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Why Are Our Customers Deploying to FPGA/ASIC Hardware?

Speed

“Real-time image processing for an aircraft head’s up display”
“Evaluate the algorithm in field testing to analyze system performance”

“Optimal performance @ Piezo resonance frequency”

Power
“11 year device with a 1 A*hr battery”

“Be able to stop the robot with millimeter accuracy in less than 0.5
seconds without causing damage to the robot”

“Audio transducer prototypes must run in real time with low latencies”

“Motor control latency < 1us”

Ve

~We need to get to market quickly, but we have no experience designing FPGAs!

MATLAB EXPO 2018
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Modern Applications Often Require Custom Hardware

ADAS Application Example

W) =
i"fszzze ) -
g &

Acquire Process Perceive

1M+ pixels per frame _ Few coords

High-speed, well-defined Complex, more flexible
* Repetitive processing « Small data calculations
* Large amount of data « Executive control

FPGA Hardware Embedded Software

MATLAB EXPO 2018
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Frame-Based vs Streaming Algorithms

(0,0) Frame Width

Frame-Based

* Whole frame at a time

* Random access to any
pixel via [x,y] coordinate

Memory Processor

Eﬂ

Frame Height

Streaming
« Sample-by-sample, row-

Hardware
Bit-by-bit, but parallel computation
Fixed and finite resources
Buffers require memory storage
Communications with software go
through dedicated memory

by-row
* Region of interest (ROI)
stored in a multi-line buffer

MATLAB EXPO 2018



| 4\ MathWorks

Bridging the Gap from Algorithm to Implementation

(Concept & Algorithm h
Concept : :
Matrices 2 System/Algorithm « Develop system-level algorithms
{ _ } Engineer « Simulate, analyze, modify
Frames Algorithm  * Partition hardware vs software implementation
Algorithm w/ HW AIgorithCm to I\/tlitcrot-arch_itectlure . A
: | : « Convert to streaming algorithms
S, - S « Add hardware micro-architecture
« Convert data types to fixed-point )
Fixed-Point, - ~N
st . Optimized Micro-architecture to implementation
reaming Implementation Harc!ware « Speed and area optimization
samples Engineer « HDL code generation
» Verification
FPGA/ASIC_: \_ «  FPGA/ASIC implementation )
Implementation

MATLAB EXPO 2018
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MATLAB Simulink

L 4 (=< rane orc processing A

% Convert to intensity
frmGray = rgbZgrayv(frmin):

Al ithm
g 0 rI % Bilateral filter
G Id R f frmBiFilt = imbilatfilt (frmGray, 'NeighborhoodSize', 9):
( : E n E E r E n C E ) % Edge detection
frmEdge = edge (frmBiFilt, "Scbel', .05);

\\\\ / o HDL-read y

IP blocks

uint8 [1x3]

Algorithm w/ HW
Implementation [ Verify

—— P frame .
[180x320x3] otrl pixelcontrol
1|

Fixed Point

Prototype ‘

ufix15_Enl1s

Fixed-Point,
Optimized

o | Enz HDL Coder

i

A1 BETTPTE - PSP B AR RS TR

Implementation

HDL Coder

Production

FPGA/ASIC

Implementation Core

. Constraints
interface

10
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Demo : Pothole Detection using Traditional Image Processing

Bilateral filter followed by Sobel edge detection as in 17b R2018a
New trapezoidal mask plus Morphological Closing

New Centroid 31x31 and New Maximum Area Detection

New Graphic Marker and Text (character) overlay

a - - ‘ At L /] Bet h o P
’ b - -
- : y -

I

3

MATLAB EXPO 2018
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Algorithm Overview

S

4\ MATLAB R2018a

'ﬂj - E I;‘E]FMFm

S

PUBLISH

VIEW

QE' o @ fx - D E‘Run Section @
> fGoTo > % ;’ﬁ id Breakpoints  Run  Runand | Advance  Runand
FE——— _"L NAVIGATE ED.I'T |BREAKPOINTS | ~ RUN =

