIZO— R

LLfifo_create(3, sizeof(float), 8UL, GUL);.

{ x_ch };!

{ y_ch, z_c

main_src;t
plp_111_ stage_1_tdinstance;.
plp_111_ stage_2_ -instance;.
plp_111_ stage_3_instance;.
main_sink; !

EMS2015 / Gondo
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