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FPGA Teknolojisi

FPGA Nedir? Avantajlari Nedir? Nerede Kullanilir?
Temel Sayisal Tasarim Altyapisi

Lisans Dlzeyi Temel Sayisal Tasarim Uygulamalari ve Vivado Kurulumu
FPGA Programlama Metodlari

Uygulamali geleneksel FPGA Programlama Metodlari
Model Tabanl Yaklagim ile FPGA Programlama
Akademik hayatta MBD ile FPGA Programlamanin Yeri
Alana Ozgii Uygulamalar

Soyutlanma Seviyesi Yiuksek Tasarimlar ve Uygulanmasi
FPGA Dogrulama

FPGA Dogrulamada MATLAB Araglarinin Yeri

Q&A



FPGA Nedir?

Field Programmable Gate Array (FPGA), davranigini oOzellestirmek igin

programlayabileceginiz dijital mantik devreleri igeren bir elektronik aygittir.

"Field Programmable” — Donanim, fabrika diginda (=sahada ‘Field’)

programlanabilir oldugu icin sahada programlanabilir ismini alir.

"Gate Array” — 2 Boyutlu Mantik kapi dizisi.

’ OFe0)
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Gate Array — |

Onceleri kapi dizisi (ing. Gate Arrays) basitce bir dizi NAND kapisina deniyordu.

| |

| I SO

| I ~

| 1
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Gate Array — |l

Ornegin burada AND Kapisi ve D-Latch yapisit NAND kapilari kullanilarak tasarlanmustir.
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FPGA : Bir Kutu Dijital Mantik Devresi

Clocks [ [ LT Input/Output a
[A][a] [a] [A] [A] [A][A] [A]

Registers and Memory

:D_ gg 8 Design

:D_ Verify
E ® @ Place and Route
‘Connectors”  Logic Arithmetic
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Nerede Kullanilir?

Paralel Hesaplama

— Dijital Sinyal Isleme

— Dijital Haberlegsme (0r. SDR)

— Yuksek hesaplama gucu gerektiren algoritmalarin gerceklenmesi.

- Dusuk Gecikme

— Motor Kontrol, Gug Donusturtculer , Servo Sistemler

= Deterministik Zamanlama
— Radar, Elektronik Harp , Guvenlik Kritik Sistemler

= Yeniden Programlanabilirlik
— Yeni algoritma denemeleri
— Cip Tasarim Prototipleri
— Yuksek Lisans/Doktora Projeleri
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FPGA Programlama / Tasarlama

Hardware Description Language
(HDL)

—

o )

Intel Quartus
\ Microchip Libero /

VHDL (.vhd)
Verilog (.v)
SystemVerilog (.sv)
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AMD (Xilinx) Vivado Kurulumu

AMD
https://www.xilinx.com > support > download 3 & AMD Unified Installer for FPGAS & Adaptive SoCs 2024.2: Windows Self Extracting Web

Downloads Installer (EXE - 222.91 MB)

Vivado Software - Vitis Software - Vitis Model Composer - Vitis HLS - Vitis Al - Embedded Software -
Power Design Manager. Intellectual Property & Apps. Pre- ...

MD3 SUM Value : 84ee3816d8cbd0elel38al1f9acieaar sl

Xilinx Vivado Design Suite... Xilinx ISE 14.7 Installer Information

Download Verification @

Digests Signature
\ Version
s Vivado™ Edition - 2024.2 Full Product Installation
. Download Includes Vivado Design Suite (All
20241 Important Information . ¢
2023.2 Editions)
Vivado Archive Vivado™ 2024.2 is now available for download. Download Type Full Product Installation
ISE Archive
Advanced Flow for Place-and-Route of All Versal™ Devices Last Updated Nov 18, 2024

CAE Vendor Libraries
Archive « Automatic partition-based placement and parallel P&R Answers 2024.x - Vivado Known

