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Foreword

“Prediction is very difficult, especially about the future.”
—Niels Bohr

Despite this authoritative caveat, here is a threefold prediction for this decade:

1. Demand for embedded software will grow significantly.
2. Java will be the language of choice for writing much of this new software.
3. Engines like TINI will host much of this Java code.

The ever-broadening reach of the Internet will motivate much of the increas-
ing demand for embedded systems. Existing devices that have hitherto been
driven by isolated controllers will become part of the network. New devices and
new applications will exploit the opportunities of ubiquitous communications.
These new (or newly connected) systems will appear in factories, offices, and
homes. Some may radically affect the way we live; many will squeeze higher pro-
ductivity from existing activities; some will be short-lived novelties. The obvious
industrial applications include networked process control, networked power man-
agement, networked security, and so on. But the full extent of the network’s reach
isn't clear. Will networked process control allow a consumer to interact with a
manufacturing system that's assembling a custom product? Will network power
management enable your dishwasher to negotiate with a power utility to decide

Xi



xii Foreword

when to wash the dishes? Will networked security include regulated webcams in
day-care facilities?

Can we afford to write the software for these new systems without Java? Tra-
ditionally, embedded software has been written in assembler, C, and some C++.
Although these languages were undoubtedly the right choice to date, Moore’s
Law compels us to reevaluate that decision. As the relative cost of the program-
ming rises against that of the hardware being programmed, we must move to lan-
guages that make better use of programmers, at the expense of cycles executed by
our microprocessors. Java is the single best candidate to meet this need today.

Java is a higher-level language than C and C++. For example, Java’s model of
memory provides garbage-collected objects, whereas C’s has little more than raw
bytes. Java’s higher-level abstractions, combined with its libraries, offer the pro-
grammer a tool that's portable, robust and network-ready. Although some hard
real-time requirements may exceed Java’s current reach, the language amply
meets the needs of a wide range of embedded systems.

Java'’s suitability for embedded programming is no surprise. Java’s roots are
in embedded systems. James Gosling and his team at Sun created OAK—Java’s
precursor—almost a decade ago to meet their needs for coding a variety of net-
worked consumer devices. Java blossomed on the desktop and in servers, but it
still meets its original design constraints for portable, network-enabled, embedded
software.

The TINI's microcontroller realizes the software benefits of Java in a cheap-
hardware package that can be easily interfaced into a wide variety of systems. Its
designers have selected and constructed an impressive balance of base compo-
nents: hardware, firmware, and application libraries. The resulting platform is
remarkable for its ease of use and flexibility. It is well positioned to play a signifi-
cant role in the wave of network embedded systems that | anticipate.

Although | believe this formal rationale, it's only half the story. Just as impor-
tant, the TINI is fun. The technology surprises and delights; it challenges our tra-
ditional thinking about how and where to apply computers. You'll be amazed
when you first see a Web server running on a computer that’s little bigger than a
stick of chewing gum. Join the fun, and discover what you can build!

Tom Cargill
Boulder, Colorado
http://www.profcon.com/cargill
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The earliest implementation of TINI actually dates back to late 1998 when a hand-
ful of engineers at Dallas Semiconductor, working with engineers at Sun Labs,
demonstrated a very small, Java programmable device that was capable of con-
trolling household electrical appliances. The prototype modules were crammed
into light switch housings, coffee pots, HVAC systems, and fans. The appliances
communicated with one another and with a central server, using a crude form of
power line networking. The main idea was to provide not only local control of the
appliance but also network connectivity to allow for remote control and monitor-
ing. This increased the flexibility as well as the ease of use of the appliance. While
none of the engineering work of this ancient version of the technology remains,
the concept of a Java programmable runtime environment used to create embed-
ded network applications is still the cornerstone of the TINI platform.

Over the past two years, the power line has given way to Ethernet, and the net-
work programming interface has transitioned from an application specific inter-
face to a standards-based TCP/IP protocol stack. The device 1/0 capabilities have
also been greatly extended. Today, TINI is a broad platform that includes both
hardware and software used to create intelligent network devices. These are often
devices that require a small footprint, have low power consumption, and are cost
sensitive. A few examples include industrial automation equipment, access con-
trol, vending machines, remote meters, and environmental sensors.

The TINI development project is a first for Dallas Semiconductor in that its
design has been open to public scrutiny. The networking portion of the runtime

Xiii
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environment along with the core Java APIs are of course well defined and well
understood by a large development community. However, several new APIs have
been created to expose the rich I/O capabilities of the technology. Major contribu-
tions to the definition of these new APIs have been made by the TINI SIG (special
interest group). The result of this cooperative effort is a feature-rich platform. This
work is an attempt at presenting a reasonably complete specification of the plat-
form with plenty of examples to help clarify important topics. The book focuses
on the following three areas.

* Platform definition
e Local device I/O APIs
» TCP/IP networking capabilities

Several of the chapters describe the APIs that expose the various forms of
device 1/0. Some of these may not be required by developers with specific appli-
cations in mind. However, the reader is encouraged to read at least the first and
last chapters in addition to the chapters that expose capabilities relevant to his or
her particular application. The first chapter provides a thorough definition of the
platform, while the final chapter focuses on performance improvements and appli-
cation hardening—two important topics for anyone writing serious applications
targeted for the TINI runtime environment. Chapter 7, Building a Remote Data
Logger, is also quite useful as it details a large example that brings together sev-
eral of the concepts presented to that point in the book, including serial communi-
cation, 1-Wire networking, and TCP/IP networking over both Ethernet and serial
interfaces.

The best way to become familiar with this technology is, of course, to use it.
For this reason, every attempt has been made to create examples that are easily
run on the most commonly available hardware. Some of the larger examples
require additional hardware, but any additional hardware should be relatively
inexpensive and easy to attain.

A strong familiarity with the Java programming language and some experi-
ence with network programming concepts is assumed. While a comfort level
with hardware-related topics is helpful, it is not a requirement for understanding
the bulk of the contents of this book. It is my hope that “pure programmers” can
start with the code examples and gradually become more comfortable with the
hardware-oriented concepts presented here.
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w1 1He TINI Platform

1.1 DESCRIPTION

Tiny InterNet Interface (TINI) is a platform developed by Dallas Semiconductor
to provide system designers and software developers with a simple, flexible, and
cost-effective means to design a wide variety of hardware devices that can connect
directly to corporate and home networks. The platform is a combination of a small
but powerful chip-set and a Java programmable runtime environment. The chip-
set provides processing, control, device-level communication and networking
capabilities. The features of the underlying hardware are exposed to the software
developer through a set of Java application programming interfaces.

The primary goal of the platform is to provide a voice on the network to
everything from small sensors and actuators to factory automation equipment and
legacy hardware. The combination of broad-based 1/O capability, a TCP/IP net-
work protocol stack, and a Java programming environment empowers program-
mers to quickly create applications that provide not only local control of but also
global access to TINI-based devices. TINI's networking capability extends the
connectivity of any attached device by allowing interaction with remote systems
and users through standard network applications such as Web browsers.

This chapter examines a few applications of the technology, followed by a
high-level description of both the hardware and software components of the
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platform. The chapters that follow will focus on TINI's capabilities and features
in much more detail.

1.2 APPLICATIONS

TINI is designed to meet the functional requirements for commercial and indus-
trial embedded network applications. However, because of its low-cost hardware
and the availability of free software development tools, it is beginning to find a
home in the educational and hobbyist arenas as well.

TINI can be used for traditional stand-alone embedded tasks such as monitor-
ing and controlling a local device or system, but the majority of applications uti-
lize TINI's networking capabilities. A few applications of the technology include
the following.

» Industrial controls TINI's integrated Controller Area Network (CAN)
support is instrumental in implementing factory automation equipment,
networked switches, and actuators.

* Web-based equipment monitoring and contitotan be used for commu-
nication with equipment to provide remote diagnostics and data collection
for purposes such as monitoring device utilization.

» Protocol ConversionTINI-based systems can be used to connect legacy
devices to Ethernet networks. Depending on the 1/O capabilities of the leg-
acy system, this may be a job that can be done with a PC or workstation as
well. However, TINI can do the job at a fraction of the cost and size.

« Environmental monitor$ Using TINI's built-in support for 1-Wire net-
working, an application can query sensors and report the results to remote
hosts.

Figure 1.1 shows a use model in which TINI is employed as a protocol con-
verter (or link) between a legacy embedded device and an Ethernet network. The
legacy device may communicate with the outside world using an RS232 serial
port, Controller Area Network (CAN), or perhaps some type of parallel interface.
The Java application running on TINI performs the task of communicating with
the attached device in its native language (using a device-specific communication
protocol) and presents the results to remote systems reachable via a TCP/IP net-
work. The link provided by TINI is bidirectional, allowing a remote system to
control as well as monitor the device.

Figure 1.1 focuses on an embedded system that controls and provides network
connectivity to a single device. However, TINI can also serve to interconnect var-

1. Chapter 7 presents a remote climate monitor application using TINI and a 1-Wire
humidity sensor.



TINI Hardware 3

[ [

Serial, 1-Wire, CAN, . ..

Embedded
Device

TCP/IP
Network

TINI

Ethernet

Figure 1.1 Protocol conversion

ious types of networks by bridging the gap between smaller, localized networks of
inexpensive and lightweight devices and a “big world” TCP/IP network such as
the Internet.

In general, TINI applications interface to other equipment and networks as
opposed to humans. Due to the embedded control and 1/0O-centric nature of most
embedded network applications, there is no built-in hardware or API support for a
human interface. TINI-based systems often provide a remote display by imple-
menting a network server, such as an HTTP server, allowing the user to interact
with the system using a network client such as a Web browser. Local display and
data entry can be obtained by interfacing to a PDA over a wireless link such as
infrared (IR) or a hard-wired serial link. TINI systems requiring dedicated human
interfacing capability can be implemented using liquid crystal displays (LCDs)
and keypads.

1.3 TINI HARDWARE

This section presents a broad overview of TINI hardware and examines the major
components as a chip-set. This includes primarily the large-scale integration (LSI)
chips. Other small chips and miscellaneous discreet components, such as resis-
tors, capacitors, and crystals, are of course required by any design. While every
attempt has been made to keep the hardware description at a high level, parts of
this section assume a comfort level with hardware-oriented concepts. However,
complete comprehension of this section is not required for programmers wanting
only to create Java applications for “off the shelf” TINI hardware. We will return

to our regularly scheduled programming topics in the next section.
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At the very minimum the TINI hardware consists of the following LSI chips.

* Microcontroller
* Flash ROM
e Static RAM

A block diagram of a minimal TINI hardware implementation is shown in
Figure 1.2. The microcontroller is the heart of any TINI hardware design and
directly executes the native code portion of the runtime environment. The micro-
controller used in current TINI hardware implementations is the DS80C390. It is
a small microcontroller with built-in support for several distinct forms of 1/O,
including serial and CAN. It also provides several general purpose port pins that
can be used to perform simple control tasks such as driving relays and status
LEDs.

The flash memory stores TINI's runtime environment and satisfies the follow-
ing two important requirements.

1. The memory contents are maintained even in the absence of system
power.
2. The memory is reprogrammable.

EEPROM also meets both of the preceding criteria, but rapidly growing
demand for flash memory has driven equally rapid advancement of flash technol-
ogy, yielding faster and higher density memories.

The static RAM contains the system data area as well as the garbage collected
heap from which all Java objects are allocated. It also stores all file system data.
Whether the file system data persists in the absence of power depends on whether
the static RAM is battery-backed (nonvolatized). This is discussed in more detail
later in this section.

Peripheral devices, other than memory, can also be interfaced directly to the
microcontroller's address and data buses (labeled “Parallel 1/0 expansion” in
Figure 1.2). Two such peripherals that are commonly used in TINI-based
systems are an Ethernet controller and a real-time clock. This configuration,
shown in Figure 1.3, extends the reach of embedded devices to Ethernet
networks. It also provides an accurate time reference for time-stamping
purposes. Without the clock, commonly used Java methods such as
java.lang.System.currentTimeMi1lis and java.util.Date methods that use
currentTimeMi1Tis return constant, and therefore useless, values. Section 1.3.1
discusses where peripheral devices such as the Ethernet controller and clock are
included into the system’s memory map.

2. EEPROM stands for electrically erasable programmable read-only memory.
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Another addition that is shown in Figure 1.3 is the battery-back circuity. The
battery is a very small, single-cell lithium battery. Both the SRAM and clock used
in TINI designs have very low stand-by power requirements, which means that an
appropriately chosen lithium cell will keep the clock running and the SRAM data

persistent for over 10 years.
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Figure 1.3 A more full-featured TINI hardware implementation
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This circuitry performs two functions. First, it keeps the clock running in the
absence of main power £, ensuring that an accurate time can always be read
from the clock. The lithium cell alone performs this task. Also, the lithium cell, in
conjunction with a small chip known as an SRAM nonvolatizer, maintains the
contents of the static RAM in the absence of main power. The primary reason to
nonvolatize the SRAM is to allow file system data to persist even when power is
removed from the system.

1.3.1 The Memory Map

A memory map specifies where memory and other peripheral devices are decoded
in the microcontroller’s address space. The memory map used by TINI, shown in
Figure 1.4, consists of the following three distinct segments.

+ Code
» Data
» Peripheral

The segment sizes shown in the figure are maximums and are all multiples of
1 megabyte. If, for example, only 512 kilobytes of flash ROM exists in the code
segment, the starting address of the data segment remeii®000. In other
words, the starting addresses of the different segments are always as shown in Fig-
ure 1.4. But the ending address may be less than those indicated, depending on
how much of the space is actually occupied by the memory chips. The minimum
memory requirement for the code and data segments is 512 kilobytes each.

The code and data segments are occupied by memory chips, and the periph-
eral segment is occupied by other types of hardware components such as the
Ethernet controller and real-time clock shown in Figure 1.3. Other peripheral
devices that support a parallel bus interface compatible with the microcontroller’s
bus can also be mapped into the peripheral segment. A word of caution: Adding
hardware in this fashion also adds capacitive loading to either or both the data and
address busses (depending on the device). The system designer must be aware of
this loading to ensure reliable system operation.

The Ethernet controller and real-time clock occupy these address ranges:

» Ethernet controller - [0x300000 - 0x0x307FFF]
* Real-Time clock - 0x310000

System designers must avoid these ranges for interfacing any device other
than an Ethernet controller or real-time clock. The rest of this address range is
available for adding other peripheral devices.
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0x000000
Runtime environment _
(TINI 0 + Java API) Code segment — 1 Megabyte
OXOFFFFF
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Figure 1.4 Memory map

There is also a separate 4-megabyte peripheral area, known as peripheral chip
enable (PCE) space, that can be used to interface large (up to four 1-megabyte)
external memory chips or other hardware devices directly to the microcontroller’s
address and data busses. However most hardware is mapped in the peripheral seg-
ment, shown in Figure 1.4, because it can be accessed more efficiently by the con-
troller. The microcontroller uses four pins to control the PCE space. If no devices
are mapped into this space, the microcontroller pins can be dedicated for use as
general purpose port pins. The system designer is free to use the peripheral area
either for interfacing hardware directly to the controller's address and data busses
or general purpose TTL I/O, but not both. The topics of interfacing devices to the
parallel expansion bus are discussed in Chapter 8, and accessing microcontroller
port pins is covered in Chapter 9.

