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The Real-time Operating Nucleus
Industrial TRON

TRON´��m�ª�¢�ö�XÚSØ�O�8,1984cdk~è1�Ç
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T-Kernel
gµITRON3.0§æ^
BTRON!CTRONþ�Ü©¤J§�¹

IOT-Kernel(�é32bit�MMU�XÚ)

µT-kernel(�éØ�MMU�XÚ,X16 bit MCU§ARM7TDMI, ARM

Cortex-M3)

p-kernel§ n-kernel£�é��5��XÚ,8bitXÚ¤
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TOPPERS´�o

TOPPERS=Toyohashi Open Platform for Embedded and Real-Time
Systems

dpX2Ù�Ç3´x�E�ÆMá,2003åNPOz

http://www.toppers.jp
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TOPPERS´�ã

TOPPERS/ASP
next generation 

kernel specification
standard profile

TOPPERS/FMP
multicore processor 

extension

dynamic objects

TOPPERS/SSP
minimum kernel

low power/energy

next generation 
kernel specification 

full set

TOPPERS/ASP safety
functions safety

TOPPERS/HRP2
memory and time

protection

2007 2008 2009 2010 2011 2012

high performance 
and

low power/energy

high reliability and safety

application extension

TECS
embedded component 

system

*TOPPERS/XXX is name of real-time kernel
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Ì�mu¤J£1��SØ¤

TOPPERS/JSP �ÌµITRON4.0 Standard Profile�¢�SØ

TOPPERS/FI4 ���ÌµITRON4.0 Standard�¢�SØ

TOPPERS/ATK1 ¡�ð�>f�ÌOSEK/VDXIO�¢�SØ

TOPPERS/FDMP �éõU©Ñ5õ?nì�¢�SØ(©ÙªXÚ)

TOPPERS/HRP �é�kS��oõU�(MMU/MPU)�i\ªXÚ,¿

dJAXA¢��y
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Ì�mu¤J£#��SØ¤

TOPPERS/ASP 3JSPÄ:þ?1
�þU?�¢�SØ§��TOPPERS

Project�Ä:

TOPPERS/FMP ASPSØ�éõ?nì�*Ð§�OFDMPSØ

TOPPERS/ASP Safety ÎÜIEC61058-3IO�S�SØ

TOPPERS/HRP2 1��HRP

TOPPERS/SSP ��SØ§¡�8 /16 XÚ§^uÃ�Daì£º¤

? ¤ (u¥�E�Æaip?i\ª��ì¢�¿ ) TOPPERS/ASPSØ0��¦^ 2011c 12� 8F 14 / 45



Ì�mu¤J£¥m�¤

TECS i\ª|�XÚ§ÎÜ|�z�O�ª³

TINET �ÌITRON TCP/IPIO�TCP/IP�ÆÒ§Ó�|±IPv4ÚIPv6

FatFS for TOPPERS |±FAT16/32�©�XÚ§·Ü�.XÚ¦^

Tethys USB ÎÜUSB2.0�¡�i\ªXÚ�USB Host Stack£�3mu¥§

ÿ�release¤

SafeG i\ªJ[ÅÌ�|^ARM�TrustZoneEâ

TLV TraceLogVisualizer§JøOS?��ÀzNÁ|±

TTSP TOPPERS Test Suite Package§^u^�ÿÁ

CAN/LIN �éCAN/LINo��¥m�
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Advanced Standard Profile

3TOPPERS/JSPÄ:þUû
5£JSP2SØ������

ÌµITRON4.0�RTOSSØ¤

3^���­E5!��5!�*Ð5ÚS�5þkNõU?