4\ MathWorks

Algorithm
Golden Reference

Algorithm w/ HW
Implementation

= |

BZ Editor - CAMATLAB\MLExpo2018\PotHoleDetect_alg.m Workspace
5 | PotHoleDetect tbm  *¢| PotHoleDetect_alg.m | + | Name «
49 - | end .
S end
51
52 % morphological closing
53 = frmClose = imclose (frmMasked, [0 111 07,1 111 17;11111;11111;01110]):»
54
55 %% Detect centroids
56 % Apply a combination of morphological dilation and image arithmetic
57 % operations to remove uneven illumination and tc emphasize the
58 % boundaries between the cells.
59.= hBlob = wvision.BlobAnalysis( ... I
a0 'MinimumBlobArea', areaThreshold,
8l 'BoundingBoxCutputPort', false,
62 'OutputDataType’, 'single');
63 % Return Centroids and Area
64 — [Area,Centroids] = hBlob(frmClose): -
65
66 %% Overlay markers
67
68 — frmOverlay = frmIn*0.7 + frmMasked*0.3;
89 — if isempty(Centroids) v
Command Window ®
fx >>
<

Fixed-Point, Optimized
Implementation

FPGA/ASIC
Implementation

PotHoleDetect_alg

|[Ln 59  Col 37

MATLAB EXPO 2018
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Algorithm with Hardware Implementation: Top-Level

Convert input

Input video player

Expand
bus to pins

frames to stream g n
\ R uint
. M*ﬁ ks pixelData . ﬂ?ﬁ—bgln
" .l_P'.¥.‘?._?9_T'._F9 e ;Im__nh.“'”
) @B Select W
Design parameters T - SN IS
ThreShOId for edge detect|on GradiemThreshﬂlduﬂxm
Threshold for pothole size T e
Overlay output onto input video T I W
or pre-processed video Show Raw
Color of overlay [0z lwcan
Cartoon RGB

MATLAB EXPO 2018

ROut

[180x320%3]

4\ MathWorks

Algorithm

! \gGoIden Reference)

"Algorithm w/ HW ‘

Implementation

Convert bac' tn nlay
outpL Fixed-Point,

P B

[1x3]

pixelCirlOut

¥ pixelCtriin

PotHoleHW

Hardware subsystem

@ Concatenate

uint8 [1x3 ]
pixelData —L pixal

FPGA/ASIC
Implementation

R20]

Optlmlzed
Implementation I
—

Sa

14
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Algorithm with Hardware Implementation: Hardware Subsystem

Align timing of centroids
with input or pre-

Overlay

centroids

uints
processed image
rin ( \
uints uinta [1x3] ( \
J: RGEIN
1)
gin b l o BCECHIN PleeiOut l‘x'-’:'f rgbin uints
L pixel wintfi [1x3] " ﬂ
Biin pixel ROut
~ w ] eeeeeee———— otin uints fix3)
== EWCtrlin Ctrout - rgbOut g plxelData
................................................................................................................................................................... i SelactEW H [uins
: - o et a—(2)
“~\N\ y FRAME STORE1 __Em=p ey _ P ol xconer .
; ; . uficza | w1 i
winte winté Pixel Stream o pivel | dataln yLocOut
| pised pixel | pixel pixel ) pixel dillar n Dol a " I [ — "
RGB to PP 3 Edge dataln datadut pixel  pixel | pixelin fix23 uini =1 uini .-
inbansity pivelcontrol Biateral Filler pixelcontol data0utf— rafPixel DetectOut &
(=} ctr cirl ctr cifl Sobel L, Closing e ExpandData BOut
o 5 o el ol H o owerlayRGE cirlOut = pixelCtriln
Th ctrl ciriin ctdOut i ctrl T _‘_u_{elcnnl'a pixelcan(ol
| areaTheesh : refCid == pleeiCCut
TrapazodalMaskt () W ee—— efCtrl o pl
DetectCantraid
Fiducial31x31
] RGE Salect
y . _J = y
GradThrash “

ufix10 RGBIn

AreaThresh

showRaw

.
Image pre-processing |

Trapezoidal

mask

Detect
centroids

MATLAB EXPO 2018
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Streaming Math with Native Floating-Point for Prototyping

Centroid Kernel

HDL Coder Native Floating Point 22016

« |EEE-754 Single precision support

« Extensive math and trigonometric
operator support

« Highly optimal implementations without
sacrificing numerical accuracy

« Mix floating and fixed point operations in
the same design

» (Generate target-independent
synthesizable VHDL or Verilog

MATLAB EXPO 2018

ROM stores weights: 1./[1,1:1023]
Don’t know level of precision required

Prototype with native floating-point!