1.3.2 Integrated I/O

The peripheral devices described in the previous section are all interfaced to the
microcontroller's address and data busses. However, a broad range of devices that
are interesting to network-enable with TINI don’t have support to interface to a
full parallel bus. Often these devices have some form of serial interface. This usu-
ally results in a lower communication bandwidth. But a serial interface also
reduces the required pin count, simplifies communication, and often lowers cost
when compared with devices that have parallel bus-type interfaces. Serial inter-
rupts also have the advantage of adding no load to either of the microcontroller’'s
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busses. Support for the following low-level serial communication protocols has
been integrated onto the microcontroller.

e Serial communicatianSynchronous serial protocols, using a 2-wire inter-
face, and asynchronous serial communication, based on the RS232-C stan-
dard, are supported. TINI's controller provides two integrated UART
(Universal Asynchronous Receiver Transmitter) circuits to facilitate serial
communication. Asynchronous serial ports are extremely common in legacy
devices. Asynchronous serial communication is the subject of Chapter 3.

» Controller Area Network (CANriginally developed at Bosch-Siemens,
CAN is now described in two 1ISO standa?da;.provides a reliable serial
communications bus that is commonly used in automotive and industrial
control applications. TINI's microcontroller provides two integrated CAN
controllers. The application programming interface for communicating
with CAN devices is shown in the appendix.

» 1-Wire net Developed by Dallas Semiconductor, the 1-Wire net is a net-
work of small sensors, actuators, and memory elements that all share the
same conductor for both communication and power. Programming for the
1-Wire net is the subject of Chapter 4.

e« TTL I/O. These general purpose, bidirectional microcontroller port pins
may be used for various control tasks and are not necessarily tied to any
type of serial communication device. Both bit and byte-wide TTL I/O are
covered in Chapter 9.

Utilizing the microcontroller’s integrated 1/O capabilities instead of the memory-
mapped I/O, reduces both total device count and the cost of communicating with an
external device because it burdens the CPU less than communicating with devices
interfaced to the microcontroller's busses. For example, the microcontroller's CPU
core runs at full speed, executing the runtime environment, while the UART is simul-
taneously sending and receiving serial characters. Communicating with bus inter-
faced peripherals, on the other hand, requires the CPU to stop what it's doing and
execute instructions to read data from or write data to the device.

1.3.3 A Hardware Reference Design

Not requiring a single hardware design or form-factor provides system designers
with the flexibility needed to design the TINI chip-set into custom products. But
without a concrete and commercially available reference implementation of TINI
hardware, each new design would have to begin with the rather painful process of

3. 1SO 11898 is for high-speed applications, and ISO 11519-2 is for low-speed applica-
tions.
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designing and debugging new hardware. The TINI Board Model 390 (TBM390)
has been developed to solve this problem. It allows both hardware and software
designers to begin prototyping and development work without a large up-front
investment of either money or time.

The TBM390 serves the following purposes.

* Reference implementatiofll of the details of its design are public. Hard-
ware developers are free to use information gleaned from the TBM390
when designing the chip-set into their own TINI-based systems.

» Development toollt provides easy access to much of the platform’s I/O
capability, allowing designers to quickly interface custom external hard-
ware and develop their applications. It has also been used internally by the
TINI engineering team to develop and test the runtime environment.

« System component. The TBM390 is a fully specffiddsign. It has been
heavily tested and functionally characterized over voltage and temperature
and is therefore well suited for use as a core component for deployment in
commercial and industrial embedded network applications.

The TBM390 is a compact (31.8 mwn102.9 mm) 72-pin SIMM board. It is
an Ethernet-ready hardware implementation and supports all of the functionality
shown in Figure 1.3. It includes these important features.

e 512 kilobytes of flash memory for critical system code

« 512 kilobytes nonvolatile (that is, persistent) SRAM, expandable to 1
megabyte

» 10Base-T Ethernet controller

* Real-time clock

* Dual 1-Wire net interface

» Dual CAN controllers

» Dual serial port (one RS-232 level and one +5V level)

* 2-wire synchronous serial port

» Exposes the microcontroller’'s address and data busses for parallel 1/0
expansion

* Requires only a single +5V power supply

We'll meet the TBM390 again in the next chapter when we begin to work in a
more hands-on fashion with TINI technology. A complete schematic and pin
description is included in the CD provided with this book.

4. The specification for the TINI board model 390 can be found onlimépalf
www.ibutton.com/TINI/dstinil.pdind is also included in the accompanying CD.
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1.4 TINI RUNTIME ENVIRONMENT

Providing hardware essential for developing embedded network devices is only
half of the job. A large amount of software is also required to free application
developers from having to worry about the details of creating layers of infrastruc-
ture to provide support for executing multiple tasks, network protocol stacks, and
an application programming interface. A well-defined runtime environment that
provides all of these features allows the developer to focus primarily on the details
of the application. For this reason a runtime environment was developed from the
beginning as an integral part of the overall platform.

The software that comprises TINI's runtime environment can be divided into
two categories: native code executed directly by the microcontroller and an API
interpreted as bytecodes by the Java Virtual Machine. Application code is written
in Java and utilizes the API to exploit the capabilities of the native runtime and the
underlying hardware resources. It is also possible to write native libraries that can
be loaded from within an application to meet strict real-time requirements. A
graphical representation of the runtime environment is shown in Figure 1.5.

Java programs running on TINI are most definitely applications and not
applets. They are stand-alone programs that begin execution from a “main”
method with the following signature.

public static void main(String[] args)

Also, unlike applets, they have no “sandbox” restrictions. On TINI, Java
applications have full privileges and access to all system resources, even more so
than on other platforms that support a Java runtime environment. This is particu-
larly important for embedded applications because they are closely coupled with
physical devices. Also, unlike other Java platforms, on TINI there is usually no
system administrator to perform configuration and maintenance. This means that
the application is responsible for configuring as well as controlling the entire sys-
tem. For these reasons an application that controls an embedded system must have
complete access to even low-level functionality provided by the OS.

1.4.1 API Overview

The API portion of the runtime environment combines classes from several pack-
ages defined in Sun’s Java Developer’s Kit (JDK) version 1.1.8 with TINI specific
classes that expose system capabilities that have no analog on other larger Java
platforms. The TINI-specific classes are all defined as subpackages underneath
the root packageom.dalsemi. The classes that are included in the runtime envi-
ronment are known as the built-in portion of the API. There are also other classes
defined in TINI's API that can be included in an application during the build pro-
cess. The application build process is described in detail in the next chapter.
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Figure 1.5 The TINI runtime environment

The Core Java Packages. The API includes implementations for most of the
classes in the following core Java packages.

* java.lang
* java.io

* java.net
* java.util

The differences between the JDK1.1.8 API specification and TINI implemen-
tation of the classes in these packages is described in a text file named “API
Diffs.txt.” This file is included in TINI's SDK documentation. As the platform
evolves, it is our hope that this file will approach zero length. However, it is
unlikely that functionality that is seldom useful in small embedded applications,
such as the methods definedjéva.1ang.Math that perform trigonometric calcu-
lations, will be supported on TINI in the foreseeable future. Currently, the most
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notable omissions from the packages in the preceding list are the classes that sup-
port reflection and object serialization. Both reflection and object serialization
will be supported in a future version of the runtime environment.

The com.dalsemi Packages

* com.dalsemi.system. Classes in this package provide access to several
forms of integrated /O including the 2-wire synchronous serial port, the
microcontroller's data bus, and individual port pins. It also contains
classes for configuring system resources such as the clock, watchdog
timer, and external interrupt (see Chapter 10).

* com.dalsemi.tininet. This package contains a class namedNet that
provides static methods for querying and setting several system-wide net-
work parameters, such as the IP address and subnet mask. Subpackages of
com.dalsemi.tininet provide support for networking protocols such as
DHCP (Dynamic Host Configuration Protocol), ICMP (Internet Control
Message Protocol)), and DNS (Domain Name System). The
com.dalsemi.tininet package and its subpackages are described in Chap-
ter 5 and Chapter 6.

» com.dalsemi.shell. Classes in this package and its subpackages imple-
ment infrastructure for command shell applications. Classes in the sub-
packages ofom.dalsemi.shel1 implement Telnet and FTP (File Transport
Protocol) servers. These servers can also be used by applications other than
command shells to provide access to Telnet and FTP client applications.

* com.dalsemi.comm. This package contains fairly low-level classes for
accessing the CAN controllers. It also contains several classes for config-
uring and communicating with the system'’s serial ports. However, these
classes are seldom used by applications. Serial port access is provided by
an implementation of Sun’s Java Communications API, which is defined
in the javax.comm package. Serial communication using the Java Commu-
nications APl is presented in Chapter 3.

* com.dalsemi.onewire. This is the root of the package hierarchy for the 1-
Wire API. Unlike the packages listed above, the 1-Wire API is also
supported on Java platforms other than TINI. The package
com.dalsemi.onewire.container provides classes, known as containers,
that comprehend the behavior of specific 1-Wire chips. To avoid
consuming precious space in the flash memory, device specific container
classes are not included in the built-in API. Container classes must
therefore be included as a part of the application. The 1-Wire API is
discussed in Chapter 4.

All of the public classes, built-in or otherwise, in ttwn.dalsemi package
hierarchy are listed in almanac form in the appendix.
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1.4.2 The Java Virtual Machine

The memory footprint of TINI's Java Virtual Machine (JVM) is less than 40 kilo-
bytes. Despite its small size, it supports much of the functionality provided by full
JVM implementations, including the following.

* Full support for threads
» Support for all primitive types
» Strings

However, there are also important omissions such as these.

« Dynamic class loading
« Object finalizatioR

Stating that the JVM doesn’t support the dynamic loading of class files may
leave the impression the methadass. forName andClass.newInstance are not
supported. In fact, both are implemented along with several other methods defined
in classClass. Many of the classes in the API rely on this capability for several
tasks, including creating character-to-byte converters and loading 1-Wire chip
containers. However, if a thread of execution invokesame and passes it a
String specifying a class that does not exist in either the built-in API or the cur-
rently executing applicationforName will throw a ClassNotFoundException
rather than loading the specified class into the current application’s binary image.

Class loading is effectively split into two phases. The first is performed by a
convertor utility (TINIConvertor which is described in the next chapter) on a host
development machine. The convertor performs complete constaﬁtrpsolution
of all of the classes used by an application. Application classes may reference
methods and fields in other classes in the application or in the built-in API. The
output of this conversion process is a binary image that can be directly executed by
TINI's JVM. Any unresolvable constant pool entry results in the convertor aborting
before generating an executable image. The second phase of the class loading pro-
cess, running the class initializer methods, takes place on TINI. When a new Java
application is launched, all of the class initializer methods are run for the classes in
the API, followed by all of the application’s class initializer methods. The net effect
of this split class loading model is that an application, by default, has loaded all of
the classes defined in the built-in API as well as application specific classes. This

5. An object'sfinalize method can be explicitly invoked by a Java thread of execution
but is not automatically run before it is reclaimed by the garbage collector.

6. Every class file contains an area known as the constant pool that contains symbolic
information required by the class during runtime execution, such as references to
fields, methods, and classes.
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doesn'’t increase the footprint of the application’s binary image because converted
images of the built-in API classes are stored separately in the flash memory as part
of the runtime environment.

Besides the preceding functional omissions, there are also hard limits on cer-
tain resources, such as a maximum of 16 actively executing threads. These limits
are documented in a file named “Limitations.txt” distributed with TINI's SDK doc-
umentation. As the platform evolves, the majority of these limits will disappear.

1.4.3 Native Methods

The native layer, shown in Figure 1.5, represents the collection of native meth-
ods that support the APl by exposing the infrastructure provided by TINI OS.
This includes access to the network protocol stack’s socket layer as well as non-
networking device drivers. It also includes methods for configuring and access-
ing system resources such as the watchdog timer and real-time clock.

Between the actual native method implementations and interpreted Java code
is a very thin layer known as the native method interface. The native method inter-
face is a boundary that must be crossed to switch execution contexts between code
being executed by the JVM and a native method. TINI's native method interface
(TNI) provides a very lightweight mechanism to cross this boundary. Its analog on
most other Java platforms is the Java Native Interface (JNI). TNI is much lighter
weight, and therefore less flexible, than JNI. Because the majority of TINI appli-
cations can be written entirely in Java, the details of TINI's native interface are
unimportant to most developers. The only thing that matters is that the context
switching overhead incurred when invoking the runtime environment's native
methods is as low as possible.

Applications that require custom native methods can provide a native library
that can be loaded into the system at runtime using]dhﬁ_'ibrary7 method
defined in the clasfava.lang.Runtime

public static void ToadLibrary(String libname)

where thelibname parameter specifies the file name of the native library. The
details of writing native libraries are beyond the scope of this text. A pair of doc-
uments named “Native_Methods.txt” and “Native_API.txt” are included in the
TINI SDK distribution, and they describe the process of writing and building
native libraries.

7. The clasgava.lang.System also defines a method nameddLibrary that per-
forms the identical task.
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1.4.4 TINI OS

TINI's operating system is the lowest layer of the runtime environment. It is
responsible for managing all system resources including access to the memory,
scheduling multiple processes and threads of execution, and interacting with both
internal and external hardware components. Though the operating system is a
complex body of code that performs many independent tasks, it is reasonably well
represented as being the sum of the following three major components.

* Process and thread schedulers
¢ Memory management subsystem
e 1/0 management subsystem

The following sections describe each of these components in some detail.

The Schedulers. The operating system contains both process and thread sched-
uler modules that drive application-level (as opposed to operating system) code
execution. The schedulers are launched by one of the microcontroller’s timers that
generates a high-priority interrupt every millisecond. The timer’s interrupt service
routine (ISR) either performs or initiates the following tasks.

» Update a millisecond system uptime cdunt

» Launch the thread schedulers every 2 milliseconds
* Run device driver modules every 4 milliseconds

» Launch the process scheduler every 8 milliseconds

Processes are scheduled in a simple round-robin fashion. Each process is
given an 8-millisecond time slice. After the time slice expires, the process is sent
to the end of an active process queue to wait its turn for another time slice. Even if
multiple processes exist in the system, a single process can utilize nearly all of the
CPU if it is the only process actively competing for execution time. Each process
has its own independently operating thread scheduler. At the native level threads
are cooperative, each thread voluntarily relinquishes control of the CPU. From a
Java application’s perspective, however, threads appear to be preemptive because
the JVM ensures that each thread relinquishes the CPU after its 2-millisecond
time slice has expired. Threads are also scheduled in a round-robin fashion.

Scheduling multiple threads is a lighter-weight operation than scheduling
multiple processes. Because process scheduling is expensive compared to thread
scheduling, most applications perform multiple independent execution tasks by

8. This count is accessible to applications usingiptémeMi11is method defined in
classcom.dalsemi.system.TINIOS.



16 Chapter 1 The TINI Platform

creating multiple threads to perform each task rather than spawning additional
heavyweight processes. Synchronization is also easier to implement and more
efficient with multiple threads than with multiple processes because there are no
formal interprocess communication (IPC) mechanisms such as semaphores,
shared memory or named pipes. Multiple processes can use sockets bound to the
network stack’s loopback interface or the file system using a crude mechanism
such as a lock file. The network interfaces, including the loopback interface, are
covered in Chapter 5. Both of these methods are slow compared to the built-in
Java synchronization primitives for threads provided by the JVM.

