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ndustrial
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o mALFIIRER, MBI EL, PBARELFRTSHSHEN
° %R ZBAMRAAAR BN AL, BIFLRE
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o RAFIIEM, MEFARAEN, BIRALFRHIL S SR
0 REBARAMAEAR BN XNALE, BFRLTRL

o uITRONE 2 H10F A £ #7, TR AEHRGLRE
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TRONZ

o RAFIIEM, MEFARAEN, BIRALFRHIL S SR
0 REBARAMAEAR BN XNALE, BFRLTRL

o uITRONE 2 H10F A £ #7, TR AEHRGLRE

@ TRONZL£ & T20104Ff4#k, # /= ®T-Engine4kk

o ITRON#y# K j& 4%: TOPPERS Project5 T—Engine Forum
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@ A T ERIE AHEME R ITIRME R R BN R H LM, TRONR B + X7
45T — KA FE 4 —— 33 T T-Engine® B 1+ X]“(2 %)
o WAREMA LM (T-Engine) HirEFRER#REZ %48 (T-Kernel)
4R EI TN X R G TR KA EF 6
@ T-Kernel’# A uITRON3.0, kA TBTRON. CTRON_L&35 m K, &4
o AR/ET-Kernel(4H3+32bitHMMU Y £ 4t)
o uT-kernel(4F*F R~ MMU#&Y £ 4, 4216 bit MCU, ARM7TDMI, ARM
Cortex-M3)
o p-kernel, n-kernel (4+3F % )\HAE4Y R %4.,8bit & 4)
o %H¥ &, AMP5SMP
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T-Engine #9454

Application #1 #2

Device T
Subsystem #1 #2 ‘.- s Middleware
Driver #1 #2 l
T-Kernel/OS T
T-Kernel /DS T-Kernel
T-Kernel/SM l

‘ T-Monitor ‘

K T-engine Tt
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nel5 I TRON4.0 7 f] Z &b

Thig pITRON4.0 | T-Kernel Thig nITRON4.0 | T-Kernel
Task &7 FEL it ®) O I T 5 Ly i
Task[r] e o O LI 2 L ®) @)
Task il #h b P O O RERE RS O O
[ 47 A5 Alarm4h EiL O O
semaphore O O Overrun/L 2 O X
event flag O O RYUREE O O
data queue O X g R O O
mailbox ) O 2 55 10 H A 1 O X
A REI A A A G A e B O O
Mutex O O Subsystem & H1L = O
message buffer O O System ) {7 E7 B - O
ikl @) O A ddress s ] 7 L & 8]
A7t D e device’H Hi! - O
] 5 G N A7 i O O 1/O port &7 Fi = O
A AR A7 TR O @) AR - O

SkJE 75 B F, ITRONS T-kernel it 2 &
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TOPPERS 2 1 4

@ TOPPERS=Toyohashi Open Platform for Embedded and Real-Time
Systems
o W FH®FHMAFHAHKF 4 2,20032NPOL
@ hitp://www.toppers.jp
o M E(FA), F (FAR). F(BUH. FFXAM)E ARIAALR

—
@ =78

o VAITRONZLA 69 /Lt m R A ok, 43 AKX F AT L LIERTOSER % 4
AT R AR S R

o KitFMIEHAXA LY TES

0 EHMARKFRGAR, ME—ANelinuxIfAE T 2 & F 495 2 OS!
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TOPPERS#®) £ % B #*
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TR AT RS A G RAEREAM, FER—ADRIFHAR
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TOPPERS % % K

*TOPPERS/XXX is name of real-time kernel

next generation
kernel specification
full set

high performance
and
low power/energy

dynamic objects

OPPERS/FMP
multicore processor
extension

low power/energy

OPPERS/HRP2
memory and time

protection high reliability and safety

TOPPERS/ASP safety
functions safety

next generation
kernel specification
tandard profil

—__application extension
TOPPERS/SSP
| | | [ I |
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F2FAmF (F—KRAK)

