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| i O bJ ectives cmg&q

* Get famlllar with PREESM
— Play with SDF MoC/SLAM MoA/Y-codesign
— Go from imperative to PREESM implementation

e Observe Results
e For Cerbero Partners:

— grasp hints about how to integrate the tool in the
global toolchain and apply the MoC/MoA approach
on the use cases
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Tutos available online
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L] L] L]
| Outline ( hidden slide ) csmg)(

e (Quick) Recall

 What we will do in this “hands on” session
* Sobel Filter

* Actor Decomposition

* Single Core

 Multi Core
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| s, ( Quic k) Recall on Conce ptS “““&"

* Y- co design approach: keep archi and appli
separate

* SDF: actors, fifo, hierarchy, delays, parameters

 SLAM: PE (processors), memories, links

e Scenario: “joint point”:
mapping/scheduling/allocation directives
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| s (Quick) Recall on Concepts

* Y- co design approach:
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| s, ( Quic k) Recall on Conce ptS c"‘“g"'

|18

Core0 } rsh.ar&w:i_n’lem
shared_mem | shared_mem
| =

i and appli

/S, parameters

* SLAM: PE (pr

* Scenario: “jo S-LAM Single Core
with shared memory
(simple Von Neuman)

mapping/sch

ves
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e Setup a simple example (Sobel filter), imperative
+ procedural MoC

* Design the same filter with actors in PREESM

* Generate code for 1 core archi, observe results

 Generate code for N cores archi, observe results

Materials @ http://preesm.sourceforge.net/website/data/uploads/tutorial zips/preesm-tuto.zip
SourceForge is kinda down at the time of writing :-(

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 8


http://preesm.sourceforge.net/website/data/uploads/tutorial_zips/preesm-tuto.zip

Sobel Edge Detection caacibry

Unio
for Research & Innovati

Display s~ w i Display

FPS: 1985.86 FPS: 1024.38
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| 5t DISplay Init & Test

for Research & Innovation

/org.ietr.preesm.sobel/Code/imperative-implem/sample_main.c

#define width 352

#define height 288 | Display
FPS: 1985.86

uchar y[101376];

uchar u[25344];

uchar v[25344];

void simple_display() {
initReadYUV(width,height);
yuvDisplayInit(0,width,height);
while(!stopThreads){
readYUV(width,height,y,u,v); // Read_YUV
yuvDisplay(0,y,u,v); // display
}
}
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| B Display Init & Test

for Research & Innovation

/org.ietr.preesm.sobel/Code/imperative-implem/sample_main.c

#define width 352

#define height 288 | Display
FPS: 1985.86

uchar y[101376];

uchar u[25344];

uchar v[25344];

void clmnln denIQ\II\ J

|n|tReadYUV(W|dth height);
yuvDisplayInit(0,width,height);

S ] B4 R, -l _ _ 1_\r
WIHHIC\ owUp T 1ncauduo )iy

readYUV(width,height,y,u,v); // Read_YUV
yuvDisplay(0,y,u,v); // display
}
}
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| B Display Init & Test

for Research & Innovation

/org.ietr.preesm.sobel/Code/imperative-implem/sample_main.c

#define width 352

#define height 288 | Display
FPS: 1985.86

uchar y[101376];

uchar u[25344];

uchar v[25344];

void clmnln denIQ\II\ J

|n|tReadYUV(W|dth height);
yulespIayInlt(O width,height);

R LY Y A R R 'I'I_.--__I \f

VAL Reae— e S i — i~

readYUV(W|dth helght y,u,v); // Read_YUV
yuvDisplay(0,y,u,v); // display

}
}
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| B Display Init & Test

for Research & Innovation

/org.ietr.preesm.sobel/Code/imperative-implem/sample_main.c

#define width 352

#define height 288 | Display
FPS: 1985.86

uchar y[101376];

uchar u[25344];

uchar v[25344];

void clmnln denIQ\II\ J

|n|tReadYUV(W|dth height);
yulespIayInlt(O width,height);

R LY Y A R R 'I'I_.--__I \f

VAL Reae— e S i — i~

readYUV(W|dth helght y,u,v); // Read_YUV
yuvDisplay(0,y,u,v); // display

}
}

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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s INSErt Sobel Edge Detection _—

/org.ietr.preesm.sobel/Code/imperative-implem/sample_main.c
#define width o fdefine width 352

#define el #define height 288
uchar y[10 uchar y[101376]; uchar u[25344]; uchar v[25344];
uchar u[2
uchar v[25 void simple_sobel() {
initReadYUV(width,height);
void.simnlg yuvDisplaylnit(0,width,height);

initReac : /lextra array

yuvDisp uchary_sobeled[101376];

Ve while(!stopThreads){
readYUV(width,height,y,u,v); // Read_YUV
sobel(width,height,y,y _sobeled); // Sobel

