THALES

|Fast iteration and prototyping in
high -performance computing
medical applications: a case
study with Mentor Vista

8th INFIERI WORKSHOP Oct 20 2016
Alberto Garcia -Fernandez

* * 2 m:y_vr_rf'u-sym ‘

* xR S ',-"/

* * y -

A INFIERI
* x K - e

The research leading to these results has received funding from the
People Programme (Marie Curie Actions) of the European Uni ond s
Seventh Framework Programme FP7/2007-2013/ under REA grant
agreement No. [317446] INFIERI6INtelligent Fast Interconnected and
Efficient Devices for Frontier Exploitation in Research and | ndustryo

www.thalesgroup.com OPEN




o a third party

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part or disclosed t

without the prior written consent of Thales

- © Thales 2016 All rights reserved.

M

Background and objectives

1. Architecture design and prototyping on low -power image processing
platforms

» Improve performance per watt: peak by 4x and average by 10x by the end of
2018.

- 100x and 200x by 2023.
» Medical X -Ray Imaging.
» Reduce the level of radiation by 75%.

- More powerful image processing.
- The device needs to be small and mobile.
- Processing close to the sensor to help reduce extraneous wires.

2. Use of tools for fast exploration on new heterogeneous architectures for
high performance computing applications

» Fast performance evaluation of new chips and platforms.

» Architecture -adequacy discovery for domain representative algorithms.
- Image processing.
- Pixel tracking.
- Big data.
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Case study

* Image processing kernel chain
» Reference implementation in
sequential C code.
» Requirements.

- Must: 1024x1024 , 25 fps 420 Mbits/sec
- Want: 1344x1344, 30 fps 870 Mbits/sec

* Different data access patterns.

NNy

» Pixel by pixel.

“ Tools available

» HW/SW co -designers.

- Integration of compiler and synthesizer.
- Reduced set of architectures for

exploration. space
@e‘s’lgn

- Good spatial locality.

- Poor temporal locality.

Frame

» Sliding window.

» Virtual prototyping.

- HW simulators or emulators.
- Design the software and test it on a VP.

GRSy

- Poor spatial locality.

- Good temporal locality. |

» Chessbhoard. \

- Poor spatial locality.

- Poor temporal locality.
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» SWparallelizers .

- Adapt SW for heterogeneous devices.
- OpenMP , OpenCL , CUDA.
- No custom custom HW (i.e. FPGA).

SILEXICA =z=22..
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Mentor Vista and Sourcery Codebench

» SystemC TLM integrated
development environment.

» Architecture design exploration.
» Virtual prototyping.

» Model the hardware before
register -transfer level is available.

Vista™

- © Thales 2016 All rights reserved.

Vista 4.2.1
System Design and Verification Platform

Bult June 14, 2016, License version 20166,

Copyright {c) 2005-2016, Mentor Graphics Corporation.
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» C/C++ integrated development
environment.

» Development for embedded devices.
- ARM, IA32, MIPS, Power.

» Possibility to link with Mentor Vista.
- Develop the SW before having the HW.

&

mentor

Sourcery CodeBench
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Development in three use cases

» Model IPs within FPGA fabric.
» Provide a bus mapping.
» Hardware knowledge required.

» Implement the drivers of the fabric IPs in the
Linux device tree.

» Hardware and OS knowledge required.

» Adapt the reference application to the
model of computation required.

» Offload computation to the FPGA IPs.
» Deploy the application in the prototype.

» Software development knowledge
required.
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Modeling the hardware

» Accuracy depending on the
level of detail.

» HW reqisters,

» Memory addresses.

» IRQs.

» Energy consumptions.

» Physical bus connections.

» Design the memory layout of the
FPGA.

? Block Diagram - schematics.zynqlP.Fpga_inst

File Edit View Attributes Tools Help
FEEIFEEERIEREEE
k Tpga_axi_bus K
; fa
* a Gamaster pGAmast
| & EGAs\ave MEstEr
| 5 PGAslave Fi or_bus
Objed imgext LinuxFrameBufferDisplay
= O
ﬁ=.=gex7\rq dirg slave gl i
= b fogamem
aony master
=+ ImageExtractar FPGAmMem
Edit kerl fpga_memary
TLM Library: fpga_models Type: Bus Maodel Mame: FPGA_AXI_BUS
Paorts Py | T || Exfrastion || Generate|
TLM Ports
Mame Protacol Side Width Bind Mode Reset value Wectar
(hits) siza
FPGAmaster STLMpratocols/axi master 128 mandatory
FPGAslave STLMYprotocols/axi slave 128 mandatory
ImgExreqgisters STLR protocols/axi master 128 mandatory
ImgExdma STLMprotocols/axi slave 128 mandatory
FrameBuffer STLMAprotocols/axi master 126 mandatory
FPGAmem STLMprotocaols/ax master 128 mandatory
Kerlregisters STLMprotocols/axi master 128 mandatory
Kerldma STLMprotocols/axi slave 126 mandator
KerZreg . .
poe > Tpga_top.fpga_axi_bus.ImgExregisters_base_address 0x00000000
[GEIED S Tpga_top. fpga_axi_bus.ImgExregisters_size 0x00001000
Keridm
EeiﬁgSfpga_top.fpga_axi_bus.FrameBuffer_base_address 0x00001000
erddm