TOPPERS/JSP % #%;ITRON4.0 Standard Profile# 5 & P9 4%
TOPPERS/Fl4 % 4% #5ITRON4.0 Standard#d 52 i 1A 4%
TOPPERS/ATK1 & 1&)i4 % & F# /HOSEK/VDX 4R 4 &4 52 B 1 4%
TOPPERS/FDMP 43t 7 g % AL 32 55 69 R B AR (H T X7 4)

TOPPERS/HRP 4txt 7 A A A k47 7 it 49 (MMU/MPU) 89 8 N X & 4,5
B JAXA % I T
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FRFRAR (FH—RA%Z)

TOPPERS/ASP £JSPA#k Lt 4T T K EA 6 E A4, EANTOPPERS
Project#y % zk

TOPPERS/FMP ASP A #:4tat 5 & B E 694 &, #HFDMP A #
TOPPERS/ASP Safety #4&1EC61058-347 4 #4944 M #%
TOPPERS/HRP2 #% —/&HRP

TOPPERS/SSP &/ A4, ®@8iz/1642F %, AT L&ME &E (7)
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FRIFRARK (PR

TECS #AXAH R %, AouHititaysy

TINET #H#&ITRON TCP/IPARA & TCP/IPH XA, R & & #IPv44=IPv6
FatFS for TOPPERS % #FAT16/3209 L+ & %, £ &R R %R
Tethys USB 7 4-USB2.044 d dy 4 A\ X % 4.69USB Host Stack (EAF A+,

# Krelease)
SafeG # A X bl £ 24] I ARM&g TrustZone i K
TLV TracelLogVisualizer, ##:OQS% 9 T ALK I #
TTSP TOPPERS Test Suite Package, T k4K
CAN/LIN 4+5+CAN/LIN.E £ &9 7 18] 44+
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dvanced tandard rofile

o ATOPPERS/JSPA R LA R fk (USPZAMA —Ax o iH
#5uITRON4.049RTOS M 4% )

o MM E LM, Tik, Ty Etifxsh LA 5%
o ¥ ATOPPERS Project ¢ % &

0 54 uITRON4.OHLTE &9 F At 69 5% SL(ITRON RTOS# & 2 31k
o # 4k 44 (monothlic), 55 uC/OS-Il— /2 3]

2JSP: Just Standard Profile, TOPPERS Project#) 5% #2 s &
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it b 92 LY 7 4t

® it T4t
Q TR F kAT A M
Q B TAATH a9 R AM-F & 49 Hi% (uC/OSHI A K 1)
Q % -Foheckid it (A HiE, ME R HZIE)
Q HITHREAN SRR THELEE
Q@ »THi
© I 4

o Yi—4kdE, KM (monothlic), LRV IAMER
o MAzmlibraryie, KB &A4HmE

o HAREM A 9L B ARIFRM A5 65 H

o RAM4: A= 74!
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ASP &y £&#9- 54K

Application Program

System Service

Kernel

System Interface Layer

Hardware(Processor Memory Timers,other peripherals)

BHFE = A8 + IR + IEF
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ASP 64 2& 4y - P 3¢

(" coctorm caroi o )
User User User User User System Service
Task Task Task ISR ISR
User User Defined Kernel Generated
Task Interrupt Handler Interrupt Handler ( System Log Task )
(~ )
TOPPERS/ASP kernel

(‘Task Management )(" Time Events )(" System Management ) \ )
S Waiting Objects ) (Interrupt and Exception ) )

Low-level Output
Function

p
((System Timer ) Interrupt and System
Task Dispatcher Exception Processing l Initialization )

\

: Target-independent Parts

(:) Target-dependent Parts

)

