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= Partl
= RFNoC Framework Overview

= Hands on Demos

= Part2
= RFNoC FPGA & Software Architecture
= Hands on RFNoC Block Development
= Advanced RFNoC Topics
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= Two main ways to get RFNoC

= |nstall with PyBOMBs
"= PyBOMBs install already done in our VM!
= ~/rfnoc-workshop

= Toreproduce see RFNoC Getting Started Guide
= https://kb.ettus.com/Getting_Started_with_RFNoC_Development

= Manual install

= |nstall dependencies
= Build UHD, GNU Radio, and gr-ettus
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Installed with gr-ettus (via PyBOMBs)
Generate OOT RFNoC modules

= Similar concept to gr modtool

= Creates skeleton code for a pass through RFNoC block
=  Verilog for RFNoC Block
= Test bench
=  UHD C++ block controller / NoC Script XML
=  GNU Radio Companion XML

Everything in one place!
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= c¢d ~/rfnoc-workshop
= source setup_env.sh

* rfnocmodtool help

rfnoc@rfnoc-vm ~/rfnoc-workshop $ source ~/rfnoc-workshop/setup env.sh
rfnoc@rfnoc-vm ~/rfnoc-workshop $ rfnocmodtool help

Usage:

rfnocmodtool <command> [options] -- Run <command> with the given options.
rfnocmodtool help -- Show a list of commands.

rfnocmodtool help <command> -- Shows the help for a given command.

List of possible commands:
Name Aliases Description

Disable block (comments out CMake entries for files)
getinfo,inf Return information about a given module
remove rm, del Remove block (delete files and remove Makefile entries)
makexml  mx Make XML file for GRC block bindings
add insert Add block to the out-of-tree module.
1ewmod nm,create Create a new out-of-tree module
GUENE mv Rename a block in the RFNoC out-of-tree module. 5




Using RFNoC modtool -
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= Steps to create our block:

= source ~/rfnoc-workshop/setup _env.sh
= c¢d ~/rfnoc-workshop/src

" rfnocmodtool newmod tutorial

* cd rfnoc-tutorial

" rfnocmodtool add gain

=  Enter valid argument list, including default arguments: (leave blank)
=  Add Python QA Code? [y/N] N

=  Add C++ QA Code? [y/N] N

=  Block NoC ID (Hexadecimal): E7757E5700000001

= Skip Block Controllers Generation? [UHD block ctrl files] [y/N] N

= Skip Block interface files Generation? [GRC block ctrl files] [y/N] N



RFNoC modtool output

rfnoc@rfnoc-vm ~/rfnoc-workshop $ cd src

rfnoc@rfnoc-vm ~/rfnoc-workshop/src $ rfnocmodtool newmod tutorial
Creating out-of-tree module in ./rfnoc-tutorial... Done.

Use 'rfnocmodtool add' to add a new block to this currently empty module.
rfnoc@rfnoc-vm ~/rfnoc-workshop/src $ cd rfnoc-tutorial

rfnoc@rfnoc-vm ~/rfnoc-workshop/src/rfnoc-tutorial $ rfnocmodtool add gain
RFNoC module name identified: tutorial

Block/code identifier: gain

Enter valid argument list, including default arguments:

Add Python QA code? [y/N] N

Add C++ QA code? [y/N] N

Block NoC ID (Hexadecimal): E7757E5700000001

Skip Block Controllers Generation? [UHD block ctrl files] [y/N] N

Skip Block interface files Generation? [GRC block ctrl files] [y/N] N
Adding file 'lib/gain_impl.h'...

Adding file 'lib/gain impl.cc'...

Adding file 'include/tutorial/gain.h'...

Adding file 'include/tutorial/gain block ctrl.hpp'...

Adding file 'lib/gain block ctrl impl.cpp'...

Editing swig/tutorial swig.i...

Adding file 'grc/tutorial gain.xml'...

Adding file 'rfnoc/blocks/gain.xml’...

Adding file 'rfnoc/fpga-src/noc_block gain.v'...
rfnoc/testbenches/noc_block gain tb folder created

Adding file 'rfnoc/testbenches/noc block gain tb/noc block gain th.sv'...
Adding file 'rfnoc/testbenches/noc block gain tb/Makefile'...

Adding file 'rfnoc/testbenches/noc block gain tb/CMakeLists.txt'...
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Directory Structure o
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" grc
= tutorial_gain.xml — GRC XML Block Description

= include/tutorial
= GNU Radio & UHD Block Controller C++ headers

= ib
= GNU Radio & UHD Block Controller C++ impls

= rfnoc/blocks
= gain.xml— Noc Script XML

= rfnoc/fpga-src
"= noc_block _gain.v—RFNoC Block HDL

= rfnoc/testbench/noc_block gain tb
* noc_block gain tb.sv— RFNoC Block HDL test bench
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GNU Radio

FPGA
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RFNoC Framework

FPGA

RFNoC Block Code (Verilog, VHDL, IP, BD, HLS)

o Qo
o)

O

aaaaaaaaaaaaaaaaaaaaaaaaa



Gain RFNoC Block o

Ettus o
O

O

O 4 O

aaaaaaaaaaaaaaaaaaaaaaaaa

= Open ~/rfnoc-workshop/src/rfnoc-tutorial/
rfnoc/fpga-src/noc_block gain.v

= Editor choices in VM:

= (g)vim
" emacs
"  nano
= gedit
= geany

= notepadqq
"  mousepad



Gain RFNoC Block
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noc_block_gain.v

NoC Shell
Command & ‘f Data Packets
Response
Packets AXI Wrapper

l‘ Sample Data

User Code

User Registers

‘1 AXI-Stream

‘1 Settings Bus

©)

NN & ol
11 NoC ID: 0xE7757E5700000001 |

O

aaaaaaaaaaaaaaaaaaaaaaaaa

12



Gain RFNoC Block
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: Response |
| Packets AXI Wrapper :
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l‘ Sample Data

= Each block has a unique 64-bit block ID
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Gain RFNoC Block Parameters
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module noc block gain #(
NOC ID = 64'hE7757E5700000001,
STR SINK FIFOSIZE = 11)

bus clk, bus rst,

ce clk, ce rst,
[63:0] 1 tdata, i tlast, 1 tvalid, 1 tready,
[63:0] o tdata, o tlast, o tvalid, o tready,
[63:0] debug

= Each block has a unique 64-bit block ID

14



Gain RFNoC Block Parameters
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module noc block gain #(
NOC ID = 64'hE7757E5700000001,
STR SINK FIFOSIZE = 11)

bus clk, bus rst,

ce clk, ce rst,
[63:0] 1 tdata, i tlast, 1 tvalid, 1 tready,
[63:0] o tdata, o tlast, o tvalid, o tready,
[63:0] debug

= STR_SINK FIFOSIZE (power of 2) used for flow control

= Sets flow control receive FIFO depth, generally leave at 11

15



Gain RFNoC Block o
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Crossbar

noc_block_gain.v lT NoC ID: 0xE7757E5700000001

NoC Shell
Command & ‘f Data Packets
Response
Packets AXI Wrapper

l‘ Sample Data

Each block has one connection to crossbar

Block communicates to other blocks and host via crossbar
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Gain RFNoC Block 1/0

module noc block gain #(
NOC ID = 64" hE7757E5700000001,
%TH_%IHK_FIFUSIEE = 11)

bus clk, bus rst,
ce clk, ce rst,

63:0] i tdata, i tlast, i tvalid,
[63:0] o tdata, o tlast, o tvalid,

EHC] debu

Ettus

1 tready,
0 tready,
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= Each block has one connection to crossbar

= |nput and output AXI stream
=  Carries CHDR packets (discussed later)

17




Gain RFNoC Block 1/0

module noc block gain #(
NOC ID = 64" hE7757E5700000001,
%TH_%IHK_FIFUSIEE = 11)

bus clk, bus rst,
ce clk, ce rst,

63:0] i tdata, i tlast, i tvalid,
[63:0] o tdata, o tlast, o tvalid,

EHC] debu

Ettus

1 tready,
o tready,
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= Each block has one connection to crossbar

= |nput and output AXI stream
=  Carries CHDR packets (discussed later)

= AXl stream on bus_clk domain. User logic uses ce_clk domain.

Can be the same clock.

18




Gain RFNoC Block 1/0

module noc block gain #(
NOC ID = 64" hE7757E5700000001,
%TH_%IHK_FIFUSIEE = 11)

bus clk, bus rst,
ce clk, ce rst,

63:0] i tdata, i tlast, i tvalid,
[63:0] o tdata, o tlast, o tvalid,

EHC] debu

Ettus
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1 tready,
o tready,
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= Debug not currently used for anything

19
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= Part of ARM AMBA standard

= Simple handshake / flow control protocol:
= Upstream block asserts tvalid
= Downstream block asserts tready
= Datais consumed when tvalid & tready ==
= tlast used to delimit packets

clk
tready /
tvalid J \
tlast /_\

tdata X DO XD1 X D2 X




AXI-Stream
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" tdata & tlast have no meaning when tvalid ==

= Once tvalid is asserted, it cannot be deasserted
without at least one tready cycle

= Why AXI-Stream?