4\ MathWorks

[_.. 1-D
T{u)
single

, single "l x [Enge,
—»{ single >

convert

sfix16_En10
———>( 2 )

yLoc

single

—»{ single > single

convert

sfix16_En10 n

xLoc

16



Prototype Target

’i PotHoleHDLDetector_prototype * - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help
v ‘ o) ~ - [l (> [ v |1 Accelerator 2| X
PotHoleHDLDetector_prototype > PotHoleHW Centroid31 ¢
© |[®a]PotHoleHDLDetector_protatype »
Input HOL Viewer
>t
[180x320x3]
rin
uint8| Qutput HOL Viewer
R . uint8
ixelDat
pivel uml&[lxﬂx'_{] rrogeu G .ﬂl—"gl“ L
nt
pothole i Uint8 |180x320x3) 10 | 8 [180x32043)
V- 180x320, 30.0 fgnage T | R kel =
o atn : pixelCiriln bin o e
< pixelCtrOut = Gintd R
GOut 028 [1x3) wnte [180x320x3
RGB Select it pixelData &puel Vr:zr-nc‘ ! o
a5 1x3)
boalean
uintd
GradThresh g
Gradient Threshold M !
Bouw pxelCdOut.
utx10
“ AreaThresh pixaiCtriln
Area Threshold
- oolean RGB Concatenate
Show Raw ctrout
uintd (3)
[255 0 255] 2 RGBIn
SO heR PotHoleHW N
»
Ready View diagnostics 97% FixedStepDiscrete

MATLAB EXPO 2018

4\ MathWorks
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Fixed-Point, Optimized Implementation: General Approach

DSP Slic Algorithm
G Know your hardware ] . (Golden Reference)
 How much on-chip RAM? . Algorithm w/ HW
« Typical achievable frequency Implementation
« Available 1/0 = Rirguis
« FPGA: How many DSP slices? Fixed-Point, Optimized
Implementation

e
FPGA/ASIC
Implementation

Know your performance requirements ]
*[llustration only. Cons ‘

« Control system latency
« Comms system throughput
PSS cross-correlation

* Video frame size & rate
magnitude”2_0 |—.-

magnitude”2_1 |—.-
magnitude”2_2 |—.-

PSS xcorr0

Simple steps, then address bottlenecks ]

« Fixed-point quantization — esp. multipliers!
« Minimize/avoid use of off-chip RAM

« Parallelize operations for speed

« Use HDL Coder optimizations & reports

MATLAB EXPO 2018

PSS xcorrl

PSS xcorr2

18
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Automate Fixed-Point Quantization with Fixed-Point Designer