J
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ASP& 7 fig

o 5 EH
o RmAMEHK2%, BIAF ALALRIOR (T REE2564)
o HE4ID, R AHLE (RER), AHRRARMES, 1.78AS, FHL
HHh Az
o hAEBIMME, &1EE (Cooperating Scheduling) , 4 B8 & %
o HE4IkESH#5
o &% J % /signal
o B ¥ bidfz
o F5 & (Semaphore) /Z k¥ (Mutex) ,Z #H# &L ETR (Prioriy Ceiling
Policy)
o WiFA, HTIE
o HAEBEIENT
o FHiRE
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°o NAEEHE
o AlZ KM AL
o mfi F4HE
o #AIRET A F 4 (cyclic handler)
o ¥ kntietiE (alarm handler)
o MItiziT=i+%E (overrunhandler)
o P 5R W
o TOPPERS#R& " Wit Al (J5ik)
o CPUR# ikt
o P a4+
o TCP/IPtHis#%-TINET

o FAT X+ % %-FatFS for TOPPERS
o CAN/LIN.., Tethys-USB

A (P AR TOPPERS/ASP 4 2011 %1288



ASP 5 ;,C/OS-1# He £

TOPPERS/ASP 11COS-11(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
Cooperative Scheduling
Synchronization
Communication
Interrupt Management
Memory requirement
CPU support

Porting

Time Events

System Service
Scalability
Middlewares
Documentation

YES,based on priority

FCFS for tasks with same priority
semaphore,eventflag,mutex
mailbox,dataqueue,priority dataqueue
TOPPERS Standard Interrupt Model
10-100KB ROM and RAM
ARM,Japanese CPUs
complicate,require auxiliary tools
support alarm, cyclic

Log Service(default)

good, the basestone of TOPPERS Project,
FS,TCP/IP, CAN

fruitful,but only support japanese

YES, based on priority

NO

semaphore,eventflag,mutex
mailbox,message queue

no standard model just simple processing
serveal KB ROM and RAM(minimum)
many

easy,just 3 files

support alarm and cyclic from V2.8.6
no,just kernel

poor

FS,TCP/IPUSB, GUI,Modbus---
many textbooks,papers,applications




ASP#IAE 55 K & 4% B

RUNNING

dispatch
READY <+
preempted
A A
relga_se from wait
waiting
WAITING [
A
suspend resume
v
t WAITING-
SUSPENDED
release from
waiting
Y
suspend e _suspend
SUSPENDED
resume

forcibly
activate terminate

DORMANT  [*

forcibly terminate "
create I l delete

I~
| NON-EXISTENT l¢———————————
I

exit

exit and delete
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o —MNMwRAEFEMNE, ok, AAKLGAK

o X ABEA AR uITRONA.OFR A (L)
0 Z K& &

o mEt R

o HAME

o TOPPERS#R/£ ¥ i A
o F/i = ey KA
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© A F AIRH F T AME A % 3L AT % 69 43 R AR 2 A Objects
ObjectVAIDHE A K4, AL 8 & &%
o 5 E kA2 Al X Bk dYobjectfrz A 4 #45 ( Processing Units)

o ATHS 552N, 55 AR ELZ MR FA81E AR, 4
ez A% 453+ % (Waiting Objects)

o LmfiaAn ka3t ARz At E 4 (Time Events)
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[ processing units | [ waiting objects | [ time events |

[ tasks |
SIS semaphore
init routine
.
interrupt handler
overrun handler
[—excepfion roufine }
exception routine LTI (100
service call routine _ j«— mailbox




HARE

R #RTOS4=uC/OS-II, RTEMS, FreeRTOS, k ACi&E 5 & & XL kBLE &
?ﬁ,o
@ TOPPERS/ASP¥ i 2 AT B4t 4. BT EFFHBAMEBZHL S
4, £ 50SEK#0IL,
o fitilibraryt, TTARIAR % AFHEY, HHAH B,
o 1=
o MY I TAEE, MmbkEFhEE
o RETRAGA R RE, TEELA B 69K 3T R
o Ik, TAHAXKRST ik
@ Ht&
o EATH, FBHMTRE, A&, LR
o FI—EHIMEAPI, RETAANALE
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TOPPERS#R /& ¥ 4% &