" Industry standard => Lots of existing IP
= No need for complicated strobes — data flows through

= Enhances reusability & composability

tready

tvalid

AXI Stream > AXI Stream '
tlast

—
—_
— Block > Block —
—

tdata




CHDR over AXI-Stream

" RFNoC’s packet format
" CHDR = Compressed Header

clk
tready /
tvalid  / \
tlast /_\

tdata X Header XDO XDl X

Ettus
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CHDR Packet Protocol
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63-62 61 60 59-48 47 - 32 31-16 15-0
Pkt H :
Type Ti;z EOB Seq # Length (in bytes) SRCSID DST SID
Fractional Time (Optional, Has Time = 1)
Payload
N

Packet type based on bits 63, 62, & 60

O(0] O Data

O|0]| 1 Data (End of Burst)
O|1]| 0 Flow Control

1 10(0 Command

1 (1] 0 Response
1111

Response (Error)

23



Stream IDs

SID
Crossbar Block
Crossbar
Port Port
15-8 7-4 3-0

16 bit Stream ID

= 256 unique crossbar (or device) IDs

= 16 ports per crossbar

= 16 (logical) ports per block
Example Crossbar ID: 2, Port: 1, Block Port: O

SID: 2.1.0
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Gain RFNoC Block
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noc_block_gain.v

NoC Shell
Command & ‘f Data Packets
Response
Packets AXI Wrapper

l‘ Sample Data

User Code

User Registers

‘1 AXI-Stream

‘1 Settings Bus
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Gain RFNoC Block
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- Standard boilerplate RFNoC mterfacmg code
= Not strictly required

= Muxes / demuxes CHDR packets
= Data, command, response

= Handles flow control

* (Crosses clock domains




Noc Shell Parameters
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noc shell #(
.NOC_ID(NOC_ID),
.STR_SINK FIFOSIZE(STR SINK FIFOSIZE))
noc_shell (
.bus clk(bus clk), .bus rst(bus rst),
.1 tdata(i tdata), .i tlast(i tlast), .i tvalid(i tvalid), .i tready(i tready),
.0 tdata(o tdata), .o tlast(o tlast), .o tvalid(o tvalid), .o tready(o tready),

.clk(ce clk), .reset(ce rst),

.set data(set data), .set addr(set addr), .set stb(set stb), .set time(), .set has time(),
.rb stb(1'bl), .rb data(rb data), .rb addr(rb addr),

.cmdout tdata(cmdout tdata), .cmdout tlast(cmdout tlast), .cmdout tvalid(cmdout tvalid), .cmdout tready(cmdout f
.ackin tdata(ackin tdata), .ackin tlast(ackin tlast), .ackin tvalid(ackin tvalid), .ackin tready(ackin tready),

.str sink tdata(str sink tdata), .str sink tlast(str sink tlast), .str sink tvalid(str sink tvalid), .str sink {1
.str src_tdata(str src tdata), .str src tlast(str src tlast), .str src tvalid(str src tvalid), .str src_tready(3
.src_sid(src sid),

.next dst sid(next dst sid),

.resp in dst sid(resp in dst sid),
.resp out dst sid(resp out dst sid),

.vita time('d@), .clear tx seqnum(clear tx seqnum),
.debug(debug) ) ;

= NOC_ID and STR_SINK_FIFOSIZE module parameters




Noc Shell 1/O
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noc shell #(
.NOC_ID(NOC_ID),
.STR_SINK FIFOSIZE(STR SINK FIFOSIZE))
noc shell (
.bus clk(bus clk), .bus rst(bus rst),
.1 tdata(i tdata), .i tlast(i tlast), .i tvalid(i tvalid), .i tready(i tready),
.0 tdata(o tdata), .o tlast(o tlast), .o tvalid(o tvalid), .o tready(o tready),

.clk(ce clk), .reset(ce rst),

.set data(set data), .set addr(set addr), .set stb(set stb), .set time(), .set has time(),
.rb stb(1'bl), .rb data(rb data), .rb addr(rb addr),

.cmdout tdata(cmdout tdata), .cmdout tlast(cmdout tlast), .cmdout tvalid(cmdout tvalid), .cmdout tready(cmdout f
.ackin tdata(ackin tdata), .ackin tlast(ackin tlast), .ackin tvalid(ackin tvalid), .ackin tready(ackin tready),

.str sink tdata(str sink tdata), .str sink tlast(str sink tlast), .str sink tvalid(str sink tvalid), .str sink {1
.str src_tdata(str src tdata), .str src tlast(str src tlast), .str src tvalid(str src tvalid), .str src_tready(3
.src_sid(src sid),

.next dst sid(next dst sid),

.resp in dst sid(resp in dst sid),
.resp out dst sid(resp out dst sid),

.vita time('d@), .clear tx seqnum(clear tx seqnum),
.debug(debug) ) ;

" Connection to crossbar




Noc Shell 1/O
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noc shell #(
.NOC_ID(NOC_ID),
.STR_SINK FIFOSIZE(STR SINK FIFOSIZE))
noc_shell (
.bus clk(bus clk), .bus rst(bus rst),
.1 tdata(i tdata), .i tlast(i tlast), .i tvalid(i tvalid), .i tready(i tready),
.0 tdata(o tdata), .o tlast(o tlast), .o tvalid(o tvalid), .o tready(o tready),

.clk(ce clk), .reset(ce rst),

.set data(set data), .set addr(set addr), .set stb(set stb), .set time(), .set has time(),
.rb stb(1'bl), .rb data(rb data), .rb addr(rb addr),

.cmdout tdata(cmdout tdata), .cmdout tlast(cmdout tlast), .cmdout tvalid(cmdout tvalid), .cmdout tready(cmdout f
.ackin tdata(ackin tdata), .ackin tlast(ackin tlast), .ackin tvalid(ackin tvalid), .ackin tready(ackin tready),

.str sink tdata(str sink tdata), .str sink tlast(str sink tlast), .str sink tvalid(str sink tvalid), .str sink {1
.str src_tdata(str src tdata), .str src tlast(str src tlast), .str src tvalid(str src tvalid), .str src_tready(3
.src_sid(src sid),

.next dst sid(next dst sid),

.resp in dst sid(resp in dst sid),

.resp out dst sid(resp out dst sid),

.vita time('d@), .clear tx seqnum(clear tx seqnum),
.debug(debug) ) ;

clk is the user logic clock domain, usually connected to ce_clk

Noc Shell internally crosses clock domains




Noc Shell 1/O
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noc shell #(
.NOC_ID(NOC_ID),
.STR_SINK FIFOSIZE(STR SINK FIFOSIZE))
noc_shell (
.bus clk(bus clk), .bus rst(bus rst),
.1 tdata(i tdata), .i tlast(i tlast), .i tvalid(i tvalid), .i tready(i tready),
.0 tdata(o tdata), .o tlast(o tlast), .o tvalid(o tvalid), .o tready(o tready),

.clk(ce clk), .reset(ce rst),

.set data(set data), .set addr(set addr), .set stb(set stb), .set time(), .set has time(),
.rb stb(1'bl), .rb data(rb data), .rb addr(rb addr),

.cmdout tdata(cmdout tdata), .cmdout tlast(cmdout tlast), .cmdout tvalid(cmdout tvalid), .cmdout tready(cmdout f
.ackin tdata(ackin tdata), .ackin tlast(ackin tlast), .ackin tvalid(ackin tvalid), .ackin tready(ackin tready),

.str sink tdata(str sink tdata), .str sink tlast(str sink tlast), .str sink tvalid(str sink tvalid), .str sink {1
.str src_tdata(str src tdata), .str src tlast(str src tlast), .str src tvalid(str src tvalid), .str src_tready(3
.src_sid(src sid),

.next dst sid(next dst sid),

.resp in dst sid(resp in dst sid),

.resp out dst sid(resp out dst sid),

.vita time('d@), .clear tx seqnum(clear tx seqnum),
.debug(debug) ) ;

Settings bus: User register write and readback

set_time and set_has_time for timed commands
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Register Space

Settings Bus 8-bit address = 256 regs
NoC Shell Regs: 0 — 127

Special registers to setup NoC Shell

0 —4: Flow Control

5 —8: SIDs (Src, Next Dst, Resp In, Resp Out)
124: User readback address

127: NoC Shell readback address

User Regs: 128 — 255
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Settings Bus .
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= Control packet payload sets addr & data
"= [63:0] ={24'd0O, set_addr[7:0], set_data[31:0]}

= Response packet payload has readback data

" User must assert readback strobe (or leave 1’b1)

clk
set_stb 4/_\ /_\
set_addr X A0 X XAl X
set_data XDO X XD1 X
rb_data X RO X R1

b_stb \ T\




Noc Shell 1/O
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noc shell #(
.NOC_ID(NOC ID),
.STR_SINK FIFOSIZE(STR SINK FIFOSIZE))
noc_shell (
.bus clk(bus clk), .bus rst(bus rst),
.1 tdata(i tdata), .i tlast(i tlast), .i tvalid(i tvalid), .i tready(i tready),
.0 tdata(o tdata), .o tlast(o tlast), .o tvalid(o tvalid), .o tready(o tready),

.clk(ce clk), .reset(ce rst),

.set data(set data), .set addr(set addr), .set stb(set stb), .set time(), .set has time(),
.rb stb(1'bl), .rb data(rb data), .rb addr(rb addr),

.cmdout_tdata(cmdout tdata), .cmdout tlast(cmdout tlast), .cmdout tvalid(cmdout tvalid), .cmdout tready(cmdout
.ackin tdata(ackin tdata), .ackin tlast(ackin tlast), .ackin tvalid(ackin tvalid), .ackin tready(ackin tready),

= Access registers in other blocks -

= cmdout: CHDR command packets out
= Register write (i.e. settings bus writes) in other blocks

= ackin: CHDR response (ack) packets in
= Register readback from other blocks
=  Qutput by other block’s noc shell (remember rb_stb?)