Simulate with

representative data to
collect required ranges

Fixed-Point Designer

proposes data types

Choose to apply
proposed types or
set your own

Simulate and
compare results

MATLAB EXPO 2018

FIXED-POINT TOOL

System Under Design

PotHoleHDLDetector. h

[ Ficed-Point Advisor

B

FREFARE SYSTEM |
MODEL HIERARCHY
#g, Simulink Root

EH Data Objects
= PotHoleHDL Detector_

{F Frame To Pixels

Input HOL Viewer
Output HDL Viewe
> Pixels To Frame

e} Centroid|
= HVCounl
™ DetectAndH

WRun1 (@

4

—— In-Range

Lol P
i Ranges = L Setlings ~ @ k!ﬁ @
Derived Ranges ~ Collect MATLAB Functions Propose Apply Simulate with Compare
Ranges » Data Types Data Types Embedded Types >  Results
COLLECT RANGES | CONVERT DATA TYPES | VERIFY | Y
Results 2
Name « Run CompiledDT SpecifiedDT ProposedDT Accept SimMin SimMax [+] E
- =
@ AreaThresh Run 1 Inherit: auto fixdt(0,10,3) - E:
m
1§ BOut Run 1 Inherit: auto n'a 3
=
@ DetectCentroid/Centroid31/CentroidKemel/1-D Lookup Table1: Br.. Run1 Inherit: Same ... nfa 2
@ DetectCentroid/Centroid31/CentroidKemel/1-D Lookup Table1 - Int.. Run1 Inherit: Same ... nfa
@ DetectCentroid/Centroid31/CentroidKemel/1-D Lookup Table1: Qu.. Run1 single single fixdt(0,16,15) 0.0010405827... 1
@ DetectCentroid/Centroid31/CentroidKemel/1-D Lookup Table1 : Table Run 1 single fixdt(0,16,15)
@ DetectCentroid/Centraid31/CentroidKemel/Data Type Conversiond  Run 1 fixdt(1,16,10) fixdt(1,16,10) fixdt(1,16,11) -15 15
@ DetectCentroid/Centroid31/CentroidKemel/Data Type Conversions  Run 1 fixdt(1,16,10) fixdt(1,16.10) fixdt(1,16.11) -15 15
@ DetectCentroid/Centroid31/CentroidKemnel/Data Type Conversion6  Run 1 single single fixdt(1,16.3) -3608 3720
@ DetectCentroid/Centraid31/CentroidKemnel/Data Type Conversion7  Run 1 single single fixdt(1,16.3) -2201 3720
o DetectCentroid/Centroid31/Centroidemel/EnTapDelay23/In1 Run 1 Inherit: auto fixdt(1,16.8)
E i S YO e SOy S e =S P =S e . bt e e
Visualization of Simulation Data
Histograms of all results in the model =
1] PRI | PRSPPI § (AR
E—
. . J—
E R 1 ] IR — T E— M— T e ——
@ — —
E 2z [ s T O e N I R o T oo T DT I o T
=
S
sl 0 0§ B R C— 0
T
]
2-13 — Overflows

Representable

Underflows

4|
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Production Target — IP Core Gen

[ les

~ [E HDL Workflow Advisor
v [ 1. set Target
5] ~1.1. et Target Device and Synthesis Tool
= 1.2.5et Target Frequency
> [@ 2. Prepare Medel For HDL Code Generation
> [ 3. HDL Code Generation

& HDL Workflow Advisor - PotHoleH DLDetector_productL%an otHoleHW

1.1. Set Target Device and Synthesis Tool
Analysis (~Triggers Update Diagram)
Set Target Device and Synthesis Tool for HDL code generation
Input Parameters

Target workflow: | Generic ASIC/FPGA

Target platform:

Synthesis toal: | No synthesis tool specified
Family:

Package:

v | Device:

¥ | Speed:

* | Tool version:

Project folder: | hdl_prj

Result: [=] Mot Run

Click Run This Task.

Help

Algorithm
(Golden Reference)

Algorithm w/ HW
Implementation

i| ‘
Fixed-Point, Optimized

Implementation

FPGA/ASIC
Implementation

MATLAB EXPO 2018

4\ MathWorks
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Algorithm
(Golden Reference)

Algorithm w/ HW
Implementation

Fixed-Point,
Optimized
Implementation

FPGA/ASIC
Implementation

MATLAB

Simulink

Floating

f%% Frame pre-processing
% Convert to intensity PO I nt
frmGray = rgbZgrayv(frmin):
% Bilateral filter
rmBiF: imb: filt (frmGray,
Edge detection
frmEdge = ge (frmBiFilt, "Sokel', .05);
\_ 3% Tronezaidal mask H DL_ready

IP blocks

uint8 [1x3]

—— P frame .
[180x320x3] otrl pixelcontrol
1|

Fixed Point
HDL Coder Designer

F) rototype | \ "E ufix15_Enis

o | Enz HDL Coder

....................................

HDL Coder
Production

Core VHDL / :
. . Constraints
interface | Verilog .

v" Cosimulation
v' Export DPI-C models HDL Verifier




18a Key Features

Matrix support in HDL Coder

Simulink modeling Model Advisor Integration

Line level traceability

Critical Path Estimation for Floating point algorithms

Optimizations Constant folding and strength reduction for math operations

Floating point algorithmic improvements

Microsemi workflow

Workflow Test points support in IP Core workflow

Synthesis reporting

MATLAB EXPO 2018

2018

&\ MathWorks
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https://kr.mathworks.com/help/hdlcoder/release-notes.html

Supported HDL Blocks with Matrix Types

= Functional blocks

— Product
— Gain

— Sum

— Transpose
— Delay

— Constant

= Wiring blocks

— Vector/Matrix Concatenate

— Selector
— Reshape

— No HDL Implementation

MATLAB EXPO 2018

Maitrix
Multiply P

]