��TOPPERS Project¥�Ä�

ÎÜµITRON4.05����5�¢y(ITRON RTOS�û½�)

�NSØ(monothlic),�µC/OS-II��?O

2JSP: Just Standard Profile, TOPPERS Project��Ð¤J
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1 ­À�è�´Ö5Ú�UE5

2 ´u£�u#�e�²���E(µC/OS�£��{§)
3 ´ucheck��E(ëê�y§��ì�1n�ã)
4 �15U�S�¦^þ�nÜ�Ä

5 ´u*Ð

¢y��

Ú�ó�§�NSØ(monothlic)§±~�N^s¤

SØ�libraryz§�Ý^�?È

8I�6Ü©�8I��6Ü©�²(©l

RAM¦^þ³�
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ASP�(�-oN

Application Program

System Service

Kernel
System Interface Layer

Hardware(Processor Memory Timers,other peripherals)

^�²� =SØ +ÑÖ +°Ä
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ASP�(�-SÜ

User
Task

User
Task

User
Task

User
ISR

User
ISR

User
Task

User Defined
Interrupt Handler

Kernel Generated
Interrupt Handler

System Timer Low-level Output
Function

Target-independent Parts

Target-dependent Parts

TOPPERS/ASP kernel

Interrupt and 
Exception ProcessingTask Dispatcher

Task Management

Waiting Objects

Time Events

Interrupt and Exception

System Management

System Service

System Log Task

System Serial Driver

System Log Function

System
Initialization
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ASP�õU

?Ö+n

��?Öê232§%@��`k?16?£�*Ð�256?¤

?ÖID!æÒgÄ©�£��ì¤§|±Ó`k??Ö§1.7���§m©|

±Ä�Mï

`k?NÝ§Ü�NÝ£Cooperating Scheduling¤, ãNÝì

?ÖG�ê5

?ÖÉ~/signal

ÓÚ�Ï&

&Òþ£Semaphore¤/p½þ£Mutex¤,|±`k?�º£Prioriy Ceiling

Policy¤

e�§´uµC

`k?êâè�

¯�I�
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S�+n

�½�S�³

�m¯�+n

Ì��m¯�£cyclic handler¤

üg�m�m£alarm handler¤

��$1½�ì£overrunhandler¤

¥ä�É~

TOPPERSIO¥ä�.£�ã¤

CPUÉ~¥ä?n

¥m�

TCP/IP�ÆÒ-TINET

FAT©�XÚ-FatFS for TOPPERS

CAN/LIN.., Tethys-USB
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ASP�µC/OS-II�'�

TOPPERS/ASP µCOS-II(V2.8.6)

Royalty-Free YES,TOPPERS license,GNU/GPL license NO,the kerneljust can be used for education

MaxTasks unlimitied 256

MaxPriorities 16(default) 256

Tasks on one priority unlimitied 1

Preemptive Scheduling YES,based on priority YES, based on priority

Cooperative Scheduling FCFS for tasks with same priority NO

Synchronization semaphore,eventflag,mutex semaphore,eventflag,mutex

Communication mailbox,dataqueue,priority dataqueue mailbox,message queue

Interrupt Management TOPPERS Standard Interrupt Model no standard model just simple processing

Memory requirement 10-100KB ROM and RAM serveal KB ROM and RAM(minimum)

CPU support ARM,Japanese CPUs many

Porting complicate,require auxiliary tools easy,just 3 files

Time Events support alarm, cyclic support alarm and cyclic from V2.8.6

System Service Log Service(default) no,just kernel

Scalability good, the basestone of TOPPERS Project, poor

Middlewares FS,TCP/IP, CAN FS,TCP/IP,USB, GUI,Modbus,

Documentation fruitful,but only support japanese many textbooks,papers,applications
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ASP�?ÖG�=�

READY RUNNING

WAITING

WAITING-
SUSPENDED

SUSPENDED

DORMANT

NON-EXISTENT

dispatch

preempted

waitrelease from 
waiting

suspend resume

release from 
waiting

suspend

resume

suspend

activate

forcibly terminate

exit and delete

exit

forcibly 
terminate

create delete
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¡�é�

SØÚXÚÑÖ¥�±��+né��^�]
¡��Object"