=  We will go over an example block using this port later

34
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NoC Shell
Command & ‘f Data Packets
Response
Packets AXI Wrapper

l‘ Sample Data

User Code
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Noc Shell 1/O
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noc shell #(
.NOC_ID(NOC_ID),
.STR_SINK FIFOSIZE(STR SINK FIFOSIZE))
noc_shell (
.bus clk(bus clk), .bus rst(bus rst),
.1 tdata(i tdata), .i tlast(i tlast), .i tvalid(i tvalid), .i tready(i tready),
.0 tdata(o tdata), .o tlast(o tlast), .o tvalid(o tvalid), .o tready(o tready),

.clk(ce clk), .reset(ce rst),

.set data(set data), .set addr(set addr), .set stb(set stb), .set time(), .set has time(),
.rb stb(1'bl), .rb data(rb data), .rb addr(rb addr),

.cmdout tdata(cmdout tdata), .cmdout tlast(cmdout tlast), .cmdout tvalid(cmdout tvalid), .cmdout tready(cmdout f
.ackin tdata(ackin tdata), .ackin tlast(ackin tlast), .ackin tvalid(ackin tvalid), .ackin tready(ackin tready),

.str sink tdata(str sink tdata), .str sink tlast(str sink tlast), .str sink tvalid(str sink tvalid), .str sink {1
.str src tdata(str src tdata), .str src tlast(str src tlast), .str src tvalid(str src tvalid), .str src tready(d
.src_sid(src sid),

.next dst sid(next dst sid),
.resp in dst sid(resp in dst sid),

= str_sink: CHDR data packets out
= str_src: CHDR data packets in
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NoC Shell Internals
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Data -~ str_sink_*
Response T ackin_*
From CrOSSbar >3< — Clock Crossing FIFO ﬁ
ﬁ |
QE, Command I
0 Clock Crossing FIFO I
Flow Control |
|
: set_*
Command
Processor
ata str_src_*
Source Flow Control |
|
To Crossbar | Response I
= h—# Clock Crossing FIFO I
2 | Command ' cmdout_*
M Clock Crossing FIFO *
Flow Control I
4% Flow Control Responder («- Observe

* * bus_clk *f ce clk
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Noc Shell 1/O
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noc shell #(
.NOC_ID(NOC_ID),
.STR_SINK FIFOSIZE(STR SINK FIFOSIZE))
noc_shell (
.bus clk(bus clk), .bus rst(bus rst),
.1 tdata(i tdata), .i tlast(i tlast), .i tvalid(i tvalid), .i tready(i tready),
.0 tdata(o tdata), .o tlast(o tlast), .o tvalid(o tvalid), .o tready(o tready),

.clk(ce clk), .reset(ce rst),

.set data(set data), .set addr(set addr), .set stb(set stb), .set time(), .set has time(),
.rb stb(1'bl), .rb data(rb data), .rb addr(rb addr),

.cmdout tdata(cmdout tdata), .cmdout tlast(cmdout tlast), .cmdout tvalid(cmdout tvalid), .cmdout tready(cmdout f
.ackin tdata(ackin tdata), .ackin tlast(ackin tlast), .ackin tvalid(ackin tvalid), .ackin tready(ackin tready),

.str sink tdata(str sink tdata), .str sink tlast(str sink tlast), .str sink tvalid(str sink tvalid), .str sink {1
.str src tdata(str src tdata), .str src tlast(str src tlast), .str src tvalid(str src tvalid), .str src tready(3
.src_sid(src sid),

.next dst sid(next dst sid),

.resp in dst sid(resp in dst sid),

.resp out dst sid(resp out dst sid),

.vita time('d@), .clear tx seqnum(clear tx seqnum),
.debug(debug) ) ;

= Useful stream IDs for forming packets
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noc shell #(
.NOC_ID(NOC ID),
.STR_SINK FIFOSIZE(STR SINK FIFOSIZE))
noc_shell (
.bus clk(bus clk), .bus rst(bus rst),
.1 tdata(i tdata), .i tlast(i tlast), .i tvalid(i tvalid), .i tready(i tready),
.0 tdata(o tdata), .o tlast(o tlast), .o tvalid(o tvalid), .o tready(o tready),

= VITA time input to control timed settings bus writes

= Avoid using this approach

"  Only useful in special circumstances such as Radio Core

= For timed command examples, see DDC / DUC blocks

.resp_1n_dst sid(resp 1in dst sid),
.resp out dst sid(resp out dst sid),

.vita time('d@),| .clear tx seqnum(clear tx seqnum),
.debug(debug) ) ;
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noc shell #(
.NOC_ID(NOC ID),
.STR_SINK FIFOSIZE(STR SINK FIFOSIZE))
noc_shell (
.bus clk(bus clk), .bus rst(bus rst),
.1 tdata(i tdata), .i tlast(i tlast), .i tvalid(i tvalid), .i tready(i tready),
.0 tdata(o tdata), .o tlast(o tlast), .o tvalid(o tvalid), .o tready(o tready),

.clk(ce clk), .reset(ce rst),

.set data(set data), .set addr(set addr), .set stb(set stb), .set time(), .set has time(),
.rb stb(1'bl), .rb data(rb data), .rb addr(rb addr),

.cmdout_tdata(cmdout tdata), .cmdout tlast(cmdout tlast), .cmdout tvalid(cmdout tvalid), .cmdout tready(cmdout
.ackin tdata(ackin tdata), .ackin tlast(ackin tlast), .ackin tvalid(ackin tvalid), .ackin tready(ackin tready),

Automatically asserted when UHD initializes the block at start up

Can be used as a user logic reset

.resp_1n _dst_sid(resp _1in dst sid),
.resp out dst sid(resp out dst sid),

.vita time('d@), .clear tx seqnum(clear tx seqnum),
.debug(debug) ) ;
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** CHDR ‘1 AXI-Stream ‘1 Settings Bus

Crossbar

R [
| noc_block_gain.v lT NoC ID: 0xE7757E5700000001
|

i I
: NoC Shell !
. |
: Command & ‘f Data Packets :
: Response |
| Packets AXI Wrapper :
. |
: l‘ Sample Data :
' |
|

: User Code User Registers :
i :
' I
' |
' |




Gain RFNoC Block o

1‘ Sample Data

Simplify interface for user

Convert CHDR data packets into data stream

——————————————————————————————————————————————

O

Ettus . Q
0 & 0 Q. esearch”
Crossbar
noc_block_gain.v 11 NoC ID: 0xE7757E5700000001
|
|
NoC Shell :
|
Command & ‘f Data Packets :
Response |
Packets AXI Wrapper :
|
|
|
|
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axi wrapper #(
.SIMPLE MODE(1))
axli wrapper (
.clk(ce clk), .reset(ce rst),
.bus clk(bus clk), .bus rst(bus rst),

.clear tx seqnum(clear tx seqnum),
.next dst(next dst sid)
.set_stb(set stb), .set addr(set addr), .set data(set data),

.1 tdata(str sink tdata), .i tlast(str sink tlast), .i tvalid(str sink tvalid), .1 tready(str sink tready),
.0 tdatalstr src tdatal. .o tlasti(str src tlast). .o tvalid(str src tvalid)l. .o treadvi(str src treadv).

r

= SIMPLE_MODE: auto generate output packet header

= Useful if input / output rate is 1:1

= Examples:

=  FIR Filter that does not decimate or interpolate
= FFT
"=  @Gain block

= Ifnot 1:1, header must be handled manually

= N:Minteger ratio blocks can use the module AXI Rate Change
= See DUC/ DDC RFNoC blocks
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axi wrapper #(
.SIMPLE MODE(1))
axi wrapper (
.clk(ce clk), .reset(ce rst),
.bus clk(bus clk), .bus rst(bus rst),
.clear tx qeqnumthEdr tx qeqnum}
.next_dst(next dst sid),
.set_stb(set stb), .set_addr(set_addr), .set data(set_data),
.i tdata(str sink tdata), .i tlast(str sink tlast), .i tvalid(str sink tvalid), .i tready(str sink tready),
.0_tdata(str src tdata), .o tlast(str src tlast), .o tvalid(str src tvalid), .o tready(str src tready),
.m axis data Tidtd{m axis data _tdata),
.m_axis ddfd tldqt{m axis ddtd Tldqtj

LT EX d fwn v~ el \

'CHDR data packets to / from Noc Shell
Notice ce_clk & bus_clk, there is an clock crossing FIFO inside

next_dst_sid: Stream ID of next RFNoC block (or host) in
flowgraph

.m axis Cﬂﬂfli treai;{)
.M _axis pkf len _tdata(),
.m axis pkt len tvalid(),
.m axis pkt len tready());
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axi wrapper #(
.SIMPLE MODE(1))
axi wrapper (
.clk(ce clk), .reset(ce rst),
.bus clk(bus clk), .bus rst(bus rst),
.clear tx seqnum(clear X seqnum)
.next dst(next dst sid),
.set_stb(set stb), .set addr(set addr), .set data(set data),
.i tdata(str sink tdata), .i tlast(str sink tlast), .i tvalid(str sink tvalid), .i tready(str sink tready),
.0_tdata(str src tdata), .o tlast(str src tlast), .o tvalid(str src tvalid), .o tready(str src tready),
.M_ax1s data tdata{m axis data tdata),
.m_axis data _tlast(m axis data _tlast),
.m _axis data tvalid(m axis data tvalid),
.m_axis data tready(m axis data tready),
.m_axis data tuser(),
.5 axis data tdata(s axis data tdata),
.S _axis _data _tlast(s axis data tlast),
.S axis “data tvalld{s axis data _tvalid),
.S _axis “data _tready(s axis data _tready),
.S axis data tuser(),

m avic ranfin tdatal)

= Sample stream to / from user
= 32-bit wide, typically sc16 (16-bit I, 16-bit Q)

= tlast indicates packet boundaries
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axi wrapper #(

.SIMPLE MODE(1))
axi wrapper (

.clk(ce clk), .reset(ce rst),

.bus clk(bus clk), .bus rst(bus rst),

.clear tx seqnum(clear X seqnum)

.next dst(next dst sid),

.set_stb(set stb), .set addr(set addr), .set data(set data),

.i tdata(str sink tdata), .i tlast(str sink tlast), .i tvalid(str sink tvalid), .i tready(str sink tready),

.0_tdata(str src tdata), .o tlast(str src tlast), .o tvalid(str src tvalid), .o tready(str src tready),

.m_axis data tdata(m axis data tdata),

.m_axis data _tlast(m axis data _tlast),

.m _axis data tvalid(m axis data tvalid),

.m_axis data tready(m axis data tready),

.m_axis data tuser(),

.5 axls data tdata(s axis data tdata),

.s_axis data tlast(s axis data tlast),

.S axis “data tvalld{s axis data _tvalid),

.S axis “data _tready(s axis data _tready),

.S axis data tuser(),

.M _axis conflg tdatal(),
.m axis config tlast(),

= Packet headers
" Mustsets axis data tuser if SIMPLE_ MODE =0
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axi wrapper #(
.SIMPLE MODE(1))

axi wrapper (
.clk(ce clk), .reset(ce rst),
.bus clk(bus clk), .bus rst(bus rst),
.clear tx seqnum(clear X seqnum)
.next dst(next dst sid),
.set_stb(set stb), .set addr(set addr), .set data(set data),
.i tdata(str sink tdata), .i tlast(str sink tlast), .i tvalid(str sink tvalid), .i tready(str sink tready),
.0_tdata(str src tdata), .o tlast(str src tlast), .o tvalid(str src tvalid), .o tready(str src tready),
.m axis data tdata{m axis data _tdata),
.m_axis data _tlast(m axis data _tlast),
.m _axis data tvalid(m axis data tvalid),
.m_axis data tready(m axis data tready), .
.m axis data tuser(), [
.s axis data tdata(s axis data tdata), Incomlng paCket header
.5_axlis data tlast(s axis data tlast),
.S axis “data tvalld{s axis data _tvalid),
.S ax15 “data _tready(s axis data _tready),

