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Abstract

This thesis develops the theory and tools necessary for the determination
of a near optimal Real-Time Operating System (RTOS) scheduling policy for an
arbitrary multitasking problem specification. The solution is determined using a

Genetic Algorithm (GA).

All real-time operating systems provide some means of 'tuning' the
characteristics of the scheduling policy to accurately meet the application
requirements. This thesis shows the applicability of using a GA to determine
these parameters for an arbitrary application. In addition, the RTOS parameters
considered are broad enough to allow the results to be used for specifying and/or

choosing an RTOS for the actual implementation of a real-time system.

The domain of real-time applications which is of particular interest is that
of embedded systems. In the embedded systems domain, real-time multitasking
problems are specified by a series of timing constraints, time deadlines and

practical available resources. These constraints guide the analysis of the results.

A PC-based RTOS/GA tool set is the end result of this thesis and can be

used for the analysis of arbitrary real-time applications.
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Glossary

Note: All terms appearing in this glossary will appear for the first time as
underlined text in the main body of the thesis.

Term Page Description
Allele 21 Any of a group of possible

mutational forms of a gene.

Epistatic Interaction 7 A genetic interaction which is
nonrecipricating and is between
nonalternative forms of genes in
which one gene suppresses the
expression of another affecting the

same part of an organism.

Expected Allele Coverage 27  Given the following: A binary string
encoding of length L, (with are 2L
possible alleles) and a random
population of N encodings. The
expected allele coverage is the
expected proportion of all possible
alleles that occur in the population

and is 1-(1/2)" [Ref. 19, pg. 32].

GA 1 A Genetic Algorithm (GA) is the
general term applied to computer
algorithms which search for a

solution to a given problem by



Term

Genotype

NP-Complete

Nyquist Theorem

Phenotype

RTOS

g
&
o

21

11

21

Description

imitating the 'natural selection' which
steers the evolution of living

organisms.
The genetic make-up of an organism.

A problem is said to be NP-Complete
if computing an exact solution to the
problem requires nondeterministic
polynomial time and it has been

proven to be Complete.

Nyquist Theorem [Ref. 16, pg. 519]:
Let x(2) be a bandlimited signal with
X(w) =0 for |@| > oy Then x(¥) is
uniquely determined by its samples
x(nT), n =0, 1, £2, ... if w5 > 2wy

where wg =2mn/T.

The environmentally and genetically
determined observable appearance of
an organism, especially as considered
with respect to all possible
genetically influenced expressions of

one specific character.

A Real-Time Operating System
(RTOS) is a computer operating

xii



TSR

Term

g
-
(¢

59

Description

systems which provide the necessary
constructs to allow for the creation of
multitasking applications capable of
communicating with each other and

meeting critical timing constraints.

A Terminate and Stay Resident
(TSR) program is an MS-DOS
program that remains in memory
after the program has finished
executing. TSRs typically hook into
interrupt vectors and appear to
execute in the background under MS-
DOS. Since their execution can be
sporadic, their impact on system

performance is not defined.

xiii



1. Introduction

The objective of this thesis is to develop a tool to assist the user in

determining a near optimal Real-Time Operating System (RTOS) scheduling

policy for an arbitrary multitasking problem specification. The solution is

determined using a Genetic Algorithm (GA). The basic idea is that determining

the 'best' RTOS scheduling policy is a very complicated task. This determination
is usually done by an individual, or small group of individuals, with significant
knowledge about the problem domain of the application. With multitasking
software becoming increasingly complex, knowing that the RTOS scheduling
policy that is being used is the most effective for the specific application is no
longer something that can be determined merely by understanding the problem
domain. What is needed is detailed knowledge about the interaction of the tasks
that make up the multitasking application. Even with this knowledge, the

problem of determining an optimal RTOS configuration is NP-Complete.

"The problem of determining that a given schedule is optimal has
been proven to be an NP-complete problem in general. ... The most
notable exception from NP-completeness is determining a schedule
for a monoprocessor system, in which all tasks are initially released
simultaneously. If a problem is NP-complete, it is not likely that an
algorithm exists that performs better than an algorithm based on

enumerative methods."
[Ref. 2, pg. 33]



For many optimization problem classes, it has been shown that GAs are
uniquely qualified to search complex problem spaces for a global optimum,

especially when that search space contains numerous local optima.

[13

. The developed evolution program displayed some qualities not

always present in the other (gradient-based) systems:

e The optimization function for the evolution program need
not be continuous. At the same time some optimization

packages will not accept such functions at all.

e Some optimization packages are all-or-nothing
propositions: the user has to wait until the program
completes. Sometimes it is not possible to get partial (or
approximate) results at some early stages. Evolution
programs give the users additional flexibility, since the
user can monitor the ‘state of the search’ during the run
time and make appropriate decisions. In particular, the
user can specify the computation time (s)he is willing to
pay for (longer time provides better precision in the

answer).

e The computational complexity of evolution programs
grows at a linear rate; most of other search methods are
very sensitive to the length of the optimization horizon.
As usual, we can easily improve the performance of the
system using parallel implementations; often this is

difficult for other optimization methods”
[Ref. 12, pg. 117].



It is for this reason that a GA will be used to determine the 'best' RTOS

scheduling policy for the given problem specification.

All real-time operating systems provide some means of 'tuning' the
characteristics of the scheduling policy to accurately meet the application
requirements. The main objective of this thesis is to show the applicability of
using a GA to determine these parameters for an arbitrary application. In so
doing, a tool set will be developed which completely automates this tuning
process. In addition, the RTOS parameters that are considered are broad enough
to allow the results to be used for specifying and/or choosing an RTOS for the

actual implementation of the real-time system.

The domain of real-time applications which is of particular interest is that
of embedded systems. In the embedded systems domain, real-time multitasking
problems are specified by the usual real-time properties, such as a series of
timing constraints and time deadlines. In addition, embedded systems are further
confined to using processing resources that are both practical and available in the
particular application environment. These additional constraints are probably the
most significant attributes of embedded real-time systems which must be
considered during the design of the system. These constraints arise from the very

nature of embedded systems and take the form of size, weight, power and cost

restrictions.

Therefore, in addition to evaluating the ability of various RTOS scheduling
policies to meet the real-time timing constraints and time deadlines (both hard
and soft), the effectiveness of the scheduling policy is evaluated with regard to

3



CPU utilization. One of the most common means of reducing the size, weight,
power and cost of an embedded system is to reduce the required CPU processing
power. As a result of reducing the CPU processing power, the clock frequency
and memory speed can often be reduced as well. This is the area of the system
design where size, weight, power and cost savings are achieved. Therefore, the
'best’ RTOS scheduling policy (which is application-specific) is the one which

maximizes the following criteria:
e Percentage of timing constraints met.

e Weighted percentage of deadlines met (recognizing that for
applications with hard deadlines, anything less than 100% is

unacceptable).

e Percentage of CPU processing bandwidth available (i.e., surplus
processing power).

Real-time operating systems typically provide relatively few parameters

which can be 'tuned' to a particular application. This thesis evaluates the

effectiveness of the following RTOS parameters (this list is intended to include

all configuration parameters likely to be found in most available RTOSs):

e Tasking Model - Both cooperative and preemptive multitasking models

are used.

e Timeslice - The processing timeslice ranges from 50 puSec to 65 mSec

(only applicable for preemptive multitasking).



® Priority Inheritance - Scheduling policies with and without priority
inheritance are used (enabling priority inheritance guarantees that

unbounded priority inversion cannot occur).

* Priority Allocation - During run-time, the task priorities are either fixed
at the initial assigned value (static priority allocation) or changed

through the use of a rotation scheme (dynamic priority allocation).

e Initial Priority Assignment - The priority of each task is initially

assigned using one of the following algorithms:

¢ Uniform (constant) Assignment - All tasks are assigned the same

priority regardless of execution profile.

0 Ad-hoc (random) Assignment - Tasks are assigned random
priorities, uniformly distributed within the allowable range,

without regard to execution profile.

0 Rate Monotonic Assignment - Tasks are assigned priorities based
on execution period. Tasks with high execution rate (low period)
are assigned high priorities; lower execution rates (higher
periods) are assigned proportionally lower priorities. Execution
period is defined as the amount of time which elapses between
consecutive executions of a task (periodic execution is assumed).

See Figure 1 - Task Execution Profile, TR.

¢ Deadline Monotonic Assignment - Tasks are assigned priorities

based on execution deadlines. Tasks with short deadlines are



assigned high priorities; longer deadlines are assigned lower
priorities. Execution deadlines are defined as the amount of time
which can elapse between when a task begins executing and

when it must reach a critical point in its execution. See Figure I

- Task Execution Profile, T].

0 Workload Monotonic (greedy) Assignment - Tasks are assigned
priorities based on the amount of work that the task must
perform. Tasks with high workloads are assigned high priorities;
lower workloads are assigned proportionally lower priorities.
Task workload is defined as the amount of time which elapses
between when a task begins executing and when it completes

executing. See Figure I - Task Execution Profile, Tvy.

Sample Task Execution Profile

Activit

Critical
Deadline

Communicate with
other Task(s)

Time

Figure I - Task Execution Profile

The Genetic Algorithm used to perform this RTOS evaluation is a

generalized algorithm with application-specific genetic operators (population



crossover and mutation), see Figure 2 - Genetic Algorithm. It has been shown
that genetic operators are most capable of performing the required search when

they are designed with prior knowledge of the problem domain.

1"

although the gains are not dramatic, RAR, out-performs
uniform crossover with a simple penalty function on a family of
problems in which the solution is a fixed-size set, using fitness
functions which vary from highly epistatic to non-epistatic. This
therefore provides some evidence that forma [sic] analysis is capable
of leading to effective genetic search in problem domains not well
suited to conventional binary representations.”

[Ref. 17, pg. 27]

Therefore, the approach taken is to fully define the problem domain (i.e.,
RTOS configuration parameters) and then design the genetic operators so as to

properly evolve a solution to this specific problem domain.



Randomly Initialize|
the Population

y

Select the First
individual

y

a| Evaluate the Fitnes
"1 of this Individual

Last Individual?

Yes

4

Advance to Next
Individual in Populatif§ —N°

Perform Genetic
Crossover

Y

Perform Genetic
Mutation

Figure 2 - Genetic Algorithm

It is obvious from Figure 2 above that the GA itself is extremely simple.
The power of the algorithm comes from the fact that as it progresses, it does two
distinct things: 1) it continuously improves and, 2) it explores solutions which
may provide additional improvements. Both of these operations are
encompassed in the genetic operators of population crossover and mutation.
These operators manipulate the genes of the individuals to produce the
continuously improving and experimentation properties of the GA. Since the
genes of the individuals are used to determine how it behaves (i.e., how well it
solves the problem), and the genetic operators manipulate those genes, the

genetic operators must be intricately tied to the representation of the genes. This



results in genetic operators that are specific to the problem domain. Significant
research has been done, attempting to determine 'universal genetic operators'
based on 'universal gene representations'. Unfortunately, as the following quote

summarizes, these attempts have not been very successful:

"The EC (Evolutionary Computation) community differs widely on
opinions and strategies for selecting appropriate representations,
ranging from universal binary encodings to problem-specific
encodings for TSP (Traveling Salesman Problem) problems and
real-valued parameter optimization problems. The tradeoffs are
fairly obvious in that universal encodings have a much broader
range of applicability, but are frequently outperformed by problem-
specific representations which require extra effort to implement but
exploit additional knowledge about a particular problem class."

[Ref. 7, pg. 619]

It is for these reasons that the GA developed for this thesis will use

application specific genetic operators.



2. Background

In order to provide a firm foundation from which to establish this thesis,
the concepts of real-time applications and genetic algorithms must be fully
defined. This section will provide a generalized, detailed description of these

very important concepts by using two simple, but concrete, examples.
2.1 Real-Time Applications

It is important to first discuss the characteristics of real-time problems in
general, after which, the problems associated with determining the appropriate
configuration parameters of an RTOS will become apparent. The following
example will be used to illustrate the general characteristics of real-time

applications.

This example will consider the problem of a Reaction Rate Controller
(RRC) of a chemical processing plant [Ref. 1]. The RRC is responsible for
managing the reaction rate for a single chemical process. For this simplified
example, the reaction rate is a function of the relative proportions of only two

reagents and the temperature and pressure within the reaction chamber.

The user interface to the RRC is an operator console; the RRC must accept
the desired reaction rate from the operator and provide reaction status to the
operator. This operator interaction is relatively slow due to the fact that human
operators respond slowly and require some time to assimilate information. It is
assumed that the operator cannot request reaction rate changes more frequently

than once every two seconds and that the operator cannot recognize status

10



changes more frequently than four times per second. In order to ensure that the
operator is always informed about the status of the reaction, the RRC must

update the operator display no less than once per second.

The RRC must also accommodate the fact that the reaction rate within the
reaction chamber can change within 100 milliseconds. In order to maintain a
safe reaction environment, the RRC must respond to that change by re-
positioning the reagent valves within an additional 100 milliseconds. This means
that in the worst case, the reagent valves may be re-positioned as frequently as
every 200 milliseconds. The RRC must also ensure that the reaction pressure and
temperature are sampled at a sufficiently high rate to ensure that all changes are
detected. Again, since the reaction rate within the reaction chamber can change

within 100 milliseconds, the Nyquist Theorem states that the sampling period for

the pressure and temperature sensors must be no more than 50 milliseconds.

The system software architecture for the RRC is shown in Figure 3 -
Reaction Rate Controller (RRC), which shows data and control flow within the

system, timing parameters and software tasks.

11



Reaction Rate Controller (RRC)

___________________

Update
Operator
Display

Pressure
Sensor

N
Pressure
Monitor
Pressure
Temperature
c Sample Temperature
Sensor

Operator
Console

R ) Reaction
4 >2000 mSec Period Controller

S J

___________________

Receive
Operator
Commands

Reagent #1
Throttle Vaive

Reagent #2
Throttle Vaive

e Oata Flow , LEGEND T — ,
<--....Communication Trgger Penod ______ Task L,x’:',f‘f‘_'f?ffff?f'_cj' i

Figure 3 - Reaction Rate Controller (RRC)

The physical input/output devices connected to the RRC, the information
flow to/from the RRC and a description of the timing requirements imposed on

the RRC are summarized in Table I below.

ID# 1/0 Device Data Flow Direction Timing Requirements
1 Operator Console Desired Reaction Rate To RRC Non-Periodic: >2000 mSec
2 Operator Console Actual Reaction Rate & From RRC | Periodic: 250 mSec (Design Goal), <1000
Reaction Status mSec (Requirement)
3 Reagent #1 Valve Valve Position From RRC | <100 mSec after Reaction Change
4 Reagent #2 Valve Valve Position From RRC | <100 mSec after Reaction Change
5 Pressure Sensor Pressure Sample ToRRC Periodic: 50 mSec
6 | Temperature Temperature Sample ToRRC Periodic: 50 mSec
Sensor

Table | - RRC Requirements

From this example it is readily apparent that real-time applications are
most notably characterized by deadlines. That is, real-time applications are
specified by a series of deadlines that the software (in this example, the RRC)
must meet. These deadlines typically arise from the very nature of the

12




application and the processing that the application must perform. Careful
analysis of the problem can expose all of the deadlines that a system must meet.
In addition to identifying the deadlines, it is also important to characterize the
nature of each deadline. For example, some deadlines are more 'important' to the
proper operation of the system than others. In the RRC example above, it is
obvious from Table I - RRC Requirements that requirement #2 (Display Update)
is 'least' important because a range of allowable performance values is specified.
Intuitively that makes sense as well because failure to update the operator display
as frequently as four times per second will result in a graceful performance
degradation. On the other hand, failure to properly control the reagent valves
may result in an unsafe reaction; therefore the requirements associated with
actually controlling the reaction are ‘more’ important to the correctness of the

system.

The different relative importance of real-time deadlines is expressed as to
whether a given deadline is 'hard' or 'soft'. Hard deadlines are those which must
always be met in order for the system to be said to operate correctly. Soft
deadlines are those which can be missed (occasionally) without severely
impacting the correctness of the system. In other words, if a system fails to meet
a hard deadline, a catastrophic failure usually results. Failure to meet a soft
deadline usually results in graceful degradation of some aspect of system
performance. In the above example, failure to meet a hard deadline associated
with controlling the reaction rate may result in an unsafe reaction which could

result in loss of life or property. Failure to meet the soft deadline associated with
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updating the operator display will result in the inability of the operator to adjust
the reaction rate to the desired level (if the display is not updated, the operator
does not know that the reaction rate is something other than the desired rate).
Therefore, in the above example, all deadlines are hard except for update of the
operator display. In essence, the system can be said to be operating properly

even if the operator display is updated less frequently than four timer per second.

In large, complex systems, the concept of strictly hard or soft deadlines is
usually too restrictive to adequately describe all of the deadlines present within
the system. Obviously, some deadlines will still be strictly hard or soft, but some
soft deadlines may be more important than other soft deadlines. It is typically
necessary to extend hard and soft deadlines to include a 'degree of hardness' so
that all of the subtle aspects of required system performance can be captured.
This allows the system to be evaluated based on how well the hard deadlines are
met (‘Is the system operating correctly/safely?’), as well as how well the varying
degrees of hardness deadlines are met (‘Is the performance of the system
adequate?’). Another method of specifying the relative importance of a soft
deadline is to use the benefit accrual model of timeliness [Ref. 2, pg. 30]. In this
model, all deadlines are modeled as a function of time, f{), which corresponds to
the benefit achieved to the system by completing the deadline at time 7. In this

way the complete spectrum of hard and soft deadlines can be modeled

consistently and thoroughly.

The problem associated with determining the appropriate configuration

parameters of an RTOS for a given real-time application is extremely difficult.
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One reason for this difficulty is that there is often very little to guide a designer in
choosing the 'best' RTOS parameters. Even though it may be possible to fully
specify the real-time application in terms of its deadlines, that alone in no way
guarantees that the deadlines will actually be met. The RTOS configuration will
affect the system performance which will in turn determine to what extent the
system performs correctly (hard deadlines) or to what degree the system

performance is degraded from the design goals (soft deadlines).
2.1.1 Formal Methods for Real-Time Analysis

Recently, there has been significant research into defining formal methods
for analyzing the correctness of real-time systems [Ref. 9]. The appeal of this
approach is that by using some of these formal methods, the correctness of a real-
time system design can often be proven analytically. Unfortunately, for large

complex systems, the applicability of these methods can be limited.

The techniques that have been developed for analyzing real-time systems
generally fall into two distinct categories: model-based reasoning and proof-
based reasoning [Ref. 9, pg. 14]. Each of these has associated advantages and
disadvantages, and each has been used successfully to model real-time systems.
The remainder of this section outlines the major accomplishments in defining
formal methods for the analysis of real-time systems.
2.1.1.1 Model-Based Analysis

For model-based analysis, the real-time system is typically specified using
a graphical model tool set. The main advantage to this approach is that the

model can be created and maintained by individuals with no formal mathematical
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background, and the analysis is automatically performed by the tool set. In
addition, the graphical model provides a description of the system that can be
used to document the real-time design. One disadvantage of this approach is that
it does not scale well to large complex systems. The problem of creating and
maintaining a single large model that fully describes the entire system can easily
result in errors and areas of model inadequacy. Another problem is that as the
model grows, the analysis process becomes increasingly more time consuming.
This is due to the fact that the complexity of the analysis grows as O(2") where N

is the number of states in the real-time system.

One promising method of model-based analysis that has been introduced is
based on the Modechart specification language [Ref. 14]. This specific method
provides a set of tools which is used to create the system specification, simulate
the model to exhibit individual behaviors of the system, and verify global
properties of the system. This method is promising because it provide significant
automation of the analysis using the tool set provided. Unfortunately this, like all
state-based methods suffers from the state explosion problem. That is, as the
real-time system being modeled more closely parallels a real-world problem, the
number of states required to accurately represent the system becomes
unmanageably large. Ultimately what often happens with such a system is that,
over time, the model loses synchronization with the actual system being designed
and becomes obsolete. Another potential problem with state-based models is that
the computations that must be performed to verify the design grow of order 2V,

Again, the number of states creates an often unacceptable computation time
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which is not proportional to the increase in design complexity. Even a marginal
increase in complexity of the system can result in a tremendous increase in the
complexity of the computations necessary to ‘prove’ the validity of the design.
For small-scale real-time systems this method may be feasible but it is unlikely to
be applicable for large, complex systems.

2.1.1.2 Proof-Based Analysis

For proof-based analysis, standard logical deduction methods are used to
formally prove that one specification is equivalent to another specification. With
the system design and system requirements being used as the starting and ending
points of the proof, this method can prove that a specific real-time design
specification is equivalent to the corresponding system requirements
specification. The main advantage to this approach is that a formal proof of the
design meeting the requirements is achieved. The disadvantages are that
producing the proof requires formal mathematical training, and since the proof
must be done by hand, changes in the design and/or requirements can necessitate

the complete recalculation of the proof.

One promising method of proof-based analysis that has been introduced is
based on a timed process algebra which supports time consuming actions,
instantaneous events, and the concept of prioritized interactions [Ref. 11]. In
order to utilize this method, the real-time system and the requirements must be
specified in terms of the ACSR specification language [Ref. 11, pg. 169-179].
This may not seem like a severe limitation but it often is. First, expertise in the

ACSR specification language is necessary, although this is not significant it is
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knowledge that is not often present within the real-time development community.
Secondly, and more importantly, using this analysis method requires that not
only the system being designed but also the system requirements be specified in
the ACSR specification language. System requirements are very infrequently
defined to a degree that would allow a formal specification to be developed.
More often than not the system requirements are being developed at the same
time that the system design is being developed. Again, this is not to say that this
method is not without merit, it is just that for real-world problems where the

requirements of the system are dynamic this method may not be feasible.
2.2 Genetic Algorithms

It is important to first discuss the characteristics of genetic algorithms
(GAs) in general, after which, the particular application of a GA to determining
appropriate configuration parameters of an RTOS can be investigated. One way
to understand GAs is to view them as algorithms which search the space of
possible solutions to a problem for the optimal solution. In this regard, GAs are
very similar to other parametric search algorithms (hill climbing, simulated
annealing, etc.). The most important difference between GAs and other search
methods is that GAs attempt to model the natural world laws of ‘random

perturbations’ and ‘survival of the fittest’. This property is unique to GAs.

The basic architecture of a GA is one of a collection of individuals, where
each individual is a candidate solution to the problem being solved. In turn, the
basic architecture of each individual is one of a collection of ‘genes’, where each

gene represents one component of the parameterized solution to the problem.
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The GA uses this ‘population’ of individuals and ‘gene pool’ of genes together
with the natural laws of ‘random perturbations’ and ‘survival of the fittest’ to
allow the ‘best’ solution to evolve over many generations, see Figure 4 - General
Genetic Algorithm. From this discussion it is apparent that the GA is

parameterized as follows:

e Population Size, N - The number of individuals that will be used to
comprise the population. This value is chosen such that statistical
significance within the population is maintained and such that the

initial (and potential) gene pool is sufficiently diverse.

e Mutation Rate, P, - The rate at which ‘random perturbations’ will be
introduced into the gene pool. This value is chosen in such a way as to
ensure that any useful genetic material which is lost due to crossover, is
re-introduced into the gene pool and to allow the GA to explore areas of

the search space that have not yet been explored.

e Crossover Rate, P, - The rate at which individuals participate in genetic
recombination, i.e., the rate at which genes are recombined from
individuals of the present generation to form individuals of the next
generation. This is the means that ‘fit’ genetic material ‘survives’ from
generation to generation. The value is chosen in a manner that allows
for a reasonable rate of convergence, a trade-off between execution

time and probability of false convergence must be made.

It is obvious that this approach does not constitute an exact or formal

method. Instead, as the example that follows will illustrate, the GA seems to
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meander about in its search for the ‘best’ solution, never really knowing were the

search will lead but amazingly enough almost always able to find a reasonably

appropriate solution.

Randomly Initialize
the genes of the
Population

Start of New
Generation:
Select the First
individual from the
Population

N
Evaluate the Fitness
of this Individual
(using genes as
parameters to the
problem at hand).

y

Advance to Next
Individual in €¢—No Last Individual?
Population

Yes

4

Apply Natural Law:
Survival of the Fittest

Apply Natural Law:
Random
Perturbations:

Figure 4 - General Genetic Algorithm

Note that the answer found by the GA is not necessarily optimal. This
arises from the fact that the GA is never really finished, in theory the solutions
would evolve over an infinite number of generations (notice that there is no exit
condition specified in the Figure 4). This means that in practice, one of the more

difficult problems associated with using a GA is determining when to stop the
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search. This decision is often based on statistical measurements of the

population and/or gene pool, as stated below.

“There are two basic categories of termination conditions, which use
the characteristic of the search for making termination decisions.
One category is based on the chromosome structure (genotype); the
other - on the meaning of a particular chromosome (phenotype).
Termination conditions from the first category measure the
convergence of the population by checking the number of converged
alleles, where an allele is considered converged if some
predetermined percentage of the population have the same (or
similar - for non-binary representations) value in this allele. If the
number of converged alleles exceeds some percentage of total
alleles, the search is terminated. Termination conditions from the
second category measure the progress made by the algorithm in a
predefined number of generations; if such progress is smaller than
some epsilon (which is given as a parameter of the method), the
search is terminated.”

[Ref. 12, pg. 65].

The natural laws of ‘random perturbations’ and ‘survival of the fittest’

were first articulated by Charles Darwin in The Origin Of Species. Even though

these concepts were focused entirely on biological organisms and their
interactions, it is in this rich background that the field of genetic algorithms is

based.

As shown below, Darwin uses the term ‘individual differences’ to express

the concept of random perturbations as it relates to biological organisms; the
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exact same principles are used when applying genetic algorithms to

computational problems, see section 3.2 Genetic Algorithm.

“The many slight differences which appear in the offspring from the
same parents, or which it may be presumed have thus arisen, from
being observed in the individuals of the same species inhabiting the
same confined locality, may be called individual differences. No
one supposes that all the individuals of the same species are cast in
the same mould. These individual differences are of the highest
importance for us, for they are often inherited, as must be familiar to
every one; and they thus afford materials for natural selection to act
on and accumulate, in the same manner as man accumulates in any
given direction individual differences in his domesticated
productions.”

[Ref. 5, pg. 59]

As Darwin indicates below, individual biological organisms within a
population compete with each other for the right to survive. Together with
random perturbations, natural selection creates a continuously improving
population. This is true even though, for any given generation, there will exist

individuals that are less fit for survival.

“Can it, then, be though improbable, seeing that variations useful to
man have undoubtedly occurred, that other variations useful in some
way to each being in the great and complex battle of life, should
occur in the course of many successive generations. If such do
occur, can we doubt (remembering that many more individuals are

born than can possibly survive) that individuals having any
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advantage, however slight, over others, would have the best chance
of surviving and of procreating their kind? On the other hand, we
may feel sure that any variation in the least degree injurious would
be rigidly destroyed. This preservation of favourable individual
differences and variations, and the destruction of those which are
injurious, I have called Natural Selection, or the Survival of the
Fittest. Variations neither useful nor injurious would not be affected
by natural selection, and would be left either a fluctuating element,
as perhaps we see in certain polymorphic species, or would
ultimately become fixed, owing to the nature of the organism and
the nature of the conditions.”
[Ref. 5, pg. 87-88]
The following simple example will be used to illustrate the general
characteristics of genetic algorithms by determining the maximal value of a

complex trigonometric function. Consider the following function of two real-

valued variables:

f(x,y)=215+x-sin(4-7-x)+ y-sin(10-7- y)
-30<x<121
41<y<58

Equation I - Sample Optimization Function

It is not at all obvious what values of x and y result in the maximal value of
this function. The plot below, Figure 5 - Sample Optimization Function Plot,

shows the function for the given range.
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Figure 5 - Sample Optimization Function Plot

Because the function has so many local maxima, most optimization
algorithms would ‘find’ a local maximum instead of the global maximum unless
an extremely close initial value was used, GAs do not posses such a limitation.
After localizing the exhaustive search to the region shown in Equation 2 -
Sample Optimization Function (Localized), the maximum value is determined.
The graph is shown in Figure 6 - Sample Optimization Function Plot (Localized)

shows the maximum value of the function is f{11.626,5.65)=38.775.
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Figure 6 - Sample Optimization Function Plot (Localized)

S(x,y)=215+xsin(4-7-x)+ y-sin(10- 7 y)
115<x <117
55<y<5.7

Equation 2 - Sample Optimization Function (Localized)

The following table shows the results of a single run of gMATH-CA . EXFES
the results show the percent error after 903 generations. Notice that even without
any knowledge of the optimal solution, and searching the entire range (see
Equation 1), the GA performed remarkably well at determining the maximum
value of the function. This function optimization example will be revisited in the

remainder of this section as the various aspects of genetic algorithms are detailed.
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fix.y) x y
38.668 11.615 5.650
(0.276%) (0.095%) (0.000%)
38.664 11.615 5.651
(0.286%) (0.095%) (0.018%)
38.662 11.615 5.652
(0.291%) (0.095%) (0.354%)
38.657 11.615 5.648
(0.304%) (0.095%) (0.354%)
38.603 11.615 5.645
(0.443%) (0.095%) (0.088%)

Table 2 - GA Solutions to Sample Function

2.2.1 Genetic Operators

The most important aspect of the genetic algorithm is the internal
representation of the genes. There is nothing which is more intrinsic to a specific
GA for a problem than the gene representation and the genetic operators which
manipulate those genes. There are two genetic operators which essentially
comprise the genetic algorithm: mutation(...) and crossover(...). These operators
are responsible for the behavior of the GA, its ability to converge to a solution,

and the rate at which the convergence occurs.

It is important to note that both of these operators must be designed with
complete knowledge of the precise genetic representation which is being used.
There are two different representation methods which are typically used to create
a GA: pure binary genes and representational genes. There is significant debate
within the GA research community as to whether one method is superior to the
other, most indications are that pure binary genetic representations may be out
performed by representations which more closely match the problem domain

[Ref. 17, pg. 27].
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The following sections will describe the mutation(...) and crossover(...)

operators for both type of genetic representation.
2.2.1.1 Mutation

The mutation(...) operator attempts to model the natural law of ‘random
perturbations’. Quite simply, mutation is the random altering of genetic material
of some members of the population. One of the parameters of a GA is the
mutation rate (or probability of mutation). This parameter controls how

frequently (or with what probability) genes will be mutated.

Determining the ‘correct’ mutation rate for a given genetic algorithm
optimization problem is itself an optimization problem, this is also true for
determining other parameter values for a GA. Since it is not feasible to construct
a GA which determines the parameters for another GA, although this has, been
done [Ref. 6, pg. 92], typically, general principles are used to select approximate

GA parameter values.

One of the most important measurements of the GA parameters is the

expected allele coverage of the population. The mutation rate and the population

size directly effect the expected allele coverage, 99% expected allele coverage is
typically used [Ref. 19]. The way that the expected allele coverage is calculated
is different for pure binary genes than for more representational genes. Equation
3 and Equation 4 provide guidelines for determining the mutation rate or

population size for binary and representational genes respectively [Ref. 19].

For pure binary genes the genetic material is uniform, therefore expected

allele coverage is simply a function of the population size and the number of
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choices for each bit (i.e., 2), see Equation 3 - Expected Allele Coverage (Binary

Representations) below [Ref. 19, pg. 33].

Elac]=1-1/2)"
Where: N is the population size

Equation 3 - Expected Allele Coverage (Binary Representations)

For more representational genes the genetic material is not uniform,
therefore a summation is required to accumulate the weighted expected allele
coverage, see FEquation 4 - Expected Allele Coverage (Non-Binary

Representations) below [Ref. 19, pg. 33].

The probability that exactly m distinct symbols are used for
any given gene within the entire population is given by:
K-m-1 —
p,(N,K) :%(1’3 ; ; (-1)" ,(Kv m) (K=m—v)"
Where: K is the number of distinct symbols used in the encoding
and N is the population size.
Since all gene positions are disjoint with respect to alleles,
the expected allele coverage is given by:

E[ac]=—IIE-Zm-pm(N,K)

m=1

Equation 4 - Expected Allele Coverage (Non-Binary Representations)

For pure binary representations, carrying out the mutation operation is very
straightforward. Since each individual’s genotype is represented as a single bit
string of length m, where individual genes that comprise the genotype are
assigned sub-regions of the bit string, and the population is composed of n

individuals, the entire gene pool is composed of n « m bits. The mutation
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operation is performed once every generation where each bit is mutated (i.e.,

inverted) with probability P,.

For representational genes, carrying out the mutation operation is slightly
more complex. Since is it possible that simply mutating single bits will result in
illegal (i.e. meaningless) genes, the mutation operation must always produce a
gene which is valid within the problem domain. For this reason the mutation
operator must be closely tied to the actual problem being solved. Again, the
mutation operation is performed once every generation but in this case each gene
is mutated (the exact meaning of which is application specific) with probability

P,.

In the example above, the genes are two real-valued numbers in the ranges
specified in Equation 1 - Sample Optimization Function. Since the genes are not
binary encodings, mutation for this example is defined as replacing the gene to
be mutated with a randomly selected value from the corresponding range. This is
typical of a representational genotype. The mutation rate, Py, is determined by
choosing a population size, N, of 175 individuals, setting the desired expected
allele coverage to 97% and evaluating Equation 4, above. The resulting mutation
rate, for this example, is P,, = 3%, resulting in accuracy of 1/50™ of the respective
ranges of each variable.
2.2.1.2 Crossover

The crossover(...) operator attempts to model the natural law of ‘survival
of the fittest’. Genetic crossover allows individuals to pass their genetic material
on to individuals of the next generation. To do this, those individuals that are
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most fit are chosen to participate in genetic crossover. When crossover(...) is
applied to the population, two relatively fit individuals are chosen at random and
their genetic material is combined in some way to produce an offspring. The
most common type of crossover is ‘single-point crossover’. Single-point
crossover occurs when a randomly selected gene is used to split the genotypes of
the two parents, the offspring inherits one half of the genotype from each parent.

There are important consequences of this operation, as described below.

“One important feature of one-point crossover you should be aware
of is that it can produce children that are radically different from
their parents. .. Another important feature is that one-point
crossover will not introduce differences for a bit in a position where
both parents have the same value. ... An extreme instance occurs
when both parents are identical. In such cases, crossover can

introduce no diversity in the children.”
[Ref. 6, pg. 17]

There is no theoretical guideline for determining the proper crossover
probability, P,, for a GA, typical values range from 25% to 75%. Values used for
GAs in this thesis will be determined empirically but will be from the typical
range.

In the example above, single-point crossover with a crossover probability

of P,=25% was used.
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3. Evolution of Solutions to Real-Time Problems

The most promising applications of genetic algorithms arise in the area of
engineering design. This is true because many design problems are very
complex (often NP-Complete or at least NP-Hard) and once the engineering and
business trade-offs have been made, these problems can be expressed as an
optimization problem. GAs are uniquely qualified for these exact type of
optimization problems where there are far too many system constraints for an
engineer (or small group of engineers) to keep in mind during the design phase.
If sufficiently large computers are available there is really no limit to the number
of constraints that can be managed by a GA. In addition, GAs are capable of
solving problems without actually requiring that the specific design problem be

solved (or solvable) at all, as the following summarizes:

“Assume, then, that (for some reason) we have to (or like to) build a
new system to solve a nontrivial optimization problem. ... Then we
have to make a choice: either we can try to construct an evolution
program or we can approach the problem using some traditional
(heuristic) methods. It is interesting to note that in a traditional
approach it usually takes three steps to solve an optimization

problem:
1. Understand the problem
2. Solve the problem

3. Implement the algorithm found in the previous step
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In the traditional approach, a programmer should solve the problem
- only then may a correct program be produced. However, very
often an algorithmic solution of a problem is not possible, or at least
is very hard. On top of that, for some applications, it is not
important to find the optimal solution - any solution with a
reasonable margin of error (relative distance from the optimum
value) will do. ... An evolution programming approach usually
eliminates the second, most difficult step. Just after we understand
the problem, we can move to the implementational issues. The
major task of a programmer in constructing an evolution program is
a selection of appropriate data structures as well as genetic operators
to operate on them (the rest is left for the evolution process).”

[Ref. 12, pg. 302]
In addition to the all too often cited example of VLSI circuit design, there

are many other examples of systems that have been designed using, at least in

part, a genetic algorithm. One such example is the parametric design of aircraft:

“The problem addressed here is parametric design using a design
concept typical of modern fighter aircraft. The problem is
representative of real-world aircraft conceptual design problems. It
is similar to practical problems that are currently being solved using
methods described here. The aircraft takes off, accelerates
subsonically and then perhaps supersonically, transits to an
engagement area, conducts combat operations, returns to base,
loiters, and lands. The parameters describing the mission include
altitude, duration and velocity of those activities, range, and

acceleration and maneuverability requirements for combat.
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Representative parameters of the aircraft’s geometry and
configuration include fuselage width, height and length; wing
planform and thickness characteristics; vertical and horizontal tail
surface dimensions; and engine size (that is, aircraft thrust-to-weight
ratio). Parameters of the design concept include unscaled engine
weight and dimensions, and weights of aircraft subsystems and the

weapons complement. The total number of parameters for this
problem is fifty.”
[Ref. 3, pg. 113]

The engineering design problem that is being considered in this thesis is
the system software architecture design for an embedded, real-time application.
This design problem can be viewed as an optimization problem. The ‘function’
to be optimized is the applicability of a real-time operating system (RTOS)
configuration to a given problem specification. The parameters of the ‘function’
are the configuration items for the RTOS. It is reasonable to hypothesize that
there is no optimal RTOS configuration for all real-time applications, instead the
best RTOS configuration for any given application will, in some unknown
manner, be a function of the application itself. Therefore, the tools developed
must be capable of accepting a user specified real-time application. The tools
will then generate a list of the ‘best” RTOS configurations for that application. A
genetic algorithm will be used to determine these RTOS configurations. In
general, a genetic algorithm can be used to find the optimal solution to a given
problem but only if given infinite time. Since infinite time is not feasible, the

solutions provided by the tools developed in this thesis will produce sub-optimal
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solutions. The following sections describe the RTOS, genetic algorithm and real-

time application specification aspects of the tool set.

3.1 Real-Time Operating System (pacx1ng

TASKING provides all of the RTOS services necessary for real-time
application development. It is important to note that the services provided merely
allow for the development of real-time applications -- they do not ensure that a
system design will actually perform in real-time. The services provided are
easily segregated into the following categories: task management, software
events, binary semaphores, counting ("Dijkstra") semaphores, message passing,

condition variables and interactive I/O handling.

The task management services primarily allow tasks to be dynamically
created and destroyed. In addition, services are provided so that tasks can be
suspended, resumed or change their priority. These services are sufficient to
allow for the design of a multitasking application; however, additional services
are necessary to allow the tasks to communicate and interact. The remaining

categories of services provide these necessary capabilities.

Inter-task communication and interaction are achieved by the use of one
(or more) of the following constructs: software events, binary semaphores,
counting ("Dijkstra") semaphores, message passing or condition variables. These
constructs are actually a superset of those that are required for inter-task
communication. It has been shown that at the most basic level, all of these

constructs can be considered to be a special case of a simple semaphore.
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“In the previous sections we have studied four different interprocess
communication primitives. = Over the years, each one has
accumulated supporters who maintain that their favorite way is the
best way. The truth of the matter is that all these methods are
essentially semantically equivalent (at least as far as single CPU
systems are concerned). Using any of them, you can build the other

ones.”
[Ref. 18, pg. 52}

Nonetheless, in order to ease application development, they are all
provided by Tasg1Ng- Note that when these constructs are created they are just
like any other variable in that their value is undefined. Before the construct is
used it should be initialized to a value appropriate for the given construct. In
addition, task interaction with the application user is performed by a set of

blocked I/O handling routines.

Software events are one of the more simple constructs; events can take on
only one of two possible values: signaled or unsignaled. In addition to this
restriction, events can retain only a single signal, i.e., once an event has been
signaled, all subsequent signals to that event are superfluous (the event remains
signaled) but are not considered errors. Tasks may communicate simple
information with events but most often events are used for task synchronization.
Quite simply one task would wait for an event to be signaled by another task
which would indicate that some temporal situation was satisfied (e.g., a data
buffer had just become non-empty or non-full, etc.). At that point the tasks

would be synchronized.
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Whereas software events are typically used to task synchronization, binary
semaphores are typically used to ensure mutually exclusive access to a resource
which is shared between two (or more) tasks. Binary semaphores, like software
events, can only take on two possible values: 0 or 1. In addition, it is logically an
error to signal an already signaled binary semaphore; pasg NG Will enforce this

restriction by detecting and reporting this as an error.

"Dijkstra”, or counting, semaphores are similar to binary semaphores
except that they can retain multiple signals because TaggTNg maintains
information so that it knows how may signals are stored in the semaphore at all
times. Whenever a given semaphore is signaled the count is incremented. Tasks
that wait on the semaphore are only suspended when the semaphore contains no
signals (i.e., the semaphore value is zero). This allows "Dijkstra" semaphores to
provide control over access to a resource that has more than one instance. That is

n tasks can access m similar resources, where n > m.

TASKING also supports passing arbitrary, application-specific messages
between tasks; this is accomplished when the source task allocates memory for
the message and sends a pointer to the message to the destination task. The
receiving task is responsible for de-allocating the memory for the message after it
has been consumed. There are no restrictions on the size, structure or number of
messages that can be used within the application. 7agg1NG manages mailboxes
for the destination of the messages and all messages are delivered in a non-

prioritized, first-in-first-out manner. Extreme care must be taken to ensure that
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these message queues do not cause unbounded priority inversion; note that this

form of priority inversion cannot be detected or prevented by 7asKING-

The last construct is condition variables. Condition variables do not have
any memory associated with them; if a task is already waiting on a condition
variable when it is signaled it will become unblocked, but if a condition variable
is signaled and no task is waiting on it, then the signal is lost. Condition
variables are typically used in the implementation of Hoare Monitors or for

simple forms of task synchronization.

The other service that ppggTNng can provide is blocked I/O. Both
keyboard and MS-Mouse I/O can be performed in a completely blocking manner
where the task is blocked (suspended) until input is available. The only
restriction is that only one task each can perform blocked keyboard input and

blocked MS-Mouse input.

The detailed design of each service and the general operating system

philosophy are presented in the remainder of this section.

3.1.1 Facilities and Capabilities

TaSKING allows for the creation of up to 2047 simultaneous, parallel
executing tasks, or threads of execution, within the application. The tasks
execute in an environment of 1000 distinct priority levels. The error handling
options provided by 7asgING are quite flexible; each task, or set of tasks, can
have its own specific error handling routines; all tasks can use global application
error handlers; or 7agsgING can handle any/all of the application errors. When

default error handlers are used, TasgTNG Wil attempt to continue executing in
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the presence of errors, but it should be noted that under error conditions, task
deadlock is likely to occur (under task deadlock conditions paskTng Will
terminate the application). As regards inter-task constructs, the number of these
constructs used by the application is limited only by the amount of available
memory in the system. 7aggTNG imposes no limits on these constructs. In
addition to these features, TaggTNg provides performance and operational
statistic reports which can be used to determine how well 7asgNG has been
configured to match the needs of the application (reports may also be useful for

determining the needs of the application tasks).

The structure of TasgING 1S given in Figure 7 - Operating System
Facilities/Structure. Detailed component descriptions are provided in the

following section and complete Ta sg NG source code can be found in Appendix

A RTOS Source Code [TASKING.INT and TASKING.PAS].
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Figure 7 - Operating System Facilities/Structure

The basic architecture of a pasgING application consists of a program

‘main’ body, used only to initialize global data and create initial tasks, and the

tasks themselves.

executing until the ‘main’ body actually terminates.

program is used only to initialize the multitasking application.
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automatically ceases to exist when the body of the task terminates. The program
as a whole terminates when all tasks have terminated or when the Aalt(...) system
call is made. Appendix C Support Software Source Code [DINING.PAS]
includes a sample TasrTNG program, it is a solution to the classic multitasking
problem proposed and solved by Dijkstra in 1965 called The Dining
Philosophers Problem [Ref. 18, pg. 56].

3.1.1.1 CREATE(..)

This routine creates all system data structures for a parallel executing task.
The task will be made ready to run and will be available for execution. Actual
execution occurs when the scheduler activates the task (i.e., precise execution
time is unknown and depends on the task priority and the relative priority of
other ‘ready’ tasks). In addition, no tasks are allowed to execute until the
application 'main' has terminated. In this manner all tasks created in the ‘main’
body begin executing simultaneously. In addition to creating tasks in the ‘main’
body, tasks can also create other tasks. There is no concept of task parent-child
relationships within 7a gk TNG; When a task is created it continues to exists until
it is destroyed or terminates itself, i.e., the task existence is independent of the

existence of the task that created it.

3.1.1.2 DESTROY(...)

This routine forces the task to terminate and releases all of the task's
resources so that they can be used by other tasks and will then remove all
evidence of the task ever having existed. Tasks may only destroy other tasks, not

themselves. Tasks destroy themselves by merely exiting the task procedure.
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This operation should only be performed when the full consequences of task
destruction are known. This is particularly important in cases when the task that
is being destroyed communicates with other tasks. If the destroyed task has a
resource locked (with a semaphore, for example), there may be no way to reclaim
that resource. Another potential risk is that the destroyed task may be the
recipient of a message. Since the mailbox structure for that task will cease to
exist after the task is destroyed, any subsequent message sent to that task will
cause an ‘Illegal Operation’ error. It is important to note that except for the most
simple multitasking designs, deadlock is likely to result from the task
destruction. In most cases Tagg NG Will detect system deadlock and terminate

the application.

3.1.1.3 SUSPEND(...)

This routine causes a previously ready task to become blocked
unconditionally. Once this has occurred, the only way that the suspended task
can execute again is if another task resumes it (see section 3.1.1.4 RESUME(...)).
Note that suspending a task is distinctly different from destroying a task. A
suspended task is essentially waiting for the conditions to exist which will cause
another task to awaken it. A destroyed task can never be awakened (although it

may be re-created).

3.1.1.4 RESUME(...)
This routine causes a previously suspended task to become ready to
execute. After the task has been resumed, it is not necessarily the next task to

execute, as is always the case when a task becomes unblocked. The task
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priorities of all ready tasks and the scheduling policy determine which task will
be next to execute. Note that although typically this action is performed on a
task that has been suspended, taskrNng Will allow any task to be resumed,
regardless of the reason that the task is blocked. It is important to realize that
resuming a task prematurely is likely to cause logical errors in the way that the

tasks interact; deadlock may occur.

3.1.1.5 CHANGE_PRIORITY(...)

This routine allows the currently running task to change its priority. It is
not possible for a task to change the priority of another task. After the task’s
priority has been changed, the normal scheduling arbitration takes place and a
new task is chosen to execute. It is important to realize that designing a real-time
system where a task changes its priority is extremely difficult. There may be

isolated instances where it is useful, but in general, it should be avoided.

3.1.1.6 WAIT FOR_DELAY(..)

This routine causes the currently running task to become blocked for a
specified length of time. The time specified can be as long as thirty-two days
with accuracy to one millisecond. When the time delay expires, the task becomes
ready to execute. As is always the case when a task becomes unblocked, the task
priorities of all ready tasks and the scheduling policy determine which task will
be next to execute. Although it is possible to use this mechanism to create a task

which performs some operation periodically, TaSKTNG provides a more accurate

means to do this (see sections 3.1.1.10 START PERIODIC EVENI({..) and
3.1.1.11 STOP_PERIODIC EVENT(...)).
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3.1.1.7 SIGNAL_EVENT{(...)

This routine signals the event specified; if there are tasks waiting on the
event, then one task is made ready (based on a non-prioritized, first-in-first-out
algorithm). If there are no tasks waiting on the event, then the signal is saved,
the next task to wait on the event will consume the signal. Only one signal is
maintained no matter how many times the event is signaled. Note that sending
multiple signals to the same event is not considered to be an error, but can lead to
logical problems on the receiving task’s subsequent reactivation.
3.1.1.8 BROADCAST EVENT(...)

This routine is functionally identical to section 3.1.1.7
SIGNAL EVENT(...) with minor differences. If there are tasks waiting on the
event when it is signaled, then they are all made ready to execute. If there are no
tasks waiting on the event, then the signal is saved and the next single task to

wait on the event will consume 1it.

3.1.1.9 WAIT ON_EVENTY{...)

This routine either causes the calling task to be suspended waiting for the
event to be signaled or else consumes the signal already stored in the event. If
the event has already occurred, then the calling task will not be suspended but
instead will immediately become ready to execute. Although technically the task
has not become unblocked, TasgING treats these two conditions identically.
Therefore, the task priorities of all ready tasks and the scheduling policy

determine which task will be next to execute.
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3.1.1.10 START PERIODIC EVENTY..)

This routine causes 7agg1NG to begin the periodic signaling of the event
specified at the specified interval. This mechanism is most useful for creating
periodic tasks. Since 7aggTNG is responsible for signaling the event, the task is
guaranteed that the signal will occur at the specified interval. It is important to
note that the task priorities of all ready tasks and the scheduling policy will
actually determine the exact execution period of the task. Requesting a periodic
event is not the same as a real-time design which guarantees that the periodic

execution will result.
3.1.1.11 STOP_PERIODIC_EVENT({...)

This routine causes TasgING to stop the periodic signaling of the event
specified (see section 3.1.1.10 START PERIODIC EVENT(...)). Note that the
event is not destroyed by this operation; it may still be used by restarting the
periodic event.
3.1.1.12 SIGNAL BINARY SEMAPHORE(...)

This routine performs an 'Up' operation on the specified binary semaphore.
Since the ‘Up’ operation is not defined for a binary semaphore that is already set,
raskING Will detect this condition as an error. If there are tasks waiting on the
semaphore when it is signaled, then one is made ready to execute. If there are
none waiting then the semaphore is set.
3.1.1.13 WAIT ON_BINARY SEMAPHORE(...)

This routine performs a 'Down' operation on the specified binary

semaphore. If the binary semaphore is already zero, then the running task is
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suspended until the semaphore is signaled. If it is non-zero, then the semaphore
is cleared and execution continues, based on the priorities of all ready tasks and
the scheduling policy that is in effect.

3.1.1.14 SIGNAL _SEMAPHORE(...)

This routine performs an 'Up' operation on the specified "Dijkstra"
semaphore. If there are tasks waiting on the semaphore when it is signaled, then
one is made ready to execute. If there are no tasks waiting, then the semaphore is
incremented. In either case, execution continues, based on the priorities of all
ready tasks and the scheduling policy that is in effect.
3.1.1.15 WAIT ON_SEMAPHORE(...)

This routine performs a 'Down' operation on the specified "Dijkstra"
semaphore. If the "Dijkstra" semaphore is already zero, then the running task is
suspended until the semaphore is signaled. If it is non-zero, then the semaphore
is decremented and execution continues, based on the priorities of all ready tasks

and the scheduling policy that is in effect.

3.1.1.16 SEND MESSAGE_TO(...)

This routine sends the message (actually, the pointer to the message) to the
specified task by placing it in the task's mailbox (the mailbox will automatically
be created if necessary). Although the calling task cannot block when sending a
message, TASKING te-evaluates which task should be executing, and execution
continues based on the priorities of all ready tasks and the scheduling policy that

is in effect. Typically, messages are dynamically allocated (using getmem...))
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before being sent, the receiver is responsible for deallocation (using freemem(...))

after the message has been used.
3.1.1.17 WAIT AND RECEIVE_MESSAGE(..)

This routine retrieves a message (actually, a pointer to a message) from the
caller's mailbox (which is created if necessary). If there are no messages in the
mailbox then the task is blocked waiting for a message to arrive. Because the
caller is blocked until a message is available, the return pointer is guaranteed not
to be nil. Typically, the receiving task will dispose of the message after it has
been used. Messages are queued in first-in-first-out order into the task’s mailbox
(extreme caution should be used in the design of the message passing tasks to
avoid unbounded priority inversion).
3.1.1.18 RECEIVE_MESSAGE(...)

This routine is functionally identical to section 3.1.1.17
WAIT AND RECEIVE _MESSAGE(...) with minor differences; if there are no
messages present in the caller’s mailbox at the time of the call, then the return

value is nil. Therefore, the task cannot become blocked by calling this routine.

3.1.1.19 SIGNAL CONDITION_VARIABLE(...)

This routine signals the condition variable specified; if there is a task
waiting on the condition variable then it is made ready. Multiple waiting tasks
are handled in first-in-first-out order. If there are no tasks waiting on the
condition variable when this routine is called, the signal is lost, (recall that

condition variables have no storage capabilities).
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3.1.1.20 WAIT_ON_CONDITION VARIABLE(...)

This routine is guaranteed to cause the calling task to become blocked.
Because condition variables do not store signals, the task is guaranteed to be
waiting on the condition variable as a result of calling this routine. As soon as
another task signals the condition variable the waiting task will be made ready.

3.1.1.21 WAIT ON READKEY(...)

This routine provides the means for an application task to perform I/O in a
'blocking' manner. This means that while there is no input from the keyboard, the
calling task is suspended. As soon as input arrives from the keyboard, the calling
task is made ready to execute. In addition, the ASCII code of the key that was
pressed is returned to the caller. This in an example of interrupt driven
multitasking. The task that calls this function (of which there can be only one)
provides the interface between the rest of the application tasks and the outside
world (in this case, the user). Typically, the task responsible for user input would
send messages to other tasks or signal some type of inter-task communication
construct as a result of receiving the user input. Note that ppgrTNG cannot
detect deadlock if this feature is used within the application. This is due to the
very nature of an interrupt driven task. It could be awakened at any time by the

keyboard; therefore deadlock is not detectable.

3.1.1.22 ENABLE MOUSE_ACTIONS(...)
This routine enables the specified MS-Mouse events to be received by the
task which is (or will be) waiting to receive mouse actions. Essentially, this

allows the task to communicate with 7agr1Nng the exact MS-Mouse features
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that it is using. This routine can be called at any time to change the mouse
actions that are of interest to the task.
3.1.1.23 WAIT AND RECEIVE MOUSE _ACTIONS(...)

This routine receives MS-Mouse action parameters from the MS-Mouse
driver and passes them to the waiting task. If none of the enabled mouse actions
has occurred, then the task is blocked, waiting for one (or more) action to occur.
This is another means of providing an application task the ability to perform I/O
in a 'blocking' manner. Note that 7a gk NG cannot detect deadlock if this feature
is used within the application. This is due to the very nature of an interrupt driven
task. It could be awakened at any time by the MS-Mouse action; therefore

deadlock is not detectable.

3.1.1.24 LOCK_SCHEDULER(...)

This routine allows a task to 'lock' the scheduler and prevent all further
task rescheduling until it is unlocked (see section 3.1.1.25

UNLOCK_SCHEDULER(...)).

One use of this routine is when multiple tasks need to write to the display,
and it is desired that the output from each task occurs without the output from
other tasks intermixing with it. Note that during the time that the scheduler is
"ocked' there will be no preemptive or cooperative task rescheduling. The
application should avoid locking the scheduler if possible. If that is not feasible
or practical for the application, then the time spent with the scheduler locked

should be an absolute minimum.
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It is imperative that each call to lock the scheduler have a corresponding
call to unlock it. Successive (nested) calls to lock the scheduler are allowed, but
the application should ensure that each scheduler lock request has a
corresponding call to unlock it.

3.1.1.25 UNLOCK_SCHEDULER(...)

This procedure 'unlocks' the scheduler and allows task rescheduling to
continue based on the previously existing configuration. Note that the scheduler

must previously have been locked, or an ‘Illegal Operation’ error will occur (see

section 3.1.1.24 LOCK_SCHEDULER(...)).

3.1.2 Configuration Parameters

TASKING provides a number of configurable parameters which help to
match the RTOS to the real-time application. The following parameters must be
initialized by the application before multitasking begins; therefore this
initialization must occur in the application ‘main’ body or from the application
INI file, which TaggTng Will read before the ‘main’ body executes. Once
multitasking begins (i.e., when the ‘main’ body terminates), raggIng Will

ignore all changes to these parameters:

e Scheduling Policy - Task priorities can be either static throughout the
execution of the application (default), or they can rotate on every
context switch. Static priorities will ensure reliable, predictable system
performance whereas rotating priorities will add a degree of uncertainty

to the scheduling algorithm which may result in better performance for
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some applications. For example, an application where ‘fairness’ is an

important system feature may benefit from rotating priorities.

Priority Inheritance - Task priority inheritance will be either enabled or
disabled. Priority inheritance is effective in solving the problem of
unbounded priority inversion. Priority inversion can occur when low
and high priority tasks share a common resource and there exist
intermediate priority tasks. If a low priority task 'locks' a resource and a
high priority task requests that resource (i.e., attempts to 'lock' the
resource), it is possible for an intermediate priority task to indefinitely
prevent the low priority task from 'unlocking' the resource. This
essentially creates the condition where an intermediate priority task can
prevent a high priority task from executing (see Figure 8 - Unbounded

Priority Inversion).
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Figure 8 - Unbounded Priority Inversion

Priority inheritance prevents this situation from arising by temporarily
raising the priority of a task with a locked resource to the level of the
highest priority task attempting to lock that same resource for the

duration of time that the lower priority task maintains control of the

resource (see Figure 9 - Priority Inheritance Protocol).
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Figure 9 - Priority Inheritance Protocol

e Tasking Model - Both cooperative and preemptive multitasking models

are supported. Cooperative multitasking only allows context switching
when TnggTNG services are called. Cooperative multitasking requires
that all tasks 'surrender' the CPU when they have completed their work
(i.e., the tasks must cooperate by blocking to allow other tasks to
execute, and there can be no continuously executing background tasks).
This tasking model is often referred to as 'prioritized; run-to-
completion'. In addition to allowing context switches when TasKING
services are called, preemptive multitasking causes context switches
periodically based on the timeslice parameter. The timeslice can range
from 50 pSec. to 65 mSec. Preemptive multitasking removes the

requirement that the tasks must cooperate in passing the CPU resource
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from task to task. When preemptive multitasking is selected, TaSKTNG
will 'give' the CPU to a task for a single timeslice. After that, the CPU
will be 'taken' from that task and 'given' to another task which is chosen
based on the relative task priorities of all tasks which are ready to
execute and the scheduling policy that is in effect. Note that under this
multitasking model, continuously executing background tasks are
allowed.

3.1.3 RTOS Performance

The most important performance parameter of an RTOS is that of overhead
imposed by the RTOS on the application. This is the amount of processing that
is performed by the RTOS to achieve its goals which in no way contributes to the
completion of the application requirements. Taskg1NG performance in this area
is shown in the following figures. Note that although these measurements were
made on a 66 MHz Pentium processor, a different x86-class processor would
produce similar results, i.e., a faster processor would show a decrease in

overhead proportional to its speed relative to a 66 MHz Pentium.

In order to fully understand the performance merits of pasg NG there are

two things that must be explained: how the measurements were made and why

the results turned out as they did.

The measurements were made using two special programs to generate the
data and another program to produce a graph, see Appendix C Support Software
Source Code [TASKS-A.PAS, TASKS-B.PAS and TSK-BNCH.PAS]. First, a
baseline measurement was made using a program which performs a set of
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computations without using TaggINg in any way [TASKS-B.PAS]. This
produces a measurement of the best possible performance since any additional
processing performed by tasgINg results in performance which is degraded
from this baseline measurement. Next, measurements are made using a program
that performs the same set of computations but in this case Tagg NG iS used to
create multiple tasks each of which performs a subset of the computations
[TASKS-A.PAS].  For these measurements masging i configured for
preemptive multitasking with priority inheritance disabled (which is not relevant
because none of the tasks interacts or shares resources). In addition, all tasks
execute at the same priority level with static priorities. The point is to measure
the impact of context switching on the time required for the application to
perform all of the computations. This RTOS configuration achieves that goal by
disabling or not using all other Task1NG features. The only RTOS parameter
that is allowed to vary is the target timeslice. The timeslice is varied from 1

mSec to 250 mSec; this range encompasses most reasonable timeslice values.
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Figure 10 - TASKING Benchmark (Relative Performance)

The results from these measurements are shown above in the Figure 10 -
TASKING Benchmark (Relative Performance). This graph shows that TaskING
imposes a minimum of approximately 1.7% performance penalty on the
application. What is most interesting is that after the timeslice value exceeded
approximately 20 mSec, the performance degradation remained relatively
constant. This implies that ~1.7% performance degradation is the best that
TASKING can achieve. As the graph clearly shows, the overhead increases
significantly for small timeslice values. The reason for this is that smaller
timeslice values result in more context switches. As the following graphs show
(Figure 11 and Figure 12), the context switch overhead is the dominate factor in
TASKING S performance only for small timeslice values. For larger timeslice
values, the dominate (and constant) factor in TASKING S performance is
TASKING S management of the system clock. That is, the handling of the

system clock interrupt and the internal delay request checking performed during

that interrupt service routine.
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Figure 11 - TASKING Benchmark (Context Switching Overhead) below
shows that context switching is not responsible for the performance degradation.
Note that after the timeslice value exceeded approximately 20 mSec, the context
switching overhead remained relatively constant at zero. It is only for small

timeslice values that the context switch overhead is appreciable.

TASKING Performance Benchmark - Context Switch Overhead
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Figure 11 TASKING Benchmark (Context Switching Overhead)

As shown below in Figure 12 - TASKING Benchmark (Context Switching
Percentage), context switching time itself is negligible when compared to the
timeslice value. The context switch time is only significant for small timeslice
values. It is the presence of 7a gk 1NG itself that impacts performance. This is a
good indication that the performance degradation is relatively constant regardless
of the application being used. This is a very important characteristic of a real-
time operating system. Note that none of the values of Figure 12 is zero, rather,
some values are merely very small (or more likely beyond the measurement

capabilities of the data collected).
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Figure 12 TASKING Benchmark (Context Switching Percentage)

Analysis of the context switching time of 7aggTNG Over the same range
of timeslice values as in Figure 12 yields a value which never exceeds
approximately 37 uSec. The context switching time does vary somewhat over
this range but never beyond the accuracy of the measurements. That is, to within
the accuracy possible with the data collected, the context switching time of
TASKING remains relatively constant over this range of timeslice values. These
two context switching time properties (relatively constant and guaranteed upper
bound) are probably the most important RTOS characteristics for real-time
applications. A constant context switch time allows accurate, verifiable timing
analysis to be performed and an upper limit on the context switch time allows
worse-case timing analysis to be performed. No system is actually ‘real-time’ if

the context switch time varies excessively or is unbounded.

The performance degradation which occurs when using aSKING IS a
result of the monitoring of the system clock that TagkING must do in order to
achieve preemptive multitasking. TasgING must change the clock interrupt
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period of the main system clock hardware of the PC to a minimum of 1.000 kHz
(1.000 mSec period) for timeslice values of 1 mSec or more. Because of this and
the fact that the PC clock is originally set to 18.20 Hz (54.93 mSec period),
TASKING performance is best at multiples of approximately 55 mSec. This is
illustrated below, (see Figure 13 - TASKING Benchmark (System Clock Impact)).
The graph shows the excess processing that g 1NG must perform in order to
simulate the MS-DOS clock timer. TaggTNG must determine the proper time
that the original MS-DOS clock timer interrupt should be called so that MS-DOS
will continue to keep the proper ‘clock time’. Since MS-DOS assumes that it’s
timer interrupt handler will be activated once every 54.93 mSec, in order for MS-
DOS to keep proper time, Ta sg NG must ensure that it does. It is this simulated
interrupt which tends to add modulated irregularities to the TasSKING
performance curves. If MS-DOS was not used by the application, 7askING
would not need to simulate the interrupt. That would stabilize the performance
curves for 7agg NG but would not allow the application to use any MS-DOS
services (such as screen and/or disk I/O). Since it is not practical to include all of
those services into TasgING, the only alternative is to understand the

performance measurement limitations and factor those limitations into the

interpretation of the performance data.
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Figure 13 TASKING Benchmark (System Clock Impact)

In general, 7 gg1NG provides reliable, consistent performance. The only
concern is that the application is in fact degraded by approximately 1.7%.
Although this value is not excessive, it is also not negligible. Given that all of
TASKING 1s written in Pascal and that there is no appreciable assembly

language, these results are not surprising and certainly not unreasonable.
3.2 Genetic Algorithm

The GA is constructed in the 'standard' genetic algorithm manner (see
Figure 14 - Genetic Algorithm Process Flow). The only exception to this is that
the information within the GA will flow through data files created on the
computer hard drive. This is necessary because the GA must be completely
suspended in order to run the 7asgING programs which are used to evaluate the
individuals of the population. In order to achieve accurate and reproducible
results, the GA must be run from a minimum PC configuration, i.e., no Terminate

and Stay Resident (TSR) programs loaded. In addition, the GA must be run in a
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pure MS-DOS® environment, i.e., not from within an MS-DOS® shell under MS- - -

Windows®.
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Figure 14 - Genetic Algorithm Process Flow
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The most important aspect of the GA design is in the choice and/or design
of the genetic operators: mutate(...) and crossover(...). These operators will
affect the ability of the GA to converge to a solution, the rate of convergence and
the probability of false convergence. Most of the research associated with this
thesis has involved these operators. There is no shortage of opinions regarding
the 'best' universal operators, but there has been nothing published regarding
operators specific to this problem domain. A certain amount of experimentation
is required in determining viable operators. The following sections detail the
appropriate operators for this application and also describe the desirable

characteristics of genetic operators.