Object±ID��«©§kÙg�á5

�äN§S�'é�object¡��?nü £ Processing Units¤

^u?Ö�?Ö�m§?Ö�Ù¦?nü �m�ÓÚÚÏ&^é�§Ú

¡����é�£Waiting Objects¤

��m�'�é�¡���m¯�£Time Events¤
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é�|¤

objects

processing units waiting objects time events others

semaphore

mutex

dataqueue

memory pool

mailbox

eventflag

cyclic handler

alarm handler

overrun handler
interrupt handler

exception routine

tasks

init routine

service call routine

? ¤ (u¥�E�Æaip?i\ª��ì¢�¿ ) TOPPERS/ASPSØ0��¦^ 2011c 12� 8F 27 / 45



·���

~��RTOSXµC/OS-II, RTEMS, FreeRTOS,æ^C�ó÷½Â5��X

Ú"

TOPPERS/ASP¥¤kXÚ]
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TOPPERSIO¥ä�.

edge/level transfer edge/level transfer

IRQ disable flag IRQ disable flag

interrupt priority comparison interrupt priority comparison

interrupt choosing

interrupt handler interrupt handler

ISR

deviceIRQ

deviceIRQ......

intno
IRQ line

IRC & processor

interrupt priority setting interrupt priority setting

interrupt priority mask

CPU lock flag

interrupt lock

interrupt accept

inthno

ISR
ISR ID

......

IRQ line

low Priority

high Priority

task priority

interrupt priority

15

-1

-7

0:dispatchper
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Ú\
¥ä`k?¶-£ipm¤

¥äá5IOz§?n6§IOz

�d

�mþ��½s¤§�é�§cÙéu�þ¥ä��ì£Vector Interrupt

Controller¤
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©�ÙÛ

8I�6(target dependent)
target¤k�M��'�©�,SÜ©�YUtarget compiler·

¶,Xat91skyeye gcc

arch�
Jp�è�E^Ç§Ó�e���ÏÜ©�3T©�Ye§�)?

Èì�ÏÜ©§Xarm§gcc

�8I�6(target independent)
kernel TOPPERS/ASPäN¢y§X?Ö+n§&Òþ+n��

library TOPPERS/ASP~^�¥§Xprintf§histogram§iÎG?n��

syssvcXÚÑÖ§8cÌ�´G�ÑÑÑÖ

include~^�Þ©�§é�Ü©Ñ��

Ù¦

pdic'�~��°Ä§S§XG�°Ä£prime Cell¤

cfg��ì
èÚ�?�¤3©�Y

doc`²©�

uitls9Ïóä§Ì�´�
perl��§Xrename§genoffest
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lsamplem©

sample~§ TOPPERS/ASP��~§�õêASP�A:Ñ�±lÙ¥Ny"

1�Ì?Ömaintask�Â&E,3�Ð©?Ötask��Ó��è,1�

F�?Ö^uÑÑ

7�óä

GNUmu�¸Cygwin/Linux(Unix)
gcc 3.43óäóÚBoost¥,|±EUC-JP�?6ì
CodeSourcery�arm-none-eabi-xxx�óäó

Ä�6§
1 ltoppers.jpe1asp for at91skyeye�,¿)Ø �,�©�Y"
2 ?\cfg©�e§?È��ì(configurator),./configure(u�?È�¸),make"

cfg.exe/cfg3cfg/cfg8¹e
3 3toppers�8¹e§ïáobj©�Y��?È8¹"3obje§$1../configure -T

at91skyeye gcc)¤ó§
4 objeksample.c, sample.h, sample.cfgn�©�"make"
5 asp.exe�ELF�ª�8I©�§kernel cfg.c/.h�gÄ)¤���©�
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sample~§�Ì�õU

¤^��]
µ1��É^r·-�main task£task ID: MAIN TASK§`

kÝ: MAIN PRIORITY¤§3�¿��1�?Ö±9�A�?ÖÉ~?n¼

ê£task ID:TASK1*TASK3§Ð©`kÝ: MID PRIORITY¤"1��1±

Ï�2¦�±Ï½�ì£cyclic handler ID: CYCHDR1¤§1�üg½�ì

£alarm handler ID:ALMHDR10¤§1�CPUÉ~?n¼ê£cpu exception

handler, ID:CPUEXC1¤"

õUµ¿��1�3�?Ö§z�1�task loop£Ì��§ÑÑ�^&E

L«?Ö�3�1"½�z�1�gÒ¬�UHIGH PRIORITY§

MID PRIORITYÚLOW PRIORITYù3�`kÝÒXè�þÒX?Ö�^

S"±ÏhandlerÐ©�Ê�G�" main task���Â^r·-§¿�1

�A�õU§��Ïm���3�¿��1?Ö"XÑ\.Q.