Vector
Concatenate

Reshape

)
p 2
2

2

Matrix Selector
Concatenate

l

L

2018

4\ MathWorks
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Matrix Product

[%al Block Parameters: Product X Conflguratlon Of prOdUCt bIOCk In

Product

W Multiply or divide inputs. Choose element-wise or matrix product and matrix mo d e

J specify one of the following:
a) * or / for each input port. For example, **/* performs the operation
'ul*u2/u3*u4'.
b) scalar specifies the number of input ports to be multiplied.
If there is only one input port and the Multiplication parameter is set to - HOL Pronartios: I =
Element-wise(.*), a single * or / collapses the input signal using the _ fepehes e S
specified operation. However, if the Multiplication parameter is set to General I Mative Floating Point
Matrix(*), a single * causes the block to output the matrix unchanged, and imol tati
a single / causes the block to output the matrix inverse. WS LI
Main  Signal Attributes Architecture |Matrix Multiply - |
Number of inputs: .
Implementation Parameters

2 |
ConstrainedOutputPipeline |D |

Multiplication: |Element-wise(.*)

_Element-wise - DotProductStrategy
DSPStyle Serial Multiply-Accumulate

L Parallel Multiphy-Accumulate
InputPipeline | PY |

Matl'l}l{ OutputPipeline |U |

Multiply

9 OK | cancel = Help  Apply | ok || gancel || Help || Apply |

Product

MATLAB EXPO 2018
25



Matrix Support Use Case

z-1

single (8)

-+ single (8) ‘

+

ﬂ single [8x8]
Al

single (8)

=1

ngle [4x8]

8% single [Bx4]
[Bx4]
P1°H'

Q
Phi single [8x8]
Blue: Matrix Product
Green: Matrix Product with matrix Constant
Yellow: Matrix Vector product

Magenta: Matrix Addition
Orange: Matrix Inverse (diagonal matrix)

single [8x4]
[Bxd)

eye(d4)*1e-6

single [4x4]

[8x:

[4x4]
P1*H" Inv(H*P1*H'TR)

single (4)

o single (8)
b+

8
x1 + K*{pos-H"x1)

single [Bx4]

gle (8)

ultipl

K*(pos-H*x1)

sirjgle [4x4]

™1 single [8x8)

single [4%8]  [4x8

H

single [8x8]

You would need ~1500 blocks
If you were to manually
vectorize the model

4\ MathWorks
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Model Advisor - Workflow

 hdimodelchecker
 Checks and fixes, Standalone infrastructure
« HDL Coder Model Advisor Integration

% |+ I3 HDL Coder
v [/ (3 Checks for blocks and block settings
@ =] Check for infinite and continuous sample time sources
@ E=] Check for unsupported blocks
[v] (=] Check for MATLAB Function block settings
@ [=] Check for Stateflow chart settings
E (=] ~Check for large matrix operations
hd E = Industry standard checks
[«] =] Check VHDL file extension
@ =] check naming conventions
@ =] check top-level subsystem/port names
E E=] Check miodule/entity names
@ =] check signal and port names
@ (=] Check package file names
E (=] check gEnETics
@ =] check clock, reset, and enable signals
E E=] Check architecture name
@ =] check entity and architecture
@ =] Check clock settings

MATLAB EXPO 2018

R2018a

b E L3 Model configuration checks
@ [=] Check for safe model parameters
b =] Check for global reset setting for Xilinx and Altera devices
@ =] Check inline configurations setting
E =] Check for visualization settings
@ (=] Check delay balancing setting
@ =] ~Check algebraic loops
v [] [C3) Mative Floating Point checks
E [=] Check for blocks with nonzero output latency
E =] Check blacks with nonzero ulp error
@ =] ~Check for single datatypes in the model
] =] ~Check for double datatypes in the model with Native Floating Point
[+] 5] “~Check for Data Type Conversion blocks with incompatible settings
E =] ~Check for HDL Reciprocal block usage
@ [=] ~Check for Relational Operator block usage
b [Z] ~Check for unsupported blocks with Native Floating Point
e @ I Checks for ports and subsystems
E [=] Check for invalid top level subsystem
E [=] Check initial conditions of enabled and triggered subsystems