Before the genetic operators can be designed, the genetic representation
that will be used for the problem must be determined. The following section
describes the genetic representation used for the GA.

3.2.1 Genetic Representation

The genetic representation for the RTOS is representational in nature, that
is, it is not a pure binary representation. Instead the representation will closely
mirror the configuration parameters of the RTOS, see Section 3.1.2
Configuration Parameters. The following table lists the genes that comprise the

genotype used for the RTOS configuration:
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Gene Possible Values

Tasking Model Cooperative, Preemptive

Target Timeslice 50 - 65,535 uSec

Priority Inheritance Enabled True, False

Priority Allocation Static, Rotating

Initial Priority Assignment Constant, Random, Rate Monotonic,

Deadline Monotonic, Workload Monotonic

Table 3 - RTOS Genotype

Since the GA will not use a binary representation, it is important to note
that there are five genes in the genotype above. All five are considered to be
equal even though the actual representation length (bit length) of each gene is
different. For the purposes of genetic mutation and crossover, they are
considered to be of equal length. Therefore, each of the five has equal
probabilities whenever a gene is to be operated upon in a random manner. This
is considerably different from a binary representation GA where each bit is
considered equal, and the length of the group of bits that comprise a gene has a
significant impact on the relative probability of that gene becoming involved in

mutation and/or crossover.

3.2.2 Mutation

The genetic mutation(...) operator for this GA simply mutates (which is a
gene specific operation) all genes of the population with equal probability Py.
For example, suppose Py~4% (i.e., 0.04), the number of individuals N=225, and
the number of genes per genotype M=5; then for a typical generation there would

be PypNeM = 0.04:225.5 = 45 genetic mutations, on average.

For the representation used here, the mutation to be performed is a
function of exactly which gene is to be mutated. As is the case for all
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representational genotypes, this genetic algorithm mutation operator randomly
selects a value from the allowable range for the gene to be mutated. In this way
all genotypes are guaranteed to be made up of valid genes. This ensures that all
individuals represent valid solutions to the problem at hand even if they have
been involved in a genetic mutation. The allowable values for each gene are
defined in Table 3 - RTOS Genotype above.

3.2.3 Crossover

The genetic crossover(...) operator for this GA is implemented using
single-point crossover. First, two parents are selected at random from all above
average individuals (i.e., individuals that have a fitness value greater than the
average fitness for all individuals of the population). Then a crossover point is
randomly selected. The crossover is performed as all genes up to the crossover
point are taken from the first parent, and the remaining genes are taken from the
second parent. The newly created individual replaces a below-average
individual. Since there are five genes in the genotype, the crossover point is

from one to four. This ensures that at least one gene is taken from each parent.

The results achieved when using single point crossover are somewhat
dependent upon the ordering of the genes. Since the genes that are taken from
the parents are contiguous, it is useful to group related genes together. For this
application, the only genes that are related are the Tasking Model and Target
Timeslice genes. As indicated in Table 3 - RTOS Genotype above, these two

genes are adjacent within the genotype.
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3.3 Problem Specification

The real-time application must be specified in the most flexible manner
possible in order to support an arbitrary real-time design. In order to do that, the
GA reads the design information from a 'standard' data file. This approach
allows the real-time application specification to be created independently of the
GA. The following sections describe which aspects of the real-time application
must be specified and how the specification must be created so that the GA can
correctly process (parse) the information.

3.3.1 Specification Parameters

In order to completely specify the real-time application, the user will have
to provide details about the characteristics of the tasks that make up the
application. The only aspects of the application design that are germane to the
GA are those that involve the tasks themselves and the task interaction. The
details of what operations the tasks perform are irrelevant. The necessary task

characteristics are as follows:

e Task Name - This will be a text string that will be used when
performance results are reported and when communication is performed

with other tasks.

e Period - This will be the amount of time between successively
beginning executions of a periodic task. A value of zero is used to
indicate that the task is non-periodic. Non-periodic tasks will only

execute once. See Figure 15 - Task Execution Profile, T.
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® Deadline - This will be the amount of time between when a task begins
execution and when it must reach a critical point in its execution. See

Figure 15 - Task Execution Profile, Tp.

* Deadline Hardness - This parameter will indicate the degree to which
the previously specified deadline is 'hard'. A linear scale between 1

(soft) and 10 (hard) is used.

e Workload - This will be the amount of time between when a task begins
executing and when it completes. A value of zero is not allowed. See

Figure 15 - Task Execution Profile, Ty

Sample Task Execution Profile
,_L,l
°
W T
2 1 'R ]
2
s 7
<
{ /
Deadline
Commuricate with
other Task(s)
Time

Figure 15 Task Execution Profile

In addition, the user must specify the inter-task communication aspects of
the real-time system. The following communication characteristics may also be

specified (some applications and/or tasks will not require these features):

e Task Name - This will be the name of the task that is to be the recipient

of the communication.
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e Communication Type - This will be the paggiyng inter-task
communication type that is to be used (Message, Semaphore, Binary

Semaphore, Event or Condition Variable).

e Communication Time - This will be the amount of time from when the
task begins executing to when the communication should be performed

with the other task. See Figure 15 - Task Execution Profile, Tc.

Up to two pairs of the above communication parameters can be specified.
This will allow most complex inter-task communication architectures to be fully

described.

3.3.2 Specification File Format

Since it is not the goal of this thesis to develop an application for creating
the real-time application specification, a standard PC spreadsheet program will
be used to create the file used to specify the design of the real-time system. Any
spreadsheet can be used as long as the file is saved in the standard 'Comma
Separated Value' format (all commercial spreadsheet applications support this
format, as well as most commercial database applications). Text fields will be
enclosed in double quotes; integer fields will be ASCII text but will not be

enclosed in quotes; real numbers are not necessary and will not be supported.

Each line of the file will represent a single task specification, the length of
which is limited to 255 characters. The order of the fields within each line of the
spreadsheet must as specified in Table 4 - Real-Time Application Specification

below.
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4. Evolution Tool Set

This thesis will result in a set of PC-based tools which will compute near
optimal RTOS parameters for any real-time application. The tools will provide a
means of creating an application specification and performing the GA based
analysis, using a custom RTOS - pagking. Performing the analysis will
include real-time graphical display of the progress of the GA 'population’ and a

report with the recommended near optimum RTOS configuration.

The set of project deliverables is as follows (detailed in the following

sections):
e Custom RTOS (Task1NG) to be used in evaluating RTOS parameters.

e Tool to analyze and evaluate an arbitrary real-time application using a

specific set of RTOS parameters.

e Genetic Algorithm based tools to evolve a near optimal RTOS

configuration for the real-time application.

e Set of real-time application specifications and analysis to verify proper

operation of the tool set (i.e., problems with known solutions).

4.1 Custom RTOS (TASKING)

The RTOS used to evaluate the real-time application has already been
described in detail (see section 3.1 Real-Time Operating System (TASKING)).
The aspect of TaggNG that has not been described is how it is instrumented to

provide performance information. TASKING is capable of capturing and
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reporting performance information about three different aspects of the execution

of an application. These aspects are:

* Hardware Interrupts - includes information about which interrupts were
serviced, how many times they were serviced and how frequently they

were serviced (report filename: 1ro  rpT).

e Software Interrupts - includes information about which MS-DOS
services were used by the application, how many times they were called
and how frequently they were called (report filename:

SERVICES.RPT)

e Task Statistics - includes information about the CPU and stack
utilization of each task as well as the percentage of periodic events that

failed to be signaled at the proper time (report filename:

TASKING.RPT)-

As it relates to the evaluation of an RTOS configuration for a real-time
application, the task statistics information is the most useful. The following
figure shows a sample report for the Dining Philosophers Problem (Figure 16 -

Sample TASKING.RPT File).
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1: Preemptive Multitasking Statistical Information

2: -Priority Inheritance Enabled

3: -Static Priorities

4:

S: Task Activity:

6: Context Switches 2002 (~640 per second)

7: Cooperative 361 (~115 per second)

8: Preemptive 1641 (~524 per second)

9: Target Time Slice = 1500 usec
10: Achieved Time Slice = ~1563 usec
11: Available CPU Bandwidth = 0.000 %
12: Periodic Event Faults 29.941 &%
13: Tasks at Termination:
14: Task State Task Stack Size Stack Used Stack Used CPU Used
15: {Delayed Until) 1ID Priority {words) {words) (%) (%)
16:
17: Ready 1 9991 4000 110 2.8 58.4
18: Ready 2 9986 4000 110 2.8 39.5
19: Ready 3 9966 4000 31 0.8 0.0
20: Running 4 10000 2000 687 34.3 2.1
21:

22: Maximum percent of stack used: 34.3%

23
24: Heap Information (bytes):
25: Total Available: 100,000

26: Used for Application Stacks: 28,000
27: Available to Application: 72,000
28:
29: Execution Time:
30: Effective = 3.070 seconds
31: Absolute = 3.13 seconds

Figure 16 - Sample TASKING.RPT File

The parameters of interest are on lines 11 and 12. The CPU utilization is
determined by taskgTNG by recording the task that is executing when system
timer interrupts occur. Since TpggTNG Maintains a ‘null task’ which executes
only when there are no application tasks which are ready to execute, TaSKING
can very easily (and accurately) determine the percentage of available CPU
bandwidth. The percentage of periodic events that are missed by the application
is also very easily determined. Since 7agsgTNG 1S in control of the system clock,
whenever a periodic event is signaled the state of the event is examined. If the
event is already signaled then the application will miss that event (i.e., the
application was not able to finish its execution during the previous time period).
These two parameters represent pasg NG S contribution to the RTOS evaluation
by providing information usually available only to the operating system to the

genetic algorithm.
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4.2 Real-Time Application (RTOS-APP)

The real-time application produces a report which includes a measure of
timeliness for various aspects of the application timing requirements. The real-
time application monitors the system clock (provided by Tasking) tO
determine if the task’s deadline and periodic execution occurred at the
appropriate time. Since the measurements are made by the tasks themselves, the
results are very accurate. TagSKING 1S capable of signaling a periodic event at
the correct time but the RTOS configuration and application design dictate
whether the task will actually receive the signal at the correct time or not. The

following figure shows a sample real-time application report file:

: Individual Task Timeliness

Task Name: TASK #1
Periodicity: 213/213 (100.00%)
Deadline: 14/214 (6.54%)

Task Name: TASK #2
Periodicity: 141/141 (100.00%)
Deadline: 68/141 (48.23%)

10: Task Name: TASK #3
11: Periodicity: 0/0 (0.00%)
12: Deadline: 0/0 (0.00%)

15: Average Task Timeliness
16: Periodicity: 66.67%
17: Deadline: 13.51%

19: Application Timeliness = 40.09%

Figure 17 - Sample RTOS-APP.RPT File

The parameter of interest is shown on line 19, it is this value that is used to
contribute to the evaluation of the RTOS configuration for the specific real-time

application.

4.3 Genetic Algorithm (GRTOS-GA)

The GA performs the operations which result in evolving a near real-time
RTOS configuration for the real-time application. The evaluation of the RTOS
configuration is performed by parsing the TASKING.RPT and RTOS-APP . RPT
files and combining the results. At the completion of the evolution process, the
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GA produces a report (GA_XX. rRpT, Where XX is a sequence number) which
indicates what the top five RTOS configurations were. The startup screen for the
tools is shown below (Figure 18 - GRTOS-GA Startup Screen). The tool accepts
the folloWing commands from the user (the underlined letter indicates the key
required to activate the command, also note that the tool only responds to user

commands at generation boundaries) :

ROCZAHES BF s (HDTE OF "TECHNCLLG

R-T-T

Evolutution of Solutions to

Real-Time Problemns

Greg P. Semeraro
© Copyright 1237

——————————

e Yoo 100 Dvrve Pouse (xibe g2 Reverse cobrs Moke Reporl Quit 42108

Figure 18 - GRTOS-GA Startup Screen

e Evolve - Starts (and stops) the evolution process. After receiving this
command the tool will switch between the startup screen (see Figure

18) and begin displaying the evolution statistics graphs.

e Pause - Pauses (and restarts) the evolution process at the next

generation boundary.
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* Grab image - Grabs the currently displayed image (in MS Windows Bit
Map format) to the file 1vaGE xx.BMP, Where XX is a sequence

number. The file is saved in the directory specified in the INI file.

® Reverse colors - Reverses the color scheme of the display. Both the

normal and reversed color schemes can be specified in the INI file.

e Make report - Makes a report file (GA_XX.RPT: where XX is a
sequence number) in the same directory as the tool executable file. The
report generated represents the current genetic algorithm statistics.
Note that a report file is always generated when the program is

terminated.

e Quit - Terminates the evolution tool (and produces a report file).
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3. Test Suite Description

In order to evaluate the tool set it is necessary to use the tools to solve
increasingly complex problems. As these problems are solved, confidence in the
ability of the tools to provide correct solutions will increase. The real-time
applications that were used to evaluate the tool set are described in the following
sections and are of increasing complexity. Obviously, the ability of the tool to
provide correct solutions to problems with known solutions is the first step in

validating its applicability to arbitrary real-time applications.

A partial formal analysis of these problems is also possible and provides
insight into the schedulability of the tasks that make up the problem. This
analysis does not help in determining the solution but does determine if a
solution exists which can satisfy the problem requirements. This schedulability
test is defined in Equation 5 below [Ref. 1, pg. 28]. If the inequality is met, then
there is guaranteed to exist an RTOS configuration which will satisfy the
problem requirements. If the inequality is not met then it is guaranteed that an

RTOS configuration that satisfies the problem requirements does not exists.

N
> Sien @by
)
Where: N is the number of tasks
C, is the execution time of task i

T, is the period of task

Equation 5 - Task Schedulability
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5.1 Verification of Capabilities

The first step in verifying that the GA is capable of finding a reasonable
solution to a real-time application is to use the GA to solve a problem with a
known solution. The least complicated class of real-time applications is the class
of purely independent, periodic tasks. The following figure (Figure 19 - Real-

Time Problem #1) completely describes one such real-time application.

Task #1 Task #2 Task #3

Hardness = 7
Deadline = 15 mSec
Workload = 2 mSec

Hardness =3 Hardness =5
Deadline = 10 mSec Deadline = 35 mSec
Workload = 3 mSec Workload = 4 mSec

» Data Flow

LEGEND
S = Data H ic Peri i
Communicaton Trigger Period Task Structure L,,"I Automatic Periodic Trigger

Figure 19 - Real-Time Problem #1

Note that none of the tasks interact in any way, this is an example of the
simplest class of real-time problems. Applying the schedulability test of

Equation 5 to this problem yields the following results:

2.3 3000
13 15 40

454% < 779% - Passed
Equation 6 - Schedulability, Problem #I

From this analysis it is clear that under all conditions, the tasks are
schedulable, i.e., there is guaranteed to exist a task schedule (RTOS
configuration) which will allow all of the tasks to meet all requirements at all

times. The results from running crTOS-GA . EXE are as follows:
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Rank | Fitness Tasking Timeslice Priority Priority Priority
Model (uSec) Inheritance | Allocation | Assignment
1 84.24 Preemptive 1273 Enabled Rotating Rate
Monotonic
2 84.12 Preemptive 1227 Enabled Static Deadline
Monotonic
3 83.74 Preemptive 1519 Disabled Rotating Random
(674788598)
4 82.73 Preemptive 2560 Enabled Rotating Rate
Monotonic
5 52.26 Cooperative N/A Disabled Rotating Rate
(34282) Monotonic

These results are not surprising, for purely independent tasks, an initial
priority assignment using a rate monotonic algorithm produces an optimal task
scheduling policy. Rate monotonic assignment theory does not provide any
insight into the proper choice for the other RTOS configuration parameters. The
results above (see Table 5 — GRTOS-GA.EXE Results, Problem #1) clearly show
that a preemptive multitasking environment using priority inheritance with a
timeslice of approximately 1.2 mSec provides the best results. It would be
imprudent to read anything more into the results, recall that this tool provides
guidelines for configuring the RTOS for the application. For example it appears

that rotating priorities may provide some added benefit, although this result may

not be conclusive.
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Figure 20 - Problem #1, 'Random' Assignment Analysis - Rank #3

Analyzing the priorities used in the random assignment above (ranked 3™
shows that this random seed actually results in a (albeit non-proportional)
deadline monotonic assignment (see Figure 20  Problem #I, 'Random'’
Assignment Analysis - Rank #3, above). It is evident from the fact that the ‘Task
Priorities’ and ‘Deadline Monotonic’ curves possess the same general
characteristics. This supports the conclusion that this ‘random’ task priority
assignment produces priority assignments which are similar to a deadline

monotonic assignment scheme.

5.2 Verification of Performance.

The next step in the verification process is to use the GA to find a solution
to a real-time application for which a solution can be predicted but not proven.

This type of problem was created by adding task dependencies to the basic
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application. The advantage of using the GA to solve this type of problem is that

it is relatively straight forward to see that the GA arrived at a reasonable solution.

______________________________________________________

Task #3

Task #2

Task #1

Hardness = 7
Deadline = 15 mSec
Workload = 2 mSec

Hardness = 5
Deadline = 35 mSec
Workload = 4 mSec

Hardness = 3
Deadline = 10 mSec
Workload = 3 mSec

"2 o -
e B . L. LS
AN £ T mSec oo £
Results Table Communication Server
Data Flow
& Task LEGEND Data E Automatic Periodic Trigger
Communication Trigger Penod Structure I;x'l

Figure 21 - Real-Time Problem #2

In the cases where task blocking can occur (as in this case) the
schedulability test of Equation 5 must be extended to include blocking time in
addition to execution time (in other words, C; is replaced by C;+B;, where B; is
the total amount of time that all other tasks can lock resources used by the task).
This analysis represents the worst case task schedule. The actual task schedule
used may eliminate some (or all) of the blocking times. The following analysis

shows the upper and lower bounds for the task schedulability:

2,304 0o
13 15 40
Lower Bound =454% < 77.9% - Passed
2+3 +3+1 +4+1 s3-(2§ _)
13 15 40
Upper Bound = 77.6% <77.9% - Passed

Equation 7 - Schedulability, Problem #2
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It is obvious that even under the worst case task scheduling (when all
blocking time is included), the tasks are still schedulable, albeit barely. The

results from running GrTos-GA . ExE are as follows:

Rank | Fitness Tasking Timeslice Priority Priority Priority
Modet (nSec) Inheritance | Allocation | Assignment

1 76.68 Preemptive 1205 Enabled Rotating Rate
Monotonic

2 75.81 Preemptive 1245 Enabled Rotating Rate
Monotonic

3 74.41 Preemptive 1245 Disabled Rotating Rate
Monotonic

4 72.78 Preemptive 1245 Enabled Rotating Rate
Monotonic

5 54.67 Cooperative N/A Enabled Static Rate
(33299) Monotonic

Table 6 crRTOS-GA.EXE Results, Problem #2

Again the results are not surprising, given that a schedule was possible
under all conditions it is reasonable to expect that a rate monotonic assignment
would perform best. It is interesting to note that the above results (see Table 6 _
GRTOS-GA.EXE Results, Problem #2) clearly show results that are very similar
to the previous problem (see Table 5 _ GRTOS-GA.EXE Results, Problem #1).
That is, a preemptive multitasking environment using priority inheritance with a
timeslice of approximately 1.2 mSec provides the best results. These results
point more strongly to the fact that rotating priorities may provide some added

benefit, in fact that conclusion can clearly be made.

5.3 Test of Capabilities

Now that the GA has been verified to operate correctly, the next test is a

simple problem for which there is no obvious solution. This represents the first
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opportunity to use the GA to find a solution for a real-time problem when the
only other means of analysis is conjecture. The problem has been created by

further augmenting the basic problem to include sporadic tasks modeled as

periodic tasks.

Task #1 Task #2 Task #3

Hardness = 7
Deadline = 15 mSec
Workload = 2 mSec

Hardness = 5
Deadline = 35 mSec
Workload = 4 mSec

Hardness = 3
Deadline = 10 mSec
Workload = 3 mSec

oo
- al 'L«\’%"é‘
oy MSec A
MSae " -mme e

Communication Server

! 15 mSec Period \,
e N

Emergency Task

Routine Task
Hardness =2 Hardness = 10

Deadline = 12 mSec
Workload = <1 mSec

Deadline = 10 mSec
Workload = <1 mSec

Data Flow

, LEGEND ———  jrr-oresmommscceoommnenoe ooy
& i ] Task Data | Automatic Periodic Trigger :
P Communicaton Trigger Period ______ Structure 1” S |

Figure 22 - Real-Time Problem #3

As in the previous case, task blocking can occur, therefore the
schedulability test of Equation 5 is again extended to include blocking time in

addition to execution time. The following shows the analysis:

1 L
—2—+-3—+i+i+—55-(2’—1)
13 15 40 25 15

Lower Bound = 56.1% < 743% - Passed
243 341 4+1 1+0 1+0
+ + +

+
13 15 40 25
Upper Bound = 883% < 743% - Failed

<525 -1)

Equation 8 - Schedulability, Problem #3
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As this analysis clearly shows, this problem (i.e. the set of tasks) may or
may not be schedulable. Whether the tasks are schedulable or not is a function of
the RTOS configuration itself. This is evident from the fact that the lower bound
on the task schedulability is below the threshold and the upper bound is above it.
This means that under the worst possible scenario (i.e., RTOS configuration) the
tasks are not schedulable. The obvious conclusion is that it is likely that an
RTOS configuration exists which results in some level of blocking which yields

a CPU utilization which is below the allowable threshold.

The results from running crTo5-GA . EXE are as follows:

Rank | Fitness Tasking Timeslice Priority Priority Priority
Mode! (uSec) Inheritance | Allocation Assignment
1 71.86 Preemptive 1005 Enabled Rotating Deadline
Monotonic
2 71.01 Cooperative N/A Disabled Static Random
(26878) (-1704415732)
3 69.85 Cooperative N/A Enabled Static Random
(24732) (1366122493)
4 62.83 Preemptive 1879 Enabled Rotating Deadline
Monotonic
5 61.61 Preemptive 44703 Disabled Static Random
(712905428)

Table 7 - GRTOS-GA . EXE Results, Problem #3

Analyzing the characteristics of the ‘random’ priority assignments for this
real-time application is very difficult. As the following graphs show (Figure 23,
Figure 24 and Figure 25), the task assignments that result from the random

assignment algorithms cannot accurately be categorized.
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Figure 23 Problem #3, 'Random’ Assignment Analysis - Rank #2

As can be clearly seen, the ‘Task Priorities’ curve does not resemble any of
the other curves. This random task priority assignment does not share any
general characteristics with the ‘standard’ task priority assignment algorithms.
Therefore, this genotype cannot help in determining general trends for the
priority assignment gene. The simple fact is that this random priority assignment
outperformed most other priority assignment algorithms and cannot be described

as anything other than random.
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Normalized Analysis - Rank #3

P o

09 | /

1 -

Kl XN
~ ~
NN

Task Priority / Maximum Priority

1 2 3 4 5
Task Number

————— Rate Monotonic Task Priorities |
- Deadline Monotonic =~ ......... Workload Monotonic ‘

Figure 24 Problem #3, 'Random' Assignment Analysis - Rank #3

Although it is not obvious, the ‘Task Priorities’ curve above shares many
common characteristics with the ‘Deadline Monotonic’ curve. The task priorities
for this random assignment are more exaggerated than a pure deadline monotonic
assignment but the relation between any two task priorities is the same. That is,
for deadline monotonic assignment and the random assignment in this case, the

following is true:

V(dl,d2 ):d1 ,d, € [SetOfDeadlz'neMonotonz'cPrz'orz'tz'es],V(r1 Ty ):r,,r2 €[SetOfRandomPriorities]

—[(d, <d, «—n <n)n(d, >d, «—nrn>n)A(d, =d,«——r =n)]

Equation 9 - Priority Assignment Characteristics
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Normalized Analysis - Rank #5
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Figure 25 - Problem #3, 'Random’' Assignment Analysis - Rank #5

Again, as can be clearly seen, the ‘Task Priorities’ curve does not entirely
resemble any of the other curves. This random task priority assignment does
share some general characteristics with the ‘“Workload Monotonic’ curve but, that
relationship is very weak. This weak association cannot accurately be used in

determining general trends for the priority assignment gene.

From the results obtained it can be concluded that Deadline Monotonic
task priority assignment yields the best results. This is, at least in part,
surprising, since even worst case blocking analysis results in a nearly schedulable
set of tasks (see Equation 8 - Schedulability, Problem #3). It is very promising
that the genetic algorithm used here produced results that outperformed all others

and would likely not have been derived by other means.
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5.4 Test of Performance

The last stage in evaluating the GA was to use it to find a solution to a
practical, complex problem. The important aspect to be evaluated in this case is
the ability of the GA to converge to a solution for a complicated problem. With a
practical complex problem it is very important that the GA be tested to ensure
that it will be capable of converging. The actual real-time application used for

this phase of the testing involves the operation and control of a complex digital

radio transmitter.

This embedded, real-time application encompasses the main control of the
digital radio. The primary functions of the application are: provide the user
interface to the transmitter; monitor the operation of the transmitter to prevent
dangerous operating condition from arising; and perform the necessary control
system functions to maintain the transmitter output power within a specified
limit. To accomplish these functions the transmitter software is broken down
into a number of distinct but interrelated tasks. The responsibility of each of the

tasks is listed below:

e Keypad Scan - The operator is able to control the transmission
parameters of the radio (e.g., frequency, modulation mode, audio input
source selection, data input source selection, etc.). This task is
responsible for providing the operator with a means of interacting with
the radio. The operator input is via an alpha-numeric keypad. This task
is responsible for determining which key(s) are pressed by the operator

and translating those keys pressed into internal radio commands.
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Front Panel Display - The operator is informed as to the status of the
transmitter operation at all times (e.g., output power level, input audio
level, fault messages, etc.). This task is responsible for updating the

front panel liquid crystal display (LCD) with the present state of the

radio transmitter.

Remote Control - The transmitter is capable of being remotely
controlled via a serial interface. This task is responsible for accepting
serial data which represents operator commands (with the same
controllable parameters as from the operator keypad). It is also
responsible for providing radio status over the serial interface by

responding to operator queries (with the same status parameters as on

the LCD display).

Emergency Monitor - The transmitter operation is monitored to ensure
that dangerous signal levels and/or temperatures are not building up
within the radio. This task is responsible for monitoring the internal
radio temperature, voltage and current levels to ensure continuous safe

operation.

Analog Sampler - In order to provide control information to the rest of
the radio processing software, this task is responsible for reading all
analog to digital converters and providing those measurements in useful

units of measure to the rest of the radio control software.

Power Control - The output power of the transmitter is kept within

specified limit during transmission. This is accomplished regardless of
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the level of input audio to the transmitter. This task is responsible for
adjusting the input audio level and the transmitter power gain to ensure

that the output of the transmitter stays within limits.

e System State Control - The transmitter hardware is complex and in
many cases mechanical in nature, this task is responsible for the
absolute control of the various motors and relays used to tune and

adjust the transmitter.

e Keyline Processing - Once the operator has configured the transmitter
with the desired transmission parameters the system can be ‘keyed’ to
begin transmission. The keyline is typically connected to the radio
handset (i.e., ‘Push-To-Talk’ keyline) and causes the handset audio to
begin being modulated over the air by the radio. This task is
responsible for monitoring the selected key source and translating the
actuation and release of the keyline into the appropriate commands to

the radio hardware to start and terminate transmission.

The system design of the transmitter software is given in Figure 26 - Real-

Time Problem #4, below.
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Figure 26 - Real-Time Problem #4

As in the previous case, task blocking can occur, therefore the
schedulability test of Equation 5 is again extended to include blocking time in

addition to execution time. The following shows the analysis:

20 10 15 4 2 5 7 3
+—t—t—F—
150 200 150 50 40 80 100 30
Lower Bound = 64.6% <72.4% - Passed (barely)
20+6 10+9 15+9 4+6 2+2 546 7+10 346
+ + + + + +

+
150 200 150 50 40 80 100 30
Upper Bound = 133.6% < 72.4% - Failed

= <8.(2% -1

<8-(2¢ -1

Equation 10 - Schedulability, Problem #4

As this analysis clearly shows, this problem (i.e. the set of tasks) may be
schedulable, but very likely is not. Whether the tasks are schedulable or not is a
function of the RTOS configuration itself. Note that there is only a small margin
between the utilization lower bound and the schedulability threshold. The

obvious conclusion is that it is not likely that an RTOS configuration exists
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which results in some level of blocking which yields a CPU utilization which is

below the allowable threshold.

The results from running Grros-ga . ExE are as follows:

Rank | Fitness Tasking Timeslice Priority Priority Priority
Model (uSec) Inheritance | Allocation Assignment

1 76.02 Preemptive 1227 Disabled Static Deadline
Monotonic

2 75.94 Preemptive 2001 Disabled Static Deadline
Monotonic

3 75.69 Preemptive 21060 Enabled Rotating Random

(-1675281081)

4 73.57 Preemptive 2166 Disabled Rotating Deadline
Monotonic

5 72.71 Cooperative N/A Enabled Rotating Random
(47447) (-4861458)

Table 8 - crTOS-GA . ExE Results, Problem #4

Analyzing the characteristics of the ‘random’ priority assignments for this
real-time application is somewhat difficult. As the following graphs show
(Figure 27 and Figure 28), one of the task assignments that result from the

random assignment algorithms can be accurately be categorized, and the other

cannot.
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Normalized Analysis - Rank #3

Task Priority / Maximum Priority

Task Number

----- Rate Monotonic Task Priorities
———— Deadline Monotonic @ ... Workload Monotonic

Figure 27 - Problem #4, 'Random’ Assignment Analysis - Rank #3

Analyzing the priorities used in the random assignment above (ranked 3"
shows that this random seed actually results in a (somewhat exaggerated)
deadline monotonic assignment (see Figure 27 - Problem #4, 'Random’
Assignment Analysis - Rank #3, above). Although not obvious, the ‘Task
Priorities’ and ‘Deadline Monotonic’ curves posses the same general
characteristics, again the relationships between task priorities are the same (see
Equation 9 - Priority Assignment Characteristics). This supports the conclusion
that this ‘random’ task priority assignment produces priority assignments which

are similar to a deadline monotonic assignment scheme.
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Normalized Analysis - Rank #5 |
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Figure 28 - Problem #4, 'Random’ Assignment Analysis - Rank #5

As can be clearly seen, this ‘Task Priorities’ curve does not share any
general characteristics with the ‘standard’ task priority assignment curves. There
are simply no conclusions that can be drawn from this assignment with regard to
priority assignment. The simple fact is that this random priority assignment
outperformed many other priority assignment algorithms and cannot be described

as anything other than random.

The results above (see Table 8 - zrTOS-GA. ExE Results, Problem #4
and Figure 27 - Problem #4, 'Random' Assignment Analysis - Rank #3) clearly
show that a preemptive multitasking environment, without priority inheritance,
using deadline monotonic priority assignment and a timeslice of approximately 2
mSec provides the best results. The genetic algorithm produced these results for

a problem specification which could not otherwise be solved.
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6. Conclusions

From the results of the previous section it is reasonable to conclude that
the genetic algorithm developed in this thesis can reliably be used to determine
the ‘best’ real-time operating system configuration for an arbitrary real-time
application. The tests performed verify that the GA converges to the correct
solution in a case where the optimal solution is known. In addition, the GA
converges to a reasonable solution in a case where the optimal solution can be

predicted but not proven.

What is most interesting about the results obtained is that the task priority
assignment algorithms which produced the best fitness for the problems chosen
clearly fell into two categories. The problem specifications for ‘schedulable’
real-time problems resulted in rate monotonic assignment algorithms producing
the best fitness values. This is not surprising since rate monotonic theory proves
that this result produces an optimal solution. The problem specifications for
‘non-schedulable’ real-time problems resulted in deadline monotonic assignment
algorithms producing the best fitness values. This is somewhat surprising but the

data clearly supports this conclusion.

These results immediately raise the question: ‘Does deadline monotonic
task priority assignment produce the best results when the application tasks are
likely to be non-schedulable?’. This is a very interesting question that would,
unfortunately, require further research to answer. The data obtained very clearly

implies this conclusion but the lack of a large number of diverse real-time
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application trials prevents that conclusion from being drawn. Opening this topic

to additional research is probably the most significant result of this thesis.

There is an additional observation that must also be made. The most
common industry practice when defining the RTOS configuration for a particular
system is, by far, to use cooperative multitasking with uniform task priorities
(this opinion is based on years of experience developing and studying fielded
real-time systems). I believe that the reason for the choice of each of these
configuration parameters is entirely different. As for the multitasking model, the
reason that cooperative multitasking is often chosen is that cooperative
multitasking systems are inherently simpler than preemptive multitasking
systems. The argument for choosing uniform task priority assignment is that
there is often little knowledge of the task execution profiles, when this is the case

other priority assignment algorithms are not feasible.

The results of this thesis clearly show that preemptive multitasking is
superior to cooperative multitasking in almost all situations, the added
complexity of preemptive multitasking is more than outweighed by the
performance improvement achieved. Also clearly evident from the results of this
thesis is that uniform priority assignment always produces lower performance
than any other assignment algorithm. Again, it is clear that analysis of the
system design (i.e. task characteristics) is essential in order to determine the

‘best’ initial priority assignment algorithm for the real-time system.
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8. Appendix A RTOS Source Code

8.1 TASKING.INT

[ T T T T T T T TN

(sessessaststtsereaneane

TASKING

This file contains the specification for a Turbo
extends Turbo Pascal by providing a tasking model.
be dynamically created, destroyed and controlled.

Pascal Unit which
Application tasks can
Each task has

access
to the entire global namespace of the application (although the mutual
exclusion mechanisms provided should be used to prevent simultaneous
access to shared variables). .
The tasking model can be either *cooperative’ or ‘preemptive’ multi-
tasking. For cooperative multi-tasking applications, all tasks must
block (or access a TASKING service in some way) at some point during
their execution to allow other tasks to run. For preemptive multi-
tasking, control will pass among ready tasks for every timeslice, for

this reason tasks do not need to block at all because
taken from them when their timeslice has expired.

In addition to general task management facilities, the following multi-
tasking constructs are supported: Counting (’*Dijkstra’} Semaphores,

control will be

Events, Binary Semaphores, Condition Variables, Message Passing, Blocking

Mouse activities and Blocking Keyboard Input operations.

*}

B LTI T T PR

interface
uses MS_MOUSE;
LYPe  [S4 4t e eete ettt aiitste ittt iitttttttttttitetetitiiaies)

(*  The policy that TASKING uses when performing task scheduling is
(* based on task priorities. The task priorities can be static or
(* dynamic (rotating}.

R T T T T T T T T T T T

PRIORITY_SCHEDULING_POLICI!

(seeseTossssrtereTonans

(* Priorities are not changed by TASKING in any way, the program is
(* allowed to change task priorities but TASKING schedules task
(* execution re round-robin manner.

(sessesssasns

STATIC_PRIORITIES,
(++eseTraateasssstossastsstositsrasrassassssssessssssrrsrssres
(* Priorities are rotated after each context switch such that
(* priority of the task being awitched out becomes the lowest.
(* actual priority values for the tasks are not changed but
(* logical iated that priority level is r

(saversans Sesesessssasan

ROTATING_| PRIORITIES }

{* To aid in application development, TASKING can generate
(+ which contain useful statistical information about the tasks
[sessseas Ceresees

STATISTIC OPTIONS =

reports

the

used for once

NO_STATISTICS,

*)
*)
*)
*)

R T T T

*)
*)

R LA LR TR TP N

B T Ty T T T P P T 3!

*)

)

eeiNeMNALLLL e bt Lt s stata st ttatatttititsaaistasan)

(* No statistics are gathezed this should be

*}
*}
*)

(Y eeeeneanetiotatatittitttitatititiatitiatatiatatiatattatstttitatians)
*}
*)

(* Gather statistics about the tasks: stack utilization
(* and percent}, CPU utilization (percemt}. Statistics
(* with the application as a whole are also reported.

{* This information 1s contained in the directory from which

(absolute
concerned

TASK_STATISTICS,

(oo

{* Gather statistics about the MS-DOS services that were
(* the application.

(* This information is contained in the directory from which
un, in the file *IRQ.RPT*

used by

the

(aeeeTaness
(* Gather stacuucs about the hardware
{* handled while the program was executing.
{* This information is contained in the directory from which
rogram was run, in the file *SERVICES.RPT®.

« .

interrupts that were

the

HARDWARE _INTERRUPT_STATISTICS,
(sesssteTasetestiiToctitarursssruisrsrsttssssseey
(* Gather all of the above statistics.
(reeee “ -

ALL_STATISTICS};

R T T L e e e b

(sasases

{* Two distinctly different multi-tasking models

{+ TASKING, Cooperative and Preemptive.

AR AN Y e

TASKING_MODELS = |
(saseTessssasssss
(2 For cooperative multitasking, context switches only occur when a
(* task d 1 of the CPU by making a TASKING call.

(eeaeas sssessrarns

COOPERATIVE,

are supported by

A S T T T LT T T Y

*}
*}
*}

sassssssssassesssiane)

T LT T T T

*}
*}
*}

O L T e T

*}

[ T

*}

sesrsssssastasstastasaatian)

')

e - T T L T R LT T T T R P

*}
*}
*}

ceeeny

PO O L LR LT L))
{

(* For preemptive multutasking, TASKING seizes control of the CPU
(+ from the task and re-assigns it to another ready task it at
(* *timeslice’ intervals.

*}
')

(vesesesssisisaan .......-.........-.......-...................-.......)

PREEMPTIVE}:

(sovssesases

ey

[+ aeaeeseee ittt iitiiii it itk e teabaL sttt raabtiLs)

(* This data structure contains all of the user configurable TASKING
(* parameters. TASKING examines the values in the USER_CONFIGURATION

(* variable when ‘main(}* terminates, therefore all changes to the

(* TASKING configuration must be made in the main body of the program

(* before multitasking actually starts}. "
FOTPT ceee

(sosesesssarirtiiitiiiie st iiettibba bty

CONFIGURATION = record

*}
*}
*}
*}
*)
*)

(eeeeoateetatiotanetisatiusttttisiittssttttsstittrrtirtatititarariiy)

(* TASKING can search the INI file of the application program for
(* all (or some} configuration parameters. See TASKING.INI for a
(- complete description of the format of INI file entries.

usz INI_FILE_TASKING_PARAMETERS
(seTessTerasToorvarsTorenstnnns
(* In order to further refine the TASKING characteristics,
(* that TASKING handles priorities (and hence scheduling)
(* controlled.

boolean;

the
can

*)
')

B R N O LY

R P T T LY

(e 4o e ae s a it e a b a et i ea bttt bttt tttsatttesttttttatiiiiaarir)

const

type

96

PRIORITY SCHEDULING POLICY :

(saeeas reiTeesses

(* Priority inheretance is a mechanism whereby priority inversion

(* can be guranteed not to exist. Priority inversion occurs when a

(* high priority task is forced to wait while a low priorty task

(* (with a locked resource} 1s preempted by an intermediate priorty
t.

PRIORITY SCHEDULING POLICIE

sassssaeane)
*}
*}

PRIORITY_INHERITANCE_ENABLED boolean,

D T T L T oY

ow sesass)

(* During application development 1s will often be useful to *peek® *}
(* into the resource utilization of the system and/or the tasks. *}
(e seaassssassosssstsssasassstataretstestotetetessieeestessassssntnnns]

STATISTICS
(seessess
(* TASKING supports two completely different
{* cooperative and preemptive.

TR T R T s O S ST

case TASKING_MODEL : TASKING MODELS of
( .7

STATISTIC_OPTIONS

sesane)

multitasking models:

saessesasy
(* For cooperative multitasking, context awitches only occur when *}
*}

sesssesranas)

(* a task surrenders control of the CPU by making a TRSKING call.

R T R T T T T P NS U ST

s}

(* No additional parameters. .y
[resseesereniritateiiti ittt ettt e

(revessssertsianiatiriiriiernns sessessseeesensy
(* For preemptive multutasking, TASKING seizes control of the CPU *}
(* from the task and re-assigns it to another ready task it at *}
(* *timeslice’ intervals. .
(sravesseresessstesseosnirsesarirse
PREEMPTIVE :
R T LT LT TN
(* If the tasking model is preemptive, then the minimum amount *}
of time that a task should be allowed to run before control *}
(* 1s passed to another ready task. The actual timeslice that *}
(* is achieved may differ from the value specified based on the *)
task characteristics and activitie *)
R R T T - sresersssessstesttsstes)
(TARGET_TIMESLICE : longint};
(* CONFIGURATION *}

B T}

.

.

(* usec *)

end;

e

(
(* This variable can be directly modified within the main body of the *}
(* application, changes at any other time have no impact on TASKING.  *}

R T T e R T T T T L T I T T IO T

TASKING_CONFIGURATION : CONFIGURATION =
(

sresseesreseey

USE_INI_FILE_TASKING_PARAMETERS : false;
PRIORITY_SCHEDULING_POLICY : STATIC_PRIORITIES;
PRIORITY_INHERITANCE_ENABLED : false;

STATISTICS : No_STATISTICS;
TASKING_MODEL : PREEMPTIVE;
TARGET_TIMESLICE : 10000 (uSEC}

Y
(Foeeaasuttteatsttettosttittttsttottettttttesettittttattitttttasiiittes)
(* Timeslice values must fall within the range of fifty microseconds *}
(* to sixty seconds, TASKING will adjust the target timeslice value to M
(* enforce this restriction 1f necessary.
T T Y o4
MINIMUM_TIMESLICE = 50 (usec};
MAXIMUM_TIMESLICE = 60000000 (uSec};

seteseasesaststtatabssteaanta)

[ LT T T T TP TSN

(* This is the restriction that TASKING places on the number of tasks *}
I * et at )

{
MAXIMUM_NUMBER_OF_TASKS = 2047:

sesssaran

(* since tasks can be created/destroyed dynamically, an application *}
(* can be composed of more than MAX_NUMBER_OF_TASKS, but no mere than *)
(* MAX_NUMBER OF_TASKS tasks can be active at any point in time. *}

(* Task identifiers will be created/allocated/managed by TASKING,
{* under no circumstances should a TASK_ID be assigned a value by the
application. B

(eeaeesaatetttiattatttatttttttstttatttstttssttittattttasttttttatitariias)

TASK_IDS = 0..SFFFF;

.

[Feeeaaaatteteattttttttttttttittttiititttititattttititttttttatatttttants)

(* All user tasks must be assi riority from this range )
«e)

ed a

(
USER_PRIORITIES = 1..10000;

(eaeeeseatstttatttittiattiattatttatttsttasttitttsttitstttttttttttatiates)

{(* A1l application tasks MUST be procedures which match this task *}
(* specification. The parameters to the task will be passed into the *}
{* task when it begins executing. Since these values will exists on *}
{* the stack frame of the task (which never goes away) the task will *}
{* have access to them whenever it is running. Modifying either of +}
{* these variables will have NO effect on the execution of the task. *}

{* The variables are provided by TASKING to the task but are in no way
{* used by TASKING (a mechanism is provided to alter the priority of a

*}
*}

(* task, see the CHANGE PRIORITY(} procedure}. *}
or

(* NOTE: Tasks must be declared *far’ either implicitly with SF+
explicitly by adding *far;® after the procedure header.

TASK_TYPE = procedure (TASK_ID : PRIORITY USER_PRIORITIES};

TASK_IDS;

T
{* TASKING ensures that the operations requested by a task are valid *}
{* within the context of the request. Because of these validity +}
{* checks, errors of these categories can be detected. .
[t TS IR I S RIS U S SN

SYSTEM_ERRORS =
{

TASK_ALREADY_ACTIVE,
INSUFFICIENT_RESOURCES,
TASK_IS_NOT_ACTIVE,
TASK_ALREADY_SUSPENDED,
TLLEGAL_TASK_ID,
TLLEGAL_OPERATION
b
IR T T LT T TL L TR TP P P PUe ey
(*+ Each application task can have different and/or

(* handling routines. Any error handler which the user
{* implement must conform to this specification.

common error *}
decides to *}

Sressesistiiiitiiitians)

HANDLER_PROCEDURE = procedure (TASK_ID : TASK_IDS}:

[eevereettecetetitttittttateerieries severeetiiitietetiaean,

(* This data structure is used to for all time specifications within *)

sessasiiieesy
TIME = record
DAYS

u..31;



HOURS :
MINUTES
SECONDS
MILLISECONDS
end; (* TIME *{

{* This is the single data structure that must be configured for each '((
(* application task. .
{ .

TASK_ATTR !

record

. i i j o
{; This priority ia subject to the ‘Priority Scheduling Policy’ +(

(* established in the USER_CONFIGURATION data structure. Note that *
(* higher numbers are highar priority. .
feeees LR TSP POT I Saeit 5eebet NSO

PRIORITY

{2 Thia is the number of words that the task requires for stack -:
{7 3pace. There 13 no easy way to determine this value accurately. «(
(* Turning on the TASK_STATISTICS is the best method of determining *{

{, stack requirements.” Note that if the application ‘locks up’ it ef
(* i3 very likely that one (or more{ of the task Stacks 13 not big *{
(* enough. M

STACK_WORDS _NEEDED :

If an application does not assign error handlers then TASKING *(
will use internal default handlers which provide some diagnostics *{
and attempt to allow the application to continue running. It is +f
unlikely that the application will be able to run in the presence *{
of errors, but all attempts are made to do so. If the default *{
error handlers are to be used then the corresponding *{
ERROR_HANDLERS el et to ‘nil’ .

R L T PP P PP PPNt
ERROR_HANDLERS : array (SYSTEM_ERRORS} of HANDLER_PROCEDURS;
H -

end; (* TASK_ATTRIBUTES *

(seeeseee

tesescecssnssrnnnne

sesesesctteetetitiitttatittninnee
(* Counting ('Dijkstra’( Semaphores *)
.

(* All semaphores used by the application must be variables
(* for dynamically created( of this type. 'Dijkstra’
(* retain signals because information is maintained so
(* knows how may signals are stored in the semaphore a
(s000eeeesessesnsasanne EETTT P POPOSST ST

SEMAPHORE « 0..S$FFFF;

declared *}
semaphores can *{(
that TASKING *(
11 .

a

LT PR PP PP
(e Software Events ‘)
. *
(* ALl events used by the application must be variables declared
{* dynamically created) of this type. Events can retain only a single *f
{* signal. oOnce an event has been signaled all subsequent signals *f

{* are lost (i.e., the event remains signaled(. .
(490000t aenaaatuatutseetsostottocsacsssisssssetssorsossonaessasassansrnn]

for *{

EVENT = (UNSIGNALED, SIGNALED(;

(sesss0nnonns Saeessseetiteeitttiiettitetisrsistaninnng
I Binary Semaphores "
[ .

{* ALl binary semaphores used by the application must be variables *(
{* declared (or dynamically created! of this type. Binary semaphores *|
(* are used to ensure mutually exclusive access to a resource which 1s *
{* shared between taska. It is logically an error to signal a *}
(* signaled binary semaphore, TASKING will detect this error as an *}
{* illegal operation. .

BINARY SEMAPHORE = 0..1;

TTTTITIN
te Condition Variables .
I .

{* All condition variables used by the application must be variables *(

{* declared for dynamically created! of this type. It is not likely *(
{* that applications will use condition variables (they are most *(
(* useful in the implementation of Hoare Monitors(. Condition *{
{* variables do not have any memory associated with them, only 1f a *(

(* task 13 already waiting on a condition variable when it is signaled *{
will that task become unblocked If a condition variable 13 *{
d d th i i the signal 1s lost.*{(

CONDITION VARIABLE = (CONDITION _VARIABLES_DO_NOT_HAVE _VALUES}

}
(* Memory Management Operations
i g

t

{var PTR : pointer; SIZE : word (
{* This procedure replaces the standard Turbo Pascal memory allocation *{
{* procedure of the same name. Since TASKING must perform all memory *(
{* allocation and de-allocatien, this routine *must* be used instead of the *}
{* system.getmem(} procedure. If ‘type P : °T;’ is declared, then the *{
{* correct usage is ‘getmem{pointer(P(, sizeof (T(} .

SIZE : wordl;

]
{* This procedure replaces the standard Turbo Pascal memory allocation *)
{* procedure of the same name. Since TASKING must perform all memory *(
(* allocation and de-allocatien, the *)
(* system.freemem(} procedure. If the *f
* is i

rect usa

this routine *must* be used instead of
then

'type P : ~T;' is declared,
P i 4 H

eeeeseeeeeaeetetteteetatiatettesetettsttattasstttstsstasasssatsstnsan)
feeeeee

(e Gener

e CREATE

fvar TASK : TASK_IDS; ATTR

ENTRY_POINT : TASK_TYPE(;

TASK_ATTRIBUTES

(TASK : TASK_IDS(;
I

t
This routine causes a previously running or ready task to be blocked *|
{* unconditionally. The only way that a task suspended by this call can run *f
{* again is if another task RESUME(('s it .

procedure RESUME

[#aeasassssssstasseesstsscassssssnsssssssssssnsnans serean
(TASK : TASK_IDS(:

I (

{* This routine causes a previoualy suspended task to be made ready. The *(

(* task is not necessarily the next to run, that is based on the
d:

priorities *{
{* of th th sks. .
I

PETPTN R L TR PP PP PP PP

function GET_MILLISECOND_TICKS

ceesseneng
{2 This routine retuns the number of milliseconds that have elapsed since *f
(* the program started executing. .

OR_DELAY

Seteasesetaateetiiiattittttttiitattatttittassasiritinann

(DURATION :

TIME!(

(
{* This system call causes the currently running task to become blocked *f
{* for the specified length of time. There is no guarantee that the task *f
{* will begin executing when the time expires, the only guarantee is that *{
{* the task will become ready to execute at th .

sessssssesceney

procedure PREEMPTABLE_DELAY

(DURATION :
[+

eeveey

TIME(;

{
(A This system call causes the currently running task to be delayed by the *{
(* specified length of time. .

[ T L T

seeececesenessan.

seessssessissiacaseny

procedure CHANGE _PRIORITY

B R T T P P PP P T PP PP SP U PP PP

(PRIORITY : USER_PRIORITIES!(;
.

}
(* This routine simply changes the priority of the currently running task *})
(* and possible reschedules the running task (if there is a new highest *(
*t

(* priority task ready to run}
( PEETTTITRONT FOoRdee

“essssesseesritasisssinaneg

[ L L R P P T PP D PP PP PP PP

. Counting (’Dijkatra’( tions .t

B
[sree T TTPPPOOTOSHS SDIIT SOOSNN R LT LY}

procedure SIGNAL_SEMAPHORE

fvar SEM : SEMAPHORE(;

resseseessenaey

t (
{* This routine performs an Up(( operation on the specified semaphore. If *(
{* there are tasks waiting on the semaphore then one is awakened. If there *(
ing then the semaphore is incremented. .

Seeesesateettiittttatettatitttenasrtetrasassassian|

eevesees

{var SEM : SEMAPHORE};
(*

t
{* This routine performa a Down(( operation on the specified semaphore. *(
{* If the semaphore is zero then the running task is suspended. If it is *(

{* non-zero then the semaphore is decremented. M
ettt et ettt e ettt ettt et et e iae e et tee st setattettsettassante)

- Software Event Operations .
R L TP PP PN O St O S SO IPPPPON

fvar THE_EVENT : EVENT(:

{* This routine signals the event specified, if there are tasks waiting on *(
{* the event then one task is made ready. If there are no tasks waiting on *(
{* the event then the signal is saved, only one signal 1s maintained no *{
{* matter how many times the event is signaled .

procedure BROADCAST EVENT

fvar THE_EVENT : EVENT(;
(e

[ This routine signals the event specified, if there are tasks waiting on *}
{* the event then they are ALL made ready. If there are no tasks waiting on *}
(* the event then the signal is saved and the next SINGLE task to wait
{* the event will consume the event. Only one signal is maintained no *}
{* matter how many times the event is signaled.

procedure START_PERIODIC_EVENT

fvar THE_EVENT ; EVENT; INTERVAL : TIME};

t
{*  This routine starts the periodic signalling by TASKING| of the event *{
(* specified at the specified interval. This routine cannot cause a task to

{* be suspended but a re-schedule may occur
(so00s00sirsssessnssasescssssen

procedure STOP_PERIODIC_EVENT

fvar THE_EVENT : EVENT(;

t
event *}
to be suspended but a *)

This routine stops the periodic signalling (by TASKING{ of the
specified. This routine cannot cause a tas

procedure WAIT_ON_EVENT

EVENT};

{var THE_EVENT :
(-

}
{* This routine creates all system data structures for a parallel *)
{* executing task. The task is made ready to run and will be available for *
(* execution. Actual execution will occur when the scheduler activates the *{
{+ task (i.e. precize executlion time is unknown and depends on availability *(
{* of system resources and system load). = In addition No tasks will be *l
{* scheduled until the application ’‘main’ has terminated.

R D Ll L D L R LR TR TP PP RPN
(*

procedure DE.

:- This routine terminates and (if appropriate( releases all of the task's

{* resources to be used by other tasks and then removes all evidence of the

(* task ever having existed.
This operation

Tasks may only ‘destroy’ other tasks,
should only be performed when the full
n are known and the result of the task

(* themselves.

{* consequenc
[eeessassanes

M
.t
*t
not *{
M
't
*t

procedure SUSPEND

(seseeesssssssssssasasasastutiinatasanes

eesssestssasssesens sassaneny

" This routine causes the calling task to be suspended waiting for the *}
(* specified event to occur. If the event has already occurred then the *}
(* calling task will immediately become ready, although a re-schedule may *}

{* occur. .
(eessassssseeroaseccctacassssasassecsananses

R e L L L LR L U UL P UYL PPP R OPPPORY
[ Binary Semaphore Operations .
IS

procedure SIGNAL_BINARY SEMAPHORE

(var SEM :

BINARY_SEMAPHORE};

.
If +
If there *)

*}

[}

(* This routine performa an Up(( operation on the specified semaphore.
(* there are tasks waiting on the semaphore then one is awakened.
(* are none waiting then the semaphore is set.

WAIT_ON_BINARY_SEMAPHORE

seTesTese0eeTon0n0n

proced
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jvar SEM : BINARY_SEMAPHORE];

1*  This routine performa a Down]) operation on the specified semaphore. -:
1* If the semaphore 1s zero then the running task is suspended. If it s %)
1* non-zero then the semaphore 1s cleared.

1 reeeaeeiaeisttitas et sttt atattetetttasiieerans
Condition Variable Dperations )

procedure SIGNAL_CONDITIDN_VARIABLE

ivar C_VAR : CONDITION_VARIABLE);

- 1
This routine signals the condition variable specified, if there is a *|
task waiting on the condition variable then it 1s made ready jor one of *)
1* the multiple waiting tasks is made ready). If there are no tasks waiting *}

bl -

the signal is lost.

procedure WAIT_ON_CONDITION_VARIABLE

jvar C_VAR : CDNDITION_VARIABLE
1>

1 Th}s routine causes the calling task to become blocked. Because *|
1* condition variables are not stored by the system, the calling task is *
1* guaranteed to become blocked. As soon as another task signals the *i

1* condition variable the waiting task will be made ready Jor one of the *)
1* multiple waiting tasks will be made ready)

jesessescsstane

procedure SEND_MESSAGE_TQ

IR R R R T L L R TR L T AU PN

IRECIPIENT_TASK : TASK_IDS; XMIT_MESSAGE_PTR : pointer!;
I

1" This routine sends the message jactually the pointer] to the task *)
1* by placing 1t into the task's mallbox Iwhich 1s automatically created 1if *)
J* necessaryl. Although the calling task cannot block while sending the *)
1* message it is possible for a reschedule to occur. Typically messages are *)
1* dynamically allocated before being sent and the receiver 1is responsible *)
1* for disposing of them af hey h been used. M

jeeveesstttttttirttatraey T

procedure RECEIVE_MESSAGE

(oo eeesststetesssToseosetststtetttttetotestststtsttstttttttttttttttotttttstane)

lvar RCV_MESSAGE_PTR : pointer);

)

1*  This routine retrieves a message jactually a pointer to a message)
1* the caller's mailbox Iwhich is created if necessaryl, if there are no *)
|* messages in the mailbox then nil is returned. The task cannot become *1
1* blocked by calling this routine but a reschedule is possible.
1* the message will be disposed of after it has been used by the
1* task.

from *)

Typically *1
receiving *)
N

procedure WAIT_AND_RECEIVE_MESSAGE

\var RCV_MESSAGE_PTR : pointer);
-

I This routlne retrieves a message jactually a pointer to a message] from *)
1* the caller‘s mailbox iwhich 13 created if necessary), 1if there are no *|
1* messages in the mailbox then the task is blocked waiting for the mailbox *|
1* to become non-empty,
1* Typically the message will be disposed of after it has been used
1* receiving ta

because of this the return pointer can never be nil. *)
by the *j
*

e eeerrraraaa sttt ALttty
” M. i

ure ENABLE_MOUSE_ACTIONS

IMOUSE_ACTIONS : word}i

pre

! )
|* This routine enables the specified MS-Mouse events to be received by *i
1* the task which is jor will bel wait i se actio -

RECEIVE_MOUSE_ACTIONS

jvar MOUSE_INFO MOUSE_PARAMETERS) i

1
1* If an MS-Mouse handler 13 to be created then communication between the *)
1* mouse driver and the ‘mouse handling' task is done through a variable of *)

1* type MS_MOUSE.MOUSE_PARAMETERS Iwhich can be declared or dynamically *!
1* created). 1
}*  This routine receives MS-Mouse action parameters from the MS-touse

1* driver. If none of the enabled mouse actions has occurred then the
1s blocked waiting for one jor more) action to occur.

task

.

Keyboard Handling Operations

function WAIT ON_READKEY : chari
[eaeissereeaeTesTesesustassovartuassssststsstsirasass
|*  This routine provides a means for an application task to perform I/D in
|* a ‘blocking’ manner. This means that while there is no input from the *)
|* keyboard the calling task is suspended, as soon a3 input arrives from the

|* keyboard the caller is awakened and given the ASCII code of the key that *!
1* was pressed by the user ii.e., a blocking eguivalent of ‘readkey'i. “I
1*  An added benefit of using blocked keyboard input is that this version *|

|* of ‘readkey' is able to detect land pass back to the application] the "}
1* extended function keys Fll & F12 jas well as shift, alt & ctrl versions).
1* The Turbo Pascal ‘readkey' function is unable to recognize Fll & F12.

*  WARNING:

:' Some add-on utilities that extended the size of the keyboard buffer *)
1 will actually ‘steal’ the keys from the blocked task. All such %)
1~ utilities should be disabled when using this blocking I/0 feature of
1+ TASKING.

I Using blocking I/0 causes the application to be unable to distinguish =
|*  between multiple characters arriving from the pressing of an ANSI.SYS =i
*  re-programmed key on the keyboard from the actual re-programmed key.
\* That is, if a keyboard key is re-programmed using ANSI.SYS then the *i
i+  application will never be able to see that key, it will only see the %)
1 re-programmed value whenever the key 1is pressed Ithe key translation *|
* by ANSI.SYS occurs before the ‘key' is detectable by software, although

1 the standard Turbo Pascal ‘readkey’ is able to see the ‘base key'l. *]
\* This anomaly can create synchronization problems between the keyboard *|
1+ and TASKING if the key has been reprogrammed as multiple keys jwhich is
1 usually the case]. Under these conditions the keyboard buffer can end
I up with more characters in it than are reported to the appl;gation. *
*  ANSI.SYS re-programming should be disabled when using this blocking 1/0
. feature o

1
R ki .

procedure LOCK_SCHEDULER{

JessssesssessaToosavurees

DR T e R L L T T R R T T P ]

1*  This procedure ‘locks' the scheduler and prevents all
1* rescheduling until UNLOCK_SCHEDULER is called.

1™ One use of this routine is when multiple tasks need to write to the *}
1* display and it is desired that the output from each task occur without *)
1* the output from other tasks being intermixed with 1t. buring the time *)
1* that the scheduler is ‘locked' there will be *no* preemptive/cooperative *)
1* task rescheduling. The application should avoid 'locking' the scheduler *)
1* if possible, if that 13 not feasible then the time spent with the *)
1* scheduler 'locked' should be an absolute minimum. 1
1* It 1s imperative the *each* call to LOCK_SCHEDULER have a corresponding *}
1* call to UNLOCK_SCHEDULER, successive jnested) calls to LOCK_SCHEDULER are *)
allowed as long as each has a corresponding call to UNLOCK_SCHEDULER. *

T T L e N L T sessssrssrsses)

further task *}

1

.

procedure UNLOCK_SCHEDULER;
jeseessesaseecs I T L L L LT T T
1" This procedure ‘unlocks‘ the scheduler and allows task rescheduling to *I
1* continue based on the previously existing configuration. Note that *)
1% LOCK_SCHEDULER must previously have been called. -

P L LT LT T T TR PRSP
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8.2 TASKING.PAS

unit TASKING,

(seessscece

(* Extends Turbo Pascal by adding a preemptive or

)
cooperative tasking *)

{* model to the language. The multitasking exte; .
(. Dodel o the ung"qu o 9 nsions are fully supported .;
(- Compiler Options (Ver. 7.0) -;
(*$A+ Word Alignment .
(*$B~ Short Circuit Boolean Evaluation *)
(*$D+ Debug Code Generation ON (Sort of) *)
. Requires /V option to TPC to activate *)
(*SL+ Local Debug symbols ON (Sort of) *)
. Requires /V option to TPC to activate *)
(*SF~ Far calls only as necessary .
(*$G~ Generic 80x86 code only *)
(+SI~ I/0 Checking OFF o)
(*$N~ Do Not allow 80x87 instructions *)
(*$0~ Overlays NOT allowed *)
(*$p~ Standard ‘string’ parameters *)
(*$Q~ Overflow Checking OFF *)
(*SR~ Range Checking OFF *)
(*Ss~ Stack Checking OFF *)
(*$T~ Do Not Force Typed ‘@' references *)
(*$V~ Var~string Checking OFF *)
(*Sx~ Disable Extended syntax

(S e e v arreretteeteetittttttctocettttiiiterttttertatttetttrtttetactttttans

(*$I TASKING.INT ~ Filename of the unit interface (i.e., ‘public' stuff) *)
implementation

uses dos;

COMSE (eeteeettestttetetteteetaesirtirtutiucttcttetcesecccscescesnessessssans)

const

type

const

type

const

(* This is the ID of the TASKING task which is executed when there is *)
(* nothing else to execute (this is reserved and cannot be assigned to ')
(* user tasks).