½CTRL+C§K��sample programòÑ
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sample~§�·-�L

·- õU ·- õU

1 ��é�?Ö�TASK1£ÐÏ©½¤ 2 ��é�?Ö�TASK2

3 ��é�?Ö�TASK3 a ÏLact tsk�)��éÄé�?Ö�¦

A ÏLcan act��é�?Ö�éÄ�¦ e 3é�?Ö¥ÏLext tskg1¥�

t ÏLter tskr�ª�é�?Ö > UCé�?Ö`kÝ�HIGH PRIORITY

= UCé�?Ö`kÝ�MID PRIORITY < UCé�?Ö`kÝ�LOW PRIORITY

G ÏLget priÖ�é�?Ö�`kÝ s ÏLslp tsk¦é�?Ö?\��G�§����2

S ÏLtslp tsk(10¦)¦é�?Ö?\��G�§10¦���gÄ�

2©

w ÏLwup tsk)¤��é�?Ö�2�¦

W ÏLcan wup��é�?Ö�2�¦ l ÏLrel wair�)Øé�?Ö��G�

u ÏLsus tskr�!åé�?Ö§?\SUSPENDEDG� m ÏLrsm tsk)Øé�?Ö�SUSPENDEDG�

d ÏLdly tsk(10¦)§ò´10¦�1é�?Ö x ÏLras tex(0x0001)Úué�?ÖÉ~?n¼ê

X ÏLras tex(0x0002)Úué�?ÖÉ~?n¼ê y ÏLdis texB�é�?Ö�exception handler

Y ÏLena tex¦Ué�?Ö�?ÖÉ~?n¼ê r �UHIGH PRIORITY§MID PRIORITYÚLOW PRIORITYù3�

`kÝÒXè�þÒX?Ö�^S

c ¦U±Ï½�ì C Ê�±Ï½�ì

b �½üg½�ì5¦��1 B Ê�üg½�ì

z 3é�?Ö¥ÚuCPU Exception£¥�?Ö¤ Z 3é�?Ö¥¿�3CPU LOCKG�eÚuCPU Exception£¥

���sample program¤

q �½F�&E`k?�LOG NOTICE£LOG INFO?O�&EØ

ÑÑ¤

v �½F�&E`k?�LOG INFO£%@¤

V ÏLget utmÖ�ügXÚµd�¨SYSUTM
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��ì-configurator

configurator TOPPERS/ASP¥¤k���Ñ7Ld��ì5�¤"��ìÖ
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Ñ\µkernel api.csv§kernel def.csv§sample.cfg(�)3d�e�.cfg)

ÑÑµcfg out1.c

`²µ)¤¿O��¡�ãI�¦^�ëê§�)·�APII��ëê")¤ASCII�ª�Motorola S©�cfg out1.srec"ÎÒ�

Lcfg out1.syms©�±½ symbol3.srec¥� �"�.syms(.map)½�S�ª(.bin)7L²L=�
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Ñ\µcfg out1.srec§cfg oout.sym§target.tf§kernel o.csv§sample1.cfg
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系统配置文件

配置器阶段1

配置器阶段2

配置器阶段3

参数计算用

C文件

C编译器

(关联工具)

内核构成与初

始化文件

参数计算结果

文件
符号表

内核构成与初

始化头文件

符号表

system.cfg

cfg1_out.srec

kernel_cfg.c

C编译器

(关联工具)

最终目标文件

cfg1_out.syms

kernel_cfg.h

system.syms

其他源文件

错误信息
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CRE_TSK(TASK1, { TA_NULL, 1, task, MID_PRIORITY, STACK_SIZE, NULL });

DEF_TEX(TASK1, { TA_NULL, tex_routine });

CRE_CYC(CYCHDR1, { TA_NULL, 0, cyclic_handler, 2000, 0 });

