&) siFive

SiFive Tech Symposium 2019
RISC-V Core IP Debug SW Stack



S

SiFive

RISC-V Core IP Debug SW+HW Stack

PC (Debug Host)
GUI Frontend Debugger
(eg. Eclipse CDT) (eg. GDB)

Debug Translator
(eg. OpenOCD)

Debug Transport
Hardware
(eg. JTAG probe)

RISC-V Debug Specification (HW)
* https://riscv.org/specifications/debug-

specification/ .
P RISC

SiFive Core IP Configurable Debug HW
* # of HW Triggers

* System Bus Access °r—:
. JTAG/ cITAG ©S|F|\/e

SoC (Debug Target)

Debug Module
Interface (DMI)

Debug Transport
Module (DTM)

Debug Module
(DM)

RISC-V Core
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Freedom Studio - A Fully Integrated Developer Environment

Code Builder

Freedom Studio on Debug Host

(GCC + Make +
Freedom E SDK)

GUI Frontend

(Eclipse CDT +
SiFive Plugins)

Debugger
(GDB)

Debug Translator
(OpenOCD /
SEGGER J-Link)

What is Freedom Studio

IDE for Bare Metal embedded development & debugging on SiFive RISC-V Platforms and Core-IP
* Distributions available for Windows, MacOS and Linux

 Based on Open Source technology like Eclipse CDT

* Includes SiFive extensions P @ Freedom StUd 1O
— Toolchain integration <=‘;+ ‘
— Debugger interfaces

— Project management

* Bundled with all needed prebuilt packages
— Java Runtime Environment
— RISC-V OpenOCD
— SEGGER J-Link SW
— GNU RISC-V Newlib Toolchain (Binutils, GCC, Newlib, GDB)
— Freedom E SDK (BSP’s, Freedom Metal HAL, example programs)

SiFive
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Freedom Tools - Open Source Repository for SiFive's RISC-V Tools

What is Freedom Tools

e Public repository with open source tools and scripts for building these tools
—  https://github.com/sifive/freedom-tools
e GNU RISC-V Newlib Toolchain (Binutils, GCC, Newlib (+Nano), GDB)
e RISC-V OpenOCD
e The toolchain setup is a riscv64-unknown-elf-gcc Newlib toolchain for Bare Metal embedded development
— Supported multilibs: rv32e, rv32eac, rv32em, rv32emac, rv32i, rv32iac, rv32im, rv32imac, rv32imafc, rv32imafdc,
rvb4imac, rv64imafc, rv64imafdc
e We use these scripts to provide prebuilt binary distributions for Windows, MacOS and Linux

e We provide these prebuilt binary distributions as part of Freedom Studio and as standalone on the website

Other SW packages bundled as part of the Freedom Studio distributions

e SEGGER J-Link SW >\_

—  https://www.segger.com/downloads/jlink/ /SEGGER

e Java Runtime Environment <
—  https://www.oracle.com/technetwork/java/javase/downloads/index.html Java
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Freedom E SDK & Metal - A Bare Metal SW Stack for SiFive Devices

What is Freedom E SDK

* Embedded development kit providing a command line driven

workflow with Examples and Utilities including BSP’s for
— Standard Core IP Deliverables
— Standard Core FPGA Deliverables
— SiFive Development Boards
 Examples uses Freedom Metal to provide portability
* Open source repository
—  https://github.com/sifive/freedom-e-sdk

What is Freedom Metal

e Library for writing Portable, Bare Metal SW for all SiFive devices
— A Bare Metal C application environment
— An API for controlling CPU features and peripherals
— The ability to retarget to any SiFive RISC-V product
— ARISC-V hardware abstraction layer (HAL)
 Uses BSP’s to provide target adaptation
* Open source repository
—  https://github.com/sifive/freedom-metal

Freedom Studio

v

v v

IPDeliveryX

DevBoardY IPFpgaZ
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Digilent Arty FPGA

SiFive

Olimex ARM-USB-TINY Probe

PC (Debug Host)

Debug Translator
OpenOCD

Supported Debug Transport Hardware - JTAG Probes

SiFive HiFive Unleashed
& HiFivel (FTDI)

or

SEGGER J-Link Probe

Debug Translator
SEGGER J-Link

SiFive HiFivel revB (J-Link
OB)



& Howdoyougetit?

https://www.sifive.com/boards

Freedom Studio

SiFive

https://www.sifive.com/boards

Prebuilt RISC-V
GCC Toolchain

Save time by using one of our prebuilt toolchains which contain all the tools
necessary to compile and debug programs on SiFive products. Our toolchain

distributions have been carefully packaged to support both 32-bit & 64-bit ISAs.

