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(ABSTRACT)

The real time multitasking systems are becoming increasingly popular for control and moni-

toring functions typically encountered in industry as well as day to day life. They have to

manage adequately many concurrent processes or tasks, each of which is sequential in na-

ture. The concurrency is achieved by running asynchronous tasks at different speeds and

providing for communication and synchronization. ln order to fully exploit the power and ca-

pabilities of today’s sophisticated microprocessors and to provide a programming methodol- .

ogy for structuring real time applications a real time multitasking operating system becomes

cüücal

The VRTX/86 series of components from Hunter and Ready which include a real time execu-

tive, an input output executive and a file management executive provide multitasking capa-

bilities to a microprocessor based system. This thesis deals with VRTX in great detail. A real

time multitasking application was chosen in order to demonstrate the concepts of multitasking

and provide a design method for real time multitasking systems. A vehicular data acquisition

system was chosen as an example to achieve it. The main functions of such a system are

acquisition of information from sensors, recording in a predelined format and storing it for a

sufliciently large time for a later analysis.

This thesis presents the whole process of development of such a system based on a 80C88

microcomputer board and VRTX kernel. The main activities were designing of a board support

package which links the kernel to hardware. The application software was then developed to

exploit the features provided by the integrated system with VRTX ported onto it.
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1 .0 Introduction

The continuing growth in sophistication and complexity of microprocessor systems demands

an increasing amount of system software support to efficiently perform the basic system op-

erations such as input/output, timing, interrupt handling and data management. The most im-

portant component of system software is the Operating System. Until recently not many

operating systems were commercially available and hence microprocessor users were forced

to design their own or do without it. These user designed systems are termed as Executives

and are normally tailored to suit the specific needs of a given system.

The function of an operating system is to provide the user with a Virtual Machine so that he

is shielded from the machine specific hardware details. This is accomplished by providing the

user with a set of commands and services which can be used to achieve desired results. The

operating system implements a logical to physical mapping transforming the logical concepts

of information processing into the physical concept of information processing at the machine

level [42].

Almost all real time systems utilize sensors for acquiring information from the world outside

them and respond to a situation in a predetermined fashion within a fixed time. Consequently

the demands of software development in real time environment are drastically different than
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those for normal computer application. The primary area of interest in such systems is the

process being controlled which can present to the computer a new situation very often and

will need immediate attention. Since it is not possible for a software designer to take into ac-

count all possible scenarios, except in very small systems, there is a critical need for versatile

software tools to address this problem.

The Real Time Executives or Operating Systems are the most important of those tools and

services, that present to user an entire new view of the system which is largely independent

of the hardware intricacies. They also provide an environment conducive to real time software

development by providing a virtual machine to designer offering many critical system ser-

vices. Today there are many companys, especially the vendors of microprocessors, which sell

real time executive kernels which can be ported to a given hardware system. VRTX from

Hunter and Ready, iRMX from Intel, MTOS from Industrial Programming are few among them.

This thesis deals with following issues.

• Develop an understanding of real time multitasking systems.

• Port the VRTX/88 kernel from Hunter & Ready onto a single board microcomputer system.

• Develop an application utilizing the services of VRTX/88.

A vehicular data acquisition system from Red Pine Associates was analyzed to gain valuable

insight into a real time system. A comprehensive literature survey was undertaken to under-

stand the concepts of multitasking and the way they relate to performance and needs of real

time systems. The most important part ofthis thesis deals with porting a VRTX/88 kernel from

Hunter and Ready onto a microcomputer board acquired from Microsystems International.

Subsequently some functions of the vehicular data acquisition system were implemented us-

ing VRT)</88 services to demonstrates the versatility of multitasking environment.
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lt is appropriate to mention that this thesis seeks to consolidate and expand upon the work

already done in this area by Shanker [35], Reddy [32] and DeBrunner[5]. The main area of

concentration in case of Shanker [35] was understanding, troubleshooting and installation of

automatic passenger counter system. The automatic passenger counting systems are con-

sidered to be the forerunners of vehicular data acquisition systems explored and analyzed by

Reddy [32] and in this thesis. Shanker [35] also suggests a hardware design to implement a

multitasking automatic passenger counting systems using more powerful processor. His

thoughts on this issue were carefully examined while a choice was made to procure off the

shelf hardware for this thesis work.

The work done by Reddy [32] provides a good platform to start designing and building a sys-

tem using VRTX silicon software components. Even though his thesis concentrates on pro-

viding multitasking on an IBM PC it provides a working example for a start. Reddy [32] also

provides a theoretical design for a vehicular instrumentation system in his thesis which served

as basis for system specitications and guidelines in the present case. The system considered

in this thesis is however more complex because of enhanced system requirements and more

elaborate sensor mechanisms. His work was continually referred to during intermediate

stages of task identiücation and design for the new system.

Another useful source of information for this thesis was the thesis work of DeBrunner [5] which

concentrated heavily on software design aspects of a multitasking system. This material

served as the starting point for software design of present system and was referred to during

phases of data flow graph design and functional decomposition. lt also provides exhaustive

and balanced information regarding other silicon software components from Hunter and

Ready like IOX, FMX and TRACER.

As mentioned earlier this thesis work attempts to consolidate and draw upon the work men-

tioned above as well as to enlarge it. The approach was to try out some or as many as pos-

sible ideas presented in these works by designing and building a multitasking system from the
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basic hardware up. The first phase of this thesis was devoted to literature survey and study

of this material along with large amount of documentation supplied by Hunter and Ready.

The second phase consisted of analyzing a vehicular data acquisition system hardware and

software as well as study of similar systems to arrive at system specifications. The third

phase of the thesis is devoted to the activities connected with identification and selection of

appropriate hardware, preliminary system design, field input and operator input interface de-

cisions and identification of other hardware and software tools that may be required.

The fourth phase was concerned with getting the hardware to running with VRTX installed and

all boards connected in a bus system. The most important activity in this phase was porting

of VRTX to the hardware by developing a comprehensive board support package. The final

phase dealt with design, development and testing of application software. It was developed

and tested in small increments. Note that not all of the functions were implemented due to

various constraints. The functions realized clearly demonstrate and illustrate the process of

developing a real time multitasking system from the specification level. It also highlights the

advantages of using multitasking approach and versatility of real time executives.
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2.0 Operating System Concepts

An operating system may be viewed as an organized collection of software that controls and

sequences the execution of the user programs in a computing environment. lt is responsible

for managing the system·wide resources like cpu time, input/output devices, files etc. lt has

to keep track of status of all of the system resources and provide regulated access to con-

tending programs. Other important function would include resolving confiicts in case of si-

multaneous requests for accessing the same resource, error detection and handling,

maintaining the integrity of files and other information resources.

An operating system normally comprises of three components namely a command line inter-

preter, a nucleus or kernel and a set of input and output device drivers [21].

This has been shown in Figure 1 on page 6. The main objective of the command interpreter

is to implement a human interface so that users can interact with the system. The Kernel or

nucleus is the heart of an operating system and plays very important role in almost all of the

resource management decisions. It provides a logical interface between the hardware and the

software running on it. The llO drivers are responsible for controlling the peripheral devices

in accordance with kernel directives. They are very much hardware dependent and shield the

user and the kernel from actual hardware.
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Figure 1. Basic Elements of Operating System [21]
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2.1 Operating System Services

Operating System attempts to provide a user friendly and easy to use environment for pro-

gram execution by making available certain services to programs and users. The specific

services differ from system to system but they can be classified under following categories

[29].

Program Execution The system must be able to load the program in the main memory

and able to run it. The execution must terminate normally or oth-

erwise.

InputlOutput Operation The system must be able to provide some means to interact with

the computer, that is, it should provide facilities to read from key-

board, write to file or printer etc.

File Systems Most of the systems with sufficiently large memory provide a file

system to the users which hides the details of memory access and

usage from the programs and users. The system allows creation,

manipulation and maintenance of files which are basically logical

constructs.

Loglcal IIO System Since application programs use l/O functions by calling the oper-

ating system, they can be isolated from the physical details of the

peripheral devices [21], instead they deal with logical devices. The

system keeps a table indicating the mapping of logical devices to

actual devices.
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Multitasking Some operating systems allow simultaneous execution of more

than one program. This is accomplished by allowing each pro-

gram to run in short bursts of time giving an illusion of concur-

rency. A scheduler and some scheduling algorithm is used to

support it.

Resource Management Multitasking systems must have a means to allocate system re-

sources such as memory and I/O devices among the programs

competing for them. Sophisticated memory management schemes

like paging and segmentation are used to ensure efficient memory

utilization. l/O devices too are carefully managed using tech-

niques like spooling.

Message Passlng The ability to transfer information from one program to another is

very critical in multitasking systems. lt is particularly important in

real time systems where control software is divided into a number

of tasks which have to co·operate in order to achieve the desired

results.

These services are provided via system calls and or system programs. The basic level of

services related to process management, device and file manipulation and information main-

tenance are available to user via system calls. However most operating systems are aug-

mented with a large collection of system programs designed to provide services pertaining to

routine and frequently recurring activities. File copying, directory maintenance and program-

ming language support are some of such services.

The operating systems are event driven programs and events are always signalled by inter-

rupts or traps, thus they are interrupt driven [29]. In response to an interrupt or trap the op-
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erating system saves the present context, analyzes it for the type of service required, provide

that service if appropriate, return to point of interruption, restore the cpu status and resume.

A general flow diagram of an operating system is given in Figure 2 on page 10.

2.2 Type of Operating Systems

There are many criteria which can be used to classify different type of operating systems in

existence. These can be broadly divided into uniprocessing and multiprogramming or multi-

processing systems. The multiprogramming systems can further be divided into multitasking,

multiuser, time-sharing and foreground/background systems. The batch processing systems

are prime example of uniprocessing systems. These are briefly summarized below.

2.2.1 Batch Processing Systems

A batch processing system requires availability of the program, data and system commands

before processing the job. There is little or no interaction with the user once program starts

execution. lt is good for non time critical programs like payroll processing which require little

user interaction and consume lot of time.

The jobs are handled on first·come-first·serve basis except in certain special cases when

short jobs are allowed to run first. Memory is divided into two parts, ürst the permanent store

holding the resident part of operating system and the second the transient store which holds
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the code and data concerning currently running program. Since only one program runs at a

time there is no need for sophisticated device management schemes.

Batch systems do provide some improvement over serial processing but are too simplistic to

make efficient and productive use of computer hardware. They are absolutely non-candidates

for real time systems where the time is always at premium and resources scarce.

2.2.2 Multiprogramming Systems

Multiprogramming systems are characterized by their ability to support multiple programs

concurrently. An instance of a program in execution is called a process or task. Apart from

supporting concurrent execution of multiple processes these operating systems also allow

instructions and data from two or more disjoint processes to reside in the main memory si-

multaneously [23]. The fundamental characteristic of any multiprogramming system is the

presence of more than one simultaneously active programs that compete for various system

resources. All multiprogramming operating systems make use of multitasking but converse

is not automatically implied.

2.2.3 Time Sharing Systems

Timesharing systems combine the multiprogramming approach with interactive computing.

A time shared operating system uses cpu scheduling and multiprogramming to provide eco-

nomical use of system [23]. By rapidly switching the processor between different tasks it gives
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the user illusion of having the machine to himself and tries to provide equitable sharing of

resources to sustain it.

ln order to achieve 'fairness’ in resource allocation timesharing operating systems often em-

ploy time-slice or round·robin scheduling. In this approach programs are executed with ro-

tating priority that increases during waiting period and drops after service is granted [23].

Since each process gets only a window of cpu time no task is allowed to monopolize the

processor. Allocation and deallocation of memory and input/output devices is done in a

manner that preserves the system integrity and yields good performance.

2.2.4 Real TimeSystemsReal

Time operating systems are useful in situations where a computer is required to recog-

nize and process a large number of events, most of which are external, within rigid time

constraints. Industrial process controls, telephone switching equipment, flight controls and

real time simulations are some of the many applications which rely heavily on this kind of

operating systems to provide reasonably economic and satisfactory services.

The most important objective of real time operating systems is to provide quick event-

response time and features like efficient resource utilization and user friendliness are releg-

ated to lower level of concern. Almost all real time operating systems employ multitasking in

some form, however it may be absent in some very simple systems. The tasks are scheduled

for execution independently of each other.

Normally there will be a dedicated task in the system assigned to handle a particular event.

Each task in the system is given a priority which is based on the relative importance of the

event it is designed to service. The system maintains a queue of ready to run processes in
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the system and the processor is allocated to the highest priority task in the queue. Moreover

the higher priority tasks are allowed to preempt the execution of lower priority tasks. This is

referred to as preemptive scheduling and is used in majority of real time systems.

Since most of the processes are permanently resident in the main memory, in order to provide

quick response, memory management becomes fairly simple. The device management how-

ever is highly critical as the system has to support multiple system calls from various tasks

in addition to performing routine l/O operations like buffering and interrupt management.

2.3 Task Management

The concept of a task or process is implicitly or explicitly associated with all computing envi-

ronments that support concurrent execution. ln essence a process or task is an instance of a

program in execution and is the smallest schedulable entity [23]. Most of the systems provide

following functions for task management.

1. Creating and removing tasks.

2. Controlling the progress of a task, that is, ensuring that a logically enabled process

makes progress towards completion. ‘

3. Handling exceptions arising during program execution.

4. Providing inter-process communication.
A
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Once the system has been started there must be a least one running task which can accept

requests from users and initiate their processes [37]. Upon receiving a request to activate

an executable program the operating system responds by creating a process. Once created

it becomes eligible to compete for system resources.

For example when a user invokes an editor program the system creates an editor process and

scheduies it for execution. This editor process will now accept and process the user com-

mands. Now if another user invokes the editor the system creates another editor process for

the second user by using the executable editor program as template. When user exits the

program this process winds up and alerts the operating system which in turn completes the

housekeeping and deletes the process. At the time of creation each task is assigned certain

attributes that assist management by the system.

A given task may exist in any one of the possible four states. illustrates the process state

transition diagram. The four permissible states are ;

Ready A task is said to be in this state if it possesses every resource except

the cpu for execution.

Running A task possessing all required resources including the cpu is said to

be in this state, that is, it is currently running.

Suspended A task is said to be in this state if it needs some resources or messages

in addition to cpu to start execution.

Dormant A task is said to be dormant if the cpu is not aware of its existence that

is either it has not yet been created or has been deleted.

Please see Figure 3 on page 15.
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2.4 Scheduling

Scheduling is an integral part of multiprogramming systems as opposed to uniprocessing
systems where only one process runs at a time. A set of policies and mechanisms are re-

quired and enforced to maintain the proper operations of computer system as a whole and

processes running on it. Scheduler is an operating system module that controls the entry of

new processes in the system and selects the new process to run. Scheduling policies are

designed to maximize the throughput for particular type of system.

An operating system has many schedulers but there are three main type of schedulers that

coexist and operate.

These are given below and are also shown in Figure 4 on page 17.

• Long Term Scheduler or job scheduler determines which jobs are to be admltted into the

system for processing. lt selects jobs from batch queue, which is normally reserved for

resource intensive low priority programs. The primary purpose of this scheme is to pro-

vide the cpu with a balanced mix of compute·intensive and I/O-intensive programs.

• Medium Term Scheduler comes into play when a running process has to be swapped out

because it goes in suspended state waiting for certain resources or data. lt co·ordinates

and maintains swapped out processes and tries to roll it back in when suspending con-

dition is removed.

• Short Term Scheduling allocates the cpu among the ready to run processes resident in

the main memory on the basis of predefined criteria. lt is invoked whenever an event,

internal or e><ternal, causes the global state of the system to change. Some of the most

common events causing rescheduling are clock ticks, interrupts, l/O completions, system

calls, activation of dormant tasks and sending and receiving of messages between tasks.
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2.5 Scheduling Algorithms

Scheduling algorithms are generally divided into two different classes namely preemptive and

non-preemptive. ln case of non-preemptive algorithms a task in control of the cpu will continue

to execute unless it voluntarily relinquishes the control of cpu because it completes its oper-

ation and terminates or suspends itself waiting for a condition. In preemptive algorithms

however any running process may be interrupted and replaced by a higher priority process.

Preemptive schemes provide better responsiveness but entail greater overheads. These are

heavily favored in case of real time systems.

2.5.1 First-Come-First Serve (FCFS) Scheduling

As the name suggests the jobs are executed in the order they arrive and preemption is not

allowed. lt can be easily implemented and overheads are very low. The performance however

is poor and is totally inadequate for real time systems.

2.5.2 Shortest Remaining Time Next (SRTN) Scheduling

In this scheme the criteria for selecting the next process or job for execution is shortest re-

maining run time needed for its completion. lt can be implemented with or without preemption.

_ Non-preemptive version is called shortest job first (SJF) scheduling. lt is optimal scheduling

method for minimizing the average waiting time of a given work load [23].

Operating System Concepts 18



2.5.3 Round Robin Scheduling

Round Robin or Time·SIice scheduling is essentially a preemptive algorithm since it operates

on the principle of allocating cpu to each contending process for a fixed size time slice. This

allows allocation of cpu time on a rotating priority basis and results in fair sharing of system

resources among competing tasks. This method is very sensitive to the size oftime slice thus

making it most critical parameter. Very small time slice would entail increased number of

context switches and increased overheads whereas larger quantum would degenerate into

first·come-ürst·serve scheme.

This scheme is illustrated in Figure 5 on page 20.

2.5.4 Priority based Preemptive Scheduling

Each process in the system is assigned a priority on the basis of relative importance of the

event it handles. The scheduler always selects for execution the task having the highest pri-

ority from among the ready fo run tasks. The task priorities could be assigned statically or

dynamically. A method called "aging priority", in which the priority of a waiting task is in-

creased, is employed to ensure that low priority tasks are not locked out. Event driven

scheduling is the preferred scheduling algorithm for real time multitasking systems since it

provides good response time and reasonably balanced allocation of resources among differ-

ent tasks.

This scheme is illustrated in Figure 6 on page 21.
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2.6 Task Synchronization

In a multiprocessing or multitasking environments,there are usually many resources that are

shared by different processors and ak processes. Such shared resources include common

memory and peripheral devices. One potential problem in such an environment is that of co-

herence which is particularly applicable in case of memory because a process would have

modified certain locations and another process would use these new values in place of old

ones leading to wrong results. Such occurrences should not be allowed to happen in a

properly functioning system. Therefore the system must provide some mechanism to guar-

antee that asynchronous access to those resources is controlled in order to protect the in-

tegrity of the data.

Thus some form of mutual exclusion must be provided to enable one task to lock out access

of a shared resource or variable by other processes or processors when it is operating on that

variable or resource. This is called a critical section. A critical section is a code segment that

once begun must complete execution before it, or another critical section that accesses the

same segment or same resource can begin execution. Similarly I/O devices must be arbi-

trated among various tasks.

2.7 Synchronization Mechanisms

Inter-task communication is an essential and critical function in a multitasking environment.

Inter process communication permits exchange of data between various processes which

normally run asynchronously within a processor or on different processors. lt is desired that
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cooperating processes must often communicate and synchronize [12]. ln a typical application,

one process may produce the data required by another process. The data from one process

to another can normally be transferred through mailboxes, queues and buffers. Communi-

cation through buffers requires storing and retrieving data from it by different processes.

These operations are indivisible and are controlled by providing mutuai exclusion among the

buffer operations. Synchronization is required in order to match the speeds of different

processes and their respective rates of production and consumption [33].

Two types of synchronization are commonly employed when using shared variable. These are

mutuai exclusion and condition synchronization. Mutual exclusion ensures that a physical or

virtual resource is held indivisibly. It might so happen that a shared data is in such a state that

it can not be used for executing a given operation. Any processes which attempts to use this

data for that operation should be delayed until another cooperating process modities the data.

lt is sometimes called as condition synchronization.

One of the simple mechanisms to implement mutuai exclusion among concurrent cooperating

processes is realization of software locks. ln this method either an instruction is provided (as

TEST_AND_SET ) or a small subroutine can be written (as in iAPX 8086 ) which can be used

to enforce a synchronized access to shared variables. This scheme may result in performance

degradation due to busy_wait or spin_Iock phenomenon in which all the processes spend a

lot of time in accessing and testing common variables.

Another approach deünes two primitive operations called block and wake-up. Another syn-

chronization primitive uses the semaphore, which consist of a counter, a process queue and

two functions P and V. Event primitives are provided by two functions wait and signal. A

process can wait on an event to become true and when another process signals an event then

all processes waiting on the event are placed on ready queue. The messages provide a a

flexible and direct method of interprocess communication by using primitives send and re-

ceive [12].
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2.8 Semaphores

Semaphores are detined as variables which can be operated upon by primitives P and V to

provide communication and synchronization between concurrent and cooperating processes.

The primitives P and V are assumed indivisible and implement mutual exclusion mechanism.

The semaphores are non negative integers which can be given a binary value when acting

as a lock bit or they can take any integer values when they are used as resource counters [33].

The P procedure Ioops in a busy wait until semaphore is greater than zero,at which time it

decrements it. The act of fetching, testing, decrementing and storing semaphore is considered

an indivisible operation. The indivisibility of these operations is often ensured by some hard-

ware mechanisms or instructions provided for this purpose. The V procedure increments the

semaphore in a single indivisible operation. Given below is the description of P and V oper-

ations as it appears in the book by Hwang and Briggs [12].

The reader is referred to [1] and [3] for detailed discussion of concurrent programming and

operating systems issues.
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P(s) : MUTEXBEGIN (s)

s <- s · 1 ;

lf s < Othen

begin

Block the process executing P(s) and put it

in a FIFO queue associated with semaphore s;

Resume the highest priority ready to run process;

end

MUTEXEND

V(S) : MUTEXBEGIN

s <- s + 1 ;
u

lf s < = 0 then

begin

lf an inactive process associated with semaphore s

exists,then wake up the highest priority blocked

process and put it in a ready list.

end
‘

MUTEXEND

Operating System Concepts
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3.0 Real Time Systems

The real time systems are characterized by a very distinctive feature that the results of some

activity are to be produced within certain time frames dictated by the "real" world outside

these systems. The duration of such time frames and frequency of such demands are the

function of the process and the parameters being controlled. lf the computations are not

completed by the end of this interval, undesired consequences may result which are not par-

ticularly dependent on the amount of tardiness; a millisecond is as bad as as a second [20].

A computer system intended for real time applications provides a control function (f) that

produces an output (z) based on occurrences or changes in input conditions (x). The desig-

nation "real time" stipulates that function (f) is continuous with time. This means that any

change in input conditions causes the system to produce desired results within a specified

length of time [42].

This relationship is shown in Figure 7 on page 27.

There are at least three measures of time which apply to real time systems: response time,

survival time, and throughput or bandwidth [34].
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• Response Time is the amount of time elapsed before the computer is able to recognize

and respond to an e><ternal event which caused change in its input conditions. This pa-

rameter is of critical importance in control application.

• Survival Time is the time within which the system has to accept or notice the information

being made available to it. lt is different from the response time in the sense that the data

may be valid for a very short interval without requiring rapid response or lt may stay long

after any response would be futile.

• Throughput provides a measure of system performance in terms of its capability to handle

number of events per unit of time. It may be reciprocal of average response time but is

often less than that due to system overheads.

• Bandwldth is the same as throughput except that it is expressed as bits per second. lt can

be related to the analog notion of bandwidth. lf sampling is involved it is important to

distinguish between the bandwidth of analog signal and that of digital signals which is

product of sampling rate and sample width inbits.

3.1 Applications

Today microcomputers of all llavors, sizes and capabillties are being used to implement real

time systems spanning a wide range of applications. Most applications for real time systems

are embedded, in that the computer is built in a larger system and is not apparent to the users.

Embedded microprocessors are to be dislingulshed from stand·alone type microcomputers

such as small business systems or word processors.

Real Time Systems
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A majority of embedded microprocessor applications fall into loose category of "process

control". ln such applications one or more microprocessors, buried inside a large system, are

used to control some ongoing process in the outside world. A microprocessor is not apparent

to users of automobiles or washing machines but it is likely to be there. More elaborate

process control applications include numerically controlled (NC) machines, chemical proc-

esses, assembly lines etc.

Other applications involving embedded microcomputers are multiplexers, switches, telephone

exchanges and modems in communications, intelligent analysis and measurement instru-

ments, intelligent terminals and smart peripherals, robots and host of other industrial and

consumer products.

3.2 Hardware Requirements .

The hardware required for real time microcomputer systems is not much different from the

hardware of other microcomputers. Normally it will consist of a CPU, memory and peripheral

chips. There are also some hardware items rarely found in other than real time systems:

analog-to-digital and digital·to·analog converters, relays, solenoids, stepping motors and so

on [34]. These form part of the interface between the microcomputer and the real world. A

block diagram of a typical real time system is shown in Figure 7 on page 27.
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3.3 Software Requirements

The performance and operational requirements for the software that runs on the embedded
systems are very different and stringent compared to software meant for stand-alone systems.

The most important of these is real tlme responsiveness [38]. The system must be able to re-

spond to random and unexpected events in the outside world quickly enough to be able to

control the ongoing process.

In real time systems the function, represented in Figure 8 on page 31, is composed of many

separate subfunctions and subprocesses called tasks. The system software must co·ordlnate

the execution of these tasks concurrently since events in the real world usually overlap and

their occurrence is random. In addition to concurrent execution support, system resources

must be managed so that a process does not interfere with the execution of other processes.

This makes multltasklng a key requirement for such systems.

A common set of mechanisms is necessary to support real time systems. ln embedded ap-

plications these mechanisms are collectlvely referred to as real time operating systems or

real time executives and serve as a foundation upon which the rest of application software is

built. There are three basic aspects of the real·time executive:

• real·time program execution

• priority scheduling and reentrancy

• interrupt processing

Combining these three components into an integrated system results in an executlve operat-

ing system with great capabilities.
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A real time executive is a program, or operating system capable of handling a large number

of tasks more or less simultaneously on a prlority basis. These tasks may include program

scheduling, interrupt servicing, peripheral communications and others.

The Figure 9 on page 33 depicts a conceptual representation of such a system.

3.4 Multitasking Systems

The fundamental concept behind multitasking system is overlapped task execution or in other

words concurrency. Multitasking system designs are predicated on the fact that the "real

world events" are slow on the average, compared to the speed of processor operations [42].

Multitasking can be described as a technique which allows the system to perform useful work

between external events while still maintaining the ability to respond to external events in a

timely manner as and when they occur.

This is achieved by switching the processor between several programs normally called tasks.

The switching of the processor from one task to another task is called as context switching.

lt involves saving the current process state in sufficient detail so that this process can be re-

started from the same point at which it was stopped and in the same environment at a later

time when it gets processor attention. ln real time systems context switching is usually

caused by an external event that generates an interrupt to get the processor attention.

A Multitasking Operating System manages sharing of system resources among various tasks

in the system so that system appears, externally, to be executing a number of tasks simul-

taneously. These resources include processor, memory, input/output and disk files. The part

of multitasking system that manages the tasks and communication between them is called
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kernel and is often augmented by routines to manage input/output operations. ln a multi-

tasking environment a given task may be started and stopped many times by the operating

system before its completion. This intermittent execution, the result of system responding to

external events, ls totally transparent to the task itself. The only impact of this is the varying

rate of execution,

Unlike foreground/background systems control is freely passed among the various tasks in a

multitasking system. Multitasking is useful when the situation is quite complicated and can

not be effectively dealt with by a single background task and interrupts [34]. The existence

of many processes of approximately same urgency or priority at the same time would signif-

icantly degrade the performance of a uniprocessing and foreground/background systems. A

multitasking system on the other hand would be able to perform quite satisfactorily in a similar

scenario. Also see [2], [4] and [17].

3.5 An Overview of VRTX

Hunter and Ready manufacture and sell certain software resident in ROMs which is almost

absolutely relocatable and independent of hardware environment. These are called as Silicon

Software Components. They can be used in various conligurations to achieve desired results

in software much in the same way hardware devices are used to realize a particular function.

The most important of these silicon software components are a Virtual Real Time Executive

(VRTX), an Input Output Executive (IOX) and a File Management Executive (FMX).

The Figure 10 on page 35 shows a complete system incorporating all VRTX/OS components.
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A silicon software component is an executable version of a microprocessor program that can

operate on all board level microcomputers using the same microprocessor. Since code never

needs to be modified it can be ROMed. These components are particularly helpful in em-

bedded microprocessor applications such as intelligent terminal, robot, peripheral controller

etc. They provide a foundation upon which the rest of the application software is built.

VRTX features can be summarized as below [38].

• Multitasking Support

• Interrupt-driven Priority—based Scheduling.

• lntertask Communication and Synchronization.

• Dynamic Memory Allocation.

• Real Time Clock Control with optional Time Slicing.

• Character l/O Support.

• Real Time Responsiveness.