» Reduces congestion and improves routability for fast design closure Issues

+ Default flow for all Veersal devices BOmenTaTion e e

0S Support Update

What's New in Vivado
Enabling Top-Level RTL Flows for Versal Devices

Support Forums Installation and Licensing
« Configure key components like NoC and fransceivers from top-level RTL
« Enables programmable logic developers to stay in a RTL-centric design
environment /
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AMD (Xilinx) Vivado Kurulumu

Select Product to Install

Select a product to continue installation. You will be able to customize the content in the next page. SeIeCt Ed ion to Install

Select an edition to continue installation. You will be able to customize the contentin the next page.
() vitis
Installs Vitis Core Development Kit for embedded software and application acceleration development on AMD platforms. Vitis installation indudes Vivado Design Suite.
Usel n also instal

Vivado ML Standard
5 Model Composer to design for AI Engines and Programmable Logic in MATLAE and Simulink. There is an option to install Power Design Manager (S nda
Versal, UltraScale+, and Kria products.

for po

ver estimation o Vivado ML Standard Edition is the no-cost, device limited version of the Vivado ML Enterprise edition. Users can add Vitis Model Composer which is an AMD toolbox for
MATLAE and Simulink to design for AI Engines and Programmable Logic. Users can select to install the Vitis Embedded Development which is an embedded software

development package. If you have been using AMD System Generator for DSP, you can continue development using Vitis Model Composer. There is an option to install
@ Vivado Power Design Manager for power estimation of Versal, UltraScale +, and Kria products.

Indudes the full complement of Vivado Design Suite tools for design, induding C-based design with Vitis High-Level Synthesis, implementation, verification and device ] ]
programming. Complete device support, cable driver, and Document Navigator incduded. Users can also install Vitis Model Composer to design for Al Engines and O Vivado ML Enterprise
Programmable Logic in MATLAE and Simulink. Users can select to install the Vitis Embedded Development which is an embedded software development package. There is
an option to install Power Design Manager for power estimation of Versal, UltraScale+, and Kria products.

do ML Enterprise Edition incdudes the full o do Design Suite tools for design, induding C-based design with Vitis HLS, implementation, verification, and
programming. Complete device support, ¢ nd documentation Mavigator are induded. Users can add Model Composer which is an AMD toolbox for
MATLAE and Simulink to design for AI Engines and Programmable Logic. Users can select to install the Vitis Embedded Development which is an embedded software
development package. If you have been using AMD System Generator for DSP can continue development using Vitis Model Composer, There is an option to instal
() vitis Embedded Development Power Design Manager for power estimation of Versal, UltraScale +, and Kria products.

The Vitis Embedded Development is a standalone embedded software development package for creating, building, debuaging, optimizing, and downloading software
applications for AMD FPGA processors. Itindudes a new Vitis IDE with its new backend Vitis Server, as well as the dassic command line utilities such as hw_server,
bootgen and program_flash.

() Bootzen

Installs Bootgen for creating bootable images targeting AMD SoCs and FPGAs.
(") Lab Edition
Installs only the Vivado Lab Edition. This standalone product indudes Vivado Design Programmer, Vivado Logic Analyzer and UpdateMEM tools.

() Hardware Server

Installz hardware server and JTAG cable drivers for remote debugging.

= oot B f—— W Copyright @& 1986-2022 Xilinx, Inc. All rights reserved. < Back Mext = Cancel
Copyright © 2022-2025 Advanced Micro Devices, Inc. All rights reserved.

Copyright © 1986-2022 Xilinx, Inc. Al rights reserved. < Back Mext = Cancel

Copyright © 2022-2025 Advanced Micro Devices, Inc. All rights reserved.
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AMD (Xilinx) Vivado Kurulumu

Vivado ML Standard

Customize your installation by {de)selecting items in the tree below. Moving cursor over selections below provide additional information.