-s_axis data _tuser(), " Qutgoing packet header

.M axis conflg _tdata(),
.m_axis config tlast(),
.m_axis config tvalid(),
.m axis config tready(),

" Must sets axis data tuser if SIMPLE MODE =0
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axi wrapper #(
.SIMPLE MODE(1))
axi wrapper (
.clk(ce clk), .reset(ce rst),
.bus clk(bus clk), .bus rst(bus rst),
.clear tx seqnum(clear X seqnum)
.next dst(next dst sid),
.set_stb(set stb), .set addr(set addr), .set data(set data),
.i tdata(str sink tdata), .i tlast(str sink tlast), .i tvalid(str sink tvalid), .i tready(str sink tready),
.0_tdata(str src tdata), .o tlast(str src tlast), .o tvalid(str src tvalid), .o tready(str src tready),
.m_axis data tdata(m axis data tdata),
.m_axis data _tlast(m axis data _tlast),
.Mm_axis data tvalld{m axis data _tvalid),
.m axis data tready(m axis data tready),

Legacy, can be ignored

= CIAJ._:: uaLwa LVGILJ._UED aAl> UaLa L'u"GlLJ..U},
.S _axis “data tready{s axis data tready)
.S axis data tuser(),
.M axis conflg _tdata(),
.m_axis config tlast(),
.m_axis_config_tvalid()
.m axis config tready()
.m_axis pkt len tdata()
(
(

.m axis pkt len tvalid i,
.m axis pkt len tready());
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axi wrapper #(
.SIMPLE MODE(1))
axi wrapper (
.clk(ce clk), .reset(ce rst),
.bus clk(bus clk), .bus rst(bus rst),
.clear tx qeqnumthEdr tx qeqnum}
.next dst(next dst QldJ,
.set_stb(set stb), .set addr(set addr), .set data(set data),
.i tdata(str sink tdata), .i tlast(str sink tlast), .i tvalid(str sink tvalid), .i tready(str sink tready),
.0_tdata(str src tdata), .o tlast(str src tlast), .o tvalid(str src tvalid), .o tready(str src tready),
.m axis data Tidtd{m axis data _tdata),
.m axis data tlast(m axis data tlast),

Resize incoming packet length

Must set parameter RESIZE_INPUT_PACKET =1
(not shown)

.m_axis config tlast(),
.m_axis config tvalid(),
.m axis config tready(),
.m_axis pkt len _tdata(),
.m axis pkt len tvalid()
)

.m axis pkt len Tread;{ ) :
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S le Dat
——> Deframer H Resize Input m

Header Next Destination

FIFO -—

l User Provided CHDR Header
é

SIMPLE_ MODE —>_1 0

‘ Sample Data

% Framer | FIFO H Resize Output («u—
To NoC Shell From User IP

* * bus clk *f ce clk
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Gain RFNoC Block

O

(©)

Crossbar

noc_block_gain.v

NoC Shell
Command & ‘f Data Packets
Response
Packets AXI Wrapper

l‘ Sample Data

User Code

User Registers

‘1 AXI-Stream

‘1 Settings Bus

©)

NN & ol
11 NoC ID: 0xE7757E5700000001 |

O

aaaaaaaaaaaaaaaaaaaaaaaaa
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Many implementation options for user code

= HDL: Verilog, SystemVerilog, VHDL

= Vivado IP: FIR, FFT, DDS, CORDIC, Turbo Decoder, etc
= Vivado Block Diagrams (BD): Microblaze

* Vivado High-Level Synthesis (HLS): C and C++

User read/write registers to support configuration,
control, and status readback

User Code User Registers

** CHDR ‘1 AXI-Stream ‘1 Settings Bus

——————————————————————————————————————————————




Gain RFNoC Block

Ettus . Q
6 & 0 Spresearelr

' noc_block_gain.v 1T NoC ID: 0xE7757E5700000001 |
| |
: NoC Shell :
| |
: Command & Response Data Packets :
| Packets |
| |
| |
: AXI Wrapper I

|
: Sample :
l Data _ |
: SR 128: Gain |

|
: RB 0: Gain :
| |
| |
| |
| |
| |
| |
| |
| |

** CHDR ‘f AXI-Stream ‘1 Settings Bus
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noc_block_gain.v

O

(©)

1T NoC ID: 0xE7757E5700000001

NoC Shell
Command & Response Data Packets
Packets
AXI Wrapper
Sample
Data

SR 128: Gain

RB 0: Gain

©)

O
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Multiply data stream with constant value set via

user register
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=  Open rfnoc-tutorial/rfnoc/fpga-src/noc_block gain.v

= Change TEST _REG_O into a 16-bit register SR_GAIN

localparam [7:0] SR_GAIN = SR_USER_REG_BASE;
localparam [7:0] SR _TEST REG 1 = SR _USER REG BASE + 8'dl;

wire [15:0] gain;
setting reg #(
.my_addr(SR_GAIN), .awidth(8), .width(16))
sr_gain (
.clk(ce clk), .rst(ce_rst),
.strobe(set_stb), .addr(set_addr), .in(set data), .out(gain), .changed());

always @(posedge ce _clk) begin
case(rb_addr)
8'd9 : rb_data <= {48'de, gain};
8'dl : rb _data <= {32'do, test reg 1};
default : rb_data <= 64'hoBADCODEOBADCODE;
endcase
end




Write Custom HDL

localparam [7:0] SR GAIN = SR USER REG BASE;
localparam [7:0] SR TEST REG 1 = SR USER REG BASE + 8'dl;
[15:0] gain;

setting reg #(
.my addr(SR GAIN), .awidth(8), .width(16))
sr_gain (
.clk(ce clk), .rst(ce rst),
.strobe(set stb), .addr(set addr), .in(set data), .out(gain), .changed());

[31:0] test reg 1;
setting reg #(
.my_addr(SR_TEST REG 1), .awidth(8), .width(32))
sr test reg 1 (
.clk(ce clk), .rst(ce rst),
.strobe(set stb), .addr(set addr), .in(set data), .out(test reg 1), .changed());

always @(posedge ce clk) begin
case(rb addr)
8'd0 : rb data <= {48'd0, gain};
8'dl : rb data <= {32'd0, test reg 1};
default : rb data <= 64'hOBADCODEOBADCODE;
endcase

end
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=  Write constant multiplier

= Vivado will infer a multiplier, likely using a DSP48

wire [15:
wire [31:

assign
assign

assign
assign

assign
assign
assign
assign

i
q

i

q_

m_
S_
S_
S_

e] i, q;
0] i_mult_gain, q _mult_gain;

= m_axis_data_tdata[31:16];
m_axis_data_tdata[15:0];

mult_gain = i*gain;
mult_gain = g*gain;

axis data_tready
axis data tvalid
axis data_tlast
axis data_tdata

s_axis _data_tready;

m_axis data tvalid;

m_axis data_tlast;

{i_mult_gain[15:0], q_mult _gain[15:0]};
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always @(posedge ce clk) begin
case(rb addr)
8'dd : rb data <= {32'd0, test reg 0};
8'dl : rb data <= {32'd0, test reg 1};
default : rb data <= 64'hOBADCODEGBADCODE;
endcase
end

[15:0] 1, q;
[31:0] i mult gain, g mult gain;

assign i = m axis data tdata[31:16];
assign q = m axis data tdata[15:0];

assign i mult gain = i*gain;
assign q mult gain = g*gain;

assign s axis data tdata = {i mult gain[15:0], q mult gain[15:0]};
assign m axls data tready = s axis data tready;
assign s axis data tvalid = m axis data tvalid;
assign s axis data tlast = m axis data tlast;

endmodule
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Crossbar
¥4 7 S .
' noc_block_tb :

DUT

RENoC RFNoC | ! NoC Shell :
|
Block Block : ** |
: AXI Wrapper :
AR : |
I

RFNoC Sim Lib API

Test bench

Sets up a realistic, simulated RFNoC infrastructure

Simple API for interacting with blocks

any
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RFNoC Test Bench Infrastructure

Crossbar
_______ “Ef_______ll___________— ——':
NoC Shell :: noc_block_tb ,
‘1 | NoC Shell |
11 |
\ AX| Wrapper :: ** :
L _T SR 128: Gain | 11 AXI Wrapper !
RB0: Gain | ! |

RFNoC Sim Lib API

noc_block_gain.v

Test bench

Need to fill out testbench

nnnnnnnnnnnnnnnnnnnnnnnn
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= |Initial setup:

= source ~/rfnoc-workshop/setup _env.sh
= cd ~/rfnoc-workshop/src/rfnoc-tutorial
= mkdir build && cd build/

= cmake../

* make test_tb

* make noc_block _gain_tb

= Test bench failed... need to update it for our block!
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= Edit rfnoc-tutorial/rfnoc/testbenches/
noc_block gain_tb/noc_block gain_tb.sv

initial begin : tb_main
string s;
logic [31:0] random _word;
logic [63:0] readback;
shortint gain;

"TEST_CASE_START("Write / readback user registers");

random_word = $random();

tb_streamer.write user reg(sid noc_block gain, noc_block gain.SR_GAIN,

random_word[15:0]);

tb_streamer.read user reg(sid noc_block gain, 0, readback);

$sformat(s, "User register © incorrect readback! Expected: %0d, Actual %ed",
readback[15:0], random word[15:0]);

"ASSERT_ERROR(readback[15:0] == random word[15:0], s);
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initial begin : tb main
5;
[31:0] random word;
[63:0] readback;
gain;

"TEST CASE START("Write / readback user registers");

random word = $random();

tb streamer.write user reg(sid noc block gain, |noc block gain.SR GAIN, random word[15:0]);

tb streamer.read user reg(sid noc block gain, 0, readback);