CRE_ALM(ALMHDR1, { TA_NULL, 0, alarm_handler });

��¢y
static STK_T _kernel_stack_TASK1[COUNT_STK_T(LOGTASK_STACK_SIZE)];

const TINIB _kernel_tinib_table[TNUM_TSKID] = {

{ (TA_NULL), (intptr_t)(1), (task), MID_PRIORITY, STACK_SIZE, _kernel_stack_TASK1, (TA_NULL), (tex_routine) },

};

...

const CYCINIB _kernel_cycinib_table[TNUM_CYCID] = {

{ (TA_NULL), (intptr_t)(0), (cyclic_handler), (2000), (0) }};

const ALMINIB _kernel_alminib_table[TNUM_ALMID] = {

{ (TA_NULL), (intptr_t)(0), (alarm_handler) }};

};
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configure ^u)¤ó§�perl��§aq��A^§S

ëê
-T<target>8I¶§�½BSP

-A<appname>A^§S¶§%@�sample

-a<appdir>A^¤3´»

-U<appobjs>A^¥Ù¦8I©�(.o),�±kõ�

-L<kernel lib> libkernel.a¤3©�Y£XJ�Ñ§K­#?È¤

-f´Ä±¼ê�ü ?ÈSØ

-D<srcdir>SØ
©�¤38¹

-t<templatedir>��©�Y¤38¹£%@�sample¤

-m<makefile> makefile�¶i%@�Makefile

-d<dbgenv>$1�¸

-r´Ä¦^trace log

-p<dir> perl)ºì¤3´»

-g<dir>��ì¤3´»

~f ../configure -T dve68k gcc -D GDB STUB -A perf1 -a ../test -U histogram.o
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extension(ASP*Ð�§g1.6�\\)

mutex�¢y

overrunhandler�¢y

pri level¥ä`k?l16?C¤256?

utilis(��óä)

genoffsetO�¤
3(�J¥� £þ§ø®?©�¦^(offset.h)

genreame)¤­·¶Þ©�target rename.hÚtarget unrename.h

makedep)¤�6©�,?È�¦^

makereleaseuÙ�¦^

test(ÿÁ�)

Ä��ÿÁ§S§�)~^api��

^½�ì½cycle counter­EÿþõH§¿±��ã�/ªw«(J

gÄz�ÿÁ§ÿÁ)¤ì
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ARMulator ARMulator´��dARMúiíÑ�8¤mu�¸ADS¥Jø��-8�[ì"
ARMulatorØ=�±�ýARM?nì�NX(�Ú�-8§��±�ý�;ìÚ
?nì	���"

Skyeye í�!SkyEye´��Ì��éARM¿|±õ«CPU��-8�ýì�m
^�"
SkyEye�8I´3Ï^�LinuxÚWindows²�þ¢y��X^�8¤mu�¸§
�[~��i\ªO�ÅXÚ§¿�é§�?1
è?�©ÛÚÿÁ"

TOPPERS/ASPéSkyEye|±'�Ð

QEMU í�!QEMU´�@dFabrice Bellard¤?���[?nì�gd^�"GoogleÀ
JQEMU��Android��ýì`::|±'�õ�e�Ú�#�?n!(ARM
Cortex-A8)
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skyeye¥ASP

?ÈSkyeye§����m
�8��§kconfigure2make"

TOPPERSéskyeye1.2.4?1
UE§skyeye with device manager"éat91|±

'�Ð"

skyeye -e asp.exe -c skyeye.conf, skyeye.conf��ý��©�

skyeye.conf
cpu: arm7tdmi

mach: at91

mem bank: map=M, type=RW, addr=0x00000000, size=0x08000000

mem bank: map=I, type=RW, addr=0xf0000000, size=0x10000000

cycle counter: base=0xffffffc0

#net: type=cs8900a, base=0xfffa0000, size=0x20,int=16, mac=0:4:3:2:1:f, ethmod=tuntap, hostip=10.0.0.1

#net: type=cs8900a, ethmod=tuntap, hostip=10.0.0.1

#uart: mod=stdio

#log: memlogon=1, logfile=log.txt

#dbct: state=on
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