However, it is useful to be able to have multiple Java processes during the
application development phase. In this case, a command shell application runs as
a separate Java process, allowing the developer to easily load and execute an
application. Also, on TINI, the garbage collector runs as a separate process.

The Memory Management Subsystem. The memory management system per-
forms the following three tasks.

1. Allocates memory from the heap for both Java and system processes
2. Automatically collects garbage generated by Java processes
3. Manages the file system

As shown in Figure 1.4, the data segment contains all fast read/write memory
used by the runtime environment. The portion of memory from the system area to
the end of the data segment is called the heap. The heap represents the bulk of data
memory available to the system. Access to the heap is controlled by a central set
of memory allocation routines. The basic operation these routines perform is very
similar to a C malloc operation. One exception is that most allocation operations
clear all of the bytes of an allocated memory block to 0 before returning the block
to the caller. Most blocks of memory are allocated from the heap on behalf of a
new operation executed by the JVM or by file system operations.

Memory blocks are seldom freed explicitly. This is true of most of the mem-
ory consumed by system tasks and of all of the memory consumed by the JVM on
behalf of a Java application. Memory is freed by a garbage collector that is run as
a separate system process. The garbage collector (gc) process is created when the
system boots. It is the only non-Java process that is ever created. Under normal
memory use conditions, the gc process spends the majority of time in an inactive
state. When the gc—or any other process for that matter—is inactive, it consumes
no processing time. It is launched (that is, transitioned to an active state) in one of
these three ways.

* An application explicitly invokes thgc method defined in the class
java.lang.System.
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* A new operation reduces the amount of available memory below a low-
memory threshold of 64 kilobytes.
» A Java process terminates.

When the garbage collector runs, it does not clean up all of the garbage in the
entire heap. It cleans up only the garbage created by the process that launched it.
When a process terminates, all memory consumed by the process, including that
held by objects and internal JVM structures, is freed.

All files are created, deleted, read, and written by Java applications, using
classes in thgava.io package such adle andFileOutputStream. All memory
occupied by the file system, including file data and directories, is allocated from
the same heap used for the storage of Java objects. When the file system manager
allocates memory, it “tags” the memory to indicate that it is a part of the file sys-
tem. This prevents memory held by file system structures from being reclaimed by
the garbage collector. Memory used by the file system manager is explicitly freed
during file deletion operations.

The fact that file system data structures are allocated from the same heap as Java
objects may seem odd at first, but there is no local hard disk associated with TINI.
Using the heap, which is contained within fast static RAM, has the advantage that
file write operations are as fast as file read operations. With most other rewritable
memory technologies, writes would be much slower than reads. The downside to
this approach is that TINI hardware implementations that do not provide the static
RAM nonvolatizing circuitry, shown in Figure 1.3, lose file system data when power
is removed from the system. File system data will remain intact even in the absence
of main system power in systems that nonvolatize the static RAM. The other obvi-
ous disadvantage is that as the file system grows, it consumes more memory from
the heap, leaving less memory available for Java object creation.

The file system can contain arbitrary data files as well as executable binary
images. All executable files are assumed to be binary images of Java applications
that can be executed directly by the JVM. Large files are fragmented into smaller
512-byte blocks and therefore occupy a noncontiguous range of memory. Before
an executable file can be interpreted by the JVM, it must be contiguous. There-
fore, the first time an executable file is run, the file system manager defragments
the file in order to generate a contiguous binary image. The memory consumed by
the original file fragments is freed. From this point forward the file can be exe-
cuted without the overhead of defragmentation. In the next chapter we’'ll take a
much higher-level look at the file system.

The I/0O Subsystem. The I/O subsystem is divided into two major compo-
nents: network and non-network I/0. Referring to CAN and 1-Wire as non-
networking 1/0 can be somewhat confusing because both are in fact networking
technologies. However for the sake of this discussion, network I/O refers
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strictly to “big world” TCP/IP (Transmission Control Protocol/Internet Protocol)
networking.

Both the TCP/IP stack and the I/O manager are implemented as independent
lightweight kernel processésThese processes are driven by a 4-millisecond sys-
tem timer tick. The I/O manager controls all non-networking device drivers. 1/0O
requests generated from application code all pass through the /0O manager to the
appropriate driver and back. Certain I/O requests go directly to attached hardware
devices. For example, there are no built-in drivers to communicate with arbitrary
devices attached to the parallel expansion bus. In this case, the Java application is
responsible for managing all of the low-level details of communicating with the
device.

The TCP/IP network protocol stack is one of the largest blocks of native code
in the runtime environment. It provides much of the same networking capability
found on larger platforms and is sufficiently rich in functionality to support a full
implementation of thgava.net package. The protocol stack supports multiple
network interfaces, including Ethernet, for high-speed local area networking and
PPP (PPP—Point-to-Point Protocol) over a serial link for remote dial-up network-
ing using an analog modem. The Ethernet interface is managed by a separate
device driver that performs all communication with the Ethernet controller. PPP is
a little different in that it actually relies on a lower-level serial port driver to
deliver network messages to the physical communications port.

1.4.5 Bootstrapping the System

To understand the sequence of events that occurs when the system boots, we’ll
first need to take an expanded look at the “code area” section of the entire memory
map shown in Figure 1.4. The code area is broken into these three distinct pieces,
shown in Figure 1.6.

* Bootstrap loader
* Runtime environment
e Primary Java application

The combination of the bootstrap loader and runtime environment consumes
the first 468 kilobytes in the code area. The primary application always begins at
the fixed address of 0x70000. Because the minimum amount of flash memory
required by TINI is 512 kilobytes, a minimum of 64 kilob)?t%is reserved for
storage of the primary application. Hardware implementations that provide the

9. Kernel processes should not be confused with application-level processes.
10. The exact minimum is a little smaller (65280 bytes) because 256 bytes are reserved for
persistent storage of static network parameters. (See Section 5.2.1 for details.)
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full 1024 kilobytes of flash memory can have a primary application up to 576
kilobytes in length.
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Figure 1.6 Code area—expanded

At a high level, the boot sequence can be described in very simple terms. The
bootstrap loader is the first code executed by the microcontroller. Under normal
startup conditions, the boot loader quickly transfers control to the runtime envi-
ronment. After some system initialization routines have been executed, the run-
time environment launches the primary Java application. Next we’ll take a more
detailed look into the boot sequence to better understand this important phase of
system operation.

1.4.6 Step 1: Execute the Bootstrap Loader

The bootstrap loader is a very small autonomous program (consuming about 4
kilobytes of code space) that controls the loading of the runtime environment and
primary Java application into the flash ROM. The behavior of the bootstrap loader
depends on the source of the reset that preceded the microcontroller's execution of
the first machine instruction. There are two classes of reset with which the boot-
strap loader is concerned: a power-on reset and an external reset. As the name sug-
gests, a power-on reset (POR) occurs as soon as power is applied to the system
and reaches an acceptable minimum level. An external reset is generated by an
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external source by driving the microcontroller’'s reset pin to its active state. This
provides an out-of-band reset that can be generated without cycling power.

After a POR, the boot loader immediately transfers control to the runtime
environment’s initialization code, and the “normal” boot process continues. In the
event of an external reset, the bootstrap loader waits to receive a specific data pat-
ternt! on the microcontroller's default serial port (also known as “serialQ0”). It uses
the first character of the pattern to determine the serial data rate. If the correct
sequence is received, the loader enters a small command shell and awaits further
instructions over the serial port. Once in the loader shell, the attached serial
device, typically a PC or workstation, can reload any or all of the contents of the
flash memory. The bootstrap loader will only wait for the data sequence for three
seconds before continuing normal system startup. The next chapter will discuss
the specifics of interacting with the bootstrap loader for the purposes of loading
the runtime environment.

1.4.7 Step 2: Initialize the Runtime Environment

After the bootstrap loader transfers control to the runtime environment, a set of
initialization routines is executed. The following tasks are performed during the
initialization phase.

» Heap integrity check

* File system integrity check
» Device driver initialization
» Create initial processes

Both the heap and file system managers maintain static system buffers that are
used to back out of any incomplete operations. This is intended to prevent either
the loss or corruption of data due to an unexpected power interruption. During the
initialization phase both the heap and file system are checked for any inconsisten-
cies. Any incomplete transactions are “rolled back.” If for any reason the heap is
structurally damaged, it is reset to allow the system to boot in a consistent state.
The integrity checks are skipped for systems that do not battery back the memory
(SRAM) that contains the heap. In this case the heap is unconditionally reset
when the system boots.

If the heap check passes, the sweeper (the second phase of the mark-and-sweep
garbage collector) is executed to look for any garbage left by applications that were
terminated abruptly. Abrupt termination usually occurs due to loss of power. When
an application terminates normally, all memory it was using is immediately
reclaimed. Any memory that is not part of the file system or otherwise marked as

11. The current version of the bootstrap loader waits for a carriage return (0x0d) character.
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persistent is returned to the free memory portion of the heap. Determining what
actions were taken by the heap or file system manager during the boot process is
covered further in Section 11.6, which presents “application hardening” tips.

After the integrity checks, the I/O manager runs the initialization routines for
the serial port and Ethernet drivers as well as other operating system modules.
Drivers for other 1/0O resources such as CAN and 1-Wire are initialized as needed
by the system.

In the last phase of initialization these two processes are created.

» The garbage collector (gc)
e The primary Java application

The gc process is created first and is alive as long as the system is running.
However, it spends most of its time in a suspended state, consuming virtually
none of the CPU’s resources. When it is first created, it has no work to do and
therefore immediately suspends itself. It remains in a suspended state until the
memory manager wakes it up because of either a low memory condition or a gar-
bage collection that has been requested by a Java application. Finally, a process is
created to execute the primary Java application. After both processes have been
created, the runtime environment’s initialization phase is complete and the task
scheduler begins executing the primary application.

1.4.8 Step 3: Start the Primary Java Application

The primary Java application is in a sense analogous to the primordial thread of
any Java application. The primordial thread is automatically created by the sys-
tem, and all other threads are created as a direct result of actions taken by the
application. The primary application is always the first Java process launched by
the runtime environment and is, in fact, the only application launched automati-
cally by the runtime environment. Without further direction from the primary
application no other system processes, Java or native, are created by the system.
As with all Java processes, TINI's JVM first executes the class initializer
methods in the API classes, followed by the applications class initializer methods.
After all class initialization is complete, the primordial thread is launched and
execution continues from the applicatiofés n method. The amount of time from
the moment that power is applied to execution of the main method is around three
seconds. This can of course vary depending on the amount of code that must be
executed in the application’s class initializer methods. The bulk of the startup time
is spent executing the API class initializer methods. The exact behavior of the pri-
mary application, from this point forward, is determined by the developer based
on the requirements of the overall embedded system. Typically the primary appli-
cation assumes control of the entire system and is responsible for any configura-
tion and hardware device initialization that may be required.
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The primary application can launch other Java processes, but most applica-
tions accomplish multiple execution tasks simply by creating additional threads
rather than spawning new processes. Thread swapping is much lighter weight than
process swapping, leading to smaller system delays due to context-switching
overhead. One class of application in which it makes sense to launch independent
processes is a command shell. For development purposes a command shell pro-
gram can be very useful as the primary application. The shell provides a conve-
nient way to configure the system parameters such as network settings and run
and test applications. After the application has been debugged and hardened for
production deployment, it can replace the shell as the primary Java application
and assume control of the entire embedded system. A small command shell,
known as “slush,” is provided in the TINI software developer’s kit and is
described further in the following chapter.

1.5 THE FUTURE

This chapter described the TINI platform as it exists today. Both the hardware
(chip-set) and software (runtime environment) components of the platform will
continue to evolve over time. On the software front the main focus will be the
addition of more support for the Java runtime environment with the addition of
features such as object serialization and reflection. At the operating system level,
strict priority-based schedulers will be added for both process and thread schedul-
ing to offer better support for real-time applications. The migration path for the
chip-set is very clear: faster microcontroller cores for enhanced system perfor-
mance and higher levels of integration to reduce the number of chips in the chip-
set. The next generation controller, already in development, will widen TINI's
address space and integrate the Ethernet controller onto the same core as the
microcontroller. Other microcontroller enhancements will also provide chip level
support aimed at enhancing the performance of the JVM and the runtime environ-
ment as a whole. Regardless of how the platform evolves, care will be taken to
ensure that TINI's minimum resource requirements remain low even as its capa-
bilities continue to grow.
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The chapters that follow contain many examples that run directly on TINI and
illustrate the use of the various application programming interfaces. These exam-
ples also demonstrate programming practices and concepts used in developing
Java code targeted for small footprint, embedded-network computing applica-
tions. This chapter provides a description of both the hardware and software envi-
ronment needed to develop and execute TINI applications written in Java,
including the examples presented in this text. Readers already familiar with TINI
technology can skip this chapter.

2.1 HARDWARE REQUIREMENTS

This section describes the core hardware configuratiead to develop and test

the example programs listed in this book. Other configurations are certainly possi-
ble and can be assembled in piecemeal fashion by readers already in possession
of, or familiar with, TINI.

1. The hardware configuration used to develop and test the examples in this book is
available from Dallas Semiconductor ($e#://www.ibutton.com/TINI/
getting_started.htnfor details).

23
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2.1.1 The TINI Board Model 390

The TINI board model 390 (TBM390), which was described in Section 1.3.3, is a
complete TINI hardware reference design that is embodied in a full commercial
product. The TBM390 is currently available with either 512 kilobytes or 1 mega-
byte of nonvolatile, static RAM. It is available as a 72-pin SIMM module and is
shown in Figure 2.1. All examples in this book are executed and tested using a
TBM390 with 512 kilobytes of SRAM. Unless it's important, we’ll just say TINI,
avoiding further qualifiers, when referring to TINI hardware.

Flash ROM Microcontroller
(Java™ Runtime Environment)

—
o
=
w
©
o

(@)=
>

m—=C

Ethernet Controller 72 Pin SIMM SRAM

IEEE Ethernet Address
Real Time Clock

1-Wire Net Driver Lithium Backup

Figure 2.1 TBM390 (top and bottom views)
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2.1.2 The E10 Socket

For application development and prototyping, a TINI board, as shown in Figure
2.1, isn’t terribly useful without the ability to connect necessities such as serial,
Ethernet, and power. A socket board’s main function is to provide the physical
connectors to interface the TBM390 with other equipment such as an Ethernet
network, a serial device, or a 1-Wire network.

The E10 socket board is aimed at aiding the application development process.
It provides the following physical connectors.

e 72-pin SIMM connectorThe SIMM connector accepts the TINI board
shown in Figure 2.1.

* 9-pin female DB9 connectdFhis connector provides a limited DCE (Data
Communications Equipment) type serial port that provides connection to a
standard PC DTE (Data Terminal Equipment) serial port using a straight-
through serial cable. This port is typically only used for loading the run-
time environment and bootstrap application (Section 2.3). Hardware hand-
shake lines, such as RTS (Request To Send) and CTS (Clear To Send), are
not supported by the DCE port.

* 9-pin male DB9 connectof his connector provides a DTE serial port for
straight-through connection to DCE devices such as analog modems. Most
TINI applications that control serial devices use the DTE port. In this case
TINI is the DTE device, replacing the PC or workstation. The DTE serial
port supports all hardware handshake lines except DSR (Data Set Ready)
and RI (Ring Indicate).