Application software can easily be integrated with VRTX and can include user·detined system

calls and device drivers. VRTX can be positioned at any paragraph boundary that is, at any

physical address divisible by 16. Please also see [15] and [38] for further reading.
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3.5.1 Configuration

User can specify all the parameters required by VRTX for a particular system environment in

Configuration Table. This table and device specific interrupt handlers provide the interface _

between VRTX and its environment. One vector in Interrupt Vector Table (IVT) of iAPX86

points to VRTX entry location and a second vector points to the base of Configuration Table.

These two pointers are the only direct link between VRTX and board environment. The default
location of VRTX pointer is 80 Hex corresponding to INT 20H (INT 32) and that of Configuration

Table pointer is 0200 Hex corresponding to INT 128.

The Iogical linkage of VRTX with target hardware is shown in Figure 11 on page 38.

Fields in Configuration Table describe system-managed memory, multitasking controls, inter-

rupt support, linkage to other silicon software components and location of any user supplied

routines for handling a special event. Other important entry in this table is that of a pointer

to a character output routine called TXRDY. It is required if VRTX’s character I/O support is

used.

Please see the section on development of board support package for further details on various

fields and parameters required for initialization.

3.5.2 Architecture

A system based on VRTX is layered according to function with each level making use of the

functions provided by the level below. The hardware is the bottom most level and above it

resides simplest, most hardware dependent operating system functions of software and on top

are the user defined application programs. Each level defines a virtual machine for the level
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above it. The Iayered approach permits functions at various level to be concerned only with

Iayers right above and below itself. This results in cleaner interface and efficient implemen-
V

tation.

The Iayered architecture of VRTX is shown in Figure 12 on page 40.

3.5.3 Task Creation and Management

VRTX is a multitasking operating system and its primary responsibility is management of

various tasks active in a system. The task is smallest set of activities constituting some

meaningful function. This is the logical unit which is created, managed and deleted by VRTX

freeing the user from chores of management. It is capable of supporting 256 loglcally distinct

and active tasks which does not include dormant tasks.

VRTX creates a task when it receives a sc_tcreate from the application program which pro·

vides the code for this task. Every task is assigned a unique identification number as well as

a priority level at the time it is created. Many tasks may be assigned to same priority level.

The priority levels take on values ranging from 0 to 255 with 0 being the highest level. The

priority levels are used by the VRTX to schedule the tasks when they become ready to run.

Normally there is one main task in the system which creates the remaining tasks. This task

may delete itself in certain cases after creating other tasks. lt is the first task to be created

and is created before multitasking starts. Once multitasking comes into action the tasks are

given control of the processor and other resources in accordance with their priorities. At any

given point of time the task with the highest priority and with no pending condition is the one

which gets to execute. Any task can preempt another task if the running task has lower pri-

ority.
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3.5.4 intertask Communication and Synchronization

VRTX provides a set of very elegant mechanisms to accomplish intertask synchronization and

communication. lt is fairly obvious that in any given multitasking environment various task

would constitute a process or application, that is, tasks are created by dividing some large

function into smaller units. lf these tasks have to produce the desired response they have to

cooperate to a certain extent. This entails a need for communication between various tasks

as well as synchronization.

VRTX provides two data structures namely mailboxes and queues to realize communication

and synchronization among tasks. These two data structures are to be defined in the appli-

cation program so that necessary storage is allocated. The system provides three specific

system calls to access these mailboxes and queues. These are

sc_post post a double byte message.,

sc_pend pend for receiving the message.

sc_accept retrieve the message from the mailbox

Whenever a task has to communicate with another task it will do so by posting the message

on the mailbox on which the recipients task will pend. lt is evident that this simple mechanism

can be effectively used to achieve mutual exclusion. By assigning timeout value to a pending

task it is also possible to let it go after it has waited long enough for a message which never

came. This can avoid possible deadlock situation as well as induce fairness. The sc_accept

call is used to retrieve the message from a mailbox. lf there are more than one task pending

at a particular mailbox then the highest priority task among them will receive first any arriving

message. For more details see [6] and [27].
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Another important data structure supported by VRTX is a queue which is extensively used for

queuing up the messages making them a prime choice for synchronization. These can be used

to implement counting semaphores and SIGNAL and WAIT constructs. The following system

calls are used to manipulate the queues.

sc_qcreate create a message queue.

sc_qpost post a message to queue.

sc_qpend pend for a message from the queue.

sc_qaccept accept a message from the queue.

sc_qlnqulry queue status inquiry.

3.5.5 Interrupt Support

lnterrupts are part and parcel of real time systems as they signal to the system various events

that are occurring asynchronously outside its environment. A good interrupt response capa-

bility and support thus becomes a very critical feature. VRTX allows the exlstence of user

supplied event or device specific interrupt handlers which are given control of the processor

in case of an e><ternal event. Thus the multitasklng activity ceases for the period an interrupt

is being serviced. They also serve as vital inputs or message carriers for many tasks in the

system which depend on external events to get to run.

VRTX permits certain system calls to be issued from within the code of interrupt handlers. The

most widely used calls among them relate to posting and accepting messages from mallboxes

or queues.
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4.0 Porting VRTXI88

The only assumption VRTX makes about the hardware environment in which it runs is the

presence of a VRTX supported microprocessor [11], which is an 80C88 in this case. VRTX/86

provides a true chip level support for entire iAPX/86 family processors and requires only the

CPU and a small amount of memory. Hence it can be used without any modilications on vari-

ety of boards containing these microprocessors.

However VRTX must be interfaced with the target hardware system to be able to provide

various multitasking operating system services. This is achieved by providing the relevant

information about the hardware environment in a predellned fashion expected by VRTX. This

information is used by VRTX to establish Iogical connection with certain hardware components

in the system.

It is shown schematically in Figure 13 on page 44 as to how the board support package pro-

vides such connections [11]. A board support package thus forms an interface between VRTX

and the particular microprocessor board it runs on.

A board support package is a collection of a number of related items as dlscussed below.
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4.1 Environmental Data

This information pertains to the details of the particular hardware on which VRTX Is to be in-

stalled.

1. Key Addresses, which define various l/O registers, memory locations containing read

write memory (RAMs) and read only memory (ROMs), the base address of VRTX PROM

and its entry point etc. These points have been discussed in detail in following sections.

2. VRTX Configuration Table, which is the collection of various address pointers and size

data. The pointers point to different locations for use by VRTX and size data defines its

workspace. Other important parameters like stack size, separate interrupt stack and user

supplied extensions are also specified here.

3. VRTX Entry Pointer is a vector Ioaded into the interrupt vector table (IVT) of the processor

and it points to the entry point in VRTX. The default for this vector is INT 32 but another

vector can be specified.

4. VRTX Configuration Table Pointer is another interrupt vector, which is to be Ioaded into

IVT of processor by the user. lt points to the Configuration Table which is a prespecified

data structure used for supplying environmental information to VRTX.

4.1.1 Initialization Code

This refers to user defined lnitlallzatlon, which Ioads these pointers into Configuration Table,

initializes various I/O and peripheral devices like USARTs, Timers etc. in the system and in-
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vokes VRTX lnitializatlon, which creates VRTX’s system variables and sets up user defined

stacks.

4.1.2 Interrupt Service Routines

In order to use timing and character input/output services of VRTX two interrupt handler must

be provided. These are Timer Interrupt Handler, which translates a timer interrupt into a VRTX

Ul_TlMER call and USART Interrupt HandIer(s), which translates USART interrupts into

UI_TXRDY and Ul_RXCHR system calls.

4.2 Developing a Board Support Package

This section describes various steps to be followed in designing a board support package

(BSP) for a microcomputer board. The procedure described here was used to develop a board

support package for Microsystems InternationaI’s MSl·C988 microcomputer board. The details

of the hardware on this board are given in Appendix-B. The procedure is fairly straight forward

and may require only minor changes for different hardware configurations.

Please see Figure 14 on page 47 for the outline of board support package development

process.
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4.2.1 Board Architecture

lt is very important to know the architecture of the target microcomputer and the interface it

presents to the software. Notice that a microcomputer board can be designed in many ways

using variety of devices. The first step is to study and understand the specifications and op-

eration of the target board with special attention to input output devices and their interfacing

and interrupt handling. This can be achieved in steps given below.

4.2.1.1 Memory Map

Document the Memory Map specifying the addresses and the layout of the memory available

in the system. lt would be wise to incorporate in the map the memory which can be added or

will be added. Note that memory map pertains to entire microcomputer system which will run

VRTX. The ne><t step is to designate, if you are configuring the boards, or mark different areas

used by RAM or PROM devices. Also note any empty slots in entire address space. A well

documented memory map will

• account for entire feasible memory

• identify each block as RAM or ROM

• indicate the slots occupied by monitor if any and

• mark the holes in the address space that is unused blocks in a system.

The memory map for the target microcomputer used in this case is shown in Figure 15 on

page 49.
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4.2.1.2 I/O Map

More or less similar procedure is to be followed in documenting the lnput Output address of

the microcomputer. lt is different from the memory map in the sense that we need to be con-

cerned only with the devices already installed or Iikely to be added. The documentation of

board can be used to find out the device addresses for all of I/O devices in the system. lt en-

tails locating the addresses of various registers of devices like USARTs etc.

The l/O address map for the system under consideration is shown in Figure 16 on page 51.

4.2.1.3 Device Programming

In order to be able to program various I/O devices in the system in the way the application

requires we need to know the operation of these devices as well as the steps involved in

programming them. The best place to find such information is the data sheets supplied by

manufacturers of those devices. However they are Iikely to be found in the documentation of

the board on which they are used.

The programming of l/O devices for a particular mode of operations will be required to setup

the board for any meaningful purpose. lt is clearly evident from the pseudocode of board

support package presented later in this chapter.

4.2.1.4 Interrupt Structure and Control

The interrupt structure though in no way dictated by VRTX, is very vital to performance of the

system. The board support package must initialize the interrupt controller(s) in the system in
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conformance with the overall interrupt structure. The type of Interrupt Controller and its se-

lected mode of operation will have system-wide ramifications [11]. This also affects the design

of interrupt service routines. For example if Auto-End-of-Interrupt feature of 8259A PlC is not

used then the service routlne must send an EOI command.

The interrupt structure of our target microcomputer board is depicted in Figure 17 on page

53. In this case each USART is made to generate both Receive and Transmit interrupts via

interrupt controller. Similarly the Programmable lnterval Timer (82C54) outputs or Real Time

Clock (55167) outputs can be used as interrupts.

4.2.2 System Environmental Data

The VRTX is to be provided with the necessary data about system environment so that it can

implement a Iogical interface with the hardware. The basic purpose of a board support pack-

age is to pass this information to VRTX in a predeüned data structure. A board support

package typically begins with the documentation of the memory and I/O maps, followed by the

Configuration Table [11].

The following addresses are to be supplied to VRTX by a BSP. They are,

• The Base Address of VRTX that is where the PROM containing VRTX/88 is installed. In

case of VRTX/86 it refers to location of lower-addressed PROM (labeled PROM - A) which

must be aligned at a paragraph boundary. ln our case the VRTX/88 PROM has been in-

stalled at physical address of OAOOO Hex.

• VRTX's system call entry point which is same as its base address in this case but may

be different in case of multiple silicon software components.
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FIgure 17. Interrupt Structure for MSI·C988 Microcomputer Board.
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• The l/O device register addresses.

• The Interrupt Vector Table (IVT) for the target microprocessor which In our case Is from
00000 to 003FF Hex the reserved area for 8088/8086 IVT.

4.2.3 Configuration Table

The VRTX has a predefined data structure called Configuration Table to ensure orderly and

consistent way of passing system environmental data to It. It Is a 48 byte data structure with

16 different fields speclfying different system memory parameters, task parameters and spe-

cial hooks.

The diagram in Figure 18 on page 55 depicts the structure and the nelds of the Configuration

Table. At initializatlon this table supplies VRTX with following information.

• Location and size of VRTX workspace.

• Number of tasks In the system.

• Stack sizes for interrupts and tasks.

• Addresses of user extensions.

• Location of Component Vector Table.

The VRTX-workspace-addr field contains a polnter to the area which has been reserved by the

user for VRTX’s own use. VRTX maintains a 256 byte area for system variables, a Task Control

Block (TCB), stack for each active task in the system, Interrupt stack and all control structures

fOl' queues and partitions in this workspace. The polnter is specified as a segment address

signifying 16 most significant bits of 20 bit physical address [38].
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The VRTX·workspace·size Held indicates the size of VRTX workspace in paragraphs (16 byte

blocks). The required workspace size is to be calculated for each application. Please see next

section for calculations. The size of VRTX-workspace, excluding user task stacks, can not ex-

ceed 4K paragraphs (64K Bytes).

The lSR·stack·slze field indicates the size of a separate interrupt stack to run interrupt service

routines (lSRs). This is 0 if lSRs are to use stack of interrupted task. lt is to be specified as

count of paragraphs if all lSRs are to use a single stack other than task stacks. The ISR stack

if specified stays in VRTX workspace.

The user-stack-size field specifies the size of the stacks as count of 16 Byte paragraphs, to

be allocated to tasks. The required stack size is Iargely a function of the task characteristics

hence this field is allowed to be bypassed at initialization if it is 0. Now the user must explicitly

allocate stack size while creating the task.

The user-task·count specifies the maximum number of tasks that can be simultaneously active

in the system. lt is different than the total number of tasks required for the application.

The TXRDY·drlver·addr points to the TXRDY routlne which will be used by VRTX for character

l/O. ·

The sys-TCREATE·addr, sys-TDELETE·addr and sys·TSWITCH·addr are optional parameters

which may have to be specified for special cases. Another optional parameter CVT-addr is

to be specified as pointer to Component Vector Table (CVT) for routing to components other

than VRTX like TRACER or IOX. Please see VRTX User’s Guide for further details.
‘

All parameters declared as reserved should be made 0 for proper operation. These are pro-

vided for future upgrades [38].
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4.2.4 Determining Configuration Table Parameters

In this section the method of determining the Configuration Table will be illustrated using the

example of MSI-C988 board. The first step is to find the required size of VRTX workspace. The

VRTX User’s Guide gives a formula that can be used to determine this size. It is,

VRTX-workspace·size =

[256 + 48*t + 10*p -l- 6*b + 12*q + 4*qe + s] / 16 + (us‘t) + is + 1

where

t Maximum number of tasks in the system. '

us User stack size counted in paragraphs (16 bytes).

p Memory partitions in the system (10 bytes/partition).

b Sum of partition size divided by partition block size for each partition.

q Number of queues in the system (12 bytes/queue).

qe Queue elements in the system (sum of all queue sizes)

s if us=0 then s=64 elses=0.ls

Interrupt stack size.

A sample calculation for a Board Support Package test program is given here. The parameters

are,
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Number of tasks = 6

User stack size = 16 paragraphs

No Interrupt stack

No queues

No partitions.

Using the formula given above the VRTX workspace size can be calculated as,

= [256 +48t]/16 + us°t +1

= [256 +48*6]/16 +16*6+1 = 544/16 + 97 = 135 paragraphs

= 2160 bytes.

4.3 initialization

The system initialization is performed in three phases: before the VRTX_INlT call, during the

VRTX_INIT call and after the VRTX_lNIT caII [11]. The user is responsible for suppiying the

appropriate initialization routines for specific devices in pre·initiaIization period and post-

initialization period. Rest of the initialization is performed by VRTX_lNlT itself. These phases

are discussed below.
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4.3.1 Pre·Initialization

During this phase of initialization a vector is Ioaded in IVT which points to user supplied

Configuration Table thereby providing a way for connecting VRTX to it. VRTX assumes, by

default, that this pointer is located at location 0200 Hex corresponding to INT 128 but user can

supply another vector if required. lf another vector is chosen then an internal pointer inside

VRTX must be changed to point to this one. This pointer resides at offset of 022H from VRTX

entry point. Another parameter to be supplied at this time is VRTX entry pointer. Note that

none of VRTX system calls can be used at this time as VRTX is as yet uninitialized.

4.3.2 VRTX initialization

The VRTX initializes itself when it receives a VRTX_lNlT call which is normally specified after

pre·initiallzation phase. The user program following this call can check the value returned by

VRTX_lNlT which is ER_INl in case of error, to ensure proper initialization.

4.3.3 Post·Initialization

During this phase various I/O devices are initialized by invoking user supplied initialization

routines.

A general structure of typical post-initialization code is shown in Figure 19 on page 60. Apart

from device initialization another important activity during this phase is creation of the initial

task.
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C- (Called by VRTX lnltialization)

Device lnitialization
0 Call Interrupt lnitialization
0 Call Timer Initializatien
0 Call USART Initialization0 Call Other Devlce Initialization0 Create Queues
0 Create Memory Partitions0 Create Initial Task (R)0 Call VRTX-GO

Interrupt lnitialization ·
0 Establish Interrupt Mode
0 Initialize Interrupt Controller _
0 Write Interrupt Vector Table
0 Return

Timer Initialization
0 Initialize Timer
0 Return

USART Initialization —

0 Initialize Transmitter
0 Initialize Receiver
0 Return '

Other Device Initializatien
0 Initialize Device
0 Return

Figure 19. General Structure 01 Post·InitIaIizatlon Routine [11]
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/* pasxiomh fm board symb pda; */

sab xp the Sbad: Einbar

{
YRIX any poinber

call VE¤{_1NE1‘

{
Serial I/O (8262)
Inbampb Qznollm (8269)
Cxxnbar/1‘i.uar (8264)
%l"I°j.IIE God: (58167)}

call VRIX_G3

Flgure 20. Pseudocode for Board Support Package.
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In case of the application considered here device initialization common to all devices was

performed first and then subroutines specific to various I/O devices were called. Please see

Figure 20 on page 61 for details. The initialization is designed in such a way so that It does

not interfere with the onboard monitor program (C988-M). lt was decided to retain the monitor

to allow downloading from an IBM PC used for software development. The rules mentioned

in BSP manual were adhered to which state that,

• Do not overwrite any Interrupt vectors used by monitor.

• Refrain from initializing any device already initialized by monitor or initialize them In the

same way as monitor does.

4.3.4 USART Initialization

lt is compulsory to initialize at least one USART in the system if the application program is

going to use the character input output services provided by VRTX. initialization of USART

includes specifying baud rate, number of stop bits, number of bits per character, parity,

handshake signals and modem control signals conforming to serial device lnterfaced to the

system. An address pointer to the transmit driver needs to be specified in the configuration

table to inform VRTX that character I/O is to be performed using this driver.

Except in certain specialized cases it is expected that USARTs will be operating In Interrupt

driven mode. lt Is convenient to have both transmitter empty and receiver full conditions in

USART generate separate Interrupts for good response but that is not mandatory. The appli-
I cation program uses VRTX supplied system calls Ul_TXRDY and Ul_RXCHR in Interrupt ser-

vice routines to output or input the characters.
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4.3.5 Timer Initialization

The presence of a free running clock is often desirable in a real time system to sequence and

delay activities. lt can also be used for time stamping certain events for later analysis. VRTX

does not need a clock to perform its basic functions however a free running clock is required

if the TIMER services of VRTX are to be used by the application. The VRTX maintains a 32

bit timer which requires that a Ul_TIMER call is made from an Interrupt Service Routine to

signal one clock tick. The clock tick could be variable depending on the resolution required.

Note that clock should be free running that is it should need not be loaded after every tick,

and if it does then user supplied service routine should do it. lt introduces certain amount of

irregularity in the timing.

4.3.6 Interrupts

VRTX requires that all interrupt service routines (ISRs) must begin with Ul_ENTER and termi-

nate with UI_EXlT calls. The AX register must be saved on stack before issuing Ul_ENTER call

since it is used to make the call, it is restored by Ul_EXlT call while returning.

The layout and structure of various pointers has been given in Figure 21 on page 64. The ac-

tual code is provided in the Appendix-G.
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4.4 Board Support Package for ll/ISI-C988 Card

The previous sections of this chapter describe in detail the ground work required prior to ac-
tual design of a board support package (BSP). By following the step by step procedure out-

lined in previous section we have relevant data about the memory and l/O address space of

the system, device type and programming information and details of interrupt control struc-

tures. The monitor imposed constraints are also known at this time.

The next step therefore is to make certain design decisions which should reflect the needs of

the application. For the purpose of BSP however it is sufficient to know the input output and

memory requirements of various tasks, number of tasks and some idea of task interface. The

discussion about the importance and the values of these parameters is presented in detail in

next chapter which deals with the system design aspects of the representative application.

Most of these decisions directly affect the composition of Configuration Table.

The board support package developed for MSI-C988 microcomputer incorporated the follow-

ing. The reader is referred to Appendix-G for actual code for this board support package and

the test programs to verify its correct operation.

1. Pre·Initialization

• Load in the double word configuration table pointer (cszip) at the location 0184H, that

is, the offset is stored at 0184H and the segment at 0186H. Note that the default value

for this pointer is 0200H.

• Load in the VRTX entry pointer (cszip) at the location 020H corresponding to INT 32

(INT 20H).
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2. VRTX Initialization

• Issue VRTX_INIT call (function code 030H) to allow VRTX to initialize its parameters
in anticipation of forthcoming system calls from post·initialization phase and subse-
quent multitasking.

• Check the return code for successful initialization and take corrective action if not.

3. Post-Initialization

• Program the programmable interrupt controller 82C59A in buffered master mode with
interrupt vectors starting at 020H (INT 8). Other initialization parameters are edge
triggered interrupts, 8086 mode, interrupts IRO through IR7 enabled and normal End-
of-lnterrupt cycle.

• Program the first 82C52 USART with following parameters.

• 8 bits per character, 1 stop bit, no parity

• 4800 baud, DTR = 0, CTS = 0, Receiver enabled

• Modem interrupts and USART interrupts disabled

• INT 09 (vector at 024H) selected for Receive Interrupt Handler.

• INT 10 (vector at 028H) selected for Transmit Interrupt Handler.

• Program the second USART with similar parameters except that use INT 14 (038H)

and INT 15 (03CH) for receive and transmit interrupt handlers respectively.

• Program the programmable interval timer 82C54 with following parameters.
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• Contigure Counter 0 as binary counter in mode 2 to generate clock ticks every

10 milliseconds. Note that PCLK jumper on board must be connected to CLK0

input of 82C54.

¤ INT 8 (020 Hex) used for timer interrupt handler which passes the clock ticks to

VRTX. The OUT0 pin must be wired to IR0 pin of 82C59A.

• Counter 1 and Counter 2 are cascaded and both are programmed as binary di-
vide by N counters in mode 3. The actual division factor is Ioaded by the appli-

cation program.

¤ The OUT2 pin is connected to CLK1 pin of PIT and OUT1 pin is wired to IR4 of

PIC.

• INT 12 (030H) is used for odometer interrupt handler. The odometer pulses are

fed to CLK2 and are then divided by cascaded counters.

• Program NS 58167 Real Time Clock and Calendar device.

• Clear all RAM and Registers.

• Program the device with the current values of hours, minutes, seconds, day,

date, month and year as specified by user supplied table.

• Issue GO command to start the command.

• Create the First Task with following parameters.

• Use the SC_CREATE system call with id=0 and prlority=0 to make it highest

priority task.
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• The code of the task must be able to create other task after multitasking starts.

• Normally it will delete itself alter creating requisite tasks.

• Issue VRTX_GO call to start multitasking.

• Interrupt Service Routines

• USART Character Receive Handler uses UI_RXCHR call to get a character from

the l/O buffer and returns in CH.

• USART Character Transmit Handler uses UI_TXRDY call to put a character In I/O

buffer and uses TXRDY driver to send it out.

¤ Timer Interrupt handler uses Ul_TIMER call to pass on the clock tick to VRTX.

• Real Time Clock interrupt handler reads the RTC device and returns the re-

quested information about time, date etc.

• All interrupt service routines are flanked by Ul_ENTER and Ul_EXIT system calls.

All of them have to issue an explicit End·of·Interrupt command to 82C59A PIC to

reinitialize it.
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5.0 Design of a Multitasking System

The design of a real time system can be described by three distinct steps namely system

specifications, hardware development and software development. Each of these categories

are very wide in scope and there is a lot of material available on each ofthem. ln this section

a brief overview of these activities have been presented with the end application in mind.

5.1 Analysis of System Requirements

lt is very important that the system specitications are analyzed in great detail and understood

properly before proceeding with any kind of design activity. The system specilications are

basically a description of various activities that the system needs to perform under a given
situation. At the specitication stage there is virtually no concern for the method or means of

achieving those requirements.

ln the case of a real time system these specilications would typically include the following.
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• Functions to be performed by the system.

• Techniques or algorithms to perform special functions.

• The interface between thecontrol computer and outside world.

• The response time or accuracy requirements.

• The operator or human interface considerations.

5.2 Preliminary System Design

The goal of the preliminary system design is to begin to specify the nature ofthe control flow,

data elements and functions in the real time systems [21]. The very first step at this level is

to draw a detailed block diagram showing the function level representation of the system

along with the interface details. Hence each block in the block diagram should represent a

function and each connection should represent flow of control or data between them as well

between blocks and outside world.

In order to carry out the preliminary design we need to represent the control and data flow

information for the entire system in a concise and comprehensible manner. This has been a

favorite topic for debate among real time system designers and there are no firm guidelines

available which can demonstrate the superiority of one approach over another. Various tools

employed at this level are flowcharts, data flow graphs, algorithmic state machines, modified

data flow graphs etc. A good discussion of these topics can be found in [5] and [9].
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However the basic idea is to be able to analyze and understand the way various blocks in the
system are going to interact with each other and under what circumstances. The utility of

these tools is Iargely dependent on the complexity of the system being implemented. At this

stage of design the designer must have control and data flow information explicitly repres-

ented along with the interfaces.

5.3 Functional Decomposition

During preliminary design stage a detailed description of the application is prepared using
composite data flow diagrams and a block diagram. A list of functions required to realize the

transformations appearing on the data flow diagrams is to be made ne><t. To begin with this

could be a macro level list of functions. Subsequently each function is to be analyzed in detail

to determine the smaller functions that make up this larger function. This process is commonly

referred to as functional decomposition. The reader is referred to [7] and [41] for a compre-

hensive treatment of this and other system design topics.

The objective of this exercise is to identify a set of functions that will be required to achieve

the desired performance. This will avoid unnecessary duplication of functions doing more or

less same type of job. It also encourages modular top down implementation. A principal goal

of functional decomposition is to divide the system up so that it consists of as much possible

of functions which are used in several different parts of the system [21].

ln order to illustrate the relationship between different functions they need to be represented

in some kind of hierarchlcal diagram. The tree diagrams are a popular and useful choice to

document system organization and interface between different components. The high level
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functions, closer to the root, are basically sequencers which invoke lower level functions and

pass information from one function to another [21] representing the control structure of the

system.

5.4 Module Identification

The idea behind the concept of functional decomposition is to arrive at some number of in-

dependent function blocks. These function blocks are called modules and are largely inde-

pendent of other modules and interact with them through a well defined interface. The

modules can be designed separately and or by separate people but they will fit neatly into the

overall system due to these characteristics. Moreover these are independent of data being

passed to them and it is recommended that no control information is passed to them.

Mauch [21] identifies following characteristics of a module.

1. The module "hides" the information required to implement the module function from out-

side. The use of module is simplified since no knowledge of internal operation of module

is required. Also the module can be modified without affecting the rest of the system as

long as the interface specifications remain unchanged.

2. The links between the module and the rest of the system can be minimized and rigorously

deüned. These connections and the specifications of data passed constitute the interface

to the module as seen by other modules. Ideally only data is passed not the control in-

formation.

3. The module is designed to perform a well defined function.
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The modular design approach is highly productive and provides for reliable and maintainable

system design. lt becomes critically important in case of software intensive applications. lt

also permits simultaneous development of different sections of the software and testing. The

ease of design and testing stems from the small size and well defined interface of the mod-

ules.

5.5 Division Between Hardware and Software

At this point in the design cycle all the information about the system has been documented

and the system requirements have been broken down into modules. The next step is to decide

as to which of these modules will be implemented in hardware and which will be realized in

software. The decision made at this point will have very signiticant impact on the overall sys-

tem development time and cost.
”

Some functions are more amenable to hardware implementation than software implementa-

tion. These could be transducers, analog to digital converters, tachometers etc. Hence all the

functions which are inherently suitable for hardware implementation and those that are

grossly inadequate for software implementation are grouped together. Similar exercise ls to

be repeated for modules permitting efficient software implementation.

This process will categorize majority of modules into one of the two possible groups. The re-

maining functions are to be analyzed further to examine their suitability for one category or

another. Various considerations like future upgradability or design and maintenance cost etc.

may have to be considered before a final choice is made.
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5.6 Hardware Software Tradeoffs

Various kinds of trade-offs, mostly performance versus cost, are an integral part of system

design. However the hardware and software trade·offs assume very important proposition in

case of a real time systems because of stringent performance requirements. Typically a soft-

ware implementation of a module ls slower than the hardware implementation but the soft-

ware implementation is more flexible [21]. The cost of implementation will obviously depend

on such diverse factors as quantities required, technology or the target system.

