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CADRE Mission

CADRE FPGA Architecture

Current process for SW-HW co-development
Verilator Support in COSIDE

Software Modeling using IPC

Software Modeling using SystemC

o0k b=

6.\' SPACE TECHNOLOGY OFFICE © 2022 California Institute of Technology. Government sponsorship acknowledged.



Jet Propulsion Laboratory
California Institute of Technology

CADRE - Cooperative Autonomous Distributed Robotic Exploration

« CADRE is a flight technology demonstration to demonstrate multi-agent
cooperative autonomy, performing distributed measurement, on the surface of the
moon.
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How FPGA and Flight Software co-development communicate today

Requirements

v - Shortcomings:
vz « Documents come out of sync
v =  Written description can be

interpreted differently
» Software has to build an FPGA
Flight Software model to test with

Meetings

FPGA i)

= = D » Integration bugs won’t be found until
EEE Emails hardware is ready to run the
nree @ software.
Documentation
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coside_ws - cadre_fpga_model/hw_models/cadre_model.xml - /home/asho

File Edit Navigate Search Project Run Window License Help

Steps:

N H 6 B #~0- @9~  SJFET1: @068 Qif~FvoIdovoy
o R B 1. Add the synthesizable Verilog RTL to your

v & cadre_fpga_model [cadre_fpga_model master]
w & hw_models

:y::""" ‘sc_corezsc_module __ before end of elaboration _ start COS I D E prOjeCt

end of elaboration endc

'@ EBGA model e 2. Right click the Verilog file and navigate to
- — + - ™ 1 e . .
T e S— besrpion COSIDE Bridge > Verilator > Create Model
Eleiey i ADC_MISO sc_core::sc_in bool .
@Ze_ﬁtﬁm R srocmos e - 3. COSIDE module will be created
oo || 2 - 4. Create other components required in your
B‘ cadre_model.xml " sc:cove::sc:oul 0ol " . L .
raae cpenvan d o= - testbench either by importing or coding
» &3 por_wd Copy Ctri+C ca Cadence Xcelium (White-Box) »
» &3 power_switches (3 Paste Ctri+V ca Cadence Xcelium (Black-Box) »
o - | Soseelebnttd ) e pescrption « COSIDE Generates SystemC code from RTL
> @ss x Delete = Matlab/Simulink »
: 2:;);5 " Refresh F5 Q SiemensEDA/Mentor Questa » . . . e 0 = 5
o s Impor B Semens EOA Coaput » Verilator built into module Convert; il el e
ormities o4 Export B Synopsis Saber > input clk
: ::w_f:p - o RU[I:OAS » sm Syy:zis Virtualizer/PA » COS I D E :ngzt E:31 0] data, CIass Convert {
» X% Configuration 15 Debug As » Verilator » \/ Create Module  Shift+Alt+) Output [31 0] out: bool C"(,
» f_ogs Team > \/ Xilinx Vivado » ' ; uint32_t data;
oo E:':: oo " piementatontcpp) Graphics always @ (posedge clk) uint32_t out;
» @ sc_system_model Properties Alt~Enter Jerties X B Console 3= Call Hierarchy =g Progress out <= data;

) 1item selected

Properties are not available.

endmodule
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void eval();

}
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Simulation

File Edit Navigate Search Project Run Window License Help

DB eB AV @e0@EHO B -F-vera2riijooponne o sRE

{Fmod_ Axml {Fmod_Bxml  E]tb_top.scaml  [g pwc_src_sch  Elmod_top.scaml  {Fmod_Cxml  Jif *tb_top_scsimctrl_tb.ved 52

(< 0 2,566 5e-6 7.5-6 10e-6 12.5e
WSystemC.i_tb_top.unnamedNet2 - ( f3 X 10 )20 ) s X a0} s X 0
EsystemC.i_tb_top.unnamedNet3 500

i_tb_top.i mod_topl - 10 X 1332
EsystemC.i_tb_top.i_mod_topl.unnamedNet2 - C [) N 20 X a0 ) e ) 80 100 120
EsystemC.i_tb_top.s_mod_top_out
EsystemC.i_tb_top.s_rst - 1
EsystemC.i_tb_top.unnamedNet1 - C [) X 1 X 2 X 3 X 4 X 5 X 3

[ 2.5e6 566 7.5e-6 10e-6 12.5e
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Steps:
1. Create a TB with peripheral device models
2. Simulate to verify proper functionality
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Pros:

