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What does Real-Time mean?

REAL-TIME Egfss “REAL FAST”

Real-Time == Deadline
== Determinism

== Predictability
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Who need Real-Time Systems?

A better question would be... who doesn't.

Improved predictability
— Safety Critical: Want to stop when you hit the brake?

— Process Control: The caster must stop when you hit the button
on the HMI*

— Web Servers: Click 'Reload’ —it's taking too long.

Military - Accurate missile tracking

Telecommunication Infrastructure
— VoIP, PBX, IMS, new 3G services
— Predictable call connection; avoid irritating the user

Banks - Responsive trading
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Real-Time Systems: Where are we?

Classical real-time systems are getting more complex
— Complex real-time code in devices
— Military, telecom, financial, industrial, automotive

Real-time systems becoming part of enterprise IT

— Merger of networking and devices:
U-City, U-Building, Sensor Networks etc.

Then Now Future

Software

Software
Hardware
Hardware

Hardware
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Real-Time Systems: Where are we?

* Most of the real-time/embedded systems are
— developed in C/ C++

— C/C++ is more productive than assembly code c* *

— NOT the most productive, error-free languages

Increasingly difficult to find C/C++ programmers or to
retain them

Starting to struggle with the maintenance costs of C/C++
applications
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Real-Time Systems: Where are we?

Increasing the need for a common,
high-level, fully supported, correct,
advanced (Java-based) real-time
application development platform.
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Java... comes to the rescue

Java
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' Java

|

. Stochastic

« Java is unsuitable for developing real-time systems
— Java is Slow (Hmmm...)

Non-deterministic GC (Stop the World!)
JIT Compilation — Dynamic class (un)loading

— Inconsistent Memory Allocations
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Java... Stochastic

« Java Language Shortcomings

— Java thread scheduling is purposely under-specified
(to allow easy implementation of JVM on as many platform)

— The GC can preempt Java Threads

— Java provides coarse-grained control over memory
allocation, and it does not provide access to raw memory

— Java does not provide high resolution time, nor access to
signals, e.g. POSIX Signals
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RTSJ — Key Features

« Thread Scheduling & Dispatching

— Priority-preemptive scheduling

Enhanced Synchronization

— Priority inversion avoidance

New Memory Management

— Allocation contexts without garbage collection
Added Asynchronous Event Processing

— Internal events, external “happenings”, and handlers
Time, Clocks and Timers

HEOEECEN TELATERCES TELETER

[f‘l ) . s g i 13
pA**TxlIL. o] TTEL =] P IS e TTE4 151 F I [ded TTEY =1 F |5



EEIHWIﬁIIﬁHEFJIHMIHIIIE
E RTSJ System Model

- o I
o TIET =1 ¥ 150 [<del 1) @

.
: s

M - Non real-time :. Ja\ia, SHAF =t -
b * Regular Java threads =174 1
i » Maximized throughput = =
i i
. 5
B
Data Transfer queues =
"B |mmortal Memory
N
r -4
- )
-
Y . Scoped M “'
4 cope emory « Scoped Memory i
M - Soft real-time * Hard real-time il
* Realtime threads * NoHeapRealtime threads =
E « RTGC * Bounded jitter I
IMPACT T—

L) Pt FURC [ b 1o laded] JTEY J=] b 1o loded] JIE4 J= | |&




EEIﬂJI:IIﬁHE P A T R @
E Already widely Deployed
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Standard
Java

® Real-Time

Java

Automotive / Telematics

Web services Military / Aerospace

Cellular phones Avionics
Consumer electronics Motion control

Process control

Crlling Telecommunications infrastructure Safety-critical
73 No Real-Time Soft Real-Time Hard Real-Time :
i Requirements Requirements Requirements b
b
Various application domains
g are already exploiting Real-Time Java !
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So, how deterministic is the RTSJ?
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RTSJ Performances - Response time
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RTSJ Performances - Response time

Perlodic Latencles

14000
13000 |
12000
11000
10000

8000

Latency (ns)

7000 |

6000 §

8000 P

Running in NHAT thread, 2 GP threads, ATGC

Perlod: 20000000 ne |
Running tirme: 200 secs

BOOD [ARE

4000

IPACT

i

1000 2000 3000 4000 5000 6000 7000 BO00 9000 10000
lterations

Cistribution

Periodic Latency Distribution

00 ! ! ' ' I I I
Running in MIRT, 2 GF thresds, RTGC

3500
Min lalency: O ms, 4508 ns

o latenay: Dms, 13850 ns
Slandard deviation: O mg, 708 ns

Latency jitter: 0 ms, 9356 ns
digsed deadines: 0

3000

2500

2000

1500

1000

500

Avglatency: Dms, 5981 ns

o
OO0 @000 TOOO 8000 S000 10000 11000 12000 13000

. Latency ins)