IRQ line

< 1RQ—{ device |

IRQ line

_ﬁ
El
S
)

«-IRQ—{_device |

interrupt priority setting

edge/level transfer

IRQ disable flag

interrupt priority setting

IRC & processor

v

12

interrupt priority comparison

‘ interrupt priority comparison ‘

I interrupt choosing

- | interrupt priority mask

interrupt lock

CPU lock flag

high Priority
‘ A
-7

interrupt priority

-1

N
inthno

‘ interrupt handler ‘ ------

‘ interrupt handler ‘

interrupt accept

ISR
ISR ID

0:dispatchper

task priority

15

low Priority
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TOPPERS#: /& 7 W7 A% A 69 4% &,

o T AL AR A A B
o 4R b U AR K KA by B A b
o Y AT B FT7R, FTAT 492 He AR 7T LASE i AR AF R AL
o T EALIHFK I3 T LA LA ALK AL

o XFTUIHE, KM RALMS, EHHAR XTO0, HABMKLEAO,

PRI R R A G
o 5,ITRON4.07 F % 4
o FINT kLB Fik (ipm)
o PHEEARAEN, WILAEFER
o K
o Bt E&y— L, 124k, LA TFTEE T &=4%F (Vector Interrupt
Controller)
o Ry THMMEMEL, LHLAFRMFEAT SR
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o H iR #i(target dependent)
o target P # 5 A% 448 % 69 XA, P 3R XA+ & #target_compilerér
4 ,#=at91skyeye_gcc
o arch A TRHNRAYLAE, Bl—RMYLBIAH)HAZIMHXT, OER
# % L@ %, drarm, gec
o 3k H AR{R #i(target independent)
kernel TOPPERS/ASPERE I, it 4%, 52 FRESF
library TOPPERS/ASP % M 9 B, 4=printf, histogram, F# &R F%
syssvc Z4R %, BAMEERAF oM ERS

o include & Fl 89k LA, st& AL F
o i
o pdic tbE& F LAYIEF AL, 4= @ 0 Ikz) (prime Cell)
o cfg B & % R A= — it ) PT /£ LAk
o doc HLEA LAY
o uitls #Bh T B, &2 —kperl#r R, 4erename, genoffest
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MsampleFF 45

samplefs|42 TOPPERS/ASP&yTEH], K % #ASP&Y4F SAR T A E 4RI,
1A £4E %-maintaskdE 43 & 3/ w45 4E 4task sk F B — KA, 14
HELES R T

o WLETH
@ GNUFF & 33 Cygwin/Linux(Unix)
@ gcc 3.43 T B it A=BoostF, X HEUC-JP#) %4 %
@ CodeSourcery#yarm-none-eabi-xxx 4y T 4%
o A KiAiA
@ /itoppers.jo T Hasp for at91skyeye &, 3 i /& 45 B AN LA k.o
Q #HACig#HT, %ikHE % (configurator),./configure(: & % i% 37 4),make.
cfg.exe/cfgfcfg/cfg B & T
© iztoppersit B £ TF, #obji#&1FH%i%E F. #obj T, i&4f./configure -T
at91skyeye_gcc4 s LA2
@ obj T Aisample.c, sample.h, sample.cfg =/~ . make.
© asp.exe HELF# X8 AR, kernel_cfg.cl.h¥ & ) 4 sk 49 8L B 4
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samplefl 4249 £ &2 e

o FTMEIG TR 14X A F 44 tmain_task (task ID: MAIN_TASK, &
% B MAIN_PRIORITY), 3AN# 2347094 5 VARAR B 6945 5 55 /L 325
% (task ID:TASK1~TASK3, #4442 % : MID_PRIORITY). 14347
A4 ey B 412 /% (cyclic handler ID: CYCHDR1), 1A~k 2t %
(alarm handler ID:ALMHDR10), 14~CPUX % 4 3% 4 (cpu exception
handler, ID:CPUEXC1),