GNU Embedded Toolchain — v2019.02.0

Freedom Studio is the fastest way to get started programming with your SiFive
hardware. Freedom Studio is built on top of the popular Eclipse IDE and
packaged with a prebuilt toolchain and example projects from the Freedom E

SDK. Freedom Studio is compatible with all SiFive RISC-V development boards.

fg gy X b - DRI

15 Debug
v [T ]local_interrupts Debug [GDB OpenOCD Debugging]
v ¥ local_interrupts.elf
v ® Thread #1 (Suspended : Breakpoint)

= button_2_isr() at local_interrupts.c:115 0x4040
= handle_trap() at init.c:75 0x404001da
= trap_entry() at entry.S:50 0x40400280

s openocd

»| riscvB4-unknown-elf-gdb

Freedom Studio

Windows

macOS

Linux

OpenOCD — v2019.02.0

Windows

macO$

CentOS

Ubuntu
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How does it look?

e
ﬁ'

[{ Project Explorer $2 i} Registers = B [l Console $2

(x)= Variab 8 ¢

0 items selected

my-workspace - FreedomStudio

v v#vﬁv%v@Q’v@vE i':b; v v v v g@

<" Expre [

°) problems <& 4 G:{) el =G mB-%= B %5 Debug 32 [} Debugger Console ©g Breakpoints = m

N/

=| <}§> <=  CDT Global Build Console

| NON | Eclipse Launcher

Select a directory as workspace

FreedomStudio uses the workspace directory to store its preferences and development artifacts.

= B 5= Outline 3¢ == Disassembly ™ Terminal = ]

Workspace: ‘IUsersImaCISiFiveIFreedomStudio-ZO1 9-03-0/my-workspace Browse...
An outline is not available.

" | Use this as the default and do not ask again

» Recent Workspaces

Cancel

Memo = 8

e .



& Freedom E SDK New Project Wizard

@ FreedomStudio MzE8 Edit Navigate ® @ C Project
ece | New | <
- - Nnan Cila Create a freedom-e-sdk standalone project for a specified target and example program. |
| NON | C Prc |
C Project Select Target
Create C project of selected type coreip-e31-arty
The SiFive E31 Standard Core is the world’s most deployed RISC-V core. Co-
. - designed alongside the RISC-V ISA, the E31 takes maximum advantage of the
Project name: | my-project RISC-V ISA, resulting in a power-efficient core that delivers the high
performance needed for tomorrow’s smart IoT, storage, and industrial
Use default location applications.
Location: This FPGA core target is ideal for m:" P — "
& | NON ) C Project
- . ~
Choose file system: default e Select Example Program [r— </\
Broject type: v hello Create a freedom-e-sdk debug launch |_ :
- example-itim [ —_—
P (= GNU Autotools software-interrupt
P = Executable timer-interrupt Debug Launch
» (= Shared Library R
» - Static Librar return-fail Specify whether or not you want to create a debug launch with this new project. If you choose to create a
[_& . y return-pass debug launch, select the type of launch to create. After the project is created and built the Debug Launch
¥ (= Makefile project example-pmp Configuration dialog will be opened so that you can review the debug configuration and, optionally, launch
@& Empty Project example-spi the debugger.
. empty
@ Freedom E SDK Project Create a debug launch configuration for this project
dhrystone 4 .
Show project types and toolchains only if they are Debug launch type: | OpnOCD L
Create an OpenOCD debug launch for thi J-Link
)
>
LL
7)) S
@) | @ < Back IR < Back Next > Cancel
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Project Explorer and Console after project is created

{5 Project Explorer $3 ' 4 Registers

Freedom-E-SDK:

¥ =5 my-project
> g;f Binaries
> @DArchives
» [l Includes
> (£ freedom-metal/src
v & src