} yuvDisplay(0,y_sobeled,u,v); // display

} | DR e B e Y }

}
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e INSErt Sobel Edge Detection caacibry

for Research & Innovation

/org.ietr.preesm.sobel/Code/imperative-implem/sample_main.c

#define widih #define width 352
#define he FiPS 1024 38"""'“ SER  /dcfine height 288
uchar y[10 uchar y[101376]; uchar u[25344]; uchar v[25344];
uchar u[2
uchar v[25 void simple_sobel() {
initReadYUV(width,height);

void.simnlg _ yuvDisplaylnit(0,width,height);

initReac /lextra array

yuvDisp uchary_sobeled[101376];
- while(!stopThreads){
readYUV(width,height,y,u,v); // Read_YUV
sobel(width,height,y,y _sobeled); // Sobel

viivDienlaviN v enhalad 11 v /] dienlav
J 1 J \ ’ ’ 7 77 1 7

P Ar—
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e INSErt Sobel Edge Detection caacibry

for Research & Innovation

/org.ietr.preesm.sobel/Code/imperative-implem/sample_main.c

#define width #define width 352
#define he FiPS 1024 38"""'“ SER  /dcfine height 288
uchar y[10 uchar y[101376]; uchar u[25344]; uchar v[25344];
uchar u[2
uchar v[25 void simple_sobel() {
initReadYUV(width,height);

void.simnlg yinvDienlavinit(Qwidth height):

initReac : /lextra array

yuvDisp uchar y_sobeled[101376];

W ! while(!stopThreads {

A~ AN/LIN/ oAt IhAai~bt v v a\e [ DA~A \/1LIN/

TUUM T W VA VWV ITULN G T ITVITY L ILy Yy Uy v g,y 1 1Y LI

sobel(width,height,y,y_sobeled); // Sobe
yuvDisplay(0,y_sobeled,u,v); // display

} cochoie B s Bo) W o 0 }
}
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Horizon 2020
European Union funding

e Compile & Run Code
— Open terminal in the Code folder

cd imperative-implem
make
. /sobel

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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* Model Algorithm
* Model Architecture
* Join algo & archi

* Execute using Workflow

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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for Research & Innovation

| s ACtor Decomposition - Display

Actor = init + body
Size of data tokens
Fifo token types

(Index = 0; actor is used in stereo algo)

1 1 1
1 1 1 .
i i i
i i i
Y A borcces | ®
’ Smm——— )
e
1 A o
(W |||
[l |I|
1 i
]
(W Ill z 1
Read_YUV 1 display i displa
\4-; height {“l;- height i i
widih y LS }';'dth Refinement: yuvDisplay.h
u
v

loop: yuvDisplay(int id, unsigned char * vy, unsigned char * u, unsigned char * v)
init: yuvDisplayInit{int id, int width, int height)

Data type:

Source port rate:
Marme: y

Default Value:
Expression: height*width

Target port rate:
Default Value: 101376

Default Value:

uchar
height/2*width/2
25344
height/2*width/2

25344

lorg.ietr.preesm.sobel/Algo/01-simple_display.diagram
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—Model-Algorithim
* Model Architecture

* Join algo & archi

* Execute using Workflow

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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for Research & Innovation

| i e Si ngle Core Ta rget cms'g;;-(

] u
shared mem
shared mem

| ] n
Property IVamE ! oy [value
definition ®B6 definition | SHARED_MEM
id | Cored id ' shared_mem

speed | 1000000000

lorg.ietr.preesm.sobel/Archi/1CoreX86.slam

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 21



| PREESMisation - Display _—

shared_mem

shared_mem
y

* Join algo & archi

* Execute using Workflow

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 22



for Research & Innovation

| S men funaing Jo | N us | N g S cenada r‘i @) cmsjﬁq

L 01-simple_display £ 1corexs6.slam i[:“:! 01-display_lcore.scenario E@W = g
Overview

w Algorithm file path  Architecture file path

Enter a file path that contains the algorithm Enter a file path that contains the architecture

Edit file  forg.ietr.preesm.sobel/Algo/01-simple_display.pi Edit file |forg.ietr.preesm.sobelfArchiflCoreX86.slam

Browse Browse

~ Constraints Data type Size algo & archi join

data type sizes

target folders

more accurate timings
simulation parameters
PE <-> actors affinity

The constraints precise which tash uchar 1

char 1
CoreQ [w |

= [«] 01-simple_display
Read YUV
display

Owerview | Constraints | Relative Co

lorg.ietr.preesm.sobel/Scenarios/01-display_1core.scenario
CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 23




| - Eosean Uren furcing P R E E S IVI i Sda t i on - D i S p I a y CERBER

for Research & Innovation

i i i
[ ] i i i
! ! ! 1
! shared_mem
!
!
A shared_mem
| &
i at y
I i
i i
i Read_YUV i display
1—;»9@« % 1> height
- vidih NS vidih
vy <
uls y
& [ =
| 7T 01-simple_display 2 1Corex86.slam (4] 01-gisplay_1core scenario 3 =}
Overview
[ ] [ ] ~ Aigorithm file path ~ Architecture file path
Enter a file path that contains the algorithm Enter a file path that contains the architecture
Edit file forg.ietr.preesm.sobel/Algo/01-simple_display.pi Edit file forg.ietr.preesm.sobel/Archif1CoreX86.slam