Vivado ML Standard Edition is the no-cost, device limited version of the Vivade ML Enterprise edition. Users can add Vitis Model Composer which is an AMD toolbox for MATLAB
and Simulink to design for AI Engines and Programmable Logic. Users can select to install the Vitis Embedded Development which is an embedded software development

package. If you have been using AMD System Generator for DSP, you can continue development using Vitis Model Compaser. There is an option to install Power Design
Manager for power estimation of Versal, UltraScale+, and Kria products.

B--% Design Tools
= Vivado Design Suite
Vivado
Vitis HLS
Vitis Model Composer{Toolbox for MATLAE and Simulink. Includes the functionality of System Generator for DSF)
Vitis Embedded Development
Power Design Manager (PDM)
DocMav
ices
Install Devices for Kria SOMs and Starter Kits
Production Devices
|:| SoCs
[®] 7 series {limited support)
[ ultraScale (imited support)

[ ultraScale+ {limited support)
- [] WVersal ACAP

[ Engineering Sample Devices
B/ Installation Options
. [#]  Install Cable Drivers (You MUST disconnect all Xilinx Flatform Cable

Download Size: 15.5 GB
Disk Space Required: 58.0 GB

cables before proceeding)

Download Size: 15.5GB Reset to Defaults
Disk Space Required: 58.0 GB

Copyright © 1986-2022 Xilinx, Inc. All rights reserved. < Back Mext = Cancel
Copyright © 2022-2025 Advanced Micro Devices, Inc. All rights reserved.
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Geleneksel Tasarim Metodolojileri

Yapisal (Kapi Seviyesi)
Modelleme

—

Soyutlama
(Abstraction)

’ ElRE
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Mantik Kapilar

VE Kapisi
(AND Gate)
A B Cikis (Q)
0 0 0
0 1 0
1 0 0
1 1 1

1

VEYA Kapisi
(OR Gate)

OZEL-VEYA Kapisi

Cikis (Q)

= = O O>

0

_ O =-= O

1
1
1

(XOR Gate)
A B Cikis (Q)
0 0 0
0 1 1
1 0 1
1 1 1

)
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ORNEK : Geleneksel Tasarim Metodolojileri

Cikis (Q) Cilas (Q) = AB'C + ABC + AB'C’ + ABC

= = = P O O O O P
P P OO KR EFRFR OO W
L, O FRP Ok OFrr OO

OFRr ORFR F O R

George Boole

¢¢ rices 4\ MathWorks BiZi TAKIP EDIN!
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ORNEK : Mantiksal ifadelerin sadelestiriimesi

AB'C + ABC + AB'C’ + ABC’ X o
00 )

= AC(B'+B)+AB'C'+ABC’

= AC1+AB'C'+ABC’ 01 \_/

— AC+AB'C’'+ABC’ Al

= AC+AC'(B'+B)

= AC+AC'1 10\

= AC+AC’  NCAAC

’ OfA0
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ORNEK : Mantiksal ifadelerin sadelestiriimesi

—
_/
o_}

D— Gikis (Q)

’ OfA0
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ORNEK : Geleneksel Tasarim Metodolojileri

- Ozel bir giris hattinin segilmesi bir grup secme hattiyla kontrol edilir. 2™ giris hatti
ve hangi girisin secilecegini belirleyen bit kombinasyonlarini olusturan n adet
secme hatti vardir.

Giris 0
Giris 1
Giriz 2—) Multiplexer Cikig Secl Sec2 C.IITIS
— > (Coklayici) > 0 0 -
o i 0 1 Giris1
1 0 Giris2
T T 1 1 Giris3

Sec 1
Sec 2

’ OFe0)
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ORNEK : Geleneksel Tasarim Metodolojileri

S1 SO C Se¢l Sec0 GirisO Girisl Giris2 Giris3 Cikis
0 0 GirisO 0 0 0 X X X 0
0 1 Girisl 0 0 1 X X X 1
1 0 Girig2 0 1 X 0 X X 0
1 1 Giris3 0 1 X 1 X X 1
1 0 X X 0 X 0
1 0 X X 1 X 1
1 1 X X X 0 0
1 1 X X X 1 1

Cikis = S0'.51'.G0 + S0.51".G1 + S0".51.G2 + S0.51.G3

¢ Ofs
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ORNEK : Geleneksel Tasarim Metodolojileri

Sec¢1

Sec o

Giris 0

Giris 1

Giris 2

Giris 3

Ly
.

