ZHI CONG KE J

* 2
B =0 mk

HMMARFBRIER S OS SC4 = mFif
ZC.MUNIU OPERATING SYSTEM SC4

PRODUCT MANUAL
HMMAFHRIER G OS SC4
ZC.MuNiu Operating System SC4




%?E 2Kk HMME 5 A M

0 AR T B Easy to know Easy to do

HMAERIER S OS SC4 = S F-Af
ZC.MUNIU OPERATING SYSTEM SC4

PRODUCT MANUAL
SIMAAIRIEZL O SC4

ZC.MuNiu Operating System SC4
1 IHREMLIR FUNCTIONAL OVERVIEW

MM AL (ZCMuNiu ) AREBFEFSRTRAR, RETENEMREFEIBRT
£. 12 mS % AUTOSAR, OSEK FEFRHSE, HHET AUTOSAR ARTOP Y LA ECE
TE. KRZEERS OS = meiE Jfﬁile,\)#E’ﬂ%fc%ﬁﬁ)\ﬁ?&ﬁﬂ%?ﬁ%\ﬁb (RTOS) . K
HHAER G OS 178 AUTOSAR HSEH & XAy T {4 PE2€ (Scalability Classes, SC) FTZKHY
EEMEEE, BE SCAMREEFTEXMNREFRFT . HERFRF. RERP. BRRPFER
R, UXIFAR ASILEFRNART, ReXFASIL-DFRNA.

ZC.MuNiu provides a comprehensive basic software platform solution for the development
of automotive electronic control units. This product refers to international standards such as
AUTOSAR and OSEK, and has configuration tool based on the AUTOSAR ARTOParchitecture.
ZC.MuNiu Operating System (OS) product is a embedded real-time operating system (RTOS)
suitable for automotive electronic control units. It conforms to the full set of functionalities
required by the Scalability Classes (SC) defined in the AUTOSAR specifications, and includes
functional safety features such as memory protection, timing protection, service protection, and
stack protection as defined in the SC4 functionality set. ZC.MuNiu Operating System (OS) can
also support the coexistence of applications with different ASIL levels, with the highest support

for ASIL-D level applications.

Non |rust dOS Applications, with pi l ction bl d
SW_Cs are allocated to OS-Appli i (1 more)

Memory
OS-App 1 private
data

AUTOSAR m

[OS-App 2 private |
Softvare g s

OSApp i privaie
data

GS-App 1 private
code.

[OSAppZ private |
code

OSAppn private
code.

Basic Software
RTE for IPG)

ECU-Hardware

0OS-Application 1, trusted,
with protection disabled

(From {AUTOSAR_EXP_FunctionalSafetyMeasures.pdf) )
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2 Ry FA%niE APPLICATION FIELD

REFRERG OS FRUNATRERFEHR~RF X, #lm:
ZC.MuNiu Operating System (OS) product can be applied to the development of

automotive electronic control unit products. For example:

> FTREIREEIEHIRR(VCU)
Vehicle Control Unit for new energy vehicles (VCU)
> BlEHEER(MCU)
Motor Control Unit (MCU)
> BHEERFIEEIER(BMS)
Battery Management System (BMS)
> BT B m i HER(EPS)
Electric Power Steering (EPS) Controller
> E5EH8(BCM)
Body Control Module (BCM)
> BEEBIT IR RR R e 5 (ADAS Safety Island)
Advanced Driver Assistance Systems (ADAS) Safety Island
> EHE M K I HIE% (Gateway)
Gateway Controller
> BREEMEBHIEGR
Intelligent Braking System Controller
> BTIHERS(EPB)
Electronic Parking Brake (EPB) System
> EoNEBERL(EMS)
Engine Management System (EMS)

BaeRAkn I E R {Has Page 2
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3 BLEIRE CONFIGURATION ENVIRONMENT

RERIER G OS 7= M HF A A MAE R R s RN T

ZC.MuNiu Operating System (OS) product supports the following chips and corresponding

compiler environments:

I EanEs
Manufacturer and Model

NXP S32K #7% S32K31x/532K32x/S32K33x/S32K34x/S32K35x
NXP S32K series S32K11x/532K14x

Infineon AURIX TriCore %%l

Infineon AURIX TriCore series | -Or€ TC3x/TriCore TC2xx

Renesas RH850 F1KM % %I

Renesas RH850 F1KM series P e RS =S =

STMicroelectronics SPC5Z %] SPC56x/SPC57%/SPC58x
ST Microelectronics SPC5 series

B
Flagchip

Autochips

k7 el

GigaDevice

FC7300Fxx

ACT781x

GD32Ax

RAEIRER L OS = A NXP S32K R B BB E

Software configuration for the NXP S32K series of ZC.MuNiu Operating System (OS)
product:

ACEIIR
Configuration Environment

S32K31x/S32K32x/S32K33x/S32K34x/S32K35x

Hardware (Chip)

S32K11x/S32K14x
Compilers Supported IAR Embedded Workbench 8.32.2
Evaluation Hardware S32K1/S32K3 EVB

BaeRAkn I E R {Has Page 3
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Lauterbach Trace32
Isystem (IC5700)

Muniu_v4.4

Win7/Winl0 64bit

i, AREBIEZRZ OS = &EY Infineon AURIX TriCore R 5 i 4-BL B

Software configuration for the Infineon AURIX TriCore series chips of ZC.MuNiu Operating

System (OS) product:

LB
Configuration Environment

Hardware (Chip)

Compilers Supported

Evaluation Hardware

Debugger

Configuration Tools

Configuration Environment

BaeRAkn I E R {Has

TriCore TC2xx/TriCore TC3xx

TASKING VX-toolset for TriCore v4.2(TC2)
TASKING VX-toolset for TriCore v6.3(TC3)

TC2xx/TC3xx EVB

DAP miniWiggler
Lauterbach Trace32
Isystem (IC5700)

Muniu_v4.4

Win7/Winl0 64bit

Page 4



ok
%YE 0 M B

HMME 5 A M

Easy to know Easy to do

i,  ARFEBERSE OS = MK Renesas RH850 F1IKM R F R ELE -
Software configuration for Renesas RH850 F1KM series chips of ZC.MuNiu Operating

System (OS) product

CEIIR
Configuration Environment

Hardware (Chip)

Compilers Supported

Evaluation Hardware

Debugger

Configuration Tools

Configuration Environment

F1KM-S1/F1KM-S2/F1KM-S4

GreenHillsV7.1.6
MULTI Compiler 2018.1

FIKM-S1/F1KM-S4 EVB

Renesas E1 emulator
Isystem (IC5700)

Muniu_v4.4

Win7/Winl0 64bit

iv.  AKREEBEZRS OS = EH STMicroelectronics SPC5 R F B 4 EE B

Software configuration for STMicroelectronics SPC5 series chips of ZC.MuNiu Operating

System (OS) product

LB
Configuration Environment

Hardware (Chip)
Compilers Supported

Evaluation Hardware
Debugger

Configuration Tools

Configuration Environment

BaeRAkn I E R {Has

SPC56x/SPC57x/SPC58x

GreenHillsV7.1.6
MULTI Compiler 2022.14

SPC56x/SPC57x/SPC58x EVB

Lauterbach Trace32
Isystem (IC5700)

Muniu_v4.4

Win7/Winl0 64bit
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Software configuration for Flagchip FC7300 series chips of ZC.MuNiu Operating System

(OS) product:

CEIIR
Configuration Environment
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Hardware (Chip)

Compilers Supported

Evaluation Hardware

Debugger

Configuration Tools

Configuration Environment

FC7300Fxx

IAR Embedded Workbench 8.32.2

FC7300Fxx EVB

Lauterbach Trace32
Isystem (IC5700)

Muniu_v4.4

Win7/Win10 64bit

Vi KRFEBERZ OS £ f Autochips ACT81x IR TS H 4B E |
Software configuration for Autochips AC781x series chips of ZC.MuNiu Operating System