@ Fhk: FRNPATHINES, AT Ttask loopH ARG, Hrd —K1F 4
A TS EAMIT. ZREFRHIT—KH L EHAHIGH_PRIORITY,
MID_PRIORITY#=LOW_PRIORITYiX 3/™k 26 B 3t 4% TA 5] L3648 4% 5497
F. B#handlerinds #7124k &, main_taskE FEUCH P &4, FHAT
ARG ARG, FAPEEAINF I PITES. i Q
A CTRL+C, % /~sample programik &
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samplefs| 42 &9 & 47

WA e G e
1 et GAE 4 HTASK Ginistse) 2 et §AE % HTASK2
3 Dy #eat 45 4 A TASK3 a i ifacttsk® &£ —AN 3 # it fAE HIF K
A il it can_actiH 3t SAE 444 2 B ik K e A3 A S b il idext tsk B 47 P b
t il it ter tsk3E #) 4 Ak it §AE 5 > 7L A §AE 45 58 2 AHIGH-PRIORITY
= 7T At A 4458 £ S MID_PRIORITY < PR A A F 152 & 5 LOW_PRIORITY
G i et_priik it §AE F- a9 R s it slptekif it §AE H BN F RS, F MR
s i tslptsk(104)) M3t RAE S st NF R, 1047 B AZET A Bh% w 3B wup-tsk & s — AN A fAE SR BRI K
B2,
w il iTcan - wup il A S AE FoR BRI K | i it rel waisk # IR A FAE S F AR E
u i@l ifsus kg ¥l ALt 448 %, # ASUSPENDED#K A& m @it rsm_tsk ik +f §4E % 49 SUSPENDED & &
d i itdly tsk(1045), &R 10 AT %45 4 X i it ras_tex(0x0001) 5| £ 4 545 4 5 3 4k 22 5 4
X il itras_tex(0x0002) 31 & 3¢ %45 4 5 i 4L 32y ¢ y i it dis_tex#t 1k 3F %4£ 449 exception handler
Y il i ena tex{k it it fAE S 945 5 S AL B B r % 7% HIGH_PRIORITY, MID_PRIORITY#=LOW_PRIORITY &34~
5 B A2 AT R4 A S 69
c [N C VR P
b R R R B G PAT B bR R R
z £3t G454 F 5] L CPU Exception (+F.b4£4) z 3 §AE 4 b HF B A£CPULOCKIX & F 51 XCPU Exception (+
1k #~sample program)
q i B & &AL AHLOGNOTICE (LOG.INFOZ A 49 {7 & v % B AR &R AZALOGINFO (Bik)
)
v i i get.utmik A K & 4t M 4P SYSUTM

1412488
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BL & 25 -configurator

configurator TOPPERS/ASP ¥ i A 69 B B4R L/ B E Rk T ke BLE SR
BIF 5 ATEL B A (.cfg), AR ARZ 6 R G R . BLE L 7&
RV AN

3 L
o i
@ i n: kernel_api.csv, kernel_def.csv, sample.cfg(&.45 7 st T #9.cfg)
@ iirth: cfg_outl.c
Q@ U ASJHTHB @M R R AK, Q16 AAPIE Ze A4, 4 RASCIIH X #9Motorola S #cfg_outt.srec. i 5 7
#cfg_outl.syms X+ A% {zsymbol £.srecF 4942 §. dE.syms(.map) & FSH X (.bin) s 41 42 it 4% 3