Browse Browse

* Execute using Workflow

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 24



| s EXecution with a Workflow cacbry

Memory Allocation
scenario 1

scenario

. Generation |

e Tells what to do
— can reuse workflows Name Value

balanceloads true
— some Tasks are parametrized |@sesuen
edgeSchedType Simple
fastLocalSearchTime 10
fastTime 100
lorg.ietr.preesm.sobel/Workflows/Codegen.workflow el 2
iterationPeriod o
CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (ltaly) ool i
simulatorType LooselyTimed



|| e PREESMisation - Display

for Research & Innovation

i i i
[ ]
! i i )
: H ! shared_mem
!
!
A shared_mem
| &
i A
H
i
i
| -
Read_YUV display
‘{—;/he\gm % >F height
- vidih NS vidih
vy <
uls y
[ ]
& [ =
| 7T 01-simple_display 2 1Corex86.slam (4] 01-gisplay_1core scenario 3 =}
Overview
[ ] [ ] ~ Aigorithm file path ~ Architecture file path
Enter a file path that contains the algorithm Enter a file path that contains the architecture
Edit file forg.ietr.preesm.sobel/Algo/01-simple_display.pi Edit file forg.ietr.preesm.sobel/Archif1CoreX86.slam

Browse Browse
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shared_mem

4

Core0
shared_mem shared_mem

2 1Corex86.slam

T 01-simple_display

Overview
L] ~ Aligorithm file path h
Cantains the architecture

Enter a file path that contains the algorithm
Preesm.sobel/Archi/1CoreX86.slam

Editfile |/org.ietr.preesm.sobel/Algo/01-simple_display.pi

Browse

Y-co design flow

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 27
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I European Union funding I r O u t CERBER
for Research & Innovation

e Generate code

— Right click on the Workflow / Preesm / Run Workflow
— Select 01-display...scenario and click on OK
— Observe ABC simulator results

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 28



Horizon 2020
European Union funding
for Research & Innovation

Simulation Results

Solution Gantt
Time
75 cycles 100 cycles 125 cycles 150 cycles 175 cycles 200 cycles

?%:ngm\'es 50 cycles

Read_ YUV (x1}(0-100-100)

Ope rators

. display (x1)(100-200-100)

_Gantt|Loads | Work, 5pan and Achieved Speedup |

Operator

Load (%)

P e

Corel

100.0

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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Horizon 2020
European Union funding
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e Generate code

— Right click on the Workflow / Preesm / Run Workflow

— Select 01-display...scenario and click on OK
— Observe ABC simulator results
— Observe generated code

°* main.c
e Core0O.c

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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| =i Generated Code - Display - main

h&l nova

Init threads & coms, launch, synchro, wait...

int main(void){
pthread_barrier_init(&iter_barrier, NULL, 1);

communicationlInit();

/...
pthread_create(&threadCore0, NULL, computationThread Core0, NULL);

// Waiting for thread terminations
pthread_join(threadCoreO,NULL);

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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| s, Generated Code - Display - CoreQ e

for Research & Innovation

char Shared[152064]; / size:= 152064 *char
uchar *constu__u__ 0 = (uchar*) (Shared+0); / Read YUV u > display u size:= 25344*uchar
uchar *constv__v__ 0 = (uchar*) (Shared+25344); // Read YUV v > display v size:= 25344*uchar
/...
void *computationThread_CoreO(void *arg){
// Initialisation(s)
initReadYUV(352/*width*/,288/*height*/); // Read YUV
yuvDisplayInit(0/*id*/,352/*width*/,288/*height*/); // display
// Begin the execution loop
/...
while(1){
pthread_barrier_wait(&iter_barrier);
readYUV(352/*width*/,288/*height”/,y _y O,u__u_Oyv_v_0);/ Read YUV
yuvDisplay(0/*id*,y_y_O,u__u_0,v__v_0);/display
}
}

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 32



| s, Generated Code - Display - CoreQ e

for Research & Innovation

char Shared[152064]; / size:= 152064 *char
uchar *const u__u__ 0 = (uchar*) (Shared+0); / Read YUV _u > displ e Total memory requirements \
uchar *constv__v__ 0 = (uchar*) (Shared+25344); // Read YUV v > (
/...
void *computationThread_CoreO(void *arg){
// Initialisation(s)
initReadYUV(352/*width*/,288/*height*/); // Read YUV
yuvDisplayInit(0/*id*/,352/*width*/,288/*height*/); // display
// Begin the execution loop
/.. \ /
while(1){
pthread_barrier_wait(&iter_barrier);
readYUV(352/*width*/,288/*height”/,y _y O,u__u_Oyv_v_0);/ Read YUV
yuvDisplay(0/*id*,y_y_O,u__u_0,v__v_0);/display
}
}

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 33

e Custom allocation




| s, Generated Code - Display - CoreQ e

for Research & Innovation

char Shared[152064]; / size:= 152064 *char
uchar *constu__u__ 0 = (uchar*) (Shared+0); / Read YUV _u > displ e Generate calls for init & Ioop\
uchar *constv__v__ 0 = (uchar*) (Shared+25344); // Read YUV v > (
/...
void *computationThread CoreO(void *arg){
// Initialisation(s)
initReadYUV(352/*width*/,288/*height™/); // Read YUV
yuvDisplayInit(0/*id*/,352/*width*/,288/*height*/); // display