Cikis

¢ rices 4

MathWorks

Authorized Reseller
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Yapisal Modelleme (Structural Modeling)

= Bu yontemde kullanilacak her eleman bir yapi olarak tanimlanmis olmalidir. Bu sebeple bu
tanimlama yontemine kapi seviyesinde modelleme (Gate-Level Modelling) de denmektedir.

“timescale 1ns / 1ps
module Structural(ge, gl, g2, g3, s9, sl1, cikis);

input s@, si;
input go, gl, g2, g3;
output cikis;

not_s@, not_si;
andl, and2, and3, and4;

not (not_se@, s0);
not (not_si, s1);
and (andl, go@, not_s1, not_se);
and (and2, gi, not_s1, s0);
and (and3, g2, s1, not_so0);
or (cikis, andl, and2, and3, and4);
and (and4, g3, si, s9);
endmodule

y
¢ FiceESs &\ MathWorks BiZI TAKIP EDIN! gl
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RTL Tasarim Ciktilari (Yapisal Modelleme)

- Register Transistor Level ifadesinin kisaltilmasidir.

= Girigler ile Cikislar arasindaki iligkiyi dijital sinyallerin akigi ve bu sinyaller uzerinde gerceklestirilen
mantiksal iglemleri modelleyen bir tasarim soyutlamasidir.

and10_i

g0 Hﬁ o o _andii
_nd N C =S0".51'.GO + S0.51'.G1 + S0'.S1. G2 + S0.51. G3
- RTL_AND
o _and20.1 o _CIKis1_i
g1 D S 0 o _andz_i ) o
B 11 Y\ 0 1
" TLJ{D . / RTL_OR
RTL_AND o
. D 1o _CikisO_i s |
° | o) 0 0
. 10 and3_i . T or " ) D cikis
o _and30_i " RTL_OR
@ [ ” 307 - RTL_AND o _@nd4
RTL_AND " ©
RTL_AND
10 and40_j
g3 D 0
1
RTL_AND
|FE
¢ . . . [=I
¢ FiceESs @\ MathWorks BiZI TAKIP EDIN! gl
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Veri Akisi Modelleme (Dataflow Modeling)

Bu metotta giris ve cikis portlari arasindaki iligki bir fonksiyon olarak ifade edilir.
Bu sebepten dolayi bu yonteme fonksiyonel modelleme (Functional Modelling)

de denir.
o

“timescale 1ns / 1ps
module Dataflow(g®, gl, g2, g3, sO, sl1l, cikis);
input s@, si1;
input ge, gl, g2, g3;
output cikis;
assign
cikis = (~s0 & ~s1 & g0) | (~s@ & s1 & g1) | (s© & ~s1 & g2) | (s@ & s1 & g

3);

endmodule

Fices | @\ MathWorks BiZi TAKIP EDIN!
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RTL Tasarim Ciktilari (Veri Akisi Modelleme)

C=50.51".6G0+S50.51".G1 + S0".51.G2 + S0.51.G3

d1

5

RTL_AND

a _| cikis1_i
a1 D 10 e o _and2 i o
/ I )

»

RTL_AND
10 ci 0
50 D ) 0 1o _Cikis_i
) 11 ] : -
0 and3_i 1 ) cikis

d30_i I RTL_OR

RTL_AND and4_i

w
%]
= B
©
S
I_
o
=]
o

RTL_AND "

RTL_AND

and40_j

o [ > © " o

RTL_AND

of

]

¢
¢¢ rices 4\ MathWorks BiZi TAKIP EDIN!