(..........n...........n................................nnnnnnn)

NULL_TASK_ID = low (TASK_IDS);

(seeeeseettttttintitittittittititittttitttttattetettetettetttatarrariane)
(* This is used to document the code where the task ID parameter to a ')
(* procedure 1s needed by the compiler but not used by the code

(* because of the context of the call. ')
R LT P

ANY_TASK = NULL_TASK_ID;

(seesecccsccans Trestesetetttttttttttiestrene)

(* These priority declarations allow TASKING to create tasks that are *)
(* guaranteed to have higher and lower priorities than user tasks. *)
(* The obvious use of this is the null task, which has a priority *)

(* lower than all user tasks, and tasks which are executing in a *)
(* scheduler-locked code region which have a priority higher than all *)
(* others. o

(veseesesens

HIGHEST_PRIORITY = succ(high(USER_PRIORITIES)
LOWEST_PRIORITY = pred(low(USER_PRIORITIES));

(reseseanes )
(+ General task priority type which includes both user priorities and *)
(* TASKING reserved priorities.

eeeeestsestetetetttitittetattttttttatettatettttattatattttttttatatettane)

PRIORITIES e LOWEST_PRIORITY..HIGHEST_PRIORITY;

(seetesectttttatttttttttttttttttttttitititttttitttttttttttttttttttttttts)

{(* This variable keeps track of the highest priority when dynamic *)
(+ priority rotation is enabled (i.¢., dynamic priorities) )

)

HIGHEST_DYNAMIC_ PRIORITY PRIORITIES = HIGHEST_PRIO&ITY.

(veseeees
(* This list enumerates the allowable priority comparisons
(* determine the next highest priority task to execute).

TSR rr T T SO Pre IR I S SRS O S S ST,

{
COMPARISONS = (GREATER_THAN, LESS_THAN, EQUAL_TO):

(used to *)
*)

PR R
(* This is used to document the code where the address of the block *)
(* parameter to a procedure is needed by the compiler but not used by *)
(* the code because of the context of the call.

tetetasestsesseteseettttettttttttesttttitttttitttttttttattttrtttatarane)

THERE_IS_NO_BLOCK_TO_MATCH = nil;

(seesesettttttttititttiierrttattttastsstetatttttattittees

(* These are the hardware specific constants necessary to progean the -)
. 54) £ TASKING d MS~DOS

(

TIMER_CLOCK_FREQUENCY = 1193180
MSDOS_TIMER_O_VALUE = SEFFF;

ONE_MSEC_TIMER_O_VALUE = round(TIMER_CLOCK_FREQUENCY * 0.001):
DEFAULT_MSDOS_CLGCK_PERIOD = MSDOS_TIMER_O_VALUE / TIMER_CLOCK_FREQUENCY;
TIMER_CONTROL_PORT = §43;

TIMER_O_DATA_PORT = $40;

SYSTEM_TIMER_CONTROL WORD = $34;

(sesesrersssssanetectttttiittittttstsssesststasttatititiiiiiiiiitiiniiey
(* Allows TASKING application to run over a month boundary and report ')

(* the coxzect execution time.

)
12) of integer=(31,28,31, 30,31, 30,31,31,30,31,30,31);
ceey

the ')

(* This is used as a special delay value which indicates that

longer (or never was) waiting for a delay to expire,
v Jorele .......................,

NO_TIME_DELAY = ~1
(reseeerestrotsotttttitsstsstentetsttotittatititttttstattatattetitiaties)
(* These values are used to compute the number of milliseconds that a -)
(* task must 'wait' when it requests a WAIT_FOR DELAY(). )
(sevsessessssrtenssstesrestesrstesussasrisaTaselosterationtecacee
MILLISECONDS_PER_SECOND = 1000;
MILLISECONDS_PER_MINUTE = MILLISECONDS_PER_SECOND * €0;
MILLISECONDS_PER_HOUR = MILLISECONDS_PER MINUTE * 60;
MILLISECONDS_PER_DAY = MILLISECONDS_PER_HOUR * 24;

[ROTaee cesseesscetetteontinnsy
(* This is an interrupt that is revectored from its original
{* to allow TASKING to monitor/control software interrupts.
(* allows user applications to use interrupts OXFO-OXFF. This
(* TASKING to prevent preempting MS~DOS (which is guaranteed to
(+ if reentered).

P T T L L e T

vector *)
M5~DOS *)
allows *)
crash *)

REVECTORED_INTERRUPT_NUMBER = $FF;
(sesassesetttttttititttittttitttttttttttttttitttttttttatetatttttentttite)

(* This allows the statistics functions to detemine how much of the *)

much is wasted.
Ty

DEFAULT_STACK_VALUE = $5AS5.
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(¥eeseetcttetirtetetettetettttetttiittttttttttttctetettarcasattatattanas)

(* 80x86 FLAGS register bit definitions used to test/set/clear *)
(* individual bits in the register. .
(sesesssssseresscsessstesssscnsteeieseetostetssetisterssrrsnnran
CARRY_FLAG = $0001; PARITY_FLAG = $0004;
ZERO_FLAG = $0040; SIGN_FLAG = $0080;
INTERRUPT_FLAG = $0200; DIRECTION_FLAG = $0400;

ceresy
AUXILIARY_FLAG = $0010;
TRAP_FLAG = $0100;
OVERFLOW_FLAG = $0800;

L U U SRR
(* MS-DOS, system and hardware specific interrupt declarations (i.e., *)
(* interrupt vector table entries). This information was derived from *)
(* a number of different sources and represents the most comprehensive *)
(* PC interrupt usage description that could be compiled

T T R R R

DIVIDE_BY ZERO_INTERRUPT_NUMBER - 50

SINGLE_STEP_INTERRUPT_NUMBER = $01;
NMI_INTERRUPT_NUMBER = $02;
BRERKPOINT_INTERRUPT_NUMBER - $03;
OVERFLOW_INTERRUPT_NUMBER - 504;
PRINT_SCREEN_INTERRUPT_NUMBER = $05;
INVALID OPCODE_INTERRUPT_NUMBER = $06;
SYSTEM_TIMER_INTERRUPT_NUMBER = $08;
KEYBOARD_INTERRUPT_NUMBER - $09;
IRQ_3_INTERRUPT_NUMBER = $0B;
IRQ_4_ INTERRUPT NUMBER = soc:
IRQ_5_INTERRUPT_NUMBER = $0D;
IRQ_6_INTERRUPT_NUMBER = $OE;
IRQ_7_INTERRUPT_NUMBER = $OF;
VIDEO_SERVICES_INTERRUPT_NUMBER = 510;
EQUIPHMSNT_CHECK_INTERRUPT NUMBER = 511;
MEMORY_SIZE_INTERRUPT_NUMBER = $12;
DISK_SERVICES_INTERRUPT_NUMBER = 513;
SERIAL_COMM_INTERRUPT_NUMBER - $14;
CASSETTE_I0_INTERRUPT_ NUMBER = $15;
KEYBOARD_IO_INTERRUPT NUMBER = $16;
PRINTER_TO_INTERRUPT_NUMBER = $17:
BOOTSTRAP_INTERRUPT_NUMBER = $19;
TIME_OF_DAY_INTERRUBT_NUMBER = S1A;
KEYBOARD_BREAK_INTERRUPT_NUMBER = $1B;
CLOCK_INTERRUPT_NUMBER = $1C;
VIDEO_PARAMS_POINTER = $1D;
FLOPPY_DISK_BARAMS_POINTER = $1E;
VIDEO_GRAPHICS_POINTER = S1E:
PROGRAM_TERMINATION_INTERRUPT NUMBER = $20;
M5DOS_BIOS_FUNCTION INTERRUPT_NUMBER = $21;
PROGRAM_TERMINATION ADDRESS - $22;
CONTROL_C_ADDRESS - $23;
CRITICAL_ERROR_ADDRESS - s24;
ABSOLUTE_DISK_READ_INTERRUPT NUMBER = $25;
ABSOLUTE_DISK_WRITE_INTERRUPT NUMBER = $26;
TSR_INTERRUPT_NUMBER - $27;
IDLE_HANDLER_INTERRUPT NUMBER - $28;
MSDOS_TTY_HANDLER_INTERRUPT NUMBER = $29;
MSDOS_NETWORK_INTERRUPT_NUMBER = $2A;
BATCH_EXECUTE_ INTERRUPT_NUMBER - $2E;
MULTIBLEX_INTERRUPT_NUMBER - $2F;
CPM_JUMP_BART_1_POINTER - $30;
CPM_JUMP_PART_2_POINTER = §31;
Ms_MOUSE_ INTERRUPT_NUMBER = $33;
DISKETTE_REQUEST_INTERRUPT_NUMBER = $40;
FIXED_DISK_PARAMS_l_POINTER - $41;
EGA_GRAPHICS_POINTER - $43;
FIXED_DISK_PARAMS_2_POINTER - $46;
USER_ALARM_ADDRESS = $4A;
ROM_BIOS_ALARM_INTERRUPT_NUMBER - $50;
NETWORK_FUNCTIONS_INTERRUPT_NUMBER = $5A;
REVECTORED_19H_INTERRUPT_NUMBER = $5B;
NETWORK_USE_INTERRUPT_NUMBER = §5C;
LIM_EMS_INTERRUPT NUMBER - $67;
REAL_TIME_CLOCK_INTERRUPT_NUMBER - 570;
IRQ_Z_REDIRECT INTERRUPT_NUMBER = §71;
IRQ_10_INTERRUBT_NUMBER - §72;
IRQ_11_INTERRUPT_ NUMBER - $73;
IEM_PS?_MOUSE_EVENT INTERRUPT NUMBER = $74;
COPROCESSOR_ERROR_INTERRUPT NUMBER = §75;
HARD_DISK_EVENT_INTERRUPT_NUMBER - $76;
IRQ_I5_INTERRUPT_NUMBER - §77;

(Fasaeesttttittittititettetttttottotttitettttitttttttttttttttotttetttatey
(* This set of interrupts are supposedly used by BASIC. There 1s no *)
(* other documentation to indicate which are actually interrupt *)
(* handlers, in fact examining a ‘standard' PC vector table shows that *)
(* most of these are actually nil (i.e., 00 )

BASIC_INTERRUPT_NUMBERS = [$80..SFO[;

(settettseteetettetcttsetteestesssstssttstiatiotiotiotiotiottotssttons)
(* These interrupts are not used by MS-DOS and documented as usable *)
(+ by M5-DOS application programs. .
(sesressnsanseiane RSbe e

PROGRAM_USABLE_INTERRUPT_NUMBERS =

cetectacettitttttteattacatettestenens)

[560..566,

SF1..$FF);
-
{* Members of this set of interrupts are only generated by the

(* hardware in response to abnormal program operation.
It SR s SO ST ST IIN $34 F IR S I $d

SYSTEM_INTERRUPT_NUMBERS =

*)
80x86 *)

teeesettittcnces)

DIVIDE_BY_ZERC_INTERRUPT_NUMBER,
SINGLE_STEP_INTERRUPT_ NUMBER,
NMI_INTERRUPT_NUMBER,
BREAKPOINT_INTERRUPT NUMBER,
OVERFLOW_INTERRUPT_NUMBER,
INVALID_GPCODE_INTERRUPT_NUMBER
i
(Fetesssenttstttotttiitttiitttitttti ittt tt ittt ittt sttt stasannes)
(* This set of interrupts comprises the Operating Service handlers of *)
(* MS-DOS. This includes 'add-on' services provided by device drivers *)
(* and/or TSR programs. They are all software interrupts which can *)
(* only be accessed by the 80x86 machine instruction 'INT nn' .
(s e ceersssesessscees
05_SERVICES_INTERRUPT_NUMBERE =
[

ceeey

PRINT_SCREEN_INTERRUPT_NUMBER,

VIDEG_ SERVICES INTERRUPT_NUMBER,
EQUIPMENT_CHECK_INTERRUPT_NUMBER,
MEMORY_SIZE_INTERRUPT_NUMEER,
DISK_SERVICES_INTERRUPT_NUMBER,
SERIAL_COMM_INTERRUPT_NUMBER,
CASSETTE_IO_INTERRUPT NUMBER,
KEYBOARD_IO_INTERRUPT NUMBER,
PRINTER_IO_INTERRUPT_NUMBER,
TIME_OF_DAY_INTERRUPT_NUMBER,
KEYBOARD_BREAK_INTERRUPT_NUMBER,
CLOCK_INTERRUPT_NUMBER,
PROGRAM_TERMINATION_INTERRUPT_NUMBER,
MSDOS_BIOS_FUNCTION_INTERRUPT NUMBER,
ABSOLUTE_DISK_READ_INTERRUPT_NUMBER,
ABSOLUTE_DISK_WRITE_INTERRUPT NUMBER,
TSR_INTERRUPT_NUMBER,
IDLE_HANDLER_INTERRUPT NUMBER,
MSDOS_TTY_HANDLER_INTERRUPT_NUMBER,
MSDOS_NETWORK_INTERRUPT_NUMBER,
BATCH_EXECUTE_INTERRUPT_NUMBER,
NULTIPLEX_INTERRUPT_NUMBER,
MS_MOUSE_INTERRUPT_NUMBER,
DISKETTE_REQUEST_INTERRUPT NUMBER,
ROM_BIOS_ALARM_INTERRUPT_NUMBER,



type

NETWORK_FUNCTIONS_INTERRUPT_NUMBER,
REVECTORED_19H_INTERRUPT_NUMBER,
NETWORK_USE_INTERRUPT NUMBER,
LIM_EMS_INTERRUPT_NUMBER
b

R R LRI L T O P PO PO
{* The members of this set of interrupts are only documented
(* 'RESERVED'. The use of any of these interrupts is
{* forbidden (in order to maintain 100% compatibility).
{* some programs do use interrupts from this set.

as *}
therefore *)
Unfortunately *}

u An example of this *)
{* 1a DEC PathWorks Network driver which uses S68. Note that this *)
{* unauthorized use can cause incompatibilities with TASKING (and *)

{* other programa}. .
R L LT S T T L PP PP PP O PPN

RESERVED_INTERRUPT_NUMBERS =

$07, $2B..$2D, $32, $34..$3F, $42, $44..545,
$47..$49, $4B..$SB, $SD..$SF, $68..36F, $76,.S7F

R L L D PP D DT PP P PSP T P PSSP TPURN
{* The members of this set of interrupts are used in an incompatible *}
{* manner. These incompatibilities were discovered by testing, there *)
{* are no documents which describe the way in which the interrupts are *)
{* used. These interrupts are supposed to be used for other purposes *)
{* but are 'taken over' by the applications listed below and used in a *)
* manner that i3 not standard and is not completely understood. )
R L L D T LY ST ISP TOT IR Fatort Suit ot beos S IUPNORINS:

INCOMPATIBLE_INTERRUPT_NUMBERS =
(

I .
(+ DEC PathWorks Network Driver Software *)
(* It appears that as part of handling this interrupt the driver *)

modifies the vector address so that the next interrupt goes to a *)
(* different location in the driver. This is definitely not a good *)
{* approach and TASKING cannot deal with it. Because TASKING has *)

(* takes over the interrupt and the passes control to the actual *}
(* handler, if the handler then wants the next interrupt to go *}
(* somewhere else TASKING has no way of intercepting it. The only *}

(* alternative 13 to let the driver ‘fend for itself’ and hope that *)
(* it can handle reentrancy or that reentrancy never occurrs. *)
8

§ *)
¥

R PP T T TY
{* The 1B2S9A Programmable Interrupt Controller (PIC}) chip must be *}
{* directly accessed by TASKING in order to support preemptive multi- *}
(* tasking. These declarations provide the necessary PC hardware *)
{* specific information. .
AR R KR RA AR RRR AR RAE AT RAT RN ]
NON_SPECIFIC_END_OF_INTERRUPT - $20;

PROGRAMMABLE_ _INTERRUPT_CONTROLLER_PORT = $20;

[ LR TR TP

(* Areas of MS-DOS Data area used to support blocked keyboard input. *}

D T TR D T TR T e T T

DOS_DATA_SEGMENT = $0040;
KYBD_BUFFER_HEAD_PTR_OFS = $001A;
KYBD_BUEFER_TAIL_PTR_OFS = $001C;

KYBD_BUFFER_BEGIN PTR_OFS = $0080;
KYBD_BUFFER_END_PTR_OFS = $0082;

T L R TR PR Y

{* General text processing control characters. .
. S D b
cR = chr($0D! {* Carriage Return )
LF = chr ($OA (* Line Feed *)
NULL_CHR = chr{$00); (* Marks the beginning of an extended key *}

R R R R R R R AR AR AN
{* In order to allow efficient allocation/deallocation of TASK IDs, *}
{(* TASKING maintains a list of sets of TASK IDs. Since each set can *}
{(* hold 256 elements, this list defines the number {and range} of such *}
(* sets. Note that '0' must be the start of the range. *}
R R LR TR e R PR )

TASK_ID_SETS = O..((MAXIMUM_NUMBER_OF_TASKS div 256) + 1});

S
{* When tasks use message passing then this data structure is used to *}
{* manage the message lists within each mailbox. The size of the *}
{* mailbox is dependent upon system heap space only because the *}
{* messaged are managed by this linked list structure. -
ETERSSR Seb bt STt SR PP rr e SRS P PRSP RO SRRR PR L
MESSAGE_PTR = “MSSSAGE;
MESSAGE = record

INFO_ADDRESS : pointer;
NEXT : MESSAGE_PTR;
end; {* MESSAGE *}

[ AR )

{* When tasks use message passing then this data structure is used to *}
{* maintain the 1ist of mailboxes. Each mailbox must have an owner, *}

{* i.e. the task that will receive the mail and each task can have at *}
{* most one mailbox. Messages are managed using semaphores. The *}
{* number of tasks receiving mail is dependent upon heap space only *}

{* because the mailboxes are managed by this linked list structure. ¢}
{* For performance improvements this could be a binary tree sorted by *)

{* the OWNER field. Performance will only become an issue with very *}
{* large applications with many message passing tasks. Note that ¢}
{* performance will only degrade if the number of tasks that receive *}

{* messages is large NOT if the number of messages being passed 1is -;
.
.
MAILBDX_PTR = “MAILBOX;
MAILBOX = record
OWNER : TASK_IDS;
SEM : SEMAPHORE;
: MESSAGE_PTR;
NEXT : MAILBOX_PTR;
{* MAILBOX *}

P L AR}
(* The task context is saved into and restored from this data *}
{* structure. It is basically a representation of the 8086 registers. *)
{* Remember all applications under DOS actually run on an 8086 no ¥}

{* matter what CPU is used in the PC.
R R T R A A RARALE R AR

CONTEXT_REGISTERS = record
AX : word; BX : word; CX : word; DX : word;
BP : word; SI : word: DI : word;
ES : word; DS : word;
§s : word; SP : word;
cs : word; IP : word;
: word;

FLAGS
end; (* CONTEXT_REGISTERS *}

Rt |
(* Basic pointer to a semaphore, used to find the semaphore that the *}
{* tasks are waiting on. Internally semaphores are distinguished by *)
(+ their addresses. .

P L R LR R L L]

SEMAPHDRE_PTR = ~SEMAPHORE;

R R R R Py
{(* This data structure is used to maintain the information about what *}
{(* (and if) a task is waiting for. Since everything except time is *}
{* implemented as a semaphore a task waiting for a mail message (for *}

AR AR AR RN RR TR

const

100

{* example} would have a semaphore entry.

{* delay would have an absolute time entry.

RSt SR r Rt S S et SO Ot OO PPUPPSSPPRIRN

WAITING_PTR = “WAITS;

WAITS = record
ABSOLUTE_TIME :
SEM_PTR :

end; (* WAITS *)

A task waiting for a time *}
.

longint;
SEMAPHORE_PTR;

R L LT T P PP PP
{* This data structure is used to maintain a linked list of periodic *}
{* events used by the application. Elements are added and removed *}
{* from the list as a result of starting and stopping periodie events. *}
T L T e O e T D PR e P S Tt P PRI ST L ST at TSP I
PERIODIC_EVENTS_PTR = ~PERIODIC_EVENTS;
PERIODIC_EVENTS = record

PERIOD longint;

EVENT_PTR : ~EVENT;

NEXT PERIODIC_EVENTS_PTR;
end; (* PERIODIC_EVENTS *)

R TR L LT PP
(* This 1s the main TASKING data structure. Each task created is *)
(* given a task control block, this contains all necessary information *}
(* about the task including: save context (if it is blocked), priority,*)
(* task identifier, personal stack and personal error handlers. .
R T Ly T T R O ST SR Dt PSR T s S SRR |
TASK_CONTRDL_BLOCK_PTR = ~TASK_CDNTROL_BLOCK;

TASK_CONTROL_BLOCK = record

TASK_ID : TASK IDS;

CLOCK_TICKS longint;

PRIORITY PRIORITIES;

STACK_PTR pointer;

STACK_SIZE s word;

CONTEXT CONTEXT_REGISTEAS;

WAITING_FOR WAITING_PTR;

ERROR_HANDLER array (SYSTEM_ERRORS} of HANDLER_PROCEDURE;
NEXT TASK_CONTROL_BLOCK_PTR;

PREVIOUS : TASK_CONTROL_BLOCK_PTR;

end; (* TASK_CONTROL_BLOCK *)

(#rvwnanen AR R R R

(* This data structure is used to maintain a linked list of TASKING *)
(* constructs used by the application. This list 13 used to implement *)
(* praority inheritance (which can be used to guarentee that priority *)
(* inversion is controlled). *
B R R T T D L R T e
LOCKED_RESOURCE_PTR = ~LOCKED_RSSOURCES;

LOCKED_RESOURCES = record

OWNER : TASK_CONTROL_BLOCK_PTR;
PRIORITY PRIORITIES;
SEMAPHORE_PTR : ~SEMAPHORE;

NEXT : LOCKED_RESOURCE_PTR;
end; (* LOCKED_RESDURCES *)

R R AR RN AR TR TR RN R IR R RN R RN AR RN R R TR RE T RR R ]

{* Tasks can be in any one of these states if they are not actually *)
{* running. That is, at all times one task is running and all others *)
{* can be found in one of these states. *)

(* BLOCKED means that the task is waiting for another task to do some-
{* thing which will make it READY (signal event, semaphore, etc.).

(* DELAYED means that the task is waiting for a time-out to occur. *)
(* READY means that the task has no reason to be not running except *}
{* that the scheduler has not given control to it yet (this mught be *}
{* because its priority 1s lower than another READY task). *}
T TSRt ettt St SO S AT S e DAt SO

TASK_STATES = {(BLOCKED, OELAYED, READY};

*)
*)

R
{* These values are used to allow a single queue management routine *}
{* to know why a task is being removed from a queue. The search *}
{* criteria depends on the reason for the removal. .
R Pt SISO PP RSO PEIS TP OSSP PP

QUEUE_REMOVAL_REASONS =
t

BECAUSE_THE_BLOCK_WAS_SIGNALLED,

BECAUSE_THE_DELAY_HAS_COMPLETED,

UNCONDITIONALLY

yi
8 e Y T Y YA T ]
{* This data structure is used to maintain the priority queues for *}

{* each of the allowable task states. -
T T D R PR PRt

QUEUES = record HEAD, TAIL : TASK CONTROL_BLOCK PTR; end; {* QUEUES *}

o R R A A R R AR R AR AR AR R AR AR RN T Ra]
{* This structure is used to manage the interrupts that TASKING must *}

{* chain into. Because it is a variant record the fields overlap and *}
{* allow direct decomposition of a pointer into segment and offset. *)
B T e T T I T T E R R R R T ORI
HANDLEAS = record
case integer of
0 : (OFFSET, SEGMENT : word});
1 : (VECTOR : pointer);
end; (* HANDLER *}

o AR AR AR R AR AR AR R aaan]
(* This variable contains the doubly linked 1list of task control *}
{* blocks for tasks which are ready to run. .y
L T i e I o DR s S iy DO PP PPN

READY_QUEUE : QUEUES = (HEAD : nil; TAIL : nil};

AR AR AR AR Rt a b
{* This variable contains the doubly linked 1list of task control *)
{* blocks for tasks which are blocked waiting for a semaphore, event, *)
{* binary semaphore, condition variable, message, mouse action or *)
{* keyboard action. .
LR £ B e N

BLDCKED_QUEUE : QUEUES = (HEAD : nil; TAIL : nil};

T
{(* This variable contains the doubly linked 1list of task control +)
{* blocks for tasks which are waiting for a delay to expire. .
T e e SRt S P S PSSR DR ORIE DI DDA

DELAYED_QUEUE : QUEUES = (HEAD : nil; TAIL : nil};

AR AR AR R et R e e e s
{* This pointer will be nil unless the user has installed a task to *}
{* handle the mouse, at that time an event will be created and this +}
{+ pointer will then point to it. The user never knows that the mouse *}
(* is handled as an event. .
R o e S

USER_MOUSE_EVENT_PTR : ~EVENT = nil;

T
{(* This variable is used when blocked console I/0 is being used. The *)
{* semaphore is created and maintained by TASKING, the application is *)
{* only aware of the blocking, not the method used to achieve it. .

R R D R R PR RTINS

USER_KEYBOARD_SEM_PTR : SEMAPHDRE_PTR = nil;

T R R R T PP

(* This variable is the head of the linked list of periodic events. *)

R R R T R D P R D PP R P

PERIODIC_EVENTS_LIST_PTR : PERIDDIC_EVENTS_PTR = nil;

R L R L L PR TP P

(* This variable is the head of the linked list of TASKING constructs *)



(* used by the application (used when

B T T T S A N

LOCKED_RESOURCE_LIST PTR :

priority inheritance is enabled).*)
svevestabataniaiineetnn SRNTNLL)

LOCKED_RESOURCE_PTR = nil;

S T T P T

(: These varjables are used when TASKING statistics are gathered to ';
{* provide the user with various system parameters which can be of *)
(* interest to the TASKING application developer. )
(.nnnnn...nn.nnn.nnn.nnnnn.nnn.n.nn.nnnnnn)

TASKING_STATISTICS record

STRRT_TIME : real;
NUMBER_OF_PERIODIC_EVENTS : longint;
NUMBER_OF_PERIODIC_EVENTS_MISSED : longint;

CONTEXT _SWITCHES ¢ longint;
COGPERATIVE_CONTEXT SWITCHES : longint;
TOTAL_AVAILABLE_HEAP + longint;

SERVICE_CALLS ¢ array($00..$FF) of longint;

INTERRUPTS

HARDWRRE _ array($00..$0F] of longint;
end (* TASKING_STATISTICS *) =
(

STRRT_TIME 0.0;
NUMBER_OF_PERIODIC_EVENTS 0;
NUMBEROF_PERIODIC_EVENTS_MISSED : 0;

COGPERRTIVE_CONTEXT_ SWITCHES
TOTAL_AVAILABLE_HEAP

CONTEXT_SWITCHES ¢ 0
SERVICE_CALLS :
(

)i
HANDWARE_INTERRUPTS

)i
e TR S
(* This variable keeps track of the nesting level of the scheduler *)
(* ’locks’ that have occured, its value can not be negative. .
R R R R T R P R R PP P RSP PP P PP PPN

IN_PREEMPTABLE_REGION : integer = 0;

R R R R T TP TTS
(* Default Error Handlers (Preview) *)

(*$F+ Handlers must be ‘far’ because they are used as procedural variables *)
T T S R T T TN

BT BT T
(* This file is created (in the same directory as application *)
(* executable if LOG_ERRORS_TO_FILE is true) and contains a log of all *)
(* errors and warnings detected by TASKING. .
A T L T T T T T o
ERROR_LOG : text;
procedure TASK_ALREADY_ACTIVE_ERROR HANDLER  (TASK_ID : TASK_IDS); forward;
procedure INSUFFICIENT RESOUREES_ERROR_HANDLER (TASK_ID : TASK_IDS); forward;
procedure TASK_IS_NOT_ACTIVE_ERROR_HANDLER (TASK_ID : TASK_IDS): forward;
procedure TASK_ALREADY SUSPENDED_ERROR_HANDLER (TASK ID : TASK IDS); forward;
procedure ILLEGAL_TASK ID_ERROR AANDLER (TASK_ID : TASK_IDS); forward;
procedure ILLEGAL OPERATION_ERROR_HANDLER (TASK_ID : TASK_IDS); forward;
procedure DEADLOCK_DETECTED_ERROR_HANDLER; forward;

B R T T L T T T TR R PP
{

( End of Default Error Handlers (Preview) *)
(*$E- .)

RS T T R R

R T A LT Lg}

h Null Task Definition »

R e L T
dure

(TASK :

AND SLE
TASK_IDS; RESULTING_STATE  TASK_STATES); forward;

procedure NULL_TASK;

(tttttttaao.t.?tttnn""""n"'nn"nnnn""ntttcao..-----""nn")
(* This task is used only to provide a place for the CPU to execute when *)
{+ it has absolutely nothing else to do. ALl that this task tries to do 13 *)
{+ pass control to tasks which are ready to run by continuously rescheduling *)

(* 1tself, since the null task has the lowest possible priority, all tasks *)
(* which are READY to run will be scheduled as soon as possible. -
(* When it is not possible to pass control to another task (i.e., there *)
(* are no other tasks) then the application is terminated. -

T T T T e SR Ad]

begin (* NULL_TASK *)
repeat

asm stl end;
T T T T AR A AAd]

(* If there are no other user tasks which are still active or *)
{* blocked, then the only remaining task is the null task. If the *)
(* null task 1s the only one left then terminate everything, else *)

{* pass control to some other task (or at least attempt to).
P e S T L e T P A A A
1f (READY QUEUE.HEAD = nil) and (READY QUEUE.TAIL = nil) and
(DELAYED_QUEUE.HEAD = nil) and (DELAYED_QUEUE.TAIL = nil)
then _
if (BLOCKED_QUEUE.HEAD = nil) and (BLOCKED QUEUE.TAIL = nil)
hen

(eesseasssssssssrserssrssrssvavasustsssssassssssasassatasvatacy)
(* Shut down everything (via the exit procedure chain).
(+evseasuasissssssssassrsessrarasraresisiisistatrstssasiacactacs)
halt (0]

else
T T ol
(* Deadlock is defined as the condition where all tasks that *)
(* exist are blocked waiting for something to be signaled by *)
(* another task. Since all tasks are blocked (and will not be *)
(* scheduled to run) the action necessary to unblock any of *)
(* the tasks cannot be satisfied. In TASKING, this deadlocked *)
(* conditisn exists when there are no READY or DELAYED tasks *)
(* and all existing tasks are BLOCKED on things ‘other than® *)
(* keyboard or mouse events (which can be 3ignaled as a result *)
A -

(LOE ARSI s sevensen e ereessess st
if (USER_KEYBOARD SEM_PTR = nil) and
(USER_MOUSE_EVENT_PBTR = nil)

then
DEADLOCK_DETECTED_ERROR_HANDLER
else
(* for the dangling ’else’ *)
else
R L LA SR S|
( Continuously attempt to surrender the CPU to another task. ")

R e AR A AL A
REQUEUE_AND_RESCHEDULE (NULL_TASK_ID, READY) ;
until false;
end; (* NULL_TASK *)

const NULL_TASK_STACK_SIZE = 5l1;

var NULL_TASK_STACK : array(0..NULL _TASK_STACK SIZE] of word;

const NULL : TASK_CONTROL_BLOCK =
(
TASK_ID H

. NULL_TASK_ID;
CLOCK_TICKE 0;

PRIORITY : LOWEST_PRIORITY;

STACK_PTR addr (NULL_TASK_STACK) ;

STACK_SIZE : sizeof (NULL_TASK_STACK);

CONTEXT :
§
AX : $0000; BX : $0000; CX : $0000; DX : $0000;
BP : $0000; SI : $0000; DI : $0000;
ES : $0000; DS : 3eg (NULL_TASK_STACK) ;
ss : seg(NULL_TASK_STACK[NULL_TASK_STACK_SIZE]);
sp : of3(NULL_TASK_STACK(NULL_TASK_STACK SIZE]):
cs : 3eg(NULL_TASK]; IP : ofs{NULL_TASK);
FLAGS : INTERRUPT FLAG
1i

WAITING FOR  : nily

ERROR_HANDLER :

§

TASK_ALREADY_ACTIVE_ERROR_HANDLER,
INSUEFICIENT _RESOURCES_ERROR_HANDLER,
TASK_IS_NOT_ACTIVE_ERRGR_HANDLER,
TASK_ALREADY_SUSPENDED_ERROR_HANDLER,
ILLEGAL_TASK_ID_ERROR_FANDLER,
ILLEGAL_OPERATION_ERROR_HANDLER

)i
NEXT : nils
PREVIOUS : nil

[ T P R T T3]

(8 End of Null Task Definition *)

[ D T 3]

oML [+ % %% b o a s a e aa A e At a At A A e a s a bt At ttarartevtrttatorvavosesrtene)

(* This variable always points to the currently running task’s task *)
(* control block. There can only be one task which is running at any *)
(* point in time. This variable will never be nil. N

T T R ]

RUNNING_TASK_PTR . TASK_CONTROL_BLOCK_PTR = @NULL;

[ LT P P PP P PP PRI
(* This variable contains a pointer to the beginning of the list of ¥)
(* mailboxes, of course until a message is sent or a receive is *)
(* attempted there are no mailboxes. M
R I T R T TP TR TP T PP II P}

MAILBOX_LIST : MAILBOX_PTR = nil;

R T T L T R T TP TP T TP TR TP PL PRI
(* This variable is used to hold the number of milliseconds which *)
(* elapsed since the program started running. It is the basis for all *)
(* task delay calculations. . .
LR L L T e R P P P T ST T P TP T T TPPT

MILLISECOND_TICKE longint = 0;

T T T

(* This variable is used to prevent timer interrupts from occurring *)

(* until all processing for the present interrupt has completed. This *)
(* ensures that TASKING internal data structures are not compromised *)
(* due to re-entrant timer interrupts (this can only occur when *)

(* interrupt handling takes longer than the clock timer period).

.
D R TR TR}

TIMER_NSEOI_NEEDS_TO_BE_DONE : boolean = falae;

[T LT TR R R T P R R S|
(* This variable is used to allow TASKING to know when it is ‘fair’ *)
(* to preempt a running task. This ensures that all tasks get their *)
(* full timeslice every time (of course this is only used when the *)
(* tasking mode is preemptive). -
R O I T P P P R T T T T T T TR I T TP T IS

PREEMPTIVE_TIMESLICE : real = 0.0; (* Hicroseconds *)

T T T T P P T T T T T TP T I TP P TP PIN
(* This 13 used to account for the possible inaccuracy between the *)
(* target timeslice and the time period that the clock 13 capable of )
(* providing (due to integer count values). -
R Ty T T N T R PP TS

_95_PERCENT = 0.95;

R R R T T T T 2o
13 counter is use o preven e application from
(¥ Th t 1 d t P t th TASKING 1, ti £ -
(* terminating if there are child programs still executing. Failure *)
(* to do this will almost certalnly crash MS-0GS because a child will *)
(* live past its parent, MS-DOS never expects this and internal MS-DAOS *)
(* data structures and memory allocation achemes do not support it. -
R T e e S N T T Y

NUMBER_OF_CHILD_PROGRAMS : integer = 0;

T
(* This flag is set once the application ‘main’ has terminated. This *)
(* ensures that a task created in ’‘main’ does not cause a reschedule *)
(* (rescheduling ‘main’ 1s meaningless because it is not a task). B
IO T R S ORI PO SN R S S S e SO

ALLOW_RESCHEDULE_IN_CREATE : boolean = false;

L ]
(* When TASKING is started there are no mouse events to report (hence *)
(* the initialization values). This variable is wused to transfer *)
(* MS-Mouse parameters from the TASKING mouse handler to the user task *)
(* (if and only if a mouse task has been installed). -
T T Ty Ty T ]

MOUSE_INFO_FROM_HANDLER : MS_MOUSE.MOUSE_PARAMETERS =
4

ACTIVITY_MASK 07
BUTTON_STATES + 0;
VERTICAL_TEXT_POSITION : 0;
HORIZONTAL_TEXT_POSITION : 0

1
R TR R T T
(* This set of interrupts are *all* revectored to the same interrupt *)
(* handler which determines the actual interrupt number, disables *)
(* preemption and then dispatches to the actual interrupt handler. *)
(* only *software* interrupts can be included in this set. *)
B 2T N T T R T T roN

PRDTECTED_INTERRUPTS =

0s_SERVICES_INTERRUPT_NUMBERS (* System Software Interrupts *)
+ PROGRAM_USABLE_INTERRUPT_NUMBERS (* User - - .
- SYSTEM_INTERRUPT_NUMBERS (* Syatem Hardware - .
+ RESERVED_INTERRUPT_NUMBERE (* Unused 7 - .
+ BASIC_INTERRUPT_NUMBERS (* BASIC ? - .
- INCOMPATIBLE_INTERRUPT NUMBERS (* Non-standard usage " )
- [REVECTORED_INTERRUPT_NUMBER]: (* TASKING Generic Interrupt *)

(eaeaustsistatsterertitetaitatteatatatertataititataratietetteteatties)
(* When TASKING is started there are no TASK IDs allscated so the set *)
(* of allocated task identifiers must be the empty set. The task *)
(* 1dentifier of the null task is not included in this set because it *)
(* cannot be allocated to user tasks. -

R L Y

ALLOCATED_TASK_IDS : array (TASK_ID_SETS] of set of byte;

(+4eaeaeststssttsteteroretetereteraveteteraretetetavavaratetatetatttrtae)
(* Loop control variable to initialize allocated TASK_ID sets. o

R T T

TASK_ID_SET : TASK_ID_SETS;

LT L R L L T P PP
(* This variable contains the address of the next exit procedure
(* the exit call chain. This value is restored when
(* terminates.

R T e

SAVE_EXIT : pointer;

in *)
TASKING *)
.

101



[ T T T L T T T T TS
saseseney

{* Pointer to eriginal clock interrupt handler, used to allow
N . MS-DOS *)
{* to see clock ti 18 initialized at startup). )

CLOCK_VECTOR :

....................)

pointer

ahre

ceseesnany
(* This variable contains the original address of the interrupt

z that *
(* TASKING ‘takes over’, it is saved here during initislization  so -))
(* that it can be restored upon terminati .
(sessbrsscasen

OLD_REVECTORED_INTERRUPT :

sesesene)

HANDLERS;

(* This variable contains information used to manage interrupts which -;
(* originate from hardware sources. This is necessary because add-on *)
(* card driver software may (or may not) support preemption, thia *)
:- guarantees that it won’t be preempted in case reentrancy will cause )
. e

HARDWARE_HANDLER :

seeteseLitteiiittttttitttttttitttttttiegy

array(D..15) of HANDLERS;

{* This variable contajins the addresses of the next MS-DOS
These

function *)
restored when TASKING *)

(* dispatcher in the call chaina.
(* terminates.

INTERRUPT_VECTOR_HANDLER :

are

array($DD..SFF) of HANDLERS;

[ N T T T T T T L L L T ey
)

(* These variables define TASKING's view of clock timer ticka which *)
(* TASKING calculates based on the requested timeslice value. (Don‘t *)
(* worry...before termination it is restored back to what MS-DOS *)

(* expects it to be)
(vessonesessasesee
TIMER_PERIOD : real;
NEW_TIMER_D_VALUE :

sesesesssttttatiartssrans

(* Microseconds *)
word;

(sevesssssesrerrernans

B LT T T P PP P T TTY
(* The TASKING configuration ias copied from the default (user) values *)
(* just prior to beginning multi-tasking, this variable holds the *)
(* configuration parametera used by TASKING. .
(sasssessessnsenrsrnes I T T T T T T RS SaPpe

ACTUAL_TASKING_CONFIGURATION : CONFIGURATION;

(S e e e e sttt ittt ttttt ettt it atttttbtittiertebtstrtetrststetsttttttttattratttatie)

.
( Non-U. functiona *)
(soveesesstsrtestestsrrrrirsianee R T LT LT T

function COMPARE_| PRIORITIES

PRIORITY_A :

COMPARISON :

PRIORITY_B :

) : boolean;
* )
(* This routine compares the relative priorities passed in based on the *)
(* highest dynamic priority *at this time*. This is necessary so that a *)
(* priority rotation scheme can be used. for static priorities *)
(* this routine will also return results (although direct *)
{* comparisons are possible)
{

PRIORITIES;
COMPARISONS;
PRIORITIES

Note that
meaningful

(oesssessesstettattitttitatitittitiititittitttittttattitttattiaariais)

(* Converted priorities which can then be directly compared for *)
(* relative value. *)
(seseasrentessonssstrrrtirriiesiien

NORMALIZED_A, NORMALIZED B

)

begin (* COMPARE_PRIORITIES *)
case PRIORITY_A of
LOWEST_PRIORITY

¥ = -maxint;
HIGHEST_PRIORITY : NORMALIZED A := +maxint;
else
if PRIORITY_A > HIGHEST_DYNAMIC_PRIORITY
then
NORMALIZED A :

NORMALIZED_A

:= 1nteger {(PRIORITY_A) mod
1nteger {HIGHEST_DYNAMIC PRIORITY)
else if PRIORITY_A = HIGHEST_ DYNAMIC | PRIORITY then
NORMALIZED A := inleqer(HIGHEST DYHANIC _PRIORITY)
else (* PRIORITY A < HIGHEST_DYNAMIC_! PRIORITY *)
NORMALIZED A := PRIORITY_J AT+ (HIGHBST PRIORITY - 1 -
integer (HIGHBST_DYNAHIC PRIORITY));
end; (* case...of *)
case PRIORITY_B of
LOWEST_PRIORITY : NORMALIZED_B
HIGHEST_PRIORITY : NORMALIZED_B
el

~maxint;
+maxint;

se
if PRIORITY_A > HIGHEST_DYNAMIC_PRIORITY
then
NORMALIZED_B := 1nteger {PRIORITY | B) mod
integer (HIGHEST_DYNAMIC_PRIORITY)
else if PRIORITY_B = HIGHEST_ DYNAMIC | PRIORITY then
NORMALIZED B := in[eqer(HIGHEST DYHANIC PRIORITY)
else {* PRIORITY_B < HIGHEST_DYNAMIC PRIORITY *)
NORMALIZED B := PRIORITY B + (HIGHBST PRIORITY - 1 -
in[eqer(HIGHBST DYNAMIC_PRIORITY))/
end; (* case...of %)
case COMPARISON of

GREATER_THAN : COMPARE_PRIORITIES := NORMALIZED_A > NORMALIZED B;

LESS_THAN COMPARE_PRIORITIES := NORMALIZED A < NORMALIZED B
EQUAL_TO COMPARE_PRIORITIES := NORMALIZED_A = NORMALIZED B;
end; (* case...of *)

end; (* COMPARE_PRIORITIES *)

proc dure INSERT_INTO

ahrsssabereThsab e abbe O LT L)

.

_(var QUEUE : QUEUES; NEW_TCB_PTR : TASK_CONTROL_BLOCK_PTR): "
(- This routine inserts the specified task control block into the queue *)
task into the correct *)

(*+ specified using the task priority to insert the
(* place in the priority gueue.

*)

)

var | (seesssssessessss e sevesssuassiissiitiiiaey)
(* Task Control Block pointer which ia ‘walked' through the queue )
(* in search of the proper insertion point. )
cespreatne et evettsessessssasssssssarassssssattataviany
WALKING_PTR : TASK_CONTROL_BLOCK_PTR;
[ )
(* Temporary pointer needed to perform insertion between two task *)
(* control blocka. ';
(sasessessssserreiosiussstitisiiiiititiiisstiaatttiiiiis
TEMP_PTR : TASK_CONTROL_BLOCK_PTR;
begin (* INSERT_INTO *)
asm
pushf
cli
end; (* asm *)
(* Find place in queue to insert into *)
WALKING_PTR

while (WALKING_PTR <> nil) and
COMPARE_| PRIORITIES(N‘EW TCB_PTR".PRIORITY, GREATER_THAN,
HN..KING PTR*.PRIORITY) do

WALKING_PTR := WALKING_PTR".PREVIOUS;
(* Insert element *)
1f WALKING_PTR = nil
then (* This task is highest priority *)
if QUEUE.HEAD = nil
then (* the list is empty *)

begin
QUEUE . HEAD NEW_TCB_PTR;
QUEUE. HEAD" . PREVIOUS nil;
QUEUE.TAIL NEW_TCB_PTR;
QUEUE. TAIL" . NEXT nily

end (* if...then *)

else

begin
NEW_TCB_PTR*.NEXT
QUEUE . HEAD" . PREVIOUS
QUEUE . HEAD

QUEUE. HEAD" . PREVIOUS

end {(* 1f...then...else *)

elae
1f WALKING_PTR = QUEUE.TAIL
then (* This task is lowest priority *)

begin
QUEUE.TAIL".NE:
NEW_TCB_PTR".PREVIOUS
QUEUE. TAIL
QUEUE.TAIL" .NEXT

end (* if...then *)

t= NEW_TCB_PTR;
1= QUEUE.TAIL;
= NEW_TCB_PTR;
1= nily

else (* This task is somewhere in the list *+)
begin
TEMP_PTR WALKING_PTR".NEXT;
WALKING_PTR".NEXT NEW_ TCB_| _PTR;
NEW_TCB_PTR".PREVIOUS WALKING _PTR;

NEW_TCB_PTR" . NEXT :
TEMP_PTR". PREVIOUS =
end; (* 1f...then...else *)

TEMP_PTR;
NEW_TCB_PTR;

asm popf end;
end; (* INSBRT INTO *)

functjon REMOVE_FROM_HEAD

PRSP

O A T R LT T T L LT T TR

(var QUEUE : QUEUES) : TASK_CONTROL_BLOCK_PTR:
(
(* This routine removes one task control block from the head of the
(* specified queue and returns that pointer. Note that this workas even if

eue 13 empty because then nil 1s returned

P N S T I R e

(* the
(

{(* Temporary pointer necessary for knowing the value of the ‘head’ *)
(* befs d .

TEMP_PTR :

TASK_CONTROL_BLOCK_PTR;

begin
asm

(* REMOVE_FROM_HEAD *)

end; {* asm *)
TEMP_PTR := QUEUE.HEAD;
if QUEUE.HEAD <> QUEUE.TAIL
then
begin
QUEUE . HEAD = QUEUE.HEAD" .NEXT;
QUEUE.HEAD".PREVIOUS := nil;
end {* if...then *)
elae
begin
QUEUE. HEAD
QUEUE.TAIL := nil;
end; (* if...then *)
if TEMP_PTR <> nil then
begin
TEMP_PTR".NEXT
TEMP_PTR".PREVIOUS
end; (* 1f...then *)
REMOVE_FROM_HEAD := TEMP_PTR;
asm popf end:
(* REMOVE_FROM_HEAD *)

:w nil;

= ni
:= nil;

function FIND AND_REMOVE

( TASK

var QUEUE
REASON : QUEUE_REMOVAL_REASONS;
SEM_PTR : SEMAPHORE_PTR

) T}\SK CONTROL_BLOCK_ PTR.

tessessssssesenas)

(Mo vresertatetattatttttttattotatttit i tittittttittittttitattitttteaites)

resssesssesee)

T T T T T T T

(~
* This routine searches the specified queue for the task control block
{* which matches the search criteria implied by the reason that the task 1s
{* being removed. If a matching task control block is found then it 1a
(* retur d in th 4 d

(roeaeee

var
{* Task Control Block pointer which is 'walked’ through the

(* in search of the block which is to be removed.

(seasessssssttsstatssistirssisastes

WALKING_PTR : TASK CONTROL_BLOCK_PTR;
begin (* FIND_AND_REMOVE *)
asm
pushf
cli
end; (* asm

WALKING_PTR := QUEUE.HEAD;
case REASON of
UNCONDITIONALLY :
while (WALKING_PTR <> nil) and (WALKING_PTR".TASK_ID <> TASK) do
WALKING_PTR := WALKING_PTR".NEXT;
BECAUSE_THE_| BWCK WAS_ SIGNALLED :
while (NJ\LKING PTR <> nil) and
{ (WALKING_PTR".WAITING_FOR = nil) or
( (WALKING_PTR". WAITING. _FOR <> nil) and
(WALKING_PTR".WAITING FOR" SEM_PTR <> SEM_PTR)
)
) do
WALKING_PTR := WALKING_PTR".NEXT;
BECAUSE_THE_| DBLAY HAS_( COMPLETED :
while (NJ\LKING PTR <> nil) and
{ (WALKING_PTR".WAITING_FOR".ABSOLUTE_TIME = NO_TIME_DELRY) or
(WALKING_PTR".’ WTING_FOR" ABSOLUTE_' . TIME > MILLISECOND _TICKS)
) do
WALKING_PTR := WALKING_PTR" .NEXT;
end: (* case.o.of *)
if ((REASON <> BECAUSE_THE_BLOCK_WAS_SIGNALLED) and
(WALKING_PTR <> nil)
) or
( (REASON = BECAUSE_THE_BLOCK_WAS_SIGNALLED) and
(WALKING_PTR". WJ\ITING FOR <> nil) and
(WALKING_PTR" . WTING FOR".SEM_PTR = SEM PTR)
)
then
begin
if (WALKING_PTR".PREVIOUS <> nil) and (WALKING_PTR”.NEXT <> nil)
then
begin

9.
WALKING_PTR".PREVIOUS*.NEXT := WALKING_PTR".NEXT;
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WALKING_PTR*.NEXT".PREVIOUS
end {* 1f...then *{
else 1f [WALKING_PTR*.PREVIOUS = nil!{ and
{WALKING_PTR*.NEXT <> nil{
then
begin
QUEUE .HEAD 1= QUEUE.HEAD".NEXT;
QUEUE.HEAD".PREVIOUS := nil;
end {* if...then *{
else if [WALKING_PTR".PREVIOUS <> nil{ and
{WALKING_PTR~.NEXT = nil}
then
begin
QUEUE.TAIL
QUEUE.TAIL".NEXT
end {* if...then

i= WALKING_PTR“.PREVIOUS;

:= QUEUE.TAIL".PREVIOUS;:
= nil;

else
begin
QUEUE.HEAD := nil;
QUEUVE.TAIL := nil;

if...then...else *{

WALKING_PTR".NEXT
WALKING_PTR* . PREVIOUS 1
if REASON <> UNCONDITIONALLY then
begin
WALKING_PTR".WAITING_FOR".ABSOLUTE_TIME := NO_TIME_DELAY;
WALKING_PTR®.WAITING_FOR*,SEM_PTR ieondl; T
endi {* if...then *{ -
FIND_AND_REMOVE := WALKING_PTR:
end {* 4f.T.then *{ -
else
FIND_AND_REMOVE := nil;
asm popf end:
end; {* FIND_AND_REMOVE *{

function FIND_OR_CREATE_MBOX_FOR

R D L T L L

{TASK - TASK_IDS{ : MAILBOX_PTR;
.

i This routine searches the system mailbox list and returns a pointer to *{
{* the mailbox owned by the specified task. If the task does not yet own a *{
.

{* mailbox then one is created and added to the mailbox list. 1
teeeresanans arareeveens . . ceesesscersreaareneeg

VAL [tteeessesesceesesteverEatevR I I I R e s et s ertarrataatattatan]
{* Pointer to mailbox structures which is ‘'walked* through the list *{
i* in se £ the hil .

Iy

[eeesees

WALKING_PTR : MAILBOX_PTR:

eranany

feeves

S
{* Temporary return value {function name cannot be used on right *!

{* hand side of an assignment statementf.

e eeeveasutseottatttoura o RN S et e e e eae]

TEMP_PTR : MAILBOX_PTR:
begin {* FIND_OR_CREATE_MBOX_FOR *!
asm
pushf
cli
end: {* asm *{
WALKING_PTR := MAILBOX_LIST;

while {WALKING PTR <> nill and {WALKING_PTR*.OWNER <> TASK{ do
WALKING_PTR t= WALKING_PTR".NEXT;
1f WALKING_PTR®.OWNER = TASK
then
TEMP_PTR := WALKING_PTR
else
begin
if WALKING_PTR = nil
then
new {WALKING_PTR{
else
begin
new {WALKING_PTR*.NEXT} ;
WALKING_PTR := WALKING_PTR".NEXT:
end; {* if then...else *{
TEMP_PTR := MAILBOX_LIST:
MAILBOX_LIST := WALKING_PTR;
MAILBOX_LIST~.NEXT := TEMP_PTR:
TEMP_PTR := MAILBOX_LIST:
with TEMP_PTR* do

end; {* if.. L
FIND_OR_CREATE_MBOX_FOR := TEMP_PTR:
asm popf end

end; {* FIND_OR_CREATE_MBOX_FOR *!

REMOVE_MBOX_OF

{TASK : TASK_IDS{ o
H

i This routine searches the system mailbox list and removes the_ mailbox *{
{* owned by the specified task. If the task does not yet own a mailbox then :i

t* nothing is done.

var  jreeer .
{* Pointer to mallbox structures which is *walked' through the list *{

{* in search of the matching owner.

WALKING_PTR

MAILBOX_PTR:

e-arrange mailbox list links.

rarsseasesseacerrrrranes o
frenes :
{* Temporary d to

freresranenat

TEMP_PTR : MAILBOX_PTR
begin |* REMOVE_MBOX OF *{
asm
pushf
cli
end; {* asm *
WALKING_PTR := MAILBOX_LIST:

while {WALKING_PTR <> nil} and XWKING_PTR".OWNER <> TASK{ do
WALKING_PTR = WALKING_PTR".NEXT:
it W\LKIN&_PTR",OWNER = TASK then
begin
TEMP_PTR := WALKING_PTR:

{* Patch link past element to delete *{

WALKING_PTR := MAILBOX_LIST:

while WALKING_PTR <> TEMP_PTR do
WALKING_PTR := WALKING_PTR”.NEXT:

WALKING_PTR*.NEXT := TEMP_PTR". NEXT:

{* Free memory allocated to deleted mailbox *i{
dispose |TEMP_PTR!:
end; {* if..then *{
asm popf end:
end; {* REMOVE_MBOX_OF *i

procedure CLOCK_INTERCEPTOR: interrupt;
o .

erasteeaTRssavesaNERERREEYY

ey cesvranneny

is *t

1}
I This routine checks to see if the DELAYED queue is empty and if it

{* not then it attempts to remove all tasks that have waited long enough and *i
{* put them into the READY queue. After that has been done it implements *{
{* preemptive multitasking 1f appropriat "t
§

L s3oss bedblavd tn S oaunis S dite 34 tine e oy
reteereseataasaasaatas e e e tae AL e aateaeareastaenne]
{* This counter is used to determine when the Ms-DOS clock *i
{* interrupt handler should be called so that MS-DOS thinks that the *i
{* timer is running at a 55 msec period. .
T

MSDOS_CLOCK_PERIOD : real = DEFAULT _MSDOS_CLOCK_PERIOD {Seci * le6 / 2:

const

T T T L]

i* Th is used to generate TASKING millisecond clock ticks *i
ereay

i
MILLISECOND_PERIOD : real = 0.0; {uSeci

{* Task Control Block pointer used to release all tasks that have *{
{* been delayed for the proper amount of time. t
PO et e S T T

DELAY_COMPLETED_TASK PTR : TASK_CONTROL_BLOCK_PTR:

t
{* Pointer to the list of periodic events (possibly nili. o

WALKING_PTR : PERIODIC_EVENTS_PTR:

.t
{* Pointer to Task Control Block of waiting task to be made ready. *!

i
WAITING_TASK_PTR : TASK CONTROL_BLOCK_PTR;

began {* CLOCK_INTERCEPTOR *{
LOCK_SCHEDULER;
af RCTUALbTASKING_CDNFIGU'RATION.STATXSTXCS <> NO_STATISTICS then
begin
inc{TASKING_STATISTICS.HARDWARE _INTERRUPTS{O0{};
inc {RUNNING_TASK_PTR*.CLOCK_TICKS!;
endi {* if..then *i

t* Perform all local processing *{
MILLISECOND_PERIOD := MILLISECOND_PERIOD + TIMER_PERIOD:
1f MILLISECOND_PERIOD >= {{1000 {uSeci{ * _95_PERCENT{ then
begin
MILLISECOND_PERIOD := MILLISECOND_PERIOD - {1000.0 j{uSecii;
inc{MILLISECOND_TICKS!
end; {* if...then *{

if DELAYED_QUEUE.HEAD <> nil then
begin
DELAY_COMPLETED_TASK_PTR := FIND_AND_REMOVE
t

ANY_TASK,
{From the{ DELAYED_QUEUE,
BECAUSE_THE_DELRY_HAS_COMPLETED,
THERE_I5_NO_BLOCK_TO_MATCH

t
1f DELAY_COMPLETED_TASK_PTR <> nil then
INSERT_INTO {READY_QUEUE, DELAY_COMPLETED_TASK_PTR{:
end; {* if...then *{

{* Find the place in the list to insert the event *!
WALKING_PTR := PERIODIC_EVENTS_LIST_PTR:
while WALKING_PTR <> nil do
begin
1f {MILLISECOND_TICKS mod WALKING_PTR.PERIOD! = O then
with WALKING_PTR* do
begin
if EVENT_PTR* = SIGNALED then
1nc {TASKING_STATISTICS.NUMBER_OF_PERIODIC_EVENTS_MISSED!;
WAITING_TASK PTR := FIND_AND_REMOVE
i

ANY_TASK,
{From the{ BLOCKED_QUEUE.
BECAUSE_THE_BLOCK_WAS_SIGNALLEO,
{At{ addr{EVENT_PTR"!

if WAITING_TASK PTR = nil
then

EVENT_PTR* := SIGNALED
else
INSERT_INTO{READY_QUEUE, WAITING_TASK_PTR:
1nc{TASKING_STATISTICS.NUMBER OF_PERIODIC_EVENTS|;
end; {* with...do *}
WALKING_PTR := WALKING_PTR.NEXT:
end; i* while...do *!

{* call original interrupt handler? fonce every 55 mseci *i
MSDOS_CLOCK_PERIOD := MSDOS_CLOCK_PERIOD + TIMER_PERIOD:
if M5DOS_CLOCK_PERIOD >= {DEFAULT MSDOS_CLOCK_PERIOD * _95_PERCENT{
then
begin
MSDOS_CLOCK_PERIOD := MSDOS_CLOCK_PERIOD -
- DEFAULT_MSDOS_CLOCK_PERIOD * le6;
asm
pushf
call dword ptr ds:CLOCK VECTOR
cli
end; {* asm *{
end {* if...then *{
else
TIMER_NSEOI_NEEDS_TO_BE_DONE := true;
UNLOCK_SCHEDULER:

if {ACTUAL_TASKING_CONFIGURATION.TASKING_MODEL = PREEMPTIVE! and
{IN_PREEMPTABLE_REGION = 0f then
begin
PREEMPTIVE_TIMBSLICE := PREEMPTIVE_TIMESLICE + TIMER_PERIOD:
if PREEMPTIVE TIMESLICE >=
ACTUAL_TASKING_CONFIGURATION.TARGET_TIMESLICE
then
REQUEUE_AND_RESCHEDULE {RUNNING_TASK_PTR".TASK_ID, READY!:
end; {* if...then *{

1f TIMER_NSEOI_NEEDS_TO_BE_DONE then

begin
t* Issue NSEOI to PIC *{
port [PROGRAMMABLE_INTERRUPT_CONTROLLER_PORT] :=

NON_SPECIFIC_END_OF_INTERRUPT:

TIMER NSEOI_NEEDS_TO_BE_DONE := false:

end; {* if then *{

end: |* CLOCK_INTERCEPTOR *{

interrup

procedure KEYBOARD_INTERCEPTOR

weeeerrsesverteettirtttesaseeaneny
keyboard interrupt that was Jjust *{
{* detected corresponds to an incoming character or just some type of *{
{* keyboard activity ilike pressing the SHIFT, ALT, CTRL or *lock' keyi. If i
{* the interrupt was because of a key pressed then the controlling semaphore *i
{* is signaled {if and only Lf the semaphore was created as a result of a *!
{* task waiting for a key to be pressedi. .

PR R e e e e L R L LR

i This routine checks to see if the

feeee .y
{* Pointer to pointer to the head of the keyboard buffer. o

g T e L LR LA L LT

HEAD_PTR = ptri{DOS_DATA_SEGMENT, KYBD_BUFFER_HEAD_PTR_OFS{:

const
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(* Pointer to pomter to the tail of the keyboa:d hutfe

(seesseecananeas teererererrrarnane

TAIL_PTR = ptr(DOS_DATA_SEG‘lENT, KYBD_BUE‘E‘ER_TAIL PTR_OFS};

)

[

{+ Pointer to the beginnin

(rrrssraceeeae

BUFFER_END = ptr (DOS_DATA_SEGMENT, KYBD_BUE‘FER_BND PTR_OFS};

var  (resees

(* Pointer to Task Control Block which is waiting on the keyboard -;
(* semaphore (may very well be nil}. )

(*esrtrerecccsccttttsrrrarrarennns

WAITING_TASK_PTR

: TASK_CONTROL_BLOCK_PTR;

*)

J R
}
(* Offset into the buffer of the tail *before* the interrupt 1is *}

(* processed by the MS-DOS handler (used to determine if a character ')
(* was received).
(ravessane

...........-.......................................-........)

TAIL : word;

( serstrsteteeeeeeeeieirrerarrran

)
(* The number of characters received into the buffer, probably
(+ for each interrupt but could be more

(seresnnannnee

NUM_CHARS : integer;

one *)

*)

[ Ty P P P T
(* Point to original k handler. .
(eaeee eeeveevenns Ty ey

VECTOR : pointer;

begain (* KEYBOARD_INTERCEPTOR *)
VECTOR := HARDWARE_HANDLER($1).VECTOR;
if ACTUAL_TASKING_ CONFIGURATION. STATISTICS <> NO_ STATISTICS then
an(TﬂSKING STATISTICS . HARDWARE, ,_INTERRUPTS($1})

TAIL := word(TAIL_PTR"};

o
(* Call original interrupt handler *})
pushf
call dword ptr ss:VECTOR
i

c
end; (* asm *)
if (TAIL <> word(TAIL_PTR*}} and (USER_KEYBOARD_SEM_PTR <> nil) then
begin (* tail changed, therefore a character was received *}
WAITING_TASK_PTR := FIND_AND_REMOVE
(

ANY_TASK,

(From the) BLOCKED_QUEUE,
BECAUSE_THE_BLOCK_WAS_SIGNALLED,
(At} addr (USER_KEYBOARD_SEM_PTR"}

Yi

1f TAIL < word(TAIL_PTR"}

then

NUM_CHARS := word(TAIL_PTR"} - TAIL
else
{ CHARS := (word(BUFFER_END"} - TAIL}
{word(TAIL_PTR"} - word(BUFFER_START"}};

{* Convert bytes in buffer to characters *}
NUM_CHARS := NUM_CHARS div 2;
if WAITING_TASK PTR = nil

then
inc(USER_KEYBOARD_SEM_PTR"}
else
INSERT_INTO(READY_QUEUE, WAITING_TASK_PTR):
1nc(USER_KEYBOARD_SEM_PTR®, NUM_CHARS - 1];
end; (* if...then *}
end; (* KEYBOARD_INTERCEPTOR *}

procedure IRQ,

(reesecesanna’

{* Hardware interrupt handler, ensures

preemption is disabled

*}
that and ')

es control to the actual interrupt routine.

cessrrsraraasaaseatestesteane)

Var  (seettessssssssesssescetiiiiiiieiietiissirtisaaetaetaetaes .
to original hardware xnterrupt handler. *}

tarssssesssescssrecarstanane)

pointer;

begin (* IRG_2_INTERCEPTOR *}
LOCK_SCHEDULER;

VECTOR := HARDWARE HANDLER ($2} .VECTOR;
if ACTUAL_TASKING_CONFIGURATION. STATISTICS <> NO_STATISTICS then
inc {(TASKING_STATISTICS. HARDWARE_INTERRUPTS ($2}1};

asm
{* Call original interrupt handler *}
pushe
call dword ptr 33:VECTOR

cli
end; (* asm *}

UNLOCK_SCHEDULER;
end; (* IRQ 2_INTERCEPTOR *}

procedure IRQ_3_INTERCEPTOR; interrupt;
(seevesseasasiarssssssanes P T e
{* Hardware interrupt handler, ensures that preemption is
(* passes control to the actual 3%

(sesssssssrsrsassrsnnrrastrenes

disabled and *}

rerevean)

var  (reees T T LR LR P L LA )

(* pointer to original hardwa

(vessssscersrrasavravesene

VECTOR pointer;

begin {* IRQ_3_INTERCEPTOR *}
LOCK_SCHEDULER:

VECTOR := HARDWARE_HANDLER ($3).VECTOR:?
1f ACTUAL_TASKING_ CONFIGURATION.STATISTICS <> NO_STATISTICS then
1nc(TRSKING STATISTICS.HARDWARE . INTER.RUPTS[SJ]),

asm
(* call original interrupt handler *}
pushf
call dword ptr ss:VECTOR
c
end; (* asm *}

UNLOCK_SCHEDULER;
end; (* IRQ_3_INTERCEPTOR *}

ey T R R T LY

(* Ham‘ware inteuupt handler, ensures that preemption is disabled and *}
(* passes control to the actual interrupt routine. )

(eavsessusssuasseetttsstaatstataa st it ittt ittt e st e aareaattanas)

var  (*
{(* Pointer to original hardware interrupt handler. .

