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« RISC-V:

« Linux: Linux kernel module
Foundation

* RISC-V Foundation

 The Linux Foundation

Open Source?(

 RISC-V
* Linux kernel repository 1
K

open

OSS
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« HW SiFive HiFivel(not rev. B)

- FPGA
« RTOS TOPPERS/ASP

. perf
NUCLEO-F401RE Arm® Cortex®-M4
CoreMark 3.42 CoreMarks/MHz(3 1)

B 1: https://developer.arm.com/ip-products/processors/cortex-m/cortex-m4
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=]y

 Arduino RISC-V

« FE310-GO000 RISC-V SoC
« RV32IMAC RV32 | , M ultiplyy, A tomic, C ompressed
. 16KB
- DTIM 16KB

. 2.73 CoreMarks/MHz [(3 1
. 1.496 CoreMarks/MHz [3 2

« SPI Flash memory

B 1: https://sifive.cdn.prismic.io/sifive%2Ffeb6f967-ff96-418f-9af4-a7f3b7fd1dfc_fe310-g000-ds.pdf
B http://msyksphinz.hatenablog.com/entry/2017/03/22/014143
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- TOPPERS/ASP B 1)
. ITRON

. KB
1MB

« ASP Advanced Standard Profile = ulITRON4.0
TOPPERS/JSP

. (HRP ) SMP
« ASP3 ASP tickless Ruby
« 2019 5 RISC-V_HiFivel ASP

B : https://www.toppers.jp/asp-kernel.html
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TOPPERS/ASPODEIL RIRIBZIBEUTCEILRK O— RS/ XEHE (1)

TOPPERS/ASP RISC-V Debianl0
toolchain SiFive HP riscv64-unknown-elf-gcc-8.3.0-
2019.08.0-x86_64-linux-ubuntul4.tar.gz
asp TOPPERS HP

multi arch
32bit binary

KIOXIA

asp-1.9.3.tar.gz
asp_arch_riscv32 _gcc-1.9.3.tar.gz
cfg-linux-static-1 9 3.9z

$ sudo dpkg --add-architecture i386
$ sudo aptitude update
$ sudo aptitude install -y libc6-dev-i386

riscv32-unknown-elf—riscve4-unknown-elf
STACK_SIZE 4K > 1536

© 2019 Kioxia Corporation. All Rights Reserved.
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sample

$ mkdir asp/OBJ-SAMPLE

$ cd asp/OBJ-SAMPLE

$../configure -T ../target/hifivel gcc/

$ make clean && make depend && make

perf perfo

$ mkdir asp/OBJ-PERFO
$ cd asp/OBJ-PERFO

$ ../configure -T ../target/hifivel_gcc/ -A perfO -a ../test -U "test_lib.o histogram.o”
$ make clean && make depend && make

KIOXIA © 2019 Kioxia Corporation. All Rights Reserved. 10
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sample *.0 asp) Size
. object file
« asp ELF Include
: : asp
object files (ELF binary)
1 )
asp source code

KIOXIA © 2019 Kioxia Corporation. All Rights Reserved. 11
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e Screen
* openocd openocd.cfg
R TaY asp
gdb .gdbinit binary
(perf)
. - (a)
* (a) openocd & gdb perf bianry HiFivel openocd
screen & adb
» text: 0x20000000(SPI Flash) (b) ]
- data: 0x80000000(DTIM) HiFivel :USB PC Linux OS)
* (b) screen perf (serial)

KIOXIA © 2019 Kioxia Corporation. All Rights Reserved. 12
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perf0

perfl
. wup_tsk
. slp_tsk

perf4
« task switch act_tsk

« task switch act_tsk
. lact_tsk act_tsk

perf 10000

KIOXIA © 2019 Kioxia Corporation. All Rights Reserved. 13



{ERBIETHRE UKLHERE

 toolchain toolchain

e asp cfg 32bit
« Linux distribution 32bit support
o 32Dbit multi arch

* openocd

« gdb

K ¥3$& 1 : TOPPERS/ASPDEJL RFIELEITFIEZDocker{k

KIOXIA © 2019 Kioxia Corporation. All Rights Reserved. 14



fERBETHRE ULRHRE

« perfO O 1000

Performance evaluation program (0)
Measurement overhead

0 : 9988
> 1000 : 10
> INT_MAX : 2

e test utml get_utm

system performance time goes back: 18616001(CYC) 18616000(TSK)
system performance time goes back: 18647001(TSK) 18647000(CYC)

system performance time goes back: 18649001(TSK) 18649000(CYC)
system performance time goes back: 18663001(TSK) 18663000(CYC)
system performance time goes back: 18667001(TSK) 18667000(CYC)

K X2 : ¥4 I0O0BMUTEHAY S /zDIFARIERIZget_utmZBiEAR

KIOXIA © 2019 Kioxia Corporation. All Rights Reserved. 15



fERBETHRE ULRHRE

« NUCLEO-F401RE ASP 84Mhz
. HiFivel ASP CPU 16MHz

K ¥R 3 : PLLOEEICK D CPUDRREZZE X Tt

KIOXIA © 2019 Kioxia Corporation. All Rights Reserved. 16



e (S D XI L

(a) docker build asp docker container
« asp source code @) e
. | code !
* toolchain | |
« 32bit multi arch R s SESEEERE e ,
, 1| aspbinary - (b) E
* asp source code i L(perd | |
e asp perf [ |
R ! screen openocd & gdb | |
(b) docker run HiFivel asp(perf) e ] |
docker
« docker screen
* docker openocd HiFivel ‘USB PC Linux OS)
* dOCkel‘ pel’f gdb (serial)