(OS) product:

LB
Configuration Environment

Hardware (Chip)
Compilers Supported
Evaluation Hardware
Debugger
Configuration Tools

Configuration Environment

BaeRAkn I E R {Has

AC781x

MDK-ARM Plus Version: 5.36.0.0

AC781x EVB

J-Link

Muniu_v4.4

Win7/Win10 64bit

Page 6



%?E M T 1
vii.  KREBEZRYS OS = & GigaDevice GD32Ax IR TN F ik EL & -
Software configuration for GigaDevice GD32Ax series chips of ZC.MuNiu Operating System

(OS) product:

CEIIR
Configuration Environment
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Hardware (Chip)
Compilers Supported
Evaluation Hardware
Debugger
Configuration Tools

Configuration Environment

BaeRAkn I E R {Has

GD32Ax

MDK-ARM Plus Version: 5.36.0.0

GD32Ax EVB

J-Link

Muniu_v4.4

Win7/Winl0 64bit
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4 FA&E = DEVELOPMENT BACKGROUND

AREBRIERG: OS ~mEA® AUTOSAR SC4 gt EF EX M AFRIF . MERF. REK
PR RPETRTSENE, RS ASLDXEELENA, FERZNNELZLEEKRK,

ZC.MuNiu Operating System (OS) product has functional safety features defined in the
AUTOSAR SC4 functionality set, including memory protection, timing protection, service
protection, and stack protection. ZC.MuNiu Operating System (OS) product supports the highest

ASIL D safety level applications, meeting the system's functional safety requirements.

ARE#BRERS OS FmEZEETMANEENRNFRIPHN BHRIFER, THMM LIRS
EFERNBHRIFENFXE, BIEREEFAY B EIREMANE1T7H, MiSERHER
B, FREZEEZMINERSFRANAHFNEN. BERSRIPVHHENANERSED
MIFAEEMEREREXNHIN, BN ARTEAARTEEMHROEBBHTH. B
T EARRIPVLE, MESMP M EREREH TN, BriESsE Pl LG
H, #—FReSRRLEM.

ZC.MuNiu Operating System (OS) product has an lightweight memory protection and timing
protection framework, which can effectively prevent low-safety-level applications from accessing
illegal memory areas and prevent unexpected timing behavior in low-safety-level applications.
Thereby achieving fault isolation and enabling the coexistence of multiple functional safety level
applications in the system. The service protection mechanism determines whether the
application's call complies with the rules defined in the standard, preventing unexpected
behavior caused by non-standard implementation. The stack protection mechanism provides
real-time monitoring of the stack usage of tasks and interrupts, preventing stack overflow in

tasks or interrupts, and further improving system safety.

AREBERG: OS RO REE RSz (MCU) R EEEM. DaEBRIEH R
TR R EE (Safety Island) #HITREZEF ML, BEHITHERSMEARBBER
TEERF R

ZC.MuNiu Operating System (OS) product can be deeply customized and optimized for
microcontrollers (MCU) in the automotive field, as well as for the safety islands integrated in
controllers. ZC.MuNiu Operating System (OS) product has characteristics of execution efficiency

and flexible code deployment.

AMMBHIRRANE =S EE T, XAETESH. ARERREFESSRT &/
O M TER, A EEARGFEMRENE~ SR NFEINIE.
ZC actively invests in the adaptation of domestic chips, taking the lead in adapting to the

products of domestic chip manufacturers such as Flagchip and AutoChips Inc. ZC  will

BaeRAkn I E R {Has Page 8
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continuously improving the compatibility and support of ZC.MuNiu basic software for domestic

chips.

MMBHL ZEE AUTOSAR ESHMHMNARTN B iR, REAMIIIG X, REW
WER, AR,

ZC has the core technology of the AUTOSAR basic software. Can provide on-site support
with high quality, fast speed, and low cost.

