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Preface

About this guide and technical support information.

About this document
This document mainly provides the users with the necessary information to use StarFive StarStudio.

StarFive StarStudio provides users an interface to interact with StarFive Bare Metal SDK and StarFive Linux SDK to perform
various actions.

This document is intended to help users:

« Use StarFive StarStudio with Linux SDK as described in Using StarFive StarStudio with Linux SDK (on page 7).

¢ Use StarFive StarStudio with Bare Metal SDK as described in Using StarFive StarStudio with B A :
18).

Revision History

Table 0-1 Revision History

Version Released Change Description

0.1 2022/06/16 Preliminary version.

0.2 2022/09/07 Updated the product

0.3 2022/10/20 Editorial upda

Notes and notices
The following notes and notices might appear in this guide:
. e Tip:
Suggests how to apply the information in

Warning:
Indicates that an action or step can result in physical harm or cause damage to hardware.

vi



1. Using StarFive StarStudio with Linux SDK

This chapter provides steps to use StarFive StarStudio with Dubhe Linux SDK.
It contains the following procedures:

1. Complete the Prerequisites (on page 7)

2. Start Up StarFive StarStudio (on page 8)

3. Importing eSDK (on page 8)

4. Modifying Packages (on page 9)

5. Importing Packages to Project Explorer (on page 10)

6. Building Packages and QSPI Image (on page 11)

7. Running QEMU (on page 12)

8. Flashing Binary into FPGA (on page 13)

9. Debugging OpenSBI or Linux Kernel (on page 14)

1.1. Prerequisites

Make sure you extract and install both StarFive StarStudio and StarFive, Linux eSDK on yourhost machine before starting up the
StarFive StarStudio:

1. Copy the St ar St udi o- bet a- 202206. t ar . gz filedfitoyourdirectonyand untar it:
$ tar -zxvf StarStudio-beta-202206.tar.gz
Result
The extracted folder is ready to use.
2. Install the Linux eSDK by running the following two scripts:

° $_4X86_64-bui | dt ool s- nati vesdk- st@andal one- nodi stro. 0. sh

Figure 1-1 Example Command and Odtput
[+ thloh@thloh-VvirtualBox: ~/build4/build/tmp-glibc/deploy/sdk Q = = o X
X

ls-nativesdk-standalone-nodistro.0.sh
Build tools installer sion nodistro.®

S ./x86_64-buildtoo

Enter target directory for SDK (default: /fusr/local/oecore-x86_64):

You are about to install the SDK to "/usr/local/oecore-x86_64". Proceed [Y/n]? y
Extracting SDK. v

Setting it up...
SDK has been

essfully set up and is ready to be used.

Each time you wish to use the SDK in a new shell session, you need to source the
environment setup script e.g.

S . Jusr/local/oecore-x86_64/environment-setup-x86_64-oesdk-1inux

S

7 © 2018-2022 StarFive Technology www.starfivetech.com
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| 1 - Using StarFive StarStudio with Linux SDK

°$ ./oecore-x86_64-riscv64-tool chain-ext-nodistro.0.sh

54-riscv64-toolchain-ext-nodistro.0.sh

You are about to install the SDK to "/home/mdcfpgal/jy_workspace/fesdk_openocd”. Proceed [Y/n]? ¥

Extracting SDK

Setting it up.

Extracting buildtools...

Preparing build system...

Loading cache: D% | | ETA: R
arsing recipes: B2% |#EsEEHEHHEEH RS R G R R R R R R R R R

1.2. Start Up StarFive StarStudio

To start up the StarFive StarStudio, perform the following steps:
1. Go to the StarFive StarStudio folder and open the executable to open StarFive StarStudio:
2. Select Workspace for StarFive StarStudio IDE and click Launch.

3. Close the Welcome tab.

1.3. Importing eSDK

Perform the following steps to import eSDK:
1. Click Import Projects under Project Explorer on the'left side of your, StarFive StarStudio, workbench.
2. Select StarFive Dubhe Linux SDK under the StarFive folder from the Imiport Wizard, and click Next.
3. Import StarFive Linux SDK project as prompted:
° Project Name: The project name. For example, I i nuf_sdk.

o Existing eSDK Location: The directory of the installed eSDK that you,want to import. For example, / homne/
jytan/linux_sdk.

o Olimex OpenOCD Config File Location:The®©penOCD Confg file location. The default file is <e SDK>/ t np/
depl'oy/ 1 mages/st ar f i ve- ddbhel ol idrex-openocd_s5. cf g.

4. Click/Finish and'the directory of the eSDK will be igiported.,

Note:
The indexing for the build foldert nmp/ is disabled as the directory is too large.

Result:

www.starfivetech.com © 2018-2022 StarFive Technology 8
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| 1- Using StarFive StarStudio with Linux SDK

You will also be greeted with the StarFive Linux SDK View:

Figure 1-3 StarFive Linux SDK

[[] starFive Linux SDK x = 0
eSDK Project: —
eSDK environment script: environmentsetup-riscv64-oe-linux Default

Devtool Modify to Generate Source Codes:

Modify Package
Import package source codes: ~- || Load Packages @port...
Build imported package: ~ || Load Im%rt Padkag Buil
Build QSPIImage: \
Run RISC-V 64-bit QEMU:
Flash QSPI Image into FPGA: 0&

For instructions to modify the package, see the Modifying Package page 9) se
1.4. Modifying Packages
Perform the following steps to modify the packages:

1. On the Sta K tab, configure the fo

roject that g eSDK (on page 8). For example, choose

urce Codes: Th ckage that you want to do development on. For example,

s to modify packages, refer to the Developing Applications or Modifying
Linux SDK User Guide.

