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= Why HLS?
= Limitation of HLS

= System Level Exploration and Synthesis
o SpaceStudio + Vivado HLS

= HW/SW Refinement
= Example
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Why H LS ) Space

Codesign

= HLS is a viable alternative to HW design
using HDL

= HLS produces better results than previous
tools

= Time to market
o Rapid exploration of HW solution space

= FPGAs have become large enough to justify
the need of HLS

= Easier modifiability/maintainability

1. J. H. Anderson, Keynote at AHS 2015

MPSOC 2015 3

Limitation of HLS (1) space

Codesign

= What about the SW interface (Firmware)?

= One must be able to:
o Profile the application
o Alter SW binary to call HW accelerators (e.g. C/C++
functions)
= Existing solutions:
0 SDSoC from Xilinx

o LegUp from University of Toronto
(legup.eecg.toronto.edu)

MPSOC 2015 4




Limitation Of HLS (2, Space

Codesign

= What about the HW/SW solution space?
= One must be able to perform:

a
]
(]
(]

a

a

Functional/non-functional specification
System performance prediction
Non intruisive monitoring

HW/SW partitioning and (Micro)Architectural
exploration

HW/SW codebuging (Visualization)
Loop acceleration (not only limited to C/C++ functions)

= Existing solution:

o SpaceStudio from Space Codesign
MPSOC 2015 5
SpaceStudio (Flow) Codesign

Functional validation
O Application Optimisation

$

Architectural validation

O Exploration loop

O Architecture parameters
evaluation:

Clocks frequency

FIFO sizes

Bus latency

Cache configuration

Etc.

) 4

Implementation
O RTL project generation
a  Xilinx

ooooo

O Altera
O Ete.

MPSOC 2015 6




Vivado HLS Design Flow Space

Codesign

|
.————I— C wmda design J [C tasthanch dmignj

Golden Reference

C code

C Funcfional Verification

design revision (opional)
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1
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I
|
1
I
1

\ iteration

o
" CIRTL Cosimulation Evaluate Implementagion
L o

hardware implementation
accepted
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|SpaceStudio + H

Single-threaded application

Profiling
(gprof/Pareon)

HLS Design Flow SpaceStudio CoDesign Flow
Multi-threaded C/C+ + description

(Block Level) (System Level)
| - | S~ — — —
||

Critical
Functions

High Level Synthesis

Evaluate Unit
C/RTL Cosimulation 3 Evaluate System
Implementation >, Architecture

System
Acceptance?

Interactions aLe 1P Reuse
red dotted lines

SoC Implementation
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H\W/ Synthesis

= Support for HW

synthesis

o HLS tools support
o Automatic generation

= HW resource estimation

o Retrieve HW estimates from HLS

tool

o Complete the Design Exploration

Loop
= Refinement of

Architectures (from )

Simtek)

o HW/SW Co-Synthesis

Space
Codesign

[Slrntek ConﬂguratlorJ

|

GenX

System C - Platform

SystemC RTL/TLM 1
IP Reuse

' (Mapping)

High Level Synthesis

| Tool

Silicon SoC

MPSOC 2015

' Behavioral synthesis (HLS) 5o

= Support HLS tool

o Vivado HLS

o Calypto CatapultC

o Cynthesizer

= Plain SystemC RTL

o Explicit protocol

= Pragmas are sent to HLS
= Fine tuning in HLS tool

Codesign

ddddd

MPSOC 2015
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Architect’'s Dashboard

= Architect’s Dashboard organizes simulation and analysis

of multiple design architecture configurations (candidates)

= Select Candidates

= Simulate (if no recent results

already exist)

= Comparison by criteria (e.g.,
Performance, HW resources)

Gz Architect Dashboard

Selected Configurations

[“]HW _accel_ARM_2cares
[Fl1q7z_Hw_arm
[Ciqrz_Hw_LEon
[“]10TZ_HW_uBlaze

[ allsw_aRrm
[“]alisw_arm_zcores

[ allsw_LECN

[ allsw _uBlaze

Repart File

Architect Dashboard  From Simulation ...