Authorized Reseller E L



Davranissal Modelleme (Behaviroal Modelling)

« Tasarlanmasi istenen sayisal sistem davranisi ile ifade edilir. Yani, kosullu ve
ozyinemeli ifadelere karsilik gelen HDL anahtar kelimeleri kullanilabilir.
o0
“timescale 1ns / 1ps
module Behavioral(g,s,cikis);
input [1:0] s;

input [3:0] g;
output reg cikis;

always @(s,g,cikis) begin

case (s)
2'bo@ : cikis <= g[o];
2'b01l : cikls o—m
2:bl10 :cikidst <="g[2];
2:bl1l : cikis <="g[3];
endcase

end Klasik programlama dillerindeki
Klasik programlama dillerindeki sart yapilari gibi.

dongi yapisina benzer.

|8 endmodule

¢
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RTL Tasarim Ciktilari (Behaviroal Modelling)

s[1:0] | >

’ OfA0
¢ Fices @\ MathWorks BiZi TAKiP EDIN! %%
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Model Tabanl Tasarim ile MUX Tasarimi

= 4 Girisli MUX Tasarimi input  [1:0] Inl; // ufix2

input In2;
input In3;

. input Ind;
ufix2 .
»—] input  In5;
output Outl;
boolean 0

boolean 1 boolean wire Multiport Switch_outl;

SHCHNCHCRS

boolean 2
. assign Multiport Switch outl = (Inl == 2'b88 ? In2 :
boolean *, 3 (Inl == 2'b@1 ? In3 :
PI—o0 (Inl == 2'b1@ ? In4d :

; : In5)));
Multiport_Switch

assign Outl = Multiport Switch outl;

’ Ofs0
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Lisans Seviyesi Sayisal Tasarim Kazanimlar

Sayi Sistemleri
Mantik Kapilari
Boolean Cebri

Combinational Devreler
Mux
Encoder
Decoder
Comparators
Adder

= Sequential Devreler

Counter
Shift Register
FSM

= Mealy Moore
Sequence Detector
UART

- Hafiza Birimi Tasarimi

Register
RAM
FIFO

¢ Fices | @\ MathWorks
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Model Tabanli Mantik Tasarimi

Block Parameters: Logical Operator X
_ AND N
Logical Operator
Logical operators. For a single input, operators are applied across the input vector. For multiple
inputs, operators are applied across the inputs.

> AND > ——— Logical

Operator

Number of]|
2

Icon shape

_ogica
Operator

Cancel Help Apply

Relational
Operator

Bitwise
) AND
0xD9

Bitwise
Operator




Model Tabanl Full Adder Tasarimi

XOR

@'
v

AND
—p
Carry
GO s i s
- =f - L g Sum
) g
ey P >
R
Half Adder
Half Adder1 Carry




kili Say1 Sistem

Create fixed-point objects using the £i function:

fi(value, signedness, wordLength, fractionLength)

Example

111001.1




Model Tabanl Full Adder Tasarimi

Block Parameters: Add x

Sum

Add or subtract inputs. Specify one of the following:

a) character vector containing + or - for each input port, | for spacer
between ports (e.g. ++|-|++)

b) scalar, >= 1, specifies the number of input ports to be summed.
When there is only one input port, add or subtract elements over all
dimensions or one specified dimension.

Main  Signal Attributes

Output minimum: Output maximum:

[ I [o

Output data type: | Inherit: Inherit via internal rule v| i >
Accumulator data type: | Inherit: Inherit via internal rule v| i >

[ require all inputs to have the same data type
[] Lock data type settings against changes by the fixed-point tools
Integer rounding mode: | Floor

[ saturate on integer overflow

Cancel Help Apply

Add



Ardisil (Sequential) Devreler icin Stateflow

S0 53
y = fi(0, 0,2,0,hdlfimath}; y = fi(3, 0,2,0,hdfimath);
u == fi(1, 0,1,0, hdlfimath)]
== fi(1, 0,1,0, hdiimath)] [u == fi{1, 0,1,0, hdlfimath
U 52
51 y = fi(2, 0,2,0,hdfimath);

y =fi{1, 0,2,0, hdifimath);