// Dcylll LIIG G)(U'(JULIUII IUU[J

#or \ /

while(1){
pthread_barrier_wait(&iter_barrier);
readYUV(352/*width*/,288/*height*/,y 'y O,u_u_Oyv__ v _0);/Read YUV
yuvDisplay(0/*id*,y_y_O,u__u_0,v__v_0);/display
¥
}

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 34

e Automatically replaces
parameter values

e Properly pass memory
addresses as arguments




Horizon 2020
European Union funding

e Compile & Run Code
— Open terminal in the Code folder

sh CMakeGCC.sh
cd bin/make && make
. /Release/sobel

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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* Only edit algorithm
— well, also scenario, but not architecture

* |nsert sobel actor

 Run workflow (generate code)
* Observe Gantt & Code

* Tryout

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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Insert Sobel Filter

-
i
i
i
1
I
I
1
1
I
1
1
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1
1
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1
i
i
:

oo

Read_YUV
—; height
width

R

e ]

display
height
width
id
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|, o Insert Sobel Filter cms'g;;-(

for Research & Innovation

1 2
1 5

L T T T T T
L o o

oo

-—’ \- -------------
’~ Ry i opnaignon estamn
J ————————————————————— ——’ : B il s S e e
I ?f! ¥
| H ' 1
| i : i
1 lll i1
| |:| i :
: Read_YUV ui display I
1-; height height 1l Read_YUV
width width \ »{height

;’ *~ 25 width

u ¥

v u

¥
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for Research & Innovation

S g Insert Sobel Filter cmgg

Display s~ w i Display
FPS: 1985.86 @ FPS: 1024.38

F e i O O e s
f: e
i1 1
11 1
11 1
11 :
11
b : dizplay
\{ : ] Read_YU -height
b~ “»|>height - width
~ s width ‘id
1y
- u
v
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| L Insert Sobel Filter

for Research & Innovation

org.ietr.preesm.sobelfScenarios/01-display_lcore.scenario arg.ietr.preesm.sobel/Scenarios/02-sobel_lcore.scenario
1=7xml version="1.8" encoding="UTF-8"7> l1=7xml version="1.08" encoding="UTF-8"7?>
2 =scenario> 2 =scenarioc>
3 =files» 3 =files>
4 <algorithm url="/org.ietr.preesm.sobel/Algo/0l-simple dis;k{}{ 4 <algorithm url="/org.ietr.preesm.sobel/Algo/BZ-simple |
5 <architecture url="/forg.ietr.preesm.sobel/Archi/1CoreXB6.s 5 <architecture url="/org.ietr.preesm.sobel/Archi/1Core}
B <codegenDirectory url="/forg.ietr.preesm.sobel/Code/generat B <codegenDirectory url="/org.ietr.preesm.sobel/Code/ger
7 =/files= 7 =/files=
8 =<constraints excellri=""= B =constraints excelUri=""=
g <constraintGroup> 9 <constraintGroup>
18 <gperator name="Core@" /> 18 <gperator name="Core@" />
11 =task name="@1-simple display/Read YUV"/>= 11 =task name="02-simple sobel/Read YUV"/=
12 =task name="01l-simple display/display"/= - |12 =task name="02-simple sobelfdisplay" /=
13 =task name="@l-simple display"/> 3 <task name="02-simple sobel/Sobel"” /=
14 =/constraintGroup> 14 =<task name="B2-simple sobel"/=
15 =fconstraints> 15 =fconstraintGroup>
16 <relativeconstraints excelUri=""/> 16 <fconstraints=
17 <timings excellrl=""/> 17 <relativeconstraints excellri=""/>
18 <simuParams= 18 =<timings excellUrl=""/>
19 =<mainCore=Coref=</mainCore= 19 =simuParams=
28 =mainComNode=shared mem=,/mainComNode= ///' ‘\\\
21 <averageDataSize=1000</averageDataSize>
22 =dataTypes>
23 <dataType name="uchar" size="1"/> = . .
24 =dataType name="char" size="1"/> S d ff
22 i L cenarios dlirerences.
26 =specialVertex0Operators=
27 <specialVertexOperator path="Core@"/= . .
Algo & Actor-PE affinity
249 <numberdfTopExecutions=1l</number0fTopExecutions=
38 =</ simuParams> =
31 =variables excellril=""/=
32 <parameterValues/> \\\> A///
33 =fscenario= | |;; ZparameLelrvaLtues7 =
34 3d =fscenario=

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy) 40



Horizon 2020
European Union funding

e Compile & Run Code
— Open terminal in the Code folder

sh CMakeGCC.sh
cd bin/make && make
. /Release/sobel

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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for Research & Innovation

| S oy Multi Core Ta rth

Is there any parallelism ?