V (= debug
» & sifive-welcome.elf - [none/le]

make standalone
STANDALONE DEST=/Users
/mac/SiFive/FreedomStu
dio-2019-03-0/my-
workspace/my-project
TARGET=coreip-e3l-arty
PROGRAM=sifive-welcome

|=| sifive-welcome.hex
|=| sifive-welcome.Ist
sifive-welcome.map

I}

RISCV PATH=/Users/mac/ -

U= ) » || sifive-welcome.c
SiFive/FreedomStudio- | & Makefile
2019-03- ¥ README.md
0/FreedomStudio.app/Co V@&bsp
ntents/Eclipse/SiFive/ :Ei?g;
toolchain/riscv64- B designais

unknown-elf-gcc-8.2.0-
2019.02.0

|=| design.reglist
=/ metal.default.lds
5| metal.h
|=| metal.ramrodata.lds
|=| metal.scratchpad.lds
|=| openocd.cfg
4 README.md
| @ settings.mk
P (= freedom-metal
| @ debug.mk
| & Makefile
| @ release.mk

I

I

Standalone-Project:

make all
CONFIGURATION=debug

= B8

15 v

] console 3 $ o EIEE 1By = 8

CDT Global Build Console

Problems

riscve4-unknown-elf-gcc -march=rv32imac -mabi=ilp32 -mcmodel=medany -
ffunction-sections -fdata-sections -I/Users/mac/SiFive/
FreedomStudio-2019-03-0/my-workspace/my-project/bsp/install/include -00 -g
-W1,--gc-sections -Wl,-Map,sifive-welcome.map -nostartfiles -nostdlib -L/
Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-project/bsp/
install/lib/debug/ -T/Users/mac/SiFive/FreedomStudio-2019-03-0/my-
workspace/my-project/bsp/metal .default.lds sifive-welcome.c -Wl,--start-
group -lc -lgcc -lmetal -lmetal-gloss -Wl,--end-group -o sifive-welcome
mv /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-project/src/
sifive-welcome.map /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/
my-project/src/debug/
mv /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-project/src/
sifive-welcome /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-
project/src/debug/sifive-welcome.elf
touch -c /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-
project/src/debug/sifive-welcome.elf
riscve4-unknown-elf-objdump --source --all-headers --demangle --line-
numbers --wide /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-
project/src/debug/sifive-welcome.elf > /Users/mac/SiFive/
FreedomStudio-2019-03-0/my-workspace/my-project/src/debug/sifive-
welcome.lst
riscve4-unknown-elf-size /Users/mac/SiFive/FreedomStudio-2019-03-0/my-
workspace/my-project/src/debug/sifive-welcome.elf

text data bss dec hex filename

19761 4200 61340 85301  14d35 /Users/mac/SiFive/
FreedomStudio-2019-03-0/my-workspace/my-project/src/debug/sifive-
welcome.elf
riscve4-unknown-elf-objcopy -0 ihex /Users/mac/SiFive/
FreedomStudio-2019-03-0/my-workspace/my-project/src/debug/sifive-
welcome.elf /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-
project/src/debug/sifive-welcome.hex

21:12:44 Build Finished (took 7s.755ms)



Flashing Arty FPGA Image

e Writes driver .bit file to FPGA via Xc3sprog (Digilent)

— E31image in FPGA RAM (not Flash) Window Help
— E31 image allows OpenOCD to access Flash | Flash MCS File to Arty FPGA...  12sElusitele
e Writes MCS (ihex) file to Flash via OpenOCD (Olimex) T T e €0 (o O
® O

Flash MCS file to Arty FPGA

SiFive

Flash image file: PUsersfmac/SiFive/sifive_coreip_E31_FPGA_EvaIuation_vSpO/siﬁve_coreip_EB1_FPGA_EvaIuation_v3p0_0.mcs Browse...

FPGA size

© 35T 100T

@




& Debug configurations

L ESK Debug Configurations

Create, manage, and run configurations

L{f 2 X B :‘:9‘ Name: openocd my-project
=5 Target[ :f;i Debugger[ = Startup | {:‘; Config‘ E_y Source‘ =] Common‘

Project:

C/C++ Application

@ C/C++ Attach to Application
@C;‘C++ Postmortem Debugge my-project Browse...
't |C/C++ Remote Application