[u==fi(1, 0,1,0, hdlfimath

always @(posedge clk or posedge reset)
begin : Mealy Chart_1 process
if (reset == 1'bl) begin
is_Mealy Chart <= is_Mealy Chart_IN_SO;
end
else begin
if (enb) begin
is_Mealy Chart <= is Mealy Chart_next;
end
end

end

always @(is_Mealy Chart, u) begin
is_Mealy Chart_next = is_Mealy Chart;
y 1 = 2'boe;
case ( is_Mealy_Chart)
is_Mealy Chart_IN_S© :

begin
if (u == 8'sbeEEEEBA1) begin
y_1 = 2'bes;
is_Mealy Chart_next = is_Mealy_Chart_IN_S1;
end
end
is Mealy Chart IN_S1 :
begin
if (u == 8'sbP@PPEEEL1) begin
y_1 = 2'bo1;
is_Mealy Chart_next = is_Mealy_Chart_IN_52;
end
end
is_Mealy Chart_IN_S2 :
begin
if (u == 8'sbP@OOEOEL) begin
y 1 = 2'b10;
is Mealy Chart_next = is Mealy Chart IN S3;
end
end
default :
begin
if (u == 8'sbeEEEEOA1) begin
y_ 1 = 2'b11;
i1s_Mealy Chart_next = is_Mealy_Chart_IN_S@;
end
end
endcase

end

assign y = y_1;



Donanimda Veri Tipler

= Arrays can be represented as:

Wires
Flip-Flops
RAM
ROM

Hardware

knowledge

=

wark receiver_FixPt_rtl Page 5 of &

= {F receiver_FixPt (rt)
#89 Clocks
®- 23 Ports

— 8 wemory

=% modgen_rom_ix3|
. ®@ens

+ Q) Fiip-Fiops

+ & Operators

#0[) Blocks

3 Primitives

File Edit Text Go Cell Toels Debug Desktop Window

Help

UCH {§RaRBYC e - Aesf R-EBREESE

EE| - [+ +2 | x |[E|O
1 &unction y = sinusoid lut
2 $#codegen
3= v =1
4 9.95981175268260111e-01+ 6.13586846451544753e—
5 9.9592470183914450e-01+ 1.22715382857195%25e—
6 5.9583058175582340e-01+ 1.8406729505804820e-021
7 9.956568681665620425e-01+ 2.4541228522912288e-021
8 9.9552941750109314e-01+ 3.0674803176636626e-021
S 9.95322384568834554e-01+ 3.6807222541358832e-021
10 9.9507772775264536e-01+ 4.2938256534540820e-021
11 5.5875545620517241e-01+ 4.5067674327418015e-021
12 5.584755805732%477e-01+ 5.5195244349689%41e-021
13 5.58116811290014918e-01+ 6.1320736302208578e-021
14 5.977230666441%164e-01+ 6.7443515563664051e-021
15 5.5972504566786%021e-01+ 7.3564563599667426e-021
16 9.9682029929116567e-01+ 7.96824375714301262-021
17 9.59631261218277800e-01+ 8.5797312344435508e-021
18 5.5576741446765%82e-01+ 6.1508556457132752e-021

addr1(9:0)

rd_clk1

rd_enal rd_data1(31:0)

regcel

rst1
rom_new_0_receiver_FixPt_rtl

Think about how arrays are used in the design to get the best results



Traditional Development Process

ST 1T 71T°¢

Functionality and
Architecture

Requirement Physical Hand-Coded . :
Paper Specs Prototypes Algorithms Testing Artifacts

|
Manual Steps

System Integration

Requirements and Test

Design Implementation

Manual steps introduce errors and slow down the development process



Issues found late in the process are more costly and time-consuming to fix

Cost to Fix Issues

. . System
. Functionality and . . .
Requirements . Design Implementation Integration
Architecture and Test