4\ MathWorks
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New Line level traCeab”ity Customers: Safety-Critical Application(Aero/Def, Auto, Medical)

Ex) DO 254 customers

=D

delayed xout

1
sfix16_|EniD H sfiﬂE_Enw. slix1g_Eni0 s1i=c1G_Enlﬂ

ud8 ud? ud6 uds

R2018a

HDL Code Generation Report

@ Find: 4¢ % Match Case

:5|ix1s_Enm sfix16_En10 I 1 Isﬁle_Em 1 |sfix16_En10 1 |sfix16_Ento
ud2

udd udd

x_in
udl = =
ORONEY

Contents 103 SIGHNAL y_out_pre add _cast : signed (34 DOWNTC*
Summar 104 SIGNAL y_out pre_add cast_1 : signed (34 DOWNTC

at e 105 SIGNAL y_out_pre outl : signed (34 DOWNTC
Clock Summary 106

sfix17_En10 sfix17_En10

Code Interface Report 107 BEGTH

aceability Report 108 %_in_signed <= signed(x_in);
sfix16_En10 109
= GLILESIUN stx16_Eno 110 enb <= clk_enable;
111
ource Files 112
1 udl_process : PROCESS (clk, reset)
BEGIN
IF reset = '1' THEN |
udl_outl <= to_signed (16#0000%, 16);
ELSIF clk'EVENT AND clk = 'l' THEN
IF enb = '1l' THEN
udl_outl <= x_in_ signed; W
END IF;
END IF;

END PROCESS udl_process;

udZ_process : PROCESS (clk, reset)

BEGIN
IF reset = '1' THEN
udZ_outl <= to_signed (16#0000#, 16);
ELSIF clk'EVENT ZND clk = '1l' THEN
IF enb = '1' THEN
ud2_outl == udl_outl;
END IF;
END IF;
END PROCESS ud2_process; -

MATLAB EXPO 2018 ok | bep
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Synthesis Timing and Area Summary Reporting

4.2.3. Perform Place and Route

~ I HDL Workflow Advisor

» I 1. Set Target e
» |G 2. Prepare Model For HDL Code Generation Run place and route for specified FPGA device
pocoia] m X > 1@ 3. HDL Code Generation Input Parameters
e i..';_‘ﬁ 4, FPGA Synthesis and Analysis [ sxip this task
ot @ 4.1, Create Project | R pi e e e
- Il,- N - | | v Igg 4.2 Perform Synthesis and P/R
y_out @ 4.2.1. Perform Logic Synthesis
@ 4.2.2. Perform Mapping  Run This Task |
@ 4.2.3. Perform Place and Route
h_in2 (2] 4.3. Annotate Model with Synthesis Result Resut: (@ Passed
Passed Place and Route.
- Parsed resource summary file: symmetric_fir_guartus. fit.rpt
hin3 b
deloyed_yout 4@ Resource summary
delayed_x_scope_out : [ Resource | Usage | R 2 O.I 8
WU a4 a
04064 m e Registers 4487
/ Memory 19

symmetric_fir DsPs 16

Parsed timing summary file: svmmetric_fir_postroute tgr

Timing summary

; | Value (ns)
Resource summary file Dy 25

Timing constrainis not met

- nd Route™

;Resewser Timing summary file
; ALUT= Used : 4,298 f SB,0B0 (7 %) H : -0.909 (VIOLATED)

; —— Combinational ALUTs ; 4,234 f 58,080 (7 %) ; ——————— B ]

: —— Memory LLUTS ;64 J 23,040 ([ € 1 %) :

H —-— LUI_REG=s ; 0/ 58,080 (0 %) H P

; Dedicated logic registers ; 4,487 / 58,080 ( 8 % ) H : Statistics

; M9K blocks ;019 /462 (4 %) : e - - +

; M144K blocks ;0 /S 16 [ O % ) H ; Property ; Value ; Count ;

; Total MLAE memory bits ; 528 ; t---————————— t—————— +—————— +1

; Total block memory bits ; 4,601 / 6,617,088 ([ <« 1 %) : s Setup Relationship ; 2.000 H

; Totzal block memory implementation bits ; 175,104 / 6,617,088 ([ 3 % ) : » Clock Skew : 0.053 ; H