D
1 D

B -
-

o D e
‘r' O A e i A A S R A N IR T :\I
I R e o P o e o e Bt o B e Pt oo o e :_f"-#h ------------------ ?h.
1! I
1! H
1! H
1! H
1! iy
1! iy
1 : iy
i | Read_yuv il
1 > height P
*em s width -
¥
u
W
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for Research & Innovation

Is there any parallelism ?

while(1){
pthread_barrier_wait(&iter_barrier);
a N

NO Pipeline
\_ /

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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L]
Horizon 2020
| B Multi Core Target
for Research & Innovation

Add split/merge actors

— sobel _input =split_output/nbSlice (i.e. nbSlice = 8)
— for one split execution, there will be 8 sobels

— 8 sobels can execute in parallel

44




European Union funding
for Research & Innovation

I Horizon 2020

Multi Core Target cacbry

. . L
Data type: uchar Name: sliceHeight
Source port rate: nbSlice*width* (height/nbSlice+2) Expression height/nbSlice+2 | — 8
Default Value: 107008 T )
Target port rate: height*width
Default Value: il

— O DTS C CAC

@ 8 Data type: uchar
nbSlice
i T i - Source port rate: height*width
1
1 Default Value: 13376
1
/ T, WO (PO sunu remn RSP ik porE e nbSlice*width*(height/nbSlice+2)
Default Value: HAT0E
Merge display
- > height > height
- g3 [>width
= >nbSlice L=id
= L Ly
Hu 45
gy
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s 2 L
Data type: uchar > Name: sliceHeight
Source port rate: nbSlice*width*{height/nbSlice+2} t e, height/nbSlice+2
Default Value: e pu Default Value: 38
Target port rate: It tidih
Default Value: il

— 8 SUDETY CdIT EXECULE

I
X

uchar

DETOUOIL Vaiue.

Target port rate:

Default Value:

height*width
13376
nbSlice*width*(height/nbSlice+2)

107008

e e

' Split n Merge
1 "o neignt Sobel | “= 2 neight
1 v width b s height LR S
S - -~ - % = 4
~=3>nbSlice 1> width (=nbSlice
dinput output D gdinput  outputD Al input output £
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for Research & Innovation

| it e Multi Core Ta rget cmg;-.

e Change architecture

e Change scenario

shared_mem
shared_mem

e Run workflow

o (generate code)

+ Architecture file path

~ Algorithm file path

Enter a file path that contains the architecture

Enter a file path that contains the algorithm
Edit file |forg.ietr.preesm.sobelfArchif4CoreX86.slam

Edit file |forg.ietr.preesm.sobelfAlgof03-parallel_sobel.pi

Browse Browse

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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for Research & Innovation

s, Generated Single Rate DAG caacibry

After workflow execution : /org.ietr.preesm.sobel/Algo/generated/singlerate/03-parallel_sobel.graphml

Sobel_0
input output

Sobel 1
input output

Sobel_2
input output

Sobel_3
input output

Sobel_4
input output

Split Merge
input output input output

Sobel 5
input output

Sobel_6
input output

Sobel 7
input output
Read_YUV display
u u
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for Research & Innovation

s, Generated Single Rate DAG caacibry

After workflow execution : /org.ietr.preesm.sghel/Alan/generated/singlerate/03-parallel_sobel.graphml

Sobel_0
input output

(sebel1 | 8 sobels

input output

Sobel_2
input output

Sobel_3
input output

Sobel_4
input output

L)

Split Merge
input output input output

Sobel 5
input output

{

Sobel_6
input output

\ Sobel 7
input output

Read_YUV display




[] []
Ty Horizon 2020 ‘ ! ‘ ! S r r I r l
T B I European Union funding O S rV I u a t I O CERBER
Eafuio for Research & Innovation

Solution Gantt
Time
1100 cycles 200 cycles 300 cycles 400 cycles 500 cycles 600 cycles

Read_YIJV I Split (x1){(100-200 e Sobel 0 (x1){(210- 'Sobel 4 (x1)(310-

8 sobels

Sobel_1 (xl)(211- Sobel 5 ()(1)(311-

n

&

o] = 3

o] i i Operataor Load (%)

8‘ Sobel_2 (x1)(211- Sobel_6 {x1)(311- Cored £5.92

aa Corel 32.16

Core2 32.16
Core3 65.92

Sobel 3 (x1)(211- Sobel 7 (x1)(311- [i Mer |e (x1)(422-52 display (x1)(522-6

Core3




| e Generated Code - Sobel - main

[/main()...
/...

pthread_create(&threadCore0, NULL, computationThread Core0O, NULL);
pthread_create(&threadCore1, NULL, computationThread Core1, NULL);
pthread_create(&threadCore2, NULL, computationThread Core2, NULL);
pthread_create(&threadCore3, NULL, computationThread Core3, NULL);

/...
Launch more threads.

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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| s=... Generated Code - Sobel - CoreQ  agfx

+ Main operator selection

[ ] —
CO reo p— m a I n O e rato r Select the operator that will be used as main operator. The mapping always starts
with an homogeneous simulation: the algorithm is simulated on an imaginary
architecture with an infinite number of operators with the same type as the main

operator. The mapping will be better if the main operator is chosen to be the one
which necessitates the best optimization.