Sfpga_top.fpga_axi_bus.FrameBuffer_size Ox10000000

$fpga_top.fpga_axi_bus.Kerlregisters_base_address 0x10001000
Sfpga_top.fpga_axi_bus.Kerlregisters_size 0x000O1000

Sfpga_top.fpga_axi_bus.Ker2registers_base_address 0x10002000
$fpga_top.fpga_axi_bus.Ker2registers_size 0x00001000

Sfpga_top.fpga_axi_bus.Ker3registers_base_address 0x160003000
$fpga_top.fpga_axi_bus.Ker3registers_size 0x00001000

Sfpga_top.fpga_axi_bus.Kerdregisters_base_address 0x10004000
$fpga_top.fpga_axi_bus.Kerd4registers_size 0x00001000

$fpga_top.fpga_axi_bus.FPGAmem_base_address = 0x20000000
$fpga_top.fpga_axi_bus.FPGAmem_size = 0x10000000
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Coding the kernel drivers

» Gap between HW modelling and SW SIS
application development. compatible o "fpgs

status =
reg =
interrupts

compatible
reg =
width =

» Not covered by the tools. height

stride

» Not a trivial task. ; format
» Add one node per IP.

interrupt-parent
compatible =
status =

reg =

interrupts =

interrupt-parent

» Calculate corresponding memory o A
addresses and IRQs. reg =

interrupts =

» Documentation provided by Mentor.

interrupt-parent
compatible =
status =

reg =

interrupts =
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Developing the software

* Compile and execute the reference
code in the Virtual Prototype.

= B-&R -6 |¢ @@ -E-G|F-P -0 anr|x]
& E#Remote System Explorer %5 Debug &3 Sourcery Analyzer | @ c/c++

> Simple and eaSy. ﬁ?ro'ect%alorer = 0O | [ kernel_management.h I@ medical_usecase.c %

66 ¥
& = 67 }
» Only recompile dependent libraries (if i factorial i
an CIimagedisplay 76~ void memoryMappings() {
y . ¥ = imagedisplay_a10 71 /* mmap the UIO devices */
» &l Includes 72 imgext_reg = (imgext reg t *) mmap(NULL, IMGEXT REG SIZE,
- % 73 PROT_READ | PROT_WRITE, MAP_SHARED, imgExtDevice, ©);
* [5 Fpga_management.h &5 74 if (MAP_FAILED == imgext reg) {
» |4 interrupt_management.c 75 perror(“mmapn imgext reg failed");
f . . » [k interrupt_management.h g? } exit(EXIT_FAILURE);
Low level programming in order to use + @ kernel management.h u
k | sof ¥ 79 kernell reg = (kernel reg t *) mmap(NULL, KERNEL REG SIZE,
the hardWare modeled . : Skemel_softt:are; % 80 PROT_READ | PROT WRITE, MAP_SHARED, kernellDevice, @8);
ernel_sortware. % 81 if (MAP_FAILED == kernell reg) {
. > i 82 perror("mmapn kernell reg failed"});
» Easy once examples are provided. [ Makerle By COEATIRLES
©1imagedisplay2 g5
C1imagedisplay3_zyng 86 kernel2_reg = (kernel reg t *) mmap(NULL, KERNEL REG SIZE,
Trirgsw % 87 PROT_READ | PROT_WRITE, MAP_SHARED, kernel2Device, ©);
) . % 88 if (MAP_FAILED == kernel2_reg) {
. i i ) T:lmed!caljroﬁllng 89 perror (“mmapn kernel2 reg failed");
Most of the time invested adapting the Coyelecese Gy T

reference code (sequential) to other - & Profiezynq 35 kernels reg = (kernel reg t *) amap(NULL, KERNEL REG SIZE,
models of computation. 30 i1 (AR kernely ey (SHARED, Kemelapevice, 0);

96 perror("mmapn kernel3 reg failed");

al

> Flnlte State maChIneS 4 Problems | ¥ Tasks Bl console % l’_’IPmperties|/$a Sear(h|1ﬁRemoteSy5tem5 & Termi

<terminated>imagedisplay3_zynq [VP Debug (External Tool Chain)] Remote Shell

» Concurrent execution. Executing kernel 1...