. C/C++ Application:
@ GDB Hardware Debugging

@ Launch Group src/debug/sifive-welcome.elf
> Launch Group (Deprecated) Variables... Search Project... Browse...
v [c | SiFive GDB OpenOCD Debuc
Build (if required) before launching
@SiFive GDB SEGGER J-Link C
Build Configuration: Use Active
[ ¢ FreedomStudio File Edit NaVigate Searc Enable auto build ") Disable auto build
[ NON | o Use workspace settings Configure Workspace Settings...
i B/ O Qr = 5 @ C
Eﬁ_—, Project Explorer 3 (%3] Re
9 Debug As >
L ¥ 125 my-project Debug Configurations...
wn > 44" Binaries Organize Favorites... Close




& Target Device information and configuration

|_| Main 1 Target ﬁDebugger = Startup .2 Config E/ Source [ | Common

Target Device Tree

Device Tree File |bsp/design.dts Browse... Variables...
Actual Path /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-project/bsp/design.dts
Selected cpu cpu@0 E

Target Device Info

Number of cpus on target: 1
Selected cpu for this launch: cpu@@
Information being used from DTS file:
Configure GDB (unless overridden):
set arch riscv:rv32
set remote hardware-breakpoint-limit 4

|| Main {5} Target f‘} Debugger | [ Startup .. Config E/‘ Source E Common
Register List

Register List File | ${bsp_reglist} Browse... Variables...

Actual Path /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-project/bsp/design.reglist

Hardware Breakpoints

Hardware Breakpoint Limit

When unspecified here, will use a value of '4' (from dts file).
See also the global and workspace preferences, and the project properties.

SiFive




@ Debugger setup - GDB client and OpenOCD server

|_| Main | {8 Target ﬁDebugger [ Startup | .© Config E/ Source | [_] Common
OpenOCD Setup

Start OpenOCD locally
Executable path: ${openocd_gdbserver} Browse... Variables...

Actual executable: | /Users/mac/SiFive/FreedomStudio-2019-03-0/FreedomStudio.app/Contents/Eclipse/SiFive/openocd/

(to change it use the global or workspace preferences pages or the project properties page)

GDB port: 3333
~| Main Target Debugger Startu -, Config &~ Source Common
Telnet port: 4444 =l ¥ Targ E@ gger |~ P g| &y =|
GDB Client Setup
Tcl port: 6666
Config options: -f bsp/openocd.cfg Start GDB session

Executable name: | ${openocd_gdbclient} Browse... Variables...

Actual executable: /Users/mac/SiFive/FreedomStudio-2019-03-0/FreedomStudio.app/Contents/Eclipse/SiFive/toolchain/
Allocate console for OpenOCD Other options:

Commands: set mem inaccessible-by-default off

Remote Target

Host name or IP address:

Port number:

SiFive

Force thread list update on suspend



&  start debugging

® ® ¢ my-workspace - my-project/src/sifive-welcome.c - FreedomStudio
i BR o -0 QU &S @B EBNIR  BF oAl ERVIRR IR =K =R A= Al S
[{ Project Explorer $3 /! Registers = &l console 82 |2/ Problems = O A Debug 3% [ Debugger Consol ©g Breakpoints = O
B® * B Rl RS E = B-3 i <

v 1= my-project openocd my-project [SiFive GDB OpenOCD Debugging] openocd v [© Jopenocd my-project [SiFive GDB OpenOCD Debugging]

» 3 Binaries (3289) hpmcounter24h (/32) v ¥ sifive-welcome.elf

> @E,Archives (3290) hpmcounter25h (/32) v @ Thread #1 (Suspended : Breakpoint)

» [} Includes (3291) hpmcounter26h (/32) = main() at sifive-welcome.c:87 0x40400382

(3292) hpmcounter2?h (/32)

B 2 -
@ freedom-metal/src (3293) hpmcounter28h (/32)

,E] openocd

v [;9?"0 (3294) hpmcounter29h (/32) . riscv64-unknown-elf-gdb
¥ (= debug (3295) hpmcounter3eh (/32)
» %5 sifive-welcome.elf - [none/le] (3296) hpmcounter3ih (/32)
= sifive-welcome.hex (3922) mvendorid (/32)
= sifive-welcome.lst — eSS
=| sifive-welcome.map E] sifive-welcome.c £ = 8 gE o0 X =D s » = H
P (= release - 1a s -
~1int main (void) - _D 1% & #*
(x)= Variables $3 €< Expression [] Memory = B { = stdio.h
= G o @ int rc, up_cnt, dn_cnt; = metal/cpu.h
LSRR struct metal_led *led@_red, *led@_green, *led@_blue; = metal/led.h
Name Type Value - S
(- rc ot 0x0 i // This demo will |obrossion Type Value
(e re = mekal_1 ¥ Idosd sructmeulies: - owoa0adss
b ® vtable  const struct met... Ox87aabfd9 ledd_green = metal yiamie CONSL SHUCH IVGLAIIGCLVIORIG /o8