CoreQ [" |
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| s=... Generated Code - Sobel - CoreQ  agfx

Core0 = main operator

* in charge of shared memory (because main op);
* in charge of read & split (see Gantt chart);
* in charge of 2 sobels (0 and 4, see Gantt chart);
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char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar
uchar

Shared[
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const
*const

b81472]: /S size:= BBl472*char

Read_YUV__ display_ @ = (char*} (Shared+8): // Read YUV = display size:= 50B688*char

Read_YUV__ Split_ @ = (char*) (Shared+58688): // Read YUV = S5plit size:= 101376*char RBER
S5plit__explede_Split _output_ @ = (char*) (Shared+152064): // Split = explode 5plit output size:= 1087008*cha
explode_5plit_owtput_ 5Sobel @ = (char*) (Shared+259072);: // explode 5S5plit ouwtput > Sobel @ size:= 13376*cl
explode_Split _output_ 5Sobel 1 = (char*) (Shared+272448): // explode 5plit output = Sobel 1 size:= 13376*cC
explode Split output Sobel 2 = (char*) (Shared+2B5824);: // explode Split output > Sobel 2 size:= 13376*cl
explode_S5Split_output_ Sobel 3 = (char*) (Shared+299280)}: 7/ explode Split output > Sobel 3 size:= 13376*c
explode_Split_output_ Sobel_ 4 = (char*) (Shared+312576): // explode Split output > Sobel 4 size:= 13376*cl
explode_Split _owtput_ Sobel 5 = (char*) (Shared+325952): // explode Split output > Sobel 5 size:= 13376*c
explode_S5Split_owtput_ 5Sobel 6 = (char*) (Shared+339328); // explode Split ouwtput > Sobel 6 size:= 13376*cl
explode_Split_output_ 5Sobel 7 = (char*) (Shared+352784): // explode 5plit output = Sobel 7 size:= 13376*cl
Sobel 8 implode Merge inmput @ = (char*) (Shared+366088);: // Sobel 0 = implode Merge input size:= 13376*chi
Sobel_4 implode_Merge_input__ @ = (char*) (Shared+379456): // Sobel 4 = implode Merge input size:= l33?6‘ch) o
Sobel_1 implode_Merge_input_ @ = (char*) (Shared+392832): // Sobel 1 = implode Merge input size:= 13376*chi
Sobel_2 implode Merge_input_ @ = (char*) (Shared+486288}: // Sobel 2 = implode Merge input size:= 13376*chj V4
Sobel_3 implode_Merge_input_ @ = (char*) (Shared+4189584); // Sobel 3 = implode Merge input size:= 13376%chi
5obel_5_ implode Merge_imput_ @ = (char*) (Shared+432968): // Sobel 5 = implode Merge input size:= 13376%chi
Sobel & implode Merge inmput_ 8@ = (char*) (Shared+44g3>< E— — - - R
Sobel 7 implode Merge input_ @ = (char*) (Shared+4

implode Merge input_ Merge 0 =
Merge display © = (char*) (Shared+580096);
8 = {(uchar*) (Shared+@});
s ol {uchar*) (Shared+25344);
¥__input_ 8 = {uchar*) {(Shared+50688):
{uchar*)} (Shared+152864};

{uchar*} (Shared+259072};

u u

v v

g =

output_ input_ 8 =
output @ dinput 8 =
output_13376_ input_ @
output 26752 input_ @
output 40128 input @
output 53584 input_ 8
output BGEEO  input 0
output 80256  input_ 8
output 93632 input_ @
output_ imput 0
output_ inmput 53584 0
output_ imput_ 13376 8
output_ input_ 26752 8
output_ input 40128 0
output_ input G66GE0_ 0
output input 80256 8
output_ input 93632 0

output_ imput 1 = (uchar*) (Shared+473088):
{uchar*) ([(Shared+580096);

output_y B8 =

{uchar*}
fuchar*}
{uchar*)
{uchar*)
{uchar*)
{uchar*)
{uchar*}

B = {uchar*} (Shared+366080);

{uchar*)
{uchar*}
{uchar*)
{uchar*)
{uchar*})
{uchar*)
{uchar*)

{char*) (Shared+473

ff Read YUV u > di

ff Me

/f Bead YUV v
S/ Read YU
i

£
{Shared+272448) ;
{Shared+285824) ;
{Shared+295200);
{(Shared+312576) ;
{Shared+325952);

Allocation of memory
+ declaration of buffer

~

zones within the memory

/

{Shared+339328);
{Shared+352704);

{Shared+379456) ;
{Shared+392832);
{Shared+406208) ;
{Shared+419584) ;
{Shared+432960) ;
{Shared+446336) ;
(Shared+459712) ;

I
ry
r
rr
i
£
l

4

1
2
3
5
&
Fi

output
output
output
output
output
output
output

x? CTAPLUDC JPLIC UOLPOL

f/ explode Split output
f/ Sobel @ putput > impl
Sobel
Sobel
Sobel
Sobel
Sobel
Sobel
Sobel
/Ff implode Merge