Executing kernel 2...
H H Executing kernel 3...
> Plpellne. Executing kernel 4

: Target 2 = B |processed frame 71.

Executing kernel 1...
Target settings are not available Executing kernel 2..

for the selected project. Executing kernel 3..
Executing kernel 4...

Mentor has several projects using Processed 75 franes. Closing.
GStreamer ) Frames Per Second - 14.141399

Child exited with status @
GDBserver exiting

» Not checked in this case study, but 0|«
|nterest|ng for the futu re. 1 [¢ /imagedisplay_a10/medical_usecase.c

Réf. : TRTFr/STI/LCHP/AG,16/0020 6 20/10/2016 OPEN

Thales Research & Technology France T I I A I E S
Template trtp version 8,0,0 / Template : 87204467 -DOC -GRP-EN-002 ®



o a third party

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part or disclosed t

without the prior written consent of Thales

HW/SW Co-debugging

* Dual approach: Vista for debugging the HW and Sourcery for the SW.

* Quite simple to perform co

-debugging if some insights are provided.

File  Edit View Project Build Modeling Tools  Simulation  Breakpoints  Trace  Watch  Window

- o be G

[= 5= 0§ 52 08

PhellOea o e

@[ 0O :ﬁj«"stack‘u Kemel_pv

Projects | ImagePracessingmain_Arial D(sim) x

[@ ImageProcessing i*

eI DIE P Y HERILEY

*/

Code /
main_Arrial0.cpp
Software
Breakpoirts

: Watch List

(B8 Trace Files
=

Analysis Sessions

This file contains the PV class for Kernsl.

behavicr of your component.

Model Builder wersion:

$include "Kernel pw.h'
kinclude <icstream>

using namespace sc_cors;
using namespace so_dt;
using namespace std;

//constructor

Eernel_pv::Kernel_pv(sc_module_name module_name)
KeTnel pv_base (module_name], mbFifo (1}

{

sl init_module(};

SC_THREAD (thread) ;
}

memcpy (out, in, size);

void Kernel_pwi:exzecuteOffset{unsigned char* out, unsigned
unsigned short pizel, pizel ref;

- © Thales 2016 All rights reserved.

void Kernel pv::ezecuteDummy {unsigned char* out, unsigned char™

/

Generated By Model Builder, Mentor Graphics Computer Systems, I

L
L
I
i
jj: This is a template file: You may modify this file to implement t}
I
A 4.2.1

551 Generated on: Bug. 03, 2016 10:27:45 AM, {user: agarcia

char* in,

unsigned char *auz = (unsigned char*} mallec{size + 1};
master_read(CONF1 , aux, size);
| || 1508---—~ Kernel pv.cpp (Ct+ Compiling Font Bbbrewv)----L138--73--o

e —

VLAN: tcp_napt forward: :5555 =» ;5555
VLAH: eth( setting MAC address: 52:54
VLAN: ethl setting MAC address: 52:54
Arriall_top.Arriail_sec_inst.l28.T policy
VLAN: ethZ setting MAC address: 52:54:00:12:
initializing linuz framebuffer

Listening.
56

user defined
34:586

#0 Eernel_pv (this=0x96079d0, module_name={m_name = 0x7fffa7024£60 "159,001",
istaiworﬁxspaGEZ/imagepﬂ-‘\loihw/. . /fpga_hw/models/Kernel pv.cpp: 38
{vista)

Simulation: /home/agarcia/vista workspace2/imagep/A10 hw/ImageProcessing/sim

n_module_|
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e Edi
= @ B¢ FrP B0 o oE R

B E@Rremote System Explorer | 35 Debug| K Sourcery Analyzer HgC/C++

%5 Debug & i# ¥ = O|/®=variables 2 | ® Breakpoints| ¥ Re
¥ V& imagedisplay3_a10 [VP Debug (External Tool Chain)] Name
v 1 medical_usecase [198] [cores: 0] - Fd
¥ 5 Thread [1] 198 [core: 0] (Suspended : Signal : SIGINT:Interrupt) > (@ fds
= ox76eda09s - info
= waitForinterrupt() at interrupt_management.c:26 0x9700 9= nb
»3 Remote Shell M- rat
i gdb