(*aveesssastissssstosessttitttitttittttttttttesraresrvassrrraressrearee]

VECTOR : pointer;

begin (* IRQ_4_INTERCEPTOR *)
LOCK_SCHEDULER:

VECTOR := HARDWARE_HANDLER($4).VECTOR;
if ACTUAL_TASKING_CONFIGURRTION.STATISTICS <> NO_STATISTICS then
inc (TASKING STATISTICS . HARDWARE, INTER.RUPTS[$4)),

asm
(* Call original interrupt handler *)
pushg
call dword ptr 3s:VECTOR
cli

end; (* asm *}

UNLOCK_SCHEDULER;
end; (* IRQ_4_INTERCEPTOR *)

procedure IRQ_S_INTERCEPTOR; interrupt;

(sevsernnnan

B L L LT R T P T LT

(* Hardware interrupt handler, ensures that preemption 1s disabled and *}
. 1 )

}
B L R T T T Y

i *)

VECTOR : pointer;

begin (* IRQ_S_INTERCEPTOR *}
LOCK_SCHEDULER;:

VECTOR := HARDWARE_HANDLER ($5).VECTOR;
1if ACTUAL_TASKING_( CONFIGURATION. STATISTICS <> NO_STATISTICS then
inc(TASKING STATISTICS . HARDWARE. INTEP.RUPTS(#S))

sm

(* Call original interrupt handler *}
pushf
call dword ptr 3s:VECTOR
11

c
end; (* asm *)
UNLOCK_SCHEDULER;

end; (* TRQ_5_INTERCEPTOR *)

procedure IRQ € INTERCEPTOR; interrupt;
ear . cenes

(* Hardware interrupt handler, ensures
(* _to_the actual inte

caveveevreverrarerEvstraaatavarsaseaseatane)

preemption is
4

that disabled
t t

and *)

crvsevenee)

B T L T P P E R
(* Pointer to original hardware interrupt handler *)
I tessssssassssanan

weeneeane)

VECTOR : pointer;

begin (* IRQ_6_INTERCEPTOR *}
LOCK_SCHEDULER:

VECTOR := HARDWARE HANDLER ($6} .VECTOR;
1f ACTUAL_TASKING_ ( CONFIGURATION.STATISTICS <> NO_STATISTICS then
x.nc(TASKING STATISTICS. HARDWARE __ INTERRUPTS ($6)7;

asm
(* Call original interrupt handler *}
pushf
call dword ptr ss:VECTOR
cli

end; (* asm *)

UNLOCK_SCHEDULER;
end; (* TRQ_6_INTERCEPTOR *)

and *}

(* Hardware interrupt handler, ensures
(* passes control to the actual interrupt routine.

that preemption is disabled

e
(+ Pointer to original hardware interrupt handler. .

: crrrerssessaanes)
VECTOR : pointer;
begin {* IRG_7_INTERCEPTOR *}

LOCK_SCHEDULER;

VECTOR := HARDWARE HANDLER(S$7}.VECTOR;
1f ACTUAL_TASKING CON?IGU'RATION STATISTICS <> NO_STATISTICS then
inC(TASKING STATISTICS. HARDWARE _ INTERRUPTS ($7}77

asm
(* Call original interrupt handler *}
pusl
call dword ptr s3:VECTOR
cli

end; {(* asm *}

UNLOCK_SCHEDULER:
end; (* IRQ_7_INTERCEPTOR *}

Ppro B_INTERCEPTOR; int

sey

disabled and *}

that
asses control to the actual interrupt routine.

{(* Hardware interrupt handler, ensures preemption is
o

{oe D T T
var | (eetestesssssssesssessssssssesssssssssessesessessssessssssessssssseay)
{+ pointer to original hardware interrupt handler. .
-+ PR R S A

VECTOR : pointer:

begin (* IRG_8_INTERCEPTOR *}
LOCK_SCHEDULER:

VECTOR := HARDWARE_HANDLER($8).VECTOR:
if ACTUAL TASKING_CONFIGURATION.STATISTICS <> NO_STATISTICS then
inc (TASKING STATISTICS.HARDWARE INTER.RUPTS[SB)),

sm
(* call original interrupt handler *}
pushf
call dword ptr 33:VECTOR

c.
end; (* asm *}

UNLOCK_SCHEDULER;
end; (* IRQ_8_INTERCEPTOR *}

procedure IRQ_9 INTERCEPTOR; interrupt;

TR bbb LA LA L L LA LS

(* Hardware interrupt handler, ensures that preemption is disabled and *)
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(* passes control to the actual interrupt routine.
LTRSS SR PR ST S S 333 S S St s S SN

var (raeae

{* Pointer to original hardware interrupt handle(

IR T T T T T P T  NOT O e oy

VECTOR : pointer;

begin (* IRQ_9_INTERCEPTOR *)
LOCK_SCHEDULER;

VECTOR := HARDWARE_HANDLER{$9).VECTOR;
if ACTUAL_TASKING CONFIGURATION STATISTICS <> NO_STATISTICS then
an(TASKING STATISTICS.HARDWARE. _INTERRUPTS($9)7;

asm
(* Call original interrupt handler *)
pushf
call dword ptr ss:VECTOR
cli

end; (* asm *)

UNLOCK_SCHEDULER;
end; {(* IRQ_9_INTERCEPTOR *)

procedure IRQ_A_INTERCEPTO

(sasesesessseTeTacennanes

RN )
(* Hardware interrupt handler, ensures that preemption 1s disabled and *)
)

{* passes control to the actual interrupt :outlne.
I L LTI TR T ad pueiy i gty

)

var  (sesses seetetiesietiiiitiittiainne)
{7, .2ointer to original hardware interrupt handler. )
(s+essoneanecetonranasstestentesssaieneas

)
VECTOR : pointer;
begin (* IRQ_A_INTERCEPTOR *)
LOCK_SCHEDULER;

VECTOR := HARDWARE_HANDLER {$A) .VECTOR;
if ACTUAL_TASKING CONFIGURATION STATISTICS <> NO_STATISTICS then
inc (TASKING STATISTICS. HARDWARE_INTERRUPTS ($m)7;

asm
{* call original interrupt handler *)
pushf
call dword ptr 3s:VECTOR
cli

end; (* asm *)

UNLOCK_SCHEDULER;
end; (* IRQ_A_INTERCEPTOR *)

procedure IRQ B IWEHCEPTO

(seeeeesssseiTaTosns

(* Hardware interrupt handler, ensures that preemption 1s disabled and *)
(* passes control to the actual interrupt routine. .

[ T S T T T T YT TN

var (soeeees

)
{* Pointer to original hardware interrupt handler. )

R T T T T T e A R e SRS e SN PO U
VECTOR : pointer;
begin (* IRQ_B_INTERCEPTOR *)

LOCK_SCHEDULER;

VECTOR := HARDWARE_ HANDLER (SB).VECTOR:
if ACTUAL_TASKING_CONFIGURATION.STATISTICS <> NO_STATISTICS then
inc{TASKING_STATISTICS.HARDWARE INTERRUPTS($B}};

asm
{* call original interrupt handler *)
pushf
call dword ptr 33:VECTOR
cli
end; {* asm *)

UNLOCK_SCHEDULER;
end; {(* IRQ_B_INTERCEPTOR *)

procedure IRQ_C_INTERCEPTOR

int

{ )
(* Hardware interrupt handler, ensures that preemption is disabled and *)
(* passes control to the actual interrupt routine. .

sessasaseseasetiatistatsastatititesy

var (*aeeaeareesesttittittittatttittatttttiaitattisttaaatartiias .
{* Pointer to o:lgxnal hardware xnte[[upt handler. *)

O L L LT T T

begin {* IRQ_C_INTERCEPTOR *)
LOCK_SCHEDULER;

VECTOR := HARDWARE_HANDLER({$C).VECTOR;
if ACTUAL_TASKING CONFIGURATION.STATISTICS <> NO_STATISTICS then
inc (TASKING_STATISTICS.HARDWARE_INTERRUPTS{$C]};

asm
{* Call original interrupt handler *)
pushf
call dword ptr 33:VECTOR
cli

end; {* asm *)

UNLOCK_SCHEDULER;
end; (* TRO_C_INTERCEPTOR *)

procedure IRQ_]
(sessesssssaet .
(* Hardware interrupt handler, ensures that preemption is disabled and )

{* passes control to
(soveecerasssinsiices

INTERCEPTOR; interrupt;

B N T T T

tsssasanes

)

(........--.........-.........-.......--.........-.........-.........-)

*)

var

d.

L.

begin (* IRQ_D_INTERCEPTOR *)
LOCK_SCHEDULER;

VECTOR := HARDWARE_HANDLER{$D).VECTOR;
if ACTUAL_TASKING CONFIGURATION STATISTICS <> NO_STATISTICS then
inc (TASKING STATISTICS. HARDWARE_INTERRUPTS ($D17;

am
(* call original interrupt handler *}
pushf
call dword ptr s33:VECTOR
cli
end; (* asm *)

UNLOCK_SCHEDULER;
end; (* IRQ_D_INTERCEPTOR *)

procedure IRQ E_ INTERCEPTOR; interrupt;

(setevvsasassToTortotittttuiotutastiiedattiitititecasttetiiirtititttitiiiatene)

)
*)
)

{* Hardware interrupt handler, ensures that preemption is disabled and *)
(* passea control to the actual interrupt routine. .y

R T T L LI LT T TITIOUN OO uaey

var

( ceseny
{+ Pointer to original hardware interrupt handler. *}
(sessesesesssetsasasnsssassaranses rrererssissessstesseissseeas)
VECTOR : polnter;
begin {* IRQ_E_INTERCEPTOR *)

LOCK_SCHEDULER:

VECTOR := HARDWARE_HANDLER({$E).VECTOR;
1f ACTUAL_TASKING_( CONFIGURATION.STATISTICS <> NO_STATISTICS then
l.nc(TASKING STATISTICS. HARDWARE INTERRUPTS(SE))

asm
(* Call original interrupt handler *)
pushf
call dword ptr ss:VECTOR

c
end; (* asm *)

UNLOCK_SCHEDULER;
end; (* IRQ_E_INTERCEPTOR *)

procedure IRQ_F INTERCEPTOR: interrupt;

ey sesesssssssseaaas

T LT}
{* Hardware interrupt handler, ensures that preemption is disabled and *)
{* to the actual interrupt routine. .
{

B G L LI T T T TP PP PP

VAL (teseeseestessectttttttatettttttistiseiittestasiattatate

. nter to original

T

{
VECTOR : pointer;

sesesssesensy

nterrupt handler. *)
BT e S Rt

begin (* IRQ_F_INTERCEPTOR *)
LOCK_SCHEDULER;

VECTOR i= ,_HANDLER($F).VECTOR;
if ACTUAL_TASKING_ CONFIGURATION. STATISTICS <> NO__ STATISTICS then
inc(T}\SKING STATISTICS.HARDWARE. INTERHUPTS(SFI

asm
{* call original interrupt handler *)
pushf
call dword ptr ss:VECTOR

end. (' asm *)

UNLOCK_SCHEDULER;
end; (* TRQ_F_INTERCEPTOR *)

p[ocedu[e SW_ INTERRUPT INTERCEPTOR

> B LT T LT T T

(_FLAGS, _CS, _IP, _AX, _BX, _CX, DX, _SI, DI, DS, _ES, _BP : word);
1nterrupt;

)
(*  This routine is used to intercept *all* software interrupts (accessed *)
{* via ‘INT nn’ instruction). By inspecting the actual opcode before the *}
{* return address, the interrupt number is determined and control is *}
{* transferred to that handler. This is done to ensure that all MS-DOS {and *}
{+ add-on) software is not preempted (i.e. reentered). R

R T L L L T TS T T T T P PP TR R et

const saseaey

{* Hexadecimal value for Intel 80x86 ‘INT’ instruction. *)

R NN T

SW_INT_OPCODE = $CD;

tesessasessassasan)

Sesissisiiiiitiatitiittitsattatttiatassans)

{
{* Hexadecimal value for MS- DOS ‘exec()’ function. -

EXEC_FUNCTION CODE = S4B00;

sesessssssstasessans)

L T T T T T TT T T paee

sesesssssssases)

(* Intel 80x86 register variables used to pass original register *)

{
REGS : registers;

sessssssesees)

ceseny
{* Pointer to position in interrupt vector table where the original *}
(+ handler address must be installed prior to passing control to the *)
{* handler {via softwa interrupt)

sesesy

{
REVECTOR : pointer absolute $0000:{REVECTORED_INTERRUPT NUMBER shl 2};

(yeeseeteseatttteettttttitttttttetettttttattatittttststitittistasiises)
{* Flag that indicates that an call to the MS-DOS function ‘exec' *})
{* is being performed, this must be re-enterant to allow parallel *}
{* execution of another program. -
B T T T T T T T T T T T T TR s

MSDOS_EXEC_FUNCTION_CALL : boolean:

L LT T T POy

(* Value to hold the software interrupt number being called )

INTERRUPT_NUMBER : byte;

begin {* SW_INTERRUPT_INTERCEPTOR *)
asm

end; {* asm *)
if mem{_CS . _IP - 2] = SW_INT_OPCODE
then

begin
INTERRUPT_NUMBER := mem{ CS : _IP - 1);
REVECTOR 1= INTERRUPT VECTOR HANDLER { INTERRUPT '_NUMBER) . VECTOR;

{* Gather statistics? *)
if ACTUAL_TASKING_CONFIGURATION.STATISTICS <> NO_STATISTICS then
inc (TASKING STATISTICS.SERVICE CJ\LLS(INTERRUPT NUMBER} } ;

(* Allow rescheduling during interrupt? *)

MSDOS_EXEC_FUNCTION CALL :=
(INTERRUPT_NUMBER = MSDOS_BIOS_FUNCTION_ INTERRUPT_NUMBER) and
(_AX = EXEC_FUNCTION_CODEY:

if MSDOS_EXEC_FUNCTION_CALL
then

inc {NUMBER_OF _CHILD_PROGRAMS)
else
LOCK_SCHEDULER;
with REGS do
begin
AX

CX := _CX; DX := _DX;
DI := TDI;
s:

FLAGS :
Lnt[(REVECTORED INTERRUPT_NUMBER, REGS);
asm cli end;

_ex
“BP DI
DS := DS; _ES := ES

TFLAGS := FLAGS or INTERR\!PT FLAG;

€X; _DX i= DX;
DI;
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end; {* with.. *)
if MSDOS_EXEC_| FUNCTION | CALL
then
dec (NUMBER_OF_CHILD_PROGRAMS)
else -
UNLOCK_SCHEDULER;
end {* if...then *)

with RUNNING_TASK_PTR~ do ERROR_HANDLER[ILLEGAL_OPEMTIUN) (TASK_ID);

asm popf end;
end; (* SW_INTERRUPT_INTERCEPTOR *)

pxol:aduze DISP}\TCH 'I'ASK ;

the

seeetretiiiiiiesy
{* This routine causes the task specified b: RUNNING .
{* control block to begin runnin v -TASKPIR  task 3

sestsectiiittitttiitees)

const (seves

18 Temporary vanable used to switch contexts
{* NOTE: MUST

{all registers!). *)
ree it into the DSeg! *)

Sessrsstiticietiiitiiitettecnnns)

word = 0;

begin (* DISPATCH_TASK *)
asm cli end;
(* Reset preemptive timeslice counter *)
PREEMPTIVE_TIMESLICE := PREEMPTIVE_TIMESLICE -
ACTUAL_TASKING_CONFIGURATION.TARGET_TIMESLICE;

{* Dispatch a new task *)

{* Switch Stacks *)

VALUE := RUNNING_TASK_PTR".CONTEKT.SS;
asm mov bx,VALUE end;

VALUE := RUNNING_TMK_PTR" -CONTEKT.SP;

asm
mov  sp, VALUE
mov  ss, bx
end; (* asm *)

(* Setup new context, enabling interrupts *)

VALUE := RUNNING_TASK_PTR".CONTEXT.FLAGS or INTERRUPT _FLAG;
asm push VALUE end;

VALUE := RUNNING_TASK_PTR".CONTEXT.CS;

asm push VALUE ‘end;

VALUE := RUNNING_TASK_PTR".CONTEKT.IP;

asm push VALUE end;

VALUE := RUNNING_TASK PTR~.CONTEKT.AX;

asm push VALUE end;

RUNNING_TASK_PTR~.CONTEXT.BK;

asm push VALUE end;

RUNNING_TASK_PTR".CONTEXT.CX;

asm push VALUE end;

RUNNING_TASK_PTR".CONTEKT.DX;

asm push VALUE end;

VALUE := RUNNING_TASK_PTR".CONTEXT.BP;

asm push VALUE end;

VALUE := RUNNING_TASK_PTR".CONTEXT.SI;

asm push VALUE end;
RUNNING_TASK_PTR".
asm push VALUE end;

VALUE := RUNNING_TASK PTR".CONTEXT.ES;
asm push VALUE end;

VAL RUNNING_TASK_PTR".CONTEKT.DS;
asm push VALUE end;

CONTEXT.DI;

1f TIMER _NSEOI_NEEDS_TO_| BE_DONE then
begin
{* Issue NSEOI to PIC *)
port [PROGRAMMABLE_INTERRUPT '_CONTROLLER_PORT) :=
NON SPECIFIC END_OF_ INTERRUPT;
TIMER NSEQI NEEDS TO BE DONE := false;
end; (* if...then *7

{* Switch Contexts *)
asm

end; (* asm *)
end; (* DISPATCH_TASK *)

procedure REQUEUE AND RESCHEDULE
[

cetsestatetestatescettstatcstattststen)

{TASK : TASK_IDS; RESULTING_STATE : TASK_STATES)
= . o
[ This routine is used to preempt a task {(which must either be running *)
{* or ready) and put 1t into the specified queue (either blocked or ready). *{
{* This is useful for ‘blocking' a task or for allowing another ready task *)
*t ffectivel d £ text itchi. *)

*)
cececesceney

address *)

Label [+eeeteseereesstressssosssststesstsstsssssesssssssssenss
{* Label within procedure for the return (i.e. ‘Dispatch')
{* of a task which is going from RUNNING to Some other state.

aetassetatetestettetitatestattttatttattatttttttettttttttesttttttttan)
{

REQUEUE_AND_RESCHEDULE_CONT INUE ;

)
s0 *)
the *)

*)

const (**
{* Speed vs Storage trade-off.
{* that no run-time decisions (case...of) are needed to
(' proRsLLAN sesssssscssacssssrtente
QUBU'B OF : array [TASK_STATES) of "QUEUES =

(@BLOCRED_{ QUEUE, @DELAYED, )_QUEUE,

The queues are kept in an array
access

)

@READY_QUEUE)

(sesseesttsssttesttetatttuattttsstissssttssssstassssttatesttttccsrcecs)
{* Temporary storage used to determine the contents of the B80x86 *)
{* regis *)
(eosesee

VALUE :

*)
word;

(vesssessrtttictnne

(* Temporary pointer to a Task Control Block which ‘was/is’
{+ but is/will be’ rescheduled.

(eesesessetcanies ............................................)

RESCHEDULED_TAS K_P’L‘R H

running ')

TASK_CONTROL_BLOCK_PTR;

[#4evseotttttatittttrttatitittttttttttittttttttttttttttattttttattttete)

(* Task ID of the task which was running but is now going to be *)

PREVIOUSLY_RUNNING_TASK_ID : TASK_IDS

begin (* REQUEUE_AND_RESCHEDULE *)
asm
pushf

cli
end; (* asm *)

(* Don’t reschedule a task in a ‘locked’ region *)
if COMPARE ._PRIORITIES (RUNNING_TASK_PTR".PRIORITY, EQUAL . TO,
HIGHEST | PRIORITY) then

begin
asm popf end:
exit;

end; (* 1f...then *{

PREVIOUSLY RUNNING TASK_ID := RUNNING >_TASK_PTR".TASK_ID;
if RUN'NING TASK_| P’A‘R".TASK ID = TASK
then
begin

(* Save context of the running task *)
asm

push ax

pop VALUE
end; (* asm *)
RUNNING_TASK PTR~.CONTEXT.AX := VALUE;
asm -

push bx

pop VALUE
end; (* asm *)
RUNNING_TASK_PTR".CONTEKT.BK := VALUE;
asm

push ex

pop VALUE
end; (* asm *)
RUNNING_TASK PTR".CONTEXT.CK := VALUE;
asm

push dx

pop VALUE
end; (* asm *)
RUNNING_TASK_PTR".CONTEKT.DK := VALUE;
asm

push bp

pPop VALUE
end; (* asm *)
RUNNING_TASK_PTR".CONTEXT.BP := VALUE;
asm

push si

pop VALUE
end; (* asm *)
RUNNING_TASK PTR".CONTEXT.SI := VALUE;
asm

push di

pPop VALUE
end; (* asm *)
RUNNING_TASK_PTR~.CONTEKT.DI := VALUE;

end;
RUNNING_TASK_PTR".CONTEKT.ES := VALUE;
asm

push ds

pop VALUE
end; {* asm *)
RUNNING_TASK_PTR".CONTEXT.DS
RUNNING_TASK_PTR".CONTEKT.SS

VALUE;
sseg;

RUNNING_TASK_PTR",CONTEKT.SP := sptr;

asm
mov  ax, seg REQUEUE_AND_RESCHEDULE_CONTINUE
push ax
pop VALUE

end; (* asm *)

RUNNING_TASK_PTR".CONTEXT.CS := VALUE;

asm
mov  ax,offset REQUEUE_AND RESCHEDULE_CONTINUE
push ax
pop VALUE

end; {* asm *)

RUNNING_TASK_PTR".CONTEXT.IP := VALUE;
RESCHEDULED TASK PTR := RUNNING_TASK_PTR;
end {* if...then *7
else {* The task must be in the Ready Queue *{
RESCHEDULED_TASK_PTR := FIND AND_REMOVE
{

TASK,
(From the) READY_QUEUE,
UNCONDITIONALLY,

THERE_IS_NO_BLOCK_TO_MATCH

y:
if RESCHEDULED_TASK_PTR <> nil
en

begin
RUNNING _TASK PTR := REMOVE_FROM_HEAD(READY_QUEUE);
if (RUNNING TASK PTR <> nil) and
{RUNNING_TASK_PTR.TASK_ID = NULL_TASK_ID) then
INSERT_INTO (READY_QUEUE, RUNNING_TASK PTR):
INSERT_INTO {QUEUE_OF [RESULTING_STATE)", RESCHEDULED_TASK PTR);
if (RUNNING_TASK PTR = nil) or
{RUNNING_TASK_PTR".TASK_ID = NULL_TASK_ID) then
RUNNING_TASK_PTR := REMOVE_FROM_HEAD [READY_QUEUE);
if (ACTUAL TASKING_CONFIGURATION.STATISTICS <> NO_STATISTICS) and
(RUNNING_TASK PTR".TASK_ID <> PREVIOUSLY RUNNING_TASK_ID) then
begin
inc(TASKING_STATISTICS.CONTEKT_SWITCHES);
if PREEMPTIVE_TIMESLICE <
ACTUAL_TASKING_CONFIGURATION.TARGET_TIMESLICE
then
inc [TASKING_STATISTICS.COOPERATIVE_CONTEXT_SWITCHES);
end; (* if...then *)
if ACTUAL _TASKING_CONFIGURATION.PRIORITY_ SCHEDULING_POLICY =
ROTATING_PRIORITIES then
begin
if HIGHEST_DYNAMIC_PRIORITY = low(USER_PRIORITIES)
then
HIGHEST_DYNAMIC_PRIORITY
s

high (USER_PRIORITIES)

HIGHEST_DYNAMIC_PRIORITY := HIGHEST_| DYNAMIC PRIORITY - 1;
end; (* if...then *)
DISPATCH_TASK;
end (* if...then *!

else
with RUNNING_TASK PTR" do ERROR_HANDLER[TAS. K_IS_NOT_ACTIVE) {TAS K_ID):

REQUEUE_AND_RESCHEDULE_CONT INUE:
asm popf end;
end; (* REQUEUE_AND_ RESCHEDULE *({

pxoceduxe HOUSE EVENT_HANDLER

far;

seseeey

(MOUSE : MOUSE_PARAMETERE(;

( .
(* This routine is called by the MS-Mouse driver in response to registered *)
{* mouse actions. The TASKING mouse event i3 signaled (or the waiting task R
{* is made ready, whichever is appropriate).

(seessesetettttttstertstttetteteteane ............................-...-........)

(* Pointer to Task Control Block which is waiting on the
[ semaphore (may very well be nil)
(sevsesreesstcrcesstetseesreersenn

WAITING_TASK PTR : TASK_CONTROL_BLOCK PTR;

M5 Mouse *)
.

sessssectiiiteesy
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begin (* MOUSE_EVENT HANDLER *)
asm - -
pushf
cli
end; (* asm *)
MOUSE_INFO_FROM_HANDLER := MOUSE;
1f USER_MOUSE_EVENT_PTR <> nil then
begin~
WAITING_TASK_PTR := FIND_AND_REMOVE
(

ANY_TASK,

(From the) BLOCKED_QUEUE,
BECAUSE_THE_BLOCK_WAS_SIGNALLEO,
(At) addr (USER_MOUSE_EVENT_PTR*)

Vi
1f WAITING_TASK_PTR = nil
then
USER \_MOUSE_EVENT_PTR* := SIGNALED

INSERT INTO(READY QUEUE, WAITING_ TASK_PTR) ;
end; (* if..Tthen *)
asm popf end;
end; (* MOUSE_EVENT_HANDLER *)

procedure CHECK_AND SETUP_BLOCK
(sessescasisnsaToneTe I et L L PP PP
(DELAY_UNTIL_. ABSOLUTE_TIME : longint; SEMAPHORE_ADORESS : pointer);

(* This routine is used to establish the currently running task
(* blocked on a semaphore (for any number of reasons) or as
(* for some time perxod.
(* tasking opera

(sosssssninnans

)
as being *)
being delayed *)
These functlons are integrated because many of the *)

begin (* CHECK_AND_SETUP_BLOCK *)

end; (* asm *)
if (RUNNING_TASK_PTR".WAITING_FOR <> nil) and
(RUNNING TASK PTR". WAITING FOR".SEM_PTR <> nil)
then
begin
wlth RUNNING_TASK_PTR* do
ERROR H.ANDLEH[TASK ALREADY_SUSPENDED] (TASK_ID);
REQUEUE_ AND RESCHEDU’LE(RUN'NING TASK_PTR". T}\SK ID, READY);
end (* if...then *)
else
begin
if RUNNING_TASK_PTR*.WAITING_FOR = nil then
naw(ﬂUNNING TASK PTR". WAITING FOR) ;

with RUNNING_TASK_PTR".WAITING_FOR* do

begin
ABSOLUTE_TIME := DELAY UNTIL_ABSOLUTE_TIME;
SEM_PTR T= SEMAPHORE ADDRESS,

if SE.M PTR <> nil

REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR".TASK_ID, BLOCKED)

else
if ABSOLUTE_TIME <> NO_TIME_DELAY
then
REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR".TASK_ID, DELAYED)
else

with RUNNING_TASK_PTR* do
ERROR_HANDLER [ ILLEGAL_OPERATION] (TASK_ID) ;
REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR~.TASK_ID, READY];
end; (* with...do *)
end; (* if...then...else *)
asm popf end;
end; (* CHECK_AND_SETUP_BLOCK *)

procedure CHECK_OR_ADD RESDURCE TO_LOCKED_LIST

(vesssasssssasaTanT

(SEMAPHORE_ _ADDRESS

pointer);

*)
(* This routine is used (when priority inheritance is enabled) to check to *)
{* see if the priority of a task needs to be promoted as a result of a task *)
{* attempting to lock a resource that 1s already locked. If the resource is *}
{* being locked for the first time them the resource is added to the linked *)
(* list of resources. .

(*aaeeseateeottttotiotattiiitiiiii i i L tee st tttee st ttetiats)

var  (eeees N sessaan
{* Pointer to locked resource that is ‘walked' through the list of *)
{* all locked resources
(eeaes sasssssssssssstatastssststane)

WALKING_PTR : LOCKED_RESOURCE_PTR;

(* Pointer to Task Control Block for the task that 1s having 1ts ')
{* priority promoted (as a result of priority inheritance) .

PROMOTED_TASK_PTR & T}\SK_CDNTRDL_ BLOCK_PTR;

begin (*
asm
pushf
cli
end; (* asm *)
WALKING PTR := LOCKED_ RESOURCE_LIST_PTR;
while (WALKING_PTR <> nil) and_
(WALKING PTR".SEMAPHORE PTR <> SEMAPHORE _ADDRESS) do
WALKING_PTR := WALKING_PTR". TNEXT;

CHECK_OR_ADD_RESOURCE_TO_LOCKED_LIST *)

if (WALKING_PTR <> nil) and
{WALKING_ PTR".SEMAPHORE_PTR = SEMAPHORE_ADDRESS)
then
begin
1f WALKING_PTR®.OWNER = nil
then
with WALKING_PTR® do
begin
OWNER := RUNNING_TASK_PTR;
PRIORITY RUNNING_TASK_PTR*.PRIORITY;
end (* with...do *)
else
begin
(* Promote priority? *
if COMPARE_PRIORITIES (WALKING_PTR~.OWNER®.PRIORITY, LESS_THAN,
- RUNNING_TASK_PTR*.PRIORITY) then

begin
PROMOTED_TASK_PTR := E'IND_AND_REMOVE
(

WALKING_PTR".OWNER".TASK_ID,
(From the) READY_QUEUE,
UNCONDITIONALLY,
THERE_IS_NO_BLOCK_TO_MATCH
1
PROMOTED_TASK_PTR*.PRIORITY := RUNNING_TASK_PTR®.PRIORITY;
INSERT_INTO (READY_QUEUE, PROMOTED_TASK_PTR):
end; (* 1f...then *]
end; (* if...then...else *)
end (* Lif...then *)
else
egin
(* Find place to insert list element *)
WALKING_PTR := LOCKED_RESOURCE_LIST_PTR;

1f WALKING_PTR = nil
then
begin
new (WALKING_PTR);
LOCKED_RESOURCE_LIST_PTR := WALKING_PTR;
end (* if...then *)
else
begin
while WALKING_PTR*.NEXT <> nil do
WALKING_PTR := WALKING_PTR*.NEXT;
new (WALKING_PTR".NEXT) ;
WALKING_PTR := WALKING_PTR*.NEXT;
end; (* 1f then...else *)

(* Add new locked resource *)
with WALKING_PTR® do

begin
OWNER := RUNNING_TASK_PTR;
PRIORITY := RUNNING_TASK_PTR".PRIORITY;
SEMAPHORE_PTR := SEMAPHORE_ADDRESS;
NEXT = nil;
end; (* with...do *)

end; (* if...then...else *)
asm popf end;
end; (* CHECK_OR_ADD_RESOURCE_TO_LOCKED_LIST *)

FIND_AND_REMOVE_LOCKED_RESOURCE

sessseney

(SEMAPHORE_ADORESS : pointer);

)
any *)
and 1s *)

(* This routine is used to remove the ownership of the
(* task. This is necessary after the resource has been
(* therefore no longer ‘owned’.

TR T R T A S

resource from
'unlocked'

sesessssasssssatettsrasiity

tassesssesenensy
(* Pointer to locked resource that is ‘walked’ through the list of ')
(* all locked resources.

(.........n.........n..........................................n...,

WALKING_PTR : LOCKED_RESOURCE_PTR;
begin (* FIND_AND_REMOVE_LOCKED_RESOURCE *)
asm

pushf
cli
end; (* asm *)
WALKING_PTR := LOCKED RESOURCE_LIST_PTR;
while (WALKING_PTR <> nil) and~
(WKING PTR".SEMAPHORE_PTR <> SEMAPHORE_ADDRESS) do
WALKING_PTR := WALKING_PTR". TNEXT;

if (WALKING_PTR <> nil) and (WALKING_PTR".OWNER <> nil} and
(WALKING_PTR" . SEMAPHORE_PTR = SEMAPHORE_ADDRESS) then
begin
1f COMPARE_PRIORITIES (RUNNING_TASK_PTR".PRIORITY, GREATER_THAN,
WALKING_PTR".PRIORITY) and
(WALKING_PTR.OWNER = RUNNING_TASK_PTR] then
RUNNING_TASK_PTR".PRIORITY := WALKING_PTR®.PRIORITY;
WALKING_PTR".OWNER := nil:
end; (* 1f...then *)
asm popf end;
end; (* FIND_AND_REMOVE_LOCKED_RESOURCE *)

[T T L T T S T TR TR ST ey

. End of non-user functions .

T T T T T T R T T

(o es e a ittt it attattttittttattttt ittt ittt bttt attsttatsttstattata

. User functions *)

(*esetestasassaststattstttteetttottatsssastaststbttittatattattsttatartatastate)

GETMEM

(var PTR : pointer; SIZE : word);

(* This procedure replaces the standard Turbo Pascal memory allocation *)

procedure by the same name. Since TASKING must perform all memory *)
(* allocation and de-allocation, this routine *must* be used instead of the *)
(* system.getmem() procedure. 1If ‘type P : “T;’ is declared, then the *)
(* correct usage is ‘getmem(pointer(P), sizeof(T));’. Within TASKING, the *)

system.new(] procedure can also be used because it is always used when *}
(* interrupts are disabled. )

(*aeesessatesteasettoteatessatiosasastietttititititittitittittatttiatiitittans)

begin (* GETMEM *)

pushf
cli
end; {(* asm *)
system.getmem(PTR, SIZE);
asm popf end;
end; (* GETMEM *)

procedure FREEMEM

(eeseeestassasasssssas

(PTR : pointer; SIZE : word);

)
allocation *)
all memory *}

(* This procedure replaces the standard Turko

Pascal memory
procedure by the same name  Since

TASKING must perform

.

{* allocation and de-allocation, this routine *must*® be used instead of the *)

declared, then the *)
Within TASKING, the *)
always used *)

system.freemem{) procedure. If ‘type P : “T;' 13

correct usage is 'freemem(pointer(P), sizeof (T)};'

{* system.dispose() procedure can also be used because 1t Ais
h

interrupts are disabled

begin’ (* FREEMEM *)
m

end; (* asm *)

system.freemem(PTR, SIZE);
asm popf end;
end; (* FREEMEM *)

TASK_IDS; ATTR : TASK_ATTRIBUTES; ENTRY_POINT :

sasaey

TASK_TYPE) ;

)
creates all system data structures for a parallel *}

The task is made ready to run and will be available for *)
Actual execution will occur when the scheduler activates the *)
precise execution time 1s unknown and depends on availability *)
s and system load) .

{* This routine

(* executing task.
{* execution.
(* task (i.e.

seseseny

T
(* When a task implicitely terminates there must be room for
(* to routines necessary for proper TASKING clean-up.
(* must be larger than the maximum bytes needed for
(* roperl:

calls )
This constant +)

these clean-up *)
tines to execute -

{
STACK_HEADROOM = 48;

seveseiseny

B PP PP

(* Pointer to the tovhevcrea!ed Task Contxol Block. -

(sesessasitisariiiisrreees

NEW_TCB_PTR : TASK_CONTROL_BLOCK_PTR:

)
Sressseitatestetittttiitttitteay)
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[P v ssreesetosanuasssissitrsstotessssosssrsssssreornrassnnnn

: RETTT
{* Pointer to the top of the task stack (as opposed to the £ .
(* byte of the stack which 1 used to reference the Turbo pa::i ';
{* variable returned when the memory is allocated).
(seerssesrareccaneesssrrnrrrne

TOP_OF_STACK_PTR : pointer;

e T Irs!

(R R L L L T U

srreressereesy
{* Loop control variable of possible errors used t iti .
(* task specific error handlers. © initialize the )
D S U

ERROR : SYSTEM_ERRORS; )

function NEW_TASK_ID : TASK_IDS;

R R T L L T L T T U,

serrreeneny

:: This iunction determines what the next available task identifier is, ')

rks

cated and returns it to the caller.

R I L I T T oSO
............)

(sersrrrerrrnresossorrarrresrertrrrrares

{

reseresy
y variable used to hold the potentlal new task ID. *}

{
THE_NEW_TASK_ID : TASK_IDS;

sevesessresirereeneny

g
::..%oop control variable to search arrays of TASK ID sets. *}
A L L R PR PP PP PP T PP PP PP ISY

TASK_ID_SET : TASK_ID_SETS:

sesessssssstiiiissiiraieyy

begin (* NEW_TASK_ID *}
TASK_ID_SET := Iow(TASK_ID_SETS);

THE_NEW_TASK_ID ;= aucc (NULL_TASK_ID);
while (THE NEW V_TASK_ID in ALTOCATED_TASK, _IDS{TASK_ID_SET)} and

{THE ! NZW TASK ID <= high(byte})} and
(TASK ID SET <= hth('l'ASK ID_SETS}} do
begin
inc(THE_NEW_TASK_ID};
if (THE N‘EW TA&K ID > high{byte}} and
(TASK ID SET < high(TASK_ID_SETS}} then
begin
TASK_ID_SET := succ(TASK_ID_SET};
THE_| NEW TASK_ID := loH(TASK 1DSs})i
end; (* if...then *)
end; (* while...do *}

1f not (THE_NEW_TASK_ID in ALLOCATED_TASK_IDS (TASK_ID_SET)}
then

end,

funct

{THE_PTR : pointer; INCREMENT : word} : pointer;

begin
ALLOCATED_TASK_IDS{TASK_ID_SET) :=
ALLOCATED_TASK_IDS(TASK_ID_SET} + (THE_NEW_TASK_ID);
NEW_TASK_ID := (TASK_ID_SET shl 8) or THE_NEW_TASK_ID;
end {* if.T.then *} -7 -

with RUNNING_TASK_PTR* do
ERROR_HANDLER { INSUFFICIENT_RESOURCES) (TASK_ID} ;
; (* NEW_TASK_ID *}

ion INC_PTR

eve)

(* This routine merely increments a double word pointer by the value *}

(' ap!

var

beg:
s
s
o
1

1
end;

begin

ecified.

erereesy

(sevrerrsessosesesrerrsrorersasssseasesssasserrrerarersrrerrrrrirer)
(* Temporary variables to hold intermedi. .
HETT S Pt uiareaienotiotuiivsddistsend

SEGMENT, OFFSET : word;

SUM_OFS : longint;

srsrvees)

in {* INC_PTR *}

UM_OFS := ofs(THE_PTR"} + INCREMENT;

EGMENT := seg{THE_PTR"};

FFSET := SUM_OFS and $ODOOFFEE;

f (SUM_OFS and SFEFFO000} <> O then

{* Overflowed 64k boundary by 1 {because INCREMENT is a word!} *}
inc {SEGMENT, $1000);

NC_PTR := ptr{SEGMENT, OFFSET};

: {* INC_PTR *}

{* CREATE *}

asm

end;
TAS!
new

pushf
clt

; {* asm *)

K := NEW_TASK_ID;
{NEW_’ TCB | P’I'R),

NEW ' TCB PTR™. STACK_SIZE := ATTR.STACK | WORDS_NEEDED * 2 (* Bytes/word *};

wit!
b

end; (* with...do

INS

h NEW_TCB_PTR* do
egin
getmem(STACK_PTR, STACK_SIZE};

{* Get pointer to Top-Of-Stack *}

TOP_OF_STACK_PTR INC_PTR{STACK_PTR, STACK_SIZE-12-STACK_HEADROOM):
TASK_ID

= TASK;
CLOCK_TICKS - 0;

PRIORITY = ATTR.PRIORITY;
WAITING_FOR -

NEXT -

PREVIOUS i= nil;

for ERROR := low(SYSTP.M ERRORS} to high(SYSTEM_ERRORS} do
if addr{ATTR.ERROR_| HANDLERS (ERROR)} = nil
then
ERROR_HAN'DLZR(ZRROR) - NULL.ZRROR_HAN'DLER(ZRBDR]
elae
ERROR_HANDLER {ERROR] := ATTR.ERROR_HAN'DLERS(ZN\OR];
with CONTEXT do

begin
AX $0000; BX := $0000; CX := $0000; DX := $0000;
BP SDDDD,' SI := $0000; DI := $0000; ES := $0000;
DS dae
Ss :eg(TOP OF _STACK_| PTR"}:
sp {of s (TOP_{ OF STACK PTR”} + 1} and SFEFE;
cs seq(ENTRY_POINT), IP := ofs(ENTRY_ POINT}:
FLAGS INTERRUPT _FLAG;

end; (* with...do *}

{* Clear the atack *}

fillchar {STACK_PTR”, STACK_SIZE-1, byte(DZE‘}\ULT_STACK_VALUE));
{* Install task identifier and priority onto stack *}

memss {CONTEXT.SS : CONTEXT.SP + 4] := PRIORITY;

mens {CONTEXT.SS : CONTEXT.SP + 6] := TASK_ID;

{* Install implied call to DESTROY(} onto task stack °}

memss {CONTEXT.SS : CONTEXT.SP + 0) := ofs(DESTROY};

mems (CONTEXT.SS : CONTEXT.SP + 2] := seg(DESTROY};

mens {CONTEXT.SS : CONTEXT.SP + 12) := TASK_ID;

ERT_INTO (READY_QUEUE, NEW_TCB_PTR};

if ALLOW_RESCHEDULE_IN_CREATE then

asm
end;

procedu
(seseer

(TASK

QUBUE AND RESCHZDULZ(RUN‘NING TASK_PTR".TASK_ID, READY};
popf end;
{* CREATE

re DESTROY

R L LT T T TP P TR P T LY

: TASK_IDS);

(v==-

(- h

S—)

is routine terminates (if appropriate} releases all of the task's *}

(* rescurces to be used by other tasks and then removes all evidence of the *}
(* task ever having existed. An implied call to this routine i1s setup at *}
(* the time that a task 1s created (by setting up the stack to return here}. *}
(* This implied call ensures that a task that reaches its ’end’ statement is *}

properly terminated and does not become an orphan (or a zombie). .

I T T T

i

seseey

CORSL (*osssvrrrssssarrosesisosririrosriroossrtossssssrirrssssrsrrrsssrrrrn)
(* Pointer to the Task Control Block that is being deatroyed. )
{* NOTE: MUST ba t

DESTROYZD_TASK_PTR : TASK_CONTROL_BLOCK_PTR = nil;

(sosrrsssrssssssssonssnsssssssrsssssinssersrevssrssnsrssrssss
(* Flag to indicate that the task that 1s being destroyed 'was/is’ *}
(* running, this has stack access consequences. .}
{* NOTE: MUST be constant to force it into the DSeg’ *}
(ss0ssvsssssssssssssnssnsssssssssnssssstosranssnnasnssrsssssnssnssnsss)

OESTROYEO_TASK_WAS_RUNNING : boolean = false;

(*ovrrsrsarisarsastiraasirsttitstisriortotorrerrrorrresrrrsssrssraee)
(' Tempornry variable used to switch stacks (S5 and SP}. )
rce i1t into the DSeg! *}

B L T R T a

*rersrersrsessreressressressrereraes)

TASK_IDS}:

{* This routine merely puts a task identifier back into the free list so ')
(* that it can be re-allocated i1f necessary.

(......................-.......n......................................-.-.-)

begin (* FREE_TASK ID *)
ALLOCATED_ TASK, IDS{hl(TASK ID} shr 8) :
ALLOCATED, _TASK_ IDS(Pu.(TASK 1D} !hr 8) = (lo(TASK_ ID}):
end; (* FREE_TASK_ID *} -

begin (* DESTROY *}
asm
pushf
cli
end; (* asm *}

{* The null task cannot be destroyed!' *}
1f TASK = NULL_TASK_ID then
begin
RUNNING_TASK_PTR”.ERROR_HANDLER(ILLEGAL_OPERATION) (TASK});
asm popf end;
exit;
end; (* if...then *}

if TASK = RUNNING_TASK_PTR.TASK_ID
then

gin
DESTROYED_TASK_PTR := RUNNING_TASK_PTR;
DESTRDYED TASK_| {_WAS_RUNNING := Ttruei
end (* 1f..Tthen *)

else
begin
DESTROYED_TASK_PTR := FIND_AND_REMOVE
{
TASK,
{From the) READY_QUEVE,
UNCONOITIONALLY,

THERE_IS_NO_BLOCK_TO_MATCH
Yi
if DESTROYEO_TASK PTR = nil then
begin
DESTROYED_TASK_PTR := FIND_AND_REMOVE
{

TASK,

(From the) BLOCKED_QUEUE,
UNCONDITIONALLY,
THERE_IS_NO_BLOCK_TO_MATCH

b
if DESTROYED_TASK PTR = nil then
DESTROYED_TASK_PTR := FIND_AND_REMOVE
{
TASK,
{From the} DELAYED_QUEUE,
UNCONDITIONALLY,
THERE_IS_NO_BLOCK_TO_MATCH
b
end; (* if...then *}
DESTROYED_TASK_WAS_RUNNING := false;
end; {* if.7.then...slse *}

1f OESTROYED_TASK PTR = nil
then
begin
{* Can’t find the requeated Task ID *}
RUNNING_TASK_PTR~.ERROR_HANDLER{ILLEGAL_TASK_ID} {TASK);
asm popf end:
exit;
end {* if...then *}
else
begin
{* Check to see if special control structures need to be removed. *
if DESTROYED_TASK_PTR".WAITING_FOR <> nil then
begin
if (USER_KEYBOARD SEM_PTR <> nil} and
(DESTROYED_TASK_PTR" .WAITING_FOR".SEM_PTR =
USER_KEYBOARD_SEM_PTR}
then
begin
dispose (USER_KEYBOARD_SEM_PTR} :
USER_KEYBOARD_SEM_PTR := nil;
end (* if...then *}
else
if (USER_MOUSE_EVENT PTR <> nil} and
(DESTROYED_TASK_PTR~ .WAITING_FOR".SEM_PTR =
SEMAPHORE_PTR (USER_MOUSE_EVENT_PTR}}  then
begin
dispose(USER MOUSE_EVENT_PTR} ;
USER_MOUSE_EVENT PTR := nil;
end; (* if..Tthen ¥}

(* Get rid of whatever the task was waiting for *}
dispose(DESTROYED_TASK_PTR".WAITING_FOR};
end; (* if...then *}

(* De-allocate the task’s mailbox (if applicable} *}
REMOVE_MBOX_OF (DESTROYED_TASK_PTR".TASK_ID}

(* Switch stacks if user stack 13 going to be destroyed *}
if DESTROYED_TASK_WAS_RUNNING then
begin
RUNNING_TASK_PTR := REMOVE_FROM_HEAD (READY QUEVE};

VALUE := RUNNING_TASK_PTR".CONTEXT.SS;
asm

push VALVE

pop =1
end;

VALUE := RUNNING_TASK_PTR”,CONTEXT.SP;
asm mov sp,VALUE end;
end; (* if...then *}
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(* Remove task structures *}
FREE_TASK_ID(DESTROYED_TASK_PTR".TASK_ID};

with DESTROYED_TASK_PTR" do freemem (STACK PTR, STACK_SIZ2E};
dlspose (DESTROYED_TASK_PTR) ; - = !

if DESTROYED_TASK WAS_RUNNING then
(* Cannot come back here because stack is gone! *}
asm jmp DISPATCH_TASK end;
end; (* if...then...else *}
end; (* DESTROY *}

procedure SUSPEND
RS RAE D DL EL RSP PPy

(TASK : TASK_IDS}):
.

)
(* This routine causes a previously running or ready task t.
(* unconditionally. N ¥ task fo be blocked 7)

D P P PP
begin (* SUSPEND *)

pushf
cli
end; (* asm *}
REQUEUE_AND_RESCHEDULE (TASK, BLOCKED);
asm popf end;
end; (* SUSPEND *)

procedure RESUME

R R L L PR PP PP PP TP

(TASK : TASK_IDS});
.

t *)
(*  This routine causes a previously suspended task to be made ready. The *}
(* task 13 not necessarily the next to run, that is based on the priorities *)
(* of the other ready taska.

R R P PP PP RPN

By I D L R TR PO PP PP PP PP Py
(* Pointer to the Task Control Block of the task that is being made *)
(* READY. .
[ D R LT TR P PP

RESUMED_TASK_PTR : TASK_CONTROL_BLOCK_PTR:

begin (* RESUME *)
asm
pushf
cli
end; (* asm *)
RESUMED_TASK_PTR := FIND_AND_REMOVE
(

TASK,

{From the) BLOCKED_QUEUE,
UNCONDITIONALLY,
THERE_IS_NO_BLOCK_TO_MATCH

Yi
1f RESUMED_TASK_PTR <> nil
then

begin
INSERT_INTO (READY_QUEUE, RESUMED_TASK_PTR):
REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR".TASK_ID, READY}:
end (* if...then *}
else
1f RUNNING_TASK_PTR".TASK_ID <> NULL_TASK_ID then
with RUNNING_TASK_PTR* do
ERROR_HANDLER [TASK_IS_NOT_ACTIVE] (TASK_ID};
asm popf end:
end; (* RESUME *}

function GET_MILLISECOND_TICKS : longint;

R R e R R A A A A A AR A A A A AR AR A AR

[ This routine retuns the number of milliseconds that have elapsed since *}
-

(* the program started executing.
[eeeeeassasaatsasssssssesrnsrsstsessvarvesaeveraetstssistatsstararasrsrasraver)

begin {* GET_MILLISECOND_TICKS *}
asm
pushf
cly
end; (* asm *}
GET_MILLISECOND_TICKS
asm popf end;
end; (* GET_MILLISECOND_TICKS *}

:= MILLISECOND_TICKS:

procedure WAIT_FOR_DELAY
[aasaeaeeseesemeermeoreevst s easessosseeyeyiaiseseetvisvssaservvasanatiiiiriney)

(DURATION : TIME}; o
.
:- This system call causes the currently running task to become blocked *)
(+ for the specified length of time. There is no guarantee that the task *)
(+ will begin executing when the time expires, the only guarantee is that *)
{*+ the task will become ready to execute at that time. )
{* No attempt is made to detect 'Global Ticka' rollover, as a result of *}
(+ this after the program has been running for a long time ((2730-1)*1 msec *}
{* i.e. 12.4 days) there ia a possibility of a delay requeat resulting 1n *)

{+ near immediate rescheduling.
bscsTbvrbtaenetitesraesrrys OPTRRORETURRT NI !

(nn...nn.nnn.nnn.nnnnn.nnnn.nnnn..nnn.nnn)
{* Temporary variable used to hold the MILLISECOND_TICKS value when *}
-
(* the task will be ‘awakened'.
[(eoveveesaresavernrrrasvyetstrrearirene

ASSOLUTE_TIME : longint;

var

aeeteestassetetasatetaratera ]

begin (* WAIT_FOR_DELAY *}
asm
pushf
cli
end; (* asm *}
with DURATION do
ABSOLUTE_TIME := MILLISECOND_TICKS +
- trunc {longint (DAYS} + MILLISECONDS_PER DAY +
longint (HOURS} + MILLISECONDS_PER_HOUR +
longint (MINUTES} + MILLISECONDS_PER MINUTE +
longint (SECONDS} + MILLISECONDS_PER_SECOND +
longint (MILLISECONDS} +
1 (* Ensure that we always 'round’ up *}

¥
CHECK_RN'D_SETUP_BLOCK(ASSOLUTB_TIM’E, nil);
asm popf end;
end; (* WAIT_FOR_DELAY *}

PREEMPTASLE_DELAY
(DURATION : TIME}; .
toammanan
:- This system call causes the currently running task to be delayed by the %)
{+ specified number of milliseconda. .

(.....nnnn"..u.......n-nnnnn......n.......n-...-.u........n.n)

L SRR
(*+ Temporary variable used to hold the MILLISECOND_TICKS value when *}
(* the task will be allowed to continue executing. v

P A R R R L 2 A s

DELAY_COMPLETE_TIME : longint;

var

begin (* PREEMPTASLE DELAY *}
asm
pushf
cli

end; (* asm *}
with DURATION do
DELAY_COMPLETE_TIME := MILLISECOND_TICKS +
trunc
{
longint (DAYS})
longint (HOURS)

* MILLISECONDS_PER_DAY +

* MILLISECONDS_PER_HOUR +
longint (MINUTES} * MILLISECONDS_PER MINUTE +
longint (SECONDS} * MILLISECONDS_PER_SECOND +
longint (MILLISECONDS)

asm popf end:

repeat (* Nothing' *} until MILLISECOND_TICKS >= DELAY_COMPLETE_TIME;
end; (* PREEMPTASLE_DELAY *}

procedure CHANGE_PRIORITY

R T T Y

(PRIORITY : USER_PRIORITIES};
(v

)
{* This routine simply changes the priority of the currently running task *}
{* and preempts the running task (causing a dispatch of the now highest *}
(+ priority task) if appropriate. B

R T R e

begin (* CHANGE_PRIORITY *}
aam
pushf
cli
end; (* asm *)
RUNNING_TASK_PTR".PRIORITY := PRIORITIES (PRIORITY};
REQUEUE_AND_RE SCHEDULE (RUNNING_TASK_PTR".TASK_ID, READY);
end; }* CHANGE_PRIORITY *}

procedure SIGNAL_SEMAPHORE

R R T R

(var SEM : SEMAPHORE);
(*

[ This routine performs an Up(} operation on the specified semaphore. If *)
(* there are tasks waiting on the semaphore then one is awakened. If there *}
(* are none waiting then the semaphore ia incremented. .

TR D D L L ey

rraeveraveraveeveeey
(* Pointer to Task Control Block which is waiting on the
(* (may very well be nil}.

I R T Y

WAITING_TASK_PTR : TASK_CONTROL_BLOCK_PTR;

eveaeey

semaphore *)
*)

begin (* SIGNAL_SEMAPHORE *}
asm
pushf
cli
end; (* asm *)
1f TASKING_CONFIGURATION.PRIORITY_ INHERITANCE_ENABLED then
FIND_AND_REMOVE_LOCKED_RESOURCE (addr (SEM} } ;
WAITING_TASK_PTR := FIND_AND_REMOVE
(
ANY_TASK,
(From the} BLOCKED_QUEUE,
BECAUSE_THE_BLOCK_WAS_S IGNALLED,
(At} addr (SEM)

Yi
1f WAITING_TASK PTR = nil
then

inc (SEM}
else
INSERT_INTO (READY_ QUEUE, WAITING_TASK PTR};
REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR".TASK ID, READY};
asm popf end:
end; (* SIGNAL_SEMAPHORE *}

procedure WAIT_ON_SEMAPHORE

LD DA D e LT T T T TP PP IPP PP RPP PP

(var SEM : SEMAPHORE};
-

(*+ This routine performs a Down(} operation on the specified semaphore. *}
(* If the semaphore is zero then the running task is suspended. If 1t 1a *}
.

(+ non-zero then the semaphore is decremented.
SO SSRGS DH TS SE PSR RPRRPTRRIPEUORSORO AR RN

begin (* WAIT_ON_SEMAPHORE *}
asam
pushf

cli
end; [(* asm *}
if SEM > 0
then
begin
dec (SEM};
if TASKING_CONFIGURATION.PRIORITY_INHERITANCE_ENABLED and (SEM = 0}
then
CHECK_OR_ADD_RESOURCE_TO_LOCKED_LIST (addr [SEM]} 7
REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR".TASK_ID, READY} ;
end (* if...then *}
else
begin
if TASKING_CONFIGURATION.PRIORITY_ INHERITANCE_ENABLED then
CHECK_OR_ADD_RESOURCE_TO_LOCKED_LIST (addr [SEM} };
CHECK_AND_SETUP_BLOCK (NO_TIME DELRY, addr(SEM}};
end; (* 1f...then...else *}
asm popf end;
end; (* WAIT_ON_SEMAPHORE *}

procedure SIGNAL_EVENT
e e evaeta st et T teeeeave o eeoreorestattieereriaretivetetiatietiettettietiey)

(var THE_EVENT : EVENT};
-

( }
{+ This routine signala the event specified, Lf there are tasks waiting on *}
(+ the event then one task is made ready. If there are no tasks waiting on *}
(* the event then the signal is saved, only one aignal is maintained no *)

.

{+ matter how many times the event 1s signaled.
(+4eavaeasasasaretorererererereveverareriversalesrttsarititaveretetetereites)

(eavaveeaestatstatatereteteterereraraterevetatereretttetetetetttarares)
(* Pointer to Task Control Block which is waiting on the event (may *)
{* very well be nilj. .
[+eeeriaatastsesssstsvastesatterersoververavasrartetsttseeavareansnee)

WAITING_TASK_PTR : TASK_CONTROL_BLOCK_PTR:

var

begin (* SIGNAL_EVENT *)
asm

end; (* asm *}
1f TASKING_CONFIGURATION.PRIORITY_INHERITANCE_ENABLED then
FIND_AND_REMOVE_LOCKED_RESOURCE {addr (THE_EVENT) } ;
WAITING_TASK_PTR := FIND_AND_REMOVE
(
ANY_TASK,
(From the) BLOCKED_QUEUE,
BECAUSE_THE_BLOCK_WAS_SIGNALLED,
{At) addr (THE_EVENT)

Vi
if WAITING_TASK_PTR = nil
then
THE_EVENT := SIGNALED

else
INSERT_INTO (READY_QUEUE, WAITING_TASK_PTR):
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REQUEUE_AND_RESCHEDULE (RUNNING TASK_PTR".TASK _ID, READY);
asm popf end;
end; (* SIGNAL_EVENT *)

procedure BROADCAST EVENT

(sesssssssseas

(var THE_EVENT

sesssarriiiiiiiiiiens)

EVENT)

[ This routine signals the event specified, if there are tasks waiti ')
(* the event then they are all made ready. If there are no tasks waiti:g g: ';
(* the event then the signal 13 saved, only one signal is maintained no *)
(* matter how many times the event is signaled.

R T T S TR O

var  (seseses i

(* Pointer to Task Control Block which is walting on the event (may *)
(+ very well be nil) .

(vevsosee

WAITING_TASK_PTR : TASK_CONTROL_BLOCK_PTR;

srsserssiitiiitiitiies)

begin (* BROADCAST_EVENT *)
asm
pusht
cli
end; (* asm *)
if TASKING_CONFIGURATION.PRIDRITY_ INHERITANCE_ENABLED then
FIND_AND_REMOVE LOCKED_RESOURCETaddr (THE_EVENT)) ;
repeat
WAITING_TASK_PTR := FIND_AND_REMOVE
(

ANY_TASK,

(FXom the) BLOCKED_QUEUE,
BECAUSE_THE_BLOCK_WAS_SIGNALLED,
(At) addr (THE_EVENT)

Vi
1f WAITING_TASK_PTR <> nil then
INSERT_INTO(READY QUEUE, WAITING_TASK_PTR):
until WRITING_TASK_PTR = nil;
REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR".TASK_ID, READY);:
asm popf end;
end; (* BROADCAST_EVENT *)

procedure START_PERIODIC_EVENT

(soveeseretcttaTotttetteTurtutiiatisrietiitiititittitatttttiitttaciicttontiie)

(var THE_EVENT : EVENT; INTERVAL : TIME);
.

( )
(* This routine starts the periodic signalling (by TASKING) of the event *)
(* specified at the specified interval. This routine cannot cause a task to ')
(* be P but a re-schedul occur.

(sesessesesctctnctsssscrsinnes sessesssttitittttittttittttttitiines)

B P P
(+ Pointer to the list of periodic events (possibly nil).
(seveeasecenas K oootues Sbiud SO

WALKING_PTR : PERIODIC_EVENTS_PTR;

(e aavtesatttoiitttatssattessiittsstttttastttttttatttttttttiitttsiiiirns)
(* Amount of time between successive signals on the event. M
T T T L T L e s S e R T T T T T

PERIOD_INTERVAL : longint;

begin (* START_PERIODIC_EVENT *)
asm
pushf
cli
end; (* asm *)

(* Compute period (in milliseconds) *)
with INTERVAL do
PERIOD_INTERVAL := trunc(longint (DAYS) * MILLISECONDS_PER_DAY +
- longint (HOURS) . MILLISEDGN'DS PER HOUR +
longint (MINUTES) * MILLISEDGN'DS PER MINUTE +
longint (SECONDS) * MILLISEDGN'DS_PER SECOND +
longint (MILLISECONDS)
Vi

(* Find the place in the list to insert the event *)
if PERIODIC_EVENTS_LIST_PTR = nil
then
begin
(* Insert element (i.e. create list) *)
new (WALKING_PTR) ;
with WALKING_PTR~ do
begin
EVENT_PTR := addr(THE_EVENT);
PERIOD 1= PERIOD_INTERVAL;
NEXT := nil;
end; (* with...do *)
PERIODIC_EVENTS_LIST_PTR := WALKING_PTR;
end (* 1f...then *)
else
begin
WALKING_PTR := PERIODIC_EVENTS_LIST_PTR;
while (WALKING_PTR~.EVENT_PTR <> addr (THE_EVENT)) and
(WALKING_PTR".NEXT <> nil) do
WALKING_PTR 1= WALKING_PTR".NEXT;

(*+ There can only be one period for each event *)
if (WALKING_PTR".EVENT_PTR = addr (THE_EVENT) )
then
with RUNNING_TASK_PTR" do
ERROR_ H.ANDLER[ILLEGAL DPERRTION] (TASK_ID)
else
begin
(* Insert element (always at the end of the list!) *)
new (WALKING_PTR".NEXT);
WALKING_PTR := WALKING_PTR". NEXT;
with WALKING PTR™ do
begin
EVENT_PTR := addr (THE_EVENT) ;
PERIOD PERIOD_INTERVAL;
NEXT
end; (* with
end; (* if...then.
end; (* 1f...then...elase *)

REQUEUE_AND_ RESCHBDULE (RUNNING_TASK_PTR".TASK_ID, READY);

asm popf en
end; (* START_ PERIODIC EVENT *)

pxoceduxe STOP PERIODIC_EVENT

P T T LR S L L]

(var THE_EVENT : EVENT);

....... .
(- This routine stops the periodic signalling (by TASKING) of the event *)
(- specified. This routine cannot cause a task to be suspended but a *)
(* re-schedule .;

(Feeeear ittt Lttt ettt st te st ttar it itey)

possxbly nLL) ')

var

WALKING_PTR, PREVIOUS_PTR PERIDDIC_EVENTS_PTR;

begin (* STOP_PERIODIC_EVENT *)

end; (* asm *)

(* Find the place in the list to delete the event *)
PREVIOUS_PTR := nil;
WALKING_BTR := PERIODIC_EVENTS_LIST_PTR;
while (WALKING_PTR <> nll) and”
(WALKING_PTR".EVENT_PTR <> addr (THE_EVENT)) do
begin
PREVIOUS_PTR := WALKING_PTR;
WALKING_PTR := WALKING_PTR".NEXT;
end; (* while...do *)

(* There must be one period for the event *)
if (PREVIOUS_PTR = nil) or (PREVIOUS_PTR".EVENT_PTR <> addr (THE_EVENT))
then
with RUNNING_TASK_PTR do
ERROR_HANDLER (ILLEGAL_OPERATION) (TASK_ID)

else
begin
1f PREVIOUS_PTR <> nil
then
PREVIOUS_PTR := WALKING_PTR”.NEXT
els

PERIODIC_EVENTS_LIST_PTR := nil;
dispose (WALKING_PTR] 5
end; (* if...then...else *)

REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR~.TASK_ID, READY);
asm popf end:
end; (* STOP_PERIODIC_EVENT *)

pxoceduxe WRIT ON EVEI

NT
PSTN Teeeseatttattttitttittttttttittatttatbtatbtatbtatstatttatates)

(var THB'BV'BNT : EVENT);
(v

(* This routine causes the calling task to be suspended waiting for the *)
(+ specified event to occur. If the event has already occurred then the *)
I Calllng task will immediately become ready, although a re-schedule may *)
* occur -

begin (* WAIT_ON_EVENT *)
asm
pushf
cly
end; (* asm *)
if THE_EVENT = SIGNALED
then”
begin
THE_EVENT := UNSIGNALED;
1f TASKING_CONFIGURATION.PRIORITY_ INHERITANCE ENABLED then
CHECK_OR_ADD_RESOURCE_TO_LOCKED_LIST (addr (TRE_EVENT) ) ;
REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR".TASK_ID, READY);
end (* if...then *)
else
began
if TASKING_CONFIGURATION.PRIORITY_INHERITANCE_ENABLED then
CHECK_OR_ADD_RESDURCE_TO_LOCKED_LIST (addr (TRE _EVENT));
CHECK_AND_SETUP_BLOCK (NG_TIME_DELAY, addr (THE_EVENT));
end; (* if.7.then...else *J
asm popf end;
end; (* WAIT_ON_EVENT *)

procedure SIGNAL BINARY SEMAPHORE

P T T T T )

(var SEM : BINARY_SEMAPHORE);

)
(* This routine performs an Up() operation on the specified semaphore. If *)
(* there are tasks waiting on the semaphore then one is awakened. If there *)
. e .

seseesy

begin (* SIGNAL_BINARY_ SEMAPHORE *)
asm
pushf

c
end; (* asm *)
if SEM = 1
then
begin
with RUNNING_TASK_PTR" do
ERROR_HANDLER ( ILLEGAL_OPERATION] (TASK_ID);
REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR.TASK_ID, READY);
end (* if...then *)
else
SIGNAL_EVENT (EVENT (SEM) ) ;
asm popf end;
end; (* SIGNAL_BINARY_SEMAPHORE *)

procedure WAIT ON_BINARY_ SEMAPHORE

srasssissasiiititiatittatiaiatiagy

(var SEM

BINARY SEMAPHORE

( )
(* This routine performs a Down() operation on the specified semaphore. *}
(* If the semaphore 13 zero then the running task 1s suspended. If it is *)

(* non-zero then the semaphore is cleared.
3 R e e T T T Ty

begin (* WAIT_ON_BINARY_SEMAPHORE *)
WAIT_ON_ EVENT (EVENT (SEM) ) ;
end; (¥ NI\IT'ON_BINAR‘{_SMPHORE *)

34

(v

{var C_VAR

CONDITION_VARIABLE);

( )
(* This routine signals the condition variable specified, if there 1is a *)
(+ task waiting on the condition variable then it is made ready (or one of *)
(- the multiple waiting tasks is made ready. If there are no tasks waiting *)

the condition variable then the signal is lost. )

Sraraas srasessisssisstissitattiasy

VAL (Seeeeteeseeeeeeecettitetattttiititiiittatatiiet sttt ttitsaaties)

(* Pointer to Task Control Block which is waiting on the condition *)
(* variable (may very w .