$sformat(s, "User register 0@ incorrect readback! Expected: , Actual ", readback[15:0], random word[15:0]);
"ASSERT ERROR(readback[15:0] == random word[15:0], s);

random word = $random(];
tb streamer.write user reg(sid noc block gain, noc block gain.SR TEST REG 1, random word);

tb streamer.read user reg(sid noc block gain, 1, readback);

$sformat(s, "User register 1 incorrect readback! Expected: , Actual ", readback[31:0], random word);
"ASSERT ERROR(readback[31:0] == random word, s);

‘TEST CASE DONE(1);
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= Edit rfnoc-tutorial/rfnoc/testbenches/
noc_block gain_tb/noc_block gain_tb.sv

"TEST_CASE_START("Test sequence");
gain = 100;
tb_streamer.write_user_reg(sid_noc_block_gain, noc_block_gain.SR_GAIN, gain);
fork
begin
cvita payload t send payload;
for (int 1 = @; 1 < SPP/2; i++) begin
send_payload.push back({16'(i),16'(1i),16"'(1i),16'(i)});
end
tb_streamer.send(send payload);
end

tb_streamer.recv(recv_payload,md);
for (int 1 = @; i < SPP/2; i++) begin
expected value = {16'(i*gain),16'(i*gain),16"'(i*gain),16"'(i*gain)};
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"TEST CASE START("Test sequence");
gain = 100;
tb streamer.write user reg(sid noc block gain, noc block gain.SR GAIN, gain);
fork
begin
cvita payload t send payload;
for ( i=0; 1 <SPP/2; i++) begin
send payload.push back({16'(i),16'(1i),16'(1i),16'(1)});
end
tb streamer.send(send payload);
end
begin
cvita payload t recv payload;
cvita metadata t md;
[63:0] expected value;
th streamer.recv(recv_payload,md);
for ( i=0; i <SPP/2; i++) begin
expected value = {16'(i*gain),16'(i*gain),16'(i*gain),16"'(i*gain)};
$sformat(s, "Incorrect value recelved! Expected: , Recelved: ", expected value, recv payload[i]);
"ASSERT ERROR(recv payload[i] == expected value, s);
end
end
join
"TEST CASE DONE(1);
"TEST BENCH DONE;
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= source ~/rfnoc-workshop/setup _env.sh
= cd ~/rfnoc-workshop/src/rfnoc-tutorial/build

= make noc_block gain_tb

TESTBENCH STARTED: noc block gain

[TEST CASE ( POOC ) BEGIN: Wait for Reset...

[TEST CASE ( PPEE1602) DONE.

[TEST CASE 2] ( BEbIN Z NoC ID...

Read gain NOC ID: e :

[TEST CASE 2] ( 23 .. assec

[TEST CASE 3] ( ) " et RFNoC blocks...
Connecting noc_block tb ' to noc hhock gain (SID: 0:0)
Connecting n ] : (SID: 0:0) c block tb (SID: 1:0)
[TEST CASE 3] ( 277 DDNE... g

[TEST CASE 4] (t=000005277) BEGIN: Wr readback user registers...
[TEST CASE 4] ( 3) DONE... Pa

[TEST CASE (t=000006623) BEGIN: quence. ..

[TEST CASE (t=00¢ ) DONE...

TESTBENCH FIHIHHED noc block
' c 7400 ns
d: 5
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= uhd image builder
= Command line tool for building bitstreams
= Allows specifying RFNoC blocks to include
= Note: make sure to include DDC and DUC!

= For full details on usage, see getting started

= GUI version: uhd image builder gui.py
= source ~/rfnoc-workshop/setup _env.sh
= cd ~/rfnoc-workshop/src/uhd-fpga/usrp3/tools/scripts
= ,/uhd_image_builder_gui.py



Uhd_imagE_bu“der_gUi'py Ettus 0 | ¢
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b uhd_image_builder.py GUI - + X
Select build target List of blocks available Blocks in current design  Bjocks in current design
¥310 RENOC_HG b Ettus-provided Blocks
¥300_RFNOC_HG k OOT Blocks for X300 devices

X3T0_RFMOC_XG

#300_RFNOC_XG

A3T0_RFNOC_HLS_HG

¥300_RFMOC_HLS_HG

E310_RFNOC

E310_RFNOC _sg3 =<
E310_RFNOC_HLS

E310_RFMNOC_HLS sg3

=>

Fill with FIFOs
Open Vivado GUI
Clean IP

Add OOT Blocks Show instantiation File Import from GRC Generate .bit file

uhd_image_builder command: | ; h4 image_builder.py
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v uhd_image_builder.py GUI - + X
—Select build-target List of blocks available Blocks in current design  glocks in current design
¥310_RFNOC_HG b Ettus-provided Blocks
| X300 RENOC HG b OOT Blocks for X300 devices 010
XIT0_RFNOC_XG

#300_RFMOC_XG
A3T0_RFMNOC_HLS_HG
#300_RFMOC_HLS_HG
E310_RFNOC
E310_RFNOC_sg3 ==
E310_RFNOC_HLS

E310_RFNOC_HLS_sg3

==

Fill with FIFOs
Open Vivado GUI
Clean IP

Add OOT Blocks Show instantiation File Import from GRC Generate _bit file

uhd_image builder command: | | ;hg image_builder.py -d X310 -t X310_RFNOC_HG
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v uhd_image_builder.py GUI - + X
select build target List of blocks available Blocks in current design  glocks in current design
¥310_RFNOC_HG b Ettus-provided Blocks
X300 RENOC _HG b OOT Blocks for X300 devices 010

H3T0_RFNOC_XG

#300_RFMOC_XG

A3T0_RFMNOC_HLS_HG

#300_RFMOC_HLS_HG

E310_RFNOC

E310_RFNOC_sg3 ==
E310_RFNOC_HLS

E310_RFNOC_HLS_sg3

==

Fill with FIFOs
Open Vivado GUI

Clean IP

Add OOT Blocks Show instantiation File Import from GRC Generate _bit file

uhd_image builder command: | ;hg image builder.py -d X310 -t X310_RFNOC_HG
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Select build target

List of blocks available

Blocks in current design

5

Blocks in current design

SRR
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EEEIEE T S |+ rtrus orovided Rinck
X300_RFN ~ RFNoC Out of Tree Directory + X
X310_RFM —
X300 REM @ Recent | 4 | 4% rfnoc | rfnoc-workshop | src | rfnoc-tutorial | b ‘iﬁ
E31D_RF’\ Home o
E310 REM & Name ~ | Size Modified
n310_RFY (S Deskiop B apps sun
M310_RFE . .
N310_RF} & Downloads & build 21:45
M310_RFHN = Scripts = cmake sun
:;13—23 |# CMakeLists.txt 9.6 kB Thu
. =2 Documents
N300_RFP B docs Thu
M300_RFE [ Music B examples sun
MN300_RFR
- i rc Thu
N300 RFN Pictures = g
MN300_RFE = Videos = include Thu
M300_RFR = lib Thu
g Other Locations || MANIFEST.md 645 bytes  Thu
= python Sun
|| README.md 115 bytes  Thu
B rfnoc sun
B swig Thu
— |AllFiles | [
Cancel || Open ‘
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b uhd_image_builder.py GUI - + X
Select build target List of blocks available Blocks in current design  Blocks in current design
¥310_RFNOC_HG b Ettus-provided Blocks
X300 RFNOC_HG w 0OT Blocks for X300 devices 010
X310_RFNOC_XG gain

¥300_RFNOC_XG
#310_RFMNOC_HLS_HG
¥300_RFMOC_HLS_HG
E3T10_RFNOC
E310_RFMOC _sg3 ==
E310_RFNOC_HLS

E310_RFMOC_HLS sg3

B3

Fill with FIFOs
Open Vivado GUI
Clean IP

Add OOT Blocks Show instantiation File Import from GRC Generate .bit file

uhd_image_builder command: | g jmage_builder.py -d X310 -t X310_RFNOC_HG
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s uhd_image_builder.py GUI - + X
Select build target List of blocks available «| Blocks in current design  glocks in current design
¥ Ettus-provided Blocks gain

¥300 RFNOC HG axi_fifo_loopback 10/10 fosphor
¥310_RFMNOC_XG fir_filter axi_fifo_loopback
X300 RFNOC X¥G fft axi_fifo_loopback
¥310_RFNOC_HLS_HG null_source sink - fir_filter
¥300_RENOC_HLS_HG schimidl_cox fft
E310 RFNOC packet_resizer window
E310_RFNOC_sg3 split_stream <= ddc
E310 RFMOC HLS vector iir duc
E310_RFNOC_HLS_sg3 addsub siggen

window

keep_one_in_n

export_io Fill with FIFOs

conv_encoder_gpsk

Open Vivado GUI
digital_gain
i - [ cenr
Add ©OT Blocks Show instantiation File Import from GRC Generate bit file

uhd_image_builder command: Juhd_image_builder.py gain fosphor axi_fifo_loopback axi_fifo_loopback fir_filter fft window ddc

duc siggen -d X310 -t X310_RFNOC_HG
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= Select device (X310 _RFNOC_HG, etc...)
=  ‘Add OOT Blocks’ to import RFNoC OOT Blocks

= Select RFNoC blocks and add them to image with
>>" button

= Use ‘Generate .bit file’ to call Vivado to build bitstream
= Bitstream will be in uhd-fpga/usrp3/top/<device>/build

= QOur premade bitstream is located at
rfnoc-workshop/src/uhd_x310 fpga RFNOC_HG_1.bit
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" Vivado occasionally fails to make timing with our
simple design

"= Multipliers in FPGAs can have long critical paths
= Add a register stage to break up critical path

= Qur premade bitstream has this register
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:0] 1, q;
:0] 1 mult gain, q mult gain;

assign 1
assign g

m axis data tdata[31:16];
m axis data tdata[15:0];

assign i mult gain = i*gain;
assign q mult gain = g*gain;

generate
if (USE REG) begin
axl fifo flop #(.WIDTH(1+16+16)) axi fifo flop gain (