18

HEOEECES TELATERCES TELHETER

L Pt FURG (= b I aded] TR = b P Loded JIE4 = | |5




EETEECE: TELATEECE TELATERE

e LR

MPACT

RTSJ SPECJ2005rt Results

AT HETEW S EEEEOHETEY S EENE O HE TR

viyg
H@!‘
SPECjbb2005rt -
Warehouses =3  Max Throughput = 51800 Response Time Limit = 30.0ms L“
] ‘400
55.000° 4y imum Throughput 375 .
50,000 - (calibratod) 350 =
325 s
45,000 Response Time Limit 30.0 .
__ 40,000 30.0ms "
S 2715 2 iy
.E 35,000 2508 .
5 2253
£ 30,000 225 g =
= 1200
2 25,000 - B
=3 175 2 .
3 20,000 15075 L
= [
* 15,000 125~ oy
& +10.0
10,000- . = 5 F
N e B :
5,000 5.0 g
0- 25 i
b
: : : : : 0.0
10,000 15,000 20,000 25,000 30,000 35,000 40,000 45000 50000 55,000 ﬂ
Target Throughput .
@< Throughput |--Maﬂ Response Time -+-Avg Responsa Time i

19

O O 0 O 0 G




vy

o TTEY =] F IS0 4l TTEY Pl P 180 Tadefl TTEY =] F 180 aded 1T *@'
RTSJ SPECJ2005rt Results
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References

* Financial Trading/Analytics Systems

— NASDAAQ - fast time to market pushing drive to Java from C
Network Routers

— Packet routing - tighter timing typically single-digit ms
Industrial Devices / Process Automation

— Mitsubishi PLC, Project Blue Wonder (SUN)

— POSCO Mg. Plant

Military & Aerospace Industry

— BOEING, NASA, Air Force Research Laboratory

— DARPA - Autonomous vehicle control

TELCO & N/W Industry

— CISCO - IP Phones
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And now, tell me
what does Real-Time have
fo do with Namoo ?
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CoreCode Vision

[ | T =
*LI_I,]J ERP % EAM
Qms SPC -

Enterprise IT Applications

- Interconnected

&ﬁ = ) 5 mﬁ@

e

Instmmmted

e

Shop Floor

IPACT " z3
b IR FTEE =l F OIS el TTEY =] F 1990 [-3efl TTEY =1 F 1=

= Wi ’*f‘:’ﬁﬂ.ﬂlﬁ:ji!."j ATEREES TEC AT ERE

PHAEEEEY TEVHEO RN TEL O EE




EETEECE: TELATEECE TELATERE

CoreCode Adaptor Process Model

el IR I=] } o] [def JIRY P J 1 ldef] TURY P F IS0 Loded [T

Adaptor (Configuration XML)

SunFTPCo.| Condiio

i1 Cd
@€

JDBECRead. JS0HOBe.  DomdiTox

FilterPr SiringSi.. Fasoword,

JOBCWrL.

MPACT

‘L

4]

24

AN TEV S EEEENHNFITEN S ECOEEDEHE TR S NEm .

HAEOEECEN TELATERCES TELEATER

£

i




bietl IR IS F IS0 Lodaf TTRY 1] F P Ladef] TR |1 F OIS laded] TR
CoreCode Real world performance

Test Scenario

— Read in 10K flat file -> convert it ot OrderedMap then to XML -> append
to output file

Response Time <Standard Java>

PZE _Load_fileBigOnly _12182007_3rd, TIM: Checkpoint Data
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CoreCode Real world performance

« Test Scenario

— Read in 10K flat file -> convert it ot OrderedMap then to XML -

> append to output file

« Response Time - <Real-Time Java>

TD-0ne_03072008_1603439. TIM: Checkpoint Data
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CoreCode - Sensor To Boardroom
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Summary
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* Not a Silver Bullet, but a Sharper Tool
« The benefits of RTSJ are REAL™, not theoretical

— Architectural Flexibility, Predictable Solution Development

* High time to dig into RTSJ
* IBM WebSphere Real Time (WRT) V2 is GA

— http://www-306.ibm.com/software/webservers/
realtime/

RTSJ delivers predictable performance!
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