5.7 Development of a Multitasking Vehicular Data

Acquisition System

The remainder of this section describes the development of a multitasking vehicular data ac-

quisition system using the techniques described above. The objective is to realize the func-

tions of such a system by using a real time executive VRTX and demonstrate the versatility

of this approach. The material presented here concerns itself with a well defined application

in order to retain the objectivity of the discussion and to illustrafe the concepts and techniques

used in development of a real time multitasking systems.
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5.7.1 System Specifications

The system to be designed has to provide following information.

1. Number of passengers entering the vehicle at each stop.

2. Number of passengers leaving the vehicle at each stop.

3. The time and mileage when the vehicle begins an idle period of one minute.

4. The time and mileage when the vehicle ends an idle period of two minutes or more. The

duration for which it was stationary is also required.

5. Number of hours since the system has been powered on or since last dump of logs.

6. The distance since power on or last dump of logs.

7. The vehicle identification number.

8. Hardware fault reporting if detected.

9. System diagnostics invoked by a PC connected to its serial port.

10. Dumping of logs from the system to a PC.

11. Record the change of signboard signalling end of route.
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5.7.2 Single Processor versus Multiple Processor Approach

ln this application there are eight pairs of sensors which will generate si><teen different inter-

rupts which are to be attended to immediately. ln addition to this other inputs to be acquired

and processed are signpost input, odometer inputs and door status signals. lt is possible to

use two single board computers for signals pertaining to each doors and one for the rest of

the signals. Alternatively only one single board computer may be used for all the signals if

lt is powerful enough.

~ 5.7.2.1 Multiple Processor Approach

Both positive and negative aspects of this approach have been enumerated below.

• At least three single board computers, three interface boards and three RS-232C links

would be required.

• Some kind of communication protocol and contention resolution scheme may be required

for error checking on data being transmitted or received on serial links.

• Relatively low reliability and maintainability.

• Easily expandable to other more complex applications.

• Relatively simpler sensor configuration.

• Can perform in degraded mode.
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5.7.2.2 Single Processor Approach

The salient features of this approach are,

• The lack of inter·module communication means that entire cpu attention can be devoted

to multitasking.

• Higher reliability and maintainability due to fewer components and connections.

• Low power consumption and low cost due to fewer connectors, cables and driver circuits.

• Can be easily customized but poor expandability.

• No degraded performance possibility.

• A high speed processor and support circuitry required.

• The use of backplane bus in case of more than one module increases space and noise

overheads.

The application under consideration here is small from the point of view of number of input

signals. But the number of input signals do not give a realistic estimate of hardware require-

ments since the rate at which these input might change is of greater importance.

The existing systems with similar performance requirements use multiple processor approach

to address the frequent change in input signals. That is reasonable when there is no multi-
tasking because when cpu is tied up with some activity it is Iikely to miss some transitions

which may be detrimental. lt was decided to abandon multiple processor approach in favor

of single processor approach for the reasons of reliability, cost and above all multitasking.

A preliminary block diagram of this system is given in Figure 22 on page 78.
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5.7.3 Hardware Selection

The proposed system will consist of a single board computer preferably with CMOS compo-

nents for low power. The board will contain Hunter and Ready’s real time operating system

VRTX to manage the resources in the system. The VRTX will be ported on this board to pro-

vide a shell or a higher level environment for development of application program.

The microcomputer board chosen for this application is MSI-C988 single board computer from

Microcomputer System International. lt is a 80C88 STD BUS based board operating at 5 MHz

and consists of a programmable interrupt controller, two USARTs with two RS·232C ports, a

programmable counter timer and parallel input and output lines. Please see Appendix·B for

further hardware details about this. The choice of STD bus compatibility was made with future

expansion in mind since a large number of memory and input output cards are available for

this bus. A 64K memory board MSl·C764 was also chosen to ensure sufücient memory for

VRTX workspace, monitor workspace and application program.

lt was decided that a general purpose board will be used to build any interface circuits re-

quired to connect field signals to the processor for a given application. A suitable I/O interface

card can be bought offthe shelf or built ifthe application is well known before hand. But in this

case the main objective was to provide a multitasking vehicle which can be used to implement

desired application.
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5.8 Software Development for Multitasking System

Having decided on the type of hardware as well as the input output interfacing of sensors and

the microcomputer the next step would be to concentrate on the software design of the sys-

tem. The software design techniques and methods are largely the same as in any software

system except that now certain activities are to identified which can execute independently.

Alter hardware is completely tested and installed the board support package must be devel-

oped for this configuration. The development of a BSP has been discussed in detail in previous
chapter.

Dividing the application into tasks is one of the most important aspects of multitasking system

designs. Unfortunately there is no one best way to do this and there are no formal methods

to achieve it. Consequently this is to be approached on a case by case basis. However there

are some general rules and guidelines given in [32] and [9] that can be used as a basis.

Reddy[32] suggests that each functionally different activity be assigned to a different task

which can be further subdivided into tasks if it consist of concurrent activities. lt is also sug-

gested that a function module may be divided into subfunctions with different inputs and the

subfunctions with different priorities are assigned to different tasks. However in DARTS

method proposed in [9] the decomposition into tasks is realized by identifying concurrency of

various activities on the data ttow dlagram. The criteria for deciding whether a transform

should be a separate task or grouped with other transforms into one task are,

• Dependency on l/O.

• Time critical functions.

• Computationalrequirements.
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• Function cohesion.

• Temporal cohesion.

• Periodic execution.

5.8.1 Analysis

The first phase of analysis deals with the basic mechanisms required for the system irre-
spective of their availability. The simplest way to analyze an application ls to draw a system
state transition diagram as suggested in [9] and [39]. A system state diagram is a very gen-

eralized representation of various states thesystem might possibly get into and their interre-

Iationship. Each state is represented by a circle identifying it and each arrow represents a

condition causing the transition from one state to another. It gives a high level of abstraction

of system behavior and helps in its appreciation.
The state transition diagram for this application is presented in Figure 23 on page 82. Note _

the level of abstraction, each state is represented in its broadest form and no details are

provided. However the transition diagram clearly documents various states of the system and

how one can be reached from another. lt is also the right place to identify each system activity

with either a state or a transition condition. The diagram needs to be modified till it incorpo-

rates all required system functions. The preliminary block diagram of Figure 22 on page 78

can be used to cross check this.

This ls the starting point for preparing a data flow graph for the entire system. The techniques
to draw meaningful data flow graphs have been discussed in great detail in [7], [9] and [39].

No attempt will be made here to explain the procedures to prepare data flow graphs. Since

drawing the data flow graph in its entirety may be too cumbersome l suggest that a macro

level data flow graph of the system be drawn. This macro DFG will represent the system ac-
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tivity as some definable functions which may or may not be realizable. The idea here is to
somehow group similar activities into detinable function blocks. Each ofthese blocks can then
be separately expanded till they are broken down into realizable function modules with well
defined interfaces.

The Figure 24 on page 84 shows a macro level data flow graph for this application. Note that
the DFG for an application is not unique. This macro DFG incorporates almost all of the sys-

tem functions without getting into details of any one. For example function "Process I/O" is a

general purpose function which accepts sensor inputs and transforms them into some form

expected by another transform. No details regarding type or quantity of information or the

nature of transformation are specified here. The macro level data fiow graph provides a

structured outline of the system with various functions identified along with their input and
output interfaces.

5.8.2 Identification of Functions

At this point an attempt will be made to list those functions according to activities they per-

form. Each function may perform more than one activity but some activities may require more

than one function. From the specifications and the preliminary design steps following con-

clusions about the functional requirements can be drawn.

1. Detect passenger activity in both front and rear doorwells by monitoring the all eight pairs

of sensors continuously.

2. Continuously monitor the open/close status of both front and rear doors whenever vehicle

is stationary.

_ 3. Keep track of odometer translfions.
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4. Maintain a timer which starts whenever vehicle stops and times out after one minute if

not reset by odometer pulse.

5. Maintain a timer which starts two minutes alter vehicle has been idle and stops when it

moves.

6. Generate and store the data about passenger activities at different stops in form of de-

fined data structures.

7. Also record any abnormal condition.

8. Allow down loading of contents of specified memory area to a PC or other serial device.

9. Permit invocation of diagnostics from PC and provide the requested information.

10. Reset the contents and start afresh.

5.8.3 Classification of Activities

Once various activities of a given system have been identified it is time for looking at them in

greater detail. In the process described above no mention was made of ordering or impor-

tance of these activities. Another important aspect to be considered here is the data de-

pendency of these activities. ln any given system various activities are to be performed in

certain sequence to achieve the desired results. The ordering of events or activities does not

mean sequential processing.

ln order to classify these activities each of them is to be considered in detail and in conte><t

of the overall application. The idea here is to prioritize these activities in some fashion. This
is done by first identifying the most important and critical activities and classifying them as
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highest level of activities. ln terms of the implementation it means that these are to be at-

tended to as and when they demand service. The criteria for identifying highest priority ac-

tivities could be many but the most important criterion according to Reddy [32] is lack of user

control over the activity. This implies that all the activities not under user control must be as-

signed highest priority level.

The identification of most critical activities provides a good basis to evaluate rest of the func-

tions with respect to this level and then assign them to one of the lower levels. Normally the

functions that depend on some other functions to proceed are assigned to a lower level than

those they depend on. Generally speaking the functions that handle external activities as well

as initialization functions are assigned the highest priority. The macro level data fiow graph

can be used to examine as to which functions are dependent on other functions. lt provides
V

a solid criteria for prioritizing various functions in the system. Another factor considered in

classification of these function is the similarity of operation in terms of inputs and outputs.

The classification of various functions identified by macro DFG for the given application is

shown in Figure 25 on page 87. Note that power on initialization and system timer processes

are accorded the highest priority after the task creation module since both are imperative for

any subsequent function. The next level has been allocated to sensor handlers since the ap-

plication has no control over these and if they are not attended to immediately important in-

formation may be lost. The diagram groups the activities by the class of services they provide

and no specilics of these have been mentioned yet. This only provides us with the information n

about their relative importance and dependence.

l

l
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5.8.4 Functional Decomposition of Design into Tasks

The decomposition of a design into tasks is an iterative process in the sense that it may be

advantageous to restructure the task layout or further subdivide a function. The most impor-

tant tools required at this stage are the task priority level layout, the macro level DFG, list of

functions and activities and detailed data flow graphs of macro functions specified in macro

DFG.

The micro data flow graphs of a macro function would provide the details of the internal

structuring of that macro function. Note that input output requirements are already known from

macro DFG. The activities contained in macro functions can be identilied with one or more

activities in task priority level layout. lf not then these are to be further divided or task layout

is modified. The criteria suggested by Gomaa[9] could be used to identify one or a group of

activities as potential tasks.

ln this case the process was started from the priority level layout. For each function listed at

a level a detailed data flow graph was drawn identifying many transforms which could be used

directly as tasks. However each such determination has to be verified with macro DFG to en-

sure proper input output interface. Another important factor taken into account in the process

of task definition was the potential for concurrency. lt was determined by the relationship of

this task with other tasks or functions.

The functional decomposition of the given application appears in Figure 26 on page 89. The

size of a particular task or number of tasks for a given activity or subfunction are largely a

matter of user preference [5]. However it is recommended that the tasks adhere to speciüca-

tion of 'module" as presented earlier in this section.
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5.8.5 Task Identification and Definition

The individual tasks and interface they present to other tasks in the system can easily be

identified after the design has been decomposed into lower level functions which accomplish

few things. The tasks on the other hand may be viewed as lowest level functions doing just

one job. The previous step was necessary to determine the priority levels to be assigned to

the tasks in a meaningful way. The task level layout given in Figure 26 on page 89 is used in

this case to identify tasks at each prlority level and their data flow graphs are then referred

to establish their input output interfaces.

All of the functions must be accounted by the tasks being identified. Some duplication of ac-

tivities is almost unavoidable but structured techniques minimize the risk. The modules which

handle external events are normally not defined as tasks to make sure that these events do

not go unrecognized. These are collectively called interrupt handlers and operate asynchro-

nously and independently of VRTX scheduled tasks.

Making use of this information the set of activities pertaining to information acquisition and

transfer to and from the external world can be grouped as interrupt service routines. They

may form a bulk of processing requirements in systems with large number of inputs and out-

puts. ln our case all the functions identified to deal with passenger counting sensors, door

control, distance transducer or odometer and signpost input have to be designed as interrupt

service routines so that they can respond to external activities in timely manner. A timer in-

terrupt handler is required by VRTX for timing functions.

These interrupt handlers take care of external signals and many activities associated with

them leaving fewer number of functions to be dealt with.
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5.8.6 Tasks at Priority Level 0

The only task at this highest level is the original task which was explicitly created prior to
beginning of multitasking via VRTX_GO call in post initialization phase. This task is designed
to create rest of the tasks that may be required to achieve the desired results. This task de-
letes itself alter creating remaining tasks and then these tasks start competing for resources.

5.8.7 Tasks at Priority Level 1

The examination of decomposed function chart of Figure 26 on page 89 reveals that one ofthe
top priority tasks is the power on log generation and another is system timer. The system

timer task is scheduled for execution in response to a request from timer interrupt service

routine (lSR_TIMER) which handles interrupts from a programmable timer device like 82C54.

This task keeps VRTX informed about each timer tick that expires. The power on log is created

only once that is at the time of power on and hence is a good candidate for top most priority.

5.8.8 Tasks at Priority Level 2

At the second level the major activities relate to passenger counting, time and distance

maintenance and idling tasks. This is also the level at which interrupt handlers can pass in-

formation to waiting tasks. However this level has been assigned to distance and time main-

tenance tasks because all the activity has to be time stamped and most of the logs require
distance to be specitied. The important tasks at this level are one and two or more minutes
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idling tasks which monitor the period for which vehicle is stationary. Other task at this level

monitor the distance and time overflow.

5.8.9 Tasks at Priority Level 3

The tasks at this level are almost exclusively devoted to counting activities. The tasks at this

level are designed to process the information made available by sensor interrupt handler

(lSR_SENSOR). Each entry and exit from any of the doors is considered as one complete and

independent activity since it results in an on count or an off count. The tasks at this level deal

with making and breaking of beams and communicate with each other via mailboxes. All count

generating tasks for front and rear door are grouped here.

5.8.10 Tasks at Priority Level 4

The tasks at this level are of relatively low importance in terms of real time response re-

quirements. Most of these are concerned with some kind of data manipulation and house-

keeping chores. The counts generated by tasks at previous level are collected here from and

totalized to produce total number of on and off counts recorded at previous stop. This infor-

mation is passed to another set of tasks at further lower level.
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5.8.11 Tasks at Priority Level 5

All tasks that deal with generating logs for recording the events are grouped here. The reason

for low priority is that they depend on many events to take place before their input require-

ments are satislied. They need inputs from totalizing tasks, distance and time maintenance

_ tasks etc.

5.8.12 Tasks at Priority Level 6

The tasks that service the requests from the operator are placed here because the operator

commands are too slow and are not likely to disappear like sensor related events. The main

task here traps the operator request, decodes it and activates the appropriate task to service

that request. These task deal with providing some information about the data being collected

to the operator.

5.8.13 Tasks at Priority Level 7

These are the lowest level of tasks and are relatively unimportant because they deal with

providing displays and other non time critical information. These are designed to provide

services to operator interface tasks at a level above it.
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5.9 Interrupt Service Routines

The interrupt service routines are an Integral part of the system. They are designed to handle

external events as and when they occur and hence are not controlled by scheduling mech-

anism of VRTX. They function asynchronously to the various tasks in the system. ln fact these

provide most vital lnputs to the tasks before they can proceed.

In our system there are eight possible interrupts and corresponding handlers were developed

as part of the board support package in some form. These were however modified to suit the

specific requirements of the application. These service routines along with their function are

listed below. Note that priority of these interrupts depends on the way they are connected to

the interrupt controller device.

5.9.1 Timer Interrupt Handler

This is the most important interrupt from the system point of view as many tasks are sched-

uled on a time basis or use timing parameters. The purpose of this interrupt service routine

(ISR) is to keep VRTX informed about expiry of timer ticks. lt is done by issuing a system call

SC_TlMER from within the ISR.
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5.9.2 Odometer Interrupt Handler

The odometer generates certain number of pulses for every unit of distance travelled. These

pulses are fed to a divide by N counter and its output is used to interrupt the processor. This

ISR posts the arrival of a divided odometer pulse to various mailboxes on which tasks like

one_minute_idIe or distance_overflow pend. lt also maintains its own distance counter which

ls used by elapsed distance tasks. It is a vital interrupt and hence deserves a higher priority

than what is assigned to it in present system (3). It was done because it was known before

hand that these will not occur together with those that have been given higher priority.

5.9.3 Sensor Interrupt Handler

This interrupt handler is the most important ISR in the system since it is the only link of the

system with the sensors used for counting. The way sensors are setup in this case is that a

change in the status of any of the eight beams, four each for front and rear doors, will result

in a pulse that will be used for generating an interrupt to the processor. lt is the responsibility

of the ISR to determine which beam(s) were made or broken and pass on that information to

appropriate tasks.

This is shown in Figure 27 on page 96.

The occurrence of this interrupt is an indication that at least one of the beams have changed

status. The ISR reads the status of each beam immediately and compares it with the status

acquired during last interrupt. An exclusive-oring of these two data items will determine which

beam or beams were broken or made. Depending on this determination the ISR has to invoke

a subroutine to handle that part of the situation. For example if ISR determines that beam 4
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on rear door was broken and exit flag is set then It is an error condition since beam 4 has

already been broken before and has not been made yet. But if exit flag was reset then ISR

will set that flag and post appropriate messages to the mailboxes.

The beam status is passed to each pending task as a message and the corresponding sub·

routine picks the status of the individual beam and posts to that mailbox. The tasks like

break__on_beam1 pend on mailboxes labeled e1, e2 etc. indicating an event. The ISR posts to

them when the condition (make or break) is detected.

5.9.4 USART Interrupt Handler

The USART interrupts are handled via two lSRs one for character receive and another for

character transmit. These have been discussed in great detail in previous chapter.

5.9.5 Signpost Input Interrupt Handler

This Interrupt occurs when the signpost is changed by the operator at the end of route. This

may be used for generating another log indicating a new start. This information is used by

analysis software that analyzes these logs for variety of conclusions.
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5.10 Count Generation Algorithm

Before describing the tasks individually it is necessary that the method of count generation is ,

understood properly. The count generation has been identified as one complete function which

in turn was divided into various tasks. These tasks monitor the make and break conditions on

each beam corresponding to each door. The concept of in (or on) counts and out (or off) counts

is crucial here.

There are basically two types of activities that can result in generation of one of these types

of counts. All other activities do not produce any count. This gives us a basis to classify certain
possible sequence of events as illegal and the system may ignore them or generate some kind

of message. The valid scenario is the one in which either an on or an off count is generated.

Since both doors are identical for this purpose it is sufficient to consider only one.

lt is assumed that all beams are in made condition to start with. lfthe first beam to be broken

is beam 1 (belonging to outer most sensor) then there is a possible chance of in count. At this

point we have two options, one which will require monitoring of remaining beams to be broken

in that order (1, 2, 3, 4) to be a valid half in count and another half coming when beams are

made in that order. Alternatively if beam 1 was the first beam to be broken and then it was

determined that all beams did break and beam 1 did make too then it is a sufficient criterion

for deducing that remaining beams will also be made.

The second approach was chosen over the first to reduce the overhead and to filter out invalid

scenarios which have to be dealt with when handling each beam separately. Another factor

in favor of this method the layout of the sensors. They have been kept in pairs where each is

kept very close, a couple of inches, and two such pairs are mounted very closely. This ensures

that if a break on one is detected there is a high probability that it will occur on next one im-

mediately.Deslgn
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The same method is used to determine the off counts except that this process starts with

beam 4 (inner most sensor) and then proceeds exactly as the previous one.

The count generation process has been illustrated in Figure 28 on page 100.

Also see Figure 29 on page 101 for count accumulation and passenger log generation proc-

esses.

5.11 System Handling ofEventsThis

section describes various situations that may arise after the system has been powered

up and the response of this system to these externally stimulated events using the tasks

identilied in the previous sections. The detailed description the tasks that are required to im-

plement the functions of a vehicular data acquisition system can be found in Appendix·D. The

discussion includes almost all of the critical tasks and traces their design and functioning. The

_ source code for assembly language implementation of some of these tasks is provided in

Appendix·G.

Please note that this discussion attempts to describe the functioning of a task not actual cod-

ing. Hence the reader is advised against trying to tind one to one corresponds between the

description here and the actual implementation. For example it may be advantageous to im-

plement a broadcasting mechanism instead of posting the same message to a large number

of mailboxes in practice, but in a discussion like this we are concerned with the condition

which results in suspension of the task and the condition which reactivates lt.
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5.11.1 On and Off Count Generation

The count generation is directly related to the sensor activity. As discussed in previous section
the sensor interrupt handler posts the status of different beams to corresponding mailboxes

on which various make and break monitoring tasks pend. For example Sensor interrupt han-
dler posts to mailbox e1 when beam 1 is broken and it was the first one to be broken. This

activates the task break_on_b1 which passes this information to another mailbox for a possi-
ble exit scenario. lt also commands aIl_beams_broken task to start looking for break condition

on all beams on that door. Note that sensor handler also posts the beam status to this task.

Once it is established that all beams were broken after beam 1 is broken the only pending

condition is make on beam 1 to generate an in count. The make on beam 1 is indicated by the

sensor handler to make_on_b1 task which in turn informs the break_on_b1 as well as count
totalizing task.

Consider a possible situation where a person is trying to enter the vehicle from the front door.

ln order to simplify the situation for a better understanding of the interaction and interplay of

different tasks let us assume that no other entry or exit is being attempted. Subsequent dis-

cussion will show that the more complicated situation situations can be handled with the same

ease. ln case of the simplified situation the beam 1 on the front door will be the first to be

broken. This will cause an interrupt and the sensor interrupt handler will read the status word

giving the present status of all eight beams.

This status word will differ with the previous word in only one place corresponding to beam

1 on front door. Hence lSR_SENSOR will conclude that a break·on-beam1·of-front·door has
occurred and it will post a non zero message to the mailbox labeled e1 and no messages are

posted to any other mailbox at this time. This ISR will also check the ENTRY flag before post-

ing any message. In this case however the flag was reset so it will be set so that further in-
terrupts can be tracked properly. The ISR exits alter that.
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The task Break_on_Beam1(F) is responsible for monitoring the breaks on beam 1 of the front

door. Note that suftix F is dropped in later references to improve clarity. This task pends on

the mailbox e1. After the ISR_SENSOR posted a message to this mailbox the suspending

condition of this task is removed and it will be scheduled to run. This task examines whether

or not ENTRY fiag is set and proceeds only if it was set otherwise it treats it as an invalid se-

quence. In this case it will go ahead and post a message to All_Beams_Broken (F,EN) task

which monitors all four beams and responds with a non zero message when the condition is

met. There are four such tasks for entry and exit situations at both doors. Note that

ISR_SENSOR posts messages to this task informing it of status of remaining beams.

Once the condition all-beams·broken is detected it will pass on this information to another task

Make_on_Beam1(F) which looks for makes on beam 1 at front door. This task at this point

knows that all beams have been broken, beam 1 was the first beam to be broken and the entry

fiag is set. Hence as soon as it receives a make on the beam 1 it signals generation of an on

count to a count collecting task. lt also posts a message to Break_on_Beam1 task informing

it the completion of a sequence which causes the entry fiag to be reset and the task is now

ready to handle another entry or exit.

This situation has been depicted in Figure 30 on page 104 where each small circle represents

a mailbox and the larger circle represents a task. The incoming arrows correspond to pending

conditions and outgoing arrows represents the posting conditions. The Figure 31 on page 105

shows an identical sequence of events at the rear door.

A similar analysis can be done for the exit situations which proceeds in exactly the same

fashion except that this sequence of event is triggered when the first beam to bebrokenhappens

to be beam 4 corresponding to inner most sensor in a doorwell. The front and rear

door exit sequences have been shown in Figure 32 on page 106 and Figure 33 on page 107.
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This discussion illustrates the procedure adopted to determine if a valid on or a valid off count
was generated. lt is fairly obvious that all the four tasks participating in this sequence of
events were executing concurrently and were being synchronized by message passing be-
tween them via mailboxes. Let us consider a more complex situation where a person is en-
tering from the front door and another is exiting from the rear door. ln this case ISR_SENSOR
will post a break condition to two mailboxes e1(F) and e4(R) activating tasks
Break_on_Beam1(F) and Break_on_Beam4(R) which will post messages to their respective
All_Beams__Broken tasks handling entry and exit respectively. These in turn will pass on this
information to respective Make tasks which will produce the on and off count.

It is evident that these two events were running in parallel and even though both acquire data
from same ISR nothing else was shared. These two events need not be synchronized and may

or may not get completed in equal time.

5.11.2 Passenger Log Generation

A passenger log is generated if there was some passenger activity at the immediately previ-
ous stop. lt is created only after the vehicle moves after being stationary at the stop. Hence

the first condition for generating this log is that there must have been some in and or out
counts produced. The task completing the last activity of the sequence will signal to a col-

lection task availability of a count. The coIlect_in task accumulates the on counts being gen-
erated at one door. A similar task collects off counts. These counts are then passed on to

count totalizing tasks which produce the net on and off counts for the vehicle at the previous

stop.

The on and off count collection tasks qualify the signalled count for its validity by checking the
corresponding door status signals. No counts can be generated while vehicle is in motion. The
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door signals are monitored by requesting a status read at the time counts become available.
Note that while recently generated count is being veritied the break and make monitoring
tasks are at work looking for new entry and or exit. The collection tasks post the qualitied
counts in a queue which is read by a totalizing task.

The passenger log is created by a task which pends on vehicle moving condition. As soon as
the vehicle moves this task will accept the counts posted to it by the totalizing tasks. ln order
to complete the log it will also accept the incremental distance and time information from
distance and time control tasks.

5.11.3 Idle Time Control

Another important system requirement for this kind of systems is idle time control. This means

that the system should be able to monitor the time for which vehicle was stationary as well
as the time for which it was moving. ln the case of system being considered here the two such

situations are one minute idle and two or more minute idle. This mandates that system should

be able to differentiate between the two activities.

The present implementation identifies a taskjust to monitor an idling period less than or equal
to a minute. This task continues to look at a particular mailbox which is posted to by odometer

ISR. The task is allowed to pend only for a minute on this mailbox and hence when the vehicle
is stationary for more than a minute it will return with a time out informing in effect the expiry

of one minute idle period. This condition is passed to a one_minute_idle_log task which cre-
ates and writes the log.

Similarly a two or more minute idle period is detected by ürst waiting at a mailbox for two
minutes and in case of time out waiting at another mailbox till odometer ISR posts a message
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to it. Both mailboxes are posted to by odometer ISR. After detecting the movement it reads
VRTX maintained time and computes the time for which it pended giving the total idling time.
This information is passed to two_minute_idle_Iog task which appends distance and time in-
formation and writes the log.

5.11.4 Overflow Control

There are two tasks in the system which are exclusively dedicated to keeping track of time
and incremental distance information respectively. Note that this information is used by each
task that writes a log since it ls to be included with almost every log. These tasks start
counting the time and distance in incremental units by pending at odometer posted mailboxes

for distance and by using VRTX sc_tdelay call for time. Each write log operation resets the
accumulated value.

The distance overflow log task is activated by distance overflow task whenever the distance

accumulated by it exceeds the value that can be held in a byte. lt generates the incremental

time information and writes the log. The hour overflow log task is activated by hour overflow

task whenever the ticks accumulated by it exceeds the value equivalent to one hour. lt gen-

erates the incremental distance information and writes the log.

l
5.11.5 Operator Interaction

The tasks organized under this category are designed to address to various requests that can
be made by operator. These could pertain to dumping, displaying or resetting the logs. Most
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of these tasks are low priority tasks and are given control only when sensor related tasks are

dormant.

The operator requests and instructions are handled by Get_Command task which depends on

USART interrupt handler for its activation. The interrupt handler of USART posts the character

received from the operator console to this task. This task pends at a mailbox in which char-

acter ls passed to it. It examines the character to be one of the valid commands and an error

is signalled if not. Otherwise this task will activate a lower level task to handle the request by

posting appropriate message to the mailboxes at which they pend.

Appropriate service tasks are activated in response to a valid operator command. For ex-

ample get_command task will post a non zero message to display_log task which displays the

logs on a terminal in response to a request from the operator. lt pends on a mailbox which is

posted to by get_command task whenever it detects display command character. This task

responds by sending out the logs in 25 byte blocks (5 logs) to the I/O buffer and transmit in-

terrupt handler does the rest. Similarly tasks dedicated to resetting logs or dumping logs can

be activated by get_command task to handle operator requests.