WAITING_TASK_PTR : TASK_CONTROL_BLOCK_PTR

seeaey

begin (* SIGNAL_ CONDITION _VARIABLE *)

end; (* asm *

WAITING_TASK_PTR := FIND_AND_REMOVE
(

ANY_TASK,

(From the) BLOCKED_QUEUE,
BECAUSE_THE_BLOCK_WAS_SIGNALLED,
(At) addr (C_VAR)

Ve
if WAITING_TASK_PTR <> nil then
INSERT . INTU(RERD‘{ QUEUE, WAITING_TASK_PTR):
REQUEUE _, AND RZSCHEDULE(RUN'NING TASK PTR™. TASK_ID, READY);
asm popf end;
end; (* SIGNAL_CONDITION_VARIABLE *)

WAIT_ON_CONDITION_VARIABLE

seTessssseseTecanes

sessssesniieyy
(var C_VAR : CONDITION_VARIABLE);
(o= )




(v
(*
(v
(*

This routine causes

the waiting task will be made ready (or ome Of the mulf

the

calling task to become blocked. .
condition variables have no memory, the calling task is quazan:S:;“:: ';
become blocked. As soon as another task signals the condition variable *}

tiple waiting tasks

{* will be made ready]. o
begin (* WAIT_ON_CONDITION_VARIABLE *}
asm
pushf
cli
end; (* asm *}
CHBCK_W_SETUP_BLOCK(NO_TmE DELAY, addr(C_VAR}};:
asm popf end; - -
end; (* WAIT_ON_CONDITION_VARIABLE *}

procedure SEND _MESSAGE TO

(sroeess

(RECIPIENT_TASK :
(*

i A T PN

TASK_IDS; XMIT_MESSAGE_PTR :

arean)
pointer);

(v
(v
(v
(*

This routine sends the message (actually the pointer} to
placing it into the task’s mailbox (which is
necessary).

message it is possible for a reschedule to occur.

)
the task by *)
automatically created if *)
Although the calling task cannot block while sending a the *)

.

[ R T TTTIoN

var

begin
asm

end;

[ I L T TP P TP PP PSPPI
-

{ Pointer to Task Control Block which is waiting on
(* (may very well be nil}.

[ A AT T TP PP PSSP PP,

WAITING_TASK_PTR : TASK_CONTROL_BLOCK_PTR;

the message *}
.

[ttt i Sttt R AT T T L PR PP P PP PR PP
. .

{ Pointer to mailbox structure which is to receive the message. *}
[ AR LTI T TP PRI PP PSP RTR T PITT PP

RECIPIENT_MBOX_PTR : MAILBOX_PTR;

[ttt L T
(* Pointer to message list elements, used to 'walk' through the *}
(84 message list until the end of the list is found (messages must be *}
(* received in FIFO manner). -
[ TP PP PSPPI

WALKING_PTR : MESSAGE_PTR;

[iddddidddddddddd i T R PR P PP TP
(* Temporary message pointer used to insert the message into the *}
(* message list. .
[ttt b R T PP T TIPS

TEMP_PTR : MESSAGE_PTR;
(* SEND_MESSAGE_TO *}
pushf

cli
(* asm *}

RECIPIENT _MBOX_PTR := FIND OR_CREATE_MBOX_ FOR(RECIPIENT_TASK}:

WALKING_PTR

:= RECIPIENT MEOX_PTR".CONTENTS;

(* Fand the end of the list, allocate storage and create link *)
1f WALKING_PTR = nil
then

begin
new (TEMP_PTR} ;
RECIPIENT_MEOX_PTR~.CONTENTS := TEMP_PTR;
end (* if..Tthen *}

else

begin
while WALKING_PTR".NEXT <> nil do WALKING_PTR := WALKING_PTR".NEXT:
new (WALKING_PTR*.NEXT};
TEMP_PTR := WALKING_PTR".NEXT;

end; (¥ if...then...else *)

(* Copy the mail into the recipient's mallbox *}
TEMP_PTR".INFO_ADDRESS := XMIT_MESSAGE_PTR;

TEMP_PTR".NEXT

nil;

(* Tell the recipient that it is there, which enables interrupts *}
SIGNAL_SEMAPHORE (RECIPIENT_MBOX_PTR~.SEM};

asm
end; {

popf end;
* SEND_MESSAGE_TO *}

procedure RECEIVE_MESSAGE

POPOTRY

P L T L L LT T T T

{var RCV_MESSAGE_PTR : pointer};

*}

(srrwrnn

var

begin
asm

end;
(* s
RCV.

RECIPIENT_MEOX_PTR :

This routine retrieves a measage
the caller's mailbox (which is created if necessaryl,
messages in the mailbox then nil is returned.
{* blocked by calling this routine but a reschedule is possible.

*}
*}

*}
»

(actually a pointer to a message} from
if there are no

The task cannot become

P S e T T

(sevavsssssssssssssssnsrsssssvarasvasssversevarscvarveravassevarivins)
(* Pointer to mailbox structure which has received the message (may *}
.

{* very well point to empty mailbox).
(+9sastsnasssnnsasssssssasssrsssssvasssvesssvesasverarisssnsssssasanis]

RECIPIENT_MEOX_PTR : MAILBOX_PTR;

T L T et tddddd)

(* Temporary pointer used to extract the mail from the message list.*}
(sovssnansssisnarsrssstsssssssssssvssverssvesssvetssssssssssssasassnss)

TEMP_PTR : MESSAGE_PTR;
(* RECEIVE_MESSAGE *}
pushf
cli
(* asm *} .
etup return value in case the mailbox is empty *}
MESSAGE_PTR := nil;

FIND OR CREATE_MEOX_FOR{RUNNING_ TASK PTR~.TASK_ID};
)_OR_( ! e =)

(* Check to see if there is mail to receive
if RECIPIENT MEOX_PTR”.CONTENTS <> nil then

be:

en

in
3' Copy the mail into the recipients buffer *}
TEMP_PTR := RECIPIENT_MEOX_ PTR".CONTENTS;
RCV_MESSAGE_PTR := TEMP_PTR".INFO_ADDRESS;

(* Deallocate the mail storage *}
RECIPIENT_MEOX_PTR".CONTENTS : TEMP_PTR".NEXT;
dispose(TEMP_PTR};

d; (* if...then *}

REQUEUE_AND_RESCHEDULE (RUNNING_TASK_PTR".TASK_ID, READY) ;

asm
end; (

procedur
rbeeten]

(var RCV_MESSAGE_PTR

popf end;
* RECEIVE_MESSAGE *}

¢ WAIT_AND_RECEIVE_MESSAGE

P A L LTI T T T T PP ER LAY
: pointer};

(#--

Thi:
the c
messa
(* to be
(sreerer

var

*}

s routine retrieves a message (actually a pointer to a message} from *}
aller's mailbox (which is created if necessary), Aif there are no *}
ges in the mailbox then the task is blocked waiting for the mailbox *}

come non-empty, because of this the return pointer can never be nil. *}
PO e S )

L AL 2 D)

(* Pointer to mailbox structure which has received the message (may *)
(* very well point to empty mailbox). .
R T T T I T AT LA

RECIPIENT_MEOX_PTR : MAILBOX_PTR;

R L LTI
(* Temporary pointer used to extract the mail from the message list.*}

R ST T T To

TEMP_PTR : MESSAGE_PTR;
begin (* WAIT_AND_RECEIVE_MESSAGE *}
asm
pushf
cly
end: (* asm *}

RECIPIENT_MBOX_PTR := FIND_OR_CREATE MEOX_FOR(RUNNING_TASK_PTR". TASK_ID};

I

Check to see if there 1s mail to receive, which enables interrupts *}

WAIT_ON_SEMAPHORE (RECIPIENT_MEOX PTR~.SEM);
(* Copy the mail into the recipients buffer *}
TEMP_PTR := RECIPIENT_MEOX_PTR".CONTENTS;

RCV_MESSAGE_PTR

(v

1= TEMP_PTR~.INFO_ADDRESS;
Deallocate the mail storage *}

RECIPIENT_MEOX_PTR~.CONTENTS := TEMP_PTR".NEXT;
dispose (TEMP_PTR};
asm popf end;

end;

(* WAIT_AND_RECEIVE_MESSAGE *}

procedure ENABLE_MOUSE_ACTIONS
R T T2}

(MOUSE_ACTIONS :
(*

(*

word} ;

This routine enables the specified MS-Mouse events to

}
be received by *}
.

(* the task which is (or will be} waiting to receive mouse actions. }
(R D T T T T

procedure WAIT_AND RECEIVE MOUSE_ACTIONS
arTrrraey

(wwrRR AT

(var MOUSE_INFO :
It

I

begin (* ENABLE_MOUSE_ACTIONS *)
asm

end;

pushf
cli
(* asm *

1if not MOUSE_INSTALLED

as,
end;

then
with RUNNING_TASK_PTR" do
ERROR_HANDLER (INSUFFICIENT_RESOURCES) (TASK_ID}
else
begin
1f USER_MOUSE_EVENT_PTR = nil then
begin
new (USER_MOUSE_EVENT_PTR) ;
USER_MOUSE_EVENT_PTR" := UNSIGNALED;
end; (* if.."then *)
PUSH_MOUSE_EVENT_HANDLER (MOUSE_ACTIONS, MOUSE_EVENT HANDLER};
ENABLE_MOUSE_DRIVER; -
end; (* if...then...else *}
m popf end;
(* ENABLE_MOUSE_ACTIONS *)

srerrreny

I I T TT TR T T TS

ETTTTNY
MOUSE_PARAMETERS) ;

This routine receives MS-Mouse
(* draver.
(* is blocked waiting for one {or more} action to occur.

}
action parameters from the MS-Mouse *}
If none of the enabled mouse actions has occurred then the task *}

R D T LT TR T TP R PP PT P

begin (* WAIT_AND_RECEIVE MOUSE_MESSAGE *}

asl

en
if

am

end;

function WAIT_ON_READKEY :

m
pushf
cli
d; (* asm *
USER_MOUSE_EVENT_PTR = nil
then
begin
with RUNNING TASK_PTR* do
ERROR_HANDLER [INSUFFICIENT_RESOURCES) (TASK_ID}:
REQUEUE_AND_RESCHEDULE (RUNNING_TASK PTR~.TASK_ID, READY};
end (* if...then *}
else
begin
WAIT_ON_EVENT (USER MOUSE_EVENT_PTR"};
MOUSE_INFO := MOUSE_INFO_FROM HANDLER;
end; (* if...then...else *}
m popf end;
(* WAIT_AND RECEIVE MOUSE_MESSAGE *}

char;

[ T T LY

It
It
(v
(v
(v

[ D T T T T I PP P

ky
2’
key
key
was

his routine provides a means for an application task to perform I/O in
blocking' manner. This means that while there is no input from the PC

board the calling task is suspended, as soon as input arrives from the *}
board the caller is awakened and given the ASCII code of the key that *}
pressed by the user (i.e.., a blocking equivalent of 'readkey’). }

-
seeraney

VAL (AR RA e NN IR IR IR RN IR IR A II IR IR IR BRI AN B RN
(* Intel 80x86 register variables used to pass register values to *}
(* software interrupt handler. .
R T T T T T TP
REGS : registers;
begin (* WAIT_ON_READKEY *}

asm
pushf
cly

end; (* asm *}

1f USER_KEYBOAND_SEM PTR = nil then

begin
new (USER_KEYBOAND SEM_PTR};
USER_KEYBOARD_SEM_PTR~ := 0;
(* Flush keyboard buffer, throw away all characters in the buffer. *}
REGS.AN soc;
REGS.AL $06;
REGS.DX SFEFE.
intr{$16, REGS}:
asm cli end;
end; (* if...then *}
WAIT_ON_SEMAPHORE (USER_KEYBOAND_SEM_PTR"};
(* vsing this service instead of ‘readkey' allows Fll & F12 detection. *}

REGS . AX

in
as
r

It
WA
if

as

end;

. $0800;

tr($21, REGS);

m cli end;

R R PR R DD
To ensure that the application will get extended keys the null part *}

of the extended key is returned and the controlling semaphore is *)

signaled to allow the application to come back and get the extended *}

part of the key without waiting. .

B L R T PP PSPPI

IT_ON READKEY := chr(REGS.AL};

REGS-AL = ord (NULL_CHR} then

SIGNAL_SEMAPHORE (USER_KEYBOARD_ SEM PTR"};

m popf end;

(* WAIT_ON_READKEY *}

R L L LYY

-

Scheduler Handling Operations .

L L L TP R aNe

procedure LOCK SCHEDULER;
R e T TP PP

(*

(* be taken to ensure that a call to UNLOCK_SCHEDULER is made for each
(* to LOCK_SCHEDULER.
(* time within ‘locked regions’ should be an absolute minimum.

Tl

his routine prevents all task rescheduling from occurring. Care must *}

call *}
execution *})
.

In order to maximize system performance,

T T T R PPy
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begin
asm
pushf
cly
end; (* asm *}
inc(IN_PREEMPTABLE_REGION};
asm popf end:
end; (* LOCK_SCHEDULER *}

(* LOCK_SCHEDULER *}

procedure UNLOCK_SCHEDULER;

(ssssssrocccecceTosennnnsr

(*  This routine allows task rescheduling to occur. Care must be taken to -;
(* ensure that this routine is only called after LOGK (_SCHEDULER has already *}
(* been called. .

(ressssacacans

sesesaneny

begin (* UNLOCK_SCHEDULER *}
asm
pushf
cla
end; (* asm *}
if IN_PREEMPTABLE_REGION > O
then
dec (IN_PREEMPTABLE_REGION}
el,
\uth RUNNING_TASK_PTR~ do ERROR _HANDLER (ILLEGAL_OPERRTION} (TASK_ID};
asm popf end;:
end; (* UNLOCK_SCHEDULER *}

SR PP T PP PPN
(*
(*

*}

trtsassssssssrsattentenens)

R T T e

Default Error Handlers *)

Handlers must be 'far’ because they are used as procedural variables *)
PR YT TP T PSS SR SIS RO S $3 0 nan Ciiiereeens)

(sesrssesrecccsncannans EETT T TP Y sreeeee

type

cesrsveny
(* String used to create ume stamps for default error handlers. *)
Ty B R T L T T L LT LT TR CE T T e

STAMP_STRING = string(27

procedure OPEN_ERROR_LOG;

[y T TP PP LT TP TP P RY

(* Creates (or append:) the TASKING error log file in the same directory as ')
.

e

aaee

eas

.
)

var

R L TR TR T P T

(* Used to determine the directory of the application executable, *}
(* that is where the error log file will be placed. .
R R R N I T L T T P PP T e
DIR : dirstr; NAME namestr; EXT : extstr;
begin (* OPEN_ERROR_LOG *}
(* Open Error Log file (with append if possible} *}
f£split (paramstr (0}, DIR, NAME, EXT);
assign(ERROR_LOG, DIR + 'TASKING.ERR'};
(*$I-*} reset (ERROR_LOG}i (*SI+*}
1f ioresult = O
then
append (ERROR_LOG)
else
rewrite (ERROR_LOG}i
end; (* OPEN_ERROR_LOG *}

function TIME_STAMP : STAMP STRIN

» MONTH, DAY, DAY_OF_WEEK : word;
OUR, MIN, SEC, SECTOOTH : word;
STAMP : STAMP_STRING:

TEMP : string(6};

begin (* TIME_STAMP *}
(* Date stamp *}
getdate (YEAR, MONTH,

DAY, DAY_OF_WEEK};

STAMP := '

STAMP chr(ord(MONTH div 10} + ord('0’}};

STAMP + chr(ord(MONTH med 10} + ord('0’'}} + '/'i

STAMP + chr(ord (DAY div 10} + ord('0’}};

STAMP + chr(ord (DAY mod 10} + ord('0'}} + '/';

STAMP + chr(ord((YEAR mod 100} div 10} + ord('O'}};
+

STAMP chr(ord (YEAR mod 10} + ord('0'}} +

(* Time stamp *}

gettime (KOUR, MIN, SEC, SEC100TH}:

str (KOUR mod 12, TEMP};
1f TEMP = 'O’
then
TEMP := '12'
else 1f HOUR < 10 then

TEMP := TEMP + 'O’}
STAMP := STAMP + TEMP + ':';
if MIN < 10 then STAMP := STAMP + 'O';
str(MIN, TEMP};

STAMP := STAMP + TEMP + ':';
if SEC < 10 then STAMP := STAMP +
str(SEC, TEMP};

STAMP := STAMP + TEMP;
if (HOUR div 12} = O
then
TIME_STAMP := STAMP + 'am’
else
TIME_STAMP := STAMP + 'pm';
end; (* TIME_STAMP *}

procedure TASK_ALREADY ACTIVE_ERROR_HANDLER (TASK_ID : TASK_IDS}:
begin (* TASK_ALREADY_ACTIVE_ERROR_HANDLER *}
OPEN_ERROR_LOG:
writeln (ERROR_LOG, TIME_STAMP, ': ',
*Warning' Task is already active T,
close (ERROR_LOG} i
end; (* TASK_ALREADY ACTIVE_ERROR_HANDLER *}

TASK_ID, '}, request ignored.

procedure INSUFFICIENT_RESOU'RCES_ERROR_HAN’DLER(TASK_ID : TASK_IDS}:
begin (* INSUFFICIENT_RESOURCES_ERROR_HANDLER *}
OPEN_ERROR_LOG;
uritel.n(ERROR L0G, TIME_STAMP, ': ',
"Warning! Insufficient resources (',
close (ERROR_LOG} i
halt ($EF};
end; (* INSUFFICIENT_RESOURCES_ERROR_HANDLER *}

TASK_ID, 'j, request ignored.

procedure TASK_IS_NOT_ACTIVE_ERROR_HANDLER(TASK_ID : TASK_IDS);
begin (* TASK_IS_NOT_ACTIVE_ERROR_HANDLER *}
OPEN_ERROR_LOG:
writeln (ERROR_LOG, TIME_STAMP, ': ',
"Warning! Task is not active (', TASK_ID, '},
close (ERROR_LOG)
end; (* TASK IS_NOT_ACTIVE_ERROR_HANDLER *}

procedure TASK_ALREADY_SUSPENDED_ERROR_HANDLER (TASK_ID :

request ignored.'}:

TASK_IDS};

begin (* TASK_ALREADY_SUSPENDED_ERROR_HANDLER *}
OPEN_ERROR_LOG;
writeln (ERROR_LOG, TIME_STAMP, ':
"Warning! Task already suspended (', TASK_ID, ',
close (ERROR_LOG) ;

request ignored.'};

end; (* TASK ALREADY_ SUSPENDED_ERROR_HANDLER *}
procedure ILLEGAL_TASK_ID_ERROR_HANDLER (TASK_ID : TASK_IDS};
begin (* ILLEGAL_TASK_ID_ERROR_HANDLER *}
OPEN_ERROR_LOG
writeln (ERROR_LOG, TIME_STAMP, ': ',
'Warning! Illegal task identifier (', TASK_ID, '}, request ignored.’};

close (ERROR_LOG}) i

end; 1* ILLEGAL_TASK_ID_ERROR_HANDLER *}
procedure ILLEGAL_OPERRTION_ERROR_HANDLER (TASK_ID : TASK_IDS}:
begin (* ILLEGAL_OPERRTION_ERROR_HANDLER *}
OPEN_ERROR_LOG;
writeln (ERROR_LOG, TIME_STAMP, ': '
'Error! Illegal operation on task (', TASK_ID, 'j, destroying task (',

RUNNING_TASK_PTR~.TASK_ID, '}'};
DESTROY(RUNNZNG TASK_] PTR™. TASK_ID}i
close (ERROR_LOG} ;

end; (* ILLEGAL_OPERRTION_ERROR_HANDLER “}

procedure DEADLOCK_DETECTED_ERROR_HANDLER;

begin (* DEADLOCK_DETECTED_ERROR_HANDLER *}
OPEN_ERROR_LOG;
uriteln(ERROR LOG, TIME_STAMP, ': ',
‘Error' Deadlock detected' Terminating application!');
writeln|TIME_STAMP, ': °*,
"Error! Deadlock detected!
close (ERROR_LOG} ;
halt (SEF) :
end; (* DEADLOCK_DETECTED_ERROR_HANDLER *)

Terminating applicationi’};

procedure PROGRAM_CANNOT _TERMINATE_ERROR_HANDLER;

begin (* PROGRAM_CANNOT_TERMINATE_ERROR_RAMDLER *}
OPEN_ERROR_] LOG;
erteln(B)iRoR L0G, TIME_STRMP, »
'Error' Termination dglayed, » NUMBER_OF_CHILD_PROGRAMS,
'}, child program(s} acuve 'Yi
close (ERROR_LOG} i
end; (* PROGRAM_CANNOT_TERMINATE_ERROR_HANDLER *)

funi ERROR_HAND; ER(SIZE B

( The run-time systems expects the heap error handler to
(* information according to the following rules:

(* O indicates failure, and causes a run-time error to occur immediately. *}
(- 1 indicates failure, and causes new(} or getmem(} to return a nil *}
(* pointer. .
(* 2 indicates success, and causes a retry (which could also cause another
. eap error func .

teesssstsneany

return status *}
*}

( cesrenes
begin (* TASKING_HEAP_ERROR_HANDLER *}
if SIZE <> O
then
begin
OPEN_ERROR_LOG;
writeln (ERROR_LOG, TIME_STAMP, ': '
"Error' Unable to allocate Heap storage for ',
writeln(TIME_STAMP, ':
‘Error! Unable to allocate Heap storage for ', SIZE,
(* Cause run-time error *}

SIZE,

' bytes.

' bytes.

TASKING_HEAP_ERROR_HANDLER := O;
close (ERROR_LOG};
end (* if...then *}
else
(* False alarm *§
TASKING_HEAP_ERROR_HANDLER := 2;

end;

(™ T}\SKING HYJ\P ERROR HANDLER *}

End of Default Error Handiers )
(*$F- )
( .

(vesanenss

[ Thas routine 1:

tessreseresecatrtatatesteteserananasn)

exit procedure chain if TASKING *}

“linked into
(* statistics are to be reported.

the

(Feeeesaauuuutttatatttttat ittt it st at e aeeey)

CONSE (*+*essssssstttatttatisasatatrasrtrraraaratesutetttetttttttatttentas)

(* Allows quick and easy conversion between hexadecimal digits and *}
(* the corresponding }\SCII chazacter. .}

HEX_DIGIT : array (0..1.5) of char - ('O','1','2','3",
18%, 19", 'A’, "B’

T R P LY

(* IRQ.RPT header £ lication termination
(

IRQ_HEADER =

CR + LF +
' Vector IRQ Interrupts Period (msec)' +
' Frequency (Hz)':

HEssaEstseseeesateeeeaeteeer ettt Ittt IEE It Rt Tt st teas)

calls at

(* SERVICES.RPT header for software service
(* termination.
SERVICE_HEADER =

CR + LF +

' Vector(s} Service Calls

' Frequency (Hz}';

application *}

eeeey

Period (msec}'+

reaseeeseeseteeterttttirr ittt st aaan)
:- TASKING.RPT header for tasks at application termination. )

sissesssssesesessectectssctettttirrttntE Ceresrerassisererraans)
'I(‘}\SKING HEADER 1 = ' Tasks at Termination:';
TASKING_HEADER_; 2= Task State Task '

'Stack Size Stack Used Stack Used CPU U!ed' H
TASKING_HEADER_3 = ' (Delayed Until} 1ID Priority '+
- - * (words) (words) (%) LY

TASKING_HEADER_4 = : '

P T T L TE TP PONY
(+ string used to convert long integers (double words) into strings *)
(+ with conmas embedded, i.e., Worst case is -2,147,483,647.

(sevessssrassrascesvennns crrnrrnneene ---.--...........}

LONGINT_STRING = string(14):

type

(resssrasassrsusssnsescasacaces
(1 Loop control variable of task Ip3, allows all
(* tivi ssed in task re

serrasseen)

IDs to

task

It

ACTIVE_TASK

: TASK_IDS;

(vesveenes
(* Set used to search/access all TASK_ IDs. .

T PP PRI
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[seeeesetttttttttttttitrntrnttnses

TASK_ID_SET : TASK_ID_SETS;

[settetttttttttettetertttttittttttttttetttttattttttanan

{* Pointer to Task Control Blocks which are found in
{* TASKI

[eeesses

ACTIVE_TASK_PTR :

*}
the ')

any of

.............--...............................-)

TASK_CONTROL_BLOCK_PTR;

(eeseces cetettctcccitnnnn
ceeeneny

{* Total application execution time {as reported by TASKING) *}

(**ttretcttttttcaccartattatttttttttetttartane

ELAPSED_EXECUTION_TIME : real;

(eeseace B R T L T L L T T e PPN
ceey

{2,,Used in computing ELAPSED TIME )

{seretecccetsectrrnniracnnnn

LCV, YEAR, MONTH, DAY, DAY_OF_WEEK,

SEC, SEC100 :

HOUR, MIN, word;

[*eteeeeetettettttttccatetttttttttttaraarttesttnttasstatnn

)
KING) . *}

sevesetttittttttttectctennany

}
Total application execution time (as reported by MS-DOS}. *)

R L R R PP P OT T PR PSR RS POPPPPPPPR

. eeerssecerrriiene)
{* Amount of the CPU that the application used. *)

(s400estecttttcttteterstertietttetttttanen

CPU_PERCENT, TOTAL_CPU_PERCENT :

cresritetettiiiitttiitnans)
real;

O R
(* Loop control variables used to report interrupt handlers *)
G {both hardware and so .

ceeetettertttianenne

on

(eeeeseaane

IRQ, INTERRUPT_NUMBER

e}.
cesetestititiititiieyy

integer;

(seessssececsectnesene Ry

ceseteteattteteertensy
{* Temporary variables used to detect ranges of interrupt with the *}
{* same report parameters (makes a less cluttered report). .
R L R T e T LT T T
PREVIOUS_INTERRUPT_NUMBER, START, FINISH : integer;
PREVIOUS . _SERVICE CALL : longint;

(* et eettattttttttttitttttttiteereesstestttstttttttettttetttttteretteer

{* Counts the number of unprotected interrupt handlers so that the ')
(' output will not wrap to next output line.

P T A Y R S T LR LR R LR LT T e

N'UM_UNPROT!CT!D H

integer;

(seseesansnenes cesstescetstesceesreante
(* 1Index into each tasks
{+ the stack was actually
(sessesssecces

MAX_STACK_USED :

stack area,
used by the task

used to determine how much of -)

teeestsestertttaesttsenen)

longint;

(evestatateettettttitttitatattttttttttttttttttttttttttttttttttiatetas)

{* Percentage of task stack determine how much *}
{* stack headroom exists. .

B T L T T T LT R P PP

STACK_PERCENT, MAX_STACK_PERCENT : real;

space, used to

(sevesesesesatatettttittttttttttitttttnans

(* Total amount of memory used by the appllcation tasks for
(* {only ks which mination!
(sesseas ceesestens

APPLICATION_STACK_SPACE : longint;

)

stacks *)
‘)

(vevees

{* Text fllename used for all reports generated by TASKING. .

(veseavacenes O A T TS

REPORT : text;

tesaaseaateaatestetattrtettttateattttttttttten)

function ADD_COMMAS

(vesessane P T T T T sy

{NUMBER longint} LONGINT_STRING;

‘)

(
(* This procedure simply adds commas into the NUMBER and

(* the corresponding character string.

(eeeesessesnetaratsterttttiietttetitittrtitetetittetitttititiiiiins)

returns *}
*}

var TEMP_STR : LONGINT_ STRING;
CH : integer;

begin {* ADD_COMMAS *}
str{NUMBER, TEMP_STR} /
CH := 1enqth(TEMP_STR) - 3;
while CH > 0 do

begin
insert(’, ', TEMP_STR, CH + 1}
CH
end; (* while..do *)
ADD_COMMAS = TEMP_STR;
end; (* ADD_COMMAS *7

begin {* REPORT_TASKING_STATISTICS *}
{* Restore exIt procedure *}
exitproc := SAVE_EXIT;

(* Determine program termination time *}
getdate(YEAR, MONTH, DAY, DAY _OF WEEK};
gettime (HOUR, MIN, SEC, SEC100
STOP_TIME := 0.0;

for LCV := 1 to MONTH-1 do

STOP_TIME := STOP_TIME + DAYS_IN(LCV]:
STOP_TIME := (({STOP_TIME + DAY} * 24 + HOUR} * 60 + MIN} * €0 +
SEC + SEC100 / 100;
ELAPSED_TIME := STOP_TIME - TASKING_STATISTICS.START TIME;
{f ELAPSED_TIME = O then ELAPSED TIME := -1}
{* Determine elapsed execution time *}
ELAPSED_EXECUTION_TIME := MILLISECOND_TICKS / 1000 [Sec};
if ACTUAL_TASKING_CONFIGURATION.STATISTICS in
(MARDWARE_INTERRUPT_STATISTICS, ALL_STATISTICS] then
begin
{* Create Hardware Interrupt Report *}
ass1gn(REPORT, 'IRQ.RPT'};
(*SI-*) rewrite(REPORT); (* $I+*)
writeln (REPORT, IRQ HEADER);
for IRQ := O to $F do
with TASKING_STATISTICS do
begin
if IRQ < 8
then
write (REPORT, HEX_DIGIT[(IRQ + $08) shr 4] : S,
HEX_DIGIT[{IRQ + $08) and SOF])
else
write (REPORT, HEX_DIGIT((IRQ + $68) shr 4] : S,
HEX_DIGIT((IRQ + $68) and $OF]};

case IRQ of
0

$0 : write(REPORT, ' Timer O ')y
$1 : write(REPORT, ' Keyboard ")i
$2 : write(REPORT, * Slave 8259 ')
$3 : write(REPORT, ' COM 1 ')y
$4 : write(REPORT, * CoM 2 ')

$6 : write(REPORT, '  Floppy Disk
$7 : write{(REPORT, *
$8 : write{REPORT, ’ Real-Time Clock
write{REPORT, ’°  Co-processor
: write{REPORT, * Fixed Disk
else write{REPORT, ' *, IRQ, * ' : 8 - (IRQ div 10}):

end; {* case...of *}
write (REPORT, HARDWARE INTERRUPTS [IRQ]
1f HARDWARE_INTERRUPTS[IRQ] <> O
then
writeln{REPORT,

9}

{ELAPSED_TIME * 1000 {mSec) /
_INTERRUPTS [IRQ]} : 16 : 2,
{HARDWARE_INTERRUPTS [IRQ] /
ELAPSED_TIME} : 20 : 2}
else
writeln (REPORT,
end; {* with...do *}
close {(REPORT}
end; (* i{f...then *)

*N/R’ 16, 'N/A' : 20);

if ACTUAL_TASKING_CONFIGURATION.STATISTICS in
[MSDOS SERVICES _STATISTICS, ALL_STATISTICS] then
begin
{* Create Software Interrupt Service Report *)
assign{REPORT, 'SERVICES.RPT'};
{*$I-*) rewrite{REPORT}; (* $I+*)
NUM_UNPROTECTED := 0.
FINISH :
START
PREVIOUS INTERRUPT NUMBER := -1;
write (REPORT, CR, LF, * Unp(otected Intercupts:
for INTERRUPT_NUMBER := O to $FF
if not (INTERRUPT NUMBER in PROTECTED INTERRUPTS) then
begin
1f START = -1
then
begin
START := INTERRUPT_NUMBER,
FINISH := INTERRUPT_NUMBER;
end (* if...then *)
else
if (INTERRUPT_NUMBER = PREVIOUS_INTERRUPT_NUMBER + 1)
then
FINISH
else
begin
if START = FINISH
then
begin
write(REPORT, ' ',

» CR, LF, " '}

:= INTERRUPT _NUMBER

HEX_DIGIT[START shr 4],
HEX_DIGIT [START and $OF));
1nc (NUM_UNPROTECTED) ;
1f (NUM_UNPROTECTED mod 25) = O then
write[REPORT, CR, LF, '
end (* if...then *}
else
begin
write (REPORT, * *,

HEX_DIGIT [START shr 4],
HEX_DIGIT [START and $OF],
*..*,HEX_DIGIT [FINISH shr 4],
HEX_DIGIT [FINISH and $OF]});
inc (NUM_UNPROTECTED, 3};
1if (NUM_UNPROTECTED mod 25} < 3 then
write{REPORT, CR, LF, ' '};
{* if...then...else *}
INTERRUPT_NUMBER;
FINISH := INTERRUPT_NUMBER;
end; {* if...then. 1se *}
PREVIOUS_INTERRUPT_NUMBER INTERRUPT_NUMBER;

end;
START

end; {* if...then *}
writeln{REPORT, SERVICE_HEADER};
FINISH := O;

START := -1;
PREVIOUS_SERVICE CALLS := -1;
PREVIOUS_INTERRUBT NUMBER := -1;
for INTERRUPT_NUMBER := O to SFF do
1f INTERRUPT NUMBER in PROTECTED_INTERRUETS then
begin
1f START = -1 then START := INTERRUPT_NUMBER;
1f ({TASKING_STATISTICS.SERVICE_CALLSTINTERRUPT NUMBER] =
PREVIOUS_SERVICE_CALLS} and
{INTERRUPT NUMBER = (PREVIOUS_INTERRUPT NUMBER + 1}}} or
{PREVIOUS_SERVICE_CALLS = -1}~

2= INTERRUPT_NUMBER

begin
with TASKING_STATISTICS do

egin
1f START = FINISH

then
write (REPORT, HEX_DIGIT[START shr 4] : o,
HEX_DIGIT[START and $OF],

SERVICE_CALLS [ INTERRUPT_NUMBER] . 18}
else
write (REPORT, HEX_DIGIT[START shr 4] : 4,
KEX_DIGIT[START and $OF], ’..-,
HEX_DIGIT[FINISH shr 4],
KEX_DIGIT [FINISH and $OF),
SERVICE_CALLS [ INTERRUPT_NUMBER] :16);

if SERVICE_CALLS[INTERRUPT_NUMBER] <> O

hen
writeln{REPORT, {ELAPSED TIME * 1000 {mSec} /

SERVICE_CALLS] INTERRUPT_NUMBER] }

ELAPSED_TIME} : 20 :2)
else
writeln (REPORT,
{* with...do *}
START := INTERRUPT_NUMBER;
FINISH := INTERRUPT_NUMBER;
end; (* if...then...else *}
PREVIOUS_SERVICE _CALLS :=
TASKING, STATISTICS.SERVICE_CALLS [INTERRUPT NUMBER] i
PREVIOUS_IN?ERRUPT_NUMBER = INTERRUPT_NUMBER;
end; (* if...then *)
1f START <> FINISH
then
with TASKING_STATISTICS do
begin
write (REPORT, HEX_DIGIT(START shr 4] :
HEX_DIGIT[START and $OF], ’..-,
HEX_DIGIT[FINISH shr 4],
HEX_DIGIT [FINISH and $OF],
SERVICE_CALLS [ INTERRUPT_NUMBER]
if SERVICE_CALLS]INTERRUPT_NUMBER] <> O

'N/A" 18, 'N/A’ i 20);

end;

16};

then
writeln(REPORT, (ELAPSED_TIME * 1000 {mSec) /
SERVICE_CALLS [INTERRUPT_NUMBER]) : 18
{SERVICE_CALLS [INTERRUPT_NUMBER] /
ELAPSED_TIME) : 20 :2)
else
writeln(REPORT, 'N/A’ : 18, 'N/A' : 20);
end; {* with...do *)
close {REPORT) ;
end; (* if...then *)

if ACTUAL_TASKING_CONFIGUR)\TION‘STATISTICS in

113
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{SERVICE_CALLS [INTERRUPT NUMBER] /
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{TASK_STATISTICS, ALL_STATISTICS)
with TASKING_STATISTICS do

begin -
{* Create Task Activity Report *)
APPLICATION_STACK_SPACE :=
MAX_STACK_ PERCENT
TOTAI- CPU PERCENT 0.0;
a::an(REPORT *TASKING.RPT') ;
{*SI-*) rewrite{REPDRT): {* $I+*)
if ACFUAL_TASKING_CONE‘IGURRTION.TASKING MDDEL = COOPERRTIVE

then

write {REPORT,
else
write {REPORT,

*Cooperative Multi-tasking’)

. 'Preemptive Multi—tasking’);
writeln{REPORT, ' Statistical Information');

write (REPORT, ' -Priority Inheritance ’');

1f ACTUAL_TASKING_CONFIGURATIDN.PRIORITY __INHERITANCE_ENABLED

then

writeln{REPORT, ’'Enabled’)
else

writeln{REPORT, ’Disabled’);

case ACTUAL_TASKING_CONFIGURRTION.PRIORITY _SCHEDULING_PDLICY of
STATIC_| PRIORITIES : writeln{(REPORT, ' ~-Static Priorities’);
RO‘PKTING_PRIORITIBS : writeln({REPORT, ' =-Rotating Priorities’);

end; (* case...of *)

writeln{REPORT);

writeln(REPORT, ' Task Activity:’);

writeln(REPORT, ' Context Switches = ’, CONTEXT_SWITCHES : 12,
' {-', round{CONTEXT_SWITCHES / ELAPSED_TIME),
' per second)’): -

writeln(REPORT, ' Cooperative = *,
CDOPERRTIVE_CONTEXT_SWITCHES : 12,
' (=", round{COOPERRTIVE_CONTEXT_SWITCHES /

ELAPSED_TIME), ' per second)’);
writeln(REPORT, * Preemptive -,

CONTEXT_SWITCHES - COOPZRRTIV‘E CONTEXT_SWITCHES:12,
Pt round((CONTEXT_SWITCHES -
COOPERATIVE_CONTEXT_SWITCHES) /
ELAPSED T:I‘M}:). ' per second)’);
if ACTUAL_TASKING_CONFIGURRTION. TASKING _MODEL = PRBNPTIV'E then
writeln(REPORT, ' Target Time Slice
ACTUAL_TASKING CONFIGU‘RATION TARGET _TIMESLICE,
' usec”);
if CONTEXT_SWITCHES <> 0 then
writeln{REPORT, ' Achieved Time Slice
round {ELAPSED_TIME / CONTEXT_! SWITCHES * leé),
' usec');
if HARDWARE_INTERRUPTS{O) <> O then
writeln{REPORT, ’ Avallable CPU Bandwidth = °*,
{100.0 * NULL.CLOCK_TICKS /
HARDWARE _INTERRUPTS({0)) : 6 :
if NUMBER_DF_PERIDDIC_EVENTS <> O then
writeln{REPORT, * Periodic Event Faults -,
{100.0 * NUMBER_OF_PERIODIC MNTS MISSED /
NUMBER_OF _| PERIODIC | _EVENTS) T6 3 N
TASKING_] HEADER 1)
TASKING_HEADER_Z) i
writeln{REPORT, TASKING_HEADER_3);
writeln{REPORT, TASKING_HEADER_4);
for TASK_ID_SET := low(TASK_ID SETS) to high{TASK_ID SETS) do
for ACTIVE_TASK := (Ord(TASK—ID_SBT shl B) + low{byte)) to
(ord{TASK_ID_SET shl B) + high{byte)) do
if 1o (ACTIVE_TASK) in ALLOCATED_TASK_IDS{TASK_ID_SET) then
begin
1f RUNNING_TASK_PTR~.
then
begin
ACTIVE_TASK_PTR

3, v

writeln{REPORT,
writeln{REPORT,

TASK_ID = ACTIVE_TASK

;= RUNNING_TASK_] PTR.

write (REPDRT, ' Running *, ' ' : B):
end {* if...then *)
else
begin

ACTIVE_TASK_PTR := FIND_AND_REMOVE
{
ACTIVE_TASK,
{From the) READY_QUEUE,
UNCONDITIONALLY,
THERE_IS_ND_BLOCK_TO_MATCH

Vi
1f ACTIVE_TASK_PTR = nil

then
begin
ACTIVE_TASK_PTR := FIND_AND_REMOVE
ACTIVE_TASK,
{From the) BLOCKED_QUEUE,
UNCONDITIONALLY,

THERE_IS_NO_BLOCK_TO_MATCH

1:
if ACTIVE_TASK_PTR = nil

then
begin
ACTIVE_TASK_PTR := FIND_AND_REMOVE
{
ACTIVE_TASK,
(Erom the) DELAYED_QUEUE,

UNCONDITIONALLY,
THERE_IS_NO_BLOCK_TO_MATCH
Vi
write (REPORT, * Delayed =*,
ACTIVE_TASK_PTR~.
WAITING_EOR”.ABSOLUTE_TIME : 8);

end (* if...then *)
else
write {(REPORT, ' Blocked *, ' ' B8);
end (* if...then *)
elsa
write{REPORT, °* Ready ', ' ° 8);

end; (* if...then...else *)
with ACTIVE_TASK_PTR~ do
begin

MAX_STACK_USED := 0;
while memw[:eq(sTACK PTR"™) ofs {STACK_PTR™) +
MAX_STACK_USED) = DEFAULT_STACK VALUE do
inc {MAX _. STACK USED, 2}
dec {MAX STACK USED, 2):
STACK _ STZE := STACK SIZE div 2;
MAX STACK USED := STACK SIZE - {MAX_STACK_USED div 2)¢
if PRIORITY > hiqh(USBR PRIORITIES) then
PRIORITY := hiqh(USBR_PRIORITIES).
if STACK_SIZE = 0
then
STACK_PERCENT
else
STACK_PERCENT := MAX_STACK | USED / STACK_SIZE * 100:
if STACK_ PERCENT > MAX_: STACK_PERCENT
then HAX STACK PERCENT := STACK PERCENT;
CPU_PERCENT := 100 * CLOCK_TICKS 7
- HARDWARE_INTERRUPTS(0)
TOTAL_CPU_PERCENT := TOEAL_CPU_PZRCENT + CPU_PERCENT;
writeln (REPORT, TASK_ID : PRIDRITY : 8,
STACK_SIZE : 11,
MAX STACK USED : 11,
STACK PERCENT : 11 : 1
CPU_PERCENT : 10 : 1
inc (APPLICATION_STACK_SPACE, STACK_SIZE * 2);
end; (* with.,.do *)
end; (* if...then *)
writeln (REPDRT):

sm =1

writeln{REPORT, ’ Maximum percent of satack used: ’,
MAX_STACK_PERCENT : 3 : 1, 'V');

writeln {REPORT);
writeln {REPORT,
writeln {REPORT,

Heap Information (bytes):®

Total Available: *
ADD_COMMAS {TOTAL_AVAILABLE_HEAP)

Used for Application Stacks: ’,

i
writeln(REPDRT, *

ADD_COMMAS {APPLICATION_STACK_SPACE]  71;
writeln(REPORT, '  Available to Application: [N
ADD_COMMAS (TOTAL_AVATLABLE_HEAP -
RPPLICATION_STACK_SPACE)  7);

writeln(REPDRT
writeln{REPORT,
writeln{REPORT,

Execution Time:');
Effective = ', ELAPSED_EXECUTION TIME : 6 : EN

writeln (REPORT, Rbsolute = *,

ELAPSED_TIME : 7 2,
seconds’);

close {REPORT) ;
end; {* with...do *)

end; {* REPORT_TASKING_STATISTICS *)

procedure TASKING_EXIT; far;

(*vssrrrerascessaTosssssttsttsttsstssttsttsttastrttrtttrsttastttttsttatsaterae)

(*
I
(*
(*
(*
(-

I3
*
(*
{

This routine is linked into the exit procedure chain to ensure that all *)
interrupt vectors that this unit hooks are unhooked before terminating. *)
The exit procedure chain is executed no matter what has happened to cause
the program to terminate. *)

The first time this routine is executed it is because the 'main’ of the *)
user application terminated, at that time all tasks become alive. Any *)
subsequent execution of this routine actually terminates the program. )

If the application 'main’ {or any task) terminates abnormally then the *)
rogram will terminate (whether tasks are alive or not) )

(vesseststtatettsttatattatattatattottttatattattttattatbttattetat st

{* Loop control variables used to restore interrupt handlers *)
{* protected by TASKING {(both hardware and £ .
PRSI

(vessessssssssiestatinnes Sarearane

IRQ, INTERRUPT_NUMBER : 1integer;

sesssesssirrransy

begin (* TASKING_EXIT *)

end;

procedure TASKING_STAR
{

(*
-

(* happened to cause the program to terminate, but only normal

-

{resseveeans

const

114

{* Application is trying to terminate, wait until it can if necessary... *)
if NUMBER_OF_CHILD_PROGRAMS <> O then
begin
PROGRAM_CANNOT_TERMINATE_ERRDR_HANDLER;
while NUMBER_OF_CHILD_] PROGRAMS <> 0 do
begin
ACTUAL_TASKING_CONFIGURATIDN.TASKING _MDDEL := PREEMPTIVE;
asm sti end;
{* if...then *)
end; {* if...then *)
{* Make sure that no more context switches are performed *)
LOCK_SCHEDULER;

(* Unprogram the timer chip *)
asm cli end;

port (TIMER_CONTROL_PORT)
port (TIMER_O_DATA_PORT)
port (TIMER_0_DATA_PORT)

SYSTEM_TIMER_CONTROL_WORD,
LO(MSDOS TI'MER 0 VALUE).
hi{MSDOS”" TD‘[ER 0 VALUE),

(* Reatore revectored interrupt handler *)
with OLD_REVECTDRED_INTERRUPT do

begln
memw { $0000 : REVECTORED_INTERRUPT NUMBER shl 2) 1= OFFSET;
memw {$0000 : (REVECTORED INTERRUPT NUMBER shl 2] + 2) := SEGMENT;
end; {* with...do *)

{* Restore H/H Interrupt Handler{s) *)

for IRQ := 0 to 7 do
with HARDWARE_H.ANDLBR(IRQ] do
begin
memw{$0000 : {{SO08 + IRQ) shl 2)) = OFFSET;
memw {$0000 {{808 + IRQ) shl 2) + 2) := SEGMENT;
end; (* with...do *)
for IRQ := 8 to 15 do
with HARDWARE _HANDLER([IRQ) do
begin
memw{S0000 : ({$68 + IRQ) shl 2)) = OFFSET;
memv($0000 : {{$68 + IRQ) shl 2) + 2) := SEGMENT;
end; {* with...do *)

{* Restore S/W Interrupt Handlers *)
for INTERRUPT_NUMBER := 0 to $FF do
if INTBRRUPT NUMBER in PROTECTED_INTERRUPTS then
with INTERRUPT _VECTOR HAN‘DLBR[INTBRRUPT NUMBER) do

begin
mem {$0000 : {INTERRUPT_NUMBER shl 2)) := OFFSET;
memw ($0000 : {INTERRUPT_NUMBER shl 2) + 2) := SEGMENT;
end; (* with...do *)

{* Restore exit procedure? *)
if ACTUAL_TASKING_CONEIGURRTION.STATISTICS <> NO_STATISTICS
then
exitproc := @REPORT_TASKING_STATISTICS
else
exitproc := SAVE_EXIT:
asm ati end;
{* TASKING_EXIT *)

far;
srersasaTass R
This routine is linked into the exit procedure chain to ensure that all *)
interrupt vectors that this unit needs are hooked before initiating multi-*)
tasking. The exit procedure chain 13 executed no matter what has *)
termination *)

initiates TASKING. *)

{(* Creates a convenient way to inatall the TASKING hardware *)
(* interrupt handlers. .
(veusiessstssiansssasirsttsstististisevesttntseuatttttsitsissttisites)
HARDWARE_INTERCEPTORS : array(2..15) of pointer =
{
@IRQ_2_INTERCEPTOR,
@IRQ_S_INTERCEPTOR,
@IRQ_8_INTERCEPTOR,
@IRQ_B_INTERCEPTOR,
TRQE” _INTERCEPTOR,

@IRQ_3_INTERCEPTOR,
@IRQ_6_INTERCEPTDR,
@IRQ_S_INTERCEPTOR,
@IRQ_C_INTERCEPTOR,
@IRQ_

EIRQ_4 INTERCEPTOR,
_INTERCEPTOR,
_ INTERCEPTDR,
EIRQ D INTERCEPTOR,

"_INTERCEPTOR

i aeey
{* Loop control variables used to save interrupt handlers protected ~)
(* by TASKING (both hardware and softwarel.

integer;

{
IRQ, INTERRUPT_NUMBER

(+eseeeessetittiitiiitiittititttattttattaattttetieititittititttittees)

(* B0xB6 registers us 11,

(veversrrnereen

REGS :

regiaters;

(* Used to compute new value for the system clock timer. *)

O D T T e L TS|
TEMP_TIMER_O_VALUE : longint;

(seseveeseesiisiiatatssttiastattttittitililit ittt titatae sttt iisiatey



seranene .

DAY, OAY_OF_WEEK,

(* Used in
(

trrrrrvrestetettrttetsrenarrene
")

HOUR, MIN, SEC, SEC100

LCV, YEAR, MONTH, : word;

* Temporary INI file

confiquration. .;

: CONFIGURATION;

Sevsrresesserettiitteisstiionan)

(
INI_PILE_CONFIGURATION

PROCESS INI _FILE(var CONFIG : CONE‘IGURATION)
Finds .nd reads tho program INI file searching fol: a TASKING
if one 1s found then the TASKING parameters are taken from it.
file configuration can be over-ridden by parameters

program 'main’.

S eeteeseseiertietettsterrrtrtrtetrerenrrrrrarrertranany

boolean

[RTTTTSPPIan
section, *)
The INI *)
changed 1in the *)
-

T

i

MSDOS_SERVICES_STATISTICS_FLAG
HARDWARE_INTERRUPT_STATISTICS_FLAG
ALL_STATISTICS_FLAG
TASKING_MODEL_CONTROL
COOPERATIVE_FLAG

PREEMPTIVE_FLAG
TRRGET_TIMESLICE_CONTROL

'MSDOSSERVICESSTATISTICS';

' HARDWARE INTERRUPTSTATISTICS' ;
"ALLSTATISTICS';

' TASKINGMODEL*
'COOPERATIVE
' PREEMPTIVE' ;

! TARGETTIMESLICE' ;

conat (* . sereevetettttrtctsttersrstvany)
:' The following are used to parse the INI file lines of text *)
R T LT LT
TASKING_LABEL = ' [TASKING)':
COMMENT _DELIMITER -ty
TRUE_FLAG = 'TRUE
FALSE_FLAG = 'FALS]
PRIORITY SCHEDULING_POLICY CONTROL = ' PRIORITYSCHEDULINGPOLICY' i
STATIC_FLAG = 'STATIC’
ROTATING_FLAG - ROTATING' ;
PRIORITY_: _INHERITANCE _CONTROL - PRIORITYINHERITANCE' i
ENABLED_ FLAG = 'ENABLED’;
DISRBLZD_FLRG - DISABLBD' i
STATISTICS _CONTROL = 'STATISTICS';
NO_ STATISTICS FLAG = 'NOSTATISTICS';
TRSK STATISTICS_FLAG = 'TASKSTATISTICS';

. veer

(* State variable that detinea the section of the INI

(* is being paued

(eewvee

PARSING
(
UNDEFINED,
TASKING_SECTION
)} = UNDEFINED;

(seevee vee

file

")
that *)
")

")

($99veeevevevertssevevevrvrsvsvsveressssvsssrseressarserarerrarrever)

{* INI fale parsing variables. .
(*ossesessssavrersnvsssasvussssvvsssssvvsssssrens )
INI_FILENAME string(sizeof (diratr)+sizeof (namestr)+sizeof (extstr));
LINE 1 atring;

INI_FILE : text;

POSITION : integer;

{* This routine returns a string corresponding to the upper case value *)
(* of the string passed to it.

[# % e oveseesessieereserssassess s svessvrsrsssvrarrsevrateratvrrsvratsverres)

var LCV : integer;
begin (* UP_STRING *}
U?_STRING[O) = S(0);
for LCV := 1 to length{S) do
Up_STRING(LCV} := upcase(S(LCV]};
end; (* UP_STRING *)

procedure BOOLEAN_VALUE (CONTROL : string; var PARAMETER : boolean);

(sevvessessssererTovesvaney T

{* This procedure examines the global LINE searching for CONTROL, 4if *)
t .

{* 1t is found, it’'s boolean value ia set
(#eessssssssnetesuverrrrrraonarrrvrvrees

begin (* BOOLEAN_VALUE *)
if up STRING(COPY(LINE 1,
begin
delete (LINE, 1, POSITION);
if (UP_STRING (copy (LINE, 1, length(TRUE_FLAG))) = TRUE FLAG) or
(UP_STRING (copy (LINE, 1, length(ENABLED_FLAG))) = ENABLED_FLAG)
then”
PARAMETER
else
1f (UP_STRING(copy(LINE, 1,

POSITIDN - 1)) = CDNTROL then

:= true
length {FALSE_FLAG}}) = FALSE_FLAG)

or
(UP_STRING (copy (LINE, 1,
DISABLED_FLAG) then
PARAMETER := false;
(* if...then *)
BODLEAN_VALUE *)

length (DISABLED_FLAG}}} =

end;
end; ({*

procedure INTEGER_VALUE (CONTROL : strin

(sevveesssssasassTovasasnvarteianranes

CONTRDL,

{* This procedure examines the global LINE :earchxng for
{* 1t ia found, it’'s real value is set t

(sessssessseessrsasvrravesasurarrvens

£ the LINI

erterrErsuEtesIesTITI sttt eteer e RIS ISLY)

begin {* REAL _VALUE *}

if UP, STRING(Copy(LINE, 1, POSITION - 1)} = CONTROL then

begin
delete (LINE, 1, POSITION};
POSITION := 1;

.79'] do 1inc(POSITION};
CODE};

while LINE(POSITIDN) in ('0’.
val {copy (LINE, 1, POSITION - 1), VALUE
if CODE = 0 then PARAMETER := VALUE;
end; (* if...then *)
end; (* REAL_VALUE *}
procedure POLICY VALUE

(CONTROL : string; PRIORITY_SCHEDULING_PO’LICIES).'

eery

var PARAMETER : .

:- This procedure examines the global LINE searching for CDNTROL, if *)
{* 1t is found then it's string value is examined to see if it matches =)
. £ the vaud priority modes, -...............-....)
pegin (* POLICY_VALUE *}
if UP_STRING(Copy(LINE, 1, PDSITION - 1)} = CONTROL then
begin
delete(LINE, 1, POSITION):
while LINE(length(LINE})) = ' ' do delete(LINE, length(LINE}, 1};
POSITION := 1;
1f UP_STRING(LINE) = STATIC_FLAG
then
PARAMETER := STATIC_PRIORITIES
else if UP_STRING(LINE) = ROTATING_FLAG
then
PARAMETER := ROTATING_PRIORITIES;

end; (* if...then *}
end; (* POLICY VALUE *}

procedure STATISTICS_VALUE

(sesssrvavsvavanns sessstseereetererriarererrerrer

STATISTIC_OPTIONS

(CONTROL : atring; var PARAMETER :

}
(' This procedure examines the global LINE searching for CONTROL, 1f *)
(* 1t 1s found then it's string value ia examined to see if 1t

(* one of the valid statistic gathering modes.
(#eestrersrsnesssnrenssrsarenes

begin (* STATISTICS_VALUE *)

if UP_STRING(copy(LINE, 1, POSITION - 1)) = CONTROL then
ogin

delete{LINE, 1, POSITION);

while LINE(length(LINE}) = ' ' do delete (LINE, length(LINE}, 1};
POSITION := 1;
if UP_STRING(LINE) = NO_STATISTICS_FLAG
then
PARAMETER := NO_STATISTICS
else if UP_STRING(LINE) = TASK_STATISTICS_FLAG
then
PARAMETER := TASK_STATISTICS
else if UP_STRING(LINE) = MSDOS_SERVICES_STATISTICS_FLAG
then
PARAMETER := MSDOS_SERVICES_STATISTICS
else if UP_STRING(LINE] = HARDWARE_INTERRUPT_STATISTICS_FLAG
then
PARAMETER := HARDWARE_INTERRUPT STATISTICS
else if UP_STRING(LINE) = ALL_STATISTICS_FLAG
then
PARAMETER := ALL_STATISTICS;
end; (* if...then *)
end; (* STATISTICS_VALUE *)
dure MDDEL _VALUE (CONTROL : str NG_MODELS) i
. “Tessvessveerresrrary

CONTROL,
it matches *)
)

This procedure examines the global LINE searching for
it 1s found then it's string value is examined to see if
. d ta. Ln ode .

oo

.