* RJ45 The RJ45 connector accepts a standard 10Base-T Ethernet cable
providing connectivity to an Ethernet network. Use a straight-through
cable for connecting TINI to the network, using a hub or a crossover cable
for connecting TINI directly to a PC or workstation.

 RJ11 The RJ11 connector provides access to the 1-Wire network using
standard telephone cable. 1-Wire networking is discussed in Chapter 4.

» Power jack The E10 accepts a regulated +5V DC power supply.

The E10 also provides IC (Integrated Circuit) and discreet component footprints
to support additional 1/O options such as parallel, CAN and additional serial
ports.

The “E” in E10 stands for Eurocard and suggests that the size of the socket
board itself is identical to one of the standard Eurocard sizes, allowing it to be
placed inside a Eurocard enclosure. The E10 socket board is 18Qr26mm.
Figure 2.2 shows the E10 socket with a TINI board inserted and labels the connec-
tors just described.
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iButton® Clip
1-Wire Net +5V DC Power

10 Base-T Ethernet

DTE 9-Pin Serial DCE 9-Pin Serial

Figure 2.2 The E10 socket with TINI board

2.2 DEVELOPMENT PLATFORM
REQUIREMENTS

We use the term “development platform” to refer to the computer used for creat-
ing, building, and loading TINI applications. This is the machine that runs the
JDK or equivalent Java development and runtime environment and is connected to
TINI using Ethernet and/or a serial cable. Typically we’ll just refer to the host
development machine as “the host.”

Since all of the required tools have been written in Java, TINI applications can
be developed on any of the following operating systems.

e Any Win32 OS (Windows 95, 98, NT, 2000)
e Linux
e Solaris

To load TINI's runtime environment (see Section 2.3) the host must also have
an RS232 serial port. This requirement is met by nearly every PC and workstation.
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Besides one of the operating systems mentioned above and a serial port, the host
machine must also have the following software correctly installed.

» Java Development Environment
» Java Communications API
* TINI Software Development Kit

These software components are described briefly in the following sections.

2.2.1 A Java Development Environment

All examples in this text were compiled usifgvac from Sun’s JDK, standard
edition 1.2.22 Sun’s JDK is free and available for most platforms that support
Java development of any sort. However, you can certainly use your favorite Java
IDE such as JBuilder or Visual Cafe to edit and compile your TINI applications.
In fact there are OpenSource extensions to JBuilder that allow for a purely graph-
ical development environment for TINI.

2.2.2 The Java Communications API

The Java Communications APl (comm API) is also available from Sun Microsys-
tems and provides the infrastructure required to communicate with RS232 serial
ports in a platform-independent fashion. This API is used by the serial communi-
cations utility, provided in the TINI SDK, that manages the process of loading the
TINI runtime environment. At the time of this writing, comm API drivers supplied
by Sun supported only the Win32 and Solaris platforms. However, the Open-
Source project RXTX provides driver support for Linux. The installation process
for the comm API for Win32 and Solaris is described in the comm API's distribu-
tion Readme.htm1 and is straightforward. There is extra work, such as compiling
the driver source, involved for those installing the comm API on Linux. Detailed
instructions are provided at the RXTX Web site.

2.2.3 The TINI SDK

The latest release of the TINI software distribution can be freely downloaded from
Dallas Semiconductor's Web sfteit the time of this writing, the current release
of the software is 1.02. The SDK is distributed as a single compressed tar file

N

Any version of the JDK starting from 1.1.8 will suffice.

3. More information on RXTX including all source is available frwttp://
WWW.rxtx.org/.

4. The latest version of the TINI SDK can be downloaded frtim//www.ibutton.com/

TINI/software/index.html.
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(.tgz) 2 After downloading the distribution and extracting its contents, the SDK is
installed. There is neetup.exe to run that installs DLLs or modifies the registry,

and there is no need to reboot your system. These are some of the important files
included in the SDK. It is important to understand the contents of these files
because we will use them to build the examples later in this chapter.

README.txt . TheREADME . txt file is located in the root of the SDK hier-
archy. Start by completely reading this document. It contains detailed
instructions on how to install the TINI runtime environment, boot the TINI
system, and initialize its network settings. It also contains references to
other documents in the SDK that further describe the process of creating a
full development environment.

tini.jar . This jar file is located in the bin directory and includes two impor-
tant utility programs:Javakit and TINIConvertor. The JavaKit utility
manages the firmware-loading process and performs other system mainte-
nance tasks. It can also be used tosruih (see Section 2.4) user sessions
over a serial connection. Thi@NIConvertor utility takes the class files in
your application as input and generates a binary image suitable for execu-
tion on TINI.

tiniclasses.jar The tiniclasses.jar file is located in the bin directory
and contains all of the class files in TINI's API. In this sense it is similar to
the rt.jar file distributed with Sun’s JRE and JDK 1.2 and higher. This
file must always be included as the first file in the classpath when compil-
ing applications for TINI.

tini.db. Thetini.db file is an ASCII file that contains information about
the API class files. This file is used tinIConvertor along with the class

files in your application to produce a binary image suitable for interpreta-
tion by TINI's JVM.

tini.tbin . The. tbin extension is short for “TINI binary” and is the default
extension used for binary images that are targeted for execution from the
flash ROM. Theini.tbin file is located in théin directory and contains

the binary image of TINI's runtime environment. It is a combination of the
native operating system and the API. This file must be loaded before any
Java applications can be executed.

slush.tbin. Theslush. tbin file is located in the bin directory and contains
the binary image of the user shell knownsassh. Section 2.4 provides a
description and a quick tour of slush.

. The commonly used Win32-based winzip utility will handle gzipped tar files correctly.
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2.3 LOADING THE TINI RUNTIME
ENVIRONMENT

At this point, it is assumed that you have successfully installed your favorite Java
development environment, the Java Communications API, and the TINI SDK on
the host machine. Installing the runtime environment on your TINI board consists
of these two steps.

1. Loadingtini.tbin andslush.tbin
2. Initializing the heap

Both steps require the use of theakit utility. Javakit runs on the host and
communicates with TINI's bootstrap loader (Section 1.4.5) over an RS232 serial
port using the comm APJavakit is a Swing-based GUI utility, so if you're using
a version of the JDK released prior to 1.2, make sure that you hasiei tlhejar
file somewhere in your classpath. Before startingKit, make sure that you've
connected TINI and the host machine using a straight-through (not a null-modem)
serial cable. Stantavakit with a command similar to this one.

c:\jdk1l.2.2\bin\javaw -classpath c:\tinil.02\bin\tini.jar JavaKit

Once you've successfully launchedakit, you should see a window similar
to the one shown in Figure 2.3.

Using the “Port Name” drop down selection box, choose the serial port to
which TINI is attached and click the “Open Port” buttonidfakit is able to
open the selected serial port, the name of “Open Port” button will change to
“Close Port.” If the open operation failsvakit will display an error message
indicating the failure. If an attempt to open a serial port fails, it is usually
because another application currently owns the port. In this case, close the
application that owns the serial port and try the “Open Port” button again. Next,
click the “Reset” button. This should result in TINI's loader generating a prompt
similar to this.

TINI loader 05-15-00 17:45
Copyright (C) 2000 Dallas Semiconductor. A1l rights reserved.
>

Now that we have the loader’s attention, we can load the runtime binaries.
Select “Load File” from the File menu. Use the directory drop down box to select
the bin directory in the SDK hierarchy. Select the files namied.tbin and
slush.tbin and click the “Open” button. You should see the following text dis-
played in thedavakit window.
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2 Javakit : B =] 53

File Edit Macro Options Help

|mmmmmm|;j

TINI loader 05-15-00 17:45
Copyright (C) 2000 Dallas Semiconductor. All rights reserved.

>

Port Name: Baud Rate

— ~lJ115200 [
DTR—————
Close Port | Reset I " Set & Clear

Figure 2.3 JavaKit (Loader utility)

Loading file: C:\tinil.02\bin\slush.tbin.
Please wait... (ESC to abort.)
Load complete.

Loading file: C:\tinil.02\bin\tini.tbin.
Please wait... (ESC to abort.)
Load complete.

These files are rather large andatakit’s default serial data rate of 115,200 bps,
loadingtini.tbin andslush.tbin takes a couple of minutes.

Now we've loaded the binary images that comprise TINI's runtime. But
before the system is booted for the first time, the heap must be initialized. At the
boot loader prompt, type “BANK 18" and hit Enter. This selects the lowest 64K
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portion of TINI's heap. See Section 1.3.1 for details of the memory map. Next
type “FILL 0” and hit Enter.

>BANK 18
>FILL 0

This rather cryptic two-step sequence fills the low 64K of heap with Os, forcing
the OS to initialize the heap, file system, and all other persistent settings.

Now we're ready to boot the system for the first time. To exit the serial loader
and boot the TINI runtime, type “EXIT” at the prompt. These are the first few
lines of text generated by the OS early in the boot process.

----> TINI Boot <----
TINI 0S 1.02

API Version 8009
Copyright (C) 1999 - 2001 Dallas Semiconductor Corporation

The system boot flow is described in detail in Section 1.4.5. After a couple of
seconds the system will have completely booted, and the following prompt is dis-
played by slush.

Hit any key to login.
After pressing a key, slush prompts the user for a login name.

Welcome to slush. (Version 1.02)
TINI Togin:

The next section provides a brief introduction to slush that will cover, among
other things, the login process.

2.4 SLUSH: A QUICK PRIMER

This section provides a brief overview of slush and a look at just enough of the
commands and features we need to load and run the example applications at the
end of this chapter and later chapters. A more complete description of slush is pro-
vided in theS1ush. txt file included in the SDK.

2.4.1 Slush Defined

Slush is a small command shell intended to provide a UNIX-like interface to
TINI's runtime environment by providing Serial (TTY), Telnet, and FTP servers.

Slush is itself a Java application that is interpreted by TINI's JVM. Slush is less
than a full operating system but more than a simple shell. It provides a way to
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view and manipulate the file system, run other Java applications, and control sys-
tem functions such as the watchdog timer and network configuration.

Slush is designed to be a multi-threaded, multi-user system allowing simulta-
neous user sessions. It is typically used in the development phase. It provides con-
veniences such as network accessibility using the ubiquitous networking client
application Telnet for user interaction and FTP for transferring applications and
data files to and from the file system. After an application has been developed and
debugged, it is typically built and targeted for installation in the flash ROM,
replacing slush. Transitioning an application from the development phase to pro-
duction deployment is discussed in Chapter 11.

2.4.2 Starting a New Session

Slush uses a user name and password to authenticate a login request and start a
new user session. When slush is booted for the first time (as in the previous sec-
tion), it creates two new default accounts: a root account with “super user” or
administration privileges and a guest account with more limited access to system
resources. Additional users can be added or removed by a user with administrative
privileges. The user names and password for the default accounts are shown in
Table 2.1.

Table 2.1 Default user accounts

Account Name User Name Initial Password
root root tini
guest guest guest

When we left the previous section we had booted slush for the first time and
left it at the login prompt. It is important to note that both slush and TINI's file
system are case sensitive. All characters in the user name and password for both
default accounts are lower case. Log on to the system to establish a user session
with slush. Use the root account by typing “root<CR>" at the login prompt and
“tini<cCR>" at the password prompt.

TINI login: root
TINI password:

The password characters typed at the password prompt are not echoed by the
system. After successfully logging on to the system, slush returns a prompt com-
prised of the host name, TINI in this case, and the login session’s current working
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directory in the file system. Immediately after logging on to the system, the cur-
rent working directory is the root directory of the file system.

TINI />

2.4.3 Exploring the File System

Using slush, we can explore the file system in its initial state, just after the first
slush boot. A detailed listing of the files in a directory can be displayed using the
1s command with the-1" option.

TINI /> 1s -1

total 2

drwxr-x 1 root admin 1 Jan 27 15:13 .
drwxr-x 1 root admin 3 Jan 27 15:14 etc
TINI>

The first line after the prompt displays the total number of files and directo-
ries contained within the current directory. In the preceding sample listing, the
second file is a directory named “etc.” This directory is created automatically by
slush the first time it boots and contains several system files. Changing to the
“etc” directory using thed (change directory) command and displaying its con-
tents using s -1” produces the following listing.

TINI /> cd etc

TINI /etc> 1s -1

total 5

drwxr-x 1 root admin 3 Jan 27 15:14 .
drwxr-x 1 root admin 1 Jan 27 15:13 .
-rwxr-- 1 root admin 28 Jan 27 15:14 .tininet
-rwx--- 1 root admin 225 Jan 27 15:14 .startup
-rwxr-- 1 root admin 101 Jan 27 15:14 passwd
TINI /etc>

This detailed listing displays, from left to right, the following information
about each file or directory contained within the current working directory.

e Permissions

e Number of links

« Owner

« Group

» File count/size

» Last modification date
* Name
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Let’s look at the listing for thestartup file in detail. The permissions for the
.startup file, from left to right, indicate that it is not a directory(-). The owner
(root in this case) has read (r), write (w), and execute (x) privileges, while others
have no read, write, or execute privileges. The file system does not support differ-
ent groups, but this entry is present for UNIX-listing compatibility when using the
FTP server. The link count is also purely for compatibility, since the file system
doesn’t support links.

All three of the files in the “etc” directory are created by slush during the ini-
tial boot sequence. Thetininet file stores the host and domain names. By
default the host name is “TINIL.” Theasswd file stores the user name along with
the SHA1 (Secure Hash Algorithm) hash of the password for every account on the
system. The most interesting of the autogenerated filestéstup. This file is
parsed and interpreted by slush on every reboot. It allows a user with administra-
tive privilege to set environment variables and automatically launch applications
on system boot. We can view the contentssahrtup, or any other ASCII text
file, using thecat command.

TINI /etc> cat .startup
#A#ARARH

#Autogen’d slush startup file
setenv FTPServer enable

setenv TelnetServer enable
setenv SerialServer enable

##

#Add user calls to setenv here:
##

initializeNetwork

#A#ARARH

#Add other user additions here:

Each line of the file is either a command to be interpreted by slush or a com-
ment that begins with the “#” character. The three lines that begin with “setenv”
enable the FTP, Telnet, and serial servers, respectively. So, for example, if an
application needed to use the same serial port that slush uses for the serial server,
a user with administrative privilege could comment out the “setenv” line that
enabled the serial server. The next time the system is booted, slush will only start
the FTP and Telnet servers. This allows another application to claim exclusive
ownership of the serial port.

Applications can be launched on system boot by adding the appropriate com-
mands to thestartup. For example, adding this command

java /bin/MyApp.tini > /log/debug.out

causes slush to rmyApp. tini from the bin directory and redirect all output from
java.lang.System.out and java.lang.System.err t0 a log file named
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debug.out. All applications launched from thetartup file are forced to run in
the background.

This concludes our mini-tour of our new file system. Tyge /" at the com-
mand prompt to return to the root directory.

TINI /etc> cd /
TINI />

2.4.4 Getting Help

The help command provides a hands-on approach to exploring slush as well as
some insight into the capabilities of TINI's runtime environment. Thgie at the
prompt at any time to obtain a complete list of all commands supported by slush.