The operator can also command the system to operate in diagnostic mode to get an inside

look at system parameters of interest to the operator. The data provided includes beam status

for both doors, door status and current incremental count values. This task will activate tasks

at lower level to transmit the information about these parameters. Note that this information

is primarily supplied by interrupt handlers or obtained by reading the I/O ports.
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5.11.6 Elapsed Time and Distance Control

The system is also required to maintain total time and elapsed and distance covered since the

last log dump or the power on. elapsed_time task maintains a count of time ticks since the

last time logs were dumped or power on. The purpose of this task is to determine the total

amount of time that elapsed since the previous dump. This information is used when the logs

are dumped and another log will be created containing this data.

The elapsed_distance task maintains a count of odometer transitions since the last time logs

were dumped or power on. The purpose of this task is to determine the total distance that was

covered since the previous dump. This information is used when the logs are dumped and

another log will be created containing this data.

5.12 Summary

The discussion presented above covers just about every situation for which certain response

was part of the specitications. The most important situation from the system point of view is

the count generation and recording. However time control functi·ons are equally important as

they provide the basis for any meaningful analysis. The system response for situations not

discussed above can easily be predicted by drawing a data flow graph leading to that situ-

ation. Most of the pending situations have been implemented with time out provision to avoid

deadlocks and dead waits. This was done so because in real time each event has an upper

bound within which it should be serviced and if that point is passed then the response is

useless. ln the approach here the requesting task is intimated of failure so that it might take

alternative action.
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6.0 Conclusions

The objectives of this thesis were manyfold. The most important of them was to gain a first-

hand understanding of the complete design process involved in developing a real time multi-

tasking system using off the shelf hardware and silicon software components. In order to

pursue these goals a hands on approach was taken and a real time multitasking system was

built from scratch. lt also provided a vehicle to test various design techniques proposed in

· earlier thesis works and encountered in literature. The VRTX/88 a silicon software component

which is a real time executive kernel was ported to a STD bus based 8OC88 microcomputer

board and an actual real-time application was implemented.

Probably the most important and definitely the most enlightening activity involved in this the-

sis work was the porting of VRTX/88 kernel onto an off the shelf board from the scratch. The

porting of an operating system refers to development of certain specialized device and system

dependent code In order to establish the logical and physical interface between the hardware

and the kernel. This turned out to be a difficult phase but that was mainly due to inadequate

hardware documentation and a difficult environment for embedded microprocessor software

development. An IBM PC was used as the development station for developing the board sup-

port package as well as the application software.
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Due to memory constraints TRACER, a silicon software component for debugging support and
a companion product of VRTX/88, was not installed. lt made the software development more
difficult and time consuming especially the application software. Howeverthe need for a good
debugging tool is most vital during porting of the operating system when the designer has no
means to look inside the system. TRACER is to be installed along with the VRTX to be able to
provide debugging support. The linker available on the IBM PC produces only ’.EXE’ file. lt is
necessary to have a software package (locater) which can transform this .EXE file into a relo-

cated file with absolute addresses, ready to be downloaded and executed. A real time emu-

lator would possibly be the best choice at this stage of integration. But most ’real life' real

time system designers are more likely to encounter PC based development environments

hence a good investment of time in identifying and selecting proper software tools for various

activities will pay off handsomely.

The porting of VRTX/88 kernel required a detailed knowledge of the hardware and develop-

ment of a board support package which must contain initialization routines for all l/O devices

in the system including special purpose devices, address information about RAM and VRTX

PROM as well as the initialization of interrupt vectors. The interrupt handlers for different

input-output devices are also included. A test program was developed to exercise all the de-

vices and their interrupt handlers to ensure that the board support package was working fine.

This test program is modeled after a similar program provided by Hunter and Ready in Board

Support Package Manual and uses some of their routines. lt was at this stage that most dif-

ficulties were encountered. The debugging was difficult because it was not certain at any point

of time whether the problem is due fo hardware and or due to software being tested. Offen
if turned out to be the hardware related. But once the board support package was debugged

and installed it became very convenient to use the VRTX services.

The initial board support package was substantially extended to add a number of tasks to

study and to famlliarize myself with various system calls and system behavior. It was ob-
served that system became sluggish as the number of tasks increased or when interruptsConcluslons114



were allowed to come in at a faster rate. The relationship between the ’performance’ of the
system and various possible factors contributing to it is not well defined and is a potential

research topic. Some of the more important factors could be number of tasks, coding of tasks

and interrupt handlers, task design, task identification, interrupting devices and their servicing

requirements, and frequency of interrupts. During the development of this application it was

observed that an increase in number and complexity of tasks directly degrades the perform-
ance.

lt was found necessary to build monitor style data structures using system post and pend calls

to a mailbox (semaphore) for most of the common resources like CRT, character l/O buffer

etc. The VRTX contrary to my initial impresslons does not provide an implicit mechanism

which allows a given task to reserve the resource till it ls either finished or interrupted by a

higher priority task. This was noticed during the application software development when a task

reading a string from the console lets another task steal a character from this since it was also

pending for a character from console.

VRTX/88 however is a powerful and easy to use silicon software component. No knowledge

of its source code is required to use the system primitives or to even e><tend it by adding user

supplied extensions. l was able to attach special drivers to augment the VRTX supplied char-

acter support during testing. l also implemented my own character l/O buffer using second

USART driving another terminal. The single biggest advantage of VRTX/88 in my opinion is

that it provides a common and well defined set of mechanisms to support multitasking. These

facilities can easily be used by the system designer without concerning himselfwith the actual
implementation of the same. This promotes development of disjoint software modules which

connect with each other through well defined links implemented by using VRTX supplied data
structures like mailboxes and queues. l

Another aspect of this thesis dealt with the implementation of various functions that are pro-
vided by automatic passenger counters and vehicular data acquisitlon systems. ln fact this
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was chosen to be the representative application. This required a detailed understanding of
such systems. The necessary information about system activities, priorities and various re-
sponses was obtained from previous thesis works and product literature. However the most
valuable knowledge was gained by studying and analyzing a real product from Red Pine As-
sociates. This phase of the thesis was hard and slow as too many measurements and obser-
vations were required to understand the actual event-response relationships. The information
gathered in this phase was used to draw basic specilications for the new system.

The architecture of the new system is entirely different from that of Red Pine system both in

hardware and software. The system was not duplicated. The new system took multitasking

approach using a single board computer whereas the Red Pine’s approach called for use of
four microcomputers each dedicated to one particular type of functions. The sensors for the

testing of the new system were simulated using switches, pushbuttons, function generators

etc. The new system uses a new log structure, the format in which events are recorded, which

is more efficient since it provides more information. lt became possible by using a real time

clock and stamping events with real time. lt is also possible to keep track of dates and months

if required.

The structured software design techniques were adhered to as strictly as was possible for the

application software development. But occasionally l subdivided a given task or combined

some of them to generate compact and fast executing code. Moreover it is not always possible

to establish one-to·one correspondence between the task identiüed by decomposition process

and its actual implementation. The implementation may sometime redefine the task interfaces.

Any real time system will require some kind of sensors to function and perform in a desired

fashion. lt was noticed during the development of this application that sensor interface can

pose a tough set of problems. The sensor interface is to be designed very carefully since most

of these operate on interrupt basis and frequent interrupts will surely degrade the perform-

ance of any system, multitasking or not. For example the Red Pine system producesinterruptsConclusions116



on every beam disruption. ln such a case there will be sixteen interrupts corresponding to
make and break conditions on each of eight beams. This will entail quite an overhead. ln our
case we combined all these interrupts into one single interrupt to save on system entry and
system exit overhead incurred by VRTX. lt is recommended that more sophisticated sensors
be used to reduce the overheads. The tiber optic sensors are a good choice since they can

provide processed information to the computers.

l strongly feel that the weakest link in the entire system is sensor related hardware and hence

considerable amount of time and research must be devoted in designing or selecting proper

kind of sensors. Another important thing to be considered is the software development envi-

ronment. An additional 64K memory board should be added to this system which can house

VRTX and TRACER PROMs as well as the RAM area required for both these components

which is substantially large for any useful application. The basic software tools for debugging,

locating, loading, disassembly and downloading must be available. lt will be nice to have ROM

simulators and emulators though they are not absolutely necessary. lt is recommended that

this system should be developed in full after the initial specilications considered here have

been expanded to suit the actual requirements. lt is also recommended that new types of

counting algorithms are considered for array of sensors which could lead to low level object

recognition by profile matching. The study of VRTX performance under varying conditions is

a potential topic as it will yield critical clues to the relationship between scheduling algo-

rithms, context switching and the system performance.
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Appendix A. Analysis of a Vehicular Data

Acquisition System

The material in this section deals exclusively with the functionality of the modules supplied

by M/S Red Pine Associates for Vehicular Data Acquisition System. The system received from

Red Pine was tested and analyzed in detail to gain meaningful insights into its functioning.

A.1 System Description

The vehicular data acquisition system (VDAS) as supplied by Red Pine Associates consists

of four modules interconnected to each other in a daisy- chained fashion and four sensor pairs

each containing two pairs of infrared transmitters and receivers. These modules are,

1. Odometer/ Power Module (OPM)

2. Passenger Count Module (PCM)
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3. Data Storage Module (DSM)

4. Diagnostic Module (DGM)

A typical VDAS will comprise of one OPM, one DSM and two PCMs, one each for front and rear

doors. A Diagnostic Module (DGM) can be connected to the system in order to examine cer-

tain operational and functional parameters of the system. The functions of each of these
modules are described below.

A.1.1 Odometerl Power Module

This module is fed directly from a 12 volt battery and rest of the modules in VDAS get their

power from this module via interconnecting wires. Apart from serving as power distribution

center for the VDAS system OPM also accepts pulses from the odometer as its inputs. The

incoming pulse train is divided and then counted to get a measure of distance travelled by the

vehicle. The division factor can be chosen to be anywhere from 1 to 4095 by installing the

proper jumpers. Presently it is set up for divide by one operation. The vehicle movement in-

formation is passed on to other modules so that appropriate logs can be generated.

A.1.2 Passenger Count Module

Two PCMs are used in each VDAS system, one for the front door and another for the rear door

monitoring. Both of these are connected with remaining two modules in a daisy-chain fashion.

Each module monitors the status of doors via an ON/OFF contact signal and passenger activity

via infrared sensor pairs mounted on the inner walls of the passage of each door. Each sen-
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sor set consists of two pairs of emitters and detectors generating four infrared beams. The

order in which these beams are broken and restored, due to passenger movements, deter-

mlnes the number of passengers boarding and alighting from that door. Door open/close sig-

nal and vehicle movement information is used by these modules to generate appropriate logs.

A.1.3 Data Storage Module

The primary function of this module is to receive and retain the logs generated by remaining

modules and store them in the order of their arrival which is same as the order of their gen-
eration. The other modules in system use special flags to signal a particular type of event to
DSM so that DSM can initiate requisite data transfer from that module to prepare a log. The

data stored in the DSM can be transferred to a computer via a serial link for further processing

and analysis.

A.1.4 Diagnostic Module

This module provides diagnostic facilities for all other modules in a VDAS. It is a portable

module with a 16-key keypad, 80 character alphanumeric LCD display and serial communi·
O

cations capabilities. Diagnostic functions are organized hierarchically in a tree structure form.

On power up or by pressing key ’E’ it resets to Level 0 (root). The next level is entered by

choosing the module identifier keys. Access to diagnostics specific to a module or to module

data bus can be invoked by a single key. Once a particular module has been selected then

various diagnostic functions pertaining to that module or data bus can be selected by single
keys. A menu helps user identify the function and its corresponding key.
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A.2 Sensors

Each system requires four pairs of sensor units and each unit consist of two pairs of infrared
transmitters and receivers. Two pairs of such sensor units are mounted in the door-well of
both the front and rear doors. These sensor units are connected to Passenger Count Modules
and get the power from them. ln power-up condition each transmitter produces a beam which
is received by a corresponding receiver. There are four such beams for each door. The broken
and unbroken states of these beams in conjunction with the order in which they were broken
and made is used by the system to arrive at the conclusion regarding the passenger activity.

A.3 Communications

This VDAS system provides two different types of communications method, one for inter-

module communication and another for downloading of accumulated data to a computer. Both
of these are achieved by using a packet based approach for requests, acknowledgements and
actual data transfers. The communications with the outside world is by means of a RS·232

interface without any handshakes. These two methods as employed in Red-Pine’s VDAS sys-

tem have been discussed below.

A.3.1 Inter-module Communication

All data transfers between modules takes place by means of exchange of a specltic structure

called packet. Each packet is bounded by a unique double byte header and a unique double
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byte trailer and and these two patterns are not permitted to be in the information field of the
packets.

The structure of a typical packet is as shown in Figure 34 on page 126. The format of the
packet is,

Header ESC STX, a double byte sequence (1BH 02H)

Length Number of bytes to follow in the range of 1 to 255.

Information Data bytes indicated in the length field.

Checksum Double byte, 2’s compliment of 16 bit sum of length byte and

information bytes.

Trailer ESC ETX, a double byte sequence (1BH 03H)

ln order to preserve the uniqueness of header and trailer double bytes the occurrence of ESC

(1BH) in any byte not belonging to header or trailer is replaced by another unique double byte

sequence of ESC DLE (1BH 10H). This scheme prevents the generation of header or trailer

patterns within the data packet.

A.3.2 Communication for Downloading

The VDAS responds to specific commands sent from a computer outside it. The format of
communication is a variation of packet based system. The computer has to send a specific

type of packet to request a particular type of service or action by VDAS. The request packets
L

are üve byte long. The format of the request packet is given below.
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Figure 34. The Structure ol Packets used for Communication
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First Byte FF Hex

Second Byte FF Hex _

Third Byte Upper Byte of Address (Normally FO Hex).

Fourth Byte Lower Byte of Address (Normally 00, 01 or 02).

Fifth Byte Checksum of Byte 3 and Byte 4.

The format of response packets generated by DSM is given below.

First Byte FF Hex

Second Byte FF Hex

Third Byte Length Byte · lndlcates the number of bytes following.

Fourth Byte data byte

Fifth Byte data byte

Second Last data byte

Last Byte Checksum of length byte and all data bytes.

As is evident from the above each packet has a two byte header which is always same (FF

FF) and one checksum byte as trailer. The third and fourth bytes carry the commands to DSM.

These are,
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FO OO Begin Dump command.

FO O1 Last Log Address command.

FO O2 Reset DSM Logs command.

In response to "Begin Dump" command DSM generates logs for downloading and acknowl-

edges the receipt of command by sending a one byte response of DD Hex in its reply packet.
The requesting computer has to keep sending request packets with "F0 00" command till DSM

returns an acknowledgement byte of A1 Hex. Afterthis it will return logs in blocks of 128 bytes.

In response to "Last Log Address" command signlfied by "FF 01" the DSM returns a six byte

reply packet with the two byte long address of last log sandwiched between length and
checksum bytes.

In response to "Reset DSM Logs" command indicated by "FF O2" the DSM returns a reply

packet with one byte response of A1 Hex.

A.4 Count Generation Algorithm

There are four sensor pairs for each door generating four beams. In normal powered up state

the beams between each of sensor pairs are made. They are broken when an opaque object

crosses the beam that is gets in between the transmitter and receiver. The order in which

beams are made and broken determines whether a passenger is climbing aboard are

alighting.

Appendlx A. Analysis ot a Vehicular Data Acquisition System 128



This system requires that all four beams in a doorwell are to broken first before any activity
is registered. Let the beam nearthe door (corresponding to outer sensor) is Iabeled 1 and the

beams farthest from the door is Iabeled 4.

Please see Figure 35 on page 130for sensor positioning and beam labeling. lf all four beams

are broken and then made in order 1, 2, 3 and 4 an on count is generated. lf all four beams

are broken in order 4, 3, 2 and 1 and then made then an off count is registered. lt was noted

that an off count is generated whenever beams are made in reverse order that is 4, 3, 2 and

1 irrespectlve of the order in which they were broken.

This can be summarized as shown below.

1. On Count Generation

• B1, B2, B3, B4 AND M1, M2, M3, M4.

• B1 followed by breaking of remaining three and then all made. ~

2. Off Count Generation

• B4, B3, B2, B1 AND M1, M2, M3, M4

• B4 followed by breaking of remaining three and then all made.

A.5 Log Structure

This section describes various types of logs generated by different modules in a typical VDAS

system. For each type of log following information is provided.
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Figure 35. Red Plne System Sensor Arrangement
I
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1. The type of log and its name if any.

2. The information contained in the log and its function.

3. Source and destination of the log.

ln the present system there are in all 15 different type of logs numbered from 0 to 14 (0 t0 0E

Hex). Each of these logs are associated with a different type of event [31].

Log Type 1 Power up log, is the very first log generated after power on.

Log Type 2 Hour overfiow log. lt is generated when an hour expires. Since time is

kept in 15 sec ticks one byte can hold only enough to make one hour

and it will overliow beyond that.

Log Type 3 One minute idle log · generated when vehicle remains stationery for a

period of a minute.

Log Type 4 Distance overtiow log - generated when distance, counted as odometer

transitions, exceeds the value that can be held in a byte.

Log Type 5 Passenger log - generated after vehicle moves and if there was pas-

senger activity at the previous stop.

Log Type 6 End of two or more minute idle log · generated when vehicle moves af-
.

ter being stationery for a period of more than two minutes.

Log Type 7 Dump forced elapsed time log · generated when a dump is initiated and

contains 24 bit time value representing the time expired since last dump

or power
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Log Type 8 Dump forced total distance · generated when a dump is initiated and

contains 24 bit value representing total odometer transition count since

last dump or power on.

Log Type 9 Front Passenger Count Module not responding log.

Log Type 10 Rear Passenger Count Module not responding log.

Log Type 11 External Input (signpost) log - generated whenever vehicle detects a

signpost by means of an infrared device or by operator action of

changing the board.

Log Type 12 Distance overfiow overrun log.

Log Type 13 Odometer Power Module not responding.

Leg Type 14 Vehicle Identification log - contains 8 digit vehicle ID.

A.6 Test Procedure

A vehicular data acquisition system was assembled using the modules mentioned above. The

interconnections were made as described in the manual supplied by Red Pine Associates.

A schematic of interconnections is shown in Figure 36 on page 133.

The two sensor pairs each were connected to front and rear doors respectively. The door

ON/OFF signals for both the doors were generated by an on/off switch. The odometer pulses

were slmulated by a push button switch (a signal generator can be

used).AppendlxA. Analysis ef a Vehicular Data Acquisition System 132



E Q

I QI
Is. ‘:;LvT

Q TF
Q T

TFigure36. Red Plne System Interconnectlons

Appendlx A. Analysls of a Vehlcular Data Acquisition System 133



Next step is to generate all possible types of logs by simulating passenger boarding and
alighting activities, door open and close signals, distance measurements by counting pulses

from signal generator. The system does time measurements by maintaining an interrupt

driven timer. These simulations are done as discussed below.

• Passenger boarding activities are simulated by passing an opaque piece of card board

between the sensors such that the sensor set Iabeled outer is encountered first followed

by sensor set Iabeled inner Each such movement simulates boarding of one passenger
and results in increment of previous on count value.

• Passenger alighting activity is simulated exactly as above except this time inner sensor

set gets affected tirst. Each such movement indicates a passenger disembarking the ve-

hicle and thus incrementing the previous off count value.

• Before passenger movement is simulated the door open/close signal should be set to

open for both the doors. lt is done by means of an on/off switch, the ’on’ position indi-

cating open and ’off’ indicating closed.

• Vehicle movement is simulated by feeding certain number of pulses to its odometer input

using a switch and or a signal generator.

• Module-not·responding mode is simulated by unplugging that module from the system.

However it is applicable only to PCM and DSM since power is cutoff to the system if OPM

is removed.

Now a VDAS ls assembled using the modules described above and it is connected to the

"Simulation Panel" which contains switches, and mounted sensor pairs, a switch and terminal

for odometer input and a connector for Diagnostic Module. This system is comprehensively

tested by simulating various possible conditions of passenger movement and vehicle travel.

The activities of the system are observed through the Diagnostic Module by selecting different
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modules and different levels. These observations are then compared with the documented

results for these situations as specified in the manual for this system.

Availability of one perfectly working VDAS system is the precondition to test individual mod-

ules since no test instructions are available for these modules. Moreover due to lack of any

hardware and more importantly software documentation our understanding of these module

is limited to functional level only. The approach taken here is to remove one single module

from the working VDAS system and replace it with the module~under-test. Now the same

simulation steps are followed which were used to establish the integrity of original system. lf

the system continues to function in the specified fashion it can be safely concluded that

module·under-test is functionally alright.

A.7 Observations

The following observations were made while a VDAS system was assembled and made op-

erational.

1. The complete system when operational requires about 1.7 Amp of current at 12 volts.

2. For proper count generation all four beams must have been in broken state at some point

of time before they are made.

3. Occasionally the counts logged in DSM are different than recorded in PCMs as observed

via Diagnostic unit. lt was noted that both on and off counts were logged incorrectly.
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4. Diagnostic Unit continues to scan recorded logs in "DSM Logs” modes beyond current log

displaying illegal log types and no error indication.

5. The DSM accepts a true RS-232 compatible signal at its receive line but generates only
P

a TTL signal at its transmit line. Consequently a line driver chip, MC 1488, was used to

convert this TTL signal into a RS-232 compatible signal required by IBM PC.

6. The DSM requires two or more transmissions of the request packet before it is able to

transmit data for downloading. In response to first request it produces a 5 byte packet

containing a one byte message DD.

7. In response to various requests denoted by Hi and Lo byte addresses of 'FF OO', 'FF O1’

and ’FF O2' it transmits a large number of bytes instead of 5 in two cases and 128 in an-

other. The DGM display however does not show it but it can be easily verified by an

oscilloscope.

8. Even though the DSM transmits packets which are 5 or more bytes long the Diagnostic

Unit does not display actual packet transmitted instead it removes the two byte header

’FF FF' and the checksum byte. However the receive packet is displayed in its entirety.

9. There is no self test mode hence it is difficult to be sure whether system is functioning

property. There are however LEDs mounted on the circuit boards which pulse at about 1

Hz to indicate module heatthy state. But they are inside the encapsulated boards and not

visible from outside.

10. The connector wiring to Odometer Power Module was modified to make it consistent with

the documentation.
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A.8 Results

One complete VDAS system was assembled and its operation was verified by simulating

various events and examining its response. Extensive testing was done on this system to

make sure that it successfully responds to all possible situations and produces appropriate

logs. Subsequently the remaining two sets of modules were tested in the manner described

above and were found to be functional.
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Appendix B. MSI-C988 Microcomputer Card

The MSI-C988 is a Multifunction Microcomputer card, which incorporates a CMOS 80C88

microprocessor and operates from a single +5V supply. This Microcomputer card is well °

suited for real time monitoring and control applications requiring minimal hardware and low

power operation.

The card provides 64K bytes of on·board memory, 32K bytes each of RAM (with battery back

up) and PROM, a real time clock with battery back up, two RS-232C serial l/O ports, 24 parallel

l/O lines, three 16-bit programmable counter/timers, a 10·bit analog input and a cascadable

interrupt controller. lt uses clock frequency of 5MHz.

Please see Figure 37 on page 139 for the functional block diagram. The salient features ofthis

board have been summarized below.

• 80C88 CMOS Microprocessor

• Up to 65,536 Bytes Onboard RAM/PROM

• 58167 Real Time Clock with Calendar

• Two RS-232C Serial Ports from 110 to 38,400 BAUD
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Figure 37. Block Diagram of C-988 Microcomputer Board.
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• 24 Parallel I/O Lines (16 ln/8 Out)

• Three 16-bit Programmable Timers / Counters

• A 10-bIt Analog Input

• 82C59A Cascadable Interrupt Controller

• Onboard Execution Monitor PROM for IBM PC/XT/AT

• Power requirement 5V i5 percent, 50 mA typical

The 64K bytes of memory enables memory·mapping applications also. It provides two sockets

for accommodating PROM and RAM memory using either 27C64 or 27C256 type PROM de-

vices and 5564 (8K bytes) or 55257 (32K bytes) type RAM. The two sockets can be configured

in a variety of ways for these memory devices.

The valid address regions for the on·board memory are shown In Figure 38 on page 141.

B.1 Input Output Devices

The C-988 microcomputer board contains two CMOS Serial Controller Interface devices
(82C52) providing two RS-232C channels, a CMOS Programmable lnterval Timer (82C54), a

CMOS Programmable Interrupt Controller (82C59A), a Real Time Clock (NS 58167), an Analog

to Digital Converter (ADC 1005) for analog input and buffers (74HC244) for parallel Inputs and

outputs.

Appendlx B. MSI-C988 Microcomputer Card 140



QQQQQ : @1F'F'F' RQM
@22221 : OQEEE REM@421:2121 : Osrrr REM IQQQQQ = QM C-764MEMORY EORROQQQQQ =QMQQQQQ

=QD"?QQQQQ=QMmaana:11FF'F REM C—988 CEL!

IEERMR

mm . M-rr: MONITOR ERROM

ORO141Appendlx B. MSI-C988 Microcomputer Card

i



Table 1. IIO Map for MSl·C988 Microcomputer

IIO Device Register Address
USART 1 Usart Control Register 01H
82CS2 Modem Control Register 02H

Baud Select Register 03H
Data Register 00H

USART 2 Usart Control Register 21H
82CS2 Modem Control Register 22H

Baud Select Register 23H
Data Register 20H

PIT Control Register 63H
82C54 Counter 0 60H

Counter 1 61H
Counter 2 62H

PIC Control Port 40H
82C59A Data Port 41H
RTC Counter(1/10000) COH

Counter(1/10,1/100) C1H
Counter(sec) C2H
Counter(min) C3H
Counter(hour) C4H
Counter(day of wk) CSH
Counter(day of mo) CBH
RAM(1/10000) C7H
RAM(1/10,1/100) C8H
RAM(sec) CQH
RAM(min) CAH
RAM(hour) CBH
RAM(day of wk) CCH
RAM(day of mo) CDH
Interrupt Status DOH
Interrupt Control D1 H
Reset Counters D2H
Reset RAM D3H
Status Bit D4H
GO Command DSH
Standby Interrupt D6H
Test Mode DFH

Appendix B. MSI-C988 Microcomputer Card 142



The detailed function and programming information on 82C52, 82C54, 82C59A can be found in
Harris CMOS Data Book [10] and also in MSI-C988 Users Manual [24]. The Table 1 on page
142 contains the addresses of I/O devices installed on C-988 board.

B.2 MSI-C988 Monitor

A monitor program is supplied with the MSI-C988 microcomputer which provides a low level

interface between the user and the hardware. The monitor requires that a CRT or an IBM

PC/XT/AT personal computer connected to RS·232C serial port at connector J4. The required

baud rate is 4800. lt is supplied on a 8K X 8 PROM and provides twelve commands for exer-

cising scratchpad registers, memory and I/O ports, as well as permitting file transfers to and

from IBM PC [26].

The monitor requirements for useful operation are listed below.

• The 8K PROM must be located from OFE000 · OFFFFFH which corresponds to socket U16

on C-988 board.

• The monitor needs about 700 bytes of RAM for its own use and expects it to be located

from 00000 onwards. This corresponds to RAM in socket U15 on C-988 board if it is

jumpered as on board memory (MEMEX = 0). Otherwise it corresponds to socket U8 on

C-764 Memory Board which must have RAM.

• lt uses interrupt lines lR1 and IR2 on 82C59A interrupt controller for receive and transmit

operations. The controller is initialized so that these correspond to interrupt type 9 and
type 10 (INT 9 and INT 10). _ .
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• It also uses Interrupt type 3 (INT 3) for breakpoint interrupts.

• It uses serial port (J4) to communicate to a CRT or an IBM PC at a baud rate of 4800. The

interrupts used are INT 9 and INT 10 with handlers located at 024H and 028H for receive

and transmit interrupts respectively.

B.3 Command Summary

The commands provided by the monitor has been listed below with the function they perform

along with the command formats. Note that all numbers are expected In hexadecimal only, all V

addresses are to be specified in the form of SEG:OFFSET and all commands must be entered

In capitals only. For further details on these commands the reader is referred to [26].

8.3.1 Arithmetic (Hex) Command - A

lt performs the hexadecimal arithmetic sum and difference of two operands. The A command,

entered asA <P>,<Q> _
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8.3.2 Change Memory Command · C

The change memory command is entered as

C<address>, <oId vaIue>-<new value> where <address> is the memory address and
<newvaIue> ls the value that replaces <oId vaIue> if entered.

8.3.3 Display memory command - D

The D command is entered as D <lo address>,<hi address>

It displays memory beginning at <lo address> and ending at <hi address> to be displayed

on the console device.

