MRS ISSN 1003-3254, CODEN CSAOBN E-mail: csa@iscas.ac.cn
Computer Systems & Applications,2022,31(9):167—172 [doi: 10.15888/j.cnki.csa.008699] http://www.c-s-a.org.cn
O E RGBT TR . Tel: +86-10-62661041

E T RISC-V FE & openEuler %) COMO
R ARBES M A

RN, EER, AT, TERS

(TP 4R % 15 B # % 6, 7 & 330032)

(FBFRY BT51E 8 TR, L 200092)

(R E BB BAE TR, 15 100190) @
JB{E/E#: ¥ KM, E-mail: huangyukun@jxufe.edu.cn '
B AU WIERNEORIR R, WG ST IR M. RISC-V JFRIEL4ESEHI R openEuler JT I #/F
RGEAEBWITE R — NP RE . AT A A G2 B AR S &R, NGt S8R e g e it 7 R
BAEAE A& . SR, 72 H 2 SRR I R A St SR O R R A B . T JROHE SRR T 5 4 B Al Vit 1o AN % 58
. COMO 2R CH+4 % 7= 5 FH A E L EER, K COMO #i R 5 RISC-V. openEuler 454 BT RISC-V.
openEuler A A TEHT AT HAR G4 L e, AR CHE 1 #EHE T RISC-V 2244 #l openEuler #:4F R4t AEFF- &
i#47 COMO *@1#%3”—:?@@53?7%%@%%%E"JF.E[E%*D?:TYEE, FiE s SRR T COMO M AR 5 RISC-V 54
FELER N openEuler #E1F 2 St 13 25 M A AT 4714 5 J8k — AN B A S2 /23 COMO [ ServiceManager HE 42 7E 12 %%
THE IR, N A = TR S BN A ot 5N $E i XaaS 55 BIA AR A RE 7 T R AR 7 1) B adkAT 1
A FRE.

K §#18): RISC-V; openEuler #:1E R 4t; COMO 1+ AR; XaaS Ak 554844

SR HEMNEE R HBEF, FTER ST RISC-V *F & openEuler R4 COMO MR ARBE S M . HEH R 4N
F,2022,31(9):167-172. http://www.c-s-a.org.cn/1003-3254/8699.html

Transplantation and Application of COMO Component Technology Based on RISC-V
Platform and openEuler System :

HUANG Yu-Kun', PEI Xi-Long®, XU Zhi-Yu’, WANG Jian-Min’

'(School of Information Management, Jiangxi University of Finance and Eeonomics, Nanchang 330032, China)
*(College of Electronic and Information Engineering, Tongji University, Shanghai 200092, China)
*(Institute of Software, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: With the development of cloud computing and Internet of Things (IoT) technology, the edge computing mode
begins to emerge..On ‘ghe basis of the open-source instruction set architecture RISC-V and openEuler operating system
(OS), an open, flexible, evolving, and architecture-inclusive software ecosystem has been gradually formed, which
provides a good innovative software and hardware platform for the construction of edge computing applications.
However, the infrastructure such as software development environments, frameworks, and toolchains for edge computing
is not yet complete. The component model (COMO) is a component technology that solves the reuse issue for C++
software and assets, and the combination of which with RISC-V and openEuler is conducive to the development of RISC-
V and the openEuler ecosystem in a new software development architecture. Therefore, this study proposes the method of
operating the COMO program and transplanting the development environment on the software and hardware platform
based on RISC-V and openEuler OS, and an experiment proves the compatibility and feasibility of COMO with RISC-V
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and openEuler OS. In addition, a simple example is introduced for the application of COMO’s ServiceManager

framework in edge computing. The work makes a useful exploration in the component-based development mode of

providing XaaS services for edge computing applications oriented to cloud computing and IoT.

Key words: RISC-V; openEuler operating system; COMO component technology; XaaS service architecture
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1 Js.

APPs on COMO

Other APPs on openEuler
COMO

openEuler on RISC-V
RISC-V

K1 COMO 7E RISC-V #8425l openEuler #1E R4t L1
RO
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454, N openEuler 4225 BEIVE N 18T HRR 1 FNIE 7,
[FJIF, £& B RISC-V {4 AR M openEuler A4 25 Fl i &
Ji&, COMO R RE M 3RAT 5 Z L4328 FIEH.