Result:

9 © 2018-2022 StarFive Technology www.starfivetech.com
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| 1- Using StarFive StarStudio with Linux SDK

The package source code is pulled into the workspace directory, and a terminal in StarFive StarStudio will be running the
command:

Figure 1-4 Terminal Interface

[ StarFive Linux SDK £ = O B console & Terminal 2 B & | 5 & B T ® =0
& <closed> Devtool Modify opensbi &2 |

eSDK Project: linux_sdk ™ |lsDK environment now set up; additionally you may now run devtool to perform development tas
ks.
eSDK environment script: environment-setup-riscv64-oe-linux Default Run devtool --help for further details.
NOTE: Starting bitbake server...
Loading cache: 100% | | Time: 0:00:02
. . Loaded 3865 entries from dependency cache.
Devtool Modify to Generate Source Codes: NOTE: Resolving any missing task queue dependencies
opensbi Madify Package Initialising tasks: 100% | # | Time: 0:00:03
Sstate summary: Wanted @ Local ® Network @ Missed @ Current 10 (8% match, 180% complete)
NOTE: Executing Tasks
Import package source codes: ~ || Load Packages Import... NOTE: Tasks Summary: Attempted 83 tasks of which 80 didn't need to be rerun and all succeed
ed.
o . ~ INFO: Source tree extracted to /home/jytan/linux_sdk/workspace/sources/opensbi
Build imported package: ~ | Loadimported Packages | Build Package INFO: Using source tree as build directory since recipe inherits autotools-brokensep
INFO: Recipe opensbi now set up to build from /home/jytan/linux_sdk/workspace/sources/opens
Build QSPI Image: Build QSPIImage || bi
Run RISC-V 64-bit QEMU: Run QEMU

Flash QSPIImage into FPGA: Settings... @

1.5. Importing Packages to Project Explorer A/

rStudio's Proje lor
acka e&a

After the modification process is done, you can now import the package into Star,
opensbi package, perform the following steps:

1. Select the eSDK project under Import package source codes, an

tab to load the packages available.
2. Press the Import... button. &
Result:

you will be directed to a simple import wizard. The data wi

Linux SDK

Figure 1-5 Import Wizard

kspace/sources/opensbi Browse...

»

3. Press Finish to complete the import package process.

www.starfivetech.com © 2018-2022 StarFive Technology 10
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4. (Optional) If the Project Explorer is still the same after you import the packages, you will need to click the settings
button on Project Explorer, and go to Projects Presentation to choose it in a Flat mode:

Figure 1-6 Choose Flat Mode
5 Project Explorer 2 E= Outline = 0 [ starFive Linux SDK &3
sdk

Flat
. ﬂierarchicah:r

~ 1= linux_sdk
» (@ Build Targets

Projects Presentation

Top Level Elements »

» & buildtools Select Working Set...

b (= cache _
= Deselect Working Set odes:
» = conf : i .
Edit Active Working Set...
b = downloads o . .
b = layers & 1 Window Working Set
» = sstate-cache Package Presentation -
P = sysrooks v Show 'Referenced Libragies'

» = workspace 7 Filters and 0 tioM:
P 3 Etmp 4, Link with Editor

bitbake-cookerdaemon.log |
environmentsetup-riscved-oe-linux

Run RISE- bit QEMU:
preparing_build_system.log a~y
{% run.sh sh @5PldMage ko FRCAdgy,
site-config-riscve4-oe-linux
version-riscvéd-oe-linux
Result:
After choosing the settings, you will now notice that the packag is roject Explorer now:

Figure 1-7 Imported Package

i Proj er 2 2= Outli B
g

4 inux_:

ol]

1.6. Bui QSPI Image

After modifying your packa

1. Click Build Package

you can now build the package.

ad the packages available and to build the package.
Result:

11
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Figure 1-8 Example Output

[ StarFive Linux SDK 2% = B B Console & Terminal % B & 0 G BB m & = o
. inux sk B <closed> Devtool build opensbi 5 |
SSDRECIScE Inux_s SDK environment now set up; additionally you may now run devtool to perform development tasks.
Run devtool --help for further details.
eSDK environment script: environment-setup-riscvé4-oe-linux Default  NOTE: Starting bitbake server...

NOTE: Reconnecting to bitbake server...
NOTE: Retrying server connection (#1)...
NOTE: Reconnecting to bitbake server...

Devtool Modify to Generate Source Codes: NOTE: Previous bitbake instance shutting down?, waiting to retry...
opensbi Modify Pat NOTE: Retrying server connection (#2)...

Loading cache: 100% | | Time: 0:00:01
Loaded 3864 entries from dependency cache.

Import package source codes: opensbi ~ || Load Packages Import... | [Parsing recipes: 100% | | Time: 0:00:1€
Parsing of 2491 .bb files complete (2489 cached, 2 parsed). 3865 targets, 172 skipped, © masked, @

Build imported package: opensbi ~ || Load Imported Packages | Build Pack Eggsir:é cache: 100% | | Time: :00:0¢
Loaded 3864 entries from dependency cache.

Build QSPI Image: Build Qsp Parsing recipes: 100% | | Time: ©:00:07
Parsing of 2491 .bb files complete (2489 cached, 2 parsed). 3865 targets, 172 skipped, © masked, @

A errors.