8.3.4 Examine Register command · E

The register command, entered as E or E< register> is used to display and change the 80C88

registers.

8.3.5 GO command - G

The G command is entered as G <start address>,<breakpoint 1>,<breakpoint 2>

lt permits execution of a user program under monitor control. The first parameter <start
address> is the starting address of program execution. lf specified, program execution will
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begin at this address. lf not, execution will begin at present value of program counter. lf either

break point is specitied (<breakpoint 1>, <breakpoint 2>), execution will terminate when

this address is encountered and the monitor will echo the value of the program counter.

8.3.6 HELP command · H

The H command is executed by simply entering H. A summary of the monitor commands are

listed on console device.

8.3.7 INPUT command · I

The input command is entered as l<port> where <port> is the desired port. Initialization

required for the input port must be performed by the user prior to the command.

8.3.8 OUTPUT command - 0

The output command is of the form O <port>,<value> The command outputs to <port>

the Byte <value>. Appropriate initializations must be performed by the user prior to using

the command.
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8.3.9 READ command - R

The read command is executed by R <start address>

lt is used to read a file on the IBM PC into memory via the console serial input port. The read

command must be given in conjunction with a write üle command on the IBM terminal handler

program. The read command is executed first and then the write Iile command on terminal

handler.

8.3.10 SET memory command · S

The set memory command as shown. S <Io address> , <hi address> , <value>

lt is used to set memory from <lo address> to <hi address> with the constant <vaIue>

8.3.11 Transfer memory command · T

The transfer memory command is, T <lo address> , < hi address> , < new address>

lt is used to transfer the memory from <Io address> to <hi address> into a memory block

beginning at <new address>.
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B.3.12 WRITE command - W

The write command is executed by W <start address>,<# byte>

It is used to write <# bytes> from <lo address> to a üle on the IBM PC.The write command

is used in conjunction with the read file. The read command is executed first and then the

write.

B.4 Terminal Handler Program

A terminal handler program called TERM.EXE is supplied on a diskette to be used in con-

junction with C988 monitor for communicating with the IBM PC. This program converts the IBM

PC into a dumb terminal. It requires that serial port J4 of microcomputer board is connected

to COM1 port of the PC and must operate at 4800 baud. Apart from echoing the commands

on the screen it also provides two very important facilities for hle transfer to and from the PC

and the C988 board. These commands called READ FILE and WRITE FILE are used together W

with READ and WRITE commands of monitor. They are invoked by typing Control-E on the PC

keyboard. The program will then request the file name which will be used for reading or W

writing.

For reading a file from C988 into PC first type W with its parameters and then type control·E.

Enter 1 for read on PC and then enter file name in which it is to be written. Similar procedure

is used for downloading a file from the PC to target board which starts with a R command.

Please see MSI-C988 Monitor [26] for further details.
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B.5 MSI-C764 Memory Card

This card works on CMOS STD BUS standard and works with CMOS and NMOS processor
U

cards based on Z80, 8085, 8088, NSC800 and 8080A microprocessors [25]. It has a combination

of CMOS PROM/RAM with battery back up capability for RAM. There ls a provision for 64K

bytes of 2764 type PROM and RAM.

. The card will accommodate either 8K bytes of 2716/6116 PROM/RAM, 64K bytes of 27C64/5564

PROM/RAM, or 32K bytes of 27C32 PROM. NMOS types 2716, 2732 or 2764 can also be used.

The salient features are listed below.

• 65,536 Bytes 27C64/5564 PROM/RAM

• 32,768 Bytes 27C32 PROM

• 16,384 Bytes 2716/6116 PROM/RAM

• RAM Battery Back up (MSl·C764A)

• MEMEX Decoding for up to 128K Bytes in the System

• Universal Processor compatibility

• CMOS Components for Low power operation and improved noise immunity

• Industrial Temperature Operating Range

• Vcc= 5v zt:5 percent tolerance at 50 micro ampere typical with memory sockets empty.
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Appendix C. Overview of Software Development

The software development process for embedded microprocessor systems is different from

conventional software development methods. Both of these methods involve the cycles of edit,

compile/assemble, link, load and test programs but similarity ends there. The fundamental

difference between the conventional method and embedded microprocessor method is the

development environment.

In conventional method the computer itself provides a software development environment in

the sense that all the utilities like compilers, Iinkers etc. reside in the computer and the exe-

cutable module generated after link and load operation executes on the same computer. Since

most of such computers have an operating system providing a higher level of Interaction with

hardware the application programs use the services provided by it than manipulating the

hardware.

The scene is exactly the opposite in case of embedded microprocessor systems. Normally

they do not contain any operating system and provide primitive services like downloading etc.

via a monitor program. Since they do not provide utilities for editing, assembling or compiling,

linking etc. there is a need for another system which provides these. These systems are called
Microcomputer Development Systems. A detailed discussion of microcomputer development
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systems have been provided in [37]. The development computer is used for writing, translat-
ing and linking program modules while the target computer is used for testing these modules

[8]. The embedded microprocessor in the target computer executes the programs developed

on a different computer for it. lt may contain VRTX/OS that is VRTX alone or along with one

or both lOX and FMX.

The desirable features of a development computer are completely different. They normally

support a sophisticated operating system like MSDOS or lSlS along with a good text editor.
Cross·assemblers, cross-compilers and cross-linkers are other critical tools provided by de-

velopment computers. The cross·compiIers and cross-assemblers run on the development

machine but produce code which is executable on the target machine. The cross-linker com-

bines separately assembled program modules into one loadable and executable module.

Some linkers however would generate only relocatable code for example, Microsoft Linker.

The linked module has to be located to run at a physical address. This action can be per-

formed by a loader or a Iocater program.

In case the program modules are developed in a higher level language then a cross·compiler

will be used to compile these into object modules which in turn will be linked with each other

and with interface libraries to produce absolute code. The located output is transferred to

target computer’s RAM via a download link. The downloading operation can either be per-

formed by the emulator or by the monitor on the target machine. Figure 39 on page 152

shows a typical development computer with the software tools supported and its relationship

with target computer.
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Figure 39. Software Development Environment for Embedded Systems [8]
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C.1 Software Development Cycle

The soltware development for an embedded microprocessor system is a cyclical and incre-

mental process as shown in Figure 40 on page 154. The steps in a typical cycle are listed

below [8].

• Write program modules using the editor on the development computer.

• Compile and or assemble each module into object modules.

• Link the object modules together along with the language interface and run time libraries

as needed.

• Create an absolute module ready for loading and execution using the loader or Iocater

utility on the development computer.

• Download the absolute module into the target computer’s RAM.

• Execute this program on target computer and determine any errant behavior. Process

complete if everything is as expected.

• Modify the program and repeat from the beginning.
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C.2 Using IBM PC as Development Computer

lt was decided early on to use an IBM PC as a development computer to do entire software

development for porting of VRTX and as well as the application. IBM PC can easily be used

as a development station for generating executable code for target machine provided it con-

tains an 8088 or 8086 processor. In case the target system has another type of processor then

cross·assembler, cross·compiler and cross-linker tools would be required.

The IBM PC used for this project supports MSDOS version 3.1 operating system which pro-

vides a host of file management services. Also there is a choice of line and screen editors

available which can be used for creating and modifying program modules. Microsoft Macro

Assembler version 4.0 and Microsoft Linker 3.55 are available on this system and were used

for assembling and linking various program modules. The support for Microsoft C version 4.0

is also available.

The Microsoft Linker (LINK) generates a relocatable hle in the ".EXE" format of MSDOS and

it is the one which locates this linked module at a physical address to be executed inside PC’s

memory. This hle can not be used directly for execution on a target system. Another utility

called PCLOCATE version 2.1 from ALDIA Systems was used to convert this relocatable ".EXE"

hle into an absolute hle with physical addresses incorporated. PCLOCATE is a very helpful tool

in the sense that it not only generates an absolute hle for downloading onto a target board

but also generates hles with even and odd bytes in Intel hex format for burning the EPROMs

on standard PROM programmers.

However the hle of immediate concern in this case was of type ".TMP" generated by

PCLOCATE which can now be downloaded onto the target board using the onboard monitor.

This requires that the Iocate addresses must match the downloading addresses specihed
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while invoking the monitor command. This program has absolute addresses and hence can
be executed on the target system.

The development cycle is given below.

• Create or modify program modules using an editor like Wordstar or Dved.

• Use Microsoft’s Macro·assembler (MASM) to assemble various assembly languagel
source modules into object modules.

• Use Microsoft’s C compiler to compile various modules written in C

• Use Microsoft’s linker (LINK) with /map switch to link all of these object modules, lan-

guage reference libraries and run time libraries.

• Use ALDIA Systems' PCLOCATE to generate an absolute code module. Note that the start
addresses for various segments specified while using this utility must physically be

available. Apart from segment start addresses file start and stop addresses are also

specified.

• Connect COM1 port to target computer serial port (J4) and execute TERM.EXE program

on C·988 monitor diskette. Reset the target system to observe signon message confirming

proper connection.

• Use monitor’s Read (R) command with the address same as specified as start address

while locating. I

• Type Control-E and reply 2 to question indicating write operation.

• Type in the file name and extension with drive designator if not on same drive followed
by a carriage return.
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• A star ”"’ prompt indicates proper downloading else an error message ”ERROR” will ap-

pear. Repeat previous three steps in case of error.

• Execute this program using monitor’s Go (G) command. Note the start of execution ad-

dress does not necessarily have to be the start address specified previously.

• Observe the program behavior. Repeat the process from the beginning if program does

not perform intended function.

Please refer to Microsoft’s Macro Assembler Manual [22] and IBM PC DOS 3.1 Manual [16] for

any assembly error, link errors and COM port details. Details of ASM·86 assembly language

can be found in [13] and [14]. The information about PCLOCATE can be found in [28].
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Appendix D. Task Description

This section describes some of the various tasks that are required to implement the functions

of a vehicular data acquisition system. The discussion includes almost all of the critical tasks

and traces their design and functioning. Please note that this discussion attempts to describe

the functioning of a task not actual coding. Hence reader is advised against trying to find one

to one corresponds between the description here and the actual implementation. There are

certain situations where it was determined that the signalling mechanism has to be modified

to suit the purpose instead of using a standard system call. Though no explicit system calls

were added that effect was obtained by writing a routine that is not part of VRTX but performs

a similar function.
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D.1 Vehicle Time Management Tasks.

The tasks under this category are designed for management of basic timing requirements.

D.1.1 System Timer Task

This is one of the highest priority tasks in the system and its sole purpose is to keep VRTX

posted on expiry of each timer tick. Generally an external source or self loading timing device

like 8253 PIT is used to generate continuous ticks at a desired frequency. ln our case an 82C54

PIT provides 10 millisecond ticks. Each tick interrupts the processor and its service routine

issues a VRTX timer call UI_TlMER to inform it that a timer tick just expired. The purpose of

the system timer is to provide a free running clock to the application software which will use

it to time stamp various events.

D.1.2 Elapsed Time Task

This task maintains a count of time ticks since the last time logs were dumped or power on.

The purpose of this task is to determine the total amount of time that elapsed since the pre- i

vious dump. This information is used when the logs are dumped and another log will be

created containing this data.
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D.1.3 Elapsed Distance Task

This task maintains a count of odometer transitions since the last time logs were dumped or

power on. The purpose of this task is to determine the total distance that was covered since

the previous dump. This information is used when the logs are dumped and another log will

be created containing this data.

D.2 Power On Log Generation Task

This task is scheduled to run whenever system is powered up. The power on situation must

be detected by some means to activate this task. lf the system ls so designed that a power

on interrupt is generated then the service routine of that interrupt can activate this task. Else

this is to be executed explicitly as the very ürst task. The purpose of this task is to create a

power on log containing the time. This is achieved by making this task obtain the time infor-

mation and then calling the subroutine Iog_write which will actually store this log inside the

memory. After the log is stored this task is never going to run till next power on hence it can

be easily deleted.
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D.3 Vehicle Idle Control Tasks

The tasks under this group are meant for monitoring and recording various idling periods as

required by specilications.

D.3.1 One Minute Idle Task

The function of this task is to monitor the duration for which the vehicle is stationary and

generate sufticient data so that a log indicating this situation can be created. As is obvious

from the requirements of this task it needs both distance and time information to do the job.

ln order to determine whether or not the vehicle is stationary it can look at the odometer

transitions. The service routine of odometer Interrupt must post the arrival of transitions to a

mailbox which can then be tested by this task to gain information about vehicle movement.

This task has nothing to do as long as the vehicle Is in motion but as soon as it detects that

vehicle is not moving it will start monitoring the duration and will continue to do so till either

the duration exceeds one minute or the vehicle moves. Note the movement of the vehicle re-

sults in suspension of this task. ln case the vehicle moves within a minute no action is taken

and task gets suspended again. But ifduration exceeded one minute then the log writing tasks

at lower level need be informed about this situation which is accomplished by posting a

message to the task responsible for creating this log.
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0.3.2 Two or More Minute ldle Task

This task is similar to the one described above. Apart from monitoring the movement of the

vehicle it also monitors the entire duration ofthe halt. This is achieved by obtaining the VRTX ~

time in terms of clock ticks by using sc_gtime call. The tasks pends for two minutes at a
mailbox which is posted to by odometer interrupt handler. In case the vehicle was stationary

for a period exceeding two minutes this will pend again till the vehicle moves and odometer

handler gets a chance to post a message. At this point new value of VRTX time is obtained

to determine the entire duration of halt. This information is then passed to a task which is re-

sponsible for writing this type of log.

D.4 Overflow Control Tasks

The tasks in this category are designed to address the situations in which the value of a pa-

rameter being accumulated exceeds the storage allocated to it.

0.4.1 Distance Overflow Task

This task keeps monitoring the distance covered by the vehicle since the last log was gener-

ated. Since most logs must contain the information about the distance covered since last stop

and there is only one byte available in a log to hold this data it is necessary to make sure that

overflow is detected.
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This task monitors the odometer pulses via a mailbox posted to by the odometer interrupt

handler and maintains an internal distance counter. This counter is reset whenever a log is

written since the log writing tasks post a message to this task informing it to restart. ln case

the vehicle moves long enough that the distance counter can no longer hold the value a

message is posted to another task which generates a distance overflow log.

Please see Figure 41 on page 164 for sequence of events.

D.4.2 Time Overflow Task

This task is very similar to the one described right above. The difference between the two is

that this one keeps time instead of keeping distance. This time corresponds to duration for

which vehicle has been in motion. The time is maintained as the current value of real time in

minutes and seconds. lt requires two bytes in the log to hold the current value of time. ln

order to take care of overllow problem an hour overflow log is generated every hour.

Please-see Figure 42 on page 165.

D.5 Count Generation Tasks

The tasks in this category handle situations that may result in counts. They also interact with

sensors via an ISR.
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D.5.1 Break_on_Beam1

This task handles the situations involving breaks on beam 1. There are two copies of this task

one for each door and they differ from each other in the mailboxes they retrieve information

from. The sensor interrupt handler posts the beam break information to a mailbox on which

it pends. lf it was the beginning of a possible on count then an entry flag is set. This flag will

be tested when next break on beam 1 occurs. lfthe break occurred and entry flag was set then

it is not a valid situation since all beams are to be broken and made again before next break

is recognized.

The entry flag is reset by the make_on_beam1 task in case an on count was generated or a

make on beam 1 was detected before any other breaks were detected.

D.5.2 Make_on_Bea'm1

This task complements the task discussed above. lt monitors the make on beam1 condition.

lt is started only by all_beams_broken task alter it has detected a break on all four beams.

This task too gets the sensor information from the handler and posts to break_on_beam1 task

on detecting a make on beam 1. lt also posts to on count collection task the newly generated

count. Another copy of this task exists for rear door as well. i
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D.5.3 AIl_Beams_Broken

This task monitors all four beams for a situation where all four beams are found to be broken.

lt is activated by entry or exit processing tasks. There are four copies of this task in the sys-

tem, two each for front and rear doors and one each for entry and exit conditions at each door.

The only difference among these four copies is the task that activates it. ln case of a situation

when an on count is being processed at front door it will be break_on_beam1 task which will

activate the copy corresponding to entry at front door. Alter detecting breaks on all four

beams it will post a message to make_on_beam1 task so that it can start monitoring a possi-

ble make on that beam.

D.5.4 Break_on_Beam4

This is similar to break_on_beam1 task except that it processes the situations which can po-

tentially generate an off count. The logic is essentially the same, that is, if the first beam to

be broken was beam 4 and subsequently all beams were broken and beam 4 was made again

then a passenger just got out and an off count generated. It posts to its copy of .

aIl_beams_broken to monitor breaking of remaining beams and pends at a mailbox posted to

by make_on_beam4 informing it the completion of cycle.
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D.5.5 Make_on_Beam4

This task is similar to make_on_beam1 instead that it monitors a make condition on beam 4

after it is activated by alI_beams_broken task. lt will post to break_on_beam4 task after de-

tecting a make on beam 4. lt will also post to collecting task.

D.5.6 CoIlect_ln Task

This task is responsible for collecting the on counts generated by entry processes at a given

door. There are two copies of this task which collect on counts for front and rear doors re-

spectively. The counts are passed to them by make_on_beam1 tasks for front and rear doors.

This inturn posts these counts to a queue which is read by totalizing task. The collection is

allowed only if the corresponding door was detected to be open.

D.5.7 Collect_Out Task

This task is identical to previous one except that it collects off counts being generated at a

given door. Two copies of this task exist one each for front and rear doors. This also posts

to the same queue as collect_in task which is read by a totalizing task.
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D.5.8 TotaI_ln Task

This task accepts on counts from coIIect_in tasks corresponding to front and rear doors. The

only reason this task is provided here is to provide a buffer for collection tasks so that they

can concentrate on getting these counts from higher level tasks which have to run in con-

strained time frames. lt continues to totalize the counts as long as vehicle is stationary.

D.5.9 Total_0ut Task

lt is identical to total_in task except that it totalizes the off counts being generated for both

doors.

D.6 Log Generating Tasks

These tasks are responsible for generating necessary information which goes with a particular

type of log after being signalled by appropriate task which handles that situation. For example

passenger log task is activated by totalizing task whenever there are some counts to be stored

after vehicle moves from a stop. These tasks are described below. l
l
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0.6.1 Passenger Log Task

The totalizing tasks have the total values of on and off counts since the vehicle stopped. Once

the vehicle moves this information is passed to passenger_log task which is responsible for

generating appropriate log complete with incremental distance and time values. The

Iog_writer function then can be called upon to store it.

I 0.6.2 One Minute Idle Log Task

This task is activated by one_minute_idle task whenever it determines that the vehicle has

been stationary for a minute. lt generates the incremental time and distance information and

writes the log.

0.6.3 Two Minute Idle Log Task

This task is activated by two_minute_idle task whenever it determines that the vehicle has p
been stationary for more than two minutes. lt generates the incremental time and distance

information and writes the log.
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D.6.4 Distance Overflow Log Task

This task is activated by distance overflow task whenever the distance accumulated by it ex-

ceeds the value that can be held in a byte. lt generates the incremental time information and

writes the log.

D.6.5 Hour Overflow Log Task

This task ls activated by hour overflow task whenever the ticks accumulated by it exceeds the

value equivalent to one hour. It generates the incremental distance information and writes the

log.

D.7 Operator Interaction Tasks

The tasks organized under this category are designed to address to various requests that can

be made by operator. These could pertain to dumping, displaying or resetting the logs. Most

of these tasks are low prlority tasks and are given control only when sensor related tasks are

dormant.
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D.7.1 Get Command Task

This task depends on USART interrupt handler for its activation. The interrupt handler of

USART posts the character received from the operator console to this task. This task pends

at a mailbox in which character is passed to it. lt examines the character to be one ofthe valid

commands and an error is signalled if not. Otherwise this task will activate a lower level task

to handle the request by posting appropriate message to the mailboxes at which they pend.

D.7.2 Display Log Task

This task allows the displaying of logs on a terminal in response to a request from the oper-

ator. lt pends on a mailbox which ls posted to by get_command task whenever lt detects dis-

play command character. This task responds by sending out the logs in 25 byte blocks (5 logs)

to the I/O buffer and transmit interrupt handler does the rest.

D.7.3 Dump Log Task l

lt is similar to the above task except that it keeps sending the logs over the serial channel till

all logs have been transmitted. The end of log data is marked by generation of a special set

of logs giving the elapsed time, elapsed distance and vehicle identification.
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D.7.4 Reset Log Task

This log resets the entire log data memory and initializes it to zeros but only after all logs have

been dumped along with total elapsed time and elapsed distance logs.

D.7.5 Diagnostics Task

This task provides an inside look at system parameters of interest to the operator. The data

provided includes beam status for both doors, door status and current incremental count val-

ues. This task will activate tasks at lower level to transmit the information about these pa-

rameters. Note that this information is primarily supplied by interrupt handlers or obtained by

reading the I/O ports.

D.7.6 Elapsed Time Log Task

This task generates and writes a log that contains the information regarding total time elapsed

since last dump or power on. This information is obtained from the eIapsed_time task that

maintains it. lt can be activated by diagnostics task or dump logs task.
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D.7.7 Elapsed Distance Log Task

This task generates and writes a log that contains the information regarding total distance

elapsed since last dump or power on. This information is obtained from the elapsed_distance
task that maintains it. It can be activated by diagnostics task or dump logs task.

D.7.8 Vehicle ID Log Task

This task generates a log containing information about vehicle identification which is obtained

by reading a port. This is activated by diagnostics or dump log tasks.

D.8 Miscellaneous Tasks «

Apart from the well deüned tasks discussed above some more tasks are required to achieve

the desired results. These are as important as any other from system point of view. These are

discussed below.

D.8.1 External Input Handling

This task monitors the external input or signpost input as it is hormally referred to. This is a

high priority task and remains suspended for most of the time, coming into action only after
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a signpost has been detected. In the present system the signpost signal is derived from the
switch used to change the signboard. Upon receivlng this signal it will generate a log which
will later be used by analysis software to identify beginning of new route.

D.8.2 System Fault Task

This task is a high priority task and monitors the health of the hardware. Most of the calls in

the system are time based, that is most of the time requesting tasks have to get the service
or resource within a time frame and non availability of such resource may be because of

malfunction. lt can be invoked by some kind of diagnostic task which will supply the informa-

tion about fault. Presently only conditions monitored are memory test and time outs gener-

ated by tasks.

D.9 Log Structure

A new log structure was devised to incorporate absolute values of time in the logs. This re-

moves the need for incremental time maintenance and time overllow monitoring. lt also sim-

plifies the design of off line analysis software. This structure has been given in Table 2 on

page 176.
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Table 2. Log structure ol the new system.

Log type byte

1 2 3 4 5P¤w¤·*¤¤One
minute idle 2 mm ss dd 00

End of Two minute idle 3 mm ss dd 00

Dump elapsed distance 5 dd dd dd dd
Passenger On 6 mm ss dd On
Passenger Off 7 mm ss dd Off
External input 8 mm ss dd 00
Distance overllow 9 mm ss 00 00
Hour overliow 10 00 00 dd 00
Day change 11 00 00 dd 00
Distance overrun 12 mm ss dd 00
System fault 13 xx xx xx xx

mm Absolute value of minutes
ss Absolute value of seconds
hh Absolute value of hours
dd Incremental distance since last log
xx Function/device identitication
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Appendix E. Sensors

Sensors play a very important role in any real time system since they provide all the infor-

mation about the external events to the processor and carry its outputs to outside world. lt

will not be wrong to say that sensors are the ears and eyes of a real time computer system.

The sensors or transducers are devices that convert one form of energy into another form.

These transducers may draw upon many of the properties of materials or characteristics of

physical phenomena to achieve this transformation. For example the quartz crystal which

converts the pressure into electric charge due to piezo·electric effect.

The examples of sensors abound in day to day life as well as in industry. Virtually any kind

of real world interfacing would mandate some kind of transducer. However the discussion in

this section is confined to just one type of transducers which can convert light intoelectricity.The

principle of operation of these sensors is fairly straight forward. Whenever light of sufti-

cient intensity is incident on these they produce an electric current. ln order to make suc-

cessful use of such devices it is desirable to control both the source and the intensity of light.

It is done by designing an optical source and a matching detector. The source normally pro-

vides a narrow beam of infrared light which can hit through the aperture of the detector to

trigger it.
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These sensors are used in pairs of transmitters and receiver. The source when powered up

generates the infrared beam which triggers the detector when properly allgned. Now if the

beam is broken by an object in its path the detector will not receive the beam and will con-

sequently switch off. Thus presence or absence of the current at the detector gives a sure in-

dicatlon if there is an object between the transmitter and receiver. These kinds of sensors are

used frequently for counting and position detection applications.

The system designed here also uses similar sensors that is transmitter and receiver pairs for
counting passengers boarding and alighting the vehicle. Each doorwell is equipped with four

such pairs providing four beams. The problem with this kind of arrangement is that ambient

light can cause false detection and detection sensitlvity varies signilicantly with the separation

between the transmitter and receiver. The sensors used in this application are the same as

used with Red Pine System. A detailed study and analysis of those sensors was undertaken

in order to understand the sensor behavior and their impact on overall system performance.

E.1 Fiber Optic Sensors

The recent advances in Fiber Optic Sensing Systems (FOSS) technology has made it feasible

to consider liber optic sensors for use in such applications. The type of sensors most suitable

for this kind of applications are distributed liber optic sensor and microbend sensors [18]. The

libers may be embedded on the stairs of door well in a well deüned pattern to detect the

pressure exerted on them by moving passengers. lt may also be possible to somehow com-

bine these optical signals to produce directional information as well. This is a growing lield

and there are plenty of possibilities.
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Appendix F. lnput Output interfacing

ln order to provide the actual field information to the processor it is necessary that all input

points are interfaced with the processor in some fashion. It is recommended that all signals

coming from the üeld pass through a signal conditioning stage before getting inside the

processor environment. The main purpose of signal conditioning is to filter out the noise and

perform level translation if needed.

ln the case of present application there are eight pairs of sensors, one signpost input, one

distance transducer input and two door status signals. The signals coming from the door are

of on/off type and present a level. lf these signals are coming from a relay contact then there

has to be a time delay circuit at the front to debounce the contact and filter switching noise.

lf the relay contacts do not give 5 volt signal then a level translator may be required. Offen

optoisolators are used for level translation which also provide input and output isolation pro- ,

tecting the processor from damage by spikes on input lines. The signpost signal which is a

pulse signal is interfaced in a similar fashion.

The block diagram shown in Figure 43 on page 180 shows the interfacing technique used to

connect field signals to the processor.
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The sensor used in this type of system produces 4000 pulses for every eight feet. These pulses

are normally distorted and noisy hence a filtering stage is required. A filter followed by an

optoisolator provides an isolated and comparatively noise free pulse but it Ioses its amplitude

and the driving capacity. The output of optoisolator can be used to drive a schmitt trigger cir-

cuit which will regenerate a noise free pulse with the amplitude of 5 volts which can then be

safely fed to microcomputer input circuits.

A detailed discussion about the sensors have been provided in Appendix-E. The number of

lines coming into processor circuits are dependent on the detection scheme used. The de-

tector circuit can provide one of the following possibilities.

1. One line output which is pulsed whenever a sensor pair is affected. This means that

whenever one or more beams are made or broken an interrupt is generated.

2. Eight output lines corresponding to each pair. The lines corresponding to one or more

pairs are pulsed whenever their respective beams are broken or made.

3. Sixteen output lines, two lines per pair. One line corresponds to beam make interrupt and

another to beam break interrupt.

The cpu has to read the status of beams through a port to determine as to which sensor pair

or pairs were responsible for interrupt in the first case. In second case the cpu has to decide

as to what type (make or break) of interrupt occurred since it already knows which pair caused

it. In third case it knows exactly what happened by the interrupt. The first approach is highly

software intensive and though cheap may result in poor response time. The third approach is

highly hardware intensive and hence more expensive as well as less reliable. The second

approach offers a good mix of hardware and software. An 82C59A PIC may be used to gate

all this interrupts so that cpu can branch to corresponding service routines.
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The block dlagram shown in Figure 44 on page 182 shows the interfacing techniqueused in

the present case. ln our case however the first approach was used in order to save on the

extra board required which would increase the power and space requirements. Moreover

only first approach lends itself easily to simulation which was a top priority since the system

is to be tested for Iogical correctness first.

These circuits were actually built and tested using toggle and momentary switches. They were

also incorporated on the simulation board which was interfaced with the microcomputer to
I

test part of the application program.