BaeRAkn I E R {Has Page 9
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5 IH8EHHIA FUNCTIONAL DESCRIPTION

5.1 =¥ = Product Feature

> ARTOP ZRM LAMEET R, 154 AUTOSAR 4.2.2/4.3.1/4.4.0 fRA
ARTOP architecture configuration tool, compliant with AUTOSAR 4.2.2/4.3.1/4.4.0
» XFF AUTOSAR SC1. SC2. SC3 #1SC4
Supports AUTOSAR scalability classes SC1, SC2, SC3, and SC4
> BRELRFRP AN ERPESR
Lightweight memory protection and timing protection framework
> SRS OUSH R FAS UIRAL G
Efficient processor privilege and user mode switching mechanism
> BRESRP
Service protection
> HERARIP
Stack protection
> EXARTI{E Os-Application 9475 fI{RIFBE
Comprehensive protection for untrusted Os-Applications
> £33 0]{Z Os-Application By ] (R 8¢
Optional protection for trusted Os-Applications
> EHMIRS

Customized services

BaeRAkn I E R {Has Page 10
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@ == | =2 | =
2 5|5 |5 |5
o 5 5 = | &
o (1] m (1] 2]
@ O 4] O O
Feature o w | n | W% Hardware requirements
OSEK OS (all 71 v v v v
conformance classes)
Counter Interface 8417 EdESR
SWFRT Interface 8418, v v | v Y
8.4.19
Schedule Tables 7.3 EdESR
Stack Monitoring 7.5 v v v | v
ProtectionHook 7.8 v [ v v
Timing Protection 772 v v Timer{s) with high priority
interrupt
Global Time 74 v v Global time source
/Synchronization Support
Memory Protection 771, v oY MPU
774
0S-Applications 76, 7.12 v | v
Service Protection 77.3 v | v
CallTrustedFunction 775 v v (Non-)privileged Modes

AUTOSAR &M
AUTOSAR SCALABILITY CLASSES

BaeRAkn I E R {Has Page 11
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5.2 {4444 Software Architecture

BOOTLOADER Application “

ardware AUTOSARLIB
on

Abstra

-
ETH Com Complex
Drivers(CDD)

Microcontroller Abstraction Layer(MCAL)

Adc DRV Base DRV Can DRV Crypto DRV Dio DRV Dma DRV
Fee DRV Fls DRV Gpt DRV Icu DRV Lin DRV Mcu DRV
Port DRV Pwm DRV Spi DRV Iwdg DRV Wwdg DRV

Microcontroller(MCU)

FIMAAG BRI AEA
ZC.MUNIU BASIC SOFTWARE ARCHITECTURE

composite structure ZCMuNiu Operating System /

Application Configuration Tool

Kernel Layer::Basic Service Kernel Layer::Extend Service

Hardware Adaptation Layer

crocontroller(MC!

HMARFRIER G OS = MmIRHFRM
ZC.MUNIU OPERATING SYSTEM SOFTWARE ARCHITECTURE

BaeRAkn I E R {Has Page 12
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iR

WEHER R

Hardware
Adaptation Layer
(HWAP)

OSECE
OS Configuration

SEEA=

Kernel Layer
(KERNEL)

EHEEE
Hardware

Adaptation Layer

OSEcE

OS Configuration

fr5EE

Task Management

R

ISR Management
(GIC V3.0)

Hook &2

Hook Management

Event& 18

Event Management

Resource & 18

Resource

Management

AlarmE 12

Alarm Management

Counter 512

Counter

Management

ESEEERE

Task Scheduling

Management

HERRAR P

Stack Protect

= BRI

Memory Protect

B [E] R

Timing Protect

AR S5 1RF

Service Protect

Applications 1#

Os-Application

Management

ZIERE

Muti-Core

Management

BaeRAkn I E R {Has

Description

BE AL TR 2R E BT

Processor adaptation

OS Bc &AL

OS configuration code

SHARFERS, & OSEKH
AUTOSART E X O FIHL &, =
OSHYZ 4 14

Implementing system services,
including the interfaces and
mechanisms defined in OSEK and
AUTOSAR

Page 13
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5.3 EZE T A Configuration Tool

% workspace - Classic Designer - ZCMuNiu5.1_00INSW016002901
File Edit Navigate Project Model Form Editor Window Help

R RBEB ¢ b v oD
a

[® Configuration Editors = [# Basic Editor 2 =a

text to filter...