Time to Fix Issues




Model-Based Design

. Functionality and . . System Integration
( Requirements 1 ( Architecture 1 ( Design 1 ( Implementation 1 ( and Test

Models are at the center of your development process

Requirements capture and artifact traceability throughout the process



V Model
Three key pieces to Model-Based Design

Modeling & Test &
Simulation Verification

. System Integration
( Requirements W ( and Test W

Functionality and System Integration
Architecture

and Test

{ Implementation W
Code Generation




HDL Coder Ozet

MATLAB Functions

4\

mlhdlc_lms_fcn(input, ...
desired, step_size, reset_weights)

Simulink Models

Stateflow Charts

HDL Coder

|
: .

A ™\

Verilog VHDL




HDL Coder Uyumlulugu

200+ MATLAB Functions

Filter Implementation

Single-Rate Filters

Block DC component (offset) from input signal
Delay input signal by fixed samples

Delay input by time-varying fractional number of sample periods

FIR or IIR highpass filter
FIR or IIR lowpass filter
Compensate for CIC decimation filter using FIR decimator

Compensate for CIC interpolation filter using FIR interpolator

Static or time-varying FIR filter
FIR or IR highpass filter
FIR or IIR lowpass filter

IIR filter using biquadratic structures

Polynomial sample rate converter with arbitrary conversion factor
Polyphase FIR decimator

Polyphase FIR interpolator

Sample rate converter

Translate digital signal from intermediate frequency (IF) band to b

J

300+ Simulink Blocks

Stateflow Charts

[

; HDL Coder

HDL Coder
v DSP System Toolbox HDL Support
Filtering
Signal Management
Signal Operations
Sinks
Sources
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Model Tabanl Full Adder Tasarimi
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Frame-Based Processing
Parallel implementations for gigasample-per-second throughput
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FFT Implementation Exploration
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Desteklenen Fonksiyonlar ve Bloklar

= You can generate efficient code for a subset of MATLAB Built-in Functions
and Toolbox Functions that you can call from MATLAB code. [Function List]

hdl.interpn 2025
Find interpolated value based on n-dimensional input data
Since R2024b collapse all in page
Syntax

Vg = hdl.interpn(X1,X2,...,%n,V,Xql,Xq2,...,Xqgn)

Vg hdl.interpn(X1,X2,...,%n,V,Xq1,Xq2,...,Xqn,interpolation, extrapolation)

Description

Vq = hdl.interpn(X1,X2,...,X%n,V,Xql,Xq2,...,Xqgn) returns the interpolated values of a function of n variables at a specific query point using linear interpolation and linear extrapolation. example
X1,X2,...,Xn contain the coordinates of the sample points in each dimension. v contains the corresponding function values at each sample point. Xq1, Xq2, . . ., Xgn contain the coordinates of the
query point.
Vq = hdl.interpn(X1,%2,...,%n,V,Xql,Xq2,...,Xqn,interpolation,extrapolation) also specifies interpolation and extrapolation approximation methods. example
Extended Capabilities collapse all

v HDL Code Generation
Generate VHDL, Verilog and SystemVerilog code for FPGA and ASIC designs using HDL Coder™.

The approximation methods supported for code generation are "linear" fOr interpolation, and "linear" and "nearest" fOr extrapolation.

For code generation, the hdl. interpn function does not support:

* Fixed-point data type
+ Multiple query points


https://www.mathworks.com/help/hdlcoder/ug/functions-supported-for-hdl-code-generation-alphabetical-list.html
https://www.mathworks.com/help/hdlcoder/ug/functions-supported-for-hdl-code-generation-alphabetical-list.html

Otomatik Optimizasyon Secenekleri
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lteratif Tasarim Optimizasyonu
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Testbench Tabanli Dogrulama
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Testbench Tabanli Dogrulama
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HDL Verifier

= Cosimulate RTL back-to-back with the model
to debug before FPGA deployment

» Simulate FPGA-in-the-loop with your
MATLAB/Simulink tests

RTL
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