; DSP block 18-bit elements ;16 J 384 (4 %) H ; Data Delay r 2.885 ; : 29
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Support Microsemi Libero

- Microsemi Libero® SoC 11.8 SP2

- Microsemi Libero SoC Polarfire® 2.0

) HDL Workflow Advisor - sfir_fied/symmetric_fir — O *
sy
File Edit Run Help
Find: | ~|<a 5
1.1. Set Target Device and Synthesis Tool
W @ HDL Workflow Advisor Analysis (~Tri Update Di ) ~
alysis [~ Triggers ate Diagram
v [0 1. set Target =9 a
0 ~1.1. Set Target Device and Synthesis Tool Set Target Device and Synthesis Tool for HDL code generation
[5] 1.2. set Target Frequency Input Parameters

b [@ 2. Prepare Model For HDL Code Generation
[Z] 2.1. Check Global Settings
=] ~2.2. check Algebraic Loops Target platform: o Launch Board Manager
[Z] ~2.3. Check Block Compatibility

[=] ~2.4. Check Sample Times Synthesis tool: | Microsemi Libero SOC ~ || Tool version: | 11.8

hd [@ 3. HOL Code Generation

Target workflow: | Generic ASIC/FPGA d

Family: | SmartFusion2 v Device: | M25150TS -

W @ 3.1. Set Code Generation Options
E5] 3.1.1. Set Basic Options Package: | 1152 FC | Speed: |1 v

=] 3.1.2. set Advanced Options
[5] 3.1.3. Set Optimization Options Project folder: | hdl_prj || Erowse.. |

=] 3.1.4. Set Testbench Options

[Z] ~3.2. Generate RTL Code and Testbench Run This Task

v (0§ 4. FPGA Synthesis and Analysis

=] 4.1. Create Project Resut: (% Passed
v 0§ 4.2. Perform Synthesis and PR
E=5] 4.2.1. Run Synthesis Passed Set Target Device and Synthesis Tool.

E=] 4.2.2. Run Implementation

Hep | | Apply

MATLAB EXPO 2018
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Testpoints — IP Core Support

) intg sfix16_En5
2.5

In1 \ Out1

1.Define test point signals in Simulink

ENTITY HDL DUT ip src HDL DUT IS

2

PORT( clk : IN std logic;
reset : IN std logic;
clk enable : IN std logic;
inl : IN std logic vector (7 DOWNTO 0);
ce out : OUT  std logic;
out reud : oot std ] ogic yector (10 DOWNTO 0
tp TestPoint :  OUT  std logic vector(7 DOWNTO 0)

);
END HDL DUT ip src HDL DUT;

4.Debug or Test with Generated Port

MATLAB EXPO 2018

R2018a

Processor/FPGA synchronization: | Free running i |

Target platform interface table

Part Name Port Type Data Type Target Platform Interfaces Bit Range [ Address / FPGA Pin
Inl Inport ints AXI4-Lite ¥ | x'1007
Outl Outport sfixl6_EnS | AXI4-Lite ¥ | x'1107
TestPoint Test point | intd AXT4-Lite ¥ | x"1207

4\ MathWorks

2.Assign interface mapping in HDL workflow advisor

3.Generate HDL interface code with test point signals
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Critical Path Estimation with NFP

= & Find: |

Contents
Summary
Clocle Summary
Code Interface Report
Timing And Area Report
High-level Resource Report
Native Floating-Point
Resource Report
 Critical Path Estimation
Optimization Report
Distributed Pipelining
Streaming and Sharing
Delay Balancing
Adaptive Pipelining
Traceabllity Report

Generated Source Files
FOC Current Control pkg.vhd

nfp_relop_comp.vhd
nfp_relop_comp_block.vhd
nfp_sincos_comp.vhd
nfp_add_comp.vhd

nfp_mul comp.vhd
nfp_relop_comp_blockl.vhd

nfp_relop_comp_block2.vhd

nfp_gain_pow?2_comp.vhd
nfp_sub_comp.vhd
nfp_uminus_comp.vhd
nfp_add2_comp.vhd
nfp_relop_comp_block3.vhd
FOC_Current Control.vhd