2 COMO 7E RISC-V #5442 Fl openEuler
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2.1 ET QEMU #£3 RISC-V #4 openEuler &IN5

T COMO. openEuler- RISC-V HBAL T B R
A KRB B, MIEEIAG BT A — S SR B T
R I8 FE S AR L — T I A R A S
IR RS, B EAE NS AT IR S E T K
A, AR openEuler [ RISC-V BiR1F Ay 525030
150 H #i % FF“openEuler on RISC-V” {1 & 4
(1) NutShell ((£:5%, UCAS) COOSCA 1.0; (2) SiFive
HiFive Unleashed. S8 I 7E RISC-V AN &, £ 525
I REAEF & EREAT R0 TAE 2 81, #IH RISC-V 1)
QEMU #4T COMO F A i1 B, AT LA LU A A 4 e
ASFIR 5] B ARG 0E COMO A A AT 47 1A COMO #)
f4:7£ openEuler on RISC-V g7 2.

TAERI S —F F EiEid QEMU {5 & H RISC-V fiff
i AR SCHI SRR f2 X86 Y Ubuntu 18.04, LA K H &
Ym Pk RISC-V filt fy QEMUM 7,

ME 5 %R E R % openEuler RISC-V B AHRR,
Wit wget T ECH I M YR

I T 5 A2 JE B UL

$qemu-system-riscv64

-nographic -machine virt
-smp 8 -m 2G \
-kernel fw_payload_oe.elf " \
-drive 2 >
file=oe-rv-rv64g-30G.qcow2, format=qcow2, id=hd0
-object mg—ragdorﬂ, filename—/dev/urandom, id=rng0
-device virtio-rng-device, rng=rng0

-devicé virtio-blk-device, drive=hd0

-device virtio-net-device, netdev=usernet

-netdev user, id=usernet, hostfwd=tcp::12055-:22
-append 'root=/dev/vdal rw console=ttySO
systemd.default_timeout start sec=600 selinux=0

highres=off mem=4096M earlycon'

RISC-V & H X86 V& EHFEA M AL R4
BIOS, LA openEuler #:1E RSi 1 51 T N EAE 7 72 5
F OpenSBI i H f] OpenSBI RISC-V, JG & L T
Supervisor kI Ot g L IE H TAE, &
NERIE 2 fras. RISC-V L openEuler 38 3 5

SR 3 . ¢\
gemu-system-riscvB4: warning: No -bios option :p‘ec‘.r'z;--:i. Not loading a T
qemu-system—riscvB4: warning: This default will change in a future QEMU

happens.
gemu-system-riscvb4: warning: See QEMU s deprecation documentation for d

OpenSBI v0. 6

Platform Name o QEMU Virt Machine
Platform HART Features : RVEG4ACDFIMSU

Platfo: HARTs

Cur b -

Fir - 0x80000000
Fir e 120 KB
Runtime SBI Version 0.2

MIDELEG : Ox0000000000000222

MEDELEG : 0x000000000000b109

PMPO : 0x0000000080000000-0x000000008001£FEE (A)

PMP1 T 0x0000000000000000-0xFEFITITLTTLCEFEE (A R W, X)

K 2 gemu-system-riscv64 HZB)FH

2.2 ##E COMO H build FFE

COMO WAL B4 4E: (1) TRE S, CHHigfF
W T BRI B S (component definition language,
CDL) 4n 4% cdlc M1 IAEE; (2) 55 Java FEAEE
JEXT L fP) Libcore %02 . openEuler 7E RISC-V _E [1]2&
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¥ 6] COMO 1 LAfE TR BE 1 E S5 M B Hhis AT, T
P RISC-V NJF KA, 4T A b2 2.

openEuler 20.03 (LTS)

Kernel 5.5.19 on an riscv64

openEuler—RISCV-rare login:

K 3 RISC-V _L openEuler & 33

—ANERAE, WUIRREAE S H FRALA R A5 SRR R
SRR BT BB R e E O, ILRA S
SEELHF R S MR LR R, 7] 2 openEuler 7E
RISC-V EIBAR 5/, XA W] 22 356 0 A 58 2,
T & R e WG 1E COMO it il B A dh e, B LA
RISC-V NIF R, BEAT A 403, BR T cmake, Ji&
COMO e T LA IIRRE A48 2

MR T4 %22 iemake, IBE] T C/CH4 % S2hR
A B A] R 3E I BT, SX AN 8] R AT ALE openEuler &
AT W B AR, MU Sk B — AN A AT A =2 dw /D
FE D ERAR, (FE) HRRAS AR BT R E R G TT R R R
N A R 3. B35 B2 M openEuler AR AT B4
‘% %% cmake.

I yum %23 cmake AR, B3] T “Cannot
download repomd.xml”#51%, 1X & A #2238 R A in) &
SR, AT LA AEE R (preview) HIYR, FH1E .repo X 4F
Frln sslverify=0 fiHk.