RUNRISC-V 64-bit QEMU: Run QEMLU \yotE: Resolving any missing task gueue dependencies
Initialising tasks: 100% | | Time: 0:00:0¢

Flash QSPI Image into FPGA: Settings... Checking sstate mirror object availability: 100% | | Time: ©:60:01

Sstate summary: Wanted 184 Local @ Network ® Missed 184 Current 827 (0% match, 81% complete)

NOTE: Executing Tasks

NOTE: linux-starfive-dev: compiling from external source tree /home/jytan/linux sdk/workspace/sourc
es/linux-starfive-dev

NOTE: opensbi: compiling from external source tree /home/j
NOTE: Tasks Summary: Attempted 3101 tasks of which 3045
NOTE: Build completion summary:

NOTE:  do populate sysroot: 0.0% sstate reuse( setsc
NOTE:  do package ga: 0.6% sstate reuse(@ setscen
NOTE:  do package: 0.8% sstate reuse(® setscene,
NOTE:  do packagedata: 08.0% sstate reuse(® setscen

NOTE:  do package write ipk: ©.8% sstate re
NOTE:  do populate lic: 8.0% sstat se:

._sdk/workspace/sources,/opensbi
to be rerun and all succeeded.

2. (Optional) Build a new updated QSPI Image by clicking the Build QSPI Im on.

Figure 1-9 Build QSPI Image

B Console @ Terminal &2

B2 <Closed> Build QsPI Image &2
SDK environment now set up; additionally y
Run devtool --help for further details.

NOTE: Starting bitbake server...

MOTE: Reconnecting to bitbake server...

MOTE: Retrying server connection (#1)...
NOTE: Reconnecting to bitbake server...

NMOTE: Previous bitbake instance shutting down?, wai
Retrying server connection (#2)...
Loading cache: 100% | ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Fp ot R it i b ot i o i R | Time: 0:00:02
Loaded 3864 entries from dependency cache

Parsing recipes: lgﬂ% l ,,,,,,,,,,,,,,,,,,,,,,,,, £ o '_‘, Lty o e e B e B e e e o oot I l Time: ﬂ:aﬂ:lf
i files complete (248¢ ed)."3865 targets, 172 skipped, 8 masked, @

ipe linux-starf : produce a package with the same name
image with t dditional packages: opensbi
.......... i L e ...............-.....-. Time: aaaa[

es from_dep
recipes: 1088 : | Time: ©:00:0¢
g of (2488 cached, 3 parsed). 3865 targets, 172 skipped, © masked, @

ependencies
A A A A A | Time: ©:00:0¢
pilability: 100% Time: 0:00:0¢
0 Network 8 Missed 276 Current 1897 (0% match, 79% complete)

for arch starfive dubhe: 100% |#####s#niaatd| Tine: 0:00:0C

queue d

Wanted 276
e obj

ry: Attem
Build completd :
do_packa p.0% sstate reuse(® setscene, 2 scratch)
do package: 8.0% sstate reuse(® setscene, 1 scratch)
do package write ipk: 0.0% sstate reuse(@ setscene, 2 scratch)
INFO: Successfully built gspi-image. You can find output files in /home/jytan/linux sdk/tmp/deploy,
images/starfive-dubhe

3933 tasks of which 3918 didn't need to be rerun and all succeeded.

1.7. Running QEMU

To run a QEMU image, press the QEMU button.

The following is the example output:

www.starfivetech.com © 2018-2022 StarFive Technology 12
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Figure 1-10 Example Output

& Console (® Terminal x B & L Ee BT & = B

B Run QEMU X |
rungemu - INFO - Using preconfigured tap device tap®

rungemu - INFO - If this is not intended, touch /tmp/gemu-tap-locks/tapd.skip to mak
e rungemu skip tap@.

rungemu - INFO - Network configuration: ip=192.168.7.2::192.168.7.1:255.255.255.0
rungemu - INFO - Running /home/jytan/esdk openocd/tmp/work/x86 64-linux/gemu-helper-
native/1.0-rl/recipe-sysroot-native/usr/bin/qemu-system-riscvé4 -device virtio-net-p
ci,netdev=net®,mac=52:54:00:12:34:02 -netdev tap,id=net@,ifname=tapd,script=no,downs
cript=no -object rng-random,filename=/dev/urandom,id=rng@ -device virtio-rng-pci,rng
=rng® -initrd /home/jytan/esdk openocd/tmp/deploy/images/starfive-dubhe/dubhe-image-
initramfs-starfive-dubhe.cpio.gz -smp 8 -machine virt -cpu rve4,x e, X-b=true
-m 2048 -serial mon:stdio -serial null -nographic -bios /home/j » openocd/tm
p/deploy/images/starfive-dubhe/fw payload.bin -kernel /home/jyta
eploy/images/starfive-dubhe/Image-initramfs-starfive-dubhepbi

m@ rw debugshell mem=2048M ip—lgz.lﬁﬁ.?.z::192.168.?Q
OpenSBI vl1.0 Q

Platform Name

Platform Features
Platform
Platform
Platform

1.8. Flashing Binary into FPGA

To flash the generated FPGA Binary Image (QSPI - | mage. bi n) into the FPGA, perform the following step:

Press Settings... button on the Flash QSPI Image into the FPGA row:
Result:

An FPGA Window will pop out:

13 © 2018-2022 StarFive Technology www.starfivetech.com
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Figure 1-11 Popup Window
FPGA Binary Q5PIl-lmage Flash Assistant

(D Choose the intended QSPI-image.bin to flash into the FPGA. It will be
flashed starting from the 0x20000000 address.