=

VoMY

=

UUCEOL
putput 93632 > Sobel 7 input

oo

ZIO -

JUDT L O _INpOc

< )

sii

ode Merge inmput input @ size:= 1337¢

implode
implode
implode
implode
implode
implode
implode

Merge
Merge
Merge
Merge
Merge
Merge
Merge

input
input
input
input
inmput
input
input

input output > Merge input s

//f Merge putput > display y size:= 181376*uchar

input
input
input
input
input
input
input
ize:=

53504
13376
26752
408128
Latatalil
80256
93632

size
5ize
size
size
size
size
5ize

1878088*uch:
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| s=... Generated Code - Sobel - CoreQ  agfx

for Research & Innovation

split(B/*nb5lice*/, 352/ *width*/, 288/ *height*/,y__input_ O,output__input_ 8): // 5plit
S/ Fork explode Split output

i
memcpy{output © input @48, output input 8+8, 13376*sizeof(uchar));:
memcpy{output 13376 input_ 6+0, output  input_ ©+13376. 13376*sizeof(uchar));
memcpy{output 26752 input @+8, cutput input @+26752, 13376*sizeef(uchar));
memcpy{output 48128 input  @+8, output input  ©+40128, 13376*sizeof(uchar)); °
( memcpy (output 53584 input @+8, output input B+53%04, 13376*sizeof{uchar)); ' rrl e
memcpy{DutputZEEBBﬂ:input:EHB, Dutput::input:EHE-EBBEl, 13376*sizeof(uchar)); ’a u Se a I n O p)}
memcpy{output 88256 input  B8+8, output input ©+B88256, 13376*sizeof(uchar));
memcpy{output 93632 input  8+8, output input  ©+93632, 13376*sizeof(uchar));
1 .
'sendStart{ﬂ, 1): // CoreB > Corel: explode 5plit output Sobel 1 t)
sendEnd();: // Core@ > Corel: explode Split output Sobel 1 ’
sendStart{@, 2); /S Core@ > Core2: explode Split output Sobel 2
sendEnd(): // Core@ = Core2: explode Split output 5Sobel 2 / \
(sendStart(@, 3);: /S Core@ > Corel: explede Split output Sobel 3
sendEnd(): // Coref = Core3: explode Split output Sobel 3
sendstart(@, 1); /S Core@ > Corel: explode Split output Sobel 5 .
sendEnd(); // Coref > Corel: explode Split output Sobel 5 Spllt + Send to a” CoreS
sendstart(B, 2); 7/ Core@ > Core2: explode 5plit output Sobel B
sendEnd();: // Core@ > Core2: explode Split output Sobel B

-

sendstart{@, 23); /S Core@ > Corel: explode Split output Sobe

sendEnd(); // Core@ = Core3: explode Split output Sobel 7 : Does the aCtuaI copy
\_ /

see /org.ietr.preesm.sobel/Code/src/communication.c
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| z=... Generated Code - Sobel - CoreQ g~

Core0 = main operator

* inchar” Jause main op);

e in char Compute sobel*2 + )

Send results

* inchar P Gantt chart);

sobel(352/*width*/,38/*height*/,output @ input_ @,output input @ @); // Sobel 8
sendStart(8, 3}: // Core@ = Core3: Sobel 8@ implode Merge input @

sendEnd(): // Coref > Core3: 5Sobel 8 implode Merge input @
sobel(352/*width*/,38/*height*/,output_53504 input_@,output inmput 53584 @); // Scbel 4
send5tarti{@, 2): /S Core@ > Core3: Sobel 4 implode Merge input @

sendEnd(};: // Coref > Core3: 5Sobel 4 implode Merge input @
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| s=... Generated Code - Sobel - Core3  agfx

e access to shared memory;
* in charge of receives + 2 sobels;

* in charge of merge & display (see Gantt chart);
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Generated Code - Sobel - Core3

11 /f Core Global Declaration
@ [ extern pthread barrier t iter barrier;
3 extern int stopThreads;
l4 extern char *const Read YUY display_ 8; // Read YUV =
L5 extern char *const explode 5plit ouwtput 5Secbel  3; /7
® Lt extern uchar *const output_40128 input_ 8: /f/ explode
L7 extern uchar *const output_ input 48128 @; [/ Sobel 3
L& extern char *const explode S5plit_output_ Sobel _ 7; //
9 extern uchar *const output 93632 input_ @; [/ explode
!0 extern uchar *const output_ input 93632 @; [/ Sobel 7
@® !1 extern char *const Scbel 8 implode Merge input 8; //
!2 extern char *const 5obel 1 impleode Merge input @; /f/
13 extern char *const Sobel 2 implode Merge_inmput_  @; //
!4 extern char *const Sobel 4 implode Merge_input_ @; //f
!5 extern char *const 5obel 5 implode Merge input_ 8;
!t extern char *const Sobel 6  implode Merge input_ @;
7 extern uchar *const output input @ 8; // Sobel
!8 extern uchar *const output_  input_13376_ 8; [/ S0
!9 extern uchar *const output__input_ 26752 8: /f/ 5o
i0 extern uchar *const output_input 53504 @; /f/ 5o
il extern uchar *const output_ input &6880_ 0; // 5o
i2 extern uchar *const output__imput_80256_ 8: // 5o
3 extern uchar *const ouwtput imput_ 1; // implode
i4 extern uchar *const owtput__y @; // Merge output
15 extern uchar *const u_u_ 8; // Read YUV b > displ
i6 extern uchar *const v_ v_8; /f/ Read YUV v = displ

display size:= 58688*char defined inm Coref@

explode Split output > Sobel 3 size:= 13376*char defimed in
S5plit _output_output_ 48128 = 5Sobel 3 input size:= 1337b*uchar
output = implode Merge input input 48128 size:= 13376*uchar
explode S5plit output > Sobel 7 size:= 133T7k*char defimed im
Split output output 93632 = Sobel 7 input size:= 13376*uchar
output = implode Merge inmput _input 93632 size:= 13376*uchar