TINI /> help
Available Commands:

append arp cat cd
chmod chown clear copy

cp date del df

dir downserver echo ftp

gc genlog help history
hostname ipconfig java ki1l

1s md mkdir move

mv netstat nslookup passwd
ping ps pwd rd
reboot rm rmdir sendmail
setenv source startserver stats
stopserver su touch useradd
userdel wall wd who
whoami

A command’s description and usage is obtained by typéng followed by
the name of the command at the prompt. Typimgp java” at the prompt dis-
plays the usage message for thea command.

TINI /> help java
java FILE [&]

Executes the given Java application.
’&’ dindicates a background process.

The java command is used to launch new Java processes. The usage mes-
sage specifies the required and optional parameters. In this casevdltem-
mand requires the name of the application binary file to be executed and
optionally allows the user to launch the application as a background process
using the& parameter. We'll use thgava command in Section 2.6 to run the
example programs.
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At this point we can start a user session, navigate the file system, and get help
with unfamiliar commands. We will continue interacting with our “slush user ses-
sion” in the next couple of sections to configure the network as well as load and
run some small example applications. The sections that follow describe new slush
commands and functionality as they are encountered.

2.5 CONFIGURING THE NETWORK

Network configuration information can be set by using the slush comipasg-

fig. Theipconfig command provides several options that allow for complete
control of all important network parameters. Executipepnfig with no parame-
ters displays the current network settings.

TINI /> dipconfig

Hostname : TINI.

Current IP

Default Gateway

Subnet Mask :

Ethernet Address : 00:60:35:00:10:bb
Primary DNS

Secondary DNS

DNS Timeout : 0 (ms)
DHCP Server :
DHCP Enabled : false
MaiThost :

Restore From Flash: Not Committed

Since we have just installed the runtime and cleared the heap, nothing but the
Ethernet address and default host name, TINI, have been configured. The Ethernet
address is an IEEE registered MAC id to avoid any possible collision on an Ether-
net network. It is read from the read-only memory of a 1-Wire chip on the TINI
board and is not user configurable. This implies that it is always available and
always the same, allowing it to serve as a general purpose unique identification for
the TINI board as well as the Ethernet address.

Use thehelp command to obtain the list of options supported gapnfig.

TINI /> help ipconfig
ipconfig [options]

Configure or display the network settings.

[-a xx.xx.xx.xx] Set IP address. Must be used with the -m option.
[-n domainname] Set domain name

[-m XxX.XX.XX.xx] Set subnet mask. Must be used with -a option.
[-g xx.xx.xx.xx] Set gateway address

[-p xX.xX.XxX.xx] Set primary DNS address

[-s XX.XX.XX.xx] Set secondary DNS address

[-t dnstimeout ] Set DNS timeout (set to @ for backoff/retry)

[-d] Use DHCP to lease an IP address

[-r] Release currently held DHCP IP address
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[-x] Show all Interface data

[-h xX.xx.xx.xx] Set mailhost

[-C] Commit current network configuration to flash
[-D] Disable restoration of configuration from flash
[-f] Don’t prompt for confirmation

As you can see from the preceding usage messagmfig provides fine-
grain configuration and control of network settings and parameters. We won't
cover all of them here, just enough to get TINI up and running on the network. If
there is a DHCP (Dynamic Host Configuration Protocol) server available on your
network, you can use the option to dynamically obtain an IP address and sub-
net mask as well as several other network parameters, depending on the configura-
tion of the DHCP server. Usually, if TINI is to be used as a server, you'll want to
use a static IP address, making it easy for network clients to access the service(s)
TINI is providing. For static network configuration we need to set the IP address
and subnet mask at a minimum. The following command sets the IP address and
subnet mask.

TINI /> ipconfig -a 192.168.0.15 -m 255.255.255.0

Warning: This will disconnect any connected network users
and reset all network servers.

OK to proceed? (Y/N): vy

[ Sun Jan 28 14:52:46 GMT 2001 ] Message from System: Telnet server
started.
[ Sun Jan 28 14:52:46 GMT 2001 ] Message from System: FTP server started.

You will of course substitute the IP address and subnet mask used here with
values provided by your network administrator. We can test our new settings by
“pinging” the TINI board from the host machine, using theg command. Also,
we can see from this command that slush automatically starts Telnet and FTP
servers after setting the network information. At this point you should be able to
establish a Telnet session with TINI, using the host’s Telnet client. Win32, Solaris,
and Linux all provide command line Telnet client programs. There are also graph-
ical Telnet clients available for most platforms that should work fine with TINI.

C:\>telnet 192.168.0.15
Connecting To 192.168.0.15...
Welcome to slush. (Version 1.02)

TINI login: root
TINI password:
TINI />

Once connected, slush prompts the user for a user name and password. Use
the same name and password (root, tini) that we used to log in to the serial session
from Javakit in the previous section. We can Kkill the Telnet session by using the
exit command.
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Now TINI is on the network and ready for action. However, with only the IP
address and subnet mask set, network messages intended for machines on differ-
ent physical networks can't reach their destination. To extend TINI's reach
beyond its physical network, we will need to set at least one more network param-
eter: the IP address of the default gateway (or router). The default gateway address
is set using theg option. The other network parameter we would like to set now
is the IP address of the DNS (Domain Name System) server using tption.

This allows us to use host names rather than raw IP addresses when communicat-
ing with other hosts. Running the following command from our serial session
adds the default gateway and primary DNS server’s IP addresses to the current
network configuration.

TINI /> ipconfig -g 192.168.0.1 -p 192.168.0.2
Warning: This will disconnect any connected network users
and reset all network servers.

OK to proceed? (Y/N): y

[ Sun Jan 28 15:02:53 GMT 2001 ] Message from System: FTP server stopped.

[ Sun Jan 28 15:03:00 GMT 2001 ] Message from System: Telnet server
stopped.

[ Sun Jan 28 15:03:00 GMT 2001 ] Message from System: Telnet server
started.

[ Sun Jan 28 15:03:01 GMT 2001 ] Message from System: FTP server started.

Note that if the FTP and Telnet servers are running, slush stops them before
changing the requested network settings. After aborting any active FTP or Telnet
sessions, the new network parameters are set and the servers are restarted. We can
test both of the new settings by pinging a host machine on another network, using
that host's name as opposed to its IP address.

TINI /> ping www.ibutton.com
Got a reply from node www.ibutton.com/198.3.123.121
Sent 1 request(s), got 1 reply(s)

At this point we’ll want to log out of the serial session and clesekit.
Now we can interact with TINI and run our examples over the network using the
host's Telnet and FTP clients. From this point forward in the book nearly all
examples will be run from a Telnet client. Start a new Telnet session and run
ipconfig with no parameters.

Welcome to slush. (Version 1.02)

TINI /> dipconfig

Hostname : TINT.
Current IP : 192.168.0.15
Default Gateway 1 192.168.0.1

Subnet Mask : 255.255.255.0
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Ethernet Address : 00:60:35:00:10:bb

Primary DNS : 192.168.0.2
Secondary DNS

DNS Timeout 1 0 (ms)

DHCP Server H

DHCP Enabled : false
Mailhost :

Restore From Flash: Not Committed

Allow this session to remain active because it will be used to run the examples
in the following section.

2.6 SOME SIMPLE EXAMPLES

At this point we've loaded the runtime environment and configured TINI for net-
work operation, and now we can interact with the runtime environment, using
slush. Now we’ll create three very small applications from scratch and detail the
process of building, loading, and running the examples. We'll use slush via a Tel-
net session to run the applications, display any output, interact with the file sys-
tem, and control processes.

2.6.1 HelloWorld

Naturally, we simply must begin with the canonikéllowor1d program. While it

won't exactly enhance our skills as Java coders, it does provide a nice vehicle for
describing the application development process in a step-by-step fashion. Typi-
cally, to develop and test your application requires these five steps.

Create the source file.
Compile the source file.
Convert the class file.
Load the converted image.
Run the converted image.

arwNE

The remainder of this section will detail all five steps. We’'ll recycle this expe-
rience for the remaining examples, allowing us to focus on other details. For the
sake of becoming familiar with the development process, we'll perform all of
these steps manually. Since this quickly becomes tedious for real-world applica-
tion development, the process of building and loading applications should be
automated using a reasonable combination of make files and shell scripts (batch
file in Windows lingo).

Step 1: Create the source file. Create and save a file name&d lowor1d.java
containing the source code in Listing 2.1.
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Listing 2.1 HelloWorld

class HelloWorld {
public static void main(String[] args) {
System.out.println("Hello World");
}
}

Step 2: Compile the source file. Compile HelloWorld.java to a class file,
using your favorite Java compiler. If you're using Sun’s JDK and the JDK'’s bin
directory is in your path, change to the directory that contains the file we just cre-
ated and execute the following command.

javac HelloWorld.java

If the compile completes successfully, you should have a new file naened
loWorld.class in the current working directory.

Step 3: Convert the class file. The utility programTINIConvertor performs a
conversion on input, specifically one or more Java class files, and outputs a binary
image suitable for execution on TINIINIConvertor’s function is described in
Section 1.4.2. However, it is worth mentioning thatIConvertor is performing
a portion of the class loading process. The binary file produc&mhibgonvertor
is typically about 25 to 35 percent of the size of the sum of the original class files.
TINIConvertor does not generate code native to TINI's microcontroller; rather, it
generates a binary file containing Java bytecodes that are interpreted by TINI's
JVM.

TINIConvertor is a Java application that lives in the tini.jar file and is run from
a command shell on the host. It is controlled by a series of command line parame-
ters that specify the converter’s input and output. A list of all required and extended
parameters can be obtained by runningiConvertor with no parameters.

To convertHelloWorld.class to a binary image that we can execute on TINI,
run TINIConvertor supplying the three mandatory command line parameters:
input file or directory {f), API database-§), and output file {o0).

java -classpath c:\tinil.02\bin\tini.jar TINIConvertor -f HelloWorld.class
-d c:\tini\tinil.02\bin\tini.db -o HelloWorld.tini

In this example, our application consists of only one class fHide;
loWorld.class, SO we can specify the class file's name with-th@arameter. In
general, our applications will consist of several classes in one or more packages.
In this case, supply the directory name of the root of the package structure hierar-
chy. This causesINIConvertor to include all class files in and below the speci-
fied directory when creating the application binary.
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The other input required byINIConvertor is the name of the API database
distributed in the SDK. This file is namedhi.db and must be supplied with the
-d parameter. This file is used by the convertor to resolve information between
your application and the API. Theni.db file is specific to a version of the SDK,
so if you have multiple versions of the SDK installed on the host, be sure to use
the correctini .db file.

TINIConvertor produces an output file with the name provided with-the
parameter. Other than being a legal name, as determined by the file system, there
are no specific rules that restrict the name of the final application binary. By con-
vention, the name of the class that containsntti@ method is used for the file
name with an extension of “.tini.” The extension is used to indicate that this file is
a TINI executable. Following this convention produces a binary output file named
HelloWorld.tini.

Step 4: Load the converted image. Use the FTP client provided with your
operating system to connect to TINI and transfer the binary image, generated in
the previous step, to the TINI file system.

C:\tinil.02\HelloWorld>ftp 192.168.0.15

Connected to 192.168.0.15.

220 Welcome to slush. (Version 1.02) Ready for user login.
User (192.168.0.15:(none)): root

331 root login allowed. Password required.

Password:

230 User root logged 1in.

ftp>

After successfully establishing a connection and logging in to slush we can
transferHelloworld.tini to TINI's file system. First type “bin” at the FTP
prompt to ensure that our binary image is not altered during the actual file transfer.

ftp> bin
200 Type set to Binary

TransferHelloWorld. tini, using thisout command.

ftp> put HelloWorld.tini

200 PORT Command successful.

150 BINARY connection open, putting HelloWorld.tini

226 Closing data connection.

ftp: 171 bytes sent in 0.00Seconds 171000.00Kbytes/sec.

Finally, close the FTP session by typisg or quit at the prompt.

ftp> bye
221 Goodbye.
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We can check that our file transfer completed successfully by using the
command at the slush prompt in our Telnet session.

TINI /> 1s -1

total 3

drwxr-x 1 root admin 2 Jan 28 14:45 .

-rwxr-- 1 root admin 171 Jan 28 15:46 HelloWorld.tini
drwxr-x 1 root admin 3 Jan 28 14:45 etc

The fileHe1T1oWor1d. tini now appears in the root directory of the file system
and has the same size that was listed during the FTP transfer.

Note that all operating systems that are capable of hosting TINI application
development have an FTP client that works nearly identically to the preceding
session. There also exist several graphical FTP clients for various platforms.
These are useful for developers that prefer not to work from a command shell. For
some developers, a command line FTP client is preferable because it allows for
easy automation of the file transfer process. For example, using the Windows FTP
client, we can create a file with the following contents.

root
tini
bin
put HelloWorld.tini
bye

If we call this fileTload.cmd, we can use the following command to transfer
HelloWorld.tini without any interaction with the FTP client command prompt.

C:\TINI\tinil.@2\myapps\HelloWorld>ftp -s:Toad.cmd 192.168.0.15

Using the-s option causes the FTP client to read the specified file and execute
each line as if it were typed in manually in response to a prompt.

Step 5: Run the converted image. Now we're ready to run the application
using thejava command at the slush prompt.

TINI /> java HelloWorld.tini
Hello World
TINI />

HelloWorld.tini executes and produces the output we expect. After the pro-
gram terminates, control of the user session returns to the command prompt.

2.6.2 Blinky, Your First TINI I/O

Now that we know how to build, load, and execute a Java application, let’s try an
example that performs the most basic form of 1/O by controlling a single micro-
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controller port pin. There is a status LED (Light Emitting Diode) on the TINI
board that is connected to p3.5 (port 3, bit 5) of the microcontroller. This pin is
also shared with the internal 1-Wire network (see Table 9.1) but since we’re not
doing any 1-Wire at the moment, we're free to play with it.

The relevant portion of the TBM390 schematic is shown in Figure 2.4. The
anode side of the LED is connected @ {the power supply voltage). A 680-ohm
current limiting resistor separates the LED’s cathode and the source of transistor
Q2. In this circuit, Q2 is just used as a saturation switch to ground. So we can
think of it as either being off (nonconducting) or on (conducting). The port pin
drives the gate of Q2. Setting the pin high (a logic 1) forces Q2 into a conducting
state, causing current to flow through the LED and turning it on. Setting the pin
low (a logic 0), forces Q2 to a nonconducting state, stopping the flow of current
through the diode, thereby turning it off.

VCC

D1
R4 K
680
['4'4
Q2 Red LED
INTOWB (p3.5 2N7002

.”

Figure 2.4 TINI's status LED

TheB1inky program, shown in Listing 2.2, uses the clas®ort from the
com.dalsemi.system package to access p3.5. Once we have an instance of
BitPort, we can invoke the methodst andclear, to turn the LED on and off,

respectively.

public void set()
public void clear()

Listing 2.2  Blinky

import com.dalsemi.system.BitPort;

class Blinky {
public static void main(String[] args) {

BitPort bp = new BitPort(BitPort.Port3Bit5);

for (55) {
// Turn on LED
bp.clear(Q);
// Leave it on for 1/4 second
try {
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Thread.sleep(250);
} catch (InterruptedException ie) {}

// Turn off LED
bp.set();
// Leave it off for 1/4 second

try {
Thread.sleep(250);
} catch (InterruptedException ie) {}

Compile, convert, and load1linky following the steps we used for the
HelloWor1d example. However, we will make one small change to the way in
which we run this progranmgiinky runs forever just brainlessly blinking the
status LED at 2 Hz. If we run it in the same fashion that wei¢@towor1d, as a
foreground process, we would never get our command prompt back in the Telnet
sessiorP We would either have to start a new Telnet session just teTHalky by
using thekill command or removing power, forcing the system to reboot.
Instead, just executinky in the background.