-

QSPI Image Directory: | || Browse...
Starting Flash Address: | 0x20000000

Offset Address: | 0x0

@

An openocd config file will be generated and it will start to flash the binary imag
while for the image to be flashed, depending on the size of the binary file.

Figure 1-12 Example Output
B Console @ Terminal 3

& «Closed= FPGA Flashing &3

SOK environment now set up; additionall

asks.

Run devtool --help for further details.

Open On-Chip Debugger ©.11.8+dev-82358-ga@37

Licensed under GNU GPL w2

For bug reports, read
http://openocd.org/doc/doxygen/bugs

configure work area ..................

configure work areagcomplete...........

configure

adapter clocks, try the command "ftdi t

ice found: @xegeeecfd (mfg: 8x67e (<unknown=), part: 8x

Boee

Info gbufsize=16
Info reads from CSRs.
Info d 2 harts

Info : h
[riscv.cpu]
Info : star
Info : Listening
Info : JTAG tap: ri
0068, ver: Gx8)
Info : Found flash device 'mac 66ulg45g° (ID Bx@83b25c2)
I am flashing...

Info : Disabling abstract command writes to CSRs.

Done flashing!!!

shutdown command invoked

800000EEE01411aT

examined.

riscv.cpu on 3333

for gdb connections

.cpu tap/device found: &x@eeeecfd (mfg: Bx67e (<unknown=), part: Ox

1.9. Debugging OpenSBI or Linux Kernel
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Prerequisite:

The StarFive Linux eSDK project, openSBI or Linux Kernel (I i nux- st ar fi ve- dev), is imported into StarFive StarStudio, and
two configurations are auto-populated: openSBI and Linux Kernel:

To debug OpennSBI or Linux Kernel, perform the following steps:

1. Navigate to Run > Debug Configurations... and double click GDB OpenOCD Debugging. There will be two default
configs available:

Figure 1-13 Auto-populated Configuration

IR TR S VWRRT e I.-quIJuHHIIIH

~ [c]GDB OpenOCD Debugging
[c|StarFive Default Linux Kernel Config
[t |StarFive Default OpenSBI Config

2. Choose the configuration (openSBI in this example) and press Debug to debug with the ¢

Result:

You can now debug OpenSBI! For a detailed introduction to debugging onfStarFi tudio, see D

StarFive StarStudio (on page 24).

Figure 1-14 Example Output

File Edit Mavigate Search Project Run Window Help
O~H@Q Bi8i%isw POENe.: B S H~O0-Q~iE i Q im &
4 Debug {5 Project Explorer 2 Disassembly 1 = H G Debugger Console &2 m8~ =0
enter locationhere « | &) f [@@| 9 = 3§ |OPENOCOSpike OpensBi [CDE Of
©60B0ARGBEBORRAC:  Jal  ra,EXUODOBISE <fw bOOT harts For help, type *help®
add a8, a8, rero Type "apropos word® t
96000060B0DORA 16 : add 26,40, Zero Warning: the current
54 MOy 3R a6, B, al, sl, a2, s Function ‘main not d
cecocoeooocoals:  add  8e,50,zero Wo source file named n
[* 0600000020000 18 add al,sl,zero step
©6000069800006 1C add a2,s2,zero step
55 U oar, 1 s2 call  fw beot hart
0600006020000826: i a7,-1 ext
beq 36, a7, try lottery next
8600006080000822: beg a6,a7,0x8000802a < try lottery> 53 add a6, a8, ze|
bne 20, 26, wait relocate copy done
060000EAS0D0AA26: bne a0,a6,0x800080e0 < wait relocate copy do  next
Ula a6, relocate lottery 54 WOV 3R a6, 59, al, s1, &
_try_lottery: stepl
©600006080000824: auipc  al,@x1s stepi
BEOIOAEASEB0E 2e Eﬂeli ]aﬁiaﬁ,-ﬂ # 8xBep15608 x00000600EE000018 54
82 i a7,
0680D0REAEERORASZ: u a7,1
amaadd.w a6, a7, (a6) ©Console [ Fw base.s 1 1 =

©60900608009034;  enoadd.u 26,27, (a6)
64 bnez a6, wait relocate copy done
<_wait_relocate_copy_dones

67
©60000608000003¢:
£60OREABEDODALE:

al

u 0,
sub t2, t1, 10 e
sub 2,T1,18
lla t3, _runt

ifdef P _PIC
4+ relocate the global Wle content +/

You will to view the FPGA's output. For instructions for setting up minicom, see

View FPGA t (on page 15).

1.9.1. Install x to View FPGA Output

To connect to the FPGA via o view the FPGA's output, perform the following steps:
1. To install minicom on Linux, run this command:

$ sudo apt-get install minicom
2. You can check which serial port the FTDI USB UART (not the Olimex JTAG) is connected to using the command $ |'s

-1R /dev/ seri al . Ensure that the FTDI USB UART has the correct serial number for Dubhe (in case you are connecting
to more than 1 FTDI UARTS).
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Figure 1-15 Example Output

1s -1R /dev/serial

fdev ial:

total
80 Mel
80 Mei

Y ydev/serial/by-id:
total ©

1 root 13 Meil
13 Mei

3. Execute the following command to set up minicom:

$ sudo minicom-s
Result:
You will be brought to an interface shown below:

Figure 1-16 Example Output

[configuration]
Filenames and paths
File transfer protocols

Modem and dialing

Screen and keyboard
Save setup as dfl
Save setup as..
Exlt

from Minicom

4. Go to Serial port setup and press A. Change the serialkdevice to the portdhat the FTDhis connected to (for example: /
dev/ttyUSB1). Press Enter after typing the serial port namegand typefF to set the Hardware Flow Control to No. Ensure
that the baud rate in E is 115200.