Figure 45 on page 184 shows the block dlagram of the simulation board set up for testing the

software. Each sensor pair was simulated by means of a toggle switch and interrupts were

generated via a momentary switch. Toggle switches were also used to simulate door control

and signpost signals.
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Appendix G. Board Support Package Listings

This section includes the source code for the board support package developed for MSI-C988

microcomputer board as well as the source code for the test programs developed to test this
l

software. Notice that the test program included here actually implements some of the func-

tions incorporated in proposed multitasking vehicular data acquisition system design. Please

contact Dr. Charles E. Nunnally, Professor in Electrical Engineering Department at Virginia

Tech, for the source code of individual tasks and the entire application software developed for

this application.

The first module contains the initialization procedures and interrupt service routines for all the

devices on MSI-C988 board. The second module is provided as an application example. It

consists of tasks to exercise most of the board support software. Users can develop their own

application or test software along the same lines. The listings provide the details of its func-

tioning.
u
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C Bmw MwX16:¤~IRDC7 Bmw MH3X“E'7:¤^CRD
S Bmw MH>X;E8:¤«¤'¢D

4 giläailbarestcrepoxtmldagofbemxs
~ C Bmw MH>XE9:lJ~IZR1Z>C Bmw MH°JX'E10:¤¤?DC Bmw MH3X'E11:I1HZRD

S Bmw MmX'E12:¤·¤?D
E 7 Bmw l•4EX'E14:U1¤%D
E Bmw MHJX;EII.6:¤¤2D

A
•Al1VRIX callshavebeaxeqmated

;VRIXheaderfile(S<IS 1.5)
=0020 SVRIX EQJ 20Ii;VK¤{intar::·uptumbex

g ;VR1D<task—1esrelfL1rr:tia1c¤ä
=0000 C SC'I¤?EAIE E¤J0000I-I:cx'eat«eatask=0001 C SC"IIE1’.E.‘IE %0O01H;taskde1ete

=O006 CSC'GBLOCK=0007C SC'RBL¤CK ä.}0007I-Mreleasexraxuzybloclc
=0008 C SCTGT 00081-Iipostauessage
=00O9 C SC'PEND äj¥0O09H;pa'df¤:'au·6sage
=O00A C SC'GI'1ME 000AH;gett:;.ue=0O0B C SC'SIIME ä}¥000B-Ißsattune
=00OC C SCTHIILAY ooociztaskdelay=000D C SC'E!IC äowüisgatdmzactex
=000E C SC'PUIC OOOH-I;p.I§d1a1:act:ar_=O00F C SC_‘WAI'IC EL‘LI000FH;wa1tf¤rspec1.ald1a:a
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=¤00l5 C
C sciä E¤J0020H;disab1etas1<:xa=sc:11ed111

=0021 C SICÜIJNILOCK E¤J0021H;erabletasl<rad1ad11li
=0022 CI¥;PCREA'IE=0023

CäC_PEXIEND2

88888=0027CSC'QFEND¤OO28

C:88%g;VRIXi11l:a11:upt-lavalftxxzticacaias
=0011
C=0012CUITIMER=0013

C E¤iJ0013H;p¤stx·e¤eivadci‘1arfr¤u
=0014
C=0016g

-0030 C VRIXINIT 1·x;U0030H;i:1itia15.ze_VR1¤<_
=0031 gV.lZD{:_® Emo0311-Isstarcmaltltaslcxug

S :$sl:6m-v15.dee1z¤:·c¤des
=0000 gRE!I‘_¤K EQIOOOOI-Issmaccäfnslretxxux

g:VRIXex·z·¤rc¤des
:888%8%%2%:%2%

8%
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= 000C C ER QID Em 000CI-I ; cpane ID ermr= 000D C ä 0001ZH ; qaeue full= 000E C 000H-I ; gramm ILD errang=000F CERQDQI HJJOOOEH: tal1ru.t1.aJ.1.zamme;:x¤
= 0010 C ER NCP 0010I-I : maracber=0020=0021

CHJCIZM=0022
CER"OR'J _£JÜO22I'I}\.lI'$f1I§fC1I'XI§>
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@
0000 EP ®EE SEH/IENI' PARA PUBLIC 'EP CDIE' ’“ AS&ME CS:$P__<DII:,1B:$P:_¤DIE

•
*ä IRB®lZEH

VRIX assrrres that to *7* TIE rcesrdes at_0 00 (mt 128) *7* Brt 111 cm: Hu/I lt has been *7: d1argadto0l84I-I fCIL'lS€W1‘l'hX :

· I.oc¤t4.'<:rs for: ffset ard segment
7 of po1rrte1:s t¤°c¤1f1g¤rati¤1 table.

= 0184 GIRL PIR OFF ä KID FIR 0184H
= 0186 G'IBl'.@;SEI§ VCH) PIR 0186H

° Séüip VRIX GTCLY im: Offsét .
7 Physlcal addxäs VHIXHut==

0000 VIP ä OOOOCH= QAOO VIS OOAOOI-I
· lirrtezrupt vector: INI' 32 of78086/88 Vector 'I‘able drosar as
7 mterzupt to VRIX systau calls

= 0020 VRIX ä WIRD PIR 020H= 0080 INI‘32_VCI' VIRD PIR 080H
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@
7 Initializaticn pmcss starts hexe

0000 DGT 'HOC HSR

7 Sat I3 to pcirrb
ä

IVT _ _’ Ioai 111 11TC$I table
7 Jurrp to BEIM mit1a1.1ze any point

0000 B8 0000 HZIRY: MSV AX, 0
0003 8E IB MN IB, AX
0005 C7060l86nE IVDV IB:CF'IBLPIRSEE,SEG'IBL
000BC7060l840000E MN $:CE‘IBL:PIR;OFF,0F1‘SEI"IBL«

· Load vector 32 2E fo: call ( OH)
0011 E 0000 PDV AX, VIP
0014 A3 0080 MSV IB:DG32 VCT, AX
0017 E 0A00 MIN AX, VG '
001A A3 0082 MSV lB:DG32_VCT+2, AX

7 Issue VRIX_D·1II' oa1.1. to VKIX
001D B8 0030 MN AX VRIX INI'I'0020 oo 20 mr vxdx ·
0022 3D 0000 CMP AX RETCK0025 74 02 Jz 1=_hm1··

8 7 Nm zero xeuma code =·> error
0027 EBU7 ERKR: JMP HIRY

7
HST0029EB0051R PDGT:GIL IBATGDGT
002C E8 013D R ‘ ” GTL PIC INTT
002F EB 014E R GTL PTT"INTT
0032 E8 0228 R GT.L £~T'DGT
0035 EB 00C7 R GTL LBARI2
0038 EB 0258 R GTL RIC
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Pa?
;Cmatefi1;st:task(PAREI¢TH?¢3<ISS)
;M.1stbeh.1.ghastpr1.or1typmooess
;id=O p1:‘i=O

OO3B EGOOOE MN BX,OFESE!I‘MA1N
GO3E E——E MOV AX,SEI;MAIN
0041 8EG) MJV ES,Ax _
0043 B1OO MW @,0 ;1c1_=O
0045 EGO MJV Gi, G ;pI:‘1=0 .
0047 EGOOO MJV AX SCHIZEXIE004A @20 mrvsdx004C

BBOG31 MN AX VR1ZX_C-IJ00416* @20 mr vsdx

INIT ENEP
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Page 1-8

• er

;**mv************************************=¤ 0001 [IR äg 0].H= 0003 H?SR 03H
: 0002 MR ä ä= 0024 INI09'VCI' % WIRD PIR 024H
== 0028 INI‘10;VCI' VQD PIR 028H

2 Mmitor left iutact
2 mmol word fon: Usa:-t mmol Register 03CH
2 => 8 bits/character, no panty, 1 stop b1t

· m11:1:ol woucd f md mte Regrxh OH-!2 =:> Baud rate 48%-0
2CII'11II¤1_\«DId fcrltdau mmol 023H
2=>Reoe1ve1:•Er·xabled, DIR=IBR$
2 IBAIE ard MDIIM 1r1te1:'¤.1pts chsabled

0051 !BARI‘__IN1'I‘ NEAR
0051 BA 0001 MN DX, IIR
0054 E 3C MJV AL, 03CH
0056 EE GII' DX, AL
0057 BA 0003 MJV UX, ä
005A H) OE MJV AL, OH-!
005C EE CUP UX, AL
005D BA 0002 DUV DX, MZR
0060 E 23 DUV AL, 023H
0062 EE CIJT DX, AL
0063 BA 0000 MJV UX, 0
0066 EC IN AL, DX 2 Dmuy read

2 SET VEIZIQE _ _ _
2 Em: zeoerve ard trarasmt SäV1@ I¤I!ZJ.I'§

0067 B8 0080 R MN AX, OFESET CIO RX
006A A3 0024 MW $2INI09 VCI' AX
006D B8 —·· R MN AX, SEB CIO tx
0070 A3 0026 MN EHNIO9 VCI'+2, AX
0073 B8 009E R MSV AX, OFESET CIO 'IX
0076 A3 0028 IVUV [B:INI‘1O VCT AX
0079 E ·-·· R IVUV AX, SE CIO Ü
007C A3 002A MIN IB:1NI‘10_VCI‘1-2, AX
007F G REI'
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Mimesofu (R) Mam¤Assa:b1er· Version 4.00 7/7/87 13:40:53
Page 1-9

IBAM__INII‘ ENIP

•
*7 IEM Qaaracuer Receive IrxumrupuHaadler0080

CIO_RX HDC FAR

7 errusr sysuau mda
0080 50 PUSH AX 7 Save AX
0081 B8 0016 MN AX UI ENIER 7 lll enuar
0084 Q 20 IN1‘ VMX " 7 @31 VMX

• save regisuazs used
7 ät maracuet fruu {ERT ard pass to VRIX
7 räume reg1suers

0086 51 PUSH CX 7 save cx
0087 E5 00 IN AX, 0 7 mpuu cha: to ax
0089 24 7F AND AL, 07H-I
008B 8A EB MN CH, AL 7 VRIX evgpects character'

7 1;: regzsuer C1-I
008D E 0013 MJV AX UI RXI1-IR 7 lll rxzzhr
0090 Q 20 INT VRIX ‘ 7 caI1 VRIX
0092 59 PQP CX 7 räume cx

7 sad EDI to 82C59A PIC _
0093 B) 20 MJV AL,02OH
0095 BA0040 MN DX,04ü-I
0098 EE IIJT ¤X,AL

7 exit sysuau
made0099B8 0011 MN AX UI EXET · ui exit
009C Q 20 INI' VRIX call VRIX

7 VRIX räumes AX
CIO_RX ENIP
•

*
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Page 1-10

009E CIO_‘IX PRI: FAR
2a1te:.*syst:au1r¤c1e

009E 50 HH-I AX •sava1:ag1sta:·s'0091* 51 um cx '
OQAO $0016 mv AX UIENIER00As @20 mr vsdx —

21:aq.1estne.xtd1a:acta:·f¤rpx*i:1t5:1g
006 $0014 mv AX UI'I¤tRw ’
00As @20 mr mix *

2§t1fd1a:actarrab.ur1ad
2 tJ.fID(AXl‘¤C@B].O)

OOAA 300000 (MP AX REII‘Q(00A¤ vsos cmz 1xi· —
2Cal1drivextot1ar¤¤5.td1a:actar

00AF 9AOO@——R QAIL 1=ARPIR‘DtR¤Y
2e>citsyst:anmde
2SmD$I'10PIC

0084 $20 EXI': mv AL, 02Ci-I
0086 BAOO4O mv 0x, 04CH
00B9 EE CIJT ¤x,AL
OOBA 59 POP Qt 7I§t¤I'€Q(OOBB $0011 mv AX UIE>¤E1‘00BE @20 INI' vxztx ' 7VHD{I€St¤I§

CIO_'I9t ENIP

2* , *

PUBLIC 'IXRU1
00@ 'IXRDY PRJC EAR
00@ ä6 % 1&„,gH ;Getd·1axactar:
006 EE CUT 0>t,AL 2o.1t:;1.rht¤usa1*t
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Microsoft (R) Macro Assarbler: Vexsicn 4.00 7/7/87 13:40:53
Page l—ll

· data pcztooc6 cs mr '
2 Iutuzn to aller, IQ or VRIX
'IXRDY ENT

•
*2 8252 USARI‘#2 Pmaduxe :

0021 UCR2 KU 2lH
= 0023 HERZ 23H
= 0022 MZR2 22I-I
= 0020 UDNIA2 20H
= 0038 INT14 VCT VIII) FIR 038H
= 003C FIR) PIR 03G-I

2 IBARI‘#2 is exactly in the sam
2 way w1th the same paxamsters as LBARI‘#1

OHY7 {BAIH2 NEAR
00C'7 BA 0021 MSV M, T.¤?2
OOCE E 3C MN AL, 03CH
00HZ EE HIT M, AL
OOGD BA 0023 MJV M, HBH
00% E 0E MN AL, 0H-I
OOM EE HIT M, AL
OOD3 BA 0022 MN M, Klü
00% E 23 MN AL, 023H
00% EE HIT M, AL
0009 BA 0000 MJV DX, 0 2 D.mmy Read
00% EC IN AL, M

2 SEIT VEIIII16
00% B8 00F6 R MJV AX, OFFSET CDI
00E0 A3 0038 MSN %:INI'l4 VCT, AX
00EB B8 —— R MSV AX, SEG CIN
00E6 A3 003A MN %:1NI‘14 VCT-!-2 AX
00E9 B8 0].14 R MN AX, OFFSET c¤Ji‘
OOEII A3 003C MN %:INI‘15 VCT, AX
00EF B8 —— R MN AX, SEG MIT
OOF2 A3 003E MSV lB:INT].5_VCI‘+2, AX
00F5 C3 RET

IBAH2 ENT
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Microsoft (R) MöC1COASSEtb1€I' Versicn 4.00 7/7/87 13:40:53
Page 1-12

• sk
ä LBARI2 Character &¤eive Interrupt Hardler :

00F6 h CEN FAR

2 axter systan nude
00F6 50 HH-! AXOOF7 B8 0016 NDV AX UI ENIER00121 co 20 1111 vxzbc —

· save 1:eg1ste:s° med
2 get character Emu IBARP ard pass to VRIX
2 restore reg1sters

00FC 51 HH·I CX
00FD E5 00 IN AX, 0
00FF 24 7F AND AL, 07EH
0101 8A EB ‘ MIN CH, AL0103 B8 0013 MN AX UI EUR0106 co 20 mr vatx ·
0108 59 EP CX

2 sad EDI t¤ 82C59A PIC
0109 E 20 MJV AL,02G·I
010B BA 0040 MN UX,04CH
010E EE (IJI‘ DX,AL

2 exit systan nude ‘

010F E 0011 PIN AX UI_E}C['I'0112 co 20 mr vxzbc
CIN ENT

IBARI'2 Charwter 'Iraxsnit ISR :

0114 I UJT E PAR
; arter systau nude

0114 50 HJSH AX
0115 51 HBH CX

Board Support Package Listings 197



Miczmsoftz (R) Macro Assaxbler Versicn 4.00 7/7/87 13:40:53
Page l-1.3

81118 ä 8816 1116516 €“>’é111“1—1”161‘
7 zecpest next character for printirg

011B m 0014 MN AX UI ‘DtRDY0112 cu 20 mr vw: ‘·
7 Test uf character IE‘U.IIT§7E>¤.’c1.fn¤cha1acter(AXr1¤teqm1a10)

0120 3D 0000 CMP AX REI OK0122 vs os mz EXIÜ2 ·
6

7 all driver to txarsmit daaracber
0125 9A0l36 ——R CALL EARP1R'I§t_RDY

7 exit systau made
7 SEND ml 'IO PIC

012A B0 20 EX12: MN AL, 020H012C BA 0040 MJV Dt, 040I-I012F EE CIJI‘ Dt, AL

8B8 88 11011 1% 13% UI EXIT01.34 00 20 mr vw: —
CIIJI ENIZP

USAR12 ·¤:__ROY mim :
PUBLIC 'I§t_RDY

0136 'I9t_RDY Imc PAR

8ää ä 818811 % 8111; 831111 ’ 666 666666661
01.3B EE <1I1‘ Dt, AL äaäégxpétte usart
GBC C6 7 Ret11r1·1REI¤‘ aller, ISR cr VRIX

‘IX_RD! ENIIP 1
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Microsoft (R) Macro Assarbler Versicm 4.00 7/7/87 13:40:53
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} .
*7 8269 PIC Initializatim P1:ooedure : .

7 Sam Jlrritializaticn as in mmitor 6¢¤q¤t both
· reoeive ard trarsmit interzrgts are aabled
7 right here irstead by callirr raztines.
7 lbirg 8259_irri.tia1:I.zati¤·x to enable both7 tx ard rx 1rrterrupts

= 0040 IQ71 04Q-1= 0041 IG72 0411-I= 0041 IO73 0411-1= 0041 1074 0411-1= 0041 OC/71 04111= 0040 äg 0401-I= 0040 @73 0401-I
013D PIC_INII HDC NEAR

7 PIC 82597 'II1?ered mgle7 06 Ollüvlr ’
0130 B) 17 IVDV AL 017H 7 0001 01.110161* E6 40 0u1· IÖ71,AL

7 DJI type 8 (starts at 02G-I)
0141 H) 08 IW AL 0&1 7 DJI TYPE 8
0143 E6 41 GII ICIQ, AL

• IG74 => S1=!—M=0mffered7
Normal Erd-of-hterzrgt (EDI), 8086/88 made

0145 B') 0D IVW AL 011-I
0147 E6 41 GII IG‘J2, AL

7 hterrngt Mask 1.1100000 Erables IR0 thru IRA’57
2'ard Seirsor: d1sab1ed or:

7 the 'IESI which ‘ChJ.S
7 Board ard does not rse than.

0149 B0 E0 MN AL OEG!01416 E6 41 wr Ida, A1.
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Micmsoft (R) man Assarblax- Va:-sicn 4.00 7/7/87 13:40:53
Paga 1-15

014D C3 REI'
2 to init rcutiraa
PIC_INIT EMP

;* *'ITMER -8264 1*:
0063 PITVIREIZJ 063H 2 CIZNIRDLREIS= 0060 CIR'0 % 060H 2 GIJNIER 0

= 0061 CIR"1 061H 2 CIIJNIER 1
= 0062 C1R;2 HI] 062-1 2 (IIJNIER 3
= 0020 1NI‘8 VCT ä NRO PIR 02CH
= 002C INI'1I_VCI' WIRD PH? 02CH
014E PH‘_INI'I‘ HIXZ NEAR

2 Oanrtza 0 is prog:-amrad faz- 10 mac irrt-aval
2 tina to ba usad as Clod-: fcr VRIX
2 O::r¤:¤1 wczd 0341-I bmaxyccmtug, lsb/mb
2 G1 @88 bcaxd ccrract fO1lGJ1IQ• °v.mpars
2 pin 20 tcpin 22 (Falk) J
2p.m19 Out-0 topma 8259 IRO)
2 Cbxmtasrs 1 ard 2 ara prcgxarmad fcn:
2 divida by N in mda 2 to ccn-xt2 Odmatar pqlsm fad ffm cutsnda.

014E BA 0063 MJV D1, PI'I' T/IR
01.51 E 34 MN AL, 034H
0153 EE CIJT DX, AL

° 101tSt¤100Hz. RZLK=2.5M!·Iz
210(I-Iz=2. /25000:25000D=061A8I-I

0154 BA 0060 MIN EX, CIR 0
0157 EAS MN AL, QABH
0159 EE (UT UX, AL
015A H) 61 MIN AL, 061H
015C EE CUP DX, AL

;sati.r:I:a1:1·m1ptvact¤:* (irrt 8) fcrclcck
015D E 0194 R PUV AX, OFESET CLCXIK
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Microsoft (R) Macro Assaxblex Version 4.00 7/7/87 13:40:53
Page 1-16

0160 A3 0020 MIN lZB:INI8 VCT AX0163 B8 —— R MOV AX, SEITCLOÖK0166 A3 0022 MN IB:INT8_VCT+2, AX

2 b_ lsbSdiv1debys6o¤=oi2¤—1 ’
0169 BA 0063 MJV DX, PTT WR016C H) 74 MSV AL, 074H
016E EE CIJT DX, AL016F BA 0061 MJV HX, CIR 1
0172 E 2C MJV AL, O23
0174 EE (UT DX, AL
0175 H) 01 MJV AL, 01H0177 EE (ITT DX, AL

qxmmtmrz riläez b' lsb/usb° . J-TBIYE d1v1da by 1' (cmpbéamyy ’
y

0178 BA 0063 IVUV DX, PIT MIR
017B ä B4 MIN AL, 0B4H
017D EE CIJT DX, AL
017E BA 0062 MN DX, CIR 2
0181 B0 01 IVUV AL, 1 ‘
0183 EE QIT DX, AL
0184 E 00 KN AL, 0
0186 EE QIT DX, AL V

7 Set i1·rta¤·upt: vector: (INT 11)for0187
B8 01AA R IUV AX, OFFSET OIIMEIER

01.8A PB 002C MN $:INT1.1 VCI‘ AX
018D B8 —— R MN AX, SEG UIIMEIER
01.90 A3 002E MSV $:INT11_VCI'+2, AX
0193 G RET

PI'T_INI’T Bü
•*

*7: 8254 CIIJNIER INT HANDLER :;~k·I:·k*·lr~!r*·k

0194 CLGZK HDC PAR
7 enter systau mda

0194 50 HBH AX
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Micrcsoft (R) Macznßsaxblar Versicn 4.00 7/7/87 1.3:40:53
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0195 $0016 MN AX UIFNIER01.98 @20 mr vw: ··
;a¤r¤m¤ear¤t11articl:t¤\lRI§{

019A $0012 MN AX 0121-I0190 @20 mr vw:
;Sa‘x'1EDIt08259 (

019F BA0040 MJV IX, 04CH
01A2 $20 MJV AL, 020H
01A4 EE (ITT IX, AL

ieudtsystanmde
01A5 $0011 IDV AX UIEXI'I‘ ;UIEXI'I‘01116 @20 1:m· vw: · ·

CLCIK HH

gt *

mb' div1de Ncounteruude.
:11mof 2C59A PIC.

01AA GIMFIIER PK! _ FAR
01AA 50 HE! AX01AB $0016 MJV AX UIFNIER01AE @20 mr vw: ·

;R:st:N:;nze:¤u¤assagest¤aJJ. fiveuailbcxasßtoirmamtepadügtaslsofodzratarpuse
01$ $0000E MIN BX, OFFSETMHJXG)1
01B3 $——E MIN AX, SEGMHDXOUI
01.B6 8E6 MJV FS, AX "
01$ $0001 MN CX, 101$ 2B$ SUB DX, IX01$ $0008 MN AX SCRBT01@ @20 mr vw: ·
O1C2 $0000E MN E{, OF‘FSE¥I'MH7XOI2
016 $——E MJV AX, SE¤MH‘.’D<_O¤Z
01C8 8ECD MN ES, AX
01CA $ 0001 MN CX, 1
01CD 2B$ SUB UX, DX
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Microsoft (R) Nhcro Assaxbler Version 4.00 7/7/87 1.3:40:53
Q 1-18

01CF B8 0008 MN AX SC RST0102 co 20 mr mix —

01D4 E 0000 E MJV M, OFFSET MHJX OD3
01137 Q i E MJV AX, SEG MHZIX OU3'
01% 8E Q MIN ES, AX "
01112 E 0001 MIN CX, 1
01IF 2B Q SUB M, M
0lE1 B8 0008 IVUV AX Q RST0124 co 20 mr mix —

01E6 E 0000 E MSV M, OFFSET MH)X 004
01EB B8 —— E IVUV AX, SEE MEX ODE
01EC 8E Q MJV ES, AX '
01EE E 0001 MIN CX, 1
01Fl 2B I2 STB M, M
01F3 Q 0008 MN AX Q RST01F6 00 20 mr mix ·
0lF8 BB 0000 E MJV M, OFFSET MHIX 015
01FB B8 -— E IVDV AX, SEB MHBX CQ
01.FE 8E Q MSV ES, AX '
0200 E 0001 MSV CX, 1
0203 2B D2 SJB M, M
0205 B8 0008 MN AX Q RST0208 co 20 mr mb: ·

; gzdate the net count of trarsiticrs reoorded: ariable DISI‘ holds aocmulated count.
020A BB 0000 E MJV M, OFESET DISI‘
020D B8 — E DDV AX, SEE ¤1'SI‘
0210 8E Q MJV ES AX
0212 26: FF 07 DC VUQD PIR ES:[E{]
0215 75 06 JNZ QJTT
0217 83 Q 02 ACD M 2
021A 26: PF 07 INC Ulla) PIR ES:[E(]

: Sa'd‘EDI to PIC
021D BA 0040 CUIT: PDV M, 04CH
0220 Q 20 MIN AL, 020H
0222 EE 2 (IJT M, AL
0223 B8 0011 MN AX UI_E>CIT0226 co 20 mr mix

GIMEIER2*

*;* SIGNIQT DIRJT *
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Microsoft (R) Nbcro Assembler Versim 4.00 7/7/87 13:40:53
Page 1-19

;·k ·k

= 0030 1NI‘12_VCI‘ EILU WIRD PIR 03(H
• Set iutsnmpt vactqr (INT 12) fm:
7 Extsmal 1I'§11t ( s1gr1p¤st 1.np.1t )

0228 SN_]NI'I‘ mf NEAR
0228 E0235R PCV AX, 0FESEI‘$*ImI‘
022B A3 0030 PCV IB:INT12 VCT AX
022E B8 R PCV AX, SEG HSN RST
0231 A3 0032 PCV w:INI'12_VCI‘+·2, AX
0234 C3 ET

mw
•*

*I': ISR 7 SIQIRBTINHJT0235

FAR
0235 50 RHI AX
0236 B8 0016 PCV AX UI_mIER0229 cn 20 INT vxzix

; Rast a naja zeugt: uäaga to tell Ehctsmal; Irpxt Puutorug task of ttus event
023B E 0000 E PCV E{, CIFESET SICN HZIX
023E B8 ··—· E PCV AX, SEG SIC—N_H]X
0241 8E ® PCV ES, AX
0243 E 0001 PCV O{, 1
0246 2B IE SIB IK, DX
0248 B8 0008 PCV AX SC_§I'024B c:¤ 20 mr vzzbc

7 sad EDI to 8269A PIC
024D E 20 PCV AL, 02G-I
024F BA 0040 PCV DX,04C!·I
0252 EE CIIT DX,AL

7 Systau exit
0253 B8 0011 PCV AX UI_EX'TT0256 co 20 mr vxtx
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Microsoft (R) Macro Assaxbler Versic:1 4.00 7/7/87 1.3:40:53
Page 1-20

SQ·I_HBI' ENIP
;* *2: REAL 'IIME CLOCK :

= 00C3 MIN CIR 0C3H= 0004 HRCIR 0C4H= OOD4 SIKP 0D4H= 00115 ®_RIC Omi
2§BrltéI1Iemti¤ebejrgclod<isbe5rgsetto

0258 RIC HW NEIAR

0258 BA 00C3 MJV EK, MDI CIR
025B H1 10 MJV AL, Olm
025D EE (171* DX, AL025E 42 IIR EX
025F B0 16 MIN AL, 016H
0261 EE CUP DX, AL

2 write G3 1:eg1ster'2 start clockm
0262 E6 IB our 00 mc, AL0264 C3 REI' "

RIC ENDP

2: ISR : SEI¤R :
2 'Ihereare fourpairsof ir1frared_Ra¤eive
2 ard '.p:ars¤1t sereors. 'Ihe trarxsuutters ard
2 re¤e1ve.rs are alngned w1th_ead1 other
2 suzh t.hat a beam ILS 11a.1.ntaJ.ned between
2 than 111 'lhese get bccokaa
2 Ead1 bxtäk ard uake of beäaäe
·

O2 26 chfiferart , mo per
2 beam, gmerated by sazsor systau.