TINI /> java Blinky.tini &
TINI />

Now if you take a look at your TINI board, you should see the status LED
(D1) blinking about twice per second. It will continue to blink until you kill the
process. To kill a process from slush, you usekthe@ command specifying the
process id on the command line. To learn the process id, use the ps command.

TINI /> ps

3 processes

1: Java GC (Owner root)

2: init (Owner root)

4: Blinky.tini (Owner root)

The ps command shows us the total number of processes and lists each pro-
cess id followed by its name. Now let’s kifl inky, since the thrill of a blinking
light is probably starting to wane.

TINI /> kill 4

TINI /> ps

2 processes

1: Java GC (Owner root)
2: init (Owner root)

6. Slush does not support the use of <ctrl>C to terminate foreground processes.
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After killing process 4 and examining the process list, we see that the process
count has gone from three to two, and only the background garbage collector and
command shell (Notice that the first Java process started during the bootup phase.
Slush in this case is always named “init.”) are running. Even if you kill and imme-
diately restart the same process, it will not get the same process id. Process ids are
always incrementing and are not recycled. So, if you were to run Blinky again and
do a ps, the process id would be 5. The process id is an unsigned 16-bit value and
therefore rolls to the lowest available value after 65535.

2.6.3 HelloWeb, a Trivial Web Server

Finally, we’'ll upgrade th@elloWor1d example, taking it to the World Wide Web.
The HelloWeb program, shown in Listing 2.3, is a very small Web server. The
“built-in” HTTPServer class, provided in theéom.dalsemi.tininet.http package,

does the bulk of the workelloweb creates an instance fTPServer that listens

for client HTTP requests on server port 80. It also logs all requests to a file named
web.Tog in the “/log” directory. The main loop simply spins forever, invoking the
serviceRequests method on th&TTPServer instance.

Listing 2.3 HelloWeb

import com.dalsemi.tininet.http.HTTPServer;
import com.dalsemi.tininet.http.HTTPServerException;

class HelloWeb {
public static void main(String[] args) {

// Constuct an instance of HTTPServer that listens for
// requests port 80
HTTPServer httpd = new HTTPServer(80);
httpd.setHTTPRoot("/html");
httpd.setIndexPage("index.html");
// Specify a name for the log file and turn on Togging
httpd.setLogFilename("/Tog/web.1og");
httpd.setlLogging(true);

// Spin around forever servicing inbound requests
for (55) {
try {
// Wait for a new request
httpd.serviceRequests();
} catch (HTTPServerException e) {
System.out.printin(e.getMessage());
}
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Compile, convert, and loadelloweb, following the steps used in the
HelloWor1d example. LikeB1inky, Helloweb runs forever and should therefore
be executed as a background process. But there’s a little more work to do before
we can rundelloweb. Unlike the first two examplesie1loweb requires some
application data in the form of an ASCII file, nameéhdex.htm1. On the host,
create and save a file namidex.htm1 with the following contents.

<html>

<head><title>Hello Web!</title></head>
<body>

<hl>Hello from TINI!</hl>

</body>

</html>

Now let’s return to our slush Telnet session to make directories for our Web
root and log file.

TINI /> mkdir html
TINI /> mkdir log

TINI /> 1s -1

total 7

drwxr-x 1 root admin 6 Jan 28 14:45 .

drwxr-- 1 root admin 0 Jan 28 18:06 Tog

drwxr-- 1 root admin 1 Jan 28 18:06 html

-rwxr-- 1 root admin 297 Jan 28 18:05 HelloWeb.tini
-rwxr-- 1 root admin 220 Jan 28 17:58 Blinky.tini
-rwxr-- 1 root admin 171 Jan 28 15:46 HelloWorld.tini
drwxr-x 1 root admin 3 Jan 28 14:45 etc

Use FTP again to “putindex.htm1 into the “/html” directory we just created.
To make sure we transferred the file successfully, we can, from the slush prompt,
change to the “/html” directory and display the contentmeéx.htm1, using the
cat command.

TINI /> cd html

TINI /html> cat index.html
<html>

<head>

<title>Hello Web!</title>
</head>

<body>

<h1l>Hello from TINI!</hl>
</body>

</html>

Now that we have the Web server application bina&yiweb.tini) and the
HTML file that it will serve in the Web root, we can return to the root directory
and start the program as a background process.
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TINI /html> cd ..
TINI /> java HelloWeb.tini &
TINI />

Typing theps command at the slush prompt shows that our server is indeed up
and ready to receive and process client HTTP requests.

TINI /> ps

3 processes

1: Java GC (Owner root)

2: init (Owner root)

5: HelloWeb.tini (Owner root)

Now we can test our simple server, using any browser and typing TINI's IP
address or DNS name in the URL line. Figure 2.5 shows the results of browsing
the elaborate Web site servedHay 1oWeb, using the Netscape browser.

}?é Hello Web! - Netscape =] B3

File Edit Yiew Go Communicator Help

¢« © A D/ 2 W B

Back Fonward Reload Home Search Netscape  Fiint
J " Bookmarks & Location: Ihttp: //132.168.0.15/ LI G2l What's Related

Hello from TINI!

e (== [Document: Done  =| %

Figure 2.5 Browsing HelloWeb
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Recall that when we created the instanceat@pPserver, we specified that it
generate a log file. Let’s take a look at its contents, usingatheommand from
the slush prompt.

TINI /> cd Tog

TINI /Tog> cat web.log
192.168.0.3, GET, index.html
TINI /log>

The log file shows us that the server has processed 1 “GET” request for the
file index.htm1 from a client with the IP address 192.168.0.3. You can hit the
reload (or refresh if you're using Internet Explorer) button on your browser sev-
eral times and watch the log file grow by one entry for each new request. If this
were a real application serving real Web pages, we probably wouldn't enable log-
ging, since we're working with a relatively small memory footprint. If logging
were used by a real application, the log file would eventually grow too large to fit
in TINI's memory.

2.7 DEBUGGING TIPS

Trivial applications like those in the previous section require little in the way of
debugging. So the development cycle of building the application on the host and
loading and running it on TINI isn’t really much of a burden. Real-world applica-
tions are of course much more complicated and involve a fair amount of debug-
ging. This is one of the more difficult areas of TINI application development.

As a general rule, do all of the debugging you possibly can on your develop-
ment host. On a host machine the use of a full-featured IDE that provides a run-
time environment with integrated source-level debugging can further aid in the
development and debugging cycle.

There are broad classes of applications that can be developed for the TINI
platform that will also run on larger, more traditional Java platforms. These
classes include applications that use the following mechanisms for monitoring
and controlling external devices and communicating with other networked
machines.

» Serial communication
» TCP/IP networking
* 1-Wire networking

If your application uses only the standard Java packages supported by TINI
(see Section 1.4.1) and extensions available on most Java platforms—namely, the
Java Communications API (Section 3.2) and the 1-Wire API (Chapter 4)—then all
debugging can be accomplished using just your host’s development environment.
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Since TINI's main purpose is interacting with physical devices, it also pro-
vides I/O capabilities above and beyond those supported by any other Java plat-
form. Once you're writing applications that make use of the APIs that expose
these expanded I/O capabilities, your applications will only run on TINI and
therefore must be debugged on TINI. Here are some examples of TINI's expanded
I/O capabilities.

o Parallel I/O
» Port pin 11O
e Controller Area Network (CAN)

If your application makes use of APIs that support any of the above, you lose
source level debugging capabilities and are relegated to using exceptions with
informative detail messages and old-fashioned consgletedm.out.printin)
debug output.

Also, there’s a pretty good chance that if you're using expanded 1/O capabili-
ties, TINI is connected to specialized hardware. This often brings traditional hard-
ware diagnostic and debug equipment into the picture—anywhere from expensive
DSOs (Digital Storage Oscilloscopes) and logic analyzers to very inexpensive
tools like logic probes and DMMs (Digital Multi-Meters). This isn't always a sim-
ple and user friendly environment for debugging. It proves to be very challenging
at times, but such is life in the murky world where hardware meets software.






CHAPTER 3 Serial
Communication

The sheer number of devices that use a serial port as a means for communicating
with other electronic devices is staggering: everything from very well-known
examples like personal computers and modems to manufacturing and industrial
automation equipment. In fact, for many, a serial port provides the sole mecha-
nism of communicating with the outside world. Such devices have no direct
means of participating in a larger computer network. For this reason bridging the
communications gap between serial-only devices to networked hosts is one of the
most popular applications of TINI technology.

This chapter will cover both the hardware and software aspects of developing
serial applications on TINI. It focuses on application programming, providing rea-
sonably detailed coverage of the serial portion of the Java Communications API.
The chapter concludes with a sample implementation of a general purpose serial
to Ethernet network bridge.

3.1 INTRODUCTION AND TERMINOLOGY

The asynchronous serial communication discussed in this chapter is based on a
standard that dates back to the earliest days of recorded history. Well, it's not actu-
ally that old, but the RS-232-C standard was published way back in 1969, specifi-
cally. Most modern serial ports do not support all of the signals defined in the

51



52 Chapter 3 Serial Communication

standard. The signals that are implemented are used in a fashion that is fairly close
to that defined in the standard.

It's difficult, if not impossible, to discuss asynchronous serial communication
based on the RS-232-C standard without delving into fairly tricky terminology
that brings with it a significant amount of historical baggage. Over the years,
terms commonly used in the industry have diverged somewhat from those defined
in the standard.The following text will define a few necessary terms, attempting
to stay reasonably close to the RS-232-C standard. It will also describe the hard-
ware and software test environment used to test the examples in this section.

The low-level details of asynchronous serial communication, such as manag-
ing tight timing tolerances on receive data sampling, are typically handled by a
dedicated piece of hardware known as a UART (Universal Asynchronous
Receiver Transmitter). This is often a dedicated piece of silicon that is either inte-
grated into a microcontroller or provided externally as a special purpose external
UART chip. TINI's serial driver provides support for both of the internal UARTs
as well as optional support for an external dual-UART chip. This allows TINI to
communicate with up to four separate serial devices.

The standard specifies that the receiver shall acknowledge voltage levels of
+3V to +25V for a “SPACE” (a binary zero) bit and -3V to —25V for a “MARK”

(a binary one) bit. This is shown in Figure 3.1. The “no man’s land” between -3V
and +3V is the switching region. All of the UARTs supported by TINI transmit
and receive the much more common (and modern) TTL (Transistor Transistor
Logic) voltage levels of OV and +5V. Special purpose chips commonly known as
level translators are used to convert between TTL and RS-232 levels to allow
communication with devices that transmit and receive true RS-232 levels. Many
small embedded serial devices also use TTL signals obviating the need for level
translation. All voltage levels discussed here are measured with respect to signal
ground (a.k.a., common, see Table 3.1).

The serial ports that we're concerned with in this chapter come in the follow-
ing two configurations.

» DCE (Data Communications Equipment)
» DTE (Data Terminal Equipment)

The RS-232-C standard refers to the two endpoints of a communications
channel as being data terminal equipment (DTE) and data communications equip-
ment (DCE). A common example of data communications equipment is a modem
and a common example of data terminal equipment is a PC or workstation.

1. For example, the DCE acronym is now almost exclusively used to refer to data com-
munications equipment, as opposed to the original definition of data circuit-terminat-
ing equipment.
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Figure 3.1 RS-232 voltage levels

In general, systems that employ TINI technology can expose either DTE or
DCE serial ports. However, in the interest of constructing a concrete test environ-
ment, we'll need to refer to specific hardware implementations. For our purposes
the most commonly available and generic configuration, which includes a
TBM390 and an E10 socket, is used.

For most serial applications, TINI controls or acts as a network bridge for
DCE serial devices and is therefore more likely to be used as data terminal equip-
ment. For this reason the E10 socket provides a DTE serial port that supports most
of the hardware handshake (flow control) lines. As we’ll see in the next section,
this serial port is identified by the system as serialQ. It is often called the “default
serial port” because the UART is integrated within the microcontroller.

The pinout, along with signal names and descriptions for a DB-9 DTE serial
port connector, is shown in Table 3.1.

Table 3.1 DB-9 DTE serial connector pinout

Pin#  Signal Name DTE Sense Description

1 CD (Carrier Detect) INPUT Asserted by DCE when it has
received a data carrier signal

2 RD (Receive Data) INPUT Data receive from DCE

3 TD (Transmit Data) OUTPUT Data transmit to DCE

4 DTR (Data Terminal Ready) OUTPUT Asserted by DTE when it is

ready for communication

continues
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Table 3.1 DB-9 DTE serial connector pinout (continued)

Pin#  Signal Name DTE Sense Description
5 Common (Signal Ground) N/A 0 volt reference
6 DSR (Data Set Ready) INPUT Asserted by DCE when it has

established a communications
channel and is ready to transmit

7 RTS (Request To Send) OUTPUT Asserted by DTE to request
permission to transmit data

8 CTS (Clear To Send) INPUT Asserted by DCE to grant per-
mission to DTE to transmit data

9 RI (Ring Indicator) INPUT Asserted by DCE when it
receives a ringing tone

The BlackBox example application, distributed with the comm API, is very
useful for test purposes. In fact, it was used to test all of the examples in this chap-
ter. BlackBox is a GUI application that allows the user to configure port settings
such as the baud (or bit) rate, number of data and stop bits, and flow control modes.

The difficulty is that the host machine on whietackBox executes also has
DTE serial ports. So the same straight-through serial cable that connected to
TINI's DCE connector to load the firmware is not sufficient by itself to allow TINI
and the development host to communicate over a serial link to TINI's DTE con-
nector. If only a straight-through serial cable were used, both computers would
transmit data on the same pin (TD), causing an electrical contention. This conten-
tion shouldn’t cause any damage since RS-232 outputs are current-limited. How-
ever, it certainly prevents any communication. The hardware handshake outputs
(RTS and DTR) will also collide.

The use of a null modem solves this problem. At a minimum a null modem
swaps RD and TD and passes through signal ground. This would allow two
machines with DTE serial ports to communicate, assuming none of the hardware
handshake lines are required. We’'ll make use of the handshake lines in a couple of
the following examples. For our testing we’ll use the common null modem config-
uration shown in Figure 3.2. This configuration also swaps RTS and CTS, which
is used for “hardware” flow control.

The entire hardware test configuration is shown in Figure 3.3. A straight-
through cable and null modem are used to connect TINI with the development
host machine. Both the TINI and development host have pin-male DB-9 connec-
tors. Both connectors on the null modem are pin-female DB-9.
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Pin names and descriptions are identical to those
shown in Table 3.1.