Figure 1-17 Example Interface

jytan@jytan: ~/Desktop

serial Dewic ev/ttyUSB1
Lockf /lock
1 1\ Prograr
Prograr
ar /Bits 115200 8N1
Flow No
No

| keyboard

setup as..

from Minicom

5. Go to Save setup as dfl and press Ent er to save the configuration. Then, go down to Exit from Minicom to exit.
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Figure 1-18 Example Baud Rate

[configuration]
Filenames and paths
File transfer protocols
Serial port setup
Modem and dialing

Screen and keyboard Screen and keyboard
cave setup as dfl

Save setup as dfl
Save setup as.. Save setup as..
SSs Exit

Exit from Minicom Exit from Minicom

[configuration]
Filenames and paths
File transfer protocols
Serial port setup
Modem and dialing

6. After successfully saving the configuration, you can now use this command in thie teffinal'to get accesstothe FTDI USB

port:

$ sudo ni ni com

Figure 1-19 Example Output

M mdcfpgal@mdcfpgal-virtualBox: ~/jy_workspace

Welcome to minicom 2.7.1

OPTIONS: I18n

Compiled on Dec 23 2019, 02:06:26.
Port /dev/ttyUSB1, 09:46:34

Press CTRL-A Z for help on special keys

starfivell

After successfully saving the configuration, you can now use this command.in theiterminal to get access to the FTDI USB port:

$ sudo ni ni com

17
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2. Using StarFive StarStudio with Bare Metal SDK

This chapter provides steps to use StarFive StarStudio with Dubhe Bare Metal SDK.
It contains the following procedures:

1. Complete Prerequisites (on page 18)

2. Start Up StarFive StarStudio (on page 8)

3. Importing StarFive Bare Metal SDK (on page 18)

4. Building and Cleaning Program (on page 19)

5. Adding New Compile Program (on page 20)

6. Debugging with Single Core or Multi Cores (on page 22)

2.1. Prerequisites &

Make sure you perform the following steps before starting up the StarFive StarStudio: \
1. Extracted StarFive StarStudio on your host machine.
2. Copy the St ar St udi o- bet a- 202206. t ar . gz file into your, and untar it:

4

$ tar -zxvf StarStudio-beta-202206.tar. gz
Result &

The extracted folder is ready to use.

3. Extracted and installed StarFive Bare Metal SDK on your ma
4. Have a pre-built StarFive bare metal toolchain on your host
Note:

To obtain Bare Metal SDK and toolchain fi tot he Bare Metal SDK User Guide for the
steps to install.

2. Se or StarFive Sta io IDE and click Launch.

3. Close the

2.3. Importing e Bare Metal SDK

1. Click Import Projects in Project Explorer on the left side of your StarFive StarStudio workbench:
2. Select StarFive Dubhe Baremetal SDK under the StarFive folder from the Import Wizard, and click Next:
3. Choose your existing Bare Metal SDK:
4. Import the Bare Metal SDK project as prompted:
o Project Name: The project name. For example, bar e- net al - sdk2.

o Existing SDK Location: The directory of the existing bare metal that you want to import. For example, / hone/
j yt an/ Deskt op/ bar enet al / SDK/ 20220513/ bar e- net al - sdk.
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5. Click Finish and the files and directory of the SDK will be imported.

Result:

You will be greeted with the StarFive Bare Metal SDK view:

Figure 2-1 StarFive Baremetal SDK View
[ StarFive Baremetal SDK 53 = B8

Project Name ~

Toolchain Path:

Browse...
PROGRAM ~- || Load Programs from Project
TARGET ~
CONFIGURATION ~
BUILD PROGRAM | CLEAN PROGRAM ADD NEW PROGRAM
Debug ELF with FPGA
Debug Config:

Note:
You can also re-open the Baremetal view by going to Window Q .
6. To start compiling programs for Dubhe, you will need to fill in @ me in with the
vie

pre-built bare metal toolchain) on the StarFive Bare Meta

AM to build the program with the selected

2.4. Building and Cleaning Progra
This section provides steps to build and clean the program:
1. Choose the PROGRAM, and click Load Programs from Project ill the programs located in the directory
<bar enet al _SDK>/ sof t war e.
. ILD P

Configuration for con/

tal/SDK/20228513/bare-metal-sdk/scripts/elf2hex/install/bin/. /riscve4-unknown-elf-elf2bin’
0220513/bare-metal-sdk/scripts/elf2hex/install/lib/python2.7/site-packages’
al/SDK/20220513/bare-metal-sdk/scripts/elf2hex/freedom-bin2hex.py '/home/jytan/Desktop/baremetal/SDK/20220513,

X L4085 BE-EE #BR-00- -0

freedom-binzhex.

make[2]: Leaving di
make[1]: Leavd
touch -c scri
scripts/elf2hex, i i - --output /home/jytan/Desktop/baremetal/SDK/20220513/bare-metal-sdk/software/atomics/release/atomics.hex --in

‘emetal/SDK/20220513/bare-metal-sdk/scripts/elf2hex/build®
emetal/SDK/20220513/bare-metal-sdk/scripts/elf2hex/build’