.clk(ce clk),.reset(ce rst), .clear(clear tx seqnum),
.1 tdata({m axis data tlast, i mult gain[15:0], gq mult gain[15:0]}),
.1 tvalid(m axis data tvalid),
.1 tready(m axis data tready),
.0 _tdata({s axis data tlast, s axis data tdata}),
.0 _tvalid(s axis data tvalid),
.0 _tready(s axis data tready),
.space(), .occupied());

end else begin

assign s axis data tdata
assign m axis data tready
assign s axis data tvalid
assign s axis data tlast
end
endgenerate

{1 mult gain[15:0], q mult gain[15:0]};
s axis data tready;
m axis data tvalid;
m axis data tlast;
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= C++ Code
= Tells UHD about block’s capabilities, configuration

= Exposes methods to access and control block
= Example: set_taps() for FIR filter RFNoC block

= Default block controller class covers most cases

= Custom implementation often not required!
= Read / write registers
* |ndependently perform operation(s) on a data stream
= Examples: FIFO, FFT, Signal Generator, Fosphor

* rfnoc-tutorial/lib/gain_block_ctrl_impl.cpp
= Qur simple block does not need to do anything!
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= XML based DSL for block configuration
* No recompilation!
= Describe NOC ID, user registers, input & output ports

= Create args to customize writing to registers
=  Statically typed, quasi-functional
= Basic types: Integers, Strings, Doubles
= Basic arithmetic and logic operations available

= Validate input
= Skeleton file generated by RFNoC modtool!
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= Add Gain settings register and arg to our block

= QOpen rfnoc-tutorial/rfnoc/blocks/gain.xml:

<registers>
<setreg>
<name>GAIN</name>
<address>128</address>
</setreg>
</registers>
cargs»>
carg>
<name>gain</name>
<type>double</type>
<value>1.0</value>
<check>GE($gain, 0.0) OR LE($gain, 32767.0)</check>
<check_message>Gain must be in range [0, 32767].</check_message>
<action>SR_WRITE("GAIN", IROUND($gain))</action>
</arg>
</args>
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Illlgll

gain
ENY

"O">E7757E5700000001

gain
double

1.0
GE($gain, 0.0) AND LE(%$gain, 32767.0)
Gain must be in the range [0, 32767]
SR _WRITE("GAIN", IROUND($gain))




Noc Script o
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' noc_block_gain.v 1T NoC ID: 0xE7757E5700000001 |
| |
: NoC Shell :
| |
: Command & Response Data Packets :
| Packets |
| |
| |
: AXI Wrapper I

|
: Sample :
l Data _ |
: SR 128: Gain |

|
: RB 0: Gain :
| |
| |
| |
| |
| |
| |
| |
| |

** CHDR ‘f AXI-Stream ‘1 Settings Bus




Noc Script

noc_block_gain.v

NoC ID: 0xE7757E5700000001

©)
@)

<?xml version="1.0"?>
<!--Default XML file-->
<nocblock>
Pacl  <name>gain</name>
<blockname>gain</blockname>
<ids>
<id revision="0">E7757E5700000001</id>

Sample | </ids>

S5R 128: Gain

RB O: Gain

** CHDR ‘f AXI-Stream ‘1 Settings Bus

O
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' noc_block_gain.v NoC ID: 0xE7757E5700000001 |
| |
: NoC Shell :
| |
: Command & Response Data Packets :
| Packets |
| I
| |
| e s |
l c o l
: Sample ~ <ports> :
| Data <sink> :
| <name>in</name> SR 128: Gain I
: </sink> — :
: <sources RB 0: Gain |
I <name>out</name> |
: </source> :
I </ports> |
: </nocblock> I

|
| |
| I

** CHDR ‘f AXI-Stream ‘1 Settings Bus




Noc Script o
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noc_block_gain.v NoC ID: OxE7757E5700000001

NoC Shell

Command & Response Data Packets
Packets
<registers>

I I
| |
I |
| |
| |
I I
| |
| |
I I
| |
I I
| |
: <setreg> :
I <name>GAIN</name> I
| |
| 1
| |
I I
| |
I |
| |
| |
I I
| |
| |
I I
| |

<address>128</address> . _
</setreg> SR 128: Gain

</registers> RB 0: Gain

** CHDR ‘f AXI-Stream ‘1 Settings Bus
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GNU Radio Block Code ;
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* C++ or Python
= How does GNU Radio interface to RFNoC?

= via C++ infrastructure code in gr-ettus

= @Gr-ettus provides a base RFNoC block class

= Users extend base class for their RFNoC blocks
= Many blocks can use base class “as is”

= No C++ or Python code!

* rfnoc-tutorial/lib/gain_impl.cc

= Qur simple block does not need to do anything!
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GNU Radio Companion Bindings ;
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= XML

= Describes GNU Radio blocks to GRC

* No recompilation!

= Requirement of GNU Radio Companion
" Not strictly necessary for GNU Radio

= Tutorial on how to write them:
gnuradio.org/redmine/projects/gnuradio/wiki/GNURadioCompanion

= Skeleton file generated by RFNoC modtool!



GRC XML

" Add ‘Gain’ parameter
= Add callback to set gain arg

= Edit rfnoc-tutorial/grc/tutorial_gain.xml:

o Qo
o)

O

aaaaaaaaaaaaaaaaaaaaaaaaa

self.$(id).set_arg("gain", $gain)
</make>
<callback>set_arg("gain", $gain)</callback>

<param>
<name>Gain</name>
<key>gain</key>
<value>1.0</value>
<type>real</type>
</param>




GRC XML
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RFNoC: gain
tutorial gain
tutorial
import tutorial
tutorial.gain(
self.device3,
uhd.stream args( # TX Stream
cpu format="$type",
otw format="$otw",
args="gr vlen={0},{1}"
)
uhd.stream args( # RX Stream
cpu format="$type",
otw format="$otw",
args="gr vlen={0},{1}"
)
$block index,
$device index
)
self.$(id).set arg("gain", $gain)

set arg("gain", %gain)

Gain
gain

1.0

real

Args
.format(${grvlen}, "" if $grvlen
Args
.format(${grvlen}, "" if $grvlen

O
Ettus o717
O

o ) o ©  Research"

1 else "spp={0}".format($grvlen)),

1 else "spp={0}".format($grvlen)),
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= |nstall:
= source ~/rfnoc-workshop/setup _env.sh

= cd ~/rfnoc-workshop/src/rfnoc-tutorial/build
= make install

" Program bitstream:
= Turnon X310

= source ~/rfnoc-workshop/src/uhd-fpga/usrp3/top/
x300/setupenv.sh

= viv_jtag_program ~/rfnoc-workshop/src/
usrp_x310 _fpga RFNOC_HG_2.bit



Testing in HW

Open rfnoc_gain flowgraph

source ~/rfnoc-workshop/setup_env.sh

gnuradio-companion

Ett
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Open ~/rfnoc-workshop/src/rfnoc-tutorial-complete/
examples/rfnoc_gain.grc

|
|
|
|
Options
1D: rfnoc_gain

Generate Options: OT GUI

Device3
ID: variable uhd devicel 0
Device Address: type=x300
Device Arguments:

Variable
ID: samp_rate
Value: 10M

QT GUI Range

ID: wave freq

Label: Wave Freq
Default Value: 1.23457TM

QT GUI Range
ID: wave amp

Default Value: 100m

Label: Wave Amplitude

QT GUI Range
1D: gain_digital
Label: Gain (Digital)
Default Value: 1

Signal Source
Sample Rate: 10M
Waveform: Cosine
Frequency: 1.23457TM
Amplitude: 100m
Offset: 0

RFNoC: FIFO
Device Format: Complex intle

Start: -5M Start: 0 Start: 0
Stop: 5M Stop: 1 Stop: 1k
Step: 1k Step: Im Step: 1
RFNoC: gain
Gain: 1 Throttle

'

Device Format: Complex int16

#

Sample Rate: 10M

-

o

-

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 10M

Autoscale: No

.

QT GUI Frequency Sink
FFT Size: 1.024k

Center Frequency (Hz): 0

Bandwidth (Hz): 10M
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= UHD RFNoC C++ API application

= How to use command packets
= Tune DSP offset in DDC / DUC



UHD RFNoC C++ App y

Ettus o
O

O

aaaaaaaaaaaaaaaaaaaaaaaaa

= RFNoC apps can use only UHD’s C++ API

= Design flow:
"= Create device3 usrp object
= Grab block controller objects
=  Setup graph

= Setup blocks either with block controller methods, block
args, and/or writing registers

=  Creating a block controller method is more complex, but allows
using C++ syntax

"=  Block argis an <arg> defined in Noc Script XML
=  Directly writing to a register is the simplest

= Setup streamers
=  Run app with send() / recv()

= There is some overlap with existing API
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= RFNoC C++ app for the gain block:
"  Transmits sine wave through FIFO and Gain block

= Receives amplified sine wave and sends samples to
GNU Radio for plotting via UDP

= User can change gain via console
= ¢cp ~/rfnoc-workshop/src/gain-app-example/*
~/rfnoc-workshop/src/rfnoc-tutorial/apps/

= Edit ~/rfnoc-workshop/src/rfnoc-
tutorial/apps/rfnoc_gain_example.cpp

= Most of the code is already filled out, we will fill
in some of the important RFNoC related parts



Gain RFNoC C++ App
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= Add code to:

= Setup device3 usrp object with device args

= Grab block controller objects for fifo and gain blocks

=  Name string comes from Gain block’s Noc Script XML,
see tag <blockname>

= Setup graph and connect blocks

= C++11 auto keyword makes this easier

auto usrp = uhd::device3::make(std::string(usrp_args));

auto fifo _block ctrl = usrp->get_block ctrl(
uhd: :rfnoc::block _id t(@, "FIFO"));

auto gain_block ctrl = usrp->get_block ctrl(
uhd: :rfnoc::block_id _t(@, "gain"));

auto graph = usrp->create_graph("gain_graph");
graph->connect(fifo_block ctrl->get_block _id(),
gain_block ctrl->get _block _id());
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= Add code to setup RX and TX streamers

= Streamers have built in args such as “block_id”
and “spp” that have special meaning