(* MODEL_VALUVE *}

began
if UP_STRINGTcopy (LINE, 1,
begin
delete (LINE, 1,
while LINB(lengthtLINEH -

POSITION - 1)} = CONTROL then

POSITION) i
' do delete(LINE, length(LINE), 1};
POSITIDN
if up, STRING(LINB) = COOPERRTIVE_FLAG
then
PARAMETER := COOPERRTIVE
else if UP_STRING(LINE) = PREEMPTIVE_FLAG

then
PARAMETER := PREEMPTIVE;
end; (* if then *)

end; (* MODEL_VALUE *)
begin (* PROCESS INI FILE °)
PROCESS_INI_FILE := false;
INI_FILENAME := paramstr(0);
delete (INI FILENNME, 1enqth(1N1 FILENAME) - 2, 3};
INI_FILENAME := INI_FILENAME + "INI';
assign(INI_FILE, INI_FILENAME):
(*$I-*) reset (INI_FILE); (*S$I+*)
if 1oresult = 0 then
begin
PROCESS_INI_FILE := true;
while not eof (INI_FILE) do
begin
readln{INI_FILE, LINE);
POSITION := pos (COMMENT DELIMITER, LINE);
if POSITION <> 0 then
delete (LINE, POSITION, length(LINE});
if UP_STRING(copy(LINE, 1, length(TASKING_LABEL}}) =
'ASKING_LABEL then
begin
PARSING := TASKING_SECTION;
readln(INI_FILE, LINE);

POSITION := pos (COMMENT DELIMITER,
if POSITION <> 0 then
delete(LINE, POSITION, length(LINE});

{* if...then *}

LINE);

end;

POSITION := pos(’'=', LINE)};
if (POSITION <> 0} and (PARSING = TASKING_SECTION) then
with CONFIG do
begin
POLICY_VALUE

(
PRIORITY_SCHEDULING_POLICY CDNTROL,
PRIORITY_SCHEDULING_POLICY

¥
BOOLEAN_VALUE

(
PRIORITY_INHERITANCE_CONTROL,
PRIORITY_INHERITANCE_ENABLED

152
STATISTICS_VALUE
(

STATISTICS_CONTROL,
STATISTICS

Vi
MODEL_VALUE
(

TASKING_MODEL_CONTROL,
TASKING_MODEL

1
INTEGER_VALUE

(
TRRGET_TIMESLICE_CONTRDL,
TRRGET_TIMESLICE

Yi
end; (* Tasking Section *)
end; (* while...do *}
close (INI_FILE);
end; (* if...then *)
end; (* PROCESS_INI_FILE *}
begin (* TASKING_START *)
if (exitcode = 0) and (erroraddr = nil)
then
begin
INI_FILE_CDNFIGURATION := TASKING_CONFIGURATION;
if PROCESS_INI_FILE{INI_FILE_CDNFIGURATION)

then
(* 'Take' INI file configuration parameters *}
ACTURL_TASKING_CONFIGURATION := INI_FILE_CONFIGURATION
else
{* 'Take’ user configuration parametera *)

ACTUAL_TASKING_CONFIGURATIDN := TASKING_CONEIGURATION;
TASKING_ CONFIGURATION := ACTUAL_TASKING CONFIGURATION;

(* Pass control to 'next’ oxit procedure *)
exitproc := @TASKING_EXIT;

gettime (HOUR, MIN, SEC, SECL00):

getdate (YEAR, MONTH, DAY, DAY OF WEEK);
with TASKING_STATISTICS do
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matches *)
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begin
START_TIME := 0.0;
for LCV := 1 to MONTH-1 do
START TIME := START TIME + DAYS_IN{LCV];
START_TIME := {{{START_TIME + DAY] * 24 +
HOUR} * €0 + MIN} * 60 + :
ends + uith. a0 0 + SEC + SECL00 / 100;

{* Save revectored interrupt handler *)
qetintvec(REVECTORED_INTERRUPT NUMBER,
OLD_REVECTORED_INTERRUPT .VECTOR} i

{* Chain into S/W Interrupt Handlers *)
for INTERRUPT_NUMBER := 0 to $EF do
ibeNThBlRRUYI'_NUMBZR in PROTECTED_INTERRUPTS then
eg
qetintvec(INTZRRUPT_NUMBBR,
ZNTZRRU?F_VECTOR_HANDLBR( INTERRUPT_NUMBER) .VECTOR} ;
:etintvac(INTERRUPT_NUMBER, ESW_INTBERUPT INTERCEPTOR) ;
end; {* if...then *) -

{* Chain 1into Keyboard handler *)
qetintve:{KEYBOARIJ_INTZRRUPT_NUMBBR,

HARDWARE_HANDLER {17 .VECTOR) ;
setintve:{KEYBOARD_INTERRUPT_NUMBER, @KEYBOARD_INTERCEPTOR} ;

{* Chain 1into IRQ 2 through IRQ 7 handlers v}
for IRQ := 2 to 7 do
begin
getintvec{$08 + IRQ, HARDWRRE_HANDLER {IRQ) .VECTOR) ;
setintvec{$08 + IRQ, HANMRE_INTBRCEPTORS(ZRQ]);

end;
{* Chain into IRQ 6 through IRQ 15 handlers *}
for IRQ := 6 to 15 do

begin

getintvec{$68 + IRQ, HARDWARE _HANDLER{IRQ) .VECTOR);
;etmtvec(sse + IRQ, HARDWARE_ INTERCEPTORS {IRQ} ) ;
end;

{* Enable re-shceduling when creating tasks ¢)
ALLOW_RESCHEDULE_IN_CREATE := true;

{* Chain into Clock handler *}
asm cli end;
with HARDWARE_HANDLER{0]) do
begin
OFFSET := memw{S0000: SYSTEM_TIMER_INTERRUPT_NUMBER shl 2);
SEGMENT := memw{S0000: (S\‘STEM_TDER_INTERRUPT_NUMBBR shl 2)+2);
end; {* with...do *}
CLOCK_VECTOR := HARDWARE_HANDLER{0).VECTOR;
memw ($0000 : SYSTEM_TIMER INTERRUPT_NUMBER shl 2) .
ofs {CLOCK_INTERCEPTOR) ;
memw { S0000 : {SYSTEM_TIMER_INTERRUPT NUMBER shl 2} + 2) =
seg {CLOCK_INTERCEPTOR);

(* Enforce target timeslice range restrictions (if necessary) *)
with ACTUAL_TASKING_CONFIGURATION do
1f TARGET_TIMESLICE < MINIMUM_TIMESLICE
then
TARGET_TIMESLICE :e MINIMUM_TIMESLICE
else
if TARGET_TIMESLICE > MAXIMUM_TIMESLICE then
TARGET_TIMESLICE := MAXIMUM TIMESLICE;

{* Compute new timer counter value *)
TEMP_TIMER_0_VALUE := round{TIMER_CLOCK_FREQUENCY / le6 *
ACTUAL_TASKING_CONFIGURATION.TARGET TIMESLICE);

{* Verify that the timer will be at least as fast as TASKING needs *}
1f TEMP_TIMER_0_VALUE > ONE_MSEC_TIMER_0_VALUE
then
NEW_TIMER_O_VALUE := ONE_MSEC_TIMER_0_VALUE
else
NEW_TIMER_O_VALUE := TEMP_TIMER_0_VALUE;

{* Establish system clock scaling factors *}
TIMER_PERIOD := NEW TIMER 0
TIMER_CLOC

_VALUE
CFREQUENCY (Sec) * le6;

{* Reprogram the timer chip *}
port (TIMER_CONTROL_PORT] := SYSTEM_TIMER_CONTROL_WORD;
port (TIMER_0_DATA_PORT] := lo{NEW_TIMER_O_VALUE

port {TIMER_0_DATA_PORT] := hi{NEW_TIMER_O_VALUE);

{* Talk about a ’goto’... *}
asm ymp DISPATCH_TASK end;
end {* if...then *}
else
exitproc := SAVE_EXIT;
end; (* TASKING_START *}

}

{ . .
{* This is the TASKING unit initialization, there is not much to do except
setup the system stack and install the exit procedure and interrupt °)
handl ';

g
-
{
begin {* TASKING_INITIALIZATION *}
TASKING_STATISTICS.TOTAL_AVAILABLE_HEAP := memavail;

{* Clear the null task stack *}
fillchar (NULL.STACK_PTR", NULL.STACK SIZE, byte{DEFAULT_STACK VALUE}};

{* Initialize TASK_ID array *}
for TASK_ID_SET := low{TASK_ID SETS} to high{TASK_ID_SETS} do
ALLOCATED_TASK_IDS{TASK_ID_SET] := {];

{* Install exit procedure *}
SAVE_EXIT := exitproc;
exitproc := @TASKING_START;

heaperror := @TASKING_HEAP_ERROR_HARDLER;
end. {* TASKING_INITIALIZATION *}
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9. Appendix B Genetic Algorithm Source Code

9.1 RTOS-APP.PAS

program REAL_TIME_APPLICATION,

[sesssesnassTrsnsTeesassnnns
This program interprets an INI file and a CSV
file to configure itself to implement a multitasking design

design has been executed a report 1s generated which
[} desagn has bee o g od which indicates

I
[*$L+
I+

[*$F-
[*56-
(*$I-

[*$M $8000, 50000, 100000
[*$N-

[*$E-
[*$0-
[*$Q-
[*$R~
[*$5-
[*$T+
I'SV'
[*$x

serrartecestiiriienen
[Comma separated text[ *[
After the *[
how well *[

Compiler Options [Ver. 7.0[ ':
Word Alignment M
Short Circuit Boolean Evaluation tt
Debug Code Generation ON [Sort of( *l

Requires /V option to TPC to activate *[
Local Debug symbols ON [Sort of| M
Requires /V option to TPC to activate *[
Far calls only as needed always .
Generic 80x86 code only .
1/0 Checking OFF *)
Memory [Stack, Minheap, Maxheap( .1
Software Emulation of 80x87 *l
No BOxB7 run-time emulation *t
Overlays NOT allowed *l
Overflow Checking OFF *l
Range Checking OFf 1
Stack Checking OFF

Force Typed '@’ references

Enable Extended syntax

[..nn.nn.--n........nn.nnnn......nnnnn.nnn...n..-......n

uses

const

type

type

*l
~l
Var-string Checking OFF *
.
N

TASKING;

R T LT T T T TN
[* Limit on the number of tasks allowed, basically the internal data *[
[* structure must fit within 64k, this limitation restricts the number *[
[* of tasks. .
T T LT L N T e

MAX_TASKS = 50;

[seseanns cetertetssisssssarsarastantans]
[* The application will execute for a length of time equal to the *[
* longest task period times this factor. This will ensure that the N
[* results gath istically sagnificant.

[sosrassrnsanas P T L L L LT T T TP OO

EXECUTION_DWELL_TIME_FACTOR = 100

[* The absolute execution of the application is lamited so that
[* results can be gathered in a reasonable amount of time.
[seesesstssastsstsirireanes B e

MAXIMUM_DWELL_TIME = 5 * 60.

3
the *[
*l

")
[* Seconds *[

[eesssseeatttesttestttesttttatittrstttetttattttttattetetttttetettrtitenn
I* Intertask communication is accomplished via TASKING resources le.g.*[
[* events, semaphores, messages, condition variables[, the resources *[
[* can eitehr be recieved or signaled by the task. .
P O T

RESOURCE_ACTIONS = [SIGNAL_RESOURCE, RECEIVE_RESOURCE[;

reserey

this *[
*l

[* The TASKING  types are used for all intertask communication.

")
RESOURCE_TYPES =
t

MESSAGE_RESOURCE,

BINARY_SEMAPHORE_|

CONDITION_VARIABLE_RESOURCE,
15

SEMAPHORE_RESOURCE,

GENERIC_RESOURCE

[
I* The tasks are allowed to communicate with each other,
I* structure defines the manner in which that communication
1+ place.
[eessersiosssnasas
COMMUNICATION_: SPECIE‘ICJ\TION = record

MeeeteseeeTareteit AR L EES A e L L e et raes st e ra s
[* Not all tasks use all lor anyl of the intertask communication *I
I* resources, this element is used to determine which resources are ‘I

[* active for each task.
esetecessrtttastttasterat At At e st ettt ata sttt tatttat]

e 3
data *[
take *[

*

this
can

*)

boolean;

(verers
(* The user defines the reource by a text string name, this is used *|

I* to determine when the same resource is being used by more than
[* single task. .:
(raveeercenes serresarrareas e
RESOURCE_NAME
[raeee
[* If a message is being used as the communication mechanism then *I
[* the task ID of the task that is going to receive the message is 'l
I* needed, thi 1 nt holds this infozmation [if applicablef.
saens sesnes ...................[
1
RESOURCE_TASK_ID
[rressssTasassassisess
[* The most important specifcation parameter for
[* the absolute time from the beginning of the
[* intertask communication is to take plcae. X
[sesstsssssssassasestetsesssesustistsstssssstssertsesntsttsttienates
RESOURCE_T IME
[saveeeaTeces
[* The actual intertask communication
ted by the task itself

a*l

the
period(

3
is *
the 'l

resource
that

resource is dynamically *I

sanaee J S T
1

case RESOURCE_TYPE
MESSAGE_RESOURCE
SEMAPHORE_RESOURCE
BINARY_SEMAPHORE_RESOURCE
EVENT_RESOURCE

RESOURCE, TYPES of
[MSG_PTR

~longint(;
ISEM_PTR ~SEMAPHORE [ ;
(B_SEM_PTR “BINAR\’ SEMAPHORE [ ;
: (EVENT_PTR : “EVENT
CONDITION_VARIABLE_RESOURCE : (C_VAR_PTR “CONDITION VARIABLE!;
GENERIC_RESOURCE IRESOURCE_PTR : pointerl;

{* COMMUNICATION_SPECIFICATION *(

end;

T Y
{* Depending on the timing requirements of the task,
{* classified into one of the following categories.
(* Note: All of the following timing descriptions
workload time is less than (or equal tof
*not* to

the task is *I
1
assume that the *[
: the task period. *l
* The diagrams are scale, only relative timing *I
( in o
(severnnen
TASK_CATEGORIES = (

STesssrsasavtastarstetettes

D L L T Tt
(' Case #i - Proactive task - deadline occurs during the task *[
execution, i.e., the task has a cn:scax point in dits *[

117

I execution that it must get to before the ‘deadline’ *I

I amount of time has elapsed. .
Deadlane|——— .
Workload | .l
Period | 1
Time

PROACTIVE,

R S

I* Case #2 - Reactive task - deadline occurs after the task has *[
finished its execution, i.e. the critical event is *[

I8 outside the reaim of this task. It does not actually *[

15 perform the critical operation but the timing of that *[

15 operation is critical to the execution [actually next *[

15 executionl of this task. .t

1* Deadline

1* Workload f——————— |

1+ Period

I* Time

B R T L L L R L LT T e paes

l' Case #3 - Passive task - no deadline. The task merely performs *{

some work but does not have a critical deadline to *[
l' meet [other than the implicit deadline of periodicatyl.*[
[* Deadline — .t
[* Workload .
I* Period i .
[* Tame 1 L L 1 A i .

[seesveseas

PASSIVE

[veressssssssssssssssnsenne

T D T T T

Svaterareraterserateranans]
[' Case #4 - Background task - no deadline, no period. The task *I
performs continuous work, since it never completes a *[

[' cycle it *cannot* be late. A task such as this will *{
4 consume resources and force the application to execute *{
[ at 100% CPU utilization. *l
[* Deadline } M
[* Workload { .
[* Period ]

* Time

[seesnrnnns

BACKGROUND ;

[*eeseesesreststtttsttatittatittistttttttattrtatearartartatartatareaten

[#aessessestatttttttttttistttistttttttottttiotartatErtattrteatartatartas]

[* ALl of the information about the task 1s maintained in this data *[
I* structure. The task design and intertask constructs are maintained *[
I* here as well as all performance monitoring parameters .

TASX_ SPECIFICJ\TION = record

L |

ssesveseny

[* Used to allow messages to be sent between the tasks. *r

TASK_ID : TASK_IDS;

R T I T T T

sarsesen

[* Used to allow the task priorities to be reported at termination. *[

R L T T T

TASK_PRIORITY : USER_PRIORITIES;

ST
sent *{
file *|
report is *[

Used to determine which task ID the user wants the message
to [if messages are being used[. Also used when the report
the

is generated to make it more user friendly [i.e.

seessesenseny

. . seseetisiiiassstttitetttttttttatttttttotttten
[* Based on the characteristics of the task it 1s categorized so *)
[* that the correct statistics are computed for the task. Not all ')

[* statistics are valid for all task characteristics.
[*esssssssasttstsststtststtsssststsssittsttttssssttstsststtccescacenen)

eeveny

[* Amount of time between successive executions of the task. 1
L S TS T L L LT TR TSI RPN

creeny
[* Amount of time from the beginning of the tasks execution to its *[
[* ‘critical time .
[ressersreasaras trasssisrssstsestatttstttssaanns cerang

DEADLINE :

seesestiiittttttiiittttttatettittitoaaatttttaaatan]
[* How ‘important’ the deadline is: 10 = Hard Deadline [meeting the *[
[* the deadline is criticall, 1 = Soft [meeting the deadline would *[

[* be 'nice’[, linear scale for all other values.
D T T T

[rerasennanantans
DEADLINE_HARDNESS
[sesesecTessarens
I* Amount of time that the task is busy working Ii.e.,
[* of time that the task executesl

the

amount '[

srrsestetititesiititistttsttattttittetane)

eeeey
communication *[
of *[

intertask
each must include both types

3
[* Each task is allowed to have up to two
[* resources

[for obvious reasons,

I sreep
INTERTASK_COMMUNICATION

array {RESOURCE_ACTIONS, 1..2) of COMMUNICATION_SPECIFICATIOI

i sereeg
[ &4 As the various timing requirements of the tasks are monitored, *[
[* the application records how well the requirements are met using *[
(- the following data structure .

-0 seeeng

DEADLINE_TIME_MONITOR

record
sersessieastisatiisatassstattiang

|84 Numbez of t:unes that the event occurred at the correct time. l

- . Leveny

SUCCESSFUL lonqsn

[sessensssrsssenian

[* Number of times

> ceeeee
TOTAL : longint;
end; [* TIME_MONITOR *I

end; [* TASK_SPECIFICATION *{

PERIODIC Tm _MONITOR,

B T TR

that the event occurred .

(e aassssasasiteatassttatetattttitatiatteattiettattsatttatttasttetaaaas

(& Used for creating the supervisor task. .

BT T T T}

1
SUPERVISOR :
TASK_ATTR :

TASK_IDS;
TASK_ATTRIBUTES;

- sessasnas B LR LI T LTI P LT PPN

{* The application report file is generated if the program command *|
(* line is blank. If anything is on the command line then *no* report *|
[* report file is generated. Whether the file is generated or not the *)
|* result is returned via .
[sesssarasassasssssarsene

GENERATE_REPORT_FILE : boolean;

srserereeceng



with APPLICATION_RESULT do

. I L TT T UOveTUR, be
E' :TL‘:L‘:‘::: gat:g:s; ioz the applxcatlon, all tasks are completely *) TIMELINESS := DEADLINE_RESULT.TIMELINESS + TIMELINESS;
sp nformatio enen ) NUMBER_OF_TIMES := DEADLINE_RESULT.NUMBER OF TIMES +
D | NUMBER_OF_TIMES;

TASK : array(l..MAX_TASKS]} of TASK_SPECIFICATIO] end; (* with o *)

with APPLICATION RESULT do
h *) if NUMBER_OF TIMES <> O then
user has specified in the .CSV file, +) TIMELINESS := TIMELINESS / NUMBER_OF_TIMES;

(s+eesssssssctscatttstresstresttesttstannns creens

NUMBER_OF
SIASKS 1f GENERATE_REPORT_FILE then

Jrsssase beqln

. teereritiiiiiienienen {* Create Report File *

(. The largest task period is used to determine the execution time of *) a::iqn(REPORg PROGRAM :JAME + ‘.RPT’);
(7 the application, this variable hold that value ) (+3I-+) rewrite(REPORTT; (*SI+ *)

(sessessncannnn

MAXIMUM _MSEC_PERIOD : integer;

*) 1f loresult <> O then halt(l);

ISR T T TR TR Py writeln (REPORT, ' Individual Task Timeliness®):
: L TP St for TASK_LCV := 1 to NUMBER_OF_TASKS do
{+ Name of thia program .EXE fue, used to determine the filenames of *) with TASK(TASK_LCV} do
)* the .RPT file. . begin
..........................................., writeln(REPORT, * Task Name: ', TASK_NAME,
‘, Priority = ‘, TASK_PRIORITY):
thh PERIODIC_TIME_MONITOR do

¢ TASK_IDS; PRIORITY : USER_PRIORITIES); far; begin
svesvedTe seeeee seseTesccnnsennrannen write (REPORT, * Periodicity: (’, PERIOD, ' mSec)’,
This task is *not* specified by the user (i.e. .CSV file). Instead this *) ‘ = ', SUCCESSFUL, ’7’ i 'l(‘ALl; ¢
E' tisid( is :;edeﬁp;ofiimq the application to an orderly shutdown and to *) if TOTAL <> O then
+ produce the . e. In addition, this task sets the MS-DOS errorlevel * cot *
{+ to the total application timelinesa. : vELteln (RERORT, e iucczsgm:n.zl 'n;:'fu).
( R L T R PP Ret end; (* with...do *)
reeenans case TASK_CATEGORY of
var (* e . PROACTIVE,
: The total time that the application is going to be allowed to *) REACTIVE :
* execute. . i EAD]
(e e M pegin LB TIME_NONITOR do
EXECUTION TIME : TIME; write (REPORT, Deadline: (‘, OEADLINE, ' mSec)’,
Poa o :
(s4s0ttaaeerrstatate et r ettt et as s esa et see et et saseneenne] A£ TOTAL > O them oo /e TOTALLS
(* The number ot seconds that the applicati is going to execute. *) writeln(REPORT, ‘ (', SUCCESSFUL / TOTAL *
(vesessevarennnes trrrteneene teeeiiititetiiteteenne) 100 : 2 : 2, 'N)°);
DWELL_SECONDS : xntegez, end; (* with...do *)
PASSIVE : begin (* Passive Task *) end;
(s4setesecseteettttntetittsttntttanttaantne L LT T T PP : begin (* B Task *) end;
(* The file handle for the applicatlon report. *) end; (* case...of *)
R S e D TP TP PR PN writeln (REPORT);
REPORT : text; end; (* with...do *)
writeln (REPORT);
Jesessestestertitttriiniens seatettiiitettttttetttttttttttttttatetine) writeln (REPORT, * Avuaqg Task Timeliness’);
)* Loop Con?rol Variable for accessing all tasks in the task *) with PERIODICITY RESULT dk
{* specification database. *) if NUMBER_OF_TIMES <> O then
(*eteeettaesteetatetretitesttttttiitruetttetitttttttttttttttttrttateanne) writeln{REBORT, ' periodicity: !, TIMELINESS /
TASK_LCV : integer; NUMBER_OF_TIMES : 2 : 2,
V)
(S 44 eaeetttttettattitieittrtistestertttttetttttttetttettttatattreatiaane) with DEADLINE_RESULT do

(* The ‘timeliness’ of the application 1s computed for each of the *) 1f NUMBER_OF_TIMES <> O then

(* following areas of execution. writeln (REPORT, * Deadline: ¢, TIMELINESS /
R L NUMBER_OF TIMES : « 2, V/);
PERIODICITY_RESULT, DEADLINE_RESULT, APPLICATION_RESULT : record writeln (REPORT) ;

TIMELINESS : real; writeln(REPORT, * Application Timeliness = ',

NUMBER_OF_TIMES : integer; APPLICATION_RESULT.TIMELINESS : 2

end; (* TIMELINESS *) close (REPORT) ;
end; )* if...then *)

begin (* SUPERVISOR_TASK *)

)* calculate application dwell time *) (* shut down the application in order to provide exit code... *)
DWELL_SECONDS := round(MAXIMUM MSEC_PERIOD * EXECUTION_DWELL_TIME_FACTOR / halt)round (APPLICATION RESULT.TIMELINESS));
1000) ; end; (* SUPERVISOR TASK *)

1f DWELL_SECONDS > MAXIMUM_DWELL_TIME then halt(l);
pzocedun GENBRAL TASK(TASK_ID : TRSK_IDS,‘ PRIORITY USBR_PRIORITIBS),‘ far;

(* Calculate a time delay to run the application for the dwell time *) (eveees e e DL D T secssece)
with EXECUTION TIME do (* This task is u:ed to emulate all user appllcatlon tasks‘ It does this *)
begin - (* b umd. h 14 th t i .
DAYS 1w 0; ceeree)
HOURS = 0;
MINUTES = DWELL_SECONDS div 60; VAL (teeeestseesctittitttitttiatettittttettttetttettterttettttettertrterts)
DWELL_SECONDS := DWELL_SECONDS mod 60; (* These are the absolute delays, they are used in evaluating how *)
SECONDS - uwsLL'szconns; (* well the task performed. .
MILLISECONDS - he e et eN et eete ettt ettt ttttttttttettttetetttttttttttettstetetettane)
end; (* with...do ') PERIODIC_DELAY, DEADLINE DELAY

(
(* The periodic execution of the task is handled by TASKING, an *)
{* event 1s used to accomplish this. .

(* Wait for dwell time to elapse *) teses)
WAIT_FOR_DELAY)EXECUTION TIME);:

(+ Destroy all application tasks (makes results more accurate)... *) (*4eesescaceatetettasestatescatestttttttttitttttttetttttttttttttttatan)
for TASK_LCV := 1 to NUMBER OF TASKS do PERIODIC_EVENT : EVENT;
DESTROY)TASK(TASK_LCV] . TASK_ID) ; Jeeeseteatettatettttttttttttetttttttttatttttttttttttttttttttttattateas)

erformance

(v st

with PERIODICITY RESULT do

begin t
TIMELINESS 1= 0,07 START_TIME, STOP_TIME longaint;
NUHBER—OF—TWS i=0; (------------------..----.----------------------------------------a---)

end; )* with...do *)

with DEADLINE RESULT do (* Database of the tasks critical events (for *each* periodic *)

(* execution).

began T L reeeeeererr ettt s e e e br e s e e e sean)
IMELINESS = 0.0;
A e TDMES i 0} CRITICAL : 1..6) of d
: (* with . 5§ o
wx::dh;Lxg;?én REsULT do (* The relative delay for the specific event (from the previous *]
begin - (* event). .
R0 S U U S P PPN |
TIMELINESS
NUMBER_OF_TIMES R T s s
fo:n:;sé.ng\tth‘-.idgo ))JUMBER OF_TASKS do (* The actual critical event claasification. *)
_OF ! (vateressesssssssssssassonenssesetantseatasnseseteteesesesseseseans)
"‘;:QESK”MK Levy do MILESTONE : (
NOT_APPLICABLE,
wuxe‘qi:monxc_'rmz_uom'ma do DEABLINE_EXPIRES,
WORKLOAD_EXPIRES,
1f TOTAL <> O then WAIT_FOR_RESOURCE_L, -

PERIODICITY RESULT. TIMELINESS := PBRIODICITY RESULT.TIMELINESS

SIGNAL_RESOURCE_1;
WAIT_FOR_RESOURCE 2,
SIGNAL_RESOURCE_27;

SUCCBSSFU'L / TOTAL * 100;

.T.NUMBER_OF_TIMES); o
m;’_“”(fgﬁgﬁmlgg-ﬁsm O end; (+ CRITICAL *)
case TMK.CATBGORY of (""""'.....""......."""""""'.'"""""""""...."".l
Ve ( the critical event list. *)
begin 'f'mz LCV, INSERT : !
with DPADLIN‘B_TDAZ_MONITOR do = . s
b!g;nTOTAL <> O then procedure FIND_OR_CWTE_RESQU’RCZ (ACTION : RESOURCE.ACTIONS;
DEADLINE_RESULT.TIMELINESS := DEADLINE RESULT.TIMELINESS (.................................'..“.m.l."?...f'.'ff?f” ceteteiteieitetinenen)
+ .
. . (+ This routine searches the tasks’ resources for the resource specified. *}
< DERDLINE MARENZSS 1017 (* If it is found, the tasks are made to point to the same resouce, if it *)
inc (DEADLINE_RESULT.NUMBER OF TIMES): (* 1s not found, a new resource is created. .
end; (* with..ldo *) - (revsueenees e )
end; (* Proactive ) Reactive Tasks *) var ( wany
* P T. . i
B CROUND g:gt: i B::;;Z:m;’.if“k oo (* Indicates the existance of this critical event within the events *)

end; (* case of *}
end; (* with...do *)
if PERIODICITY RESULT.NUMBER OF TIMES <> O then
with APPLICATION_RESULT do
e PERIODIC! cssenann
TIMELINESS := RIODICITY RESULT.TIMELINESS + TIMELINESS; .
NRBER_OF_TIMES = b On Ty ay T IUMBER_OFTDMES ¢ (1, Joop Sonered varisble to search ald miisting tadk wesitieitions; )

NUMBER_OF_TIMES;
T TASK_LCV : integer;

(* of the application (recall that resources can be shared by more *)
K

aee)

FOUND : boolean:

T R PP

end; (* with...do *)
if DEADLINE_RESULT.NUMBER OF TIMES <> 0 then
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begin (* FIND_OR_CREATE_RESOURCE *}
FOUND := false;

(¢ check for existing cesource *)
for TASK_LCV =1 to MAX_TASKS do
begin
if lilo; ((ACTION = RECEIVE _RESOURCE)} and (NUMBER = 1}) then
wit| TASKITASK LCV]. INTERTASK _COMMUNICATION
if (RESOURCE_PTR <> nil) (RECEIVE_RESOURCE, 1] do
and
(RESOURCE NAME = TASK(TASK IDj].
INTERTASK. (_COMMUNICATION (ACTION, NUMBER).
RESOURCE, . _NAME) then
begin
TAsK(TASK ID].
INTERTASK. ._COMMUNICATION(ACTION, NUMBER). RESQURCE _PTR :=
RESOURCE PTR;
FOUND := true;
end; (* if...then *)
if not ((ACTION = SIGNAL _RESOURCE) and (NUMBER = 1)) then
with TASKITASK LCV]. INTERTASK (_COMMUNICAT ION | SIGNAL ,_RESOURCE, 1) do
if (RESOURCE PTR <> nil)
and
(RESOURCE_NAME = TASK]TASK_ID].
INTERTASK. __COMMUNICATION (ACTION, NUMBER).
RESOURCE, ._NAME) then
begin
TASKITASK ID].
INTERTASK ._COMMUNICATION]ACTION, NUMBER). RESOURCZ PTR :=
RESOURCE PTR;
FOUND := true;
end; (* if...then ¢)
if not ((ACTION = RECEIVE, _RESOURCE) and (NUMBER = 2)) then
with TASKITASK Levl. INTERTASK COHM’UNICATIDN(RECEIVE RESOQURCE, 2) do
if (RESOURCE PTR <> nil)

(RESOURCE__NAME = TASK]TASK_ID].
INTERTASK_COMMUNICATIONJACTION, NUMBER].
RESOURCE_NAME) then
begin
TASK]TASK_ID].
INTERTASK_COMMUNICATION]ACTION, NUMBER].RESOURCE_PTR :=
RESOURCE_PTR;
FOUND := true;
end; (* if...then *)
1f not ((ACTION = SIGNAL_RESOURCE) and (NUMBER = 2)) then
with TASK]TASK_LCV]. INTERTASK, ._COMMUNICATION]SIGNAL_RESOURCE, 2] do
if (RESOURCE PTR <> nil)

(RESOURCE_NAME = TASK]TASK_ID].
INTERTASK_COMMUNICATIONIACTION, NUMBER)
RESOURCE_NAME) then
begin -
TASK(TASK_ID] .
INTERTASK_COMMUNICATION (ACTION, NUMBER).RESOURCE_PTR :=
RESOURCE_PTR;

end; (* if...then *)
end; (* for...to...do *)

1f not FOUND then
with TASK]TASK_ID].INTERTASK_COMMUNICATION]ACTION, NUMBER) do
case RESOURCE_TYPE of
MESSAGE_RESOURCE : getmem(pointer (MSG_PTR), sizeof (longint));
SEMAPHORE_RESOURCE :
begin
getmem(pointer (SEM_PTR), 3izeof (SEMAPHORE));
SEM_PTR* := 1;
end; (* Semaphore *)
BINARY_SEMAPHORE_RESOURCE
begin
getmem(pointer (B_SEM_PTR), sizeof (BINARY SEMAPHORE));
B_SEM_PTR" := 1;
i (* Binary Semaphore *)
EVENT_RESOURCE :
began
getmem(pointer (EVENT_PTR), sizeof (EVENT));
EVENT_PTR" := SIGNALED;
end; (* Event *)
CONDITION VARIABLE_RESOURCE
getmen (pointer (C_VAR_PTR), 31zeof (CONDITION_VARIABLE));
end; (* case...of *)
end: (* FIND_OR_CREATE_RESOURCE *}

begin (* GENENAL_TASK *)
with ’I'ASK]'I‘ASK ID] do
begin
(* Initialize time sequences *)
for TIME_LCV := 1 to 6 do
with CRITICALITIME_LCV] do
begin
with DELRY do
begin
DAYS
HOURS
MINUTES
SECONDS
MILLISECONDS
end; (* with...do 3
MILESTONE := NOT_APPLICJ\BLE;
end; (* with...do ¥}

(+ Determine critial time sequence (absolute times only') *)
if (DEADLINE <= WORKLOAD) and (WORKLOAD < PERIOD) then
begin
TASK_CATEGORY := PROACTIVE;
with CRITICAL]1] do
begin
DELAY.MILLISECONDS := DERDLINE;
MILESTONE := DEADLINE_EXPIRES;
end; (* with...do *)
with CRITICAL]2] do
begin
DELAY.MILLISECONDS := WORKLOAD;
MILESTONE := WORKLOAD_EXPIRES;
end; (* with.,.do *)
end (* if...then *)
else 1f (WORKLOAD < DEADLINE) and (DERDLINE <= PERIOD) then
begin
TASK_CATEGORY := REACTIVE;
with CRITICAL]1] do
begin
DELAY.MILLISECONDS := WORKLOAD;
MILESTONE := WORKLOAD_EXPIRES;
end; (* with...do *)
with CRITICALI2] do
begin
DELAY.MILLISECONDS := DEADLINE;
MILESTONE := DERDLINE_EXPIRES;
end; (* with...do *)
end (* if...then *)
else if (WORKLOAD < PERIOD) and (PERIOD <= DERDLINE) then
begin
TASK_CATEGORY := PASSIVE;
with CRITICALI1] do
begin
DELAY.MILLISECONDS := WORKLOAD;
MILESTONE := WORKLOAD EXPIRES;
end; (* with...do *)

end (* if...then *)
else if (WORKLOAD = PERIOD) and (PERIOD <= DERDLINE)} then
begin

TASK_CATEGORY := BACKGROUND;
with CRITICALI1] do
begin
DELAY.MILLISECONDS := WORKLOAD;
MILESTONE := WORKLOAD_EXPIRES;
end; (* with...do *)
end (* if...then *)
else
halt(l);

(* Add resources to critical milestone list *)
with INTERTASK COMMUNICATION]RECEIVE_RESOURCE, 1) do
1f DEFINED then -
begin
FIND_OR_CREATE_RESOURCE (RECEIVE_RESOURCE, 1);i
IME_LCV := 1;
while (TIME_LCV < 6) and
(RESOURCE_TIME >= CRITICAL(TIME_LCV].DELAY.MILLISECONDS) do
inc(TIME_LCV) 7 -

for INSERT := 6 downto TIME_LCV+l do
CRITICAL]INSERT] := CRITICALIINSERT-1];
with CRITICAL]TIME_LCV] do
begin
DELAY.MILLISECONDS := RESOURCE_TIME;
MILESTONE := WAIT_FOR_RESOURCE_1;
end; (* with...do ) -
end; (* with...
with INTERTASK COHH'UNICATIONISXGNAL RESOURCE, 1] do
1f DEFINED then
begin
FIND_OR_CREATE_RESOURCE (SIGNAL_RESOURCE, 1);
TIME_LCV := 1;
while (TIME_LCV < 6) and
(RESOUNIB TIME >= CRITICAL]TIME_LCV].DELAY.MILLISECONDS) do
1nc (TIME_LCV) 7

for INSERT := 6 downto TIME_LCV+l do
CRITICAL]INSERT] := CRITICAL(INSERT-1]/;
with CRITICAL]TIME_LCV] do
begin
DELAY.MILLISECONDS := RESOURCE_TIME;
MILESTONE := SIGNAL RESOURCE_ 17
end; (* w;th‘..do “)
end; (* with...do
with INTERTASK COMMUNICATION (RECEIVE_RESOURCE, <] do
if DEFINED then
begin
FIND_OR_CREATE_RESOURCE (RECEIVE_RESOURCE, 2);
TDE LCV := 1
while (TIME_LCV < 6) and
(RESOURCE_TIME >= CRITICAL(TIME_LCV).DELAY.MILLISECONDS) do
inc (TIME_LCV) ;

for INSERT := 6 downto TIME_LCV+l do
CRITICAL]INSERT) := CRITICAL]INSERT-1];
with CRITICALITIME_LCV) do
begin
DELAY.MILLISECONDS := RESOURCE_TIME;
MILESTONE := WAIT_FOR_RESOURCE_2;
end; (* with...do *7
end; (* with...do *)
with INTERTASK_COMMUNICATION]SIGNAL RESOURCE, 2] do
1f DEFINED then
begin
FIND_OR_CREATE_RESOURCE (SIGNAL_RESOURCE, 2);
TIME_LCV := 1;
while (TIME_LCV < 6) and
(RESOURCE_TIME >= CRITICAL]TIME_LCV].DELAY.MILLISECONDS) do
inc (TIME_LCV)7

for INSERT := 6 downto TIME_LCV+l do
CRITICAL(INSERT] := CRITICAL(INSERT-1];
with CRITICALITIME_LCV] do
begin
DELRY.MILLISECONDS := RESOURCE_TIME;
MILESTONE := SIGNAL_RESOURCE_2;
end; (* with...do *)
end; (* with...do *)

(* Setup absolute deadline timer ¢)
with DERDLINE_DELAY do

begin
DAYS 1= 07
HOURS = 0;
MINUTES = 0;
SECONDS = O;

MILLISECONDS ‘= DEADLINE;
end; (* with...do *)

(* Setup Periodic Event *)
PERIODIC_EVENT := UNSIGNALED;
with PERIODIC_DELAY do
begin
DAYS
HOURS
MINUTES
SECONDS
MILLISECONDS := PERIOD;
end; (¢ with...do *)

( setup relative delays *)
for TIME_LCV € downto 2 do
CRITICALITDE_WV] DELAY.MILLISECONDS :=
CRITICAL]TIME_LCV].DELAY.MILLISECONDS -
CRITICAL]TIME_LCV-1].DELAY.MILLISECONDS;

(* Start emulating the task behavior *)
START_PERIODIC_EVZNT(PZRXODIC_EVENT, PERIODIC_DELAY);
repeat
R Perforn and evaluate delays (as appropriate) *
START_TIME GET_MILLISECOND_TICKS;
for TDE_LCV := 1 to 6 do
with CRITICI\L]TW_LCVI do
begin
case MILESTONE of
NOT_APPLICABLE
WORKLOAD_EXPIRES
DEADLINE_EXPIRES H
begin
PREEMPTABLE_DELAY (DELAY) ;
STOP_TIME := GET_MILLISECOND_TICKS:
if (STOP TIME - START _TIME) <=
DWLINE DELAY.MILLISECONDS then
inc(DmLINE_TDE_mNITOR SUCCESSFUL) ;
inc (DERDLINE_TIME_MONITOR.TOTAL);
end; (* if...then ¢]
WAIT_FOR_RESOURCE_1 :
with TASKITASK ID]
INTERTASK_COMMUNICATION]RECEIVE | RESOURCE, 1] do
case RESOURCE TYPE of
MESSAGE_ RESOURCE ¢
WAIT_J AN'D RECEIVE_MESSAGE (pointer (MSG_PTR));
SEMAPHORE_RESOURCE  :
WAIT_ON_SEMAPHORE (SEM_PTR") ;
BINARY_SEMAPHORE_RESOURCE :

(* Do nothing *);
PREEMPTABLE_DELAY (DELAY);




end;

end;

WAIT_ON_BINARY_SEMAPHORE (B _SEM_PTR"~);
EVENT_RESOURCE :
WAIT_ON I_EVENT (EVENT_PTR") ;
CONDITION ! I_VARIABLE_RESOURCE :
WAIT_ON CONDITION |_VARIABLE (C_VAR _PTR");
end; [* Case...of *)
SIGNAL_RESOURCE_1 H
with T}\SK(T}\SK iD}.
INTERTASK ( COM‘M’UNICATION(SIGN.AL RESOURCE, 1} do
case RESOURCE_TYPE of
MESSAGE RESOURCE B
SEND MESSAGE ._TO [RESOURCE ._TRSK_ID,
SEMAPHORE RESOURCE H
SIGNAL SEMAPHORE (SEM_PTR");
BINARY SEMAPHORE RESOURCE :
SIGNAL_BINARY_SEMAPHORE (B _SEM_PTR");
EVENT RESOURCE H
SIGNAL ,_EVENT (EVENT _PTR") ;
CONDITION |_VARIABLE RESOURCE H
SIGNAL CONDITION _VARIABLE (C_VAR_PTR") ;
end; (* case...of *)
WAIT_FOR_RESOURCE_2 ;
with TASK{TASK_ID}.
INTERTASK ( (_COMMUNICATION{RECEIVE _RESOURCE, 2} do
case RESOURCE_TYPE of
MESSAGE RESOURCE H
WAIT }\N‘D RECEIVE MESSAGE(pOint:t(MSG PTR) )

pointer (MSG_PTR)) ¢

SEMAPHORE_RESOURCE
WAIT_ON_SEMAPHORE (SEM_PTR") ;
BINARY_SEMAPHORE_RESOURCE :
WAIT_ON_BINARY_SEMAPHORE (B_SEM_PTR");
EVENT_RESOURCE :
WAIT_ON_EVENT (EVENT_PTR") ;
CONDITION_VARIABLE_RESOURCE :
WAIT_ON_CONDITION_VARIABLE (C_VAR_PTR"):
end; (¥ case...of *)
SIGNAL_RESOURCE_2
with TASK{TASK_ID) .
INTERTASK_COMMUNICATION{SIGNAL_RESOURCE, 2) do
case RESOURCE_TYPE of
MESSAGE_RESOURCE :
SEND_MESSAGE_TO (RESOURCE_TASK_ID, pointer (MSG_PTR));
SEMAPHORE_RESOURCE :
SIGNAL_SEMAPHORE (SEM_PTR") ;
BINARY_SEMAPHORE_RESOURCE :
SIGNAL_BINARY_SEMAPHORE (B_SEM_PTR");
EVENT_RESOURCE : -
SIGNAL_EVENT (EVENT_PTR-) ;
CONDITION_VARIABLE_RESOURCE :
SIGNAL_CONDITION_VARIABLE (C_VAR_PTR");
end; (* case...of ¥ -7
else (* Do Nothing *);
end; (* case...of *)
(* for...to...do *)

end;

WAIT_ON_EVENT (PERIODIC_EVENT) ;
STOP_TIME := GET_MILLISECOND_TICKS;
if (STOP_TIME - START_TIME) <= PERIODIC_DELAY.MILLISECONDS then
inc (PERTODIC_TIME_MONITOR.SUCCESSFUL) 7
anc (PERIODIC_TIME_MONITOR.TOTAL) ;
untal false;
(* with...do *)
(* GENERAL_TASK *)

procedure PROCESS_APPLICATION TASK_SPECIFICATION_FILE;

(e e e e ettt et es et aaata st a N et e et a et r et T avtatabarterastatravarravary)

(v

This reoutine parses the
(* database and creats the application tasks.

.CSV file and creates the task specification *)
-

D T D R PP T TP PO PP

type

function UP_STRING(S :

et e Nt aaa e et ee et eeer et ee s ettt eraaratetarrantary
t )
{* Defimition of the initial priority assignment gene (other gene *)
{* definitions come directly from the TASKING unit). .
PSS S P IPE Pt SO DA S SR
{ )
PRIORITY_ASSIGNMENT ALGORITNME = (
[eeveaTeassennensieresnssveesessssvesesererevesorssaravessresereseves)
(* All tasks are initially assigned the same priority. )
DT PO TSP DOt SETEES PSPPSR SISO S0P IININN PN
UNIFORM_ASSIGNMENT,
R
(* All tasks are initially assigned random priorities. )
[v4easseatassssssanessssastersasserveserrresetresetresterereaservany)
M_ASSIGNMENT,
[s4eeaTeeanatsstssasssssassessastevesstvectervastrrestresseavarerans)
(* Task priorities are assigned based on execution rates: higher *)
(* execution rate implies higher priority. .
(veveasaraaesvasermiesneriesieesiesiessvesvasevasvesrrevaserecraecs)
RATE_MONOTONIC_ASSIGNMENT,
(s4eToveeraassTeasassssvevssrssssserasstrvosevvossavassastserssssassy)
(* Task priorities are assigned based on execution deadlines: *)
(* earlier execution deadline implies higher prioraty. .
[v4eesseanassassassssrsssssssvasesstvesetvossovasseraceatsssassssassy)
DEADLINE_MONOTONIC_ASSIGNMENT,
(+eeveraTererereasTorvarasevabststsststassatarcreatararosrarararvane)
(*+ Task priorities are assigned based on workload level: higher *)
(* workload implies higher priority.

T e e e R AR A

WORKLOAD_MONOTONIC_ASSIGNMENT) ;
R e e e AR At

[eevaeeeasetaseemaatiesieateiaeryvesvaseratetttattetittatettetrietvanye)
.

{* Used to create the application tasks.

[evaaeseatasaectaserverversevatevesyveserettateatitttitiiearerravyanye)

TASK_ID : TASK_IDS;

TASK_ATTR : TASK_ATTRIBUTES:

(+eveeresrerretseeserttraststistasratiatattatrertetatasisiciceiararey)
{* Used when determining how the task priorities should be assigned. *)
(+4evasasasensetsatarasseratasyaveresasrerereverottereterererettarars)
INITIAL_PRIORITY_ASSIGNMENT : PRIORITY_J ASSIGNMENT_] ALGORITNMS;

P R L Sl
.
(* Used to get the random number generator seed so that the results *)
{* are reporducible.
(..............----....................................................,

RANDOM_NUMBER_SEED : longint;

(e eaaetteteraeevaerreteranerattvataveseraretttiattatiretireraaerierite)
(* Used to assign initial priorities {i.e. Workload and Deadline *)
{+ Monotonic).

(...................................................................-..,
MAXIMUM_MSEC_DEADLINE : integer;
MAXIMUM_MSEC_WORKLOAD : integer;

R S L AR Ad ]

Used to hold the actual priorities of the application tasks. *

PR T R R R T A L A ) |

PRIORITIES : array {1l..MAX_TASKS} of USER_PRIORITIES;

R D R R A2 d ]

Loop Control Variable for creating all application tasks. *)

R D AR A AL AT A

LCV

(+
integer;

string) : string;

R R R R L IR AT}

(*

Thas routine returns a string corresponding to the upper case value *)

(+ of the string passed to it.

("'..""""'"'"'ttttttt'"'tt"""""'"""'"""""'."""'t'ttt)
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var ICV : integer;

begin (* UP_STRING *)
UP_STRING{0} := S{0};
for ICV := 1 to length(s) do
UP_STRING{LCV} := upcase(S{LCV});

end: (¥ UP_STRING *)

procedure PROCESS_INI_FILE;

(v
(v
(v
(v

e D e

This routine parses the .INI file to determine how the task priorities ')
should be assigned as they are created.
B S S S P
COMSE [*44%evasasesetssateeesetesssessessesssoseossesssssessestasssesesere)
(* The following are used to parse the INI file lines of text. *)
(49000 eeeveanaeteiveteetteetitstoctettertrertetresiteteseterereseses)
APPLICATION_LABEL = ' {APPLICATION}';
COMMENT_DELIMITER -
INITIAL ] _PRIORITY_ASSIGNMENT_CONTROL =
RANDOM NUMBER SSED CONTROL -
UNIFORH ASSIGNMENT FLAG -
RANDOM _) ASSIGNHSNT FLAG -

* INITIALPRIORITYASS IGNMENT * ;
* RANDOI ERSEED’;

' UNIFORMASSIGNMENT
* RANDOMASSIGNMENT * ;

* RATEMONOTONICASS IGNMENT * ;

* DEADL INEMONOTONICASSIGNMENT * ;
' WORKLOADMONOTONICASSIGNMENT * ;

RATE MONO‘I‘DNIC ASSIGNMENT FLAG
DEADLINE HONDTONIC ASSIGNMENT FLAG
WORKLOAD_} HONOTONIC ASSIGNMENT | '_FLAG

[ eea v err ettt ttettett ettt tttteantanearantantentenatstenterevan)
(* State variable that defines the section of the INI file that *)
(* 13 being parsed. .
R L P PP et
PARSING :
t
UNDEF INED,
APPLICATION_SECTION
) = UNDEFINED;

[s0veeoreertacrterrrrececreveranarrraey evreaveneens

[ INI fale parsing variables. *)

(veveesvavenes D R L R P PR s |

LINE H strinq;
INI_FILE T text;
POSITION : integer;

procedure ASSIGNMENT_VALUE (CONTROL : string;
PRIDRITY ASSIGNMENT_ALGORITNME) ;
PEY

“eeeveeTieeetacaeee)

(v

This procedure examines the global LINB searching for CONTROL, 4if *)
(* it is found then it’s string value 1s examined to see if it matches ')
(* one of the valid priority modes.

D

begin (* ASSIGNMENT VALUE *)

if UP_STRING(copy(LINE, 1, POSITION - 1)) = CONTROL then
begIn
delete(LINE, 1, POSITION)

while LINE{length(LINE)) = *

POSITION := 1;

1f UP_STRING(LINE)
then

' do delete (LINE, length(LINE), 1);

= UNIFORM_ASSIGNMENT_FLAG

UNIFORM_ASSIGNMENT

PARAMETE] )
else if UP_STRING(LINE) = RANDOM_ASSIGNMENT FLAG

then
PARAMETER RANDOM_ASSIGNMENT
else if UP. S‘I'RING(LINE) = RATE_MONOTONIC_ASSIGNMENT FLAG
then -
PARAMETER := RATE_MONOTONIC_ASSIGNMENT
else if UP. STRING(LINE) - DEADLINE_MONOTONIC_}\SSIGNMENT_FLAG
then
PARAMETER := DEADLINE_MONOTONIC_ASSIGNMENT
else if UP_STRING(LINE) = WORKLOAD_MONOTONIC_ASSIGNMENT_FLAG
then
PARAMETER := WORKLOAD MONOTONIC_ASSIGNMENT;
end; (* if...then *)

end; (* ASSIGNMENT_VALUE *)

procedure INTEGER_VALUE (CONTROL : string; var PARAMETER : longint);
[ T O e T
[ This procedure examines the global LINE searching for CONTROL, if *)

(* 1t is found, it’s integer value is set based on the rest of the LINE. *)
R D e |

B L L T T T T T PPN
(* Used to convert text to integers. .
[v40eaeveraveserertavreanecverarerneerevaearterataserettiraretereee)
VALUE : longint; CODE : integer:

begin (* INTEGER_VALUE *)

if UP_STRING(copy(LINE,
begin
delete (LINE,
POSITION := 1;
while LINE{POSITION} in {’0’..’8'} do inc(POSITION);
val (copy (LINE, 1, POSITION - 1), VALUE, CODE);

&, POSITION - 1)) = CONTROL then

1, POSITION);

if CODE = 0 then PARAMETER := VALUE;
end; (* if...then *)
end; (* INTEGER VALUE *)
begin (* PROCESS_INI_FILE *)
assign (INI_FILE, PROGRAN_NAME + *.INI');

(*SI-%) reset (INI_FILE); (*SI+*)
if ioresult = 0 then
begin
while not eof (INI_FILE) do
begin
readln{INI_FILE, LINE);
POSITION := pos(COMMENT_DELIMITER, LINE):
1f POSITION <> 0 then
delete(LINE, POSITION, length(LINE));
if UP_STRING(copy(LINE, 1, length(APPLICATION_LABEL))) =
APPLICATION_LABEL then
begin
PARSING APPLICATION_SECTION;
readln(INI_FILE, LINE);
POSITION := pos(CONMENT_DELIMITER, LINE);
if POSITION <> 0 then
delete (LINE, POSITION, length (LINE));
end; (* if...then *
POSITION := pos(’=’, LINE);
if (POSITION <> 0) and (PARSING = APPLICATION_SECTION) then
begin
ASSIGNMENT_VALUE (INITIAL_PRIORITY_ASSIGNMENT_CONTROL,
INITIAL_| PRIORITY ASSIGNMENT
INTEGER VALVE(RANDOH NUMEER SEED_¢ CONTROL,
NUMEER SEED] ,
end; (* if...then *)
end; (* while o *
close [INI_FILE};
end; (* if...then *)

end; (* PROCESS_INI_FILE *)

procedure PROCESS_CSV_FILE;

(v
(v
It
(v

reeveereerereeTeeeTy
This routine parses the .CSV file to determine the characteraistics
the application tasks.

B L PR

B T Y

of *)



type

const

function INTERPRET_FIELD{THE_FIELD :
TASK

(*
(*
(*

R T R Rk T PP

is valid.

(seessriresttsttttsintinnnt

[eeeeesttttttttttettttrttttttttttittteantarans
{* The .CSV file organization is very strict. The tasks
{* be specified with the following characteristics
{* be in the order listed below.

{sesescttttttattantaenans

*must
and they *must* *)

FIELDS =
o Pield Name Type .
TASK_NAME_FIELD, (+ Text Range su!zécmul ':
PERIOD_FIELD, {* mSec  0-1000 s )
DERDLINE_FIELD, {* mSec  0-1000 s )
HARDNESS_FIELD, (* mSec  0-1000 s )
WORKLOAD_FIELD, (* mSec  0-1000 s )
RECEIVE_RESOURCE_1_FIELD, (* Text 25 N
RECEIVE_RESOURCE_TYPE_1_FIELD, (* Text 10 .
RECEIVE_RESOURCE_TIME_1_FIELD, {* mSec  0-1000 S )
SIGNAL_RESOURCE_1_FIELD, {* Text 25 “)
SIGNAL_RESOURCE_TYPE_l_FIELD, (* Text 10 *)
SIGNAL RESOURCE_TIME_1 _FIELD, ({* mSec  0-1000 s )
RECEIVE_RESOURCE_2_FIELD, (* Text 25 )
RECEIVE RESOURCE_TYPE_2_FIELD, {* Text 10 )
RECEIVE_RESOURCE_TIME_2_FIELD, {* mSec  0-1000 S )
SIGNAL_RESOURCE_2_FIELD, {* Text 25 )
SIGNAL RESOURCE_TYPE_2_FIELD, ({* Text 10 N
SIGNAL_RESOURCE_TIME_2_FIELD {* mSec  0-1000 S “)

s

L T LT Ir]
icomma seperated text )

{* csv fxle format is

{soeveee teeabene

COMMA =

i
{:, CSV file parsing variables )

{seessstitrnritannne )

LINE string;

CSV_FILE text;

POSITION integer;

(sesetenanananeriie L P TR teessecseesreieieanne)
{* These are used as the task specification is parsed (1.e. as ‘)
{* the fields are stripped from the hne of tex\:). *)
R R R R R S SR PR PR sesecttttttttistenann)
PARAMETER : string;

PARAM_LCV : FIELDS;

FIELDS: var FIELD_STR :

Lnteqer) : boolean;
Seittettittitttitttetttatttesteneee)

This routine examines the contents of the field and determines if it *)

Note that very lidation is actually performed. *)
teesiieeettetttesttiottetttttetivens)

string;
NUMBER

Var (seeseesesseiteiietitiiiitiitittitirtiteteiteieietitietitieritities)

{* Temporary
HE s ¢t

VALID_RESULT :

return vali

boolean;

(saeececanan cessenane

)
{* Used to determine the validity of numeric fields. *)
(saestacananturtavaretetestsurtararestetettttettetertatertatateatane)

VALUE, CODE : integer;

begin (* INTERPRET FIELD *)

VALID_RESULT := Erue;
with TASK(TASK_NUMBER)
case THE_FIELD of

TASK_NAME_FIELD :

TASK_NAME := FIELD_STR;

PERIOD_FIELD : -
begin

val{FIELD_STR,

1f {CODE = 0)

do

VALUE, CODE);:
and {VALUE > 0)
then
PERIOD
else
VALID_RESULT
end; (* Period *)
DEADLINE_FIELD :
begin
val(FIELD_STR,
1f {CODE = 0)

:= VALUE

:= false;

VALUE, CODE);
and (VALUE >= 0)

then
DEADLINE := VALUE
else
VALID_RESULT := false;
end; {* Deadline *
HARDNESS_FIELD :
begin
val {FIELD_STR, VALUE, CODE);
if {CODE = 0] and {1 <= VALUE) and )VALUE <= 10}
then
DEADLINE_HARDNESS := VALUE
else
VALID_RESULT := false;

end; {* Hardneas *)
WORKLOAD_FIELD :
begin

val{FIELD_STR, VALUE, CODE);

if (CODE = 0) and {(VALUE > 0)
then
WORKLOAD := VALUE
else
VALID_RESULT := false;
end; {* Workload *)

RECEIVE_RESOURCE_1_FIELD :
with INTERTASK_COMMUNICATION (RECEIVE_RESOURCE, 1) do
RESOURCE_NAME := FIELD_STR:
RECEIVE_RESOURCE_TYPE_1 _FIELD :
with INTERTASK COMMUNICATION (RECEIVE_RESOURCE, 1) do
begin
if FIELD_STR = 'EVENT' then
RESOURCE_TYPE := EVENT_RESOURCE
else if FIELD_STR = *SEMAPHORE® then
RESOURCE_TYPE := SEMAPHORE_RESOURCE
else if FIELD_STR = 'MESSAGE® then
RESOURCE_TYPE := MESSAGE_RESOURCE
else if FIELD_STR = 'BSEMAPHORE' then
RESOURCE_TYPE := BINARY_SEMAPHORE_RESOURCE
else if FIELD_STR = 'COND_VAR' then
RESOURCE_TYPE := CONDITION_VARIABLE_RESOURCE
else if FIELD STR <> 'NONE' then
VALID_RESULT := false;
DEFINED := VALID_RESULT and (FIELD_STR <> °NONE');
end; {* Resource Type *)
RECEIVE_RESOURCE_TIME_l FIELD :
begin
val (FIELD_STR, VALUE, CODE):
if (CODE = 0) and (VALUE >= 0)
then
INTERTASK_ comwxcmmmuc:rvz RESOURCE, 1).
RESOURCE_TIME =

else
VALID_RESULT := false;
end; (* Communication Time *)
SIGNAL_RESOURCE_l FIELD :
with INTERTASK_COMMUNICATION{SIGNAL_RESOURCE,
RESOURCE_NAME := FIELD_STR;
SIGNAL_RESOURCE_TYPE_1_FIELD :

1) do

with INTERTASK_COMMUNICATION{SIGNAL_RESOURCE, 1)
begin
1f FIELD_STR = °EVENT' then
RESOURCE_TYPE := EVENT_RESOURCE
else if FIELD_STR = °SEMAPHORE®’ then
RESOURCE_TYPE := SEMAPHORE RESOURCE
else if FIELD_STR = 'MESSAGE’ then
RESOURCE_TYPE := MESSAGE_RESOURCE
else if PIELD_STR = °BSEMAPHORE' then
RESOURCE_TYPE := BINARY_SEMAPHORE_RESOURCE
else 1f FIBLD STR = 'COND VAR’ then
RESOURCE ' TYPE := CONDITION VARIABLE _RESOURCE
else if FIBLD STR <> *NONE® then
VALID_RESULT := false;
DEFINED := VALID_RESULT and {FIELD_STR <>
end; {* Resource Type *
SIGNAL_RESOURCE_TIME_l_FIELD :
begin -
val{FIELD_STR, VALUE, CODE);
if {CODE = 0) and {VALUE >= 0)
then
INTERTASK_COMMUNICATION{SIGNAL_RESOURCE,
RESOURCE_TIME := VALUE

do

*NONE*);

1).

else
VALID_RESULT := false;
end; {* Communication Time *)
RECEIVE_RESOURCE_2_FIELD :
with INTERTASK_COMMUNICATION{RECEIVE_RESOURCE,
RESOURCE_NAME := FIELD_STR;
RECEIVE_| RESOURCE. ._TYPE_2_| FIELD :
with INTERTASK COMMU'NICATION(RECEIVE RESOURCE,
begin
if FIELD_STR = °*EVENT’ then
RESOURCE_TYPE := EVENT_RESOURCE
else if FIELD_STR = °*SEMAPHORE®' then
RESOURCE TYPE := SEMAPHORE_RESOURCE

2) do

2) do

else if PIELD STR = *MESSAGE® then
RESOURCE_ TYPE := MESSAGE_RESOURCE
else 1f FIBLD STR = °*BSEMAPHORE' then

RESOURCE ' TYPE := BINARY_SEMAPHORE_RESOURCE
else if FIELD STR = ‘COND VAR' then
RESOURCE TYPE := CONDITION VARIABLE_RESOURCE
else if FIBLD STR <> ‘NON‘E' then
VALID_| RESULT := false
DEFINED := VALID_RESU'LT and {FIELD_STR <> 'NONE');
end; {* Resource Type *
RECEIVE_RESOURCE_TIME_2_FIELD :
begin
val{FIELD_STR, VALUE, CODE);
if (CODE = 0) and (VALUE >= 0)
then
INTERTASK_COMMUNICATION{RECEIVE_RESOURCE, 2).
RESOURCE_TIME := VALUE -
else
VALID_RESULT := false;
end; {* Communication Time *)
SIGNAL_RESOURCE_2_FIELD :
with INTERTASK_COMMUNICATION{SIGNAL_RESOURCE, 2) do
RESOURCE_NAME := FIELD_STR;
SIGNAL_RESOURCE_TYPE_2_FIELD :
with INTERTASK_COMMUNICATION{SIGNAL_RESOURCE,
begin
if FIELD_STR = °EVENT® then
RESOURCE_TYPE := EVENT_RESOURCE
else if FIELD_STR = °*SEMAPHORE' then
RESOURCE_TYPE := SEMAPHORE_RESOURCE
else if FIELD_STR = 'MESSAGE® then
RESOURCE_TYPE := MESSAGE_RESOURCE
else if FIELD_STR = °BSEMAPHORE' then
RESOURCE_TYPE := BINARY_SEMAPHORE_RESOURCE
else if FIELD STR = *COND_VAR' then
RESOURCE_TYPE := CONDITION VARIABLE_RESOURCE
else if FIELD_STR <> 'NONE' then
VALID_RESULT := false;

DEFINED := VALID_RESULT and (FIELD_STR <>
end; {* Resource Type *)
SIGNAL_RESOURCE_TIME_2_FIELD :

begin
val{FIELD_STR, VALUE, CODE);
if )JCODE = 0) and {VALUE >= 0)
then
INTERTASK_COMMUNICATION (SIGNAL_RESOURCE,
RESOURCE_TIME := VALUE

2) do

*NONE') ;

else
VALID_RESULT := false;
end; {* Communication Time *)
else VALID RESULT := true;
end; {* case...of *]

INTERPRET FIELD := VALID_RESULT;
end; {* INTBRPRET FIBLD )7

begin {* PROCESS_CSV_FILE *)
{* Remove repart file from previous run {if it exists) *)
assign{CSV_FILE, PROGRAM_MNAME + *.RPT*);
(*SI-*) reSet{CSV_FILE): {*$I+*)
1f ioresult = O then
begin
close {CSV_FILE);
erase{CSV_FILE);
end; )* if.T.then *)

a::an(CSV FILE, PROGRAM_NAME +
*$I-*) reset{CSV_FILE); ({*SI+*)
it foresuit = o then
begin
NUMBER_OF _TASKS

*.C8V*):

= 0;

while not eof{CSV_FILE) do
begin
readln{(csv_FILE, LINE);

{* Make sure there is a comma at the end of the line *)
LINE := LINE + COMMA;

while LINE(l) = * * do delete{LINE, 1, 1);

if UP_STRING{copy{LIME, 1, pos{COMMA, LINE)-l)) = *'TASK=' then

begin

delete (LINE, 1, pos{COMMA, LINE));

(* Parse valid task identification line *)

inc (NUMBER_OF_TASKS) ;

PARAM_LCV = Low(FIELDS):

repeat
PARAMETER := UP_STRING{copy {LINE,
1f not INTERPRET FIELD{PARAM _LCV, PARAME

NUMBER_OF_TASKS)

TER,
then
halt(l);
PARAM_LCV := succ{PARRM_LCV):
delete(LINE, 1, pos{COMMA, LINE));
until {length{LINE)
end; {* af then *)
end; {* while...do *)
close{CSV_FILE);
end; {* if.T.then *)
(* PROCESS_CSV_FILE *)

end;

begin (* PROCESS_APPLICATION TASK_SPECIFICATION FILE *)
PROCESS_INI_FIL!