Referenced Models

MAILAB EXF

| 4+ ¥ match case

Critical Path Report for
hdlcoderFocCurrentFloatHdI/FOC_Current_Control

Summary Section

Critical Path Delay : 186.884 ns

Critical Path Begin : Delay_Reqgister 3

Critical Path End : rd_1

Highlight Critical Path: hdl_prj2/hdlsrc/hdlcoderFocCurrentFloatHdl/criticalPathEstimated.m

Critical Path Details

Id Propagation (ns) Delay (ns) Block Path

1 0.2980 0.2980 Delay_Register3

2 46.9460 46,6480 Sine_Cosine

3 46.9460 0.0000 Subsystern_out1

4 59.8530 12,9070 Produc 3t

5 75,7260 158730 Add22

5] 91.5990 15.8730 Error

7 91.5990 0.0000 Error_outbuff

8 104.5060 12.9070 Proportional Gainl

9 120.2910 15.7850 Addl4

10 120.2910 0.0000 Addl_outbuff

11 122.6680 2.3770 Relational Operator2

12 122.6680 0.0000 Relational
Operator_outbuffl

13 123.6350 0.9670 Switch2

14 126.0120 2.3770 Belational Operator11

15 126.0120 0.0000 Relational
Operatorl_outbuffl

16 126.9790 0.9670 Switchll

17 126.9790 0.0000 Voltagel

18 126.9790 0.0000 g\oltage

19 138.8570 118780 Product4l

20 154.7300 15.8730

21 167.6370 12,9070

22 167.6370 0.0000

23 183.5100 158730

24 183.5100 0.0000 mux

25 183.5100 0.0000 abc\oltage

26 183.5100 £

27 185.8870 Max_stagel compare

28 0.9670 Max_stagel switch

29 186.8840 0.0300 \ 2 rd_1 L

e |
U Zuld

CPE Report

4\ MathWorks

R2018a

Path timing estimated within 10%

lax Delay Paths

iLlack (VIOLATED) -4.693ns (required time - arrival time)

Source: Delay_Register3_ outl_reg[26]/C
(rising edge-triggered cell FDRE clocked by MWwCLK {r
Destination: Max_stagel 1 val_1 reg[21]/D

(rising edge-triggered cell FDRE clocked by MWwaLK {r
MWCLK
Setup (Max at Slow Process Corner)
200.000ns (MWCLK rise@200.000ns - MWCLK rise@O0.000ns)
(logic 73.555ns (35.940%) route 131.104ns (
404 (CARRY4=185 DSP48E1=7 LUT1=1 LUT2=27 LUT3=24 LUT4=
-0.034ns (DCD - SCD + CPR)

Path Group:
Path Type:
Requirement:
Data Path Delay:
Logic Levels:
Clock Path Skg

Destingtx®n Clock Delay (DCD): 0.638ns = ( 200.638 - 200.000 )
Soysce Clock Delay (scD) : 0.672ns
ock Pessimism Removal (CPR): 0.000ns
Clock Uncertainty: 0.035ns ((TSJ~2 + TIJ~2)~1/2 + D)) / 2 + PE
Total System Jitter (TSI} 0.071ns
Total Input Jitter (T1J): 0.000ns
Discrete Jitter (DJ): 0.000ns
Phase Error (PE) : 0.000ns

Xilinx Implementation Timing Report

32



»-

Outline

= When FPGA, ASIC, or System-on-Chip (SoC) hardware is needed
Hardware implementation considerations
- Workflow from system/algorithm to FPGA/ASIC hardware

Demonstration: Vision processing algorithm deployed to FPGA

Conclusion

MATLAB EXPO 2018

&\ MathWorks:
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Workflow From Frames to Pixels to Hardware

W
& = New application innovation happens at the
5 MATLAB & Simulink <§ S system-level
g i Application ® Qg — Implemented across software and hardware
g Toolboxes l = =
o>
© 3
| = Successful implementation requires
HDL IP Blocks Collaboration .

Fixed-Point Designer collaboration
Wy o coue i
O oder =
E . Support Packages L::%D % = Connected workflow to FPGA/ASIC/SoC
) —— D = . .
X e e LS hardware delivers:

Implementation — Broader micro-architecture exploration
— Agility to make changes, simulate, generate code
— Continuous verification

MATLAB EXPO 2018
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