= Streamer connections are defined with “block_id”

uhd: :stream_args t rx_stream_args("fc32", "scl6");
rx_stream_args.args["block _id"] = gain_block _ctrl->get block id();
rx_stream_args.args["spp"] = boost::lexical cast<std::string>(spp);
auto rx_stream = usrp->get_rx_stream(rx_stream_args);

uhd: :stream_args t tx_stream_args("fc32", "scl6");
tx_stream_args.args["block_id"] = fifo_block ctrl->get _block id();
tx_stream_args.args["spp"] = boost::lexical cast<std::string>(spp);
auto tx_stream = usrp->get_tx_stream(tx_stream_args);
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po::variables map vm;
po::store(po::parse command line(argc, argv, desc), vm);
po::notify(vm);

usrp = uhd::device3::make(std::string(usrp args));

fifo block ctrl = usrp->get block ctrl(uhd::rfnoc::block id t(@, "FIF0"));

gain block ctrl usrp—>get_block_ctrl(uhd::rfnoc::block_id_t(@: "gain"));

graph = usrp->create _graph("gain_graph");
graph->connect(fifo block ctrl->get block id(), gain block ctrl->get block id());

uhd::stream args t rx stream args("fc32", "scl6");

rx_stream args.args["block id"] = gain block ctrl->get block id();

rx stream args.args["spp"] = boost::lexical cast<std::string>(spp);
rx_stream = usrp->get rx stream(rx stream args);

uhd::stream args t tx stream args("fc32", "scl6");

tx stream args.args["block id"] = fifo block ctrl->get block id();

tx stream args.args["spp"] = boost::lexical cast<std::string>(spp);
tx _stream = usrp->get tx stream(tx stream args);

tx thread inst = std::thread(&tx thread, tx stream, wave table length, wave ampl, spp);
rx_thread inst = std::thread(&rx thread, rx stream, udp addr, udp port, spp);
set gain thread inst = std::thread(&set gain thread, gain block ctrl);

tx thread inst.join();

rx_thread inst.join();

set _gain thread inst.detach();

std::cout << std::endl << "Done!" << std::endl << std::endl;
return EXIT SUCCESS;




Gain RFNoC C++ App
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= Add code to control gain at runtime

" This code could have also been set_arg() or a call
to a custom block controller method

(©)

o ©

if ((s.length() > @) && (not stop)) {

try {
uintlé_t gain = boost::lexical cast<uintl6 t>(s);

gain_block_ctrl->sr_write("GAIN", gain);

}
catch (boost::bad lexical cast) {

std::cout << "Invalid gain." << std::endl;

¥

O
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set gain thread(uhd::rfnoc::block ctrl base::sptr gain block ctrl) {
while (not stop) {
std::string s;

std::cout << "\nEnter gain (ctrl-c to exit): ";
std::cin >> s;

if ((s.length() > 0) & (not stop)) {
try {
gain = boost::lexical cast< >(s);
gain block ctrl->sr write("GAIN", gain);
}
catch (boost::bad lexical cast) {
std::cout << "Invalid gain." << std::endl;

}
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= Rerun cmake and build

= source ~/rfnoc-workshop/setup _env.sh

= cd ~/rfnoc-workshop/src/rfnoc-tutorial/build
" cmake ..

"= make install

= Now rfnoc_gain_example should be in path

" Need to start GNU Radio flowgraph first



Gain RFNoC C++ App

= QOpen gnuradio-companion

o 9o

Ettus o

O

= Run ~/rfnoc-workshop/src/rfnoc-tutorial-
complete/examples/rfnoc_gain_cpp.grc

Options
ID: rfnoc_gain_cpp
Generate Options: QT GUI

Variable
ID: samp_rate
Value: 200M

UDP Source
IP Address: 127.00.1
Port: 7.124k
Payload Size: Bk
Mull Pkt is EOF: True

-

OT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 200M
Autoscale: Mo

OT GUI Frequency Sink

FFT Size: 1.024k
b I Center Frequency (Hz): O

Bandwidth (Hz): 200M

Amplitude

Relative Gain (dB)

0.5

-100
-120

-140

05

Rfnoc Gain Cpp
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- + x

W Re{Data 0}

B Im{Data 0}

o
-20 :
-40 :
-60 :

-80 ]

T T T
2 3 4
Time (us)

W Data0

T
-100.000

T
-50.000

T T
0.000 50.000
Frequency (MHz)

1
100.000
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" |n new terminal run rfnoc_gain_example

= source ~/rfnoc-workshop/setup _env.sh

* rfnoc_gain_example

> Terminal - rfnoc@rfnoc-vm: ~/rfnoc-workshop

File Edit View Terminal Tabs Help

[INFO] [6/DUC_ 0] Initializ
[INFO] [6/DUC 1] Init

[ (NOC ID:
control ( Z 1D:
control (
control

[WARNING] [RFNOC] Can't find a block con

lock tontr{)] ler!

[WARNING] [RFNOC] Can't Tlnd a block c

k controller!
[INFO] [0/gain_0] Initializing bl

[WARNING] [RFNOC] Can't find a block

k controller!
[INFO] [0/FIF0_O] Initializing b

[WARNING] [RFNOC] Can't find a bloc

k controller!
[INFO] [0/FIF0_1] Initializing b

XF1FO
FIFO, u

[WARNING] [RFNOC] Can't find a bloc

Lt block controller!

[INFO] [0/DigitalGain_0] In1t1d11
[INFO] [0/SigGen_0] Initial
[WARNING] [RFNOC] Assuming ma

Enter gain (ctrl-c to exit): ]

zing block control
blc control

Amplitude

Relative Gain (dB)

-120

140

O O O A National Instruments Company
E W Re{Data 0}
_: m Im{Data 0}
- T T T T T T
0 1 2 3 4 5

Time (us)

W Data 0

IMMH

a0

=1 00 000 -50. 000 0. 000 50. 000 100. 000

Frequency (MHz)
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" |f you see an error, make sure the GNU Radio
flowgraph is running first!

lock controller!
[INFO] [0/dsptune_©] Initializing block control (NOC ID: pO2)
[WARNING] [RFNOC] Can't find a block controller for key len, us 1nq de du1t bloc
k controller!
[INFO] [0/gain_0] Initializing block control (NOC ID: BxE??ﬁ?E‘?ﬂf
[WARNING] [RFNOC] Can't find a block controller for key
k controller!
[INFO] [06/FIF0_©] Initializing block control (NOC ID:
[WARNING] [RFNOC] Can't find a block con
k controller!
[INFO] [6/FIF0_1] Initializinq vlock rnntrn1 INDE ID
[WARNING] [RFNOC] Can't find a
1t block controller!
[INFO] [©/DigitalGain_@] Initializing block control (NOC ID:
[INFO] [0/SigGen_©] Initializing block control (NOC ID: 0x516
et size an 0/ FIFD 0

SEHdin@ UDP packet failed: "send: Connection refused"

Done!

rfnoc@rfnoc-vm ~/rfnoc-workshop $ |]
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= Registers are set via CHDR command packets

" Noc Shell’s cmdout port allows users to send
command packets
= Users can configure other blocks without host in FPGA

= Example: send commands to Radio core to set
hardware gain, retune frontend without host latency

"= dsptune: example block to show how to use
command packets to offset tune with DDC & DUC

= Also shows how to create Out-of-Tree C++ block
controllers for UHD and GNU Radio

= Code located in rfnoc-tutorial-complete
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" Program X310 with second bitstream

= source ~/rfnoc-workshop/src/uhd-fpga/usrp3/top/
x300/setupenv.sh

= viv_jtag_program ~/rfnoc-workshop/src/
usrp_x310_RFNOC_HG_2.bit
" Run dsptune GNU Radio Companion flowgraph at
~/rfnoc-workshop/src/rfnoc-tutorial-
complete/examples/tutorial_dsptune.grc
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Options Variable Variable QT GUI Entry QT GUI Range QT GUI Range QT GUI Range
1D: rfnoc_dsptune ID: master_clock_rate ID: samp_rate ID: fregs_list ID: rx_freq 1D: rx_gain 1D: freq_sig
Generate Options: OT GUI Value: 200M Value: 10M Label: Offset T... Fregs (Hz) Label: RX Freguency Label: RX Gain Label: Frequency (Signal)
Default Value: [-4e6, -3e6... Default Value: 2.45G Default Value: 20 Default Value: 1k
Device3 Start: 50M Start: 0 Start: -10M
1D: deviced QT GUI Entry Stop: &G Stop: 312 Stop: 10M
Device Address: type=x300 ID: time_offset Step: 1M Step: 100m Step: 10k
Device Arguments: Label: Tune Delay (secs)
Default Value: 100m

RFNoC: Radio
Radio Select: A
Mode: Rx

St Args:
M::::k:um:' Internal T s Ln RFNoC: DDC QT GUI Frequency Sink
Center Freqgue . - 245G I Frequency list: fregs_list Input Rate: 200M I FFT Size: 8192k

S Time offset [sec): 100m Output Rate: 10M Center Frequency (Hz): 2.45G

Sampling Rate: 200M
G.::pz;' € Device Format: Complex intle Frequency (CORDIC): 1M Bandwidth (Hz): 10M

ChO: Antenna: TX/RX
ChO: Analog Bandwidth (Hz): 56M
DC Offset Cancellation: enabled

Signal Source
Sample Rate: 200M
Waveform: Sine

|: Frequency: 1k RFNoC: FIFO
Amplitude: 900m Device Format: Complex intlg
Offset: 0

Fast Noise Source
MNoise Type: Gaussian
Amplitude: 1m
Seed: 0
Variate Pool Size: 8.192k
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e Rfnoc Dsptune - 4+ X

Offset Tuning Fregs (Hz): I [-4000000.0, -3000000.0, -2000000.0, -1000000.0, 0, 1000000.0, 2000000.0, 3000000.0, 4000000.0]

Tune Delay (secs): II:I.l

Frequency (Signal)

l&j

RX Frequency e e RX Gain lﬂ|

W Data 0

=]
|

& b P
=] = (]

Relative Gain (dB)
2

-100

-120

140

T u T u T u T u T u T u T u T u T u T u
2446.000 2448.000 2450.000 2452.000 2454.000
Frequency (MHz)
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Offset Tuning Fregs (Hz): I [-4000000.0, -3000000.0, -2000000.0, -1000000.0, 0, 1000000.0, 2000000.0, 3000000.0, 4000000.0]

