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2012 (Units)

MCU Market A% 8Dit 6,343 M
16Dbit 7,227 M
32bit 3,700 M
Sub Total 17,271 M| >
Computing Market PC 355 M
Smartphone 712 M
Sub Total 1,067 M| -

| C I nsight s: AResearch Bull eti n: -bM@nd ARMrlr & ksed d ode Wii ge sad ,i oAp rPialt h2 5 ,0 B®
http://www.icinsights.com/data/articles/documents/541.pdf

| DC: nSoft PC Shipment in Fourth Quarter Lead to Annual Decline as
http://www.idc.com/getdoc.jsp?containerld=pruS23903013#.UO9hyW9QWS(q

| DC: nStr ong Satphomed anll ideated Vendor Competition Characterize the Worldwide Mobile Phone Market at
the End of 2012, |1 DC sayso

https://www.idc.com/getdoc.jsp?containerld=pruS23916413
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Lines of Code in Typical GM Car
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NASA: “NASA Study on Flight Software Complexity”
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Growth in Code Size for Human and Robotic Missions

B Robotic

I Human

—— Expon. (unmanned)
—— Expon. (manned)

1969 Mariner-6 (30)

1975 Viking (5K)

1977 Voyager (3K)

1989 Galileo (BK)

1990 Cassini (120K)

1997 Pathfinder (175K)
1999 DS1 (349K)

2003 SIRTF/Spitzer (554K)
2004 MER (555K)

2005 MRO (545K)

IE. -8 .%. ' T ' 1968 Apollo (8.5K)
1980 Shuttle(470K)

e g e 2 1989 ISS (1.5M)

Year of Mission

Non-Comment Source Lines (log scale)

“NASA Study on Flight Software Complexity?”
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Google Cloud Print (with EPSON)

FTVYRTFIAR, AV=RT A MK T7J9-

http://www.epson.jp/connect/gcp/
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TRON Project




since 1984

h Ubiquitous Computing

TRON
The Real-time Operating system Nus#leus

(C) 2013 YRP UNL and YRP UNL, All Rights Reserved.



Intelligent Lighting /( Intelligent Alr Supply

Intelligent Celling

Intelligent Sensor

/ BTRON Work Station
/ Intelligent Wall
{

Intelligent Desk

{
!

i Inteligent Chalr Inteligent Floor

A Intelligent
Object

A Closed Architecture  Open Nelworl
Architecture

OPEN END

~

A Figure 1. Highly Functionally Distributed System Environment

In a real implementation of HFDS, a room with hundred computers is likely, and
buildings will have several thousand computers. Assuming that buildings will be
grouped into HFDS, a city will have several million computers, and the nation or the
HFDS that span the whole globe will have billion computers in it. We need a philosophy to
handle such large loosely coupled computer network.

KenSakamur¥ a ¢whb t NBC
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A 32bit CPU
MTRON
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TRON Chip

32bit CPU API
32bit CPU
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HMI

Ponevivoarassuances | TRON Human-Machine
s | INtErface Specifications

IEC
technical Report

A "Guidelines for the user
Interface in multimedia
equipment for general
purpose use”, 2001.

Technical Report IEC TR
61997,
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OS

Share of RTOS Market
RTOS DY —4 vk
Other proprietary OS API
ZFOhOSHED API
MS-DOS —/\ _\

Win32 APl —

ITRON-
specification API

POSIX APl or UNIX API byt I LA g

_ specification API)
POSIX FEfzld UNIX R API TRON AP

(WTRONfHEAPI Z2E) 4

T-Kernel specification API
T-Kernel {t#E API

User survey results (165 valid answers) at Embedded Technology Exhibitions in 2012
20124 Embedded Technology . #iAHEESHINE FIRE7 o —~ #3165
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OS
IEEE Computer Society

COMPUTER
SOCIETY
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OS pyl TRON
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IKARQOS T-Kernel