{+ setup default task parameters *)
with TASK_ATTR do
begin
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1, pos{COMMA, LINE)-1));

= 0) or {PARAM_LCV > high{FIELDS));



STACK_WORDS_NEEDED := 4000;
(* Use default error handlers *)
ERROR_HANDLERS [TASK_ALREADY_ACTIVE) 1=
ERROR_HANDLERS [ INSUFFICIENT_RESOURCES) :=
ERROR_HANDLERS [TASK_IS_NOT_ACTIVE) I
ERROR_HANDLERS [TASK_ALREADY_SUSPENDED) := nil;
ERROR_HANDLERS [ILLEGAL_TASK_ID) I
ERROR_HANDLERS [ILLEGAL_OPERATION) 1=

end; (* with...do *)

PROCESS_CSV_FILE;

(* Determine maximum execution period, deadline and workload *)
MAXIMUM_MSEC_PERIOD := 1;
MAXTMUM_MSEC_DEADLINE := 1;
MAXTMUM_MSEC_WORKLOAD := 1;
for LCV := 1 to NUMBER_OF_TASKS do
begin
if TASK[LCV).PERIOD > MAXIMUM_MSEC_PERIOD then
MAXTMUM_MSEC_PERIOD := TASK([LCV).PERIOD;
if TASK[LCV).DEADLINE > MAXIMUM_MSEC_DEADLINE then
MAXIMUM_MSEC_DEADLINE := TASK[LCV).DEADLINE;:
if TASK[LCV).WORKLOAD > MAXIMUM_MSEC_WORKLOAD then
MAXTMUM_MSEC_WORKLOAD := TASK[LCV).WORKLOAD;
end; (* for...to...do *)

(* Assign initial task prioritiea *)
case INITIAL PRIORITY_ASSIGNMENT of
UNIFORM_ASSIGNMENT :
for LCV := 1 to NUMBER OF_TASKS do
PRIORITIES [LCV) := (hth(usza PRIORITIES) 4+ low(USER_PRIORITIES))
iv 2;

randseed := RANDOM_NUMBER_SEED;
for LCV := 1 to NUMBER OF_TASKS do
PRIORITIES [LCV) := :andom(hth(USER PRIORITIES) -
low (USER_PRIORITIES() +
low (USER_| PRIORITIES);
end; (* Random Assignment *)
RATE_MONOTONIC_ASSIGNMENT :
for LCV := 1 to MUMBER_OF_TASKS do
PRIORITIES[LCV) := LON(USER PRIORITIES) + high(USER_PRIORITIES) -
round (high (USER_PRIORITIES (
TMUM_MSEC_PERIOD * TASK[LCV).PERIOD);
DE’.ADLINB _MONOTONIC_ASSIGNMENT :
LCV := 1 to MUMBER OF_TASKS do
PRIDRITIBS[LCV] = LON(USER PRIORITIES) + hivh(USBk PRIORITIES)
round [hl.qh (USER_PRIORITIES)
MAXD{UM_MSEC_DEADLIN‘E . T}\SK[LCV) DEADLINE) ;
WORKLOAD_MONOTONIC_ASSIGNMENT :
for LCV := 1 to NUMBER OF TASKS do
PRIORITIES [LCV) round( (high (USER_PRIORITIES) - 1) /
MAXTMUM_MSEC_WORKLOAD * TASK[LCV).WORKLOAD) ;

end; (* case...of *{(

for LCV :
begin
TASK_ATTR.PRIORITY := PRIORITIES[LCV);
CREATE [TASK_ID, TASK_ATTR, GENERAL_TASK);
TASK[LCV) . TASK_ID = TASK_ID;
TASK[LCV) . TASK_| PRIORITY := TASK_ATTR.PRIORITY:
end; (* for...to. .
end; (* PROCESS APPLICATION TASK_SPECIFICATION_FILE *)

1 to NUMBER_OF_TASKS do

begin (* REAL TIME_RPPLICATION *)
(* Determine whether report file is zequued or not *)
GENERATE_REPORT_FILE := (paramcount = 0);

(* Determine base filename for input/output files *]
PROGHAN_NAME := paramstr(0);
delete (PROGRAM_NAME, length (PROGRAM_NAME] - 3, 4);

(+ Establish task database and create application tasks *)
PROCESS_APPLICATION TASK_SPECIFICATION FILE;

(* Setup the supervisor task *)
wWith TASK_ATTR do
begin
PRIORITY = high(USER_PRIORITIES);
STACK_WORDS_NEEDED := 2000
(* Use default error handlers *)

ERROR_HANDLERS [TASK_ALREADY _ACTIVE) nil;
ERROR ! _ HANDLERS [ INSUFFICIENT ! " RESOURCES) nil;
ERROR_} _HANDLERS [TASK_IS_NOT_ACTIVE]) nil;
ERROR_} _HANDLERS [TASK_J ALREADY _SUSPENDED) n%li
ERROR_HANDLERS [ ILLEGAL_TASK ID] nil;
ERROR_! _HANDLERS [ ILLEGAL_( OPERATION [ nil;

end; (* with...do *)
CREATE (SUPERVISOR, TASK_ATTR, SUPERVISOR_TASK):
end. (* REAL_TIME_RPPLICATION *)
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9.2 GRAPH-GA.PAS

Program GENETIC_ALGORITHM_THESIS

(* This program uses a Genetic Mqozxthm (G}\) to search the
( foz the 'best’

output) ;

solution to the problem problem  space 1)

sresscecettttittttctonney

Compiler Options (Ver. 7.0} )
Word Alignment )
Short Circuit Boolean Evaluation *}
Debug Code Generation ON (Sort of} )
Requires /V option to BPC to activate *)
Local Debug symbols ON (Sort of) ‘)
Requires /V option to BEC to activate *)
F?z calls only as needed .
1/0 Checking OFF i
(*$M SFFFO, SFFFO, $FFFO Memory (Stagk Minheap, Maxheap} ';
(+9N- Software Emulation of BOx87 )
(+s0- Overlays NOT allowed )
(+sp- Standard ‘string‘ parame )
(+sQ- Overflow Checking OFF )
(*$R- Range Checking OFF )
(*$5- Stack Checking OFF *)
(*5v- Var-string Checking OFF )
(*$T+ Force Typed ‘@’ references v}
(*$X+ Enable E M

uses

const

type
const

type

const

eeeerettececene)

dos, crt, graph, GRAPHICS,
(*SIFDEF MATH_GA *)
MATH_GA;
(*SELSE *)
RTOS_GA:
(*SENDIE™ *)

BMP_UTIL,

(so0esscccssseernnne

.

n.nnnnn.n-nnnnnnnnnnn)

(* Used to allow a single routine to be used as ‘paint screen’ or as *)
(* ‘update as needed’ drawan .
(so00ovevssessrecvecvans
FORCE_UPDATE = true;

DO_NOT_FORCE_UPDATE = false;

sevecesrerictettctereinen)

(so0esssccssseeeranvone

sessssectessttovesstiever)
(*  Command line controllable parameters. *)
(#erereeeststiottecetetitiitiieticctscsstitesecrececcrttttetitrtrrirrns)

Control flag used to specify that the reverse video colors *)

L P PP
REVERSE_VIDEO boolean = false
(seeeeeToossessocransanserses
(*  Ccontrol flag used to specify that the display should be 640x480, -)
(* BOOX600 or 1024x768, 1280x1024.
‘.....................................................................,
VIDEO_MODES = (NO_DISPLAY MODE, VGA, SVGA, VESA, SVESA);

DISPLAY _MODE VIDEO_MODES = NO_DISPLAY MODE;

(sovesvesTorrsvrsrreseTorsrusetesTooreessioveesssorecsttorersrosveeives)

(* When in graphics mode the follobl colors are used for drawing
(* screen.
(sooeseeserssrsrretestertetrestesteettosttttrooveasrrosveesrossresvrosns)
GRAPHIC_COLORS = record
BACKGROUND_COLOR H
AXIS_COLOR
GRID_COLOR
AXIS_LABEL_COLOR
GRAPH_COLOR
STATUS_COLOR :
STATUS_HIGHLIGHT_COLOR :
MAIN ° TITLE COLOR ™ :
BOR.DER COLGR :
end; (* GWHIC_COLORS *}

)
the *}

}

(+ NI file only configurable parameters.
(sovvasassssasaset PR 8 S e
)
)

h IMAGE_XX.BMP fil

IMAGE_DIRECTORY dirstr = *

(sovevesescscssssroscsres T L T )

followi; lors in 1

hi

NORMAL  GRAPHIC_COLORS =
(
BACKGROUND_COLOR : black:
AXIS_COLOR : lightgray;
GRID_COLOR : darkgray:
AXIS_LABEL_COLOR : white;
GRAPH_COLOR : cyan;
STATUS_COLOR : yellow;
STATUS_HIGHLIGHT COLOR : white;
MAIN_TITLE_COLOR lightcyan;
BORDER_COLGR green

displ: colors in reverse video. *}

GRAPHIC_COLORS =

{
BACKGROUND_COLOR

: white;
AXIS_COLOR : darkgray:
GRID_COLOR : lightgray:
AXIS_LABEL_COLOR : black:
GRAPH_COLOR : blue;
STATUS_COLOR : red;
STATUS_HIGHLIGHT_COLOR : lightred;
MAIN_TITLE_COLOR : lightblue;
BORDER_COLOR green

}

P )

(evvvees
(* The maximum number of graphs on the screen at any one time.

P R e Rt R T A
(eevevececracracnse

MAX_NUMBER_OF_GRAPHS = 3;

.}

(* User controllable parameters (run-time cont:ols)

ssseesescsssceren)

(+Controls hou many graphs are being displayed.

IR O R P R R seevesvsssseseceee

NUH'BER OF_GRAPHS_TO, DISPU\‘{ O..MAX_NUMBER_OF_GRAPHS = 0;

sesesvrssrenn)

esesececes

(- Allows the user to pause the display.

sessessesccetrecrenre P T Rt AL T LI

boolean = fals

USER_PAUSED o
(* Allows fm— an orderly shutdown of the application. ¢

(eoeeeves D R I T T T T )

*)

e R R IR

(* The following constants are used to control sizes/offsets of the *}

123

}
POINT_SI2E TICK LENGTH = 4 CURSOR_SI2E = 5;

EDGE_OFFSET = 4;

(+esrseeseccscccrrcscecssosseoseos
(2., MS7D0S exit codes (i.e. ‘errorlevel’}.
(vessesseesscsasecscesseas cevrene

INVALID_PARAMETER_ERROR_LEVEL - 20
NON_SUPPORTED_VIDEO_MODE_ERROR_LEVEL = 30;

ceesees)

T s

(voevveesresacascsssessersrersrtiocosossosrosrsosrsstssstsstssstssrsoess)

(¢, General purpose special characters
(vovveveesessonsvene

BELL = chr($07); (* Bell chazactez i
SPACE = chr($20); (* Blank character *)
CR = chr($0D}); (* Carriage Return *)
LF = chr($OA}; (* Line Feed *}
BS = chr($08}; (* Backspace *}
ESC = chr($1B); (* Escape v}
NULL = chr($00}; (* Preceedes extended keys *}

‘)
(*  The axis cross point can be placed anywhere on the graph. )
[ L L T T T T T A e TR LT T
AXIS_TYPES = (AUTO_AXIS, FORCE_LL, FORCE_LR, FORCE_UL, FORCE_UR};
(* )
(., The graph can be positioned at various places on the screen. )

R R R R L R S T T R TR P T

GRAPH_POSITIONS = (FULL_SCREEN, TOP_HALF, BOTTOM \_HALF, TOP_THIRD,
HIDDLE THIRD, BOTTOM {_THIRD};

(#o0evestoreoroscososcororcerrorerssrersotseterertotescosssscsvsssscsscs)

(*  Type to specif: t for th

(v
AXIS = (X_AXIS, Y_AXIS);

veevessees

cify how the gzaph should be drawn. *)

(v900sessessetsccscescessecreesrrevrvanrvannee

(*  Type

(sovvsree cevetievesiones B Ty T T T T T T TP PP Pas |
GRAPH_TYPES = (BAR_GRAPH, LIN'B_GWHL

(sooee R T TITTTITITT I T veesen vevees)
(* Graph lines are a sequence of points defined by this type. *)

R R P P PP S PR PP e P IS
GRAPH_PTR = "POINTS;
POINTS = array(O..POPULATION_SI2E] of record
POSITION : array(AXIS] of reals
end; (* LINES ¢}

(s000vsecessrissssrecscssossssrnane

(* The user controllable attributes (as uell as some fixed paramters)®)
(* of the graph are kept in this record t

(s000vevesteseocsrsescvsrsescrese .................-.................)

T

(* Main title to the graph. )

[ et T R R P P PP R TP PP R PP PP

sevsseseesne)

cevesveoey

(* Line or bar graph indicator. .
L S S PP

(* FIRST and LAST refer to the indices of the VALUES array. *)

R T T R T e LI o

ceseeny

tick marks *}
raph is setup.*}
*)

(* For each axis the maximum, minimum and number
(* must be specified. The range is calculated as the
(sesesesessvecerssscassssscaces

HIGH_LASEL, LOW LASEL,

RANGE, NUMBER OF_TICK_MARKS
(voevseesecseesesasesTossssrrennes
[ The label for th

arzay (AXIS] of string(10]

of

array(AXIS] of longint;

B L R TI Y S T P PP PP

array(AXIS) of boolea

he Y-Axi

boolean;
(* GRAPH_SCALE_INFO *}

AVERAGE_DETECTION :
end;

(one
( Data stucture that keeps all of the information about a graph so *}
(* that the graph display functions can access the correct graph when *}
[ th, is bei displ d i .

(v
GRAPH_INFO = record

}

SessssseteeetTeteeaTocetttttttttetttttitttttttttttttttetttttats)

(* X and Y values for the previous peaks/averages (allows peaks/ *}
(* averages to be removed}. *}
R I R T T T T T T T TR
PREVIOUS_PEAK, PREVIOUS_] PEN( VALUE, PRSVIOUS }\V'ERAGE VALUE
(seesvesToresecrsrssnssss tessesseesTrrere .
(* Offset of the graph into the qnpmc window on the screen. .}
(soesvesecsesccressiecctsrrsnsnnse R T I TP R
HORI2ONTAL_OFFSET, VERTICAL_OFFSET
(+evressreTosesvsssscersassresses
(* Sizes of the graphic window on
(* video mode selected).

R R T T A T T T T T

HORI2ONTAL_SI2E, VERTICAL_SI2E : 1;
(v R

real;
cevesesey

real;
tereststestssttttettsttstoscones)

the (function of the *}

acreen

cereeny
(* Offset of the graph axis within the graphic window. B
[ ERTIR T IO CDNIOS F3 SRR TN S S S T
X_ OFFSET, Y_AXIS_OFFSET :

g soTee

(* The actual data that is being graphed,

and the array limits. ¢}

e L e

VALUES : record
FIRST, LAST : integer;
DATA : array(0..POPULATION_SI2E] of real;
; (* VALUES *)

(* Pointers to graphic points that are being graphed after the *)
(+ appropriate conversion from value to pixel has been done. .

*)
GRAPH_PDZNTS.

(+ The color of the line bemq qzaphed
(v . veeecess

GRAPH_PTR;

R T

PREVIOUS_( GWH POINTS

GRAPH_COLOR :
end;

word;

(* GRAPH_INFO *}

(
(+  Maximm X and Y values for the graphica mode selected, .

R LR T T LIPS

MAX_X, MAX_Y : integer;

(sovevevens esessssescessesreceseee




t, The data structure for the graphs being displayed. .
{seeeesessscere R L T L T T SN
PLOT : array (1. HAX NUMBER OF_GRAPHS) of GRAPH _INFO; )

($+%essesssssstestesteststtstteettestessetorsterestsosnansssesoscnnnssns
(- The graphic display uses the following colors variables for both -))

normal and reversed color modes.
(...... B T LT T T T T U
crsesesaseey

SCREEN : GRAPHIC_COLORS;

E:.ﬁf.'.;s?;;?:oiailiﬁ‘.f’ﬂsii’ change the scales being used, this data *)

L —
(L Contanne s of the g Said ncormation )
i e eereerereeneeeennl)
(1...9289 52 Suom on/eft peax devectaon for sach of the acis )
l(’EAK DETECTXON';'SEET¥'[?XIS) of boolean; T
(1.,.0259,to fum onort average detection for the vonuia, )
AVERAGZ_DZTECTXON : boolean; remnemnnammesesees

end; (* USER_t GRAPH_SCALES *)

var USER_GRAPH :

e auay (1..MAX _NUMBER_OF GRAPHS) of USER_GRAPH_SCALES

Seesessesiiiiiisititiititiesiiey
The offset from the edge of the screen to the graph is a function -)
(* of the graphics mode selected.

[ S ereserrene

GRAPH_OFFSET : integer; MESSAGE_REGION integer;

(Feoeoreoeettttttttrtistesiirttittittttttrtiosetesrssetesresstesieortees)

(* Graphic Video Driver mode parameter. .
(#0 o oo oo vresstirsttsssstsrisetosttotsstiosessssosessssreesssrrenssssres)
GRAPHICS_MODE : integer;

vesess

.

(s90s0esessessessssassnnes sssesessesesssseseasese)
(* Address of previous exit procedure in the exit call chain. .
B R T TR T R e Lt |

SAVE_EXIT : pointer;

function INT_STR(I: longint): string;

[ L T T LT TS

(* Convert any integer !ype zo a s:un
R R R T e

.

vesseeseesssesssrsersrsrssrsrnee)

var § : strang(ll);
begin (* INT_STR *)
str(I, S);
INT_STR := S;
end; (* INT_STR *)
function REAL_STR(R:
(sessssssssseToscsssannes

{* Convert real t to a string (same format as

(sosevesesevessans R

F2

real; Fl, integer): strang:

R R R R R L T R T R R R R

ite(R : Fl1 : F2)) %)

var S : string(ll(;

begin {* REAL_STR *)
str(R : Fl : F2, §);
REAL_STR := S;

end; (* REAL_STR *)

function X_POSITION(var X : real; GRAPH ER : integer) : real;

(seesreneaTasusssssstossssssssrsversresToreensorasarerasossssssetossssssrsses)
(* Determines the X position within the graphics window that corresponds *)
{* to the X value passed in. *)

(sovssssosrsnrrosotorersssssssstssssresesssssstiitittitittititisiisiisiieirere)

Var (seeeseeseserevesersutittititistereretierettetetestertiittstitiatiatates)
(* Temporary graphic screen position. .

(sossessacees P L L R T T ]

POSITION : real;
begin (* X_POSITION *)
with PLOT(GRAPH_NUMBER( do
with GRAPH_SCALES do
begin
X = X - LOW_LABEL(X_AXIS) - 1;
POSITION := HORIZONTAL OFFSET + 1 +
(X * (HORIZONTAL_SIZE)) / RANGE(X_AXIS):
if (HORIZONTAL_OFFSET <= POSITION) and
(POSITION <= (HORIZONTAL_OFFSET + HORIZONTAL_SIZE))
then
X 1= X + LOW_LABEL(X_AXIS) - 1
else
X := LOW_LABEL([X_AXIS) + 1;
X_POSITION := POSITIOH;
end; (* with...do *)
end; (* X_POSITION *)

function X_VALUE(POSITION : integer; GRAPR NUMBER : integer) :'553}5'"“'"“)
[sevssosssTorssssvennassrsiossssivassvvossTosssssnssrenese :
84 Determines the value of the function at the graphic position passed in, )

{* this function assumes the entire screen is the viewport. ..........-.......)
(sosssvansss P e T R S e

begin (* X_VALUE *)
with PLOT[GR}\PH NUMBER) do
with GRAPH_SCALES do
begin
X_VALUE := LOW_. LABEL (X ! AXIS) +

(POSITION - HORIZON‘I‘AL OFFSET) /
HORIZONTAL_SIZE * RRNGE[X_AXIS [

end; (* with...do *)

end; (* X_VALUE *)

function Y_POSITION(var Y : real; GRAPH_NUMBER : int

DO A R S L L TR T Y sesesesseee)

corresponds *)

:- Determines the Y po:uxon within the graphics window that
{* to the Y vali

(sosveessvoesees

esessssssssssassassesss)

sessseststesteatettet st esbestettsEEbIbtsbssttesEatssbstIL IS LILLY)
t

graphic screen position.

var .

ceesssssssresesessstreass)

POSITION : rea
begin (* Y_POSITION *)
with PLOT (GRAPH_NUMBER) do
with GRAPH_SCALES do
begin
Y := Y - LOW_LABEL(Y_AXIS[ - 1;
POSITIOH := VERTICAL OFFSET + 1 +
(VERTICAL_SIZE - (Y * VERTICAL_SIZE) / RANGE(Y_AXIS();
if POSITION > (VERTICAL OFFSET + VERTICAL SIZE - 1) then
Y_POSITION := VERTICAL OFFSET + VERTICAL SIZE - 1
elss if POSITION < (VERTICAL OFFSET + 1) then
Y_POSITION := VERTICAL_OFFSET + 1

else
Y_POSITION := POSITION:

end;

function Y VALUE(POSITZON H

(v
(v
(v
(v

Y := Y 4+ LOW_LABEL(Y_AXIS( + 1;
end; (* with...do *)
(* Y_POSITION *)

integer; GRAPH_NUMBER : integer) : real;
eesssessTeessesssnns eeiesseseTessesettstessstesertssssssosessont)
Determines the value of the function at the g(nphlc position passed in, *)
this function assumes the entire screen is the viewport. *)

et esssetet ettt tetttessatetetesestetetttosetetttasttttttttttstetstsssssttess)

begin (* Y_VALUE *)

(v
(v
(v

124

procedure UPDATE STRTUS HESS&GZS(FOFICE UPDATE :

with PLOT [GRAPH_NUMBER) do
with GRAPR_SCALES do
begin
Y_VALUE := LOW_LABEL(Y_AXIS) +

(VERTICAL_SIZE + VERTICAL_OFFSET - POSITION) /
VERTICAL_SIZE * RANGE (Y_AXIS);

end; (* with...do *) -

end; (* Y_VRALUE *)

boolean);

Updates the status messages with the present value of the status flags. °*)

R R I R LT TR TR L Y

seseeeey

type esesseses
This type allows smaller strings to be manipulated for the date ')
(* status since the date is a fixed length.

(#oeovesesrosccsccccscorcssscssostotosrsstertosststostostsssstsssavese)

DATE_STRINGS = string(8);

(sooee

(#eessssrresssstttttsstitectostitecssstitosssssrrtssstssrrsssssstteces)
(* Type used to contain suans fo( the p(e:ent PC clock time. *)
(seessttresscasteccecerrottcstiiosssnrier teecstssessssessssrese)

TIME_STRINGS = string(l2);

COMIL (#+++ssseressssssssossseesssttoresssttosasarotuossasssssssssssssseses)
(84 The previous status parameters are maintained static so that *)
(* the update is flicker-free. M

(soesvoveseeretecroctoccctoscotoscsrostsststesessossssteststestsrrrees)

PREVIOUS_USER_PAUSED : boolean = false;
PREVIOUS_DATE : DATE_STRINGS = ' ';

DATE : DATE_STRINGS = i
PREVIOUS_INDIVIDUAL : integer = POPULATION_SIZE;
PREVIOUS_GEHERATION : integer --1;

eessssseersssrsrerssreee

(soveses ey cevseeey
84 Values of the present and previously displayed PC clock time. *)
(s9esvevesesveseseroseveososessosssresrsttortosssrettotestottctssccscs)
PREVIOUS_TIME : TIME_STRINGS = '
TIME : TIME_STRINGS = '

function TIME_NOW : TIME_STRINGS;
($eees0assneeToresesssosToserassrsssssssssossssosessssssssssosesssessrsaves)
This routine returns a string corresponding to the TIME in *)
(- the PC. The format is 'HH:MM:SS am/pm’.

R T T T T R S

% present

(v R T T LR LTI

{* Used to determine the present time (as reported by the PC). *)

T T R T e

HR, MIN, SEC, SECLO0TH : word;

(sovee eveseseeeny

(+ Temporary variables to hold the intermediate string results. )
[sevscvessostosesserssassrorastestessssesssesssosssssesrssrsssasases)

S : TIME_STRINGS; TEMP . string(6);

begin (* TIME_NOW *)

gettime (HR, MIN, SEC, SECLO00TH);

str(HR mod 12, S):

if 5 = '0’ then s '12°;
=S+ '0°;
str(MIN,
5 =S+
S =5+
1f SEC <

=S+ '0°;

if (HR div 12)
then
TIME_NOW := S +
else
TIME_NOW := S + '
{* TIME_NOW *)

=0

-
Pm’;
end;

function DATE_NOW : DATE_STRINGS;

(sovessrsesssToseetesassTosesorososersrstosssrersssssrstiosssstssssssess )
[84 This routine returns a string corresponding to the present DATE in *)
{* the PC. The string is of the form "MM-DD-YY'. *)

(sesesssseososesetossesrerotssstttteststttssassrrrsssssstttotttirettony

B T T L AR L LTS}

Used to determine the preset date (as reported by the PC). *)

(#oveessesstestttottestcssttsstastesssissstostotesitstsctosstistocsces)

DAY, DAY_OF_WEEK : word;

R R R Attt g

(+  Temporary variable to hold the intermediate string resulta. B
(sesvsrvorssetossasasessesssssssssrssversrsossrsvorssveraassesiesises)
S : DATE_STRINGS;

begin (* DATE_NOW *)
getda!z(Ym MONTH, DAY, DAY_OF_WEEK);

chr{ord {(MONTH div 10) + ord{'0'));
+ chr{ord{(MONTR mod 10) + ord{'0')) +
+ chriord(DAY div 10) + ord('0'});
+ chr{ord (DAY mod 10) + ord{'0’')) + i
+ chr{ord{{YEAR mod 100) div 10) + ord('0'});
+ chr{ord{YEAR mod 10) + ord{'0'));

_NOW ;= S;
DATE_NOW *)

begin (* UPDATE_STATUS_MESSAGES *)
{* Update Time string *)
settextstyle (defaultfont, horizdir, 1);
settextjustify(righttext, centertext);
TIME := TIME_NOW;
if FORCE_UPDATE or (TIME <> PREVIOUS_TIME) then
begin
setcolor (SCREEN. BACKGROUND_COLOR) ;
outtextxy
t
MAX_X - 2 ¢ EDGE_OFFSET,
MAX_Y + 2 * MESSAGE_REGION div 3,
PREVIOUS_TIME

)i
PREVIOUS_TIME := TDME;
setcolor (SCREEN. STATUS_COLOR) 7
outtextxy
(
MAX_X - 2 * EDGE_OFFSET,
MAX_Y + 2 * MESSAGE_REGION div 3,
PREVIOUS_TIME

)i
end; (* if...then *)



{* Update Date string *)
settextjustify (righttext,
DATE := DATE_NOW:
if FORCE_UPDATE or (DATE <> PREVIOUS_DATE) then
begin
setcolor (SCREEN. BACKGROUND_COLOR) ;
outtextxy
{

centertext});

MAX_X - 2 * EDGE_OFFSET,
MAX_ Y 4+ MESSAGE_REGION div 3,
PREVIOUS DATE

Yi
setcolor (SCREEN.STATUS_COLOR}
PREVIOUS_DATE := DATE;
outtextxy
{
MAX_X - 2 * EDGE_OFFSET,
MAX_Y + MESSAGE_REGION div 3,
PREVIOUS_DATE

end; (* if...then *}
(* Update Generation/Paused status *)
settextjustify(lefttext, centertext);
setcolor (SCREEN. BACKGROUND_COLOR) ;
if PREVIOUS_USER_PAUSED

then

outtextxy
{

2 * EDGE_OFFSET,
MAX_Y + 1 * MESSAGE_REGION div 3,
‘Paused (* + INT_STR(GENERATION} + '}’

else if FORCE_UPDATE or (PREVIOUS_GENERATION <> GENERATION) then
outtextxy
{
2 * EDGE_OFFSET,
MAX_Y + 1 * MESSAGE_REGION div 3,
‘Generation ' + INT_STR(GENERATION}

¥
PREVIOUS_USER_PAUSED := USER_PAUSED;
setcolor [SCREEN.STATUS COLOR);
if PREVIOUS_USER_| PAUSED
then
outtextxy
{

2 * EDGE_OFFSET,
MAX_Y + T MESSAGE_REGION div 3,
‘Paused (' + INT STR(GEN’ERATION) + ')

}
else 1f FORCE_UPDATE or (PREVIOUS_GENERATION <> GENERATION} then
outtextxy

{
2 * EDGE_OFFSET,
MAX_Y + 1 * MESSAGE_REGION div 3,
‘Generation ' + INT_STR(GENERATION}
Yi
PREVIOUS_GENERATION := GENERATION;
if FORCE_UPDATE or (INDIVIDUAL <> PREVIOUS_INDIVIDUAL) then
begin
settextjustify(lefttext, centertext);
setcolor {SCREEN. BACKGROUND_COLOR) i
outtextxy

2 * EDGE_OFFSET,
MAX_Y + 2 * MESSAGE_REGION div 3,
*Individual * + INT_STR{PREVIOUS_INDIVIDUAL} + '/’ +
INT_STR(POPULATION_SIZE)
¥i
PREVIOUS_INDIVIDUAL := INDIVIDUAL;
setcolor [SCREEN.STATUS_COLOR} ;
outtextxy

{

2 * EDGE_OFFSET,

MAX_Y + 2 * MESSAGE_REGION div 3,

*Individual * + INT STR(PREVIOUS INDIVIDUAL} + '/' +
INT STR(POPULATION SIZE)}

¥i
end; (* if...then *})

end; (* UPDATE_STATUS_MESSAGES *}

procedure SET_GRAPH_SCALES (var USER : USER GRAPH_SCALE:

(seevesssssssTocssatrarssssssssurrrerosssssasiecTocies

[ Takes the user scales a
(seoveerorscscssrssvereces

GRAPH NUMBER xntege[).

begin (* SET_GRAPH_SCALES *}
with USER GRAPH(GRAPH NUMBER) . SCALES do

begin
case GRAPH_NUMBER of
1 : begin
FIRST := 1;
LABT := POPULATION SIZE;
end;
2 : begin
FIRET := 0;
LABT := 100;
end;
3 : begin
FIRST := 0/
LABT 100;
end;
end; (* case...of *}
if USER.SCALES.HIGH_LABEL (X_AXIS} > USER.SCALES.LOW_LABEL(X_AXIS}
then
begin

HIGH_LABEL(X_AXIS} := USER.SCALES‘HIGH_LABZL(X_AXIS):
LOW _LABEL{X_AXIS} i USER.SCALES.LOW_LN!EL(X_AXIS);
end (* if...then *)
else
write (BELL);
NUMBER_OF_TICK ! MARKS (X_AXIS) :=
USER. SCALES. NUMBER_( OF TICK_MARKS (X_J AXIS);
if USER.SCALES.HIGH LN!EL(Y AXTS)} > USER.SCALES.LOW LABEL(Y_J AXIS)
then
begin
HIGH_LABEL (Y_AXIS}
LOW_LABEL(Y_AXIS}
end (* if...then ¢}
else
write (BELL)};
NUMBER_OF_TICK_MARKS(Y_AXIS}
USER. SCALES. NUMBER_OF_TICK_MARKS (Y_AXIS};
with USER_GRAPH (GRAPH_! NUMBER) do
begin
PEAK_DETECTION(X_AXIS}
PEAK DETZCTION(Y _AXIS)
end; (* with...do ¥}
end; (* with...do *}
{* SET_GRAPH_SCALES *)

:= USER.SCALES.HIGH_LABEL(Y_AXIS}:
;= USER.SCALES.LOW_LAGEL(Y_AXIS}:

USER. PEAK_DETECTION (X_AXIS({:
USER.PEAK_DETECTION(Y_AXIS(:

end;

dure INITIALIZ

T R T R )

{. This procedure parses the command-line initializes all ')
{* global data structures, reads the INI file.

.'t000000000""""""""""""...........v...'00000'00""""""")

parameters,

{oe®

(seoereseasvrrroscccccee eeeeerene

seesseessecsserssrrone)
var

(¢, Loop Control Variable for parsing the command-line parameters. = -

(soesvevesrsrascsrescsnans erecessssreressssrssssrssssssesssese)

LCV, GRAPH_NUMBER : integer;

{
{* The command-line parameter begin parsed. )

(eorevescosescoscocotcccoroscosorocsorescarsiortsrrsrsrssssrsressatesees)

PARAM : string;

(ersveevereratcercrsrcesrrasctersteercrtresrsrstessrssrassrsrsssssstscss)

( Used to detect invalid command-line parameters so that the ‘help’ '}
(-

boolean;

{
INVALID_PARAM :

€1

case
{2 of the string passed to it )

(* This routine returns a string corresponding to the upper

[

seessescenee)

var LCV : integer;
begin (* UP_STRING *)
UP_STRING(0)} := S{0};
for LCV := 1 to length(S) do
UP_STRING (LCV} := upcase (S(LCV));
end; (* UP_STRING *)

procedure PRGCESS INI FILE,

(* This p[o:edul:e flnds and reads the INI file. All *valid*
(v 1
(*

eesessesscces)

INI file *)

}

CONSL (*¢eesvsrvessrorvescrerecorseososvorsvovsvsessssssssvsssvovsssssoce)

(* The following are used to p th lines of text. *}
(seerosessasserassresssrsessenes Cevessseseesiones)
CONFIG_LABEL
NORMAL_COLORS_LABEL
REVERSE_COLORS_LABEL
EVALUATTONS_LABEL
FITNESS_HISTOGRAM_LABEL
DIVERSITY_HISTOGRAM_LABEL
COMMENT_DELIMITER

' (CONFIG)

* (NORMALCOLORS ) * ;

' (REVERSECOLORS} * ;

* (EVALUATIONS)';

* (FITNESSHISTOGRAM) ' ;

* (DIVERSITYHISTOGRAM) ' ;

I
it

TRU'B_FLAG ' TRUE

FALSE_FLAG 'FALSE';

IMAGE. DIP.BCTORY CONTROL ' IMAGEDIRECTORY’ ;
VIDEO HODB CONTROL 'VIDEOMODE' ;
VGA_MODE_FLAG 'VGA'

SVGA_MODE_FLAG *SVGA

VESA_MODE_FLAG 'VESA
SVESA_MODE_FLAG *SVESA
BACKGRDUN‘D COLOR_CONTROL 'BACKGROUNDCOLDR' H
AXIS, CDLDR CONTROL *AXISCOLOR' ;

GRID CDLOR _CONTROL *GRIDCOLOR' ;

AXIS, U\BEL COLOR_CONTROL *AXISLABELCOLOR' ;
GRAPH_ CDLOR CONTROL *GRAPHCOLOR'

STATUS. CDLDR ._CONTROL
STATUS HIGHLIGNT COLOR_CONTROL
MAIN_TITLE_CDLOR_CONTROL

' STATUSCOLOR' ;
' STATUSHIGHLIGHTCOLOR' ;
*MAINTITLECOLOR' ;

BORDER_COLOR_CONTROL *BORDERCOLOR * ;
MAX_X_CONTROL & '
MIN_X_CONTROL 'MINK' ;

X_TICK_MARKS_CONTROL
X_PEAK_DETECTION_CONTROL
MAX_Y_CONTROL
MIN_Y_CONTROL
¥_TTICK_MARKS_CONTROL
¥_PEAK_DETECTION_CONTROL

Y~ AVERAGE_DETECTION_CONTROL

"XTICKMARKS * ;
*XPEAKDETECTION';

*YTICKMARKS';
' YPEAKDETECTION' ;
' YAVERAGEDETECTION' ;

[T T LT Y

{* state variable that defines the section of the INI file that *)
{* is eing parsed. .
e
PARSING :

§

UNDEF INED,

CONFIG_SECTION,

COLOR_SECTION,

REVERSE_SECTION,

EVALUATIONS_SECTION,

FITNESS_HISTOGRAM_SECTION,

DIVERSITY HISTOGRAM_SECTION

} = UNDEFINED;

I T et}

(s, INI file parsing variables. )

R L T T T T
INI_FILENAME : string(sizeof (dirstr)+sizeof (namestr)+sizeof (extstr}};
LINE string;

INI_FILE text;

POSTTION integer;

CONTROL_CHAR : char;

procedure BOOLEAN_VALUE {(CONTROL var PARAMETER : boolean}

: ceeeeveseretesssrtssesssreans)
{* This procedure examines the global LINE searching for CONTROL, 1if *)
{* it i3 found, it’s boolean value is set based on the rest of the LINE. *)

R R T DT DL DR TP RS Y

begin (* BOOLEAN_VALUE *}
if UP_STRING (copy (LINE,
begln
dalete(LIN‘E. 1, POSITION);:
if UP_STRING(copy(LINE, 1, length(TRUE_FLAG}}} = TRUE_FLAG then
TER := true
else if UP_STRING(copy (LINE, 1,

i, POSITION - 1}} = CONTROL then

length (FALSE_FLAG})}} = FALSE_FLAG

then
PARAMETER := false;
end; (* if...then ¢}

end; {* BOOLEAN_VALUE *}

procedure INTEGER_VALUE (CONTROL :
eecessrorsassessTosssssasssressor
{* This procedure examines the global
{* it is fo ‘s in

(soeserese

strin

var PARAMETER : longint}
sevvessseresssesessanas ceeoey
LINE searching for CONTROL, if *}

the t of the LINE. *}

ceesey

T Rt R R L)

(* Used to co *)
*)

var

VALUE, CODE : integer:
begin {* INTEGER_VALUE *}
if UP, STRING(I:DPY(LIN'E, 1,

POSITION = 1}} = CONTROL then

begin
delete (LINE, 1, POSITION):
POSITION := 1;

while LINE(POSITION} in ('0'..'9'} do inc(POSITION};
val(copy(LINE, 1, POSITION - 1}, VALUE, CODE};
if CODE = 0 then PARAMETER := VALUE;
end; (* if...then *)
end; (* INTEGER_VALUE *}

procedure DIRECTORY VALUE (CONTROL stringi va

(sevvessesvesvesvesTocecrccrcccroreeccesecoess

(* This procedure examines the global LINE searching for

CONTROL,

if *)
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(* it 13 found then it’s string value 13 set based on the rest of the 2
{* LINE

( ceer)

VAL (terrerrrrereseetetttstttiitttitritttetastiarensnrrnsens

(* Temporary variables used to stri
(ssvsssvessssssssreasssrssssainrnrrs

DIRECTORY

serrereriasy
?'chaxactexs from the pathname.*}
Serrrrireseietiitietatetieis)

dirstr; FILENAME : namestr; EXTENSION : extstr;

begin (* DIRECTORY_VALUE *}
if UP_STRING (copy (LINE, 1, POSITION - 1}} = CONTROL then
begin
PARAMETER := copy(LINE, POSITION + 1, 1
if pos(SPACE, PARAMETER} <> O then SngEh(LINE)) 5
PARAMETER(pO:(SP)\CE PARAMETER}} := 7\7;
if pos(’\\’, PARAMETER)} <> O then
PARRMETER(O) := chr(pos(’\\’, PARAMETER} } 7
f:plxt(PARAHETER DIRECTORY, FILENAME, EXTENSION};
PARAMETER := UP _STRING(DIRECTORY) ;
end; (* {f...then +*}
end; (* DIRECTORY_VALUE *}

pfecedute 0 VI\LUE(CONTROL i string; var PARAMETER : V!UZO MODES)

: very
(. This procedure examines the 9lobal LINE searching fcl: CONTROL, if *}
(* it 13 found then it’s 3tring value is examined to see 1f it matches *}

(* one of the valid video modes
(svoowss

D TN

begin (* VIDEO_VALUE *}
if UP_STRING(copy(LINE, 1, POSITION - 1)) = CONTROL then
begin
delete(LINE, 1, POSITION);
while LINE(length(LINE)) = SPACE do delete(LINE, length(LINE), 1);
POSITION := 1;
4f UP_STRING(LINE) = VGA_MODE_FLAG
then -7
ARAMETER := VGA
elsg if UP_STRING(LINE) = SVGA \_MODE_FLAG
then
PARAMETER := SVGA
else if UP_STRING(LINE) = VESA \_MODE_FLAG
then
PARAMETER := VESA
Ql:: if UP STRING(LIN’E) = SVESA_MODE_FLAG
then
PARAMETER := SVESA;
end; (* if...then *)
end; (* VIDEO_VALUE *}

procedure CODOR VALUE (CONTFOL

(vevvsvsvoves ver

string; var PARAMETER : word);

R T T P P T}
(* This procedure examine: the global LINE searching for CONTROL, if *)
(* it i3 found, it’s string value is examined to see if it matches one *)
(* of the valid colors. *)
R LT T T o

.
Temporary varisble to hold the color value, needed because it *)
(* may not be valid.

B B RN

TEMP_COLOR : byte;

sessesesessessrererrenasy

*)

function COLOH_MATCH(PARAMETER B

(sevsevevsevseTrenee

stzang: var COLOR : byte) : boolean;
FA IS sduis 19043 [ . ceeey
(* Thas routine performs an associative match on the PARAMETER to *)
(* the last of possible color choices. Any enumeration of the letters *}
(* of a color will match as long as enough letters are provided to *}
(* determine which color is desired. For example: matched to ‘blue’ *}
(* include blu, ble, bue & be. .

(vesssssssrssasasssssassssurstsoseresssssssassosassssassosassasesssveses)

T

[&4 Strings to match the colors to. *}
P R R R R S

COLOR_STRING : array (0..15) of string =
(

const

sesrsreey

‘BLACK’, 'BLUE’, ’'GREEN’, 'CYAN’, ’'RED’, ‘MAGENTA’, ’‘BROWN’,
LIGHTGRAY’, 'DARKGRAY’, ’'LIGHTBLUE’, ’LIGHTGRSEN’,
*LIGHTCYAN’, ‘LIGNTRED’, ’LIGHTMAGENTA’, ‘YELLOW’, ‘WHITE’

¥i

(soveverororeroresonsorararstrsrstsstattatasastastssrssrssrsres)

* Index into parameter characters. .
D S T T

(
PARAM_LCV . integer;

(veevvevesrrssisiiitistisirsrrisssasrssstassrsstisssesssoareans)
(* Flag to indicate that the character being searched for was ')

{* found or not. )
(veevvevrorvrrrettattsstsitisirsitsssrastssasssssssssssstaosess

FOUND : boolean;
(seovesveavossrsriitsitisississrssssssssssessstastiesssariiiaty)

(* Local copy of the string being searched.

(¥svsoovesoreotosrararatssrsrsnstsssssrrssssssrotessstirrersrry)

LOCAL_PARAMETER : string:

begin (* COLOR_MATCH *}
COLOR := O;
repeat
PARAMETER := PARAMETER;
FOUND := pos (LOCAL PARAMETER(1}, COLOR STRING(COLOR}} = 1;
PARAM_LCV := 1;
while FOUND end (PARAM_LCV <= length(PARAMETER}} do
begin
FOUND :

FOUND and (pos{(LOCAL_PARAMETER(PARAM_LCV},
COLOR_STRING(COLOR}} <> O};

inc(PARAM_LCV};
end; (* while...do *}
inc (COLOR};
until FOUND or (COLOR > 15};
if not FOUND

then
COLOR := SFF
else
dec (COLOR} ;
COLOR_MATCH := FOUND;

end; (* COLOR_MATCH *)

begin (* COLOR_VALUE *}
{f UP_STRING(copy(LINE, 1, POSITION - 1}} = CONTROL then
begin
delete (LINE, 1, POSITION);
while LINE(length(LINE}) = SPACE do delete(LINE, length(LINE}, 1};
POSITION := 1;
if COLOR_MATCH(UP_STRING(LINE}, TEMP_COLOR} then
PARAMETER := TEMP_COLOR;
end; (* if...then *}
end; (* COLOR_VALUE *}

begin (* PROCESS_INI_FILE *}
INI_FILENAME := paramstr(O);
delete (INI_FILERAME, length(INI_FILENAME) - 2, 3);
INI_FILENAME :e INI_FILENAME + 7INI';
asslgn(INI_FILE, INI_FILENAME);
(*$I-*) re3et(INI_FILE}; (*§I+*}
if ioresult = O then
begin

126

while not eof (INI_FILE} do

readln(INI_FILE, LINE};
POSITION := pos(COMMENT_DELIMITER, LINE};
if POSITION <> O then
delete (LINE, POSITION, length(LINE}};
if UP_STRING(copy(LINE, 1, length(NORMAL_COLORS_LABEL}}} =
NORMAL_COLORS_LABEL then
begin
PARSING := COLOR_SECTION;
readln(INI_FILE, LINE};
POSITION := pos(COMMENT_DELIMITER, LINE};
if POSITION <> O then
delete (LINE, POSITION, length{LINE}};
end (* if...then *}
else if UP_STRING(copy(LINE, 1, length(REVERSE_COLORS_LABEL}}) =
B REVERSE_COLORS_LABEL then
begin
PARSING := REVERSE_SECTION;
readln(INI_FILE, LINE};
POSITION := pos(COMMENT_DELIMITER, LINE};
if POSITION <> O then
delete (LINE, POSITION, length(LINE})};
end (* if...then *}
else 1f UP_STRING(copy(LINE, 1, length(CONFIG_LABEL}}) =
ONFIG_LABEL then
begin
PARSING := CONFIG_SECTION:
readln(INI_FILE, LINE};
POSITION := pos(COMMENT_DELIMITER, LINE);
if POSITION <> O then
delete(LINE, POSITION, length(LINE}};
end (* if...then *}
else if UP_STRING(copy(LINE, 1, length (EVALUATIONS_LABEL}}) =
EVALUATIONS_LABEL then
begin -
PARSING := EVALUATIONS_SECTION;
readln (INI_FILE, LINE);
POSITION := pos(COMMENT_DELIMITER, LINE);
1f POSITION <> O then
delete (LINE, POSITION, length(LINE));
end (* if...then *}
else if UP_STRING (copy(LINE, 1,
length (FITNESS_HISTOGRAM_LABEL))) =
FITNESS_HISTOGRAM_LABEL then
began
PARSING := FITNESS_HISTOGRAM_SECTION:
readln(INI_FILE, LINE)};
POSITION := pos(COMMENT_DELIMITER, LINE);
if POSITION <> O then
delete(LINE, POSITION, length(LINE));
end (* if...then *)
else if UP_STRING(copy(LINE, 1,
length (DIVERSITY_HISTOGRAM_LABEL)}) =
DIVERSITY_HISTOGRAM_LABEL then
begin
PARSING := DIVERSITY HISTOGRAM_SECTION;
readln(INI_FILE, LINE};
POSITION := pos(COMMENT DELIMITER, LINE);
if POSITION <> O then
delete(LINE, POSITION, length(LINE));
end; (* if...then *}

POSITION := pos(’=’, LINE};
if POSITION <> O then
case PARSING of
CONFIG_SECTION
begin
DIRECTORY_VALUE ( IMAGE_DIRECTORY_CONTROL, IMAGE_DIRSCTORY) ;
if DISPLAY MODE = NO_DISPLAY_MODE then
VIDEG_VALUE (VIDEO_MODE_CONTROL,
end; (* Configuration Section *}
COLOR_SECTION :
begin
COLOR_VALUE (BACKGROUND_COLOR_CONTROL,
NORMAL . BACKGROUND_COLOR) ;
COLOR_VALUE (AXIS COLOR_CONTROL,
NORMAL .AXIS_COLOR) §
COLOR_VALUE (GRID_COLOR_CONTROL,
NORMAL .GRID_COLOR) ;
COLOR_VALUE (AXIS_LABEL_COLOR_CONTROL,
- NORMAL.AXIS_LABEL_COLOR);
COLOR vu.uz(smu COLOR_CONTROL
ORMAL . GRAPH_COLOR) ;
COLOR vu.uz(s'u\'rus COLOR_CONTROL,
ORMAL STATUS_COLOR) ;
COLOR vuur:(s'u\'rus HIGHLIGHT_COLOR_CONTROL,
NORMAL STATUS_HIGHLIGHT COLOR) ;
COLOR_VALUE (MAIN TITLE_COLOR_CONTROL,
NORMAL .MAIN_TITLE_COLOR);
COLOR_VALUE (BORDER_COLOR_CONTROL,
NORMAL BORDER_COLOR) ;
end; (* Color Section *}
REVERSE_SECTION :
begin
COLOR_VALUE {BACKGROUND_COLOR_CONTROL,
REVERSE . BACKGROUND_COLOR) ;
COLOR_VALUE (AXIS_COLOR_CONTROL,
- REVERSE . AXIS_COLOR} 7
COLOR_VALUE (GRID_COLOR_CONTROL
REVERSE.GRID_COLOR} ;
COLOR_VALUE (AXIS_LABEL_CGOLOR_CONTROL,
REVERSE.AXIS_LABEL_COLOR) ;
COLOR_VALUE (GRAPH_COLOR_CONTROL,
REVERSE . GRAPH_COLOR} ;
COLOR_VALUE (STATUS_COLOR_CONTROL,
REVERSE. STATUS_COLOR} ;
COLOR_VALUE (STATUS_HIGHLIGNT COLOR_CONTROL,
REVERSE.STATUS_HIGHLIGHT_COLOR};
COLOR_VALUE (MAIN_TITLE_COLOR CONTROL,
REVERSE.MAIN_TITLE_COLOR) ;
COLOR_VALUE (BORDER_COLOR_CONTROL,
REVERSE . BORDER_COLOR) ;
end; (* Reverse Color Section *)
EVALUATIONS_SECTION :
with USER_GRAPH(1).SCALES do
begin
INTEGER_VALUE (MAX_X_CONTROL,
HIGH_LABEL(X_AXIS));
INTEGER_VALUE (MIN_X_CONTROL,
LOW_LABEL (X_AXIS));
INTEGER_VALUE (X_TICK_MARKS_CONTROL,
NUMBER_OF_TICK_MARKS (X_AXIS});
BOGLEAK_VALUE (X_PEAK_DETECT ION_CONTROL,
PEAK_DETECTION(X_AXIS)};
INTEGER_VALUE (MAX_Y_CONTROL,
HIGH_LABEL(Y_AXIS)):
INTEGER_VALUE (MIN_Y_CONTROL,
W_LABEL (Y_AXIS));
INTEGER_VALUE (Y_TICK_MARKS_CONTROL,
NUMBER_OF_TICK_MARKS (Y_AXIS));
BOOLEAK_VALUE (Y_PEAK_DETECT ION_CONTROL,
PEAK_DETECTION (Y_AXIS));
BOOLEAK_VALUE (Y_AVERAGE_DETECTION_CONTROL,
N AVERAGE_DETECTION) ;
end; (* with...do *}
FITNESS_HISTOGRAM_SECTION :
with USER_GRAPH(2).SCALES do
begin

DISPLRY_MODE};




INTEGER_VALUE {MAX_X_CONTROL,
HIGH MBEL[X _AXIS]]:
INTEGER_VALUE {MIN_ X CONTROL,
LOW_| MBEL[X _AXIS]]:
INTEGER_VALUE (X_ TICK MAXKS_CONTROL,
NUMBER OF_TICK_MARKS (X_AXIS])/
BOOLEAN_VALUE (X _| PD\K DETECTION CONTROL,
PEAK DETECTION[X AXIS]):
INTEGER_VALUE (MAX_Y_CONTROL,
HIGH i_LABEL(Y_AXIS]):
INTEGER_VALUE (MIN_Y CONTROL
Low_ MBEL[Y _RXIS)):
INTEGER_VALUE({Y_' TICK MARKS_CONTROL,
NUMBBR OF _ TICK _MARKS (Y_AXIS]):
BOOLEAN_VALUE {Y_| PD\K DETECTION !_CONTROL,
PEAK DETBCTION[Y AXIS]):
BOOLEAN_VALUE (Y_J AVERAGE _DETECTION_CONTROL,
VER)\GE_DETECTION) ;
end; {* with...do *)
DIVERSITY_HISTOGRAM_SECTION :
with USER_GRAPH(3].SCALES do
begin
INTEGER_VALUE {(MAX_X_CONTROL,
HIGH_LABEL (X_AXIS]);
INTEGER_VALUE {MIN_X_CONTROL,
Low. MBBL[X AXZS]),
INTEGER_VALUE {X_TICK MARKS_CONTROL,
NUMBER OF TZCK _MARKS (X_AXIS]);
BOOLEAN_VALUE (X_| PD\K DETECTION, |_CONTROL,
PEAK DETECTZON[K AXIS]):
INTEGER_VALUE (MAX_Y_CONTROL,
HIGH |_LABEL (Y_AXIS]):
INTEGER_VALUE (MIN_Y_CONTROL,
Low LABEL[‘{ _AXIS]):
INTEGER_VALUE (Y_' TZCK MARKS_CONTROL,
NUMBER_¢ OF _ TICK _MARKS (Y_AXIS]):
BOOLEAK_VALUE (Y_] PEA.K DETECTION CONTROL,
PEAK DETECTION(Y _AXIS));
BOOLEAN VALUZ(‘I AVERAGE, DETECTION |_CONTROL,
\VERAGE, DETECTION) ;
end; {* with -
else {* Do Nothing
end; (* case...of *)
end; {* while...do *)
close (INI_FILE];
end; {* if...then *)
end; {* PROCESS_INI_FILE *)

began {* INITIALIZE *)
{* Initialize ’conatants’ +)
directvideo := false;

{* Parse Command-Line parameters *)
INVALID PARAM :o false;
for LCV := 1 to paramcount do
began
PARAM := UP_STRING{paramstr{LCV));
case PARAM(Z] of
'R* : if PARAM = '-REVERSE’
then
REVERSE_VIDEO := true
else
INVALID_PARAM := true;
'V’ . if PARAM = ‘-VGA' then
DISPLAY MODE := VGA
else if PARAM = '-VESA' then
DISPLAY _MODE := VESA
elae
INVALID_PARAM := true;
*S* : if PARAM = ‘-SVGA’ then
DISPLAY_MODE := SVGA
else if PARAM = '-SVESA' then
DISPLAY_MODE := SVESA
else
INVALID_PARAM := true;
else INVALID_PARAM := true;
end; {* case...of *)
end; {* for...to...do *)

if INVALID_PARAM then
e

writeln{LF,
* Exolution of Solutions to Real-Time Problems’, CR, LF,
* Usage:', CR, LF,
LF,
{*SIFDEF MATH GR *)
GMATH-GA (-VGA{-SVGA|-VESA(-SVESA] (-Reverse]’, CR, LF,
{+SELSE *)
GRTOS-GA (-VGA|-SVGA|-VESA{-SVESA] (-Reverse]’, CR, LF,
{*$ENDIF *]
LF,
. Where.’, CR, LE,
. -VGA = 640x480 graphics mode’, CR, LF,
. -5VGA = B00x600 graphica mode’, CR, LF,
4 -VESA = 1024x768 graphics mode {default)’, CR, LF,
4 -BVESA = 1280x1024 graphics mode’, CR, LF,
. -Reverse = Reverse Video Color Scheme’, CR, LF
)i
halt (INVALID_PARAMETER_ERROR_LBVEL) i
end; {* if...then *)

GRAPH_OFFSET := 6 * EDOE_OFFSET;
with USER GRAPH[l] SCALES do

begin
TITLE ‘Fitness’
GRAPH_TYPE LINE_GRAPH;
LABEL_| ._NAME (X_AXIS] *Individual’;

(AR AR AR E)
-
»
-
w
o

HIGH U\BEL[X _AXIS]
LOW. L}\BEL[X AXIS]

{*Configuration #*) POPULATION_SIZE;
{*Configuration #*] O;

NUMBER_OF_TICK. _MARKS (X_AXIS] 10;
PEAX DETECTION[X AXIS]
LABEL_NAME (Y_J AXIS] ‘Fitness’;

HIGH U\BEL[Y AXIS]
LOW_] L)\BEL]Y AXIS]

{*Score*) 100;
{*Score*) 0;

NUMBER_OF_TICK_MARKS (Y_RXIS] 107
PEAK_DETECTION(Y_AXIS] false;
AVERAGE _ DETECTION false;

end; (* with...do *)

with USER_GRAPH(Z]. SCALES do

begin
TITLE 1= ‘Fitness Histogram’;
GRAPH_TYPE BAR_GRAPH;
LABEL_NAME (X_AXIS] *Fitness’;

HIGH_LABEL (X_AXIS]

LOW_LABEL (X_AXIS]
NUMBER_OF_TICK_MARKS (X_AXIS]
PEAK_DETECTION[X_AXIS]
LABEL_NAME (Y_AXIS]
HIGH_LABEL (Y_AXIS]
LOW_LABEL(Y_RXIS]

{*Score*) 100;
{*Score*) O;
20;

{*Percent*] 100;
{*Percent*] 0;

[RERE R R R RN
-
o
—
N
°

NUMBER OF_TICK_MARKS]Y_ AXIS] 10;
PEAK_] DETECTION[Y AXIS] truey
AVERRGE_] DETECTION false;

end; (* with...do
with USER_GRAPH(3].SCALES do

begin
TITLE i= ‘Diversity Histogram’;
GRAPH_TYPE t= BAR_GRAPH/

‘Diversity’;
{*Confaguration #*) 100;
{*Configuration #*) O;

LABEL_NAME (X_AXIS]

HIGH U\BEL[X _AXIS]

LOwW. U\BEL[X AXIS]

NUMBER OF_TICK_MARKS(X_AXIS]
PEAX_| DETECTION[X AXIS]
LABEL ,_NAME (Y_AXIS]

HIGH U\BEL[Y AXIS]

LOwW. U\BEL[Y AXIS]

{*Precent*) 100;
{*Percent*) O;

NUMBER_OF_TICK_MARKS (Y_AXIS] 10;
PEAK DETECTION[‘I AXIS] true;
AVER}\GE_DETECTION false;

end; {* wath...do *)
PROCESS_INI_FILE;

if REVERSE_VIDEO
then
SCREEN := REVERSE

else
SCREEN := NORMAL;

{* Handle the case when no INI file {or parameter) was found *)
1f DISPLAY MODE = NO_DISPLAY_ MODE then
DISPLAY MODE := VESA;

{* Allocate Plot data structures *)
for GRAPH_NUMBER := 1 to MAX_NUMBER_OF_GRAPHS do
began
new {PLOT (GRAPH_NUMBER] . GRAPH_POINTS) ;
for LCV := O to POPULATION_SIZE do
with PLOT (GRAPH_NUMBER].GRAPH_POINTS~ (LCV] do
begin
POSITION(X_AXIS] := 0.0;
POSITION(Y_AXIS] := 0.0;
end; {* for...to...do *)
new (PLOT (GRAPH_NUMBER) . PREVIOUS_GRAPH_POINTS);
for LCV := O to POPULATION_SIZE do
with PLOT (GRAPH_NUMBER] .PREVIOUS_GRAPH_POINTS” [LCV] do
began
POSITION (X_AXIS] := 0.0;
POSITION]Y_AXIS] := 0.0;
end; {* for...to...do *)
SET_GRAPH_: SCALBS(USBR GWH(GWH NUMBER], GRAPH_NUMBER);
end; {* for...to...do *
end; {* INITIALIZE *]

p:oc:duu INIT_GRAPHICS;

T e T T T T T LT
{ This procedure initializes the video graphica card based on the video ')
(* mode that has been selected.

(v I T T T R R T T T T T N T T Tt

B I LT L L L T T

{* Graphac Video Driver parameters. .
RSPt e S TSP

DRIVER : integer;

begin (* INIT_GRAPHICS *)
1f DISPLAY _MODE = NO_DISPLAY MODE then DISPLAY_MODE := VESA;
case DISPLAY_MODE of
VGA  : begin
registerbgidriver {addr {EGAVGA_DRIVER)) ;
MESSAGE_REGION := 24;
end; {* VGA *)
S5VGA : begin
installuserdriver{'VESAL6’, @DETECT_VESA_l6);
registerbgidriver {addr (VESAL6_DRIVER) )/
MESSAGE_REGION := 36;
VESA_16_MODE := 07
end; {* SVGA *)
VESA : begin
installuserdraver{'VESAL6', @DETECT_VESA_16);
regiaterbgidriver {addr {VESAL6_DRIVER));
MESSAGE_REGION := 36;
VESA_16_MODE := 1;
end; (* VESA *)
SVESA . begin
installuserdriver{'VESAl6', @DETECT_VESA_l6];
registerbgidriver {addr {(VESAL6_DRIVER)];
MESSAGE_REGION := 36;
VESA_16_MODE := 2;
end; {* BVESA *]
end; {* case...of *]

DRIVER := detect;
initgraph{DRIVER, GRAPHICS_MODE, *
if graphresult <> grOK then

begin

writeln(CR, LF, 'Fatal Error: Video mode not supported’);
halt {NON_SUPPORTED_VIDEO_MODE_ERROR_LEVEL);
end; {* if...then *)
end; {* INIT_GRAPHICS *)

srssssssiaciacey

Restores the video controller to standard DOS text mode. )
T LT T T T e

begin (* SHUTDOWN_GRAPHICS *)
cloaegraph;
end; {* SHUTDOWN_GRAPHICS *)
procedure REDRAW_GRAPH(NUMBER_OF_GRAPHS : integer);
riatesseareeaTesersstenes LT

{* Redraws the graph axis or displays the signon logo 1if there are no *)

srrssssiiatansy

B R

{+  Graphic screen position of the mext status text message. B3
(vavereaneas ettt st s e st a s ey

STATUS_POS

integer;

procedure HIGHLIGNTED_TEXT {STR string)
(sveveverereteretenaiTudtitttetiuetitelolittitiiieittitiieiitetttiiiiitiaaes,
- Di:play: a text string in the status message box where the first *)
(* 1 the string is highlighted .

-~

sasee)

var (:.....--.-.--.--...........................-............--....--.......,

1 variable f. ind

begin (* HIGHLIGHTED_TEXT *)
setcolor {SCREEN.STATUS_HIGHLIGHT_COLOR] ;
outtextxy

(

STATUS_POS,

MAX_Y + MESSAGE_REGION div 3,
STRT1]

Vi
STATUS_POS := STATUS_POS + textwidth{STR(1]);
setcolor {SCREEN, STATUS_COLOR] ¢
outtextxy

{

STATUS_POS,

MAX_Y + MESSAGE_REGION div 3,
copy{STR, 2, length{STR))
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bi
for LCV := 2 to length{STR} do
STATUS_POS := STATUS_POS + textwidth{STR[LCV]};

STATUS_POS := STATUS POS + 2 * textwidth{‘h’};
end; (* HIGHLIG!ﬂ'ED TEXT *)

procedure DRAW_RIT_LOGO(X, Y :

[seeeeereenee

{* Draws t!
[seeerreeene

integer);

‘RIT’ logo on the acreen at the :pecified coordinateas.

teeereeeeny

*}

tersrrrectiiiees

CONAL (*****eeeecreerterstrrterrocsersrsnrsrsosssonsesnnnnns
{* Pointer to a buffer that contains the drawn logo
{* after the firat call}. Thia allows the logo to
(* more than once but only drawn once.