2 foreaseo§proce$singmardbeansta¤1s<1;?·slE
2 read any tme an mterrupt oocurs.
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Microsoft (R) Macro Assaxblsr Version 4.00 7/7/87 1.3:40:53
Page 1-21

;'1his8bitstatusisEI>{-dädwittxlastE Üräordsd status to dstsrmirm wtmttmxr
;toua1<sorbrsa1<ä\rg¤1n¢T]iä' ssr1sor(s).
:1UIE : 'IhisISRoodsisr¤to¤1p1sts1.yt¤sstsd

= 0081 1 ä 081H=¤ 0001 MASK' 01H
0265 SEHR FRI: FAR
0265 GET mm:0265 50 '° BH1 AX0266 53 BH1 HX0267 51 BH1 CX
0268 52 BH1 DX0269 57 BH1 DI
026A 56 BH1 SI
026B B8 0016 MJV AX UI_ENIER0262: co 20 mr vxzbc
0270 BA 0081 MDV DX, B1ZI‘_1
0273 EC IN AL, DX
0274 8A ED MN AH, AL
8%% *35* 87°°° E
äé·027B74 EB JZ SEÜZP EIT D\I£
027D 88 27 MJV BYIE PIR IBX] , AH
027F E 0008 MN CX, 8
0282 8B FO MJV SI, AX
0284 81 E6 00FF AND SI, OOFFH
0288 BF 0001 MN M, MASK
028B H) 01 MDV AL, MASK
028D BB 0000 E MIN BX, OFFSET B_SIAT
0290 85 P7 dIE¤<: TEST SI M0292 74 OB Jz RPT
0294 84 E0 CEST AH AL
0296 75 05 JNZ HYFAK
0298 08 47 01 CR BYIE PIR [BX+l], AL
029B EB 02 JMP SHIRT RPT
029D 08 07 EEAK: CR BYIE PIR [BX] , AL
029F D1 E7 RPT: S-IL M, 1
02Al U) ED SHL AL 1
02A3 E0 EB ICIENZ

d1€¤<

; Now start posting to agzrqzriats uailboxm
; Fi.rst gst ttm bsam staum word
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Miczceoft (R) Macm Assaxblex Vezsicn 4.00 7/7/87 13:40:53
Page 1-22

02AS 8B 37 MJV SI02A7 BB 0000 E PUV H: MHJX E1
02AA B8 —- E PUV AX, Sm MH)X E1"
02AD 53 PUSH H "
02AE 50 HH-! AX02AF 8B EC MN EP, SP
02Bl E 0010 MJV H, 16
O2B4 BF 0001 MOV DI, WXSK02B7 85 F7 mz TEST SI DI02B9 74 11 JZ SHfRI‘ IINTOZM 51 RHI H
02m 8B SE 02 MN H, BP+2]
02BF 8E 46 00 MIN ES, BP]
026 E 0001 MIN H,
026 2B m SJB H, H02C7 B8 0008 MOV AX SC REI02:2. ::0 20 mr vw: ·

2 mint to next ueilbcx
02CIZ 83 C3 04 m·!I‘: Am H 402CF 89 SE 02 MN B?-2] , H
02m D1 E7 SHL , 102D4 59 EDP H026 EO ED ImH‘lZ m

2 Sad EDI *10 8259A
02D7 BA 0040 MN H, 04CH
02D\ m 20 MDV AL, 02CH
02m EE CUT H, AL

2 ätare registets
02m SE POP SI02m SF POP DI021]:* SA EDP H
02ED 59 POP H
O2E1 SB MP H

2 Edt systau mda
02E2 E 0011 IDV AX UI_EXII‘ozm co 20 mr vw:

SEHR ENIP
2 ED OF KAM SJPHIZI PACIQEZ

OZE'7 mP_CIIE Elm
ED
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Micrceoft (R) IBCEOASSQÜIEI Vexsicn 4.00
Syubols-1

Segma·xtsarx1Ca:¤.1ps:
Name Size Align Qzxbineclass

$P_C¤E............ 02E7 PARA RJBLIC'$P_Q)'
ämbolsz

Name 'Iype Value Ath:
EEAK............. LNEAR029D EPCDIE

B_SI1AT............. VWZRD 0000 External
CFIELPIROFF......... WIRD 0184CE'IB'I’.TP1R'SEG.........· W12!) 0186
CHE¤<'.T........... LNEAR0290 EPCDIE
CIIN.............. FHXIIOOFS $P'®[E ]’.agth=001E
CIORX............. FPKII0080

I¤‘gth=0022
CLCI1{............. FHZIZ0194 EPTDIE La'gth=0016
CIIJT.............. FT 0114 $P'¤JlIE I.a‘qt‘h=0022

@011)............... LNEAROZB7 EPGCE
l•OOOOOIOIOII..

LNEAR 0027 EPTGE

OOIOlOOOIOOHTWIC............. Ntmber 0008
0006

•OOOOOIOOIlOOBoard
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Mic1:cs¤f\:(R)I+Iacr¤1Lesa1bler Vexsim 4.00 7/7/8713:40:53
$mbols—2

E!I'DK'H·\............ LNEAR0265 $P_CDE

®_mC•••••••••••••I•••••••••••••Im••••••••••••••m••••••••••••••m••••••••••••••m••••••••••••••INI'I.••••••••••••••m¤9m•••••••••••INI‘l0'VCI'...........

PERU 0028
INI‘1l'VCI‘........... WR) 002C
]NI'1Z'VCI‘........... WIRD 0030
INI‘l4'VCI'........... WIRD 0038
MBZ-m•••••••••••M8_m••••••••••••

VRZRD0000 Ectamal
l¢RIN.............. LFAR0000 Ebctamal

m••••••••••••••MH)XTI12............ VUUQDOOOO External

MH1XTI15............ VUAIZRDOOOO Extzamal
M@{".E16............ VIJCRD0000 Ebttémal

VU/CRD0000 Ectaxml
MH]X"FA............ VU»¤?D0000 Extmrral

MH]X"E9............ VD·I1?D0000 Exte.¤'al
MH]X'¤3l............ VDIZRD0000 Exbauaal
MH]X"OII5............ VUIIRD0000 Extexral

l¤—••••••••••••••m••••••••••••••m_m••••••••••••m••••••••••••••GIME1IER............ FHIEOIAA $P_<1I.E I.aqth=007E
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Microsoft (R)l“h¤1:¤1¤sarble1:· Versim 4.00 7/7/8713:40:53
Symbols-3

FICIN]?I'............ NHUCOIBD EFQM Ia'gth=O0].lFII"'INII‘............ NHIXOME EPEIDIE Ia‘xgth=OO46
OOOIOOOOOOlOOOOlOIO•OOO|

LNEIAROO29 EF_C¤E
QUT1‘.............. LNEARO21D EF_®E

OO|OOOI•IIO•

LNE2\RO29F EFQMRIC.............. NH{£O258 EFQIIE I.a'gth=OOOD
SCAEEFI‘........... NUIfM‘OO25
SC"CEI.CX1(........... Nlm'ba:‘OO06

OOOOOOOOOOOOOIOO•OlOOOOOOlOOOOlOO

N'Lmba:‘OO22

OOOOOOOllOOI|OOOOOOOlOOOOOIlOOO Mmbarä
........... Nu¤be1:·0029 4

OOIIOOOOOOOOOOOOOOOOOOOOOOOOOOIOOOOOOlOOIOOlI•OOOI•OOOISCFIGQEME...........

Nmmba:0000
SC"'IEEIAY........... NLmbex000C

OOOOOOOO Ntmbe1'OOO3

OIOIOOOII•IOOOOOOOOOI•OOIOOOO

FHUCO265 EFQMEF‘QM
VINZRDOOOO " Ettatnal

SIA1".............. Ntmbe.r00D4
IOOOIOOOOOIOI FHMOOQ EFQM Gld:al1’.a*xg‘L'.h=OOO7

OlOlOIOOIOIOOOOOOOIOOOlOI•OCOOOOIOOOl•OOOlOO•OOO•OO

•lOOOOOOOIOBoard
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Microsoft: (R) Macro Assazbler Vsxsicn 4.00 7/7/87 13:40:53
synbols-4

UI • • • • • • • • • • • •
• • • • • • • • • • • •
• • • • • • • • • • • •

N EHI! OOC7 EP QIE I.a‘gth = 002F
• • • • • • • • • • • 1

N PRI.? 0051 $P_<IIE Lagth = 002F
• • • • • • • • • • • • • •
• • • • • • • • • • • • • •
• • • • • • • • • • • • • • •

• • • • • • • • • • • •
• • • • • • • • • •

•1083Source mu1085 'Iotal Lmss170 wxrbols
45350 Qrtss syubol space frss

0 Wa:m:h·g Errors0 Ssvsre En:ors
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Micmscft (R) Macro Assarblax Veacsicn 4.00 7/7/87 1.3:26:02
Pag 1-1

;·k sk7: IESILASM : Ist Pmgram for EP :
7* 'Ihe tasks hexe are part *;* of the l1.at1m_softwa1:e *7* deveJ.q¤?f¤: uult1taskmg VDAS *;* 'Ihey axe prsatted hexe solely *;: ägäpaxpcseof 1;I.1ust::·at.1a :; present a e program
7* to testBoard7

'IXRD! 1:¤.1tine in EP mdule
EXLRN IXRDY:FAR

7 Imluzle VRIX symtau aJ.l equats

S :Lrx:lu5e vrtx.irx:
CC 7 Please see pmevicas mdule 11.sti.rxgs' for
C 7 fm: VRIX symtau a1.l equates _

E : Ihese are sugzzssed hexe fm: bzsnty.
C .LISI'
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Micmsoft (R) Macro Asarbler Versicn 4.00 7/7/87 13:26:02
1-2

Page
7 IrcludeCmstzantC

inclxue c¤·st.inc .Q • <I1SIANIS' IEEINTIIQB :
QC

S 7 ccstaut definitics
= 000D C CR OH! • cau:1age° raum':= 000A C IF QAH lim fsd _
= 0000 E EE OG! 7 au of st:¤.rg mum
= O0C2 C SEC CIR OCZ!-I 7 ssaus camtar= 00C3 C MJIVCIR OCBH 7 mrutzs counter= OOC4 C HRCIR OO4}! 7 hours camper= OOD4 C SIKI' 0D4H 7 RIC status= OOIB g E_RIC EHI OIBI 7 RIC start port

C • Che minute to 6000 ticks
g71min=·=6000*1 (10m)=60sec

= 1770 C (NE MIN MJ 6000D= ZEE}0 S 'IVU__‘}4]N MJ 12000D
S

; IQ Typs am assignad here
= 0001 C IE1 ä 1= 0002 C I¤§Z 2= 0003 C I£I§3 3== 0004 C IE4 4= 0005 C I¢.I§5 5= 0006 C IE6 6= 0007 C IE7 ä 7= 0008 C I¤'§8 8= 0009 C ICIQ9 9= 000A C IE10 10= 000B C IE11 $5 11= 000C E IEJ.2 12
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Microsoft (R) mcro Assaxblw Vwsicn 4.00 7/7/87 13:26:02
läge 1-3

Paß
7 Irzzluie Cmfignuaticn Table

C ircluie cEt:bl.irx:

CC
0000 E CFIBL SE¤4EN1* PAM 'MIA'

C PUBLIC 'IBL0000 E 'IBL LABEL BYIE
0000 0200 C IN 0200H 7 vttx mzrkspaoe starts at 020001-I
0002 0200 C D1 02001-I 7 SlZ€ = 16 512 bytes (8k)0004 0000 C IW 0 7 reswvad = 0
0006 0000 C IN 0 7 no separate ISR stack (=0)
0008 0000 C IN 0 7 xwwvad =0000A 0000 C IN 0 7 reswvecl =0
000C 0000 C D1 0 7 reswv~ad=0 _
000E 0010 C IW 00101-I 7uswstac}<s1ze=16*16bytes
0010 00 00 00 00 C ID 0 7 rwwvad =00014 000A C U4 0010 7uswtaskc¤.mt=10
0016 0000 C IW 0 7 1:eswved=0 _ _
0018 0000 —— E C DD ‘D<RDY 7 'IXRDY txarsmt w1vw address

· no%%S88%‘88% 88002400 00 00 00 C ID 0 no tsw1tch mxtarae
0028 00000000

E
BD 0 7mct.hwc:up¤·1a1t¤11yVRD<

002C S CE‘1EL ENIB

Board Support Package Llstlngs 214



Micmsoft: (R) man Assaxbler Vexsim 4.00 7/7/87 13:26:02
Page 1-4

Ü
0000 'IESILCDE SE¤dH‘!I‘ PARA '®[E'

ASSLME (B:'EI‘__CI]I!, IB:'IESI‘_I1AIA
2 'Ihe parent process — creates tasks

C i1’BJ.LQ 1ta.in.tskQC ; *S 2 Cbda for task "MAIN" :
HIBLIC PBIN

0000 S MEIN H12 PAR
S 2 set cczract data Sälfült

0000 E ——- R C MN AX, 'IESI DMA
0003 8EIB MJV B, AX "

S
; pr.•.i.nt ("I/0 test sta:tad\n")

0005 BB 0107 R C 1/DV Ef OHSET PH510008 EB 0486 R g CELL HIB
g ; delay task four 1000/2 ticks

000B E 01F4 C MJV Q{, 500
000E BA 0000 C MN DX, 0
0011 B8 000C C MN AX SC 'IIELAY0014 CD 20 E INI' VIÜX "

C • te task to racmcd pax cn logg E ga; 1 pd = 1
0016 BB 00B7 R C MZIV E(, OFESET HR Q
0019 B8 —— R C MSV AX, SEB HR_Q"881% Q? S2 S ä1S: äx - id - 1
0020 B5 01 C MIN GI, 1 'IOP HTICRTIY
0022 E 0000 C MW AX SC_'1CREA'IEoozs cnzo S mr vxztx

C • äaate taskt¤pz'1nt°
= 2 pm. = 6 (

0027 BB 00F8 R C MIN Et, OFI-'SE!I' MESSAGE
002A B8 —— R C YUV AX, SEG MESSAGE
002D 8E C0 C MN ES, AX
002F B1 02 C MJV CL, 2
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Microsoft (R)Ma¤1:¤Assarb1ex Vexsicn 4.00 7/7/8713:26:02
Page 1-5

0031 $06 C DUV CH,60033 $0000 C DUV AX SC'IG?EA'IE0036 @20 E INT VRTX '
C · tasktot«aaitf¤r·<::r:t::w0lCg§ä=2 pz·1=4 ‘

0038 $012BR C DUV HX,OFFSETCH.C
003B $—R C DUV AX,SEGCIIC
003E 8EC0 C DUV ES,AX
0040 B].03 C DUV @,3
0042 $04 C DUV CH,4
0044 $0000 C DUV AX SC'I¤R'E2>£IE0047 @20 S INT VÜX "

C:¢.1¤aateatask tOO.I@.IC$B.].TiI$g;1.d=4 p¤.=5
0049 g0l7Eä % 1%({,RHLSK
004F 8EC0 C DUV ES:AX
0051 B104 C DUV @,4
0053 $05 C DUV G·I,5
0055 $0000 C DUV AX SCICREZNIE0066 @20 2:: mr vw: ·

C ::;:z«aateatasl:f¤1·¤·1eminidle
g;1.d=5 p¤.=3 “ '

005A BB0ll'.FR C DUV E{,0FFSEI‘IDLE1M
005D $—-R C DUV AX,SEI§IDLE_lM"
0060 8E@ C DUV ES,AX
0062 B105 C DUV @,5
0064 $03 C DUV GI,3
0066 $0000 C DUV AX SC__'I¤2EXIE0069 @20 EINTC

•%eateatasktovr:·itecx12.m541id1e1
E =6 pz'i=4

og

006B §0298ä g % l%,III[.E1
0071 6E@ c mv Esfzax
0073 B106 C DUV @,,6
0075 $04 C DUV Gi,4
0077 $0000 C DUV AX SC_'ICREKIE007A @20 NT VRTX

C ;%~aate a task for tw0_min_id1eS; =7 pr1=3
007C $022AR C DUV BX OFFSETIDLEZM
007F $—-R C DUV AX:SEGIULE_2M'
0082 8E@ C DUV ES,AX _
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Micmsoft (R)I¢ä¤1:•¤Assarb1ar Vemsicu 4.00 7/7/8713:26:02
Ia; 1-6

0084 B].07 C MIN @,7
0086 $03 C MJV GI,30088 $0000 C MJV AX SC'IfREA'IEooaa @20 S mr vw: ·

C :q::ea:0eatasktovrx·i.te2mi11id1e10g
g;1d=8 p1'1=4

008D $02EBR C MIN E{,OFESEI‘IDLE2
0090 $—-—R C MN AX,SEGIU]LE2
0093 8E@ C MJV ES,AX
0095 Bl08 C MDV @,8
0097 $04 C MIN Gi,40099 $0000 C MN AX SCICREZYIE009C @20 gf INI' VEÜX "

C ;cr:¤atsataskt¤u¤·1it¤ra>ctaz:¤1i1·;x1tg3id=9 pz‘1=3
009E BB033FR C MN BX,OFFSEI‘EXI'IP
00A'L $—-—R C MDV AX,SEGEXI‘IP'
00AA 8E@ C MJV ES,AX '
00A6 B109 C MSV @,9
OOAB $03 C IVUV GI,3OQAA $0000 C IVUV AX SCTQZEZEIEOOAD @20 S INI' VEÜIX “

S tdelateself
00AF $0000 C IVUV CX,0
00B2 $0001 C MN AX SC_'IIEI.EJE001:6 @20 S mr vw:

C MIN ENDP
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Micz:¤soft:(R)14a¤:¤1=ssaxb1az• Versicn 4.00 7/7/8713:26:02
läge 1-7

$
• 1:
Q 0¤def¤rtas1<m1ERQ€LcI3 :
:‘IhistasJ<sganaratesardstoz·esa5b;zte;up.Hereitd:essovt1ar1; afterzeset.

OOB7 PWR_CN PRI? NEAR
OOB7 $0004 HDV G,4
OOBA $01EBR MJV E{ 0FFSEI'I.$HIF
00H) $0701 MJV BY'1EPIR[E{],“1$lOOCO 43 ZERD: INC E{
000 $0700 MN BY'IEPIR[E{],0OOC4 EOFA HIBENZ ZEI$
00$ $0498R %IL I.£1'§_VRI'IE

;wai'c.f¤r1<syt:¤crtxes¤1z¤e
;Sa¤1puai1b¤xcc:¤t2¤cl:a1·dpa·xii:x3efi11iteJ.y

00$ $0000R MN BX,OFESE!1‘CI-ZI'
00$ $—-R IVUV ALSEBCRI
OOCF 8ECD MJV ES,AX
00D1 2B$ SJB G,G
O0D3 23112 SJB DLHX
00$ $0009 MIN AX SCPDID001:6 c1>2o mr vszbc —

°§l’.'1i.I‘lt(“I1E$v$'Q'l_l c:vaated\n"_

00% $016DR MDV BX 0FESE!I'l$5
OOII) $0486R CALL EU1'S

;1:et:m1c::tres¤•.n:¤e1<2yt¤1ccl<
OOIED $0000R MW ELOFESEI'CRI'
00E3 $—R MN ALSEECRT
O0E6 8E$ MN ES,AX
OOEB $0001 MN G,1
OOEB $0008 MN AX SCHBToom $20 mr vxzbc ·

rdelebeitself
OOFO $0000 MJV G 0
00F3 $0001 MN AX: SC_'IIE1'.EIE
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Microsoft: (R) Maczm Assarblar Vaxsim 4.00 7/7/87 1.3:26:02
Paga 1.-8

00F6 CD 20 INI' VRIX
FWR__CN HIM
• 1:7 mda fm: task 'MESSAGE'° :tha eacarrpla in *
7 Mamal [9] fxtm I-lLmta.r: ard laady :

00F8 MMCE NEAR
7 wait far lay to crt: IMQIIM
iysatup CRT mailbdx ccntaxt ard pad irdafirxita

00F8 BB 0000 R EHBG: I/DV E(, OFFSEI‘ CRT
00FB M ·—- R MJV AX, SEG CRT
OOFE 8E C0 MDV ES, AX ·
0100 2B CB SUB CX, CX
0102 2B M SUB DX, UX
0104 B8 0009 MN AX SC PHID0107 @ 20 M vxzbc ·

7 in ac:I':ic!'1..\n")
0109 BB 0121 R MJV E{ OFFSEII FH32
010C EB 0486 R CELL HIB

7 1:al:um crt xascuxvca lay to lock
010F M 0000 R MJV H{, OEE'SE!I' CRP
0112 B8 —— R MJV AX, SEE CRD
0115 8E C0 MIN ES, AX
01.].7 M 0001 MIN CX, 1
011A B8 0008 MJV AX SC HST01.10 @ 20 M vxzix 7*

7 wait fc: 1 sac baf¤1:a 1:ap1:·ir1t.i.rg
01].F M 0064 MN (X, 100
0122 2B M SUB DX, DX
0124 B8 000C MIN AX SC_'IIEIAY0127 @20 M vxtx _
0129 EBCD JMP IRBG

MESSAE HIM
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Microsoft (R) Macro Assembler Vexsicn 4.00 7/7/87 13:26:02
Page 1-9

; sk
2 Cbde fm: task "CILC"

frau the eaanpl ° *
ä Manual [9]üccml-!untexea11·xr:1Ready012B

CIILC HDC NEAR
2 wait fm: a ccxrtrol C

012B B5 03 VATIC: MN CI-I,03H 2 ascii ccde
012D B8 000F MJV AX SCWATIC 2 fm: Cntl-C0120 cm 20 mr VRLX ·

2 wait fc: key tc crt resource
0132 BB 0000 R MN Et, OFESET CRT
0135 E —— R MIN AX, SEG CRT
0138 8E Q MN ES, AX
013A 2BC9 SUB Gt, Gt
01.3C 2312 SJB DX, UX
013E B8 0009 MSV AX SC PEND
0141 Q 20 NT VRbt '

• print "\r1¤¤·rt:¤l C xeceived...\n")
mm 2||=>I|)

2 point to uessage strirx; ard mint
0143 BB 013C R MJV BX OFFSET PSB
0146 E8 0486 R CALL PULS

2 point tc muzpt surirg ard mint
0149 E 016A R MIN Et OFFSET IBG4
014C E8 0486 R CALL HITS

2 a line cf text frcm crt; the lme tc the crt
• int to the irgxt buffer before
Ä the string. Also echo it

014F EB 0004 R MW BX OFFSEIT HJF0162 EB 0464 R cm;. mia0155 BB 0004 R MIN BX QFFSET HJF
01.58 EB 0486 R CALL HITS

2 Ebho CR LF fcllcwed by string

Board Support Package Llstlngs 220



Micmsoft (R) Näcxo Assarbler Vexsim 4.00 7/7/87 13:26:02
Page 1-10

0].5B BB 0104 R MJV EI OFFSET NL
015E EB 0486 R CALL Puts

3 delay task for 1000 ticks
0161 E 03EB MJV CX, 1000 3 ticks = 1000
0164 BA 0000 MIN UX, 0
0167 E 000C IVUV AX SC TCELAY016A cm 20 mr vxzirx —

3 xetum crt zescume key to lock
016C E 0000 R IVUV EI, OFFSET CRP
016F B8 ——· R MIN AX, SEB CRT
0172 8E CD MJV ES, AX
0174 E 0001 MN CX, 1
0177 B8 0008 MSV AX SC RST
017A ® 20 ]N.I‘ VKIIX '

3 cxrrtirue loakirg fon: 0¤·rt::¤l-C
017C EB AD JMP WAI'IC

CIIC ENBP
•*

I

017E RIPSK Häx NEAR
017E 000D RI': MJV AX SC__@IIC0181 cn 20 mr vpdzx
0183 80 FD 52 (MP CH, 'R'
0186 75 F6 JNE RP
0188 B8 000E MJV AX SC_HIIC0166 cu 20 mr vxztx

; Get haus, mirutes ard arseäcrds frcm RIC
E 111; dasplayä buffer for oatpxtmrgi

018D E 0213 R MN EI OFESET REAL_*I‘IME
0190 E8 042E R QLL @1* HR
0193 EB 03F4 R CALL KJTASC
0196 EB 041.3 R QIL CEIIZNS
0199 50 HBH AX
019A 8A EO MJV AH AL
019C EB 03F4 R CALL HZÖ_ASC
0]9F 58 POP AX
01A0 EB 03F4 R CELL KD__ASC

Board Support Package Listings 221



Microsoft (R) mcxco Assaxblex Vaxsim 4.00 7/7/87 13:26:02
1-11

2 mw sbore c1:·,lf ard eos7 delete extra ':'
0lA3 4B EC E{
01A4 B8 0mA MJV AX 0mAHOIA7 89 07 MJV AX01A9 43 INC
01AA 43 INC E(
0lAB G 07 00 MW BYIE FIR [EQ, E

2 look for crt key
0lAE 0000 R MIN E(, OFFSEI' GU}
01Bl B8 —- R MN AX, SEG CIE
01B4 8E G MN ES, AX
01% 2B C9 SUB CX, CX
01% 2B m SUB DX, IX
01BA B8 0009 MN AX SC PENDOlm co 20 mr vRtx —
01BF E 022C R MJV E{ EYSET RP 1*%
01C2 EB 0486 R CALL Puts "
01G BB 0213 R IVDV E( EYSET RDL_'ITE01o6 EB 0486 R om. Puts

2 retum crt key
01G E 0000 R MN E{, OFYSEIT CRI'
0lCE % -—— R MIN AX, SEG (RI'
0lDl 8E G PDV ES, AX
Olm E 0001 MN C'X, 1
01% 2B E SUB DX, DX
Olm B8 0008 MJV
AX011:6co 20 mr vRb<

2 Look for na: zecpast fon: time
Olm EB 9F JMP RP

RE3 HE

2* *7: E3 : CNE MINJIE
IDLEQ*************aaa************************

Olm II]I.E_1M HE NEAR
7 setup uailbox ocuoaxt : tjmaout:. = 1min

01IF E 0000 R M1: MIN E{, EYSEIT MH)X_G)l
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01E2 B8 —- R MN AX, SEE MHJX
01E5 8E Q MN ES, AXOZLE7 E 1770 g ä, gNE_MIN
om 2B D2 ' sus ¤x§ ¤x
01'EI2 E 0009 IVUV AX SC PEND01EF cs 20 M vsbz ··
0].Fl 3D 000A (MP AX ER 'IM3
01F4 74 OF JE SEÜU M10

7 Did massage axriva within a uünxbe ?
7 If yes tlgax raruve 1;:; frau 012

1S 1 ÜCC!11
;Ü‘£ll’B.1l]Z¤>!, 1f1t1st.he.rs, auithen
7 disc:a1:d.1r·g 1t. No 1S dms

01F6 E 0004 R MDV D{, OFESET MEX 012
01.F9 B8 —— R MSV AX, SEE MHJX '
0].FC 8E Q MIN ES, AX
01EE B8 0025 MSV AX SC AQEIPI
0201 Q 20 INT VE! '

0203 EB E JMP SIR? M1
7 If no than post: uassage for cm.__mir1_idle_1og

0205 E 0014 R M10: MIN E!, OFESEIT ICE_1MIN S
0208 B8 ·-— R MIN AX, SEG BQ!
020B 8E Q . MIN ES, AX
020D E 0001 MJV CX, 01H
0210 2B I2 SUB D!, D!
0212 B8 0008 MJV AX SC_RBI‘0215 cs 20 M vzztx

; Wait till vehicle uuvss
0217 E 0004 R MIN BX, OFFSE!I' M@!_O12
021A E ·-— R MN AX, SEI5 MHIX
021D 8E Q MJV ES, AX
021F 2B Q SJB CX, CX
0221 2B Q SIB D!, D!
0223 B8 0009 MJV AX SC_E*lD0226 cs 20 M vsbc

0228 EB E JMP M1 ‘

IDLE_1M END?
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Pagé
•·k sk
E: 'IP&( 2 'IVD QQ MIMJIE IEEE :
7

022A IDLE_2M Q NEAR
2 Get present value of VRIX rrairrtained time2 ard save lt <¤X:CX> cn the stack

022A B8 000A IQ: IVUV AX SC GIIME022D :12 20 mr vw: ·
022F 52 H.H·I DX
0230 51 HH·I (X

2 wat lt for two mirutes
0231 E 0008 R MDV E(, OFFSET M§{ GB
0234 B8 -— R MIN AX, SEE MHCIX "
0237 8E ® MN E, AX
0239 E 2EEO MN CX, 'DD MIN
023C 2B E SJB IX, D( '
023E B8 0009 MN AX SC PEND0241 cu 20 mr vw: ·
0243 3D OOOA Q4]? AX ER 'IMD
0246 74 OF JE SEÖZT F20

2 Did a message arrive within 2 mirutes ?
2 If it did dia': rarove ¤$age f1:¤u 004 also

0248 R MN E{, OFESEI' MKJX OD4
024B B8 — R MJV AX, SEG MHDX "
024E 8E CI) PUV E, AX
0250 B8 0025 MJV AX SC_AQIPI’0253 cx: 20 rm vw:
0255 EB E JMP S·IRI' M2

2 If not than wait till vdiicle rgoves ard
2 then post message for ‘U^D_IIl.1.l’1_1.Öl€_l@’

0257 BB 000C R M20: MN BX, OFESET MH.'1X_0D4
025A E ··— R 1*/DV AX, SEG MHJX
025D 8E ® IVUV ES, AX
025F 2B G e SJB CX, (X
0261 2B I2 SUB IX, DX
0263 B8 0009 MIN AX SC_PEND0266 00 20 mr vw:
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• Get tta tina vtm vehi finall mcvas; Sutgstxact tha_i.¤i.t1.a1 ‘Ctälu?a_valuayfx¤u
7 this to get tina interval m <¤X:CX>