Figure 3.2 Null modem

TINI/E10

e [ —

Dev. Host

T

Null Modem Straight-Through Cable

Figure 3.3 Test configuration

The null modem shown in Figure 3.3 is in a brick form factor. Null modems
are also available as cables. This would obviate the need for both a null modem
and a straight-through cable. Since straight-through cables are more common and
typically used with TINI anyway for loading the runtime environment, we have
chosen to use a separate null modem brick. If the development host has a DB-25
pin connector, you will need a DB-9 to DB-25 adapter as well. Depending on
whether your development host is pin-male or pin-female you may also need a
gender changer. With the hardware configuration shown in Figure 3.3 (or equiva-
lent) andB1ackBox running on the development host, we're ready to begin writing

and testing serial applications.
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3.2 THE JAVA COMMUNICATIONS API

The Java Communications APl (or comm API for brevity) has been defined by
Sun Microsystems as an extension to the Java platform. The API is defined and
partially implemented in thgavax.comm package. The platform specific portion
of the comm API implementation exists in then.dalsemi.comm package. For
most applications there isn’'t a compelling reason to use the serial port classes in
com.dalsemi.comm directly, so this section will focus entirely on the public speci-
fication injavax.comm. Unless explicitly stated otherwise, all classes described in
the next section are defined in t&ax.comm package.

You may recall that when you installed the comm API on your host develop-
ment machine, you copied a file namgaax.comm.properties to the “jre/lib/
ext” directory under the root of your JRE or JDK installation. This text file con-
tains a line that specifies a driver to be loaded to manage serial port communica-
tion. On TINI the serial port drivers are always installed and available in the
runtime environment and therefore thavax.comm.properties file is not
required or supported.

3.2.1 Acquiring and Configuring Serial Ports

Ultimately we’ll be working withserialPort ObjectsSerialPort is a subclass of

the abstract classommPort. CommPort provides a fairly generic abstraction of a
communications port. It provides methods for configuring port settings and
acquiring streams for reading data from and writing data to the underlying physi-
cal port.commPort Objects can't be created directly using tlae operator. Rather,
they are created by invoking thgen method on &@ommPortIdentifier object.

The commPortIdentifier class manages access to the ports exposed by the
platform’s physical port drivers. It also provides a mechanism for notifying appli-
cations when port ownership status changes. This can be useful when multiple
applications need to share a single port. The ability to share ports among multiple
processes on TINI is supported, but it isn't typically important and is therefore not
covered hereCommPortIdentifier Objects can be created by invoking one of the
following getPortIdentifier methods.

public static CommPortIdentifier getPortIdentifier(String portName)
throws NoSuchPortException

public static CommPortIdentifier getPortIdentifier(CommPort port)
throws NoSuchPortException

An enumeration ofommPortIdentifiers for all communicatiof ports sup-
ported by the system can be obtained by invoking déwortIdentifiers
method.

2. On TINI this specifically means all serial ports.
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public static Enumeration getPortIdentifiers()

The PortLister example, shown in Listing 3.1, gets an enumeration of all
CommPort Objects on the system and displays their names.

Listing 3.1 PortLister

import java.util.Enumeration;
import javax.comm.CommPortIdentifier;

class PortLister {
public static void main(String[] args) {
Enumeration ports = CommPortIdentifier.getPortIdentifiers();
while (ports.hasMoreElements()) {
System.out.printin(
((CommPortIdentifier) (ports.nextElement())).getName());
3

When this application is run on a Win32 machine with the communications
API properly installed, it will list both parallel and serial ports. On a system with
two serial ports and two parallel ports, it will generate output similar to the fol-
lowing:

coM1
Com2
LPT1
LPT2

On TINI, however, there are no parallel ports—at least not the IEEE-1284
type parallel ports that are comprehended by the comm API. In fact, there is no
implementation for the parallel classes defined by the comm API. TINI does
support parallel 1/0, but in a far more flexible and powerful fashion by exposing
the processor bus to allow for arbitrary 1/0 expansion. From a programmer’s
perspective, parallel 1/0 on TINI-based systems is accomplished using the
com.dalsemi.system.DataPort class and is covered in Chapter 8.

The output oPortLister when executed on TINI shows that four serial ports
are supported by the system. They are nagaethl1e throughserial3.

TINI /> java PortLister.tini
serial@
seriall
serial?2
serial3

After we have &ommPortIdentifier object, we can invokepen to obtain a
CommPort Object.
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public synchronized CommPort open(String appname, int timeout)
throws PortInUseException

Ownership of a communications port is mutually exclusive. In other words,
multiple processes cannot simultaneously access the underlying physical port.
The open method only returns when it has either obtained exclusive access to the
port or the input time-out value, specified in milliseconds, has elapsed. If the port
is owned by another process and a time-out occurs waiting for the process to relin-
quish ownership of the porgpen throws aPortInUseException. The open
method also requires a string representation of the name of the application. This
string is used to identify the owner of the port. There is another open method that
takes ajava.io.FileDescriptor Object. Because the runtime environment does
not represent physical devices as files, TINI's comm APl implementation does not
support this version afpen. Ownership of the port is relinquished by invoking the
close method on th€ommPort object.

public void close()

The commPort object returned from open must be cast serdalPort Object
before we can begin altering the port settings. Sdr@€alpPort class provides pub-
lic “setter” methods for configuring individual parameters as well as symmetric
public “getter” methods for querying the parameters current value. These are a
few of the parameters that are typically set before transmitting or receiving data
on the underlying physical port.

* Baud rate

* Number of data bits

*  Number of stop bits

» Type of parity checking (if any)
* Flow control (if any)

On TINI, the default settings are 115,§ins, 8 data bits, 1 stop bit, no par-
ity, and no flow control. The supported values for the number of data bits, stop
bits, flow control, and parity types are defined as public integer constants in the
SerialPort class. The most common set of serial port configuration parameters
can be set with a single invocation of #e@SerialPortParams method.

public void setSerialPortParams(int baudrate, int dataBits,
int stopBits, int parity)
throws UnsupportedCommOperationException

All of the settings are supplied as integers. The number of data bits, stop bits,
and parity mode are supplied using theialPort constants. The baud rate is

3. Thejavax.comm documentation afetSerialPortParams specifies a default of 9600 bps.
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simply an integer value equal to the desired speed. In the following code snippet
the serial port (represented by theialPort objectsp) is configured for trans-
mitting and receiving data at 115,200 bps with 8 bit serial characters followed by
1 stop bit and no parity checking.

try {

sp.setSerialPortParams (115200, SerialPort.DATABITS_S,
SerialPort.STOPBITS_1, SerialPort.PARITY_NONE);

} catch (UnsupportedCommOperationException usc) {

}

If any of the parameter values are invadiel;SerialPortParams will throw an
UnsupportedCommOperationException. If this occurs, all four parameters will
remain the same as before theSerialPortParams method was invoked.

3.2.2 Flow Control

Another setting that should be configured before beginning serial data transfer is
the flow control mode. Flow control is a mechanism that allows a receiver to tell
the sender to pause when its internal receive data buffer is close to full. This
avoids lost data due to buffer overflow. The following flow control modes are sup-
ported by the comm API.

* None
* RTSI/CTS (often loosely termed hardware flow control)
*  XON/XOFF (often loosely termed software flow control)

If no flow control is specified, both sides of the communication transmit at
will, leaving no inherent protection against receive buffer overrun. This may not
be a problem, depending on the serial protocol employed by the end points of the
data channel. However, if one side of the channel transmits a continuous data
stream, the receiver must be dedicated to the task of servicing the receive buffer or
risk losing data. This is potentially a problem for multitasking systems, especially
those that are not driven by a real-time kernel.

XON/XOFF flow control works as follows. When the receiver’s (call it A)
internal receive buffer begins to reach capacity, it transmits an XOFF (0x13) char-
acter back to the sender (call it B) requesting that it pause its transmission. After
the application has unloaded some or all of the data, A transmits an XON (0x11)
character notifying B that it is ready to receive more data. XON/XOFF flow con-
trol has the advantage of not requiring support for any hardware handshake lines.
Its main drawback is that the in-band signalling is somewhat awkward in that an



60 Chapter 3 Serial Communication

application can inadvertently stop the remote endpoint from transmitting by send-
ing an XOFF character in a binary data stream. Also, it inhibits an application’s
ability to receive the XON or XOFF control characters because they are absorbed
by the serial drivef.

If available, RTS/CTS (hardware) flow control is the best way to avoid buffer
overflow. In this scheme the endpoint (call it A) wishing to transmit asserts the
request to send (RTS) signal. If the other endpoint (call it B) has sufficient room in
its buffer and is willing to receive data, it will assert the clear to send (CTS) sig-
nal. At this point device A begins transmitting. If B’s receive buffer approaches
capacity, it de-asserts CTS and A pauses its transmission. Eventually the applica-
tion will read the available serial data, and B’s serial port driver will assert CTS,
allowing A to resume data transmission.

The default flow control setting is no flow control. This is appropriate because
many devices have no support for hardware or software flow control. However, if
the device with which you are communicating supports flow control, this default
should be overridden. In fact, some devices may require the use of flow control.

The flow control mode is configured by invoking theFlowControlMode
method on &erialPort object. The current flow control mode in use by the
driver can be retrieved at any time using deeF1owControlMode method.

public void setFlowControlMode(int flowcontrol)
throws UnsupportedCommOperationException
public int getFlowControlMode()

The desired flow control setting is passeddtFlowControlMode encoded as
an integer equal in value to any of the following constants. The value can also be
the bitwise-or of one input (_IN) mode constant and the matching output (_OUT)
constant.

public static final int FLOWCONTROL_NONE

public static final int FLOWCONTROL_RTSCTS_IN
public static final int FLOWCONTROL_RTSCTS_OUT
public static final int FLOWCONTROL_XONXOFF_IN
public static final int FLOWCONTROL_XONXOFF_OUT

Flow control can be specified as unidirectional only. For example, the applica-
tion can require that the remote endpoint specify RTS/CTS flow control without
implementing any flow control during its own data transmission. The use of flow
control can also be required of both devices protecting each endpoint in the com-
munication from receive buffer overflow. However, input and output flow control
modes can’'t be mixed between RTS/CTS and XON/XOFF flow control. For
example, an application can’t specify RTS/CTS flow control for outbound data
and XON/XOFF flow control for inbound data.

4. Applications would have to “escape” XON/XOFF characters.
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// ITlegal setting!
SerialPort.FLOWCONTROL_RTSCTS_IN | SerialPort.FLOWCONTROL_XONXOFF_OUT

The following code snippet shows how to correctly select the use of RTS/CTS
flow control for both serial data input and output.

try {
sp.setFlowControlMode(SerialPort.FLOWCONTROL_RTSCTS_IN |
SerialPort.FLOWCONTROL_RTSCTS_OUT);
} catch (UnsupportedCommOperationException usc) {
// Can't use hardware flow control with this serial port!

If the underlying driver or UART does not support the specified type of flow
control or the flow control mode is an invalid combination of the mode
constants that are listed above, ths&FlowControlMode method throws an
UnsupportedCommOperationException. In this event the actual flow control mode
remains the same as it was befe¢erlowControlMode was invoked.

3.2.3 Sending and Receiving Serial Data

An application transmits and receives serial data usingetieandwrite meth-
ods on input and output streams, respectivgbra.io.InputStream and
java.io.OutputStream objects are acquired by invoking theInputStream and
getOutputStream methods on 8erialPort Object.

public InputStream getInputStream() throws IOException
public OutputStream getOutputStream() throws IOException

There is exactly ongénputStream and oneutputStream attached to a serial
port. Multiple calls to either method will return a reference to the same stream.

The comm API supports the notion of receive time-outs and thresholds.
Receive time-outs and thresholds allow the application to control blocking reads
on serial portinputStream objects. A read time-out can be set by invoking the
enableReceiveTimeout method on @erialPort Object.

public void enableReceiveTimeout(int rcvTimeout)
throws UnsupportedCommOperationException
public void disableReceiveTimeout()

The specified time-out value represents the number of milliseconds that any
of the InputStream’s read methods should block waiting for receive data. If the
specified number of milliseconds elapses before the number of bytes requested by
the read method is received, theead method will return immediately with any
data that was received. The receive time-out can be disabled at any time, using the
disableReceiveTimeout method.
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A receive threshold value can be set by invoking the method
enableReceiveThreshold On aSerialPort Object

public void enableReceiveThreshold(int thresh)
throws UnsupportedCommOperationException
public void disableReceiveThreshold()

The thresh parameter passed é@ableReceiveThreshold represents a mini-
mum number of bytes that should be returned when reading serial data. Setting a
threshold value will cause the serial pdibutStream’s read methods to block
until eitherthresh bytes have been received or a time-out (if one has been set by
enableReceiveTimeout) occurs. The receive threshold can be disabled at any time,
using thedisableReceiveThreshold method.

Both enableReceiveTimeout and enableReceiveThreshold declare that an
UnsupportedCommOperationException will be thrown in the event that the native
serial driver doesn’t support the requested functionality. This exception should
never be thrown on TINI from either of these methods, since all serial port drivers
do in fact support receive time-outs and thresholds.

Using receive time-out values and receive threshold settings, an application
can read serial data from the serial pomtfputStream without polling the
InputStream’s available method to determine when data is available in the
serial driver’s receive buffer.

Since the receive buffers are of finite size, they can overflow if not serviced
(unloaded) frequently enough by the application. Without the use of any flow con-
trol, both sides must ensure that they can service the receive buffer before losing
any data. This problem can be avoided to some extent by using a large enough
receive buffer to give the application plenty of time to read the data. A receive
buffer of a specific size can be requested by invokingséh@nputBufferSize
method on &erialPort Object.

public void setInputBufferSize(int size)
public int getInputBufferSize()

The requested buffer size is passed as an integer. On TINI the maximum sup-
ported input buffer size is 65535. If an invalid size is specified or another error,
such as insufficient memory for the new buffer occurs, the input buffer remains
the same size as it was befeseInputBufferSize was invoked. No exception is
thrown. However, the actual input buffer size can be verified at any time using
the getInputBufferSize method. The combination of controlling the input
buffer size and using well-chosen receive thresholds and time-out values can
allow an otherwise busy application to service the serial port input buffer with
little overhead.

An application can manually query the state of all of the hardware flow con-
trol lines that are supported by the underlying serial port.
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public boolean isCD()
public boolean isRI()
public boolean isDSR()
public boolean isCTS()
public boolean isRTS()
public boolean isDTR()

These methods retutirue if the signal was asserted at the exact time it was
sampled by the native driver afglise otherwise.

The comm API only allows the DTR and RTS signals to be altered by the
applications. This is because DTR and RTS are the only two lines that are outputs
in a DTE serial port configuration, and the comm API assumes that it is imple-
mented on data terminal equipment. The state of DTR and RTS can be set using
thesetRTS andsetDTR methods.

public void setDTR(boolean dtr)
public void setRTS(boolean rts)

Passing either method olean value of true asserts the signal, while a
value offalse de-asserts the signal. An application using RTS/CTS flow control
should not attempt to alter the state of RTS as it's managed by the driver. We’'ll
utilize the comm API’s ability to toggle the state of data terminal ready (DTR) to
reset an external modem in Section 7.6.2.

On TINI, the internal serial portsdriale andseriall) don’t support all of
the hardware handshake signals. We'll cover the details of TINI's serial port hard-
ware and driver support in Section 3.3

3.2.4 Serial Port Events

The communications APl provides a mechanism for asynchronous
notification of interesting serial port events such as state changes in the modem
control lines and when data is available. On TINI the events are propagated by a
daemon thread that listens for state changes in the serial port drivers. The
daemon thread is created when the first event listener is registered using the
addEventListener method in theSerialPort class. The argumentistener
passed to methodddEventListener requires an instance of a class that
implements th&erialPortEventListener interface.

public void addEventListener(SerialPortEventListener 1istener)
throws TooManyListenersException
public void removeEventListener()

The removeEventListener can only be invoked by a listener. Event listeners
are automatically removed when the port is closed.