/etc/yum.repos.d/oe-rv.repo

[base]
name=base

baseurl=https://isrc.iscas.ac.cn/mirror/openeuler-sig-riscy/
0e-RISCV-repo/ y
enabled=1 }

gpgcheck=0

sslverify=0

£ git clone COMO RS FERT, 18 $1“SSL certificate
problem” 7] #, AJ it T 41 Ay A Rk

git config --global http.sslVerify false

TE“openEuler on RISC-V” 55 H141% COMO, i%
COMO AHh Linux 4 iF3A5: como_linux_riscv64.

H T COMO @ i hisk 48 ) #1415 2 P T
H cdlc 2T [ openEuler X86 “F & [, AT LLE g %
COMO Hf, ¥ Je#4m ¥t COMO T HA%, fit 17 COMO
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N 2 Comotools.

£ Comotools 15 Hr 4 1% 58 il cdle J&, KA cdlc
T HBE:

cp .Jout/host/como/tools/cdlc/cdlc ./tools/cdlc

% COMO A, T2 2RIFHCE dbus JT R .

$yum install dbus-devel

$ cp ./lib64/dbus-1.0/include/dbus/dbus-arch-deps.h
/usr/include/dbus-1.0/dbus

£ %4 52 i openEuler on RISG-V 1 COMO ]
build 52 J5, F—F 1 T2 COMO [rR T fi.
2.3 COMO iB#HE .

¢ COMO A2 %] openEuler & | 3 X7k
LA Jid 8.

(1) ELF #2958

openEuler & —F Linux #E R 4t, & B $#147 3C
o R B 25 B 4 PR 45 kI ST 22 ELF %20, COMO
(1 TG A7 AE ELF 4% 30 PF . metadata” B, BT
PL COMO 7£ openEuler b3 & AT SCAF#E 21 i .

COMO k5 Java KU ToEHE 5 A5 2 18 25
RBHE—RRIIRAT 73, WA ELF 4% 0. 1%
Ll 5T PE/ELF AT U IR TF 5 R T
R BRI AT I BRI LS, TR R I C 4
KRR EHIAR, BAMERM. COMO 125, B0, Hik
858 SUAE B T HR R I, SR E S AT T, P
DL R AT SO 5 1 5 AR A e

(2) RISC-V EABI 24t 7+

R AR = SR T A — AR R A I
FEIEHR. COMO ARG, [ SEHHL R 32 V8 TR ) — B
Cgm A2 57 G MO0, B Z R RPC 16
FIiy COMO 754 Hl 24, i#5F RISC-V ABI #lyujF
AR AR, ABI 5 ST C/ICHTEFF S50

iR ARG 1 RISC-V ) ABI #r#E 2 EABI,
Linux _E ] RISC-V ) ABI 51 2& UABI'*". COMO
KT RISC-V EABI Z %06 55 A0 40 SR S 40mT DL 52
RIRAEZFAE A A, MRAE 27 A2 25 4, 15 TUIAE 27 A7 28 1 15
A TS EIRERE. TRSHRAEFFRE, 52
TER b, BT A S 8E 1d I ZH R X 5. XLEN X240
Se TR S 2R T B, P REAAE 2 32 5L 64.

1) X}F XLEN=32 FJ R4, $¥i 0L 5% 8 B.

2) T XLEN=64 1] R%%, £ 52 % % 16 B.

EABI £ FH 400 F 254748, W03k 1 FoR. 75 s 8L
S AT AR (x10x11. x12-x17) BiEFeAL i,
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x10—x11 a0-al SRR [EE
x12—x17 a2-a7 ZH
1017 fa0—fa7 ZH

x2 sp Hefa st

x8 s0/fp it

x1 ra B 250 FH 3R [ 4T

(3) COMO #£ RISC-V L1

COMO &K C++ 11 (—std=gnu++11) bxaESEIL
[, (B Do FC 90 5 I RE 7 2 ST LR R &5 1
FHIEH], DL RIS 5 ZEH] RISC-V L ES:

reflection/CMetaConstructor.cpp
reflection/CMetaMethod.cpp

reflection/invoke riscv64.s
rpc/CProxy.cpp

T ANE T E A — 4> RISC-V ) €Make Zﬁi%ﬂtﬂzli
I'ﬁ: # .