0268 B8 000A DUV AX SC GTIME02619 cu 20 mr vsdx —
026D SB EP Ef
026E 2B G SUB Of, Ef
0270 SB EP BX
0271 1B E SE DX, Ef

7 Vargiabla HAIT TIME holds the irrbazval far
7 which the vahIc.'Le was statlcuary

0273 BB01E.BR DUV Ef,OF'I.‘SE!I'I·lA'l'.1I"I‘11*IE!
0276 B8 R MN AX, SEB HAUT T11°IE
0279 8E E DUV ES, AX '
027B 26: 89 OF DUV ES:[BX], CX
027E 83 G 02 AID Ef, 2
0281 267 89 17 DUV ES: [Ef], DX

7 Post uassage f¤r tw¤_mir1_id1e_lcg_w:i.ta task
0284 E 0018 R DUV Ef, OFFSET Im 2MIN
0287 B8 —— R MSV AX, SEG U.1'§_2MIN
028A 8E E MIN ES, AX
028C E 0002 DUV Of, 021
028F 2B I2 SUB UX, DX
0291 B8 0008 MIN AX SC E0294 cm 20 mr mb: ·

7 Sta1tumi.t¤rirgf¤:·ar¤ttar1;vmminid1el0g

0296 EB 92 JMP M2
HE_2M ENIP

Q1 1
7: WRIIE O1E_MIN_II1l’.E_Lm :
Q1111111111

0298 ]]]LE1 E NEAR
• 'Ihis task at tha mailbcx
7Lm].MINiS[xSbmt9yby]1]LE1Mtas]<
7whs1‘avartt1attypa0f 10g1sgara1:atad.
• It creates 1 ' Im HJF ard ttm calls
§:r.00_wR1:mp?¤¤ä.¤°€m¤a:sfa:c¤1¤grb1
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0298 BB 0014 R IDL: MJV BX, OPPSET LQ JMIN
029B B8 —— R MJV AX, SEG MHDX "
029E 8E Q MN ES, AX
02A0 2B Q SUB CX, CX
02A2 2B E SUB UX, UX
02A4 B8 0009 1*/UV AX SC PEND02Av 00 20 mr vxztx —
02A9 BB 0lEC R MJV BX OFPSET IQ HJF
02AC C6 07 02 MJV EYE PE [BX],"LCS2

; Get real time in mirutes ard seccrds.
02AF EB 0413 R CALL GET PS8%% éä M 7*55 Béä AXozm 83 cz: 02 Am ax, 2Säää ää 89 1%% ’°é¢q”‘Ax
OZE PB 0498 R CALL £O$_W1EL‘E

7 Get: crt rescume
02BP‘ BB 0000 R IVUV BX, OFPSET (RI
02C2 B8 —— R MJV AX, SPI; CRT
026 8E Q MCJV ES, AX
02C'7 2B 6 SUB CX, CX
026 2B I2 SJB IX, II!
02CB BB 0009 PUV AX SC__PEND02cE 00 20 mr vubc

7 mim 'Che Mirute Idle Log C1:eated'
0211) E 0186 R MW BX OFPSET IGG7
02D3 EB 0486 R CALL HJIS

7 retzum crt:
02D6 E 0001 MSN CX 1
02D9 E 0000 R MN EI: OFPSET CRT
021ZE B8 —— R MJV AX, SEB CRT
02G 8E Q MJV ES, AX
02El B8 0008 DUV AX SC_RBI‘02E4 co 20 mr vxbc
02E6 EB H) JMP IDL

IDLE1 HM

·* WWE ‘IWD_MIN_I1IE_I.£I; :
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02EB IDLE2 PRJC NEAR
7 Si1nitä1rlt¤thecxj1e_ab%e(i)1g1*'1J{t):createsar¤
° p€r.‘ta.‘mJ.r!3 or n¤:L'e7 3.14:66 äle ccxditias

OZEB E 0018 R 1112: MJV BX, OFESET Lw 2MIN
02EB E -— R MN AX, SEB MHJX “
02'EE 8E w MN ES, AX
02FO 2B G SUB CX, CX
02F2 2B I2 SUB DX, DX
02F4 B8 0009 1'UV AX SC PENDOZF7 00 20 mr mix —
021*9 BB OILEC R MJV BX OFFSET Lw HJF
02FC C6 07 03 MJV BYLE PIR [E{],"L£1'§3
02FF 43 HJC BX
0300 53 HH! E{ ,

; Get the irrterval fm: which vehicle idled
0301 BB OJIB R MJV E{, OFESET HALT THE
0304 8B OF MSV
C‘X,030683 C3 02 AED BX,
0309 8B 17 1/UV DX, [EC]
8§8’ä ää OF

%”5$ Béq cx0207:. 83 cs 02 A1:0 tx 2
0311 89 17 MN [BX], LX

7 Write the actual lcg in Icg Table
0313 EB 0498 R CALL Lw_WR1'IE

7 get crt
0316 BB 0000 R MN E{, OFFSET GU
0319 B8 —— R MJV AX, SEE CRP
031C 8E w MJV ES, AX
031E 2B G SUB CX, CX
0320 2B I2 SUB DX, DX
0322 B8 0009 MIN AX SC_PEND
0325 (D 20 INI' mix

; print "lwo Mirute Idle Log C:eated'
0327 E 01A7 R IVDV E( 0H‘SE.I‘ NH?8
032A E 0486 R CALL PULS

; retum crt
032D E 0001 MJV CX 1
0330 E 0000 R MN BX: OFFSET CRP
0333 B8 —— R 1'DV AX, SEB CRT
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0336 8E Q 1/UV ES, AX
0338 B8 0008 1'DV AX SC RSToase cr: 20 mr vrztx ·
033D EBA9 J1? ID12

IIJLE2 ENDP
•* ·kE>Cl‘_IP : SIGNT INPUT ESX :

033F EXI‘_IP NEAR
033F BB 0028 R &l*!P: MJV E{, OFESET SIN BJX
0342 B8 ——· R MJV AX, SEG SIN HJX
0345 8E Q MN ES, AX ‘
0347 2B Q SUB CX, CX
0349 2B D2 SUB DX, UX
034B B8 0009 IVUV AX SC PEND0:+42: cm 20 mr vsztx ··

; Write the log type first
0350 E OILEIZ R MJV E{ OFESET IQ HIF
0353 Q 07 08 MDV BYIB PHI [EQ,"1’.¤38

; Get real ti.u·e in mim am sem
0356 EB 0413 R CALL GII PSSäää S3 Q-; ää Eééi AX0260 aa cs 02 AII) Äx, 2

: Get ixrzrarerrtal distance (sirrae last log)
035F EB 043B R CALL EIT BIST0362 88 07 1'UV gg, AL
0364 43 INC
0365 Q 07 00 MJV BYIE FIR [EQ, 0

; Write the log in the Lcg 'Iable
0368 EB 0498 R OIL I.Q_WPIIE

; gt crt
0000 MJV E{ CEFSEIT CRTgg gs? -—ä mv AX: sm; cm

0371 8E Q MIN E, AX
0373 2B Q SUB CX, CX
0375 2B I2 SJB DX, DX
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0377 B8 0009 MDV AX SC END
037A CD 20 1NI* vmizx '

037C E 01C8 R MJV E( GPSET l°SGl0
037F E 0486 R CELL Puts

2 xatum crt
0382 BB 0000 R MJV E{, GPSET CRD
0385 E ——- R MJV AX, SEG GE
0388 8E C0 MJV ES, AX
038A B8 0008 MJV AX SC ET0260 00 20 mr vzzbc ·

2 wait fg: 3 mjxuba to avuid
sn1tdu.rg 113156 _

;3m1rs=18000t1d—¤(l80sacs)
038F E 4650 MSV CX, 18000
0392 2B E &JB DX, DX
0394 B8 000C MSV AX SC 'IIELAY0397 00 20 mr vszbc —
0399 EBA4 JMP S-IRT S11?

E{1*_IP ENIZP

2: ASC- GIVERIS HEX GER IN AX ‘IO ASCII :

039B ASC HDC NEER
039B E 0203 R PUV E{, GPSET TIME
039E 8B Q MJV AX UX
03A0 EB 03BB R GXIL OW
03A3 C6 07 3A MJV BYIE PIR [EQ, ':'
03A6 43 INC E{
03A7 8B C1 MJV AX CX
03A9 EB 03BB R CELL OW
03AC E OIIIA CVE: MJV AX 0U)AH8233 32 ä U2 333 33***6 Ax
03B4 C6 07 00 MSV BY'1E PIR [EQ, HB
03B'7 C3 RE1'I*

ASC ENDP
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gk k

Ekkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
7 cmverts a byte irrto two ascii characters .

O3B8 OIN NELAR

O3B8 51 PUSH OC
030 8B 0 MDV CX, AX
030 II) 0 KR AL, 1
030 ID 0 KR AL, 1
030 IX) 0 AL, 1
030 I1) 0 RSR AL 1
030 0 030 R CALL OCÜV03% 88 07 MIN L?] , AL030 43 INC
030 8B 0. MN AX CX
030 0 030 R CBXLL CI1(lV030 88 07 MN é?] , AL0311) 43 INC
03Dl 8A 0 MSV AL, CH ·
O3D3 0 0 KR AL, 1
03% 0 0 KR AL, 1
03U7 II) 0 HER AL, 1O3D9 ID 0 KR AL 1
030 0 030 R CALL G1(lV03EE 88 07 MJV AL
03EO 43 INC03E]. 8B 0. MN AX CX030 0 030 R 0LL cdavO3E6 88 07 MIN AL
030 43 INC
030 59 POP CX
030 0 REI'

OHJ ENDP

7* *7: GW :
030 0N FRI} NEAR
030 24 OF AND AL OPH °aa 27 Q7 622 Ad Om
O3F0 14 40 AIIJ AL, 04CH
O3F2 27 DAA
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03F3 G REI'
GZNV ENDP

gk sb7: HD 'ID ASCII CIINVEIGICN ‘;
§****************************************

=• 0030 A9C_HIAS EU] O3(I!
O3F4 NEAR
O3F4 8A C4 MIN AL, AH
O3F6 U) G RR AL, 1
O3F8 G G RIR AL, 1
03FA G G RR AL, 1
03FC I1) G KR AL, 1
03FE 24 OF APD AL, OH-!
0400 O4 30 AED AL PSC BIA50402 as 07 mv Lak], AL
0404 43 INC
0405 8A C4 MIN AL, AH
0407 24 OF APD AL, OH-I
0409 04 30 AED AL PSC EIA5040a 88 07 mv gz], AL
040D 43 INC
04OE C6 07 3A MJV BYIE PIR [E!] , ':'
0411 43 INC E!
0412 G REI'

ENIP
•*

*

0413
@I‘_PS Hä NEAR

0413 51 RH-I CX
0414 E4 G MIN: IN AL, MIN_C[R
0416 8A EO IVUV AH, AL
0418 E4 D4 IN AL, 5IAT
041A 3C 01 (MP AL 01041c 74 F6 JF: M15:
041E 8A H2 MN GI, AH

0420 EA G SEC: IN AL, SEC_CIIR
0422 BA EO MOV AH, AL
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0424 E4 D4 IN AL, SIM?
0426 3C 01 CMP AL 010428 74 F6 JE sat
042A 8A C5 MN AL, CH

7 mim in AL ard secs in AH
042C 59 EP Q
042D C3 REI'

®I'_I'S ENIP

;* skS: GEI‘ TIMEIN042E

_ E_I·R Hif NEAR

042E E4 Ol IR: IN AL, IR CIR
0430 8A E0 MN AH, AL"'
0432 E4 D4 IN AL, SIHIE
0434 3C 01 (MP AL, 01
0436 74 F6 JE I·R
0438 8A C4 MN AL, AH

: Hcurs in AL
043A G REI'

HLIR ENIP
•*

043B EII‘_DISI' Q NEAR
• the to the distance
; 1S c>.m:arl:J.y mirg lt

043B E 0020 R MUV Q, OFFSET DIST LCIIK
043E B8 —··· R MN AX, SES DISI'__IQ(
0441 8E G) MJV ES, AX
0443 2B Q SJB Q, Q
0445 2B Q SUB DX, DX
0447 B8 0009 MN AX SC_PEND044A co 20 mr vxtx
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044C $022BR mv BX,0H-'SE!I‘mCDISI'
044F 8A07 mv AL, [EC] "

ßreumnthekeyaftarrmirgxesamoe
0451 BB0020R mv BX,OFFSEI‘DISI'L¤1(
0454 B8-——R mv AX, SEGDISI'I®<
0457 8EG) mv ES,AX "
0459 $0001 mv CX, 1
045C 2Bm QIB DX,DX
045E $0008 mv AX SCP$I‘0461 @20 mr vaizx ·
0463 C3 REI'@I‘_DISI‘ mw

Q4 *•* P1:ooadu1'e'GEI$": st:¤.rg'crt,I
;* *·* gunsample;* ] frau *r: Huntaxard :

0464 even @ NEAR
rlnitializeixdaxxegistazs

0464 2BPF SUB DI,DI
0466 $000D IGEIS: mv AX SCEIIC0469 @20 rm vrzbc ·

;1=¤xothed1ar•acte:•j11st1·a¤aivad
046B $000E mv AX SCPUIC046E @20 mr mb: ·

;Savecharactetinb.1ffer&adva:x:e5:xia>c
0470 8829 mv BYIEPIR DI CH
0472 47 INC DI [EQ': L

;d1a¤kf¤r·a·dof1ine?I¤:;>bad<ifrpt
0473 BOPDOD CMP ci CR0476 75EE cms: rsézm

:Iferdoflimtha·xed1¤C12ard1Ft¤o.
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2 Also put LF in the buffer
0478 E6 OA mv CH LF
047A 88 29 mv EYE PIR [E(][DI], CH
047C 47 INC DI
047D B8 000E mv AX SCPUIC0480 cn 20 mr vxztx —

2 Store and of string uaucer
0482 C6 01 00 mv EYE PIR DI HB0485 ca REI' [Em ]'

gs!
2* Pmcedure 'PUIS": printastrirg *2: pointed to WEX2*

This has been zqxroqhxaad *;*‘ ggg] agrp] s\·2* :0 666:0 «~
2:I-hmtarard0486

RIIS Hä NERR
2 Initialize index register'.
2 Get a diaxactex to print

0486 2EF6 SJB SI,SI
0488 8A 28 IHJIS: mv CH, EYE FIR [EX][SI]

2G·1e¤kf0rend0fst:'irxg-Ebcitifyes
048A 80 FD 00 CMP G-I HB048D 74 08 JE x·6f11s

2 Edu it if mt ad of string
048F B8 000E mv AX SC_PUIC0462 (D20 mr vszbc
0494 46 INC SI

2 Loop far next character
0495 EBF1 JMP LPUIS
0497 C3 XPUIS: REI'

Board Support Package Llstlngs 234



Microecft (R) lhcro Aesarbler Vezsicn 4.00 7/7/87 13:26:02
Page 1-24

HJIS ENBP
•* ·k
2* P¤:¤cedure_'I.0G vRI'IE' writes a five *
E: byte log in log table. :
;****************************************

0498 I%_WRI‘IE $ NEAR 2 altxy mi.nt

2 assurre ds = test data2 2 mt: effset ard seguart of lbg Table
0498 E 01$ R IVUV SI, OFESET 1% HIF
049B B8 —- R MN AX, % '
049E 8E % MJV $, AX

; get the poirxter to rad; available locaticn
04A0 OOFF R MN E{, OFFSEIP $:1% PIR04A3 gg: 8B 3F E DI, $:[E{] "
04A7 $ 0005 IVUV CX, 05-104AA FJA4 REP MJVSB
04AC 2:893F MJV ES:[BX],DI

2 clear accmulated ccurrts in distance
2 byte to start neu irczarartal distarce

04AF $ 001C R MW EI, OFFSET NEW 1%
04$ B8 —· R DUV AX, SEB NEW 1%
04B5 8E % NDV $, AX "
04B7 $ 0001 MJV CX, 1
04BA 2B E SUB DX, DX
04% B8 0008 MJV AX SC RST041aF ca 20 mr vw: ·
04(II. G RET

I.%_WF&‘IE ENDP

04C2 'IESI‘_%1E ENIB
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@8

;·k *2* Ihta for pzugram *
2: ¤a.i.'I.b¤x2s, uäagä ard

buffer0000‘IESI‘_DAIA SEIMENT PARA HJBLIC 'DA'1'A'
2 uailbux for lockirg at

0000 O1 00 00 00 GU ID 1
2 data buffer: for at i¤p.rt

0004 0100[oo BJF IB 256 LIJP (EIB)

1
lb

0104 OD OA OO NL E (R, LF, HS
2 Messages

0107 56525458202D2O IE1 EB 'VRI§{-L/Of.¤aStstax‘tai'
492F4F20746573ggä)7374 617274

011E OD OA 00 IB CR, LF, EE
0121 4D 75 6C 74 69 74 61 BHSZ IB 'MJ1t.itaSk1.rg° LBl1'g• VRIX '73 GB 69 GE 67 20 75

73 69 GE 67 20 56 52
54 58 20

0139 OD OA 00 E CR, LF, EE
01.3C OD OA PSB EB CR, LF _
013E 636F6E74726F6C EB 'c¤1t::ulC1¤a¤a1vad,'

20 43 20 72 65 63 65
69 76 65 64 2C _ _

0151 20706C65617365 BB °p1easetype1.r1alm2'
20 74 79 70 65 20 69ESE 20 61 20 6C 69 GE

0167 OD OA 00 E CR, LF, EE.
016A 3D 3E 00 PBG4 BB '=>', EIB
016D OD OA IE5 IB CR LF
016F506F776572204F IB 'P5»erQ1I.¤gCreacted'
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GE 20 4C Q 67 20 43
72 65 61 74 65 64

0183 OD OA O0 BB CR, LF, HB
0186 OD OA PBG7 IB CR, LF_
0188 4F6E65204D696E IB 'G‘£Ml1"l1C€IdJ.€I@’&Eät€1'

75 74 65 20 49 64 6C
65 20 4C Q 67 20 43
72 65 61 74 65 64

O1A3 ODOAOAOO E CR,LF,LF,E$
O1A7 OD OA PH38 E CR, LF_
01A9 5477Q204D696E IB "Iw¤Mm1teId1a1¤gC:eatad'

75 74 65 20 49 64 6C
65 20 4C Q 67 20 43
72 65 61 74 65 64

0104 ODOAOAOO LB CR,LF,LF,EIB
01C8 OD OA PH310 DB G2, LF
01CA 457874657261361 EB 'E>ctamaJ.Ir1;:.rt1¤gC:aa¤ad'

6C20496E707574
20 4C Q 67 20 43 72
65 61 74 65 64

O1E4 ODOAOAOO IB CR,LF,LF,HB
0lEB 00 OO OO 00 IRLiI‘_'I'HE DD 0

échzffexs fcx tarpczaxy storarp of logs, tina e

OIEE OOO5[?? L¢1'§_HJF IB 5 IIJP (?)
J

OILF1 OO12[Oo lBP__HJF E 18 [UP (O)
J

0203 THE IB 16 HIP (?)
° J

0213 O010[?? REAL_THE E 16 HJP (?)

J
; Saam: beam zalatad tarp st¤:a

PUBLIC LAST W
0223 0000 LAST W W “' 0 J

' HJBLIC B SIAT
0225 OOOO B_SHäT IN 0
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Microsoft (R) Ma¤:¤Assaxb1e1: Vexsicn 4.00 7/7/87 13:26:02
Page 1-27

;Dist:an¤a1:eJ.atedta:pst¤ra
PUBLIC DISI'

0227 00000000 DISI' BD 0
022B F0 II*C_DISI‘ EB 240
022C 0DOA RPIBG DB CR,IF_ _
022E 5265616C205469 " EB 'Rea.l'I‘1me(hh:m:ss)1s='

6D65202868683A6D6D3A737329206973203D20
0248 00 IB Eü

0249 ‘IESI‘_l1AIP. ENIB
0000 HIB SEIMENI ERA 'DAIA'

· 1 stcxadharearrll
zarzaalogcanbestoxed

0000 00FF[oo I.$_'IBL IB 2551IJP(0)

1
OOPF 0000 L$__PIR EW 0
0101 IE ENIB

0000 MHZIX SEEMENTERA HJHl’.IC'DAH\'

:A1lmai1b¤x§az·ed«a.fix1edl1e::e
:cd¤r¤taruaiJb¤·:as

PUBLIC MEXGDI
0000 00000000 MHDXOD1 " ID 0

PUBLIC MHIXGB
0004 00000000 MHJXOD2 " [D 0

RJBLIC MHDXODS
0008 00000000 MEXOD3 “ UD 0

HJBLIC MHJXOD4
0OOC 00000000 MH)XOD4 "' BD 0

PUBLIC MH)XOIB
0010 00000000 MK>X_OI5 °" ID 0

;uaiJ.b¤xesfc::·].cgwx·i.tt5.x1g
PUBLIC I.CS_1MIN

0014 00000000 I.$_1MIN BD 0
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Mmcrosoft (R) lh¤:¤Assa1blex Vexsim 4.00 7/7/87 1.3:26:02
Page 1-28

0018 00000000 IIISZMIN ID 0
001C 00000000 NEWQLCIE ED 0

:uaiJ.bc¤aasf¤rdistar¤eu·ai¤t1ar·ar1¤a
0020 01000000 DISI‘LOC'K ID 1
0024 00000000 DISI‘_';0F H) 0

71IB.1lUD¢f¤lL°HJBLIC
SIQ*I£{

0028 00 00 00 00 SIQLHDX " BD 0
:ma.i.1.b¤<esfo:'sa‘s¤:·i¤ta1z11;¤ts

IUHLIC MHBXEI
002C 00000000 MH)XE1 " E 0

PUBLIC MHJXE2
0030 00000000 M@{E2 ' U) 0

HJBLIC MHJXE3
0034 00000000 lVI@{EI3 "' [D 0

PUBLIC M£{E4
0038 00000000 MHJXE4 " BD 0

PUBLIC MHJXE5
003C 00000000 M©(E5 “ ID 0

PUBLIC MHIXEG
0040 00000000 MHIXEG ” ID 0

HJBLIC MEVE7
0044 00000000 MHJXE7 “ ID 0

PUBLIC MHDXEB
0048 00000000 MH)XEB " ED 0

PUBLIC M@{E9
004C 00000000 MHJXE9 " ID 0

HIBLIC MHZIXE10
0050 00000000 MHDXE10 '° I1) 0

HJELIC MH)X_E1l
0054 00000000 M&XE11 ID 0

HJELIC MH)XE12
0058 00000000 MEXE12 ’ ID 0

PUBLIC MH)X_E13
005C 00000000 MHJXE13 ED 0

HJBLIC MH)X_E14
0060 00000000 MHJXE14 ID 0

PUBLIC MK}X_E15
0064 00000000 MH)XE15 ID 0

. HJHLIC MHJX_E1G
0068 00000000 M&X___E16 ID 0
006C M©{ ENIB

END
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Micmsoft (R) 1¤h¤:oAssa1ble1:· Versicn 4.00 7/7/87 1.3:26:02
Syubols—1

Seguaxts ard ang:
N a m 6 Size Align Qmbine class

O O O O O O O O O O Q O O
O I O O O O • O 0 O O O O O
O O O O O O O O O O O O O O

O O O O O O O O O O O 0249 PARA HJELIC'DA'IA'
Syubols:

N a m 6 'lype Value Ata
O O O O O O O O O O O O O O

O O O O O O O O O O O O

O O O O O O O O O O O O LBYIE0004
O O O O O O O O O O O O O

O O O O O O O O O O O O O O

O O O O O O O O O O O O O O O

O O O O O O O O O O O O O O

O O O O O O O O O O O O O O

O O O I O • O O I O O O O O
O O O O O O O O O O O

O O O O O O O O O O O O LBY'IE01Fl 'IESI‘_DAIA
O O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O I O O O I O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O OO O O O O O O O O O O O O mmeroooc
O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

O O O O O O O O O O O O O

NHIXI0464 'IESI'_CDIIJ I.ar!gth=0022
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Microsoft (R) Mac:1:¤Assarbla:;• Vexsicn 4.00 7/7/87 13:26:02
synbols-2

GEI'DISI'............ NMOIIBB 'IESTQM I.a*!3th=O029
GEFHR............. NPKXZO42E 'IEST"QM ]'.a‘!_:)th=OOOD
CE|I"'PS............. NHUCO4l3 TESFQM 1a'gth=O0lB
®__mc•••••••••••••

—

HkI.‘1‘_'I‘IME........... LUrIZRD01EB 'IESI‘DAIP.
m•••••••••••••••I'R_m••••••••••••• —

m••••••••••••••IDl'.E1............. NH©CO298 'IESFQM Ia'gth=OO5O
IDLü............. NHOCOZEB 'IESFQM I.agth=OO57
]I}IE1M............ NPRIIOIDF ‘IESI"QM I.a¥gth=OO4B
II1LE“2M.·........... NMOZZA IESFQM I.agth=OO6E
m__mSI·••••••••••••IASI'_WD

••••••••••••LF............... Nuuber
000Aml••••••••••••••

_

•••••••••••••
•••••••••••••IQ12

•••••••••••••m••••••••••••••LCB3..............
Nunbax'0003

m4•••••••••••••• 0004
Iw••••••••••••••11136..............

Number 0006
m7••••••••••••••m•••••••••••••• 0008
m•••••••••••••• 0009
mm••••••••••••I.M'HJF............

LBYIEOIEC 'IE’SI'I¥\'.U\ 1a‘gth=OOO5

I.Q'TBL............ LBYIEOOOO KIS I.a‘gth=OOFF
NPRIO498 'IESTQM I.¤'I_;th=OO2A

I.EUIS.............
LNEZAR0488m.•••••••••••••••
••••••••••••••%O•••••••••••••••m••••••••••••••

••••••••••••MHJX"E14............ LIMIIRDOOGO MHDX Glcbal
MQX'E16............ LINZRDOO68 MHJX Gldaal
MH)X;E2............ LIJURDOOBO M@{ Glwal
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Syubols-3

MH]XEB............ LUAIRDOOB4 M£{ Gldcal
OOOIIOIOOOOlOOOOOOO•OO•OOIOOOOOOI

LDIRDOO44 MHJX Gld>al
•IOO•OOOIOl LIIIRDOOOO MHDX Gldaal

LU/IZRDOOO4 MEX Gldual
MHJX'Om............ LUIZRDOOOB MHDX Gldaal
MH)X"OD4............ LUMZRDOOOC MHDX Glcbal

OOIOOIO••OO 'IZESTQIE Ia‘gth=OO33
MIN.............. LNEARO4l4 'IESTCDIE

OOIO|OOOOOI
1-

|OOOOlOOOOOIOIOO•OOOIOOOOOOOlOOIl•OOOI|

LBY'IEOl6AOOOOIOOIOIOO•

LDHDOOIC MKJX
NLT.............. LBYIEOIO4 'IESILDKIA

NHZIZOBBB ‘IE’SI'CDlZE I.axg‘l¥h=OO33
OVER..............

LNEAROBACl|OOOIOOOIOONIRIJO486 TESTGBE Iax3th=OOl2
IEWR_CN.............
NPHXIOOB7REAL'IEIME........... LBYIE 021.3 ‘IESI‘_I1A'IA I.a'q!:h=OOlO

OCOOOOOO|OOl LNEAROl7E ‘IESI‘G1IE
RIASK............. NHIIZONE 'IESI'“®E2 I.agt‘h=OO6l
RI'_PSG............. LBY'IEO22C

NUITÄOOZS

•OOOOlOOOOIIOOOOIOOIOOlIOOOOOOOOSCEEND............

NLm·be:c0009
OIOOI|OOOOOOlOOOOl••IIOOOO•lO

Nuxrbar0029
OOIlOIOIOBoard
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Microsoft (R) 1bc:roAssa1blar Version 4.00 7/7/87 1.3:26:02
wubols-4

•••••••••••

.......... Nl1!I£'OÜO5
••••••••••

NL1Il@I°OOO3
OOOOOOOOIOO

OOOOOOOOIOE

••••••••••••••
••••••••••••

—

£*lP....••........ LNEAROSBF 'IESI'®I!
SIG*IH1X............ L¤·I12DOO28 M©C'Gld¤a.l

ml ••••••••••••••
LBYIEOZOB 'IES1‘DK1A Iax3th==OOlO

OOOOOOOOOOIOOUI•••••••••••
••••••••••••U]Q'_'IXRDY.....•......

NUll@'l°ÜOl4

••••••••••••

OOOOOOOIOOOVPIIC............. LNEAROIZB 'IESI'_<IIZE

•••••••••••••1464Scu::¤e

1..1.1*61468'Itrtal Llfä196qmb¤1s
441.14m;t6sy¤bolspa¤e£:·ee

0Wam;LrgE¤:¤:sOsavaze Errors
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