> » ledO_green struct metal_led * Ox1 ledd_blue = metal_

if ((ledd_red == N
’ *
® ledO_blue  struct metal_led 0x0 printfC"At lea

return 1; Name : led@_red

Details:0x4040436a <__libc_init_array+108>
Default:0x4040436a <__libc_init_array+108>

pt*
Name : led@_red } pt*

Details:0x4040436a <__libc_init_array+108>

Decimal : 1077953386

g Default:0x4040436a <__libc_init_array+108> /7 tErl.‘atlﬂcei eac21LE$ Hex:0x40404360 Lt

T s i Loy el [ Binary:1000000010000000100001101101010 - .

7, Binary : 1000000010000000100001101101010 metal_led_enable(ledd_blue); B A

(V)] 5 1):610020041552 ® wait_for_timer(struct metal_led*)
s // Al Off © main(void) : int



& Viewing elements and memory

(x)= Variables 69" Expressions $3 [] Memory D 90 X &
Expression Type Value
(>)=tmr_id int 0x0
v E$pc;$sp Group-pattern 2 unique matches (Default)
» $pc void (*)() 0x4040048e
» $sp void * 0x80001490
VvV ®» vtable const struct metal_led_vtable * 0x40404b70
®» led_exist int (*)(struct metal_led * char *) 0x40403874
®» led_enable void (*)(struct metz! =4 % Qe ANANDOLA
# led on void (*)(struct met: (X)= Variables 69" Expressions [] Memory 23
® led_off void (*)(struct met: Monitors ek x % x8000 . Ox8000
. ®» led_toggle ' void (*)(struct met: ® 0x30000000 Address 0-3
' Add new expression 0000000080000000  FFFFFFAS
Name : led@_red 0000000080000010 00VVOVOY
Details:0x80000fb8 <__metal_dt_led_0 0000000080000020 02VRORLO
Default:0x80000fb8 <__metal_dt_led_0i 0000000080000030 00000000
Decimal:-2147479624 - -
Hex : @0x80000bS8 ® 0 Export Memory
Binary:100000000000000000001111101 111 _
Octal : 020000007670 Format: | Plain Text g

SiFive

1010 1010
4 u

¢ =
_ L

Start address:

File name:

@

0x80000000

End address:

<Hex Integer>

4-7

800002EC
00000000
00000000

00000000

0x80000010

/Users/mac/SiFive/my-memory-export.he)d

C-F

80000354 800003BC
00000000 00V
00000000 00V
00000001 4040069C
Length: 16

Browse...

Cancel
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Viewing registers and terminal output

<project>/bsp/design.reglist file:

zZero

ra
Sp

tp
t0
tl
t2

sl
a0
al
a2
a3
a4
ab
a6
a7
s2

5P

Name Value
v % General Registers

roject Explorer 414/ Registers &%

Description
General Purpose
iii zero 0x0

e Jowodoosse |

Name :

iiisp 0x80001490
il gp 0x80001840
Hitp 0x0
1o 0x40401212
Hiit 0x40000
i t2 OxFFFfffff
N fp 0x800014b0
Hiis 0x0
1iiia0 Oxffffffff
Mital Oxa
3iia2 Ox22
iifa3 0x22
a4 0x22
EL Oxfffffff
iitia6 Ox1f
ila7 Ox0
is2 0x40403b10
ra
Hex: @x4040048e
Decimal:1077937294

Octal: 010020002216
Binary:1000000010000000000010010001110
Default:0x4040048e <main+276>

0= Outline =% Disassembly 4™ Terminal 1 £3 = O
B 05 G5 BB EW
SIFIVE, INC.
5555555555555555555555555
5555 5555
o @® Launch Terminal 5555
5555
Choose terminal:  Serial Terminal 555555555555555555
Settings 5555555555555555555
. 5555
Serial port: ‘/devlcu.usbserial-210319A28D950 5555
5555
: | 115200 <
Baud rate - 55555555 55555
Data size: 8 555555 55555
5555 55555
ity: N e
LY — B 55555
Stop bits: 1 55555
55555
Encoding: = Default (ISO-8859-1) 55555
55555
55555
@ Cancel 555555
_5555
5

Welcome to SiFive!