1. No library dependence for Application 2
since it's compiled on COSIDE.

2. Very easy to setup. COSIDE automatically
finds all input/output ports in the TB

3. Application 1 can be in any language.

Operating System

COSIDE provides IPC Server in Python Software
and C++
DUT API Layer
Cons:
1. COSIDE IPC only supports wiggling TB IPC Server

ports. (signal level communication)
2. Need to poll the DUT, can’t create event
triggers
Expect slowdown due to IPC overhead
API Layer falls on Software side

W
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IPC Client
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How To:
1. Setup SystemC Client

/1117771777777777777/77/7777777/77/777/7/77/7777/7/77/7//7777/7/777/77///777/7///7/777/77
/// configure to connect as Client to C-main //
[117117177777777777777777777777/77777777777777/7777/77777/77/7777/7/7/7/7/7/7//77//777
cos_mat_engine_namespace::cos_systemc_client hdl;
if(hdl.attach())
{

SC_REPORT_ERROR("top_simple_tb","Failed to attach to C-main master");
}

hdl.start();

2. Setup Server (Python shown, C++ is similar)

RIS BRSBTS BT S it ot
print("\nSetup connection...")
hdl=sc.cos_systemc_handle()
hd1l.open("top_level_cadre_ipc.exe")
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3. Run. Read all Registers

print("\nStart simulation...")
# create quick access handle
i RADDR_s = hdl.get_object_handle("i_RADDR_s")

i_WADDR_s = hdl.get_object_handle("i_WADDR_s")

i WDATA_s = hdl.get_object_handle("i_WDATA_s")

i WE_s = hdl.get_object_handle("i_WE_s")

i WMASK_s = hdl.get_object_handle("i_WMASK_s")

i INH_SLEEP_N_s = hdl.get_object_handle("i_INH_SLEEP_N_s")

0_RDATA_s = hdl.get_object_handle("o_RDATA_s")

# write i_INH_SLEEP_N using handle
hdl.write(i_INH_SLEEP_N_s, "0")

hdl. run(0.250) # run simulation for 250ms
print("Current time: %3.2e" %hdl.get_time_in_seconds())

for i in range(20):
#read reg
hdl.write(i_RADDR_s, str(i))
hdl. run(10x1e-6/32.0+1e-12); #run 10 clock cycles plus small delta

val = hdl.read(o_RDATA_s)
print("Read Address is {:x} Read Data is {:x}".format(i, int(val)))

hdl.run(1) #run for 1s
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Pros:
1. No IPC overhead Software
2. Software has access to source code
3. Canreact to DUT events

4. More control over TB

cons: SystemC
1. Requires some trickery of SystemC Main
2. Software has to resolve SystemC and other B

hardware library dependencies

Performance: 1 sec sim = 1 min wall clock
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Software Model (RAW SystemC)

g
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Read a register from the FPGA model APls:
 Read

LA AR - int cadre_sw_model::read_reg(uint address){
sw model i cadre sw model; ] )
i CNAV_RADDR.write(address);
rdata; run_clk(10);
i cadre_sw _model.start _sim(); . _ .
i cadre sw model.set sleep inh(t - int rdata = o_CNAV_RDATA.read();
i cadre sw model.run clk(16000); return rdata;

rdata = i cadre sw model.read reg(0); }
cout<<"FPGA Version Register is expe X 1 ictual: "<<std: :hex<<rdata<<endl;

 Write

void cadre_sw_model::write_reg(uint address, int data){
i_CNAV_WADDR.write(address);
i_CNAV_WMASK.write(Oxffffffff);
i_CNAV_WDATA.write(data);
i CNAV_WE.write(true);
run_clk(1);
i_CNAV_WE.write(false);
run_clk(50);

i cadre sw model.i components->i BMl.ext templ = BM TEMP P0S36C;

cout<<"BM Temps"<<endl; }

t i = 0x13; i < 0x15; i++) * Run Clock

cout << " ster address:0x" << std::hex << 1 << " data:0x" << rdata << endl; void Cadre—sw—model::ru"—ch(Ulnt cycles){

double one_clk_period = 1le-6/32.0;

double sim_time = cycles * one_clk_period + le-12;
sc_core::sc_start(sim_time, sc_core::SC_SEC);

rdata = i cadre sw model.read reg(i);
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