[ ox76eda098 | [& interrupt n

close(fd);

exit(EXIT FAILURE);
nb = read(fd, &info, sizeof(info));
if (nb == sizeof(info)) {

return info;

printf("Interrupt read returned wrong size #%u!\n", info);
return 0;

3000~ O U W D00~ O

ment.c 2 = 8| &= outline =

ig } eX1T(EXLI_FALLURE); = U interrupt_management.h
18 } g enablelnterrupk(int) : void
19 . i _| e waitForinterrupt(int) : int
= 1int waitForInterrupt(int fd) { =
k struct pollfd fds = { .fd = fd, .events = POLLIN, };
uint32 t info;
ssize t nb;
int ret = poll(&fds, 1, -1); -
if (ret <= @) {
perror{"poll()"); =

|E Console 2 |€|Tasks &% Problems| @ Executables| a Memory‘

‘imagedisplay3_a10 [VP Debug (External Tool Chain)] medical_usecase

THALES



Platform profiling

" Entities and functions to be traced defined through a trace file.

o a third party

» HW entities (models, buses, signals, CPUs, etc.).
» SW entities (OS, functions, etc.).

* Problem with very large dense traces or very long simulations.
2Actually itos a problem common to all tra

* Very good visualization of results and tracing analysis tools.
= Session 1 -0

Timeline

Function Calls

TEp——

= & = X
Function Calls Statistics - = Em x

Timeline

executeKernel_FPGA_dest
executeKernel_FPGA

Function

Linux-Arrial0 top.Arrial0_soc_inst.CORTEX A9MP.PV:[medical usecase:172]

- © Thales 2016 All rights reserved.
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ﬁxe‘”z‘;‘z’;::rcnh:g': Function Name Time with Children 1 Time without Children Rel. Time without Children [%]
loadReferences waitFerinterrupt 1.020136921 s 47.99%
main main 800.910890 ms 37.68%
waitForinterrupt i i
enablelnterrupt loadReferences £ 279.128563 ms; 279.128563 ms 13.13%
executeKernelChain H 916.994756 ms 0.56%
VP Current Function unmapMappings 0.41%
memoryMappings 0.17%
0 g — enableinterrupt 0.05%
o Function Nesting Depth N
© ‘openDevices 0.01%
= 1
= 4 executeKernel_FPGA H 807.977866 ms 0.00%
S 301 closeDevices 0.00%
g 3.6+ capturelmage 0.00%
2 331 executeKernel FPGA dest 0.00%
5] = 30 Totals 2.125688052 5 100.00%
c L 26
o Z 24
ESS ® 2.24
= n i g: Top 5 Functions by Time in Function with Children
2 % j: Linux-Arrial0_top.Arrial0_soc_inst.CORTEX_A9MP.PV:[medical usecase:172]
S 127
£ 581 | | 2125698052
5 waitForinterrupt | I 1.020136921 5
o
£ executekernelchain | [N 916.994756 ms
B Tslsz 18793 18794 18795

executekernel_FPGa | [ 807.977866 ms
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Design space exploration
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* Migration from Arrial0to Zyng.

» HW FPGA models almost the same.
» SW application code totally portable.

* Change the bus sizes of the FPGA HW models.

Il nformation provided by Mentor Vistads
» Change bus sizes of the fabric or use adapters.

' Find the corresponding bus between FPGA fabric and SoC.

» Learn about the underlying architecture.
» Choose a new bus to connect.
» Recalculate memory mapping.

* Redo the DTS file for the new platform.

» Requires deep understanding of the platforms and their DTSs.

* Not very different devices (A10 vs Zynq).

» Both of them SoC. o Tt ST
1 Zynq Ultrascale + MPSoC
» Waiting for the Zynq Ultrascale . ' A ARM Cortex -A53 APU
. . 1 A ARM Cortex -R5 RPU
» Still untested real heterogeneity. I A Mali-400MP2 GPU
1
> GPGPUs unexplored. t A H.264/H.265 VCU
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* Mentor Vista and Sourcery Codebench are very mature tools.

» Ready to be used in real developments.
» Still some level of expertise is required.

" Intended to help the HW/SW co -integration using a virtual prototype.

» Not focused on fast iteration and early (real) prototyping.
» Best use case: software application on SoCs.
» No real heterogeneity (for now). No GPGPU, many -cores, or DSPs.

" Fast prototyping on FPGAs: check out HW/SW co  -designers.

» Reduced set of supported HW platforms.

' Explore real heterogeneity: check out SW parallelizers .

» High-level interfaces: OpenCL , OpenMP .
» HW design left aside. No FPGA (for now).
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