& Viewing disassembly

SiFive

lc| sifive-welcome.c 3

v

return ¢;

¥

cpu_intr = metal_cpu_interrupt_controller(cpu®);

if (cpu_intr == NULL) {

printf("CPU interrupt controller is null.\n");

return 3;

}

metal_interrupt_init(cpu_intr);

// display welcome banner
display_banner(Q);

// Setup Timer and its interrupt so we can toggle LEDs on 1s cadence
tmr_intr = metal_cpu_timer_interrupt_controller(cpu@);

if (tmr_intr == NULL) {

printf("TIMER interrupt controller is null.\n");

return 4;

}

metal_interrupt_init(tmr_intr);

tmr_id = metal_cpu_timer_get_interrupt_id(cpu®);
rc = metal_interrupt_register_handler(tmr_intr, tmr_id, timer_isr, cpu@);

if (rc < @) {

printf("TIMER interrupt handler registration failed\n");

return (rc * -1);

}

// Lastly CPU interrupt

if (metal_interrupt_enable(cpu_intr, @) == -1) {

printf("CPU interrupt enable failed\n");
return 6;

=] [f Outline

114

40400478 :
4040047a:

116

4040047c:
40400480
40400484 :
40400486
40400488 :

119

4040048

122

P 4040048¢:
43400492 :
40400496 :
40400498 :
4040049a:
4040049 :
404004400 :
404004a4 :
404004a8 :

123

- 404004aa:
404004ae:
404004b2 :
404004b4 :

124

404004b6:
404004ba:
404004be :

==¥ Disassembly 88 . Terminal 1 = 8

Enter location here

S HBR it -

if (cpu_intr == NULL) {

11 as,3
j 0x4040057a <main+512>
return 3;

auipc  a5,0x3fc01l
addi a5,a5,-992 # 0x8000109c <cpu_intr>
1w as,0(a5)
mv a0,a5
jal ra,0x40402132 <metal_interrupt_init>
jal 0x40400180 <display_banner>
auipc  a5,0x3fcol
addi a5,a5,-1006 # 0x800010a0 <cpud>
1w a5,0(as)
mv ad,as5
jal ra,0x40402092 <metal_cpu_timer_interrupt_controll
mv a4,a0
auipc  a5,0x3fcol
addi a5,a5,-1032 # 0x80001098 <tmr_intr>
SW a4,0(a5)

// Setup Timer and its interrupt so we can toggle LEDs «

auipc aS,
addi as,
1w as,
bnez as,

tmr_intr
auipc a@,

addi a0,

0x3fcol

a5,-1042 # 0x80001098 <tmr_intr>

0(a5)

0x404004c4 <main+330>

= metal_cpu_timer_interrupt_controller(cpu®);
x4

00,1430 # 0x40404a4c

jal 0x4040060e <puts>



&  Setting breakpoints

 Types: temporary, regular, hardware, conditional, dynamic printf, data watchpoint

\c| sifive-welcome.c 23 = B 5= Outline == Disassembly (& Terminal 1 ©g Breakpoints 3 =
H (f'C_< E)"'f'IMER i handl i ion failed\n"); y %@@ ® = Q‘:D N
printf( interrupt handler registration failed\n"); 7 & [function: main] [type: Temporary]
return (rc * -1); . .
} v 2 sifive-welcome.c [line: 121]
v b sifive-welcome.c [line: 150] [type: Hardware]
// Lastly CPU interrupt v % sifive-welcome.c [line: 153] [condition: rc == 100]
if (metal_interrupt_enable(cpu_intr, @) == -1) { v E sifive-welcome.c [line: 147] ["Hit line %d of /Users/mac/SiFive/FreedomStudio-2(
printf("CPU interrupt enable failed\n"); v é’?sifive-welcome.c [expression: 'tmr_id']
return 6;
} ® O Properties for C/C++ Line Dynamic Printf
// Red -> Green -> Blue, repei
while (1) { ) M
Common A olc . p——
// Turn on RED Filter ass: /C++ Line Dynamic Prin
= wait_for_timer(led@_red); File: /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-project/src/sifive-welcome.c
Line number: 147
// Turn on Green
0 wait_for_timer(led@_green B
Condition:
// Turn on Blue
) wait_for_timer(led@_blue) Ignore count: 0
0 ¥ printf( "Hit line %d of /Users/mac/SiFive/FreedomStudio-2019-03-0/my-workspace/my-project/src/sit
= // return
— turn @;
.U_) } re ’ ® Cancel Apply and Close