For every serial port event there exists one method wiidt&fyon prefix.
The listener chooses the events for which it wishes to be notified by invoking
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the appropriateotifyon* method on &erialPort Object. So, for example, to
receive notification when serial data is available, a listener invokes the
notifyOnDataAvailable method.

public void notifyOnDataAvailable(boolean enable)

An enable value oftrue enables notification for the specified event. Notifica-
tion can be disabled at any time by invoking the same method withaghe
value offalse.

ThesSerialPortEventListener interface defines theerialEvent method that
is invoked when an event for which the listener has requested notification occurs.

public void serialEvent(SerialPortEvent ev)

Listeners invoke th@etEventType method on theserialPortEvent object
passed t@erialEvent to determine the source of the event.

public int getEventType()

getEventType returns the type of the event encoded as an integer. There are
several serial port events defined as public constargsriralPortEvent. We'll
only cover the types supported by TINI's comm API implementation. Other
events, such as FE (Framing Error), are also defined by the comm API but are not
supported by TINI's serial drivers.

These are two of the most important events.

» DATA_AVAILABLE
* OUTPUT_BUFFER_EMPTY

These provide notification of the state of the serial driver’'s transmit and
receive buffers. When these events are used properly it allows the application to
maximize serial port throughput with a minimum of CPU overhead and without
dedicated threads.

An application can periodically poll the/ailable method on the serial port
input stream to determine when serial data has been received. However, polling is
typically inefficient in terms of CPU usage. Depending on the type of serial device
and the other things that the application is doing, it can be difficult to determine the
frequency at which to check for inbound data. If the application polls too frequently,
then much of the CPU is wasted asking the question “Any data yet (huh, huh, is
there, how about now)?” Even if the application can dedicate much of the CPU to
polling for receive data, there is no guarantee that other system operations such as
garbage collection won't delay polling from time to time. If the serial device doesn't
support either RTS/CTS (hardware) or (XON/XOFF) software flow control, infre-
guent polling can lead to loss of data due to the receive buffer overflowing.



The Java Communications API 65

An application can avoid polling either by using the receive time-outs and
thresholds discussed in Section 3.2.4 or tWgA_AVAILABLE event. The
DATA_AVAILABLE event is generated when data is received by the serial port. When
the listener receives notification of this event, it typically reads all data available
from the input stream and supplies it to another thread in the application for fur-
ther processing. The advantage of thA@A_AVAILABLE event is that it doesn't
require a blocking invocation of one of the input strearaisl methods.

Managing the flow of outbound data is typically less critical and a little easier.
The OUTPUT_BUFFER_EMPTY event is generated when the serial driver's transmit
buffer is empty. The listener can use this event to move data from an arbitrarily
large buffer to the serial port in smaller, more manageable blocks. This event can
be used as an alternative to invoking a write method that will block if the serial
transmit buffer is full.

Changes in the state of the control lines defined as inputs for DTE serial ports
can be detected by registering for any of the following events.

e CD (Carrier Detect)
 CTS (Clear To Send)

* DSR (Data Set Ready)
* RI (Ring Indicate)

The getNewvalue method of clasSerialPortEvent can be used to determine
the sense of the transition.

public boolean getNewValue()

It returns true if the specified signal is asserted afulse otherwise. A
common example of how control line change notification is useful is found in
managing communications with a serial modem. When the modem has established
a connection with another modem, it asserts carrier detect. If the remote modem
“hangs up,” a SerialPortEvent.CD change event will be generated and
getNewvalue returnsfalse. The listener can use this information to notify the rest
of the application that the modem connection is no longer valid.

The CTSMonitor example, shown in Listing 3.2, listens for changes on the
CTS line.

Listing 3.2 CTSMonitor

import java.io.IOException;

import java.util.TooManyListenersException;
import javax.comm.*;

import com.dalsemi.system.TINIOS;

class CTSMonitor implements SerialPortEventListener {
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SerialPort sp;
CTSMonitor() throws NoSuchPortException, PortInUseException {

// Specify a timeout value of at least a few seconds before
// failing on ’open’ attempt. This allows another process
// (probably sTush) to relinquish port ownership.
sp = (SerialPort)
CommPortIdentifier.getPortIdentifier("serial@").open(
"CTSMonitor", 5000);
try {
// Enable the use of hardware handshake 1lines for serial@
TINIOS.setRTSCTSFlowControlEnable(@, true);
} catch (UnsupportedCommOperationException usce) {
// Won’t happen on serial@
}

try {
sp.addEventListener(this);
sp.notifyOnCTS(true);

} catch (TooManyListenersException tmle) {}

}

public void serialEvent(SerialPortEvent event) {
switch (event.getEventType()) {
case SerialPortEvent.CTS:
System.out.println("CTS change, new value="+
event.getNewValue());

break;
default:
}
}
public static void main(String[] args) {
try {
CTSMonitor cm = new CTSMonitor();
try {

Thread.sleep(Long.MAX_VALUE) ;
} catch (InterruptedException ie) {}
} catch (Exception e) {
System.out.println(e.getMessage());
e.printStackTrace();

During constructiorcTSMonitor creates and opensSarialPort Object that
encapsulateseriale. It then adds itself as an event listener and requests notifica-
tion for CTS change events. After ttisSMonitor object is created, the primordial
thread puts itself to sleep for an almost infinite amount of time because the event
notifications are generated by a daemon thread. If we were to allow the primordial
thread to terminate by falling out of thein method, the event notification dae-
mon would also exit and the application would terminate.
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From this point forward the application just waits for notification of a change
in the state of the serial port's CTS line. We can test the application using the
BlackBox utility and the null modem configuration shown in Figure 3.2. The null
modem swaps, among other things, RTS and CTS. So by toggling RTS from the
BlackBox utility, we can generate transitions on the CTS pin of the TINI serial
port. When th@1ackBox utility starts, RTS is asserted (high in this case), and CTS
on the TINI serial port should also be asserted. Toggling RTS fromTtiekBox
will produce an event of typ&erialPortEvent.CTS. InvokinggetNewvalue on the
SerialPortEvent Object will returnfalse, indicating that CTS has been de-
asserted.

In Chapter 7 we’'ll use the comm API to control an analog phone line modem
with a serial interface. It takes advantage of much of the functionality described
here including carrier detect (CD) change notification to provide asynchronous
notification that the modem has lost the carrier signal (that is, the modem connec-
tion has been lost).

3.3 TINI'S SERIAL PORTS

This section covers details that are specific to TINI's serial port hardware and
drivers. Limitations and configuration options for each port are described. If your
application requires only one serial port, then it can likely use the default serial
port (seriale) without worrying about many of the following details. However, if
your application targets unusual serial devices or requires the use of multiple
serial ports, you should read this section.

As mentioned earlier, the TINI runtime environment supports up to four serial
ports. The serial ports are designadeclialo throughserial3. The UARTs used
by serialo andseriall are integrated within TINI's microcontroller. For this rea-
son they are termed “internal” serial ports. The UARTs usedebyal2 and
serial3 require a dedicated external dual-UARIhip. These are referred to as
“external” serial ports. Becauserialo andseriall use internal UARTS, they
are more efficient. The internal serial port drivers don’'t have to do nearly as much
work to load or unload data from the UART. However, the internal serial ports are
somewhat limited in terms of configuration options. The serial character configu-
rations supported bseriale andseriall are the following.

» 8 data bits, 1 stop bit, no parity (default)

« 8 data bits, 1 stop bit, with parity (odd/even only)
» 7 data bits, 2 stop, no parity

» 7 data bits, 1 stop, with parity (odd/even only)

5. See the E10 socket schematic for details.
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Configurations that use only 5 or 6 data bits or 1.5 stop bits are impossible if
using the internal ports. However, this is seldom of practical concern. The options
listed allow the internal ports to communicate with most common serial devices.
The external serial ports support all configurations that can be achieved using the
comm API with the exception of XON/XOFF flow control.

Both internal ports support XON/XOFF flow control. A single set of hardware
handshake lines is shared between the internal ports. This implies that only one port
at a time can be used with RTS/CTS flow control. By defaultaie does not own
the hardware handshake signals. This default can be changed using the method
setRTSCTSFlowControlEnable defined in classom.dalsemi.system.TINIOS.

public static boolean setRTSCTSFlowControlEnable(int portNumber,
boolean enable)
throws UnsupportedCommOperationException

The port number must specify one of the internal serial ports (0 or 1). If
enable is true, the hardware handshake signals will be dedicated for use as hard-
ware handshake signals for the specified serial paalfie is false, the signals
are released to be used with w.dalsemi.system.BitPort (See Chapter 9)
class as general purpose TTL I/O.

There are a couple of additional points to keep in mind when ysitig11.

First, seriall is by default dedicated to the task of communicating with the
external 1-Wire line driver. If your TINI hardware implementation does not
require (or support) the use of the external 1-Wire adapéetall can be
reclaimed for use with a general purpose serial port. To ovetdeiall’s
default usage, an application must invoke #mbleSerialPortl method
defined in therInTos class?

public static final void enableSerialPortl()

This option persists across system boots. The other thing to keep in mind,
with respect taeriall, is that it does not support any data rates below 2400 bps.
This is seldom of practical concern when communicating with modern serial
devices.

The external serial ports must also be enabled using the method
setExternalSerialPortEnable in ClasSTINIOS.

public static void setExternalSerialPortEnable(int portNum, boolean enable)

6. If you're usingseriall on a TBM390, you will also need to disable the DS2480
1-Wire driver. This is accomplished by grounding EN@480 signal (pin 26 of the
SIMM connector).
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The port number must specify one of the external ports (2 or 3gn#le
value oftrue enables the use of external serial drivers. The settings established by
setExternalSerialPortEnable persist across system boots.

The external serial drivers allow flexibility where the external UART
hardware is mapped into TINI's memory space. The default base address for the
external UART is 0x380020. This method can be overridden using the
setExternalSerialPortAddress method inTINIOS.

public static void setExternalSerialPortAddress(int portNum, int address)

The port number must specify one of the external ports (2 or 3). The address
refers to the base (or lowest) address consumed in the memory map. The settings
established byetExternalSerialPortAddress persist across reboots.

There is one final tidbit to keep in mind when developing applications that
control serial devices. When TINI boots, it transmits progress messages on
serialo at the data rate of 115,200 bps. This can cause confusion for certain
embedded serial devices because the data is unsolicited and is transmitted at a
speed that may be different from the speed for which the device is configured to
receive data. Applications can disable boot progress messages using the
setSerialBootMessageState method in clas$INIOS.

public static final void setSerialBootMessagesState(boolean on)

The serial boot message state is also persistent across system boots. If slush is
involved, the line §etenv SerialServer enable” should be removed from the
.startup file. This will prevent slush from chattering oweiriale.

3.4 A SMALL TERMINAL EXAMPLE

A serial terminal program provides a reasonably small example that ties together
much of the functionality provided by the communications APIl. TheéiTerm
program presented in this section reads characters from the cazaken (in)
and writes the same characters to a serial port. Data flow in the other direction is
supported as well. All characters received on the serial port are written to the con-
sole Gystem.out).

TiniTerm's constructor and main method are shown in Listing 3.3. The baud
rate must be specified on the command line.mehe method simply creates and
starts a new thread that blocks waiting for console input.

Listing 3.3 TiniTerm

class TiniTerm extends Thread implements SerialPortEventListener {
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private SerialPort sp;
private InputStream sin;
private OutputStream sout;

private TiniTerm(String portName, int baudRate)
throws NoSuchPortException,
PortrtInUseException,
UnsupportedCommOperationException,
IOException {

try {
// Create SerialPort object for specified port
sp = (SerialPort)
CommPortIdentifier.getPortIdentifier(portName).open(

"TiniTerm", 5000);

// Configure port for 8 databits, 1 stop bit and no parity
// checks
sp.setSerialPortParams(baudRate, SerialPort.DATABITS_S,
SerialPort.STOPBITS_1,
SerialPort.PARITY_NONE);

// Get input and output streams for serial data I/0
sin = sp.getInputStream();
sout = sp.getOutputStream();
} catch (NoSuchPortException nsp) {
System.out.printIn("Specified serial port ("+portName+
") does not exist");
throw nsp;
} catch (PortInUseException piu) {
System.out.printIn("Serial port "+portName+
" in use by another application");

throw piu;

} catch (UnsupportedCommOperationException usc) {
System.out.printin("Unable to configure port:"+portName);
throw usc;

} catch (IOException joe) {

System.out.printin(
"Unable to acquire I/0 streams for port
throw ioe;

+ portName);

public static void main(String[] args) {
if (args.length != 1) {
System.out.println("Usage: java TiniTerm.tini data_rate");
System.exit(l);
}

try {
TiniTerm term = new TiniTerm("serialQ",
Integer.parselnt(args[0]));
term.start();
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} catch (Exception e) {
System.out.println(e.getMessage());
e.printStackTrace(Q);

The getCommPortIdentifier method of classommPortIdentifier is used to
obtain acommPort object representing the port specified by name to the constructor.
The CommPort object is immediately cast assSarialPort object. The resulting
serial port object is then initialized to transmit and receive data at the rate specified
on the command line. The serial characters will contain 8 data bits and 1 stop bit.
All parity checking is disabled. Finally, the constructor invokegét@nputStream
and getOutputStream methods on theerialPort object to acquire streams for
receiving data from and transmitting data to the underlying serial port.

For the purpose of illustratiom;iniTerm’s constructor catches each checked
exception that can be thrown during initialization and displays an appropriate
error message. The following are exceptions from the preceding catch blocks
along with a likely culprit.

* PortInUseException. The port specified is being used by another applica-
tion.

* NoSuchPortException. This exception won't actually be thrown in this
example because it specifieseriala as a hard-coded value.
NoSuchPortException is thrown if an invalid port name, such as “serial5”
or “Serial0,” is specified.

* UnsupportedCommOperationException. An unsupported baud rate was
specified.

Listing 3.4 TiniTerm’s run method

public void run() {
// Return from read as soon as any bytes are available
// (i.e. don’t wait for Tine termination)
((SystemInputStream) System.in).setRawMode(true);

while (true) {

try {
byte b = (byte) System.in.read(Q);
if (b == (byte) ’~’)

break;

// Send the byte out the serial port
sout.write(b);

} catch (IOException ioe) {
ioe.printStackTrace(Q);

}
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By default on TINI, ePrintStream's read method will block until a line sepa-
rator has been received. In general this behavior varies from platform to platform.
Win32 platforms perform the same buffering as TINI. However, in Linux this
behavior depends on how the shell that launches the application is configured. For
a terminal application it is nicer to havead return as soon as a character is avail-
able so that it can immediately be transmitted to the remote terminal and echoed to
the console. When an application is launched from slush, it inhesitstam.in
that extends the clasystemInputStream. SystemInputStream iS defined in the
com.dalsemi.shell.server package. It provides thetRawMode method to over-
ride the defaultreadLine type behavior. In Listing 3.4 on the previous page, the
first t