10:01:55 Build Finished took 10s.255ms)

3. Locate the build outputs in the directory <bar enet al _SDK>/ sof t war e/ <pr ogr an®/ <conf i g> after the build

is finished:

19
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Figure 2-3 Example Build Outputs
&5 Project Explorer 22 2= Outline

]
Qi
=]

=% = bare-metal-sdk [bare-metal-sdk master]
b % >bsp
b 3 Ffreedom-metal
b (23 FreeRTOS-metal
P B > scripks
* % > software
« [y = atomics

- 5 =release
i: atomics.elf

=, atomics.hex

=; atomics.Ist \
=; atomics.map
4. (Optional) You can also click CLEAN PROGRAM to remove the p% directory fro Bare DK folder.
& Console 2
CDT Build Console [bare-metal-sdk]

Result:

10:03:13 #*#* (lean-only build of configuration D, j -metalesdk **++
make PROGRAM=atomics TARGET=dubhe-rtl CONFIGURATI
make -C /home/jytan/Desktop/baremetal/SDK/20220513/ba
make[1]: Entering directory '/home/jytan/Desktop/bare [ 3/bare-metal-sdk/software/atomics’
rm -f atomics atomics.hex
make[1]: Leaving directory '/home/jytan/Deskto 13/bare-metal-sdk/software/atomics"’
rm -rf /home/jytan/Desktop/baremetal/SDK/20
rm -rf script ex/build scripts/elf2h
rm -rf sktop/baremetal/sDI al-sdk/bsp/dubhe-rtl/install

m - n/Desktop/baremetal/s sdk/bsp/dubhe-rtl/build/release

Figure 2-4 Clean Program Output

rrors,
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1. Choose the project and click Add New Program in the Baremetal View and a pop up will appear:

Figure 2-5 Example Pop Up

Add New package to StarFive Baremetal SDK

(D Type the intended package name to be added into the Baremetal SDK
directory. A sample Makefile and C code template will be created as

Project selected: bare-metal-sdk

New Program Name: | |

@ Q
2. Enter the project name, for example, t esti ng666 in New Progr g pre -
m

Result:

A new folder will be created in the Bare Metal SD ith sam plates of a
Figure 2-6 Example Output
* (% = testing666

b |5 testing666.c

| 5 Makefile
' - % | E

**************************************************\r\n“};

plate C file:

EXERER starFiue_Inc **!*!!x!***!!x*t**!!\r\n"}:
EREREE Example c code Template !!!!!!1!!!!!!1!2!!!!\r\n"}:
****************************************************\r\n“};
FEAN");
66 demo code #£50\n" ) ;

******************************************************\r\n“};

}
=int main()

{
welcome();
printf("[INFO]: testing666 PASSED!\r\n");
return 0;

}
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3. You can edit the C file and Makefile to any code for development, and the program can also be built via the StarFive
Baremetal SDK View:

Figure 2-8 Example Interface

[ Makefile [ testing666.c [ StarFive Baremetal SDK £

= O
Project Name bare-metal-sdk ~
Toolchain Path:

/home/jytan/Desktop/baremetal/baremetal-0430 Browse...
PROGRAM testing666 ~~ | Load Programs from Project
TARGET dubhe-rtl ~
CONFIGURATION  release ~

BUILD PROGRAM || CLEAN PROGRAM ADD NEW PROGRAM
Debug ELF with FPGA-

Debug Config: ~~ || DEBUG
& console = |

CDT Build Console [bare-metal-sdk]
End of search list.
"/home/jytan/Desktop/baremetal/baremetal-0436/bin/riscve4-unknown-elf-1d" -m elf64lriscv --gc-secti
make[1]: Leaving directory '/home/jytan/Desktop/baremetal/SDK/20220513/bare-metal-sdk/software/testil
mv /home/jytan/Desktop/baremetal/SDK/20220513/bare-metal-sdk/software/testing666/testing666 /home/jyt
mv /home/jytan/Desktop/baremetal/SDK/20220513/bare-metal-sdk/software/testing666/testing666.map /hot j
touch -c /home/jytan/Desktop/baremetal/SDK/20220513/bare-metal-sdk/software/testing666/release/tes;
/home/jytan/Desktop/baremetal/baremetal-0436/bin/riscv64-unknown-elf-objdump --source --all-heade!
/home/ jytan/Desktop/baremetal/baremetal-0430/bin/riscv64-unknown-elf-size /home/jytan/Desktop/barel
text data bss dec hex filename
24598 9216 28560 54374 d466 /home/jytan/Desktop/baremetal/SDK/20220513/bare-mj
scripts/elf2hex/install/bin/riscv64-unknown-elf-elf2hex --output /home/jytan/Desktop/ba

9!
ftware/test

remetal/SDK/
ease/testing

10:09:48 Build Finished. © errors, @ warnings. (took 653ms)

2.6. Debugging with Single Core or Multi Co

Prerequisite:

Use the debug function, make sure the followings are complete

* The bare metal SDK is imported as described in | i ive Ba al SDK (on page 18).

¢ The mini s described in Installi o View FPGA Output (on page 15).

This section p, single core o

n the StarFive Baremetal SDK view, and select Single Core

3. Click DEBUG.
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Result:

Figure 2-9 Example Output

Terminal ¥
mdcfpgat@mdefpgat-VirtualBox: ~/Desktop  Q

eclipse-workspace - Eclipse IDE

EraRRAARES R RRRRRS S StarFive. INC .