Sobel @ » implode Merge input size:= 13376*char defined in C

Sobel 1 > implode Merge input size:= 13376*char defined in C

Sobel 2 > implode Merge input size:= 13376*char defined in C

Sobel 4 = implode Merge input size:= 13376*char defined im C
e ks 5 IR o i . :

C

Access to memory
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| z=w... Generated Code - Sobel - Core3 g~

e access to s/h:qrprl memaorv: N

* in charge Receive data
* in charge Compute sobel*2 ntt chart);
\_ /

receivestart(); // Core@ > Core3: Read YUV display @

receiveEnd(@, 3); // Corel = Cored: Read YUV display @

receivestart(); // Corefl > Core3: explode S5plit output Sobel 3

receiveEnd(8, 3); // Core@ > Cored: explode S5plit output Sobel 3
sobel(352/*width*/,3B/*height*/,output 48128 input_ @,ocutput__input 48128 @): // Sobel
receivestart(); // Coref > Core3d: explode Split output Sobel [

receiveEnd(8, 3); // Core@ > Core3d: explede Split output Sobel 7
sobel(352/*width*/,38/*height*/,output 93632 input__ @,output__input 93632 @); // Sobel 7

Lt
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| =i, Generated Code - Sobel - Core3

receiveStart(); // Corel > Core3: Sobel @

receiveEnd(8, 3); // Core@ > Cored: Sobel
() receiveStart(}: // Corel > Core3: Sobel_1
receiveEnd(1, 3); //f Corel > Core3d: 5Sobel

receiveEnd(2, 3); // Core2 > Core3:
o receiveEnd{@, 3); // Cored = Corel:

receiveEnd(1, 3)}; // Corel = Core3:

() receiveEnd(2, 3): /f Corez = Core3:
f/ Join implode Merge input
i

memcpy {output__input_ 1+13376,
memcpy {output  input  1+26752,
memcpy {output  input 1+40128,
memcpy {output  input  1+53584,
memcpy {output  input  1+b66380,
memcpy {output  input 1+88256,
memcpy {output_ input  1+93632,
1

receiveStart(); // Core2 = Corel: Sobel 2

Sobel

receivestart(); // Core@ > Core3d: Sobel 4

Sobel

receivestart(): //f Corel > Core3: Sobel 5

Sobel

receivestart(): //f Core2 > Core3: Sobel b

Sobel

a

1

2

a

5

&

implode Merge input @
implode Merge input @8
implode Merge input @
implode Merge input @
implode Merge input 8
implode Merge input @
implode Merge input @
implode Merge input @
implode Merge input @
implode Merge input 8
implode Merge input @
implode Merge input @

output__ imput_13376__ 0+0,
output  input 26752 0+8,

output

input 48128

6+8,

output_ input 53504 648,
output input GBBES0  0+8,
output  inmput 80256 8+0,
output_ input 93632 0+8,

merge{8/*nbSlice*/, 352/ *width*/, 288/ *height*/, output__input__

memcpy{output  imput  1+@, output input @ @+8, 13376*sizeof{uchar));

13376*sizeaf{uch
13376*sizeaf{uch
13376*sizeof(uch
13376*sizeaf{uch
13376*sizeof(uch
13376*sizeoaf{uch
13376*sizeaf{uch

l,output__y_ 8):
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Receive all sobel results

o from other cores only
Merge

o Does the memcpy
then display
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| _ Generated Code Sobel - Corel,2 g

* Access memory
* Receive*2

e Sobel*2

e Send*2
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e Compile & Run Code
— Open terminal in the Code folder

sh CMakeGCC. sh
cd bin/make && make
./Release/sobel

Observe performance

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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* Why poor perf ?
* Instrument the code ?
* Reuse memory ?

* Dynamic scheduling ?

* Coprime integers Fifo input/output?

e Specify an architecture with different cores, having
different timings ?

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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Why poor perf ? -> Pipeline (delays), timings
nstrument the code ? -> Accurate schedule input
Reuse memory ? -> memory scripts

Dynamic scheduling ? -> Spider

Coprime integers Fifo input/output? -> EXPLOSION
Specify an architecture with different cores, having
different timings ? -> scenario timings

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)
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Further - Dynamic Algos

European Union funding
for Research & Innovation

Horizon 2020

Dynamic parameters (set by actor)
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| S, Further - Dy namic Al g0S

Dynamic parameters (set by actor)
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| Bttt rumang F urt h er - Dy Nam | C A | go S cms'g;;-(

e Transformation
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* Rapid prototyping tool
— SDF MoC + SLAM MoA, Y codesign flow
* Parallelism is not free
— in term of design (where/when to add split/merge)
— in term of execution (memcpy everywhere)
 Research Objective (PREESM is a research tool)
— reduce parallelism design and execution cost
— tackle memory optimizations further

CPS Summer School, September 25-29, 2017, Porto Conte Ricerche, Alghero (Italy)

68