WO
build/como_linux_riscv64.cmake

3 COMO i A ServiceManager HE 42 7E 14
S I 955

N T HHIE COMO FEURTE RISC-V 4525484
Hl openEuler #:1E R4 LA FIAT VRIS,
$5 T RISC-V 1 openEuler _F ) QEMU 4L 2% i
IR IR S COMO BRI AH, FIFH COMO 1)
RIS R ST, H— AN R, LU E 6
RISC-V 7 g Hp A THA, SEI0EE AR A an ] 4 B,

Eﬁﬁﬁ&% Name—Handle |* &

! Name—Handle
=, Master / Name—Handle

Client T
¥ Service ///fﬂﬁ
< - 5 manager

e \ %

__________ AR
RPC TR B TARAR N
> 7 . \\
L RN

.. Services Services

K4 COMO # AR ServiceManager HE42 Sz A B 5,
RISC-V #[AiH5

Services

Worker Worker

Worker

COMO M1 H AR BENE J7 3 SRR P HE R A, (H
B G AR B —HESL ) SCRF. ServiceManager /2

COMO [ il %5 I FF K HESE 2 —. ServiceManager i
f£7 Server ) Name F1 Handle 2 i) %} i 9% £ ft) £ 1)
e, B EEAESRIIIEE: (1) M, Z4—4 Server €)%
J&, MiZ¥ X Server H Name 1 Handle X MN.2% Rid
%% ServiceManager . (2) 2, HAth N H AT LUR $iE
Server [) Name 5] 2| %] . [f] Service Handle.

N T K iiE“openEuler on RISC-V” i X %38 15 GE 17,
FEF 1P JEAE, S T —4> COMO ServiceManager it A
(K82 IR 5, %2R AL T COMO R4 H i) samples/
democomponent H 3%, H Client ﬂkCémponent [k %
2H . Component SEEL T — 4> @OMO K fE, Client SZH.
T XA U 5 4F OSGi, Service-
Man‘t{‘ger MEZESLHL T —MUHE. SE BRSNS I A AR5
BATHIETE T B 5 S vl DA e AR 2 de . B3h. J+
PAVENEL, AT, % P i AR 25 AR B is AT R
Master 45 &, IR AL E ZATE Workers 45 &, i
FindService k] COMO FIFFII 55, AN EER1TE € /1
TRAEF LR 45 s AT, BURT LU A B R 55

IBATHRER I COMO RIFE 7 BRI 5 iR, X
ARBIER T —AME B AL cCOMO
P4 55 PR I 55 LA P R

\[root@openEuIer—RISCV-rare como.linux.riscv64.ris]#
== Call CFoo() ====

component class number: 2 ====
[0] class name: CFoo, namespace: como::demo
[1] class name: CFooBar, namespace: como::del

component interface number: 3 ====

[0] interface name: IFoo, namespace: como::der
[1] interface name: IBar, namespace: como::den
[2] interface name: ICFooBarClassObject, names

\

==== Call CFoo() ====
==== Call ~CFoo() ====
==== Call ~CFoo() ====

5 COMO RIIBAITSES

4 g5y

W% i AR SR AR ) D T B
B R 2 SRR R ST, T T8 4 L 2%
By AR, IS DR g SR S TR R R A S PR
i, ot R % SR A BRBEE E M o RIS AT R 1 3 B
TR IEAT B RO b B R T o B 5 i
T, TEAESE A HEA0H ISA . BOPE LT & 1 AF &
GERIEL BT RAESE . FEFE g% 184710 T A%
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H1 openEuler #4F RSt A He AR PTAT M. SL46 N FH Sk
B F B, 75— LA RISC-V 454584 F1 openEuler
VE RGN AEF & AERE BT LR Pi2 17 COMO
I H AR BTS2 1 ServiceManager HE 224 5 AT
Il i 55 R R FH AR 2, 2 SRR A I ) Dy = 2 1 FH 3
S GAE FARAE 7T — AN A RO R AT I T I
XaaS THEMEA, DL —A 5 CHiE 5 8% 1A £
TR P BT R

H T B RISC-V [ K JIE A8 ik, ANBE 58
5E RISC-V MR COMO 56 % 4 3 K, Rl 2 e
MG PSR RLAR L B ARSCR — B ) TAE T &, 253
ffFl Clang/LLVM % ¥4%, 2 COMO g e
IR AR & (HIX AN B FTE AL T 58 X 9w PR 5 8

UM B B A PRI B I 5 3, E 5 R openEuler

I Clang/LLVM RMiZ A TAE. Clang/LLVM 2 I 7L A
FE 2 1 g 28, BT DO A SRR AR A L.

A COMO ReEXANB i) L A b k45—
SEAEH, JF1ES openEuler 5 RISC-V # X 4L [7] & J& )
up e tbi N = Nal
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