= R s mxnsxnrsamrrirnsas CLINE VeCtor INterrupt DEmo *+%*dixkxssstxis
i+ * 0-4Q ¥ AR AR AR AR AR AR AR R IR ARE R R AR ARRE SRR RRR R SRR AR R AR R RS
«** Description: R
% Debug X {5 Project Explorer - # § = O @ Debuggerconsole x []StarfiveBaremetalSDK  [€]_metal_driver_sifive_test0_exit( NNt e AN
[E]starFive Dubhe Single Core [GDB OpenOCD Debugging] itk b Tk 8k
{8 NEW_PACKAGE.elf INFO]: NEW_PACKAGE PASSED!
# Thread #1 (Suspended : Signal : SIGINT:Interrupt) GNU gdb (Starfive GCC-Baremetal-2022-04-30) 16.1
= - Copyright (C) 2020 Free Software Foundation, Inc.
e meta el Vel estol (/o CxA00x Sohe] License GPLU3+: GNU GPL version 3 or later <http://gnu.org/Licenses/gpl.html>
metal_shutdown() at 0x80005f56 This is free software: you are free to change and redistribute it.
1 openocd There is NO WARRANTY, t0 the extent permitted by law.

Type "show copying” and "show warranty® for details.

Jizocuknownclials This GOB was configured as "--host=x86_64-build_pc-linux-gnu --targe

Disassembly x = 5 Type "show configuration® for configuration details.
For bug reporting instructions, please see:
Enter location here 8 o B £ =4 £ | <https://ww.gnu.org/software/gdb/bugs/>
Find the GDB manual and other docunentation resources online at
0000000080005bf7:  addiw  al,al,-31 <http://www.gnu.org/software/gdb/docunentation/>.
0800006080005bf9:  ©x95a02133
0800000080005bfd:  andi  a4,a4,-7 For help, type "help”
0000000080005bf u a1,-31 Type "apropos word" to search for commands related to "word".
0800000080005¢01;:  1i 510,21
0000000080905C03:  srai  a5,a5,0x23 ¢
0000000080005c05:  C.nop 13 Continuing.
0860006080805C07:  ©x9300
0860000080805c09:  beqz  a1,0x80005¢31 <_metal drive | program received signal SIGINT, Interrupt.
0060000080005C0b 0x8888 0x0000000080005c0e in _ metal driver sifive test® exit ()
Jo 0000006680005cOd:  addi  gp,gp,16
0006000080605C0:  @x97a0
0000000080005c11:  c.nop 13
0000000080005c13:  €x9300 © console i Registers x (£ Problems (3 Executables [ Memory
0000000080005C15:  srai  al,al,exl
0000000080005c17:  1d $6,0(a5)
0860006880005c19:  fsd f51,40(a60)
cooeecocaoeosclb:  addi  s0,sp,128 [~ GeneralRegisters |
0800000080005c1d:  srli  a2,a2,0x1l fiizero 0

0000006030005c17:  addi  s@,sp,992

i f:
0800000080005c21:  €.nop 9 e (CEliie)

0000000080005c23:  addi 0, p,416 itisp 0x800094b0

ovecooeogoa0sc2s:  srai o826, 6xd ttigp o

0000000880905C27:  BXaaBOB2f7

0000000080003¢2b:  addi 5,35, -31 ititp 080008490 <_malloc_max_total_mem>
0000000080805c2d:  C.SULi zero,Bx9 g s

0800000080005c2f:  addi  $8,5p, 416

23
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3. Debugging on StarFive StarStudio

When debugging on StarFive StarStudio IDE, a lot of useful tools or views can assist you to debug more efficiently and
effectively. This chapter will introduce the Debug perspective and various views that are useful when debugging.

« Debug Perspective (on page 24)

* Memory View (on page 24)

« Registers View (on page 25)

« Setting Breakpoint (on page 25)

« Disassembly View (on page 26)

3.1. Debug Perspective ;@

During debugging, you can open the Debug Perspective on StarFive StarStudio to

following figure.

Figure 3-1 Example Debug Perspective

runtime-EclipseApplication - Eclipse Platform

File Edit Navigate Search Project Run Window Help
[®][e][®] [Orn ~|[E starFive Default Linuxkern ~ 4] v W @ @@ i%iw > o0 om 8w © e

QB bew

45 Debug 52 5 Project Explorer = % # § = O [starFivelinuxSDK B Debugger Console 2 i sions ., Peripherals &2 =8
No console to display at this time. cBe

=7 Disassembly 52 =g
Enter location here| ~ B8R e 8
INo debug context

Problems (O Executables [i) D ory, BNy =0
consoles to display at this time.

erspective > Other... > Debug

2. (Optional | Views such as Disassembly View, you can go to Window > Show View to open

3.2. Memory View

The Memory view in the Debug perspective enables users to monitor and modify the process memory. The process memory is
presented as memory monitors, and users can specify the base address or location of each memory monitor.