Please select the configurations for which you wish to compare metrics,

Flzase selsct the file which will contain the comparison report

Report file name: | CiiSpaceCodesigniSpaceStudiolreportsireport.kxt

Space
Codesign

MPSOC 2015
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GenX

m Refinement of Selected Architecture

= Export RTL implementation of architecture
o RTL hardware IPs and glue logic
o Embedded firmware and software
o Project and files for downstream tools

= Supported downstream technologies and tools

o FPGA Platform Libraries

= Automated flow for application-specific

accelerators

o Support of HLS (high level synthesis) flows
o RTL generation from C/C++ and SystemC

Space
Codesign

MPSOC 2015
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Software Generation Space
Codesign

= Generated for each processor core

= Embedded software
o SW-mapped modules as RTOS tasks
o Communication drivers (kernel drivers)
o Board support package (BSP)
o RTOS configuration files
o OS-specific (e.g., Embedded Linux — device trees)
o Build files

= May also generate boot logic
o Bootloader, boot ROM, etc.

MPSOC 2015 13
Exam P les Space
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= MJPEG - SW acceleration with Hardware co-
processor

= Sobel Filter:
o See http://youtu.be/OKp 3jitxZM

MPSOC 2015 14




MJPEG

Space
Codesign

= SW acceleration with Hardware co-processor

memory decoder memo

MJPEG MJPEG Video

ry

= Step 1.1 Profiling the SW application

MJPEG functions execution time

mvld_decode_unpack_block
= huff_get_symbol

= bitreader_get_one
moperation_IQZZ
moperation_IDCT

=idct_1d

= operation_LIBU

m calculate_output_pixel

ycbcr2rgba
: Others
MPSOC 2015 15
MJPEG Spnce
. — Codesign
Function Execution Time (%)
operation_LIBU 0.90%
operation_lQZZ 3.15%
vld_decode_unpack_block 4.50%
bitreader_get_one 4.95%
idct_1d 4.95%
operation_IDCT 9.91% G Two functions
ycber2rgba 10.36%
huff_get_symbol 11.71% SuggeSted as
calculate_output_pixel 26.13% G coprocessors
All other MJPEG decoder functions 26.42%

MIJPEG functions execution time

n Step 1.2 From single-thread
multithreaded

W
MJIFEG1

XilinxTimar1

UTFChannel1

ed to

w
GA_CONT... XlinxPICT Iss8Adapter!

MPSOC 2015
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MJPEG Space

= Step 1.2 From single-threaded to Codesign
multithreaded e

cHdEBE LGS JMBDea% 2 EE ST1EIREEER RS
EHweeaoe @)

=t1 tthread (emtd) |

operation IDCT(data):

}
//1IDCT
void MJPEG: :operation IDCT (short dataInput(]) +1
{ = TETWsonlomn]
SPACE ALIGNED unsigned char Idect[BLOCK SYZE]:
fifdef IDCT ID il T )
P i | e 18t Yo[DLOTR_NEIGHT];
ModuleWrite (IDCT_ID,S5PACE BLOCKING, &datalnputi Bi far (sow = 0; v « BLOCE EEIGHT; srowes)
L . ' Teleowl = Tdrow, column);
ff Recelve array
ModuleRead (IDCT_ID,SPACE BLOCKING, &ldct[0],BLC .
folae B for (row = O; row « BLOCK_EETSHT; rowes)
int Y[BLOCK SIZE]: I
for (int row = 0; row < BLOCK HEIGHT; >
- fna
{ . 1}
for (int column = 0; column < BLOCK WIDTH; A
Y(row, column) = datal nput [I'LJN*HI.U(:K_WJ C Skl ole e (MIFED_ID, SPACE NLOCETNG, Aldet|7] BIOCK_SITE);
idct _1d (&Y (row, 0)); . = "
/* Result Y is scaled up by factor sqrt(8)7 e
} 1
1}
MPSOC 2015 17

MJPEG Space
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= Step 1.3 Architectural Exploration (1)
o Add the co-processor and compare the simulation
time
o What is the speed-up?
I = e
1.3559 1.4750

MJPEG with IDCT HW 1.2081 1.6555 1.1223

MJPEG with calculate 0.4435 4.5096 3.0572
output pixel HW

MJPEG with IDCT and 0.2957 6.7636 4.5854

calculate output pixel
HW

N.B. No optimization has been applied for HLS

MPSOC 2015 18




MJPEG Space
Codesign

= Step 1.3 Architectural Exploration (2)

o How can we emulate the hardware co-
processor execution’s time?