~
Models % 05 » ¥+ OsApplications [2] »% OsApplication APP » ‘
~ % 0s L
v i 0s
> & 0s0S [1.1] P
B Name OsApplication_APP
> & OsAlarm [0.] [0sApp -
» 7 OsAppMode [1..15] OsTrusted FALSE
~ & OsApplication [0.4]
> & OsApplication APP — OsTrustedApplication
- %]\ .
+ © OsApplication BSW B Withprotection FALSE
> & OsCounter [0..1]
& OsEvent [0..32] OsApplicationCoreRef \o
> & Oslsr [0.4]
5 OsResource [0.4] £3 OsAppAlarmRef [0sAlarm_10, OsAlarm_4, OsAlarm 5, OsAlarm 8
& OsScheduleTable [0..4]
v © & OsTask[0.4] 3 OsAppCounterRef [counter 0
2 Basic Editor s @ OsTask_10ms_APP3
> © OsTask_2ms_ APP1 EJ OsApplsrRef ‘
B e = 5 @ OsTask_2ms_APP2
[ Properties B3 0 a o o 3 OsAppScheduleTableRef [
e o » © OsTask s 40P 3 OsAppTaskRef [OsTask_5ms_APPO, OsTask_2ms_APP1, OsTask_2ms_APP2, OsTask_10ms_APP3
o [ » @ OsTask 5ms BSWO SAppTaskRef sTask_Sms_APPO, OsTask_2ms_APP1, OsTask 2ms_APP2, OsTask_10ms.
derived false
> © OsTask_5ms_BSW2
editable true > © OsTask_5ms_BSW3 E3 OsRestartTask ‘
last modiified  20244£15298... . & systemTimer [0.1] v
linked false
location Dawork\Proje... UTOSAR Validation & Tasks [22 Problems & Console % Navigator &3 rok|BES® V=8
name 0s_sca . oS s
path /0s_SC4 e b
s & settings
project

4 BSW_Os.arxml

AFEBEETR OS E/HE
MUNIU CONFIGURATION TOOL OS MAIN INTERFACE
W workspace - Classic Designer - ZCMuNiu5.1_00INSW016002901

File Edit Navigate Project Model Form Editor Window Help
HLc REES: ¢

cElr ey
[® Configuration Editors = O [#Basic Editor 52 = a
text to filter...
~
7 || Models 4 O 4 OsApplications [2] b¥ OsApplication APP » ‘
~ ¥ 0s
~ ¥ 0s
5 8 0508 [1.1] —
Name OsApplication APP
> & OsAlarm [0.4] B ‘ PP =
» & OsAppMode [1.15] OsTrusted ‘FALSE
~ & OsApplication [0.4]
> 8 OsApplication_APP — OsTrustedApplication
> © OsApplication_BSW B Withprotection FALSE
> & OsCounter [0.1]
& OsEvent [0.32] OsApplicationCoreRef lo
> & Oslsr[0.4]
3 OsResource [0.4] FJ OsAppAlarmRef [OsAlarm_10, OsAlarm_a, GsAlarm 5, OsAlarm_8
& OsscheduleTable [0.%]
v ~ & OsTask [0.4] 1 OsAppCounterRef [counter o
5 Basic Editor » & OsTask_10ms_APP3
s © OsTask_2ms_APP1 E3 OsApplstRef [
) e = » @ OsTask_2ms_APP2
=h ties 2 EHEm® v= 8 e
roperties + 8 OsTack 2me BSW1 3 OsAppScheduleTableRef [
Property velee » 8 OsTask_Sms APPO 3 OsAppTaskRef ‘O sTask 5! APPQ, OsTask 21 APP1, OsTask 2 APP2, OsTask 10r APP3
SAppTaskRef sTask_5ms_APPO, OsTask_2ms_APP1, OsTask_2ms_APP2, OsTask_10ms.
~ Info s © OsTask_5ms_BSWO PP — = = —
derived false » © OsTask_5ms BSW2
editable true . @ OsTask_5ms BSW3 B3 OsRestartTask ‘ -
last modified 20242215298 + & systemTimer [0.1] .
linked false
location DAWork\Proje... 8 AUTOSAR Validation < Tasks 5 Problems B Console 5t & Navigator REpi® -y -0
name 0Os_sc4 MuNiu Studio Console
path /0S_SC4