You can add or remove memory monitors in the Memory view, and each memory monitor can display the memory content in
different data formats such as hexadecimal or ascii.
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Figure 3-2 Memory View

B console 11! Registers [£! Problems {3 Executables @ Memory x wgowe G o R B § =B
Monitors & 3 3 |Ox8000564a:0xB000564A <Hex> X |t‘.‘z New Renderings...
o spc Address 0 -3 4 -7 8 - B c-F

0x8000564a 80005648 233CD4FC EFFO1FB2 QEVEENREL 01001305
80005658 65A4EFF@ BFBBA270 02742685 E2646561
80005660 82805971 22FP06F4 ©O1826EC OCE410ES
80005678 14EC18F@ 1CF42338 ©403233C 1403F327
80005680 ©034BC6E 13078480 233CE4FC 89888144
80005690 99E7A270 02742685 E2646561 8280AAB4
B800056A8 17350106 1305059F EFFO6FBE 833684FD
80005688 26868145 ©145EFFO FFAAAAB4 17350100

3.3. Registers View

StarFive StarStudio comes with a Registers view, that enables users to view the info of general-purpose régisters for the target
while debugging. Register values that have been changed would also be highlighted in the Regist e
stops. Users can also modify or assign the memory values of the target via Registers vi@

n the,program

Figure 3-3 Registers View
B Console 77 Registers X [*] Problems {J Executables [ Memory

Name value Description

‘ ~ 4 General Registers General se and gister Gr
litizero 0
fiira 0x8000090e <sbi_init+642>
titisp 0x80040F30
liigp 0x0
1itp 0x80041000 &

o
6 5K~

3.4. Setting Breakpoint

Users can set breakpoint during debugging.

Figure 3-4 Breakpoints

= Variables % B PExpressions =\ Modules 5. Pegifiife C

No details to display for the current selection.

Users can view, delete, or deactivate breakpoints and modify breakpoint properties with the Breakpoints view in StarFive
StarStudio. For users to set a breakpoint, users can either:
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« Right click in the left margin in the editor View and select Toggle Breakpoint. Double clicking the left margin of the line

works too:

Figure 3-5 Toggle Breakpoint

] StarFive Linux SDK & Debugger Console [£ sbi_init.c &2
& 47 sbi_printf("\n{}penSBI vad . %d\n", OPENSBI VERSION_MAJOR,
2% 48 OPENSBI_VERSION_MINOR);
49 #endif
50
51 #ifdef OPENSBI BUILD TIME STAMP
52 sbi_printf['Build time: %s\n", DPEHSBI_BUILD_TIHE_STAHP};
53 #endif
Toggle Breakpoint Shift+Ctrl+B
Add Breakpoint... OPENSBI BUILD COMPIL I0N) ;

« Alternatively, users can also set breakpoints during debugging. Via the debugg’:

hardware breakpoint (hbreak) or a software breakpoint (break).

Figure 3-6 Debugger Console

[ StarFive LinuxSDK | § Debugger Console x

StarFive Default OpenSBI Config [GDB OpenOCD Debugging]

GNU gdb (GDB) 16.1

and
by

show warranty* for details.
64-1.

<https: //waw.gnu. org/sof tware/ gdb/bugs/>.
Find the GDB manual and other documentation resources o
<http://wem.gnu.org/software/gdb/docunentation/>.

For help, type “hel
Type *
hb

sted breakpoint 2 at file

/iy

//anu.org/Licenses/gpl. html>

redistribute it.

_64-Linux - -target=riscv6d-oe-linux" .
etails.

nline at:

1pr.
apropos word* to search for commands related to “word".
intf

N

sbi, bi/sbi_console

3.5. Disassembly.View

iew the disass

The Disassem, w allow:
executed ass

ed by an arrow ma

s =
1 db (10.1)

} r
user ca ither a

3

e stepping of code while debugging. The current
lighted in the view.
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Figure 3-7 Disassembly View
£ Disassembly x = B8
Enter locationhere + | & f g §| il

* 00000E00BE00OGEad : I mv 51,a@
0600060600800006a6: csrr s3,mhartid

00000000BODOO6AA: i a5,127
0000000080000 sext.w s2,s3
£6000600860006D2 : d a0,48(ae)

00000000800006b4:  bltu  a5,s2,0xB800006da <sbi init+78>
00PEEE008EPOREDS: beqz ab,0x800006da <sbi init+78>
000006000800006ba: w s4,80(a@)

00000000800006be: MV al,s2

00000000500006c0:  jal ra,Bx80001362 <sbi_platform_hart_index>
060006600800006¢4 : sext.w a@,al

00000000B00006c6: bgeu  a@,s4,0x800006da <sbi init+78>

CLEEEEEREREEEITEN ld a5,32(s1)

B00E0EOOEER006CC: i a4,1

00000000B00006ce:  beg as5,a4,0x80000866 <sbi init+474>
00000000800006d2: i a4,3

0660066080000604 beq a5,a4,0x80000872 <sbi init+486>
00000000800006d8:  begz a5,0x800006de <sbi init+B2>
000000008008006da:  jal ra,0x800097ba <sbi hart_hang>
080000000800006de : 51 ae, 85

00000000800006L2: jal ra,Bx80003c56 <misa extension imp>
00000000500006e6:  bnez ab,0x80000872 <sbi_init+486>
06000000800006ea: csrr s6,mie

00000000800006e: csrsi  mie,8

BB0000B0BEREROET2: auipc a@,ex18

000000006000067T6:  addi ab,ab,-1754 # 6x86018618 <coldboot_lock>
DopeeooDBoDEBETa: jal ra,0x800049ae <spin_lock=
00000000800006Te: srai a5,s52,6x6

00EO6BODBEREBTE2: slli a5,a5,0x3

£000000080000704: auipc s4,0x18

0000000080000708:  addi  s4,s4,-1460 # 0x80018150 <coldboot hi

0600000BBE00070C:  add s4,54,a5

6oo0000RBR00670e:  1d a5,0(s4)

000000008A0R0712:  li s5,1 %
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