& Debugger interfaces

* Debugger Console is a direct interface to the GDB command shell
 GDB “monitor” command feeds directly to OpenOCD with output in Console
 Debug View shows the state of the debugging session

Bl Console $8 |2 Problems Ex i RS®S By = O
openocd my-project [SiFive GDB OpenOCD Debugging] openocd

G Debugger Console 82 “g Breakpoints B-= 8

(3296) hpmcounter31ih (/32)
(3922) mvendorid (/32)
(3923) marchid (/32)
(3924) mimpid (/32)

(3925) mhartid (/32)
(4161) priv (/8)
0x80000000: ffffffa8
0x80000000: ffffffa8

\c| sifive-welcome.c 23

// Red -> Green -> Blue, repeat
while (1) {

// Turn on RED
g wait_for_timer(led@_red);

// Turn on Green
wait_for_timer(led@_green);

// Turn on Blue
wait_for_timer(led@_blue);

SiFive

openocd my-project [SiFive GDB OpenOCD Debugging] ${openocd_gdbclient} (???)

nfo breakpoi

Num
2

6

b

e Disp Enb Address What

Ty

breakpoint keep y 0x4040048e in main at sifive-welcome.c:122
breakpoint already hit 1 time

dprintf keep y  0x4040056c in main at sifive-welcome.c:148

breakpoint already hit 4 times

printf "Hit line %d of /Users/mac/SiFive/FreedomStudio-2019-03-0/my-wor

mAw O ROAALORO
dw Ox80000000

0= Outline Z=¥ Disassembly (® Terminal 1 % Debug 3 = =

v openocd my-project [SiFive GDB OpenOCD Debugging]
v W sifive-welcome.elf
v u§'> Thread #1 (Suspended : Signal : SIGINT:Interrupt)

— wait_for_timer() at sifive-welcome.c:73 0x4040034e
= main() at sifive-welcome.c:151 0x40400578

» openocd

| riscv64-unknown-elf-gdb



@ Using other versions of Freedom-E-SDK than the bundled one

® O Preferences
Global Freedom E SDK Path Sv v w
» General
» C/C++ Select the root directory of the globally preferred freedom-e-sdk instance. If blank the bundled freedom-e-sdk will be used. This global setting can
¥ Freedom Studio be overridden by the workspace preference, or the project property setting.
Freedom E SDK Path /Users/mac/SiFive/FreedomStudio-2019-03-0/FreedomStudio.app/Contents/Eclipse/SiFive/freedom-e-sdk Browse...

Global HW Breakpoint Limit
Global OpenOCD Path
Global Register List File
Global SEGGER J-Link Path
Global Toolchain Path

| NON Preferences
Workspace Freedom E SDK Path =k v w
P General ,
» C/C++ Select the root directory of the workspace preferred freedom-e-sdk instance. If blank the bundled freedom-e-sdk ‘aults Apply
¥ Freedom Studio wﬂl_betused. T:us wtct)_rkspace setting will override the global preference setting, but can be overridden by the
Global Freedom E SDK Path project property setting.
Global HW Breakpoint Limit Freedom E SDK Path /Users/mac/SiFive/FreedomStudio-2019-03-0/my-freedom-e-sdk-clone Browse...
Global OpenOCD Path
Global Register List File
Global SEGGER J-Link Path 1. Point to another SDK with BSP’s from SiFive Core Designer
Global Toolchain Path . . ,
Workspace Freedom E SDK Path 2. Point to newer SDK with updated BSP’s, Examples or Freedom Metal
Workspace HW Breakpoint Limit 3
Workspace OpenOCD Path :
Workspace Register List File
Workspace SEGGER J-Link Path Restore Defaults Apply