**EX Generation started F¥¥*
Generating 0s_Cfg.h...
Generating Os_Cfg.h: OK.
Generating 0s_Cfg.c...
Generating 0s_Cfg.c: OK.
Generating Os_AppTemplate.c. ..
Generating Os_AppTemplate.c: OK.

KREEET B4R OS EEERAD
MUNIU CONFIGURATION TOOL GENERATES OS CONFIGURATION CODE

BaeRAkn I E R {Has Page 14
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ATHEZFHNARMAERRK, RSEMRAFEENYT BE, KFEMRGFEXITE
MRRTTEEMN, FEAXWTREIR. FATREARTR, EEETE ETHEMRR
MECETE TTARERERLXH, KBEMMKE XHEME TEFREDT,

To meet the requirements of customer and enhance the extensibility of the basic software
platform, ZC.MuNiu has implemented configurable modules and configuration tool. Customers
can use the configuration tool to configthe modules according to their specific needs, generate

configuration code files, and integrate these files into projects.

Eclipse Platform

AGEET ALY
ZC.MUNIU CONFIGURATION TOOL ARCHITECTURE

REBERS OS =RMEE TEET Eclipse £ A&, FFET ARTOP 2243, 323 AUTOSAR
IREVF ARXML B #E4T. MuNiu Core SEAECE T HAYUISRE, 7E MuNiu Core Z E#JModule,
SKHL AUTOSAR B MERMECE. REZTME, TENEMERNEENRE.

The configuration tool for ZC.MuNiu Operating System (OS) product is based on the Eclipse
platform and is based on the ARTOP architecture, implementing the parsing of AUTOSAR models
and ARXML. ZC.MuNiu Core completes the Ul interface of the configuration tool, and the Module
above ZC.MuNiu Core implements the configuration of various AUTOSAR modules. After the

configuration is completed, the configuration code for each module can be generated.

BaeRAkn I E R {Has Page 15
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Development
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XA

Document Description

BRIEE
Requirement
Collection
BRUERRI
Software
Requirement
Analysis
BHEMRT
Software
Architecture

Design

44 4 % 3 A
BRI
Software
Detailed Design
and Unit Design

BT
Software Unit

Testing

LSt & 1k 957
Mt

Software
Integration and
Integration

Testing

BaeRAkn I E R {Has
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Requirement Document
BRH-FRIBIRR

Software Requirement Traceability Matrix
RIS

Issue Communication Form
AR B H

Software Architecture Specification

B R EIBER R

Software Architecture Traceability Matrix
BRI RS

Software Detailed Design Specification
REETRRITXHE

Configuration Tool Design Document
R FEMIRITEER TR

Software Detailed Design Traceability Matrix
BRI RR

Software Detailed Design Review Form
QAC iR &

QAC Analysis Report

Tessy MIXIR &5

Tessy Test Report

B R IT I R A

Software Unit Verification Strategy
SRR R

Integration Strategy

ST

Integration Manual

S RN SR

Integration Test Strategy
SRR R E

Page 16
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D& =t pu

Document Description

BEZRGNR
Software System

Testing

b &l

Release

BaeRAkn I E R {Has

Integration Test Report
TR RS

Resource Analysis Report
FEMNRRE
Compliance Test Report
RGN IRE

System Test Report
MM R &
Performance Test Report
RGN R E =
System Test Report Review
RIS

Release Documentation
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