IKARQOS
Kernel

JAXA 2010 5 21

A IKAROS
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"Hisaki (Sprint  -A)"

~
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A T-Kernel
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Real -time System




Real -time System
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resource
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Computer System
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camera input Display Data
> >

Sensor 1

Sensor, Control Signal,
= =>

Computer System
Sensog_) Control Signalz_>

Sensoy, | Control SignaIm}
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deadline

RMS: Rate Monotonic Scheduling
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scheduling
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Round Robin Scheduling

A
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Preemption

1
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Round RObm Event Y Response for Y Response for X
Scheduling :

Task A

Event X

TaSk B ...... v e
Handling X

Task C

PFIOI’ItIZE_d N ResponseResponse
Preemptive Prionty EventY fory  for X

A
Schedulin A
T | B N

Event X ~Handling Y

Deadline for Y
Deadline for X

Task B

Task C
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Rate Monotonic Scheduling
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Preemption
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Round Robin Scheduling
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waittime =0

Jitter

TaskM
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Round RObm Event Y Response for Y Response for X
Scheduling :
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8-

Preemptive
Rate Monotonic Scheduling

Preemptive
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Copy Processing
Task

Print Processing
Task
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all-in-onec(copier,fax;-and printer).machine

Copy Processing
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~ Exception Handing
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Fax Processing Copy Processing
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Task
Management
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task

C Fax Processing Task
C Print Processing Task

4

C Copy Processing Task

C Exception Handling Task

multitask
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task scheduling
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Round Robin

Scheduling

starvation
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FCFS (First Come First Served
Scheduling)

FCFS

D— = - . - .
waiting

waiting
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Real -time Scheduling

Priority -Based Scheduling
A A task can have a priority.

A Tasks with higher priorities can be allocated a CPU in prior to tasks
with lower priorities.

Preemptive Scheduling

A A scheduling is called preemptive if it is capable of forcibly removing

processes from a CPU when it decides to allocate that CPU to another
process.

Event -Driven Scheduling

A Event driven scheduling switches tasks only when an event of higher
priority needs service.

, This is also called preemptive priority, or priority scheduling.
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Synchronization




Synchronization

Synchronization
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event flag
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Task B A Task A

tk_cre_flg()

tk wai _flg()

Tasks A

(Priority = High)

(WAIT)

tk_set_flg()

Task B

(Priority = Low)

(WAIT) READY

Event Fladr

\4

Event Flag F F=1 Event flag

o p [ p [y
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mutual exclusion

mutual exclusion
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Semaphore (1)

Semaphore (up position)

Train can pass if semaphore is UP

Leave trigger

Pass trigger
Semaphore (up position)

Never allow more than one train on
this part of the track !!!
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Semaphore (2)

dining philosophers
problem
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T-Kernel P

__ T-Kemel: ¥+ ¢

P (S) wait semaphore tk _wail_senf)
V (S) sighaemaphore tk_sig_sen)
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Task B A Task A

tk wai _sem() A

Tasks A : ,
(Priority = High) (WAIT)

(WAIT)

tk_cre_sem()

tk wai _sem() A :
Task B { N \ tk_sig _sem()

(Priority = Low) A RUN

READY READY

Semaphores
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Communication




Communication

Communication
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Shared Memory

Message Passing
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Mailbox X

receive from”’ X"
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send to “B”

recei ve from”’ A’

Mailbox X

receive from”’ X"
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~

A

A tk_sig_tev (ID tskid, INT tskevt);

~

A
A tk_snd_mbf (ID mbfid, VP msg, INT msgsz, TMO tmout);
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RTC Real Time Clock
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A
memory allocation
A memory free

JJ/bb CaB

b 2 wA
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/IO read write
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Paging

Segmentation
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swapping

~

A
A swapping
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OS Real-time OS: RTOS
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while (forever) {

a=bh+c

a=in (oori_>);

if(a == XXX) {

out (port_y;

}

RTOS
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