= Two possibilities:
a 1. The hardware design team knows the IP latency

o 2. Using a HLS tool to know the generated IP latency. Even
if we don’t use any pragma to optimize the synthesis, the
result is useful as worst case.

MPSOC 2015 19
MJPEG _ Space
Codesign
Second possibility:
1 1 aded_thead_csynil (%]
+ A:
Trip int: 8
Latency:
B:
Trip count: 8
Latency £
Trip nt: 8
Latency: =
[
Trip count: 8 88 |  Bi for trow = 07 rew < BLOCK NEIGNT] rewss)
Latency €
Tx nt:
* La
P l.4:
Trip count: 1
Latency:
Loop 1.4.1:
* Tr 'F_\ t
Later

| e A+ C

Automatic annotation

MPSOC 2015 20




MJPEG

Space
Codesign

= Step 1.3 Architectural Exploration (3)
o What is the area estimation?

MPSOC 2015
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MJPEG

HLS Vivado Report

S | 5] o4 §

* Summary:
({Target devi

pmmnt

xeTk325LL0g900=2)

I 1D Hame| BRAM 10K| DSP4UE| FFI LUTI SLICE|
pemni + + Il + +
ool Component | =1 56| o1 ol

1| Expression| =1 =1 ol 738

z1 tFol -1 | 1 [

Availablel

] =1 Ueilization (&)1 =0] (7] 0| 1) ol
- we eiates — Calculate output pixel

* Summary:

(Target device: w-.".'if!)‘nfqua(‘.n—?;u

1 IDl Neams | I!I‘.AM__]SI\I DSP48E FFI LT SLICE|
I o Component | =1 28 70731 2971 |
] 1 Exprossion| =1 [1]] 1166| =1
] 21 FIEQ| =) - =1 -\ =1
1 31 Memory | ) - [} o) =1
I 4 Multiplexer| =) - -1 34371 =|
I s Ragiatar| =1 - 1204 | =1 =1
] ShiftMemory| -1 - -1 -1 -
] Total| 31 33 1027 11900 0l
] Available| aen| 840 407600 203800 50950
I =1 Utilization (%) =0 3 21 51 ol

Coprocessors area estimation
FPGA Estimation Resulls

User-Defined Components.

Because the following hardware components are user-defined  companents, they could not be found in
5 s library of hasds P estimates of hardware resource utilization for sach
of user-defined components.

If you have slready entered estimates in a previous FPGA estimation, thess estimates might have been saved
by SpaceStudio. bn that case, please vesify and confirm those previous estimates.

Area Metrics.
Compon.. Fipflops  LUT Bem.. Block RA_  DSPs Avallable .. Global € DEMs || g
VGACO. O o o o ] o L]
10348 127 3 3 0 0 0
idet top 1858 4 56 0 [ 0
< >

Area estimation of the com

FPGA Estimation Results

MPSOC 2015

Computar Alded Design (CAD) Tools

EDA: X - EDK 144
Board

Board: Ko7 KCT05 Evaluation Platform

Vendor: slincom

Family: kintm?

Device: #Th32SE

Package: fg900

Speed grade: 2
Patform Resource Usage
FlipFlops : [] 394% 16057 of 407 600 FipFlops
LUT Elements : | | 925% 18850 of 203 B0 LUT Elements
Block RAMS [ | 13,03 % 58 of 445 Block RAMS
oses | 10,95 % 92 of 840 DSPs
Available 1085 : | 060% 3 of 500 Avadablo 108

Global Clock Buters - [l|
DCMs -

625 % 2 of 32 Global Clock Buffers

000% 0of 10 DOMs

Space
Codesign
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MJPEG Space
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= Step 1.3 Architectural Exploration (4)

o Other questions that can be answerd in minutes
(rather than hours/days):

1. What would be the effect on the frame rate if we replace the uBlaze by a Cortex A9?

2. The parameter "read/write miss penalty" is currently set at 3 cycles for cache L1 and 20 cycles
for cache L2. What will be the effect on the frame rate if this parameter is divided by 3 for
cache L1 (1 cycle) and by 4 for cache L2 (5 cycles)? (Keep modifications of previous
requirements)

3. The current size of all FIFOs used for communication is 64, but we must save hardware
resources. What will be the impact on the performance if we decrease the size of all FIFOs to
16? (Keep modifications of previous requirements)

Etc.
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