Workspace Toolchain Path

SiFive

® Cancel Apply and Close



S

SiFive

Using other tools than the bundled ones

» General
»C/C++
¥V Freedom Studio

Global Toolchain Path

Global Freedom E SDK Path
Global HW Breakpoint Limit
Global OpenOCD Path
Global Register List File
Global SEGGER J-Link Path

Workspace Freedom E SDK Path
Workspace HW Breakpoint Limit
Workspace OpenOCD Path
Workspace Register List File
Workspace SEGGER J-Link Path
Workspace Toolchain Path

» General
P C/IC++
¥ Freedom Studio

Global OpenQCD Path

@

Global Freedom E SDK Path
Global HW Breakpoint Limit

Global Register List File

Global SEGGER J-Link Path
Global Toolchain Path
Workspace Freedom E SDK Path
Workspace HW Breakpoint Limit
Workspace OpenQCD Path
Workspace Register List File
Workspace SEGGER J-Link Path
Workspace Toolchain Path

Preferences

Global Toolchain Path Hv v w

Select the root directory of the globally preferred Newlib riscv64-unknown-elf toolchain. The chosen directory must contain a 'bin' directory with an executable compiler. Leave blank
to have no preference. This global setting can be overridden by the workspace preference, or the project property setting.

Toolchain Path  /Users/mac/SiFive/FreedomStudio-2019-03-0/FreedomStudio.app/Contents/Eclipse/SiFive/toolchain/riscv64-unknown-elf-gcc-8.2.0-2019.02.0 Browse...

1. Point to tools with different configurations like multilibs, cmodel, ...
2. Point to newer tools with new features or bug fixes
3. ..

Global OpenOCD Path GO v ow

Configure the location of the OpenOCD Executable (in 'bin’ directory). The values are stored within Eclipse. Unless redefined more specifically, they are used for all projects in all
workspaces.

After installing OpenOCD updates, restart Eclipse for the defaults to be re-evaluated and use the Restare Defaults buttan to configure the new location.

OpenOCD Path:  /Users/mac/SiFive/FreedomStudio-2019-03-0/FreedomStudio.app/Contents/Eclipse/SiFive/openocd/riscv-openocd-0.10.0-2019.02.0/binfopenocd Browse...

Restore Defaults Apply

Cancel Apply and Close




&  Accessing bundled documentation

SiFive

l.c| sifive-welcome.c

B S

& Browse Tools Docs £

Tools documentation paths:

Tools documentation links:

* /freedom/studio/
* /sifive/devkit/

¢ /annotate/

* [as/

* /bfd/

¢ /binutils/

* [cpp/

« [gee/

* [gdb/

* /gmp/

* [gprof/

* /Id/

* /mpc/

 /mpfr/

» /newlib/libc/

e /newlib/libm/

* [porting/

* [stabs/

* /openocd/openocd/

Freedom Studio User Manual
SiFive DevKit Documentation
GDB’s Obsolete Annotations
Using as

Using bfd

GNU Binary Utilities

The C Preprocessor

Using the GNU Compiler Collection (GCC)
Debugging with GDB
GNUMP6.1.0

GNU gprof

LD

GNUMPC1.0.3

GNU MPFR 3.14

The Red Hat newlib C Library
LIBM

Embed with GNU

STABS

OpenOCD User’s Guide

/Users/mac/SiFive/FreedomStudio-2019-03-0/FreedomStudio.app/Contents/Eclipse/doc/html
/Users/mac/SiFive/FreedomStudio-2019-03-0/FreedomStudio.app/Contents/Eclipse/doc/html/other
/Users/mac/SiFive/FreedomStudio-2019-03-0/FreedomStudio.app/Contents/Eclipse/SiFive/toolchain/riscv64-unknown-elf-gece-8.2.0-2019.02 .0/share/doc
/Users/mac/SiFive/FreedomStudio-2019-03-0/FreedomStudio.app/Contents/Eclipse/SiFive/openocd/riscv-openocd-0.10.0-2019.02 .0/share/doc

Search

(@ Help Contents

@ Search

Show Contextual Help
&) Browse Tools Docs

Show Active Keybindings...

Tips and Tricks...
Cheat Sheets...

@ Eclipse User Storage
% Check for Updates

(g- Install New Software...

13 Eclipse Marketplace...

d
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