K — e
o #H MK

@ i n: cfg_outl.srec, cfg_oout.sym, targettf, kernel_o.csv, samplei.cfg

@ ihdikernel_cfg.c, kernel_cfg.h, VAR T fE—2ktabey b GL% A

Q@ Y AR RARE L4, B4 Lobjectdy FA. IDF P B E A FF. AARRIEHCH AR, RELPEAT —AEREBOA R

s —
(] %;F"‘Fx

@ i Axxx_checktf, H5k, S8 BiRLH

@ i HRfL

@ U AMBAA, RABRLARTR SR EEE, AETFEF

o FWINE, ¥ &
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BLE B9 =&

R E

BGECE S system.cfg
B SNEEB
Rt WEHB
RGO
e B b Bl ‘ Ctt
Comi¥ds
(KB TH)
A 4 cfgl_out.sre cfgl_out.syms
FHL RES
e & #5h B2 Sk 5
kernel_cfg.h
A ;%]I% rnel_cfg.c ST _cfg
it W Sk st
CH e 2% s
Gy [ MR
A 4 + Vsystem.syms
G e B f_-{ﬁJ
u |

TOPPERS/ASP A
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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 });

A& %A

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_TASKI,

bi

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) }};

}i

(TA_NULL) ,

(tex_routine)

b

2011 #1288

39/45



AL & Jir A-configure

configure B F A i A &perlr &, £M—A R AEF

o ¥
@ T <target> Hi74, #:ZBSP
@ -A <appname> & RALAE 4, Zik%sample
@ -a <appdir> & M Fi sk iz
@ -U <appobjs> & ¥ S B 4R AH(.0), T AH S A
@ -L <kernel_lib> libkernel.a #f & 3+ % (4o R A4, W EH4hid)
Q@ fRTAHHH 2Bt N
@ D <sredir> MARLHFEB R
@ -t <templatedir> #4a A BT B % (BikHsample)
@ -m <makefile>> makefile#y & F 2 ik % Makefile
@ -d <dbgenv> i&iTIHHE
@ r 2% 4% Atrace log
@ p <dir> perl g % Fi 8542
@ g <dir> REZESBZ
_3-’-

../configure -T dve68k_gcc -D GDB_STUB -A perf1 -a ../test -U histogram.o

2011 %1288



A

@ extension(ASP¥ E &, B1.6E4AN)
o mutex#y 5
e overrunhandleréy 5= 2,
o pri_level WL B AK164 T R256 4
o utilis(Br A T LK)
genoffset 7+ F s R £ &M 4 694458, L% 341 A (offset.h)
genreame 4 s E 4 % 3k L #target_rename.hf=target_unrename.h
makedep & AR A, g iF B4 F
makerelease & 7 Bt4% Fl
o test(MX &)
o AARMMIKALS, @IEF Mapi¥F
o M=% RKeycle counter® M # ik, FUAE TR XL T4
o B FNLEGMGK, MK 4 KB

A (%A / A £ 2011 %1288



'é éo kéiﬂ; ﬁ/}lbﬁl

® i Ak &BE LA(.cfg), HEITE BMTR
0 TR EHRTE kKD

o AMBLE A, ARIEMakefilert i £ A8 K 89 T42Makefile, 152
° miF, i

° AKX
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N X7 AR

ARMulator ARMulator& —A &1 ARM2 8] 4 i 69 5 i 77 K 3735 ADS F 24569 45 4 R A2 35
ARMulator X T A7 AARMKE S35 69k & sy Fedg o, BT T A G145 A=
432 35 9 B X B

Skyeye 4f7% ISkyEye & —A £ &4F 3 ARMIF X 4 £ #CPURY 484 47 A 5 A TR 444
SkyEye#y B 47 & 218 /A 49 LinuxfeWindows-F & £ 52 L — AN b 30 4 5 s FF K 3R 35,
AIF AN K HHFR K, 7T S B AT IR 2 R 69 55 A A= il 3K,
TOPPERS/ASP+SkyEye % #1447
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skyeye + ASP

@ %i%¥Skyeye, 5—Ax89FF R B —H, stconfigure® make.
@ TOPPERS#fskyeyel.2.43 417 7 # &, skyeye with device manager. *fat91 % +#
B AT,

@ skyeye -e asp.exe -c skyeye.conf, skyeye.conf? 15 Az & L4+

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=0xffffffcO

#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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