KIOXIA
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e (S D XI L

CPU

* mcycle
* mcycleh
CPU

« SystemFrequency
K

+#ifdef OMIT_GET_UTM

+#include "target_timer.h"

+ER

+get_utm(SYSUTM *p_sysutm)

+

SYSUTM utime = 0;

uint32_t mcycle_low, mcycle_high;
uint32_t mcycle_high_tmp;

do{
mcycle_high_tmp = read_csr(mcycleh);
mcycle_low = read_csr(mcycle);
mcycle_high = read_csr(mcycleh);

} while (mcycle_high_tmp !'= mcycle_high);

[* change clock count into micro sec */
utime += (SYSUTM)(mcycle_low / (SystemFrequency / 1000000));
utime += (SYSUTM)(UINT_MAX / (SystemFrequency / 1000000) * mcycle_high);

*p_sysutm = utime;

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

return(E_OK);
+}
+#endif

KIOXIA
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e (S D XI L

- CPU asp 16MHz
. DEFAULT_CLOCK ON
 PLL 256Mhz
. 280Mhz
« PLL
« PLL R=1 F=41 Q=3 84Mhz
« R=1F=37 Q=3 86Mhz

KIOXIA © 2019 Kioxia Corporation. All Rights Reserved. 19



sTAlFGER

d— RY A XD

« Arm® core gcc version 8.3.1 20190703
(release) [gce-8-branch revision 273027]
(GNU Tools for Arm Embedded Processors 8-
2019-g3-update)

« RISC-V gcc version 8.3.0 (SiFive GCC
8.3.0-2019.08.0)

(text

)

core
¢ asp

KIOXIA

object file

10.3%

17.8%

RISC-V Arm®

RISC-V Arm® core

asp
sum of *.0
wait.o |=
vasyslog.o
time_manage.o
time_event.o |=
task_sync.o |=
task_refer.o
task_manage.o [=
task_except.o =
task.o |=
t_perror.o
syslog.o [
Sys_manage.ol=
strerror.o
startup.o
start.o * RISC-V FE310-G00
serial.o [=
semaphore.o [= * Arm® Cortex®-M4
samplel.o
pridatag.o =
mempfix.o |=
mailbox.o |=
logtask.o f
log_output.o =
interrupt.o =
exception.o
eventflag.o |=
dataqueue.o ==
cyclic.o =
banner.o f
alarm.o |=

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
CODE SIZE(TEXT) BYTES

© 2019 Kioxia Corporation. All Rights Reserved. 20



sTAlFS R
perfo : JAIEA—/) AW RO

perfO histogram

o— Arm® Cortex®-M4 84Mhz o— RISC-V FE310-G000 86Mhz ——e— RISC-V FE310-G000 283Mhz

>
O
=
Q
=
(on
(&)
=
LL

100
Latency(micro sec)
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sTAlFS R
perfO : SIEA—/\AY RO : BEEZERDEE

perfO histogram

o— Arm® Cortex®-M4 84Mhz o— RISC-V FE310-G000 86Mhz ——e— RISC-V FE310-G000 283Mhz

>
O
=
Q
=)
(on
(&)
=
LL

100
Latency(micro sec)
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sTAlFGER

perfl : wup_tsklCc kDI XU DX RO

perfl wup_tsk histogram

o— Arm® Cortex®-M4 84Mhz o— RISC-V FE310-G000 86Mhz —e— RISC-V FE310-G000 283Mhz

Frequency

500
Latency(micro sec)
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sTAlFS R
perfl : wup_tsklCckDHRAOVIDEXIGRIOF M : BEERDZER

perfl wup_tsk histogram

o— Arm® Cortex®-M4 84Mhz +— RISC-V FE310-G000 86Mhz —e— RISC-V FE310-G000 283Mhz

>
&)
S
Q
=
o
(4]
=
L

500
Latency(micro sec)
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sTAlFGER

perfl : slp_tsklc KDY RO WD E X B

perfl slp_tsk histogram

o— Arm® Cortex®-M4 84Mhz o— RISC-V FE310-G000 86Mhz ——e— RISC-V FE310-G000 283Mhz

Frequency

60
Latency(micro sec)
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sTAlFS R
perfl : slp_tsklcKkDH RO HVDEZEOFHE : EXEERDEZE

perfl slp_tsk histogram

o— Arm® Cortex®-M4 84Mhz o— RISC-V FE310-G000 86Mhz ——e— RISC-V FE310-G000 283Mhz

>
O
=
Q
=)
(on
(&)
=
LL

ouv

Latency(micro sec)
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sTAlFGER

perf4 : task switchZ#D7ik W act_tskDE{THSEID i

perf4 act_tsk without task switch histogram

o— Arm® Cortex®-M4 84Mhz o— RISC-V FE310-G000 86Mhz =—e—RISC-V FE310-G000 283Mhz

Frequency

w
o
o
(@]

400 500
Latency(micro sec)
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sTAlFGER

perf4 : task switchZf#Sact_tskDE{TH5lEI D il

perf4 act_tsk with task switch histogram

o— Arm® Cortex®-M4 84Mhz o— RISC-V FE310-G000 86Mhz ——e— RISC-V FE310-G000 283Mhz

Frequency

50
Latency(micro sec)
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sTAlFESR
perfd : iact_tskDSEITHFEI D

perf4 iact_tsk with task switch histogram

o— Arm® Cortex®-M4 84Mhz o— RISC-V FE310-G000 86Mhz =—e—RISC-V FE310-G000 283Mhz

>
Q
=
()
=)
o
(&)
=
UL,

200

Latency(micro sec)
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. K docker
. K get_utm
« CPU K PLL
« Arm® Cortex®-M4 ASP object file 17.8%
. perf
. Arm® core systic reload
. FW load or
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