Tune Delay (secs): 'El.l

Frequency (Signal} - 1000 ‘|

List of Offset Tuning Frequencies in Hz
Can have up to 256 frequencies

Send by hitting enter while text box has focus

‘T 60
o o0
L]
= i
& 807
[T
= i
-100
120 -
-140 -
T ' T ' T ' I ' T ' T ' | ' I ' T '
2446.000 2448.000 2450.000 2452.000 2454.000
Frequency (MHz)
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Rfnoc Dsptune - + X
Offset Tuning Freqs (Hz): I [-4000000.0, -3000000.0, -2000000.0, -1000000.0, 0, 1000000.0, 2000000.0, 3000000.0, 4000000.0]
Tune Delay (secs): 'El.l
Frequency (Signal} - 1000 ‘|

= Frequency will update every 0.1 secs

= Update by hitting enter while text box has focus

40 _
-60 -

-80 —

Relative Gain (dB)

100

120

140
I

| : I : | ' I : | : I : T : I : |
2446.000 2448.000 2450.000 2452.000 2454.000

Frequency (MHz)
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=  QOpen ~/rfnoc-workshop/src/rfnoc-tutorial-
complete/rfnoc/fpga-src/noc_block dsptune.v

= Design:
"  Frequency list loaded into FIFO via settings bus
= axi_setting_reg handles all of this

= Tune delay setting register
= State machine to create and send command packets

= How do we know what Stream ID to send to?

=  Uses next_dst_sid. This requires that the DDC or DUC must be
the next block in the flowgraph. This is one of many valid
approaches. Another approach would be to get the SID from
UHD and program a setting register. We could have also tried to
find the DDC / DUC by using command packets to read the NOC
ID of every block connected to the crossbar.
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[31:0] freq tdata;
freq tvalid, freq tready;
axi setting reg #(
.ADDR(SR_FREQ), .AWIDTH(8), .WIDTH(32), .USE FIFO(1l), .FIFO SIZE(8)))
axi setting reg freq (
.clk(ce _clk), .reset(ce_rst),
.set stb(set stb), .set addr(set addr), .set data(set data),
.0 _tdata(freq tdata), .o tlast(), .o tvalid(freq tvalid), .o tready(freq tready));

[31:0] time offset;
setting reg #(
.my addr(SR TIME OFFSET), .awidth(8), .width(32))
sr_time delta (
.clk(ce clk), .rst(ce rst),
.strobe(set stb), .addr(set addr), .in(set data), .out(time offset), .changed());

" Frequency list stored in AXI Setting Register:
= Has AXI stream interface and internal FIFO

= Listis consumed so it must be reprogrammed
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[31:0] freq tdata;
freq tvalid, freq tready;
axi setting reg #(
.ADDR(SR_FREQ), .AWIDTH(8), .WIDTH(32), .USE FIFO(1l), .FIFO SIZE(8))
axi setting reg freq (
.clk(ce _clk), .reset(ce_rst),
.set stb(set stb), .set addr(set addr), .set data(set data),
.0 _tdata(freq tdata), .o tlast(), .o tvalid(freq tvalid), .o tready(freq tready));

[31:0] time offset;
setting reg #(
.my addr(SR TIME OFFSET), .awidth(8), .width(32))
sr_time delta (
.clk(ce clk), .rst(ce rst),
.strobe(set stb), .addr(set addr), .in(set data), .out(time offset), .changed());

= Time Offset, called Tune Delay in the flowgraph, is a
normal settings register
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assign freq tready = cmdout tvalid & cmdout tready & cmdout tlast;

(posedge ce clk) begin
_rst | clear tx segnum) begin
seqnum ;
state
end else begin
case (state)
S IDLE : begin
cnt <= 1;
if (freq tvalid) begin
if (time offset == 0) begin
state <= S HDR;
end else begin
state <= S _WAIT;
end
end
end

S WAIT : begin
if (cnt == time offset) begin
state <= S HDR;
end else begin
cnt <= cnt + 1;
end
end

S HDR : begin
if (cmdout tready) begin
state <= S CMD;
end
end

S CMD : begin
if (cmdout tready) begin
seqnum <= seqnum + 1;
state <= S IDLE;
end
end
default : state <= S IDLE;
endcase
end
end

Ettus o
O

O

O Research”

O 4 O

A National Instruments Company

State machine:

If FIFO has a
frequency

Reads FIFO
Waits for time offset

Sends command
packet

Repeat
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assign cmdout tdata

(state == S HDR) ? {2'd2, 2'dO, seqnum, 16'dl6, src sid, next dst sid} :
{SR_FREQ ADDR, freq tdata};

(state == S HDR || state == S CMD) ? 1'bl : 1'b0;

(state == S CMD) ? 1'bl : 1'b0;

1'bl;

assign cmdout tvalid
assign cmdout tlast
assign ackin tready

= Command packets controlled by State Machine

= Payload is frequency register address and frequency offset

assign m axis data tready

d s axlis data tready;
assign s axis data tvalid
)

m axis data tvalid;
m axis data tlast;
m axis data tdata;

assign s axis data tlast
assign s axis data tdata

= Samples pass through unchanged
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= dsptune sends a list or vector of frequencies
= But Noc Script XML does not support vectors

= Need to create C++ UHD block controller and
GNU Radio block code

= GNU Radio dsptune block code:
~/rfnoc-workshop/src/rfnoc-tutorial-complete/
lib/dsptune_impl.cc

=  UHD dsptune block controller:
~/rfnoc-workshop/src/rfnoc-tutorial-complete/
lib/dsptune_block_ctrl_impl.cpp
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dsptune impl::dsptune impl(
gr::ettus::device3::sptr &dev,
::uhd::stream args t &tx stream args,
::uhd::stream args t &rx stream args,
block select,
device select

::ettus::rfnoc block("dsptune"),
::ettus::rfnoc block impl(
dev,
gr::ettus::rfnoc_block impl::make block id("dsptune", block select, device select),
tx stream args, rx stream args
)

dsptune impl::set fregs( std: :vector< > &freqs)

get block ctrl throw< ::uhd::rfnoc::dsptune block ctrl >()->set freqs(freqs);

Added set_freqs() method that simply calls block
controller’s set_freqgs() and passes fregs vector
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set freqgs( std::vector< > &freqs)

UHD LOGGER TRACE(unique id())
<< "dsptune block::set freqs()" << std::endl;

if (fregs.size() > MAX NUM FREQS) {

throw uhd::value error(str(
boost::format("dsptune block::set freqs(): Too many frequencies! "

"Provided , can only store up to .An")
% freqs.size() % (MAX_NUM_FREQS)

));

sample rate = tree->access< >("tick rate").get();
max_freq upper = sample rate/ ;
max_freq lower = -sample rate/Z.0;
for | i =0; i < fregs.size(); i++) {
if (std::abs(freqs[i]/ ) >= max_freq upper) {

throw uhd::value error(str(
boost::format("dsptune block::set freqs(): Frequency out of range! "

"Provided *7, valid range is (%7, %f).\n")
% freqs[i] % max freq lower % max freq upper

private:

}i

UHD RFNOC BLOCK REGISTER(dsptune block ctrl,"dsptune");
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set freqgs( std::vector< > &freqs)

UHD LOGGER TRACE(unique id())
<< "dsptune block::set freqs()" << std::endl;

if (fregs.size() > MAX NUM FREQS) {

throw uhd::value error(str(
boost::format("dsptune block::set freqs(): Too many frequencies! "

"Provided , can only store up to .An")
% freqs.size() % (MAX_NUM_FREQS)

));

sample rate = tree->access< >("tick rate").get();
max_freq upper = sample rate/ ;
max_freq lower = -sample rate/Z.0;
for | i =0; i < fregs.size(); i++) {
if (std::abs(freqs[i]/ ) >= max_freq upper) {
throw uhd::value error(str(
boost::format("dsptune block::set fregs(): Frequency out of range! "

Round frequencies and send via direct register write

for | i =0; i < freqs.size(); i++) {
actual freq = (std::round((freqs[i] / sample rate) * pow( , 32)));

sr write(SR_FREQS, actual freq);

}

private:

}i

UHD RFNOC BLOCK REGISTER(dsptune block ctrl,"dsptune");
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set freqgs( std::vector< > &freqs)
p
1

UHD LOGGER TRACE(unique id())
<< "dsptune block::set freqs()" << std::endl;
if (fregs.size() > MAX NUM FREQS) {
throw uhd::value error(str(
boost::format("dsptune block::set freqs(): Too many frequencies! "

"Provided , can only store up to An")
% freqs.size() % (MAX_NUM_FREQS)

sample rate = tree->access< >("tick rate").get();
max_freq upper = sample rate/
max freq lower = -sample rate/

This is how UHD is aware of the Out-of-Tree block

Macro registers block with UHD
Name string must match block’s Noc Script XML

rfnocmodtool generates this code automatically

private:

}s

UHD RFNOC BLOCK REGISTER(dsptune block ctrl,"dsptune"); 130
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= Setting “time_offset” is similar to “gain” in gain block

" Notice callback for set_freqs|()

= SWIG bindings allow Python to directly call GNU Radio
block method

|
self.$(id).set arg("time offset", $time offset/(1/(125.0e6*(12.0/7.0))))

set freqs($freqgs)

set_arg("time offset", $time offset/(1/(125.0e6*(12.0/7.0))))

Frequency list
freqs

[1e6, 2e6, 3e6, 4eb]
real vector

Time offset (sec)
time offset

0.0

real
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RFNoC is for FPGAs is what GNU Radio is for GPPs

Infrastructure for SDR applications \/ s/
Handles data movement between blocks s/ (AXI-Based) s/ (Circular Buffers)

. . (Flow control, (R/W pointer up-
Takes care of boring and recurring tasks ﬂ/ 2ddressing, routing) dating, tag handling)
Provides library of blocks (Growing) ~/ (Huge and well-tested)
Has a graphical front end s/ (gr-ettus) s/ (GRC)

Open Source s/ s/

Writes your blocks for you x x
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