R R I T T T e S PN

LOGO : pointer = nil;

treererenny
(valid only *}

be displayed *)

creercne

[ R T T T L T T L TPy

ceeereas)
Work area of the screen coordinates. *)

WORK_Y :

seeettrtsttttttiiitettetettetareres)

integer;

begin (* DRAW RIT_LOGO *}
X i= X - 225;
if LOGO = nil then
begin
{* Create Logo *}
setfillatyle(solidfill,
bar({X - 70, Y - 60,
setcolor(white};
rectangle(X - 65, Y — 55, X + 515,
setfillstyle(solidfill, white);
floodfill(X, Y — 10, white);
setcolor(red});
settextstyle (TriplexFont, vertdir, 5);
settextjustify(centertext, centertext);
outtextxy(X - 40, Y -1, ‘RI T'};
setfillatyle{solidfill, red);

red);

X + 520, Y + 60);

Y + 55);

circle(X - 32, Y + 17, 2}; floodfill{X — 32, Y + 17, red};
circle(X — 32, ¥ — 17, 2}; floodfill{X — 32, Y - 17, red);
setfillstyle(solidfill, lightgray);
bar(X - 10, Y - 50, X + 5, Y + 50);

settextstyle (STMPLEX_FONT, horizdir, 0);
settextjustify(lefttext, centertext);
setusercharsize(7, 8, 3, 4);
outtextxy(X + 40, Y + 5, ‘ROCHESTER INSTITUTE OF TECHNOLOGY'};
setlinestyle(aolidin, 0, thickwidth);
setcolor{lightgray):
line(X + 40, Y + 30, X + 470, Y + 30];
(* Keep a copy of the logo so it doesn't need to redrawn *}
getmem(LOGO, imagesize(X - 70, Y - 60, X + 520, Y + 60}};
getimage(X - 70, Y — 60, X + 520, Y + 60, LOGO");
end (* 1f...then *;
elae
putimage (X - 70, Y — 60, LOGO*, normalput);
end; (* DRAW_RIT_LOGO *)
procedure DRAW_COPYRIGHT;
(seeevereeeresTione et I T A
{* Draws the ‘circle c’ copyright notice. *}
(Feeseesarttttttiietesterttttttirieretsestrerrersererereetttitirrrrrrerrerre)

began (* DRAW_COPYRIGHT *}
outtext {‘c’
circle
{
getx,
gety + round(0.3 * texthexght( e’
round(tex!hexght( c’'} / 2.5)

end: 1+ DRAW_COPYRIGHT *)
procedure CREATE_GRAPH

[eoeserserteeeeeTocrarrotttttertretttettetsttttetstttttrttetee

ereereceene

AXIS_TYPE  : AXIS_TYPES;
GRAPH_POS GRAPH_POSITIONS;
GRAPH_NUMBER : integer;

SCALE_INFO GRAPH_SCALE_INFO

Creates a graph by allocating memory for the graph data

(* and initializing them as directed by the various parameters.
(seesesosstsersesrtreosersasessstestersoseesesessoseossorsssserossrraserrore)

}
structurea *}

VAr (seteeceesececertsrsreretestitrterortsteresesresteresteresteresetrores)

a8 Loop Control variable for initializing acreen poaition values. *}

T T R R

LCV - integer;

begin (* CREATE GRAPH *}
with PLOT [GRAPH_NUMBER] do
begin
GRAPH_SCALES := SCALE_INFO:
VALUES.FIRST := GRAPH_SCALES.
VALUES.LABT := GRAPH_SCALES.LABT;
with GRAPH_SCALES
begin
RANGE [X_RXIS] := aba(HIGH LABEL(X_AXIS] -
RANGE [Y_RAXIS] := abs{HIGH LABEL([Y_AXIS]
end; (* with...do *)
GRAPH_COLOR
PREVIOUS_PEAK
PREVIOUS_PEAK_VALUE
PREVIOUS_AVERAGE_VALUE
HORIZONTAL_OFFSET

LOW_LABELIX_AXIS}}:
- LOW ] LIBEL]Y _AXIS]}:

SCREEN.GRAPH_COLOR:

getmaxx + 507

getmaxy + 50;

getmaxy + 50;

2 * EDGE_OFFSET + GRAPH_OFFSET;

HORIZONTAL_SIZE MAX X - Z - {GRAPH_¢ OFFSET + EDGE ,_OFFSET};
VERTICAL_OFFSET 2 * EDGE_OFFSET + GRAPH OFFSET;
VERTICAL_SIZE 1= MAX_ Y - Z . {GRAPH_( OFFSET + EDGE _OFFSET}:

case GRAPH_POS of
FULL_SCREEN : (*
TOP_FALF :
begin
VERTICAL_SIZE

Do Nothing *};

:= VERTICAL_SIZE / 2 - VERTICAL_OFFSET:

VERTICAL_SIZE
VERTICAL OFFSET
end; -
TOP_THIRD :

i= VERTICAL_SIZE / 2 - VERTICAL OFFSET:
VERTICAL_SIZE + 2 * VERTICAL OFFSET;

begin
VERTICAL_SI2E
end;
MIDDLE_THIRD :
begin

i= VERTICAL SIZE / 3 — 1.5 * VERTICAL OFFSET;

VERTICAL_SI2E

= i= VERTICAL SIZE / 3 - 1.5 * VERTICAL OFFSET;
VERTICAL OFFSET

- VERTICAL, ,_SIZE + 3 * VERTICAL OFFSET,

end;
BOTTOM_THIRD :
begin
VERTICAL_SIZE
VERTICAL_OFFSET :
end;

{* case...of *}

VERTICAL SI2E / 3 - 1.5 * VERTICAL OFESET;
2. VERTICAL_SI2E + 5 ¢ VERTICAL_OFFSET;

end;
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with GRAPH_SCALES do
begin
{* Determine position for X Axia (Low, Centered, High} *}
if ({LOW_LABEL[Y_AXIS] >= 0} and {HIGH_LABEL]Y_AXIS] >= 0} and
(AXIS_TYPE = AUTO_RXIS}]
(AXIS_TYPE in (FORCE_LL,
then
X_AXIS_OFFSET := VERTICAL OFFSET + VERTICAL_SIZE
elae if [{LOW_LABEL[Y AXIS] <= 0} and (HIGH_LABEL]Y AXIS] <= 0}
and (RXIS_TYPE = AUTO AXIS)} or
(AXIS_TYPE in ]FORCE_UL, FORCE_UR]) then
X_AXIS_OFFSET := VERTICAL_OFFSET
else
X_AXIS_OFFSET

or
FORCE_LR]}

i= VERTICAL_OFFSET + VERTICAL_SIZE / 2;

{* Determine position for Y Axia {Left, Centered, Right}) *}
if ({LOW_LRBEL(X_AXIS] >= 0} and (HIGH_LABEL]X_AXIS] >= 0} and
{AXIS_TYPE = AUTO_AXIS}} or
(AXIS_TYPE in (FORCE_LL, FORCE_UL]}
then
Y_RAXIS_OFFSET := HORIZONTAL_OFFSET
elae if T(LOW_LABELIX_AXIS] <= 0} and (HIGH_LABEL[X_AXIS] <= 0]
and (RXIS_TYPE = AUTO_AXIS}) or
(AXIS TYPE in JFORCE_LR, FORCE_UR]) then
¥_AXIS_OFFSET := HORIZONTAL_OFFSET + HORIZONTAL_SIZE
else
Y_AXIS_OFFSET
{*"withT..do *}

:= HORIZONTAL_OFFSET + HORI2ONTAL_SIZE / 2;
end;

for LCV := 0 to POPULATION SIZE do
with PLOT]GRAPH_NUMBER] .BREVIOUS_GRAPH_POINTS~ILCV] do
begin
POSITION]X_AXIS]
POSITION(Y_AXIS]
ends; (* with...do
end; (* with...do *)
(* CREATE_GRAPH *)

HORIZONTAL OFFSET/
VERTICAL_OFFSET;

end;

procedure DRAW GRAPH_AXIS (GRAPH_NUMBER : integer);

(n.n.nnnnnn.nnnn.n.n..n.nnnnnnnnnnn...nnnnnn,

{* Draws the title, axis, grid lines, and tick marks for the graph. *)
R R L R R R T I S TR

Vapr (teeeeeeseectecctcestctrertrrittirrrere seseststttecettereces)

{* Loop Control Variable for creating tick marks. *)
(Fererrtetetteetetttitttttettetietretiocirereereetostortirrrererrrrer)

LCV : integer;

[#oeevrettttttttittittttttirrteritetitttitttttttttttittttttetettoeetee)

{* Value of axis tick m:k qnphic po:xuon. *)

R T I TS R L L TR TR PR

TEMP : longint;

R R LT R R T

{* Value of the tick mxk label *}

[*oeeeereerretreereerreerterree P P e

TICK_LABEL : real;

begin {* DRAW_GRAPH_AXIS *)
with PLOT]GRAPH_NUMBER] do
begin
(* Add Graph Title *)
3setcolor (SCREEN.MAIN_TITLE_COLOR};
settextjuatify(Centertext, centertext);
case DISPLAY MODE of

VGA seftextatyle(TRIPLEX_FOHT, horizdir, 1):

SVGA : settextstyle{TRIPLEX_FONT, horizdir, 2):

VESA, -

SVESA : settextatyle(TRIPLEX_FONT, horizdir, 3}:
end:; (* case...of *) -

outtextxy

MAX X div 2,
round (VERTICAL OFFSET — GRAPH_OFFSET),
GRAPH_SCALES .TITLE

|

{* Add X Tick Marka *}
setusercharsize(l, 3, 1, 3};
settextatyle(simplex_font, horizdir,
settextjuatify({centertext, toptext};
with GRAPH_SCALES do
if NUMBER OP_TICK MARKS[X_AXIS] <> 0 then
for LCV := 0 to NUMBER OF _TICK_MARKSIX_AXIS] do
begin
TEMP

0};

:= round (HORIZOHTAL_OPFSET +
HORIZONTAL_SI2E /
NUMBER_OF_TICK_MARKSIX_AXIS]

setcolor {SCREEN.AXIS_COLOR};

setlinesatyle{solidln, 0, normwidth}:

line

{
TEMP,
TEMP,

b

setcolor {SCREEN.GRID_COLOR} ;
setlinesatyle{dottedln, 0, normwidth};

* LCV):

round (X_AXIS_OFFSET),
round (X_AXIS_OFFSET + TICK_LENGTH)

line
{
TEMP, round{VERTICAL OFFSET},
TEMP, round(X_AXIS_OFFSET}

):
TICK_LABEL := RANGE([X_AXIS] /
NUMBER OF_TICK MARKS]X_AXIS] *
LOW_LRBELTX_AXIS]:
1f TICK LABEL = round{TICK LABEL} then
begin -
setcolor [SCREEN.AXIS_COLOR} ;
outtextxy

LCV +

TEMP,
round (X_AXIS_OFFSET + TICK_LENGTH - 1},
INT STR(rcund(TICK LABEL} }

end; (' if...then *}
end; {* for...to...do *}
{* Add Y Tick Marks *}
settextjusufy(xighttext,
with GRAPH_SCALES do
if NUMBER OF_TICK MARKS(Y_AXIS] <> 0 then

centertext};

for LCV := 0 to NUMBER OF _TICK_MARKS [Y_AXIS] do
begin
TEMP := round(VERTICAL_OFFSET +

VERTICAL_SIZE /
NUMBER OF _TICK MARKS]Y AXIS]
setcolor (SCREEN.AXIS COLOR).
setlinestyle (solidln, 0, normwidth);
line
{
round (Y _AXIS OFFSET - TICK (_LENGTH}, TEMP,
Kound(Y AXIS OFFSET), TEMP

* IOV}

:ztco lor (SCREEN.GRID _COLOR});
setlineatyle(dottedln, 0, normwidth};
line

{

round(Y_AXIS_OFFSET}, TEMP,

MAX X - EDGE OFFSET — GRAPH_OFFSET, TEMP



Vi
TICK_LABEL := RANGE[Y AXIS) /
NUMBER_OF_TICK MARKS(Y_AXIS) *
JNUMBER_OF_TICK_MARKS(Y_AXIS) - LCV) +
LOW_LABEL [Y_AXIS);
if TICK_LABEL = round(TICK_LABEL) then
begin
setcolor {SCREEN. AXIS_COLOR) ;
outtextxy

round {¥_AXIS_OFFSET - TICK ._LENGTH) ,
TEMP - 1,
INT '_STR{round{TICK_LABEL))

end; (* if...then *)
end; (* with...to...do *)

)* Draw X Axis *)

setcolor (SCREEN.AXIS_COLOR) ;
setlinestyle(solidln, O, normwidth);
ine

round (HORIZONTAL_QFFSET),

round (X_AXIS_OFFSET),

tound(HORIZONTAL OFFSET + HORIZONTAL_SIZE),
round (X_AXIS_OFFSET)

)i

{* Draw Y Axis *)
setcolor (SCREEN.AXIS_COLOR)
setlinestyle(solidln, O, normwidth);
line

{

round)Y_AXIS_OFFSET),
round)VERTICAL_OFFSET),
round)Y_AXIS_OFFSET),
round (VERTICAL_OFFSET + VERTICAL_SIZE)
)i
with GRAPH_SCALES do
begin
)- Label Axis *)
setcolor (SCREEN.AXIS_LABEL_COLOR);
setusercharsize)l, 2, 1,
settextjustify(righttext, centertext);
outtextxy

round (HORIZONTAL_OFFSET + HORIZONTAL_SIZE),
round (X_AXIS_OFFSET + round(0.75 * textheight('M’))),
LABEL_NAME [X_AXIS)

)i
settextjustify(lefttext,
outtextxy

centertext);

round (Y_AXIS_OFFSET - textwidth{'M’)),
round (VERTICAL_OFFSET - round{0.75 * textheight({‘M‘))),
LABEL_NAME (Y_AXIS)

Vi
end; (* with...do *)
end; (* with...do *)
setlinestyle(solidln, O, normwidth);
end; (* DRAW_GRAPH_AXIS *)

procedure DRAW BOX(UL_X, UL_Y, LR X, LR_Y : integer; COLOR, LINE_WIDTH:word);
($40aeeaataseeTasesesTaeessTasersTosessiosetessettastevsaseraseaTossaseranes)
(* Draws a colored, unfilled, solid line rectangle at the specified *)
(* coordinates. .
o

begin (* DRAW_BOX *)
setlinestyle(solidln, O, LINE_WIDTH):
setcolor (COLOR) #
rectangle (UL_X, UL_Y,

end; )* DRAW_BOX *)

LR_X, LR_Y):

begin (* REDRAW_GRAPH *)
cleardevice;
DRAW_BOX (0, O, getmaxx, getmaxy, SCREEN.BACKGROUND_COLOR,
setfIllstyle (solidf1ll, SCREEN.BACKGROUND_COLOR) ;
noodfxuu, 1, SCREEN.BACKGROUND_COLOR) ;
MAX getmaxx;
mx_\' getmaxy;

normwidth);

DRAW_BOX
{

0, o,
MAX_X, MAX
SCREEN. BORDER _COLOR,
normwidth
)i
MAX_Y := MAX_Y - MESSAGE_REGION;
DRAW_BOX
{
0, MAX_Y,
MAX_X, MAX_Y + MESSAGE_REGION,
SCREEN.BORDER_COLOR,
normidth

)i
settextjustify{lefttext,
case DISPLAY_MODE of

VGA  : begin

setusercharsize{2, 5, 2, 5/

settextstyle (SIMPLEX_FONT, horizdir, 0);

STATUS_POS := MAX X div 4/
end; {* VGA *)
begin

setusercharsize{l, 2, 1, 2

settextstyle (SIMPLEX_FONT,

STATUS_POS X div 4;
end; {* SVGA )

centertext);

)i
horizdir, 0);

VESR,
SVESA : begin
settextstyle (SIMPLEX_FONT,
STATUS_POS := MAX_X div 4;
end; {* VESR)SVESA ¥)
end; (* case...of *)
HIGHLIGHTED_TEXT {‘Evolve’);
HIGHLIGHTED_TEXT (‘Pause’);
HIGHLIGHTED_TEXT(‘Grab image’);
HIGHLIGHTED_TEXT{‘Reverse colors’);
HIGHLIGHTED_TEXT{‘Make report’);
HIGHLIGHTED_TEXT{‘Quit’);

horizdir, 2);

(* Always display two graphs *)
CREATE_GRAPH {FORCE._LL, TOP_THIRD,
CREATE_( . GRAPH { FORCE, ,_LL, MIDDLE_THIRD,
CREATE_( ._GRAPH ) FORCE _LL, BOTTOM_THIRD,

1, USER_GRAPH[1).SCALES);
2, USER_GRAPH(2).SCALES):
3, USER_GRAPH)3).SCALES);

case NUMBER_OF_GRAPHS of
0 : begin
setcolor (SCREEN.MAIN_TITLE_COLOR) ;
case DISPLAY_MODE of

VGA,
SVGA : settextstyle(TRIPLEX_FONT, horizdir, 4);
VESA,
SVESA : settextstyle(TRIPLEX FONT, horizdir, §);
end; (* case.

,ettextju:tuy(centextaxt, centertext);

moveto
{

procedure UPDATE GWHS(NUMBER OE‘ GRAPHS :

s
It
it
it
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MAX_X div 2,

MAX_Y div 2 + O*textheight{’H’)
outtext (‘Evolutution of Solutions to'):
moverel{0, round(l.5 * textheight ("H')));
outtext {"Real-Time Problems’);
case DISPLAY_MODE of

SVGA settextstyle (TRIPLEX_FONT, horizdir, 3);

VESA,

SVESA settextstyle (TRIPLEX_FONT, horizdir, 4);
end; (* case...of *

moverel {0, 4 * textheight{'H')):
outtext (‘Greg P. Semeraro’);
moverel {0, textheight {'H'));
case DISPLAY MODE of

GA,
SVGR  settextstyle (SIMPLEX_FONT, horizdir, 2);
VESA,
SVESA : settextstyle(SIMPLEX_FONT, horizdir, 3);
end; (* case...of *
moverel) 1 * textwidth(H’), 0);

outtext {‘Copyright 1997°)
moverel (-8 * textwidth{’H’), 0);
DRAW_COPYRIGNT;

DRAW_RIT_LOGO{MAX_X div 2, {MAX_Y div 4));

end; (* No Graphs *)
1 : begin
DRAW_GRAPH_AXIS (1) 7
end; (* One, full-screen graph *)
2 begin

DRAW_GRAPH_AXIS(1);
DRRW GRAPH AXIS(Z) i
end; (* Two graphs *)
3 begin
DRAW_GRAPH_AXIS(1);
DRAW_( GWH _AXIS(2):
DR)\W GRAPH, AXI5(3)4
end; (¥ Three graphs *)
end; (* case...of *
settextstyle(defaultfont, horizdir, 1);
UPDATE_STATUS_MESSAGES (FORCE_UPDATE) 7
end; (* REDRAW_GRAPH *)

integer);
B T I T R P P P P PR R N
This pzoceduzu update: then graphs on the screen by getting the data ")
from the Sound Blastez W buffer and then dzaulng the graph.
e araereearaerey

R T PR n.nnn.".".........,

Varerevavr et Ty

COMSL (4444444440004 4000taasessessssssssssssssssssssssssessasessosesvoseesse)
(* Flag that indicates which half of the DMA buffer the *)
(* present data samples. .
(S99 400 ees e eaeaaatsstesrasssessssvasseetstvesserterssvanoretvestarans)

FRONT_HALF : boolean = false;

contains

e e e a et e e et e e e e e e A A e A e e h e ereatareatatete)

{* Static data to allow previous values to be erased from the screen*)
B R D D ]

PREVIOUS_GENERATION longint = 0;

PREVIOUS_STD_DEV : real
PREVIOUS_DIVERSITY STD_DEV : real
PREVIOUS_BEST_INDIVIDUAL_FITNESS : real
PREVIOUS_ALL_TIME_BEST INDIVIDUAL_FITNESS : real

R )

{* Index into the data values arrays. .
P A D
)

X_LCV, LABT_ELEMENT : integer;

(+evevvreserereraresererirareanetyirarerrtererareretitetatasetetetire)
{+ Keeps track of the number of DMA interrupts that occurred since °)
(* the last one was serviced.

B T PP P TP T Tt
NUMBER_OF_INTERRUPTS : integer;

R

(* Loop Control Variable to update all graphs being displayed. B
R S TR e R P et S s SRl S ST SRS et ot SOOI
PLOT_NUMBER : integer;

procedure DRAW_LINE_GRAPH{GRAPH_NUMBER : 1integer);
[ D

(s  Draws an entire line graph using small line segments. If previous line *)

(* is erased if necessary (depending on the graph type selected).
(.............................................................................,

B I L Y

{* Used to index into the data value array. )
R T T T T T R PR PP

X : integer;

R T

(*  Used to hold the X-Ax1s value (converts integer to real). B
S A R S s Tt

ACTUAL_X_VALVE real;

R T P P P

I sed to calculate the position of the Y-Axis peak/average. .
T s

PEAK_VALUE, AVERAGE_VALUE : real; PEAK DETECTED : boolean;

[ Y

{* Used to hold the X-RAxis position of the Y-Axis peak. .
R R R S
PEAK : real;
R s
{* Used to swap the present and previous lines. *)
R S R e o
TEMP_PTR : pointer;

[ R R P P

(* Used to calculate the average value of each sweep of the graph. *)
e D g P SRR S S I

NUMBER_IN_AVERAGE : integer;

(+eversererarvetetttieteetatietattetaeratieratieratieratieratisisstate)
(* Used to hold the string value of the ‘real’ peak-to-average. )
T A S

TEMP_STR : string(20);

(#4e e e et aeaeeaea et ettt ettt e et et eIttt ttetanas)

(* Markers for the first and last X values that fit on the screen *)
{* (needed when the X-AXis limits are changed from the defaults). *)
[ R R R DD R P DO PRI PP POPPRS
FIRST_X, LABT_X : integer;

X_VALUE_OFF_SCREEN : boolean;

procedure PUT_X_BLOCK(COLOR : word; X_POS : real; GRAPH_NUMBER integer);

R R R LR Pt P PR DR PP DR PRSP

(* Draws a ‘@’ along the X-Axis corresponding to the X position. .)

R P PR P PP TP PN

BT R TR P PN

*  Graphic screen position of X-Axis. .
P! P

LR L L PP PP Peest

Y_POS  real;



begin (* PUT_X_BLOCK *)

round (GRAPK_POINTS" )X ) .POSITION(X_RXIS) + 0.5),
with PLOT (GRAPH_NUMBER) do round (GRAPH_POINTS" )X ).POSITION(Y_RAXIS) + 0.5),
with GRAPH_SCALES do round (GRAPK_POINTS” (X + 1).POSITION(X_AXIS) - 0.5),
begin round (GRAPH_POINTS~ )X + 1).POSITION(Y_AXIS) - 0.5)
Y_POS := VERTICAL_OFFSET + VERTICAL SIZE - 1 - POINT_SIZE; )i - -
setfillstyle(solidfill, COLOR): end (* if...then *)
bar (round (K_POS - POINT_SIZE), round(Y_POS - POINT _SIZE), else
round(X_POS + POINT_SIZE), xound(Y POS + POINT_: "_SIZE)); begin
setcolor (COLOR) ; GRAPH_BAR
settextjustify(centertext, centertext); [
outtextxy round (PREVIOUS_GRAPH_POINTS" [X )
( POSITION(X_AXIS) + 0.5),
round (X_POS), round (PREVIOUS GRAPH_POINTS" (X )
round (Y_POS - textheight (‘H’)), POSITION(Y AXIS) + 1),
REAL STR(X _VALUE (round(X_POS), GRAPH _NUMBER), 1, 1) round (PREVIOUS_GRAPH_POINTS~ (K + 1).
): POSITION (X_RXIS) - 0.5),
end; (* with...do *) round (X_AXIS_OFFSET) - 1
end; (* PUT_X_BLOCK *) ): - -
GRAPH_BAR
pxocedute PUT_Y_BLOCK (COLOR : word; Y _POS : real; GRAPK_NUMBER . integer); [
cesresnes D L LI s S PRSPPI IS S round (GRAPK_POINTS” (X ) .POSITION(X_RAXIS) + 0.5),
(* Oraws a “ g the Y-Axis corresponding to the Y position. . round (GRAPH_POINTS" (X ) .POSITION(Y_RXIS) + 1),
(seasssssrnnas B S O T round (GRAPH_POINTS” (X + 1).POSITION(X_RXIS) - 0.5),
round (X_AXIS_OFFSET) - 1
BT I E T P ; - -
een position of Y-Axis, . end; (* if...

begin (* PUT_Y_BLOCK *)
with PLOT (GRAPH_NUMBER)
with GRAPH_SCALES do
begin
X_POS := HORIZONTAL_OFFSET + 1 + POINT_SIZE;
setfillstyle(solidfill, COLOR);
bar (round (X_POS - POINT_SIZE),
round (X_POS + POINT_SIZE),
setcolor (COLOR) ;
settextjustify(lefttext, centertext);
outtextxy
(
round (X_POS + textwidth(’'H’)),
round(Y_I _POS),
REAL STR(Y VALUE(:ound(Y POS), GRAPH_NUMBER), 1, 1)

do

round(Y_POS - POINT SIZE),
round (Y_POS + POINT_SIZE));

end: (' with...do *)
end; (* PUT_Y_BLOCK *
procedure GRAPH_BAR (X1, Y1, X2
(soveesssscesseToravens ..-..........................n.,
(* oOraws a graph bar with diagonal hash marks in it.

const I I ey
Oistance between diagonal hash marks

OFFSET = 7;

(* Posation of diagonal line within bar.

OIAGONAL : integer;

begin (* GRAPH_BAR *)

1f (X1 <> X2] and (Y1 <> Y2) then
began
Zectangle (X1, Y1, X2, ¥2);
OIAGONAL Yl
Y1 Y1 + oFFsET;
while (Y1 < ¥2) do
begin
line (X1, Y1, X2, DIAGONAL):
DIAGONAL := OIAGONAL + OFFSET;
Y1 1= Y1 + OFFSET;
end; (* if...then *
end; (* if...then *)

end; (* GRAPH_BAR *)
begin (* ORAW_LINE_GRAPH *)
setwritemode (xorput) ;
with PLOT(GRAPH_NUMBER) do
with GRAPK_SCALES do
begin
X_VALUE_OFF_SCREEN
FIRET X := -1;
X := VALUES.FIRST:
repeat
with GRAPH_POINTS" (X)
begin
ACTUAL_X_VALUE
POSITION[X_AXIS)

1= false;

do

tm Xi
1= X_POSITION (ACTUAL_X_VALUE, GRAPH_NUMBER) ;
(* Check for X value beyond graph boundaries *)
if (ACTUAL X_VALUE >= LOW_LASEL(X_AXIS)) and (FIRST_X = -1)
then
FIRET X := X = 17

if (ACTUAL X_VALUE >= HIGH_LABEL[X_RXIS)) or
(X = VALUES.LAST) then
begin
LAST X := X;
X_VALUE_OFF_SCREEN := true;
end; (* if...then *)

POSITION(Y AXIS) := Y_POSITION(VALUES.DATA(X), GRAPH_NUMBER):
end; (* with...do *)
inc(X);
until X_VALUE_OFF_SCREEN;

AVERAGE_VALUE := 0.0;
PEAK_DETECTED := false;
PEAK_VALUE := maxint;
!etc;lcx(GWH_COLOR xor SCREEN.BACKGROUND_COLOR);
for X := FIRET X to (LAST_X - 1) do
with GRAPH FOINTS"[X) do
begin
AVERAGE_VALUE := AVERAGE_VALUE + POSITION(Y_RXIS):
if FOSITION(Y_}\XIS) < FEM(_VALUE then

begin
PEAK POSITION (X_AXIS);
PEAK_VALUE POSITION(Y_AXIS);

PEAK_DETECTED := true;
end; (* if...then *)
if GRAPH_TYPE = LINE_GRAPH
then

begin
line

(

round (PREVIOUS_GRAPH_POINTS" [X
POSITION (X_RXIS) + 0.5),

round (PREVIOUS_GRAPH_POINTS" (X
POSITION(Y_AXIS) + 0.5),

round (PREVIOUS_GRAPH_POINTS~ [X + 1).
POSITION(X_AXIS) - 0.5),

round (PREVIOUS_GRAPH_POINTS (X + 1).
POSITION(Y_AXIS) - 0.5)

)i
line
(

then...else *)
end; (* for...to...do *)
_ [* Draw last line segment ( bar *)

if PLOT (GRAPH_NUMBER).GRAPH_SCALES.GRAPH_TYPE = BAR_GRAPH then

begin
GRAPH_BAR
(
round (PREVIOUS_GRAPH_POINTS" (LAST_X) . POSITION (X_RXIS)
round (PREVIOUS_GRAPH_POINTS" (LAST_X) . POSITION (Y_RAXIS)

[eund[PRZVIOUS GRAPH FOINTS"[LAST X) .POSITION [X_J _AXIS) +
(

PREVIOUS_GRAPH_POINTS" (LAST_X).POSITION (X_AXIS)
PREVIOUS_GRAPH_POINTS" (LAST_X-1(.POSITION(X_AXIS)
)

).
round (X_AXIS_OFFSET)

-1

GRAPH_BAR
round (GRAPK_POINTS” (LAST_X) . POSITION (X_AXIS) + 0.5),
round (GRAPK_POINTS" (LAST_X) . POSITION (Y_AXIS) + 1),

round (GRAPH_POINTS" (LAST_X) .POSITION (X_AXIS) +
(
GRAPH_POINTS” (LAST_X) . POSITION [X_AXIS)
GRAPH_POINTS” [LAST_X~-1).POSITION(X_AXIS)
)

N
round (X_AXIS_OFFSET)

-1
end; (* if...then...else *)
with GRAPH_POINTS~ (LAST_X) do
if POSITION(Y_AXIS) < PEAK_VALUE then

begin
PEARK 1= POSITION(X_AXIS);
PEAK_VALUE = POSITION(Y_AXIS);

PEAK_OETECTEO := true;
end; (* if...then *)
NUMBER_IN_AVERAGE := LAST X - FIRET X - 1;

TEMP_PTR := GRAPH_POINTS;
GWH_FOXNTS = PREVXOUS GRAPH_POINTS;
PREVIOUS_GRAPH_POINTS := TD{F_PTR,

settextjustify(lefttext, centertext);

if AVERAGE_DETECTION and (NUMBER_IN_AVERAGE <> 0) then
begin
AVERAGE_VALUE := AVERAGE_VALUE / NUMBER_IN AVERAGE;
PUT_Y_BLOCK ( SCREEN. BACKGROUND_COLOR, PREVIOUS_AVERAGE_VALUE,
GRAPK_NUMBER) ;
PUT_Y_BLOCK (SCREEN. AXIS_COLOR,
end; (* if...then *)

AVERAGE_VALUE, GRAPH_NUMBER);

if PBAR_OETECTION(X_AXIS) and PEAK_DETECTEO then
begin
PUT_X_BLOCK (SCREEN . BACKGROUND_COLOR,
GRAPK_NUMBER) ;
PUT_X_BLOCK (SCREEN.AXIS_COLOR,
end; [* if...then *)

PREVIOUS_PEAK,

PEAK, GRAPH_NUMBER);

if PEAK_OETECTION(Y_AXIS)
began
PBUT_Y_BLOCK (SCREEN. BACKGROUND_COLOR, PREVIOUS_PEAK VALUE,
GRAPH_NUMBER) ;
PUT_Y_BLOCK(SCREEN.AXIS_COLOR,
end; (* if...then *)

and PEAK OETECTED then

PEAK_VALUE, GRAPH_NUMBER);

PREVIOUS_PBAR
PREVIOUS_PBAR_VALUE
PREVIOUS_AVERAGE_VALUE

end; (* with...do *)

1= PERK:
= PEAK_VALUE;
1= AVERAGE_VALUE;

setwritemode (normalput);
end; (* DRAW_LINE_GRAPH *)

begin (* UPDATE_GRAPHS *)
settextjustify(lefttext, centertext);
(* Update Generation Counter *)
if GENERATION <> PREVIOUS_GENERATION then
begin
setcolor (SCREEN. BACKGROUND_COLOR)
outtextxy

2 * EDGE_OFFSET + textwidth(‘h’)
MAX_Y + 1 * MESSAGE_REGION div 3,
INT_STR (PREVIOUS_GENERATION)

1,

):
setcolor (SCREEN. STATUS_COLOR) ;
PREVIOUS_GENERATION := GENERATION;
outtextxy

(

2 * EDGE_OFFSET + textwidth(‘h')
MAX_Y + 1 * MESSAGE_REGION div 3,
INT_STR (PREVIOUS_GENERATION)

)i

* 11,

if NUMBER_OF_GRAPHS <> 0 then
begin
settextjustify(righttext,
(* update Statistics *)
if LONG_TERM.STANDARD DEVIATION <> PREVIOUS_STD_OEV then
begin
setcolor (SCREEN. BACKGROUND_COLOR) ;
outtextxy
(
MAX X - 2 * EDGE_OFFSET,
round (PLOT (2) .VERTICAL_OFFSET)
‘std. Oev.

centertext);

- 2 * textheight (‘H’),
=’ + REAL_STR(PREVIOUS_STO_OEV, 2, 2)

)
setcolor (SCREEN.AXIS_COLOR)
PREVIOUS_STD_DEV := LONG_TERM.STANDARD_DEVIATION;
outtextxy
(
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MAX X - 2 * EDGE_OFFSET,
round {PLOT {2} .VERTICAL _OFFSET) - 2 * textheight{’H’)
'Std Dev.=' + REAL_STR{PREVIOUS_STD_DEV, 2, 2)

end: (' if...then *)
if GENETIC_ALGORITHM_FITNESS_CONVERGED
then
setcolor (SCREEN.AXIS_COLOR)
else -
setcolor {SCREEN. BACKGROUND_COLOR) ;
outtextxy -

{

MAX X - 2 * EDGE_OFFSET - 3 * textwidth{’ H'},
rcund(PLOT(Z] VERTICAL _OFFSET} - 1 * textheight {’H’ ),
*Converged’

1f LONG_TERM_DIVERSITY. STANDARD_DEVIATION <>
PREVIOUS_DIVERSITY_STD_DEV then
begin
setcolor {SCREEN . BACKGROUND_COLOR} ;
outtextxy -
{
MAX_X - 2 * EDGE_OFFSET,
round{PLOT{3).VERTICAL OFFSET) - 2 * textheight{(’'H’),
'std. Dev.=' + REAL_STR(PREVIOUS_DIVERSITY_STD_DEV, 2
)i
setcolor {SCREEN.AXIS_COLOR) ;
PREVIOUS_DIVERSITY_STD_DEV := LONG_TERM_DIVERSITY.
STANDARD_DEVIATION;

3

outtextxy
{

MAX_X — 2 * EDGE_OFFSET,
rﬂund(PLOT(!) VERTICAL_OFFSET} - 2 * textheight {’H’),
‘Std. Dev.=' + REAL _STR{PREVIOUS_DIVERSITY_STD_DEV, 2, 2)

)i
end; {* if...then *)
1f GENETIC_ALGORITHM_DIVERSITY_CONVERGED

en
setcolor {SCREEN.AXIS_COLOR)
else
setcolor {SCREEN. BACKGROUND_COLOR}) ;
outtextxy
{

MAX X - 2 * EDGE_OFFSET - 3 * textwidth{'H’},
round(PLOT(!] VERTICAL _OFFSET) - 1 * textheight{'H'),
'Convcrqed'

{* Update Most Fit Individual *)
if PRESENT_GENERATION.BEST <> PREVIOUS_BEST_INDIVIDUAL_FITNESS then
begin
setcolor {SCREEN. BACKGROUND_COLOR) ;
outtextxy
{
MAX_X - 2 * EDGE_OFFSET,
round {PLOT {1} .VERTICAL ._OFFSET) - 2 * textheight {'H')
‘Present Beat=' +
REAL_STR{PREVIOUS_BEST_INDIVIDUAL FITNESS, ¢, 2)

Yi
setcolor {SCREEN.AXIS_COLOR) i
PREVIOUS_BEST_INDIVIDUAL_FITNESS := PRESENT_GENERATION.BEST;
outtextxy
{

MAX_X - 2 * EDGE_OFFSET,

round (PLOT(1} . VERTICAL OFFSET) - 2 * textheight{'1'},
‘Present Best=
REAL_STR{PREVIOUS_BEST_INDIVIDUAL_FITNESS, £, <)

)i
end; (* 1f...then *)
{* Update Most Fit Individual *)
if LONG_TERM.BEST <> PREVIOUS_ALL_TIME_BEST INDIVIDUAL_FITNESS then
begin
setcolor {SCREEN. BACKGROUND_COLOR} ;
outtextxy
{
MAX_X - 2 * EDGE_OFFSET,
round{PLOT (1) .VERTICAL_OFFSET)
‘All-Time Beat=' +
REAL_STR{PREVIOUS_ALL_TIME_BEST_INDIVIDUAL_FITNESS, 2, 2)
Vi
setcolor {SCREEN.AXIS_COLOR};
PREVIOUS_ALL_TIME_BEST_INDIVIDUAL FITNESS :e LONG_TERM.BEST;
outtextxy
{

1 * textheight{'H’'},

MAX_X - 2 * EDGE_OFFSET,

round {PLOT{1} .VERTICAL_OFFSET} - 1 * textheight{’H’),
‘All-Time Best=’

REAL_STR{PREVIOUS_ALL TIME_BEST_INDIVIDUAL_FITNESS, ¢, 2}

}
end; {* if...then *)
end; {* if...then *}
end; {* if...then *)

if NUMBER_OF_GRAPHS <> O then
begin
with PLOT[1] do
for X_LCV := GRAPH_SCALES.FIRST to GRAPH_SCALES.LAST do
VALUES.DATA{X_LCV) := POPULATION{X_LCV].FITNESS:

with PLOT{2} do
for X_LCV := GRAPH_SCALES.FIRST to GRAPH_SCALES.LAST do
VALUES.DATA{X_LCV} := LONG_TERM.HISTOGRAM{X_LCV};

with PLOT{3] do
for X_LCV := GRAPH_SCALES.FIRST to GRAPH_SCALES.LAST do
VALUES.DATA{X_LCV] := LONG_TEBM_DIVERSITY.HISTOGRAM{X_LCV};

DRAW_LINE_GRAPH{l}:
DRAW LINE_GRAPH({2);
DRAW LINE_GRAPH({3);

end; {* if...then *}
end; {* UPDATE_GRAPHS *}

function IMAGE_FILENAME string;
(eseseestttesTotittttttitotitbtittttibtbetiiiibitiitttattttatettatebtateteatt)

{* This routine determines the next available IMAGE_xx.BMP filename. *)

[ree L e e eeeeesettectrtatitiey)

VAL (feeeetetetetiiiititititetttitatatitbabetbibatatitbatibittttttttatitiate)
i .
* Used to asaign a unique filename to the ima file. )

R N T teeesetectttittinies)

{
IMAGE_NUMBER : integer;

(eeetecettcttettrtititiitttbibbhabibitiibitiis

{* Result of I/O operation, used to find first available filename. *)
(eeseecectctititotetiiititibtiottitabiibiiiisttttatttttittatatteteitate)

RESULT : integer;

tesesetecttitttttitans)

(esesetatititatetitiiiitibatebebbbbebiiis

{* Filename of file to get image. *)
(#44ssaaseeettteaettetesiuutatiinistteessttesssstisessteesetteeetsiities)

FILENAME : string{sizeof{nameatr} + aizeof{dirstr} + l};

tesesetttetatietetitaiy)

T P LTS

d to find first available fil

eeseebtbbebbibbiaitats

.

cesetsbnnes)

begin (* IMAGE_FILENAME *}
IMAGE_NUMBER := O;

repeat
FILENAME := 'IMAGE_';
1f IMAGE_NUMBER < 10 then
FILENAME := FILENAME + 'O’;
FILENAME := FILENAME + INT_STR{IMAGE_NUMBER) + ’.BMP’:
inc{IMAGE_NUMBER) 7
assign(IMAGE, IMAGE_DIRECTORY + FILENAME):
{*$I-*) reset{IMAGE); {*SI+*}
RESULT := ioresult;
if RESULT = O then
close {IMAGE) ;
until RESULT = 2;
IMAGE_FILENAME := FILENAME;
end; {* IMAGE_FILENAME *)

procedure RAMDLE_KEYBOARD_EVENT;

TR T A B PP PSP
{7 Thia routine processes all user keyboard input by perforning the action *)
{* requested (if le).

{eeeteseeiertans Shecettteceitittitetetiiababbb bbb bbb bbb bae

nn.)

Y I T L Ty e

{* Charact to hold user input command. *)
{eeseeeee D L L R T 3 XTI

USER_INPUT : char;

begin {* HANDLE_KEYBOARD_EVENT +)
USER_INPUT := upcase{readkey):

case USER_INPUT of
'E’ : begin
1f NUMBER_OF_GRAPRS_TO_DISPLAY = 0

NUMBER_OF_GRAPHS_TO_DISPLAY := 3
else
NUMBER_OF_GRAPHS_TO_DISPLAY :=
REDRAW GR}\PH(N'UMBER OF GFU\PHS TO_| DISPU\Y) i
end; {* Run Evolution *)
'G’ : begin
UPDATE_STATUS_MESSAGES { FORCE_UPDATE) ;
SAVE_IMAGE_AS_16_COLOR_BMP_FILE
{

IMAGE_DIRECTORY + IMAGE_FILENAME,
0, 0, getmaxx, getmaxy

i
UPDATE_STATUS_MESSAGES { FORCE_UPDATE) 7
end; {* Grab Image *)
Qo USBR QUIT := true;
‘P’ : begi
USER_P}\USED i= not USER_PAUSED;
UPDATE_STATUS_MESSAGES {FORCE_UPDATE) ;
end; (* 'Pause *)
‘M’ : begin
USER_PAUSED := true;
PRDDUCE GENETIC_ALGORITHM_REPORT;
UPDATE STATUS H-ESSAGES(FORCE ._UPDATE) ;
end; {* "Pause *)
'R’ begin
REVERSE_VIDEO := not REVERSE_VIDEO;
if REVERSE_VIDEO

SCREEN := REVERSE

SCREEN := NORMAL;
REDRAW_GRAPH {NUMBER_OF_GRAPHS_TO_DISPLAY};
end; {* Reverse Video Colora *)
else write{BELL);
end; {* case...of *}
end; {* RAMDLE_KEYBOARD_EVENT *}

begin {* GENETIC_ALGORITHM THESIS *)
{* Install exit procedure *)
SAVE_EXIT := exitproc;
exitproc := @SHUTDOWN_GRAPHICS;

{* Initialization *)
INITIALIZE;
INIT_GRAPHICS:

REDRAW_GRAPH {NUMBER_OF_GRAPHS_TO_DISPLAY) ;
{* Go until user wants to exit *}
repeat

if keypressed then HANDLE_KEYBOARD_EVENT;

1f not USER QUIT and not USER_PAUSED and not keypre::ed and
not {GENETIC_ALGORITHM_FITNESS_CONVERGED and
GENETIC_ALGORITHM_DIVERSITY CONVERGED) then
begin
if NUMBER_OF_GRAPHS_TO_DISPLAY <> O then
repeat
UPDATE_STATUS_MESSAGES {DO_NOT_FORCE_UPDATE) ;
until {PROCESS_GENETIC_ALGORITHM_INDIVIDUAL = POPULATION SIZE);:
UPDATE_GRAPHS (NUMBER_OF_GRAPHS_TO_DISPLAY) ;
UPDATE_STATUS_MESSAGES {DG_NOT_FORCE_UPDATE) ;
end; {* while..l.do *)
unt1l USER_QUIT or {GENERATION = maxlongint):

1f GENERATION <> O then
PRODUCE_GENETIC_ALGORITHM_REPORT;
end. {* GENETIC ALGORITHM THESIS )
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9.3 RTOS_GA.PAS

unit RTOS_GA;

('n.."'7""""nn'nn"n'n'."'nn.'.'n'.nn""""u".n'."n"
This unit implements a Genetic Algorithm (GA] which evolves a

(+
(* to

(* report five candidate aolutiona,

(* to among them but a reasonable solution will be among them.
[ R R R R TP R PSSP S SISO

(*

)
solution *)
This GA can *)
guarentted *)
.

a real-time operating aystem (RTOS) optimization problem.
The optimal solution is not

1
Compiler Optiona (Ver. 7.0)

(*SA+ Word Alignment *)
(*$B~ Short Circuit Boolean Evaluation *)
(*$D+ Debug Code Generation ON (Sort of( *)
(v Requires /v option to TPC to activate *)
(*SL+ Local Debug symbols ON (Sort of) *)
. Requires /V option to TPC to activate *)
(*SF~ Far calls only aa needed *)
(*$I~ I/0 Checking OFF *)
(*$N=- Software Emulation of 80x87 *)
(*$0~ Overlays NOT allowed *)
(*$p~ Standard °*string’ parameters *)
(*sQ- Overflow Checking OFF .)
(*$R- Range Checking OFF *)
(*$5- Stack Checking OFF *)
(+$T+ Force Typed *@8°* references )
(+$V- Var-string Checking OFF *)
(*$X+ Enable Extended syntax M
R R PR P e P
interface

uses TASKING;

L et L R R PP R TR r e

type

(* The following defines the number of individuals in che papulauon. *)

(SR A L L R R T PP PP P D IR P D S er PO

POPULATION_SIZE = 200;

R R R T T R

D R PR
Genetic operator probabilities; these define the speed that the GA ')
(* converges as well as the probability of fal, convergance.

(vovvevvee R R ey Cerebeeriteereeriuier)
PROBABILITY_OF_CROSSOVER = 0.30;

PROBABILITY '_OF M'UTJ\TION = 0.06¢

CONVERGENCE_THRESHOLD = 5;

R R R R R R R R TaT]

ceveevaney
The name of the TASKING program that is to be executed to evaluate *)
(* the RTOS configuration. Thia program *muat* create the TASKING *)
(* report file (TASKING.RPT) and a program specific report file with o
(* an extension of .RPT.

(.......................................................................,

PROGRAM_NAME = °*RTOS-APP’;

R R R T PP

(* Each aapect of the evaluation (RTOS and application) is
(* a percentage (of course the total muat be 1.0
(..............-........................................................,
RTOS_EVALUATION PERCENTAGE = 1.0

APPLICATION_EVALUATION_PERCENTAGE = 1.0 - RTOS_EVALUATION_PERCENTAGE:

assigned *)

R R R R N I T T T T T
(* Long term statiatic are computing using data (up to} this *)
(* many previous generation, .
R D L D T T L T T T T T LT T T T PP PP PP
FITNESS_MAX_AVERAGE_GENERATIONS = 50;
DIVERSITY_MAX_AVERAGE_GENERATIONS = 50;

from

R R PR P )
(* Number of ’best’ individuala to maintain for reporting. *)
R Rt R R

NUMBER_OF_BEST_TO_REPORT = 5;

R T R T T T2 PRI PP PPN
(* Definea the bounds of the histogram, values should be guarenteed *)
(* to be beyond the possible fitness values (this is verified and *)
(* reported any fitness is beyond this range). .
IR RSP r i PRSPt SErTR STt £ SRR PPPIPRPRE
MINIMUM_FITNESS = 0.0; LOWEST_BUCKET = round (MINIMUM_FITNESS);

MAXIMUM_FITNESS = 100.0; HIGHEST BUCKET = round(meUH FITNESS);

[ S T T
(* List of all genes that make up the genotype. .y
R R T R R R R e R R L SR R R T D LR PP
RTOS_GENES = (
R O L L L T
(* Tasking Model - Cooperative, Preemptive *
R R L L R T L R TS
TASKING_MODEL_GENE,

R R Y

(* Preemptive CPU Timeslice )

R R R LR R S L L
TARGET_TIMESLICE_GENE,

R L R D AL ST R P R R
(* Priority Inheritance Protocel - Enabled, Disabled *)
R R R ag |
PRIORITY_ INHERITANCE GENE,

R R R e R e
(* Priority Allocation Algerithm - Static, Dynamic (Rotating) *)
R D T L L R L Tt D R R T aa
PRIORITY_ALLOCATION GENE,

B R R
(* Initial Priority Assignment - Uniform, Random, Rate Monotonic, *)
(* Deadline Menoteonic, Worklead Monotonic

R R R T e R T Y

INITIAL_PRIORITY_ASSIGNMENT GENE);

IR D R Y|

LR PR L T
(+ Definition of the initial priority asaignment gene (the other gene *)
(* definitions come directly from the TASKING unit).
R T D R L e A
PRIORITY_ASSIGNMENT_ALGORITHMS = (
T R R R LR AT
(* All tasks are initially asaigned the same priority. .
B R R R R
UNIFORM_ASSIGNMENT,
R R L R R R T )
(* All tasks are initially assigned random priorities. M
T T R L R AR A s}
RAMDOM_ASSIGNMENT,
R T R R RY )
(* Task priorities are assigned based on execution higher *)
(* execution rate impliea higher priority. M
R D L R R s
RATE_MONOTONIC_ASSIGNMENT,
P R R R R R L LA LR R TR TR T T
(* Task prioritiea are assigned based on execution deadlines: *)
(* earlier execution deadline implies higher priority.
R R S AL R e L AT TR
DEADLINE_MONOTONIC_ASSIGNMENT,

P T R RS T TR LT

(* Task priorities are asaigned based on workload level: higher *)

rates:

conat

function PROCESS_GENETIC_ALGORITHM_ INDIVIDUAL :

(* workload implies higher priority. ]
R T T T T T L T T L s PR T PO UP PP

AD_MONOTONIC_ASSIGNMENT) ;

WORKLO]
(R R TR T

R LT T T T
(* Problem apecific parameter. This structure definea the *genes’ of +)
(* the individuala that will make up the populatien. *
[ R LR S L S L R T R PR PP PPPPPOPPPPE
GENOTYPE = record
R R R R R R R R R D S PR P P ]
(* Cooperative or Preemptive Mulittasking. *)
R R D L R E T R R g LR LRt aRees]
TASKING_MODEL : TASKING_MODELS;
R D L R e L L LR LRt aetT]
(* Preemptive multitasking timeslice (microseconds). *)
R R R D D e e e L L S R L TR Td]
TARGET_TIMESLICE : longint;
R LD P S L2 2T
(* Enable/Disable Priority Inheritance. *)
(R R L T T TR SRR DI
PRIORITY_INHERITANCE ENABLED : boolean;
R R A R R R L T )
(* Static or Rotating priorities. *)
(R T R T R S L LR T R AR SRR LT e
PRIORITY_ALLOCATION : PRIORITY_SCHEDULING_POLICIES;
[ R S L LRk LRI R R TR es]
(* Uniform, random, rate monatonic, or workload *)
(* monatonic priority assignmenta. M
R R R D T T D PPy S LT T
INITIAL PRIORITY ASSIGNMENT : PRIORITY ASSIGNMENT ALGORITHMS;

(PrveerTeveeeves D L R oY

(* which *)

deadline monatonic,

Genetic Algorithm bookkeeping variables used to determine
(v individuals are allowed to *live’ in the next generation.
R D e R R LA Ld]
(* The individual’s fitness evaluation parameters. *)
R T R R R R TT R TR TR TP TR Y
FITNESS, RELATIVE_FITNESS, CUMULATIVE_FITNESS : real;
R R P S PR P PP PP
(* The individual’s diversity parameter (there 1s a 1:1 mapping ')
(* of genotype values and diveraity value).

frrrrereeeee .....-nn...-nnn-nnn.n.““.“......)

B R P Y

Flng to indicate uhtther the individual will “‘live’ 4in the *)
(* next gene .
(vwves
SURVIVOR
(vewvvevee
(v

(.

R R Y ee)

boolean;

B R R R A,
Seed for random number that resulta
(* reproduced.

R R R RS R R PP
RANDOM_NUMBER_SEED : longint;

(* GENOTYPE *)

veeve)

generator 10 can be *)

vevery

end;

R TR R R TR T e T PO
(* Thia data structure 1a used to determine how well the GA is doing. *)
(* The only criteria used is convergence to a single sclution (or to a *)
(v aingle *fitness’ value). The GA is assumed to be done when the *)
(* population has converged reguardleas of the actual fitness value :
(* achieved.
(..........n............-.-.....................................n.....)
STATISTICS = record
D R L R L T R T T T R A AR
( )
(* Baaic values for the population.. *)
(..............n.......................................n............,
BEST, MEAN, WORST : real;
R TR LD L P TP P PR T TP P
(* Statistics based on the entire population... *
pPop!
e SRR S L ST TR LR LIS PO ISP
VARIANCE, STANDARD DEVIATION : real;
[ R A A T A LR T T T T PP
(* Normalized histogram bucketa. *)
R R R R R TR R PR DT D TR PP,
HISTOGRAM : array [round(MINIMUM FITNESS - 0.5) ..
ound (MAXIMUM_FITNESS + 0.5)) of real;

end; (* STATISTICS *)

S80S0t tththbtt it ittt addddd e A A LR AT LU LR R P UP PP

(* Thia ia the current generation that haa completed processing. .
SRR R TR O P P eI SRS Pttt o b ORORRRRE,

GENERATION : longint = 0;

R L L L R R PR PP R PP PR PPy
(* This is the current individual that has complete proceaaing. *)
R LR R R R L T P P Rt SRR ettt SOPOTRS:
INDIVIDURL : 1integer = POPULATION_SIZE;

[SeahibatbttbhbitdtiatatdddaR R R P

(* Thia ia the maximum value for the genotype diversity, it i1s used *)

(* to acale the diversity displa M
Yy play.

R R R R R R P PR T IOt

MAX_NORMALIZED_DIVERSITY : real = 0.0;

(e e I s PPN NN P hh Yy vy bbb bavvv et sssttee)
(* Indicatea the atatus of the GA, can be used to terminate the GA. .
AL R R TR P TR DD S PDPPPTIPIPRPI PPN
GENETIC_ALGORITHM_FITNESS_CONVERGED boclean = false;
GENETIC_J AIEORITHM DIVERSITY _CONVERGED boolean = false;

[ e R R R AR TP

(v Statiatics are availaible for each generation that ia processed, *)
.

(* the data ia independant from generation to generation. )
ST T R RSt PR PR PR I% Mt S e e SRR,

PRESENT_GENERATION : STATISTICS;

[ R P ARy
(* Cumulative atatistics are availible for the moat recent ")

(* generationa (see FITNESS_MAX AVERAGE_GENERATIONS).
(....'o"'""'""""""""".'."""n""""n""""""n"")

LONG_TERM : STATISTICS;

St DT DL R L DY

(* Diveraity atatistics for the present generation. *)
R R AL SRR DT IR L P LR PR TP MR SRR ST PO RN |

PRESENT_DIVERSITY STATISTICS:

[ T R P T e Perey

(; Cummative diversity statistics for the most recent generationa *)
(* (see DIVERSITY MAX_AVERAGE_GENERATIONS).

(""'"'""""""""'"""'"'""""'""'""""""""""")

LONG_TERM_DIVERSITY : STATISTICS;

(SRR T R R PR eY

(* These are all of the genes of the population. .

(T T AN P IV bbb bbb bbesvvvees)

POPULATION : array [O..POPULATION_SIZE} of GENOTYPE;

R e R R PR

(* Used to verify the exiatance of the TASKING application program. *)

A AR R L DR R PR E TR DR T L PRSP PPN

EXECUTABLE_FILE file;

integer;

R R T P DT e ey

(*

Thia routine performs all procesaing on the individual (i.e., Selection, +)
(* Crossover, Mutation and Evaluation).

The individual that was processed *)

(* returned by this function.

R e LR PP PP
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procedure PROCESS_GENETIC. _ALGORITHM_GENERATION;
R T T Tt OO
I+ This routine performs all processing on the population for an entire *|
[* generation [i.e., Selection/Crossover, Mutation and Evaluation]. -

[eevesetiiirsiisis LeeRebersLi b e e s e |

procedure PROOUCE :_GENETIC_ALGORITHM_REPORT;
[erstssstortttrttTosssrstbortstssss .................-.........................[

[* This routine produces a report on the ‘best’ individuals found. .

R T P P R S S o S S U
[

implementation
uses dos;
VAL [eeeeeeeetteee et ettt e e s e e es e e

rrreseeeis

all time best indivuals that will be rported. .

[* List

[eesesese

ALL_TIME_BEST :

SHesiebiebLtbL ettty |

array [O..[NUMBER_OF_BEST_TO_REPORT-1[| of GENOTYPE;

[eeseesns

Srestereiiiiiiieineey
[- The genes are allowed to range within these bounds so that each *|

¢ individual created is guarenteed to have genes that are reasonable *|
[- for the problem [i.e. all individuals are viablel. .

[eevesrranse LR S Letbeeertiiiitittbiirait]

UPPER_BOUND, RANGE array [RTOS_GENES| of real;

LOWER_BOU'ND.

CONSE [+ et ttttttttt bbbt tb s bt bbbt bt bbbt ds bt sers

woaey
I* The index of the lowest in the list 1s maintained so that the 1ist -[
I7,can be kept as a circular buffer very efficiently.

[He bt tettttettesuietibbortotsonesonsses

LOWEST_IN_LIST_OF_BEST_ INOIVIOUALS

'[
integer = 0;

[eesevrtiirevire

SREARALRL Ll Ll bbbttt bbb bbb s |

[* Flag that 1indicates that at least one fitness value was outside of '[
[* the allowable tange [0.0 through 100.0[, used in report.

[sevsrstrtrtttitriiiies “.................nn.n..“.“nnnn“““.[

FITNESS_OUT_OF_RANGE : boolean = false;

R A LT LT P e ae e
[* Text string of gene names [for INI file processing and report '[
I* generating]. M|
R L D LI T PP P oo wrppeereny
GENE_NAME : array [RTOS_GENES| of string =

I

‘TaskingModel’,

‘TargetTimeslice’,

'PriorityInheritance’,

*PriorityAllocation’,

'InitialPriorityAssignment’

[sesesrsresesies

Cerreeeee s
[* Text strings for tasking model gene [for INI file and *[
[* report generatingl. M
[eeettstastasustttestersesivsiststttsise

TASKING_MOOEL_NAME :
I

processing

array [TASKING_MOOELS| of string =

Cooperative’,
‘Preemptive’
Ii

[* e bbb Lttt e e e bbb b |

[* Text strings for priority inheritance gene [for INI file processing*|
I+ and report generating|.

[seeeetererians ...............-..............-...........-.‘..........[

PRIOITY_ INHERITANCE_NAME array |boolean| of string =
I

‘O1sabled’,

‘Enabled’
[ a ottt bttt bttt e tssesbabt b bdste sttt bhste it biaaae
[* Text strings for priority scheduling policy gene |for
[* processing and report generatingl.
R R T Tt MRt S Pt it £ SO OO PO PPN |
PRIORITY_ALLOCATION_NAME :

array [PRIORITY_SCHEOULING_POLICIES| of string =

I

crrseseese|

INXI file *|

‘static’,

*Rotating’
[ e e LS b s bttt et ae b ettt
[* Text strings for priority assignment algorithm geme [for INI file *[
[* processing and report generating|. “
TR R T I RaReR LSRR St £ ST
INITIAL_PRIORITY_ASSIGNMENT NAME :

array |PRIORITY_ASSIGNMENT ALGORITNME| of string =

I

‘UniformAssignment’,

*RandomAssignment’,

*RateMonotonicAssignment’,

*oeadlineMonotonicAssignment ’,

*WorkloadMonotonicAssignment '
function RANDOM_VALUE [LOWER, UPPER : reall : real; \
PR S N o

[* Produces a random floating point number between LOWER and UPPER. ‘I

[ e e ettt statestetetetatattitete bbbttt stattstateststtstottotettatbttettate|

begin [* RANDOM_VALUE *[
RANDOM_VALUE := [random[maxint|
[* RANDOM_VALUE *I[

/ maxint| * [UPPER ~ LOWER| + LOWER;

end;

procedure WRITE_TO_INI_FILE[var INI_FILE : text; var GENES : GENOTYPE[;
PR i N R ST S P
[* This routine takes the individual’'s genotype and creates a TASKING INI °[
I* file that corresponds to it. The TASKING program will then use these *|
[* parameters to evaluate the effectiveness of the RTOS for the application. *I

L T
[

begin [* WRITE_TO_INI_FILE *|
writeln[INI_FILE, ‘TTasking[’l;
writeln[INI_FILE, ‘Statistics=TaskStatistics’|;
with GENES do
begin
RANDOM_NUMBER_SEEO := [longint[random|[SFFFF[| shl 16| or
- - longint [random|[$FEEF [

writeln|INI_FILE, GENE_NAME|TASKING MOOEL_GENE[, =ty
TASKING MOOEL N.AHE [TASKING_MOOCEL| [ :
writeln|[INI_FILE, GENE_NAME|TARGET_ TIMESLICE ._GENE[, faty

TARGET_TIMESLICET;
writeln[INI_FILE,
GENE_NAME [ PRIORITY_INHERITANCE_GENE |, et
PRIOITY_INHERITANCE_NAME [ PRIORITY_INHERITANCE sml.zol[,
writeln[INI_FILE,
GENE_NAME | PRIORITY_ALLOCATION GENE[, -,
PRIORITY_ALLOCATION_NAME [PRIORITY_ALLOCATION] | ;
writeln[INI_FILE|;
writeln [INX_FILE,
writeln|INI_FILE,
GENE_NAME | INITIAL_PRIORITY_ASSIGNMENT GENE[,
INITIAL_PRIORITY_ASSIGNMENT_NAME | INITIAL | PRIORITY, _ASSIGNMENT|[;
writeln|INI_FILE, ‘RandomNumberSeed=', RANDOM_NUMBER_SEEOI;
end; [* with.l.do *
[* WRITE_TO_INI_FILE *|

* [Application|’[;

end;

function PROCESS_GENETIC_ALGORITHM_INDIVIOUAL : integer:

[ R R PP EP e ARSI R S S SO
[* This routine performs all processing on the individual [i.e., Selection, *I
I* Crossover, Mutation and Evaluation|. The individual that was processed *|
I* returned by this function. *

e T

Procedure RANDOM GENE [var GENES

[Frer bbbt Ty

: GENOTYPE; GENE RTOS_GENES| ;

I* Replaces the gene of the genotype with a new, randomly selected value. *|

R e e e R R e

begin [* RANDOM_GENE *[
with GENES do
case GENE of
TASKING_MOOEL_GENE :
TASKING_MOOEL :=
TASKING_MOOELS
[
round
I
)’J\NDOM_VALU‘E

LOWER _BOUND [ TASKING_MOOEL_GENE [,
UPPER BOU'ND[TASKING MOOEL_GENE |

I

I
TARGET_TIMESLICE_GENE :
TARGET_TIMESLICE :=

round

I
RANDOM_VALUE
[

LOWER_BOUND [ TARGET_TIMESLICE_GENE|,
UPPER_| \_BOUND [ TARGET TIHESLICE ,_GENE [
[

i
PRIORITY_INHERITANCE GENE :
PRIORITY_INHERITANCE_ENABLEO :=
boolean
[
round
[

RANDOM_VALUE
1

LOWER_BOUND [ PRIORITY_INHERITANCE_GENE|,
UPPBR BOUND[PRIORITY INHERITANCE_GENE|

[

I:
PRIORITY_ALLOCATION GENE :
PRIORITY_ALLOCATION :=
PRIORITY_SCHEOULING_POLICIES
[

round

[

RANDOM_VALUE
I
LOWER_BOUND [ PRIORITY_ALLOCATION_GENE |,
UPPER_BOUND [ PRIORITY_ALLOCATION GENE |
I

[

Ii
INITIAL_PRIORITY_ASSIGNMENT GENE :
INITIAL_PRIORITY ASSIGNHENT :=
PRIORITY_ASSIGNMENT_ALGORITHMS

I
round

I

RANDOM_VALUE

I

LOWER_BOUND [INITIAL_ PRIORITY ASSIGNMENT _GENE[,
UPPER_! BOUNO[INITIAL PRIORITY _ASSIGNMENT_GENE|[
I

end; [* case...of *|
end; [* RANDOM_GENE *[

procedure INITIALIZE PDPULRTION.

[eevesrresriris e b b b b b bbb bbb bbbt

of 'l

[* This routine inxtxalxze: the GA by randomly initializing the genes
I+ the population and initializes the long term statistica.

[sevtsriirias [ ................-............[

var [sreeesesseeeteiis

I
[* Loop control variables. .1
[eerraesrieretaiis il ettt e e s bae |
INDIVIOUAL_LCV, LCV integer;
GENE

: RTOS_GENES;

begin [* INITIALIZE_POPULATION *[
for INDIVIOUAL LCV := 1 to POPULATION_SIZE do
with POPULATION|INOIVIOUAL LCV| do
begin

LOWER_BOUND|TASKING_MOOEL_GENE| := 1lnteger [low|TASKING MOOELI[;

UPPER_BOUNO|TASKING_MOOEL GENE| := integer[high|TASKING MOOEL||;

RANGE [TASKING_MOOEL_GENE | 1= -
UPPER_BOUND [TASKING_MOOEL_GENE| =~
LOWER_BOUND | TASKING_MOOEL_GENE| ;

LOWER_BOUND|[TARGET_TIMESLICE_GENE[ := MINIMUM_TIMESLICE;
UPPER BOU'ND[TARGZT TIMESLICE_GENE| := $FFFF;
RANGE |[TARGET TIMESLICE ._GENE | =
UPPER_BOUNDI[TARGET_TIMESLICE_GENE[ -
LOWER BOUND[TRRGET_TMSLICE_GENE I

LOWER_BOUND|PRIORITY_INHERITANCE_GENE[ :=
integer [lw[P’RIORITY INHERITANCE _ENABLEO] [ ;
UPPER_BOUND| PRIORITY INHERITANCE ._GENE[ :=
. inteqer[hithPRIORITY INHERITANCE, ENABLEO[[.
RANGE [PRIORITY_INHERITANCE_GENE |
UPPER BOUN'DIE'RIORITY INMERITANCE GENE[ -
LOWER_BOUN'DI PRIORITY_INHERIT}\NCE_GBNE s

LOWER_BOUND [PRIORITY_ALLOCATION GENE| :=
integer [low [PRIORITY. ALLOCATION[ I:

UPPER_BOUNO|PRIORITY_ALLOCATION GENE[ :=
)nteger [high [PRIORITY. ALLOCATION[ I

RANGE | PRXORITY_ALLOCATXON_GENE I =
UPPER_BOUND | PRIORITY_ALLOCATION GENE| =~
LOWER_BOUND [ PRIORITY_ALLOCATION_GENE|[;

LOWER_BOUND [ INITIAL_PRIORITY_ASSIGNMENT _GENE[ =

Lnteger [lWIINITI}\L PRIORITY _ASSIGNMENT| | ;
UPPER_BOUND | INITIAL PRIORITY. _ASSIGNMENT _GENE [

Lnteger lhithINITIAL PRIORITY _ASSIGNMENT [ [
RANGE [ INITIAL_PRIORITY_ASSIGNMENT_GENE | i=
UPPER_BOUND| INITIAL_PRIORITY_ASSIGNMENT _GENE[ =~
LOWBR BDUN'DIINITD\L PRIORITY_ASSIGNHENT_GENE|
[* for...to...do *|

end;

[* Randomly initialize population *|
for INDIVIOUAL_LCV := 1 to POPULATION_SIZE do

for GENE := low |[RTOS, _GENES[ to high[RTOS GENES| do
RANDOM_GENE [ POPULATION | INDIVIOUAL_LCV|[, GENE|;
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(* Initialize Statistics *)
with PRESENT_GENERATION do

begin
BEST -maxlongint;
WORET maxlongint;
MEAN := 0.0;
VARIANCE := 0.07

STANDARD_] DEVIATION = 0.0;
for LCV := LOWEST_BUCKET to HIGHEST_BUCKET do
HISTOGRAM(LCV) 1= 0.0;
end; (* with...do *)
LONG_TERM := PRESENT_GENERATION;
PRESENT_DIVERSITY = PRESENT_GENERATION;
LONG_ TBRM DIVERSITY := PRESENT_GENERATION;
for ICV := O to (NUMBER_OF_| BEST _TO_REPORT-1) do
ALL_TIME_BEST (LCV). FITNESS := —maxlonql.nt.
(* INITIALIZE _POPULATION ')

end;

procedure EVALUATE(THIS_INDIVIDUAL : integer);

R P P Dt S
(* This routine evaluates the fitness for a single individual of the *)
(* population. .

(4o ettt ettt ttietht eyttt eeer et r e a ittt ttett et traey)

2T IR S R L T PP P PP PPt
(* Text file to contain the RTOS application configuration. *)
R D s e e T

INI_FILE : text;

function TASKING_REPORT : real;

(........."n"7'"'...."nnnnnn"nnnn'......""n""...."")
(* This routine analyzes the TASKING report file and produces a floating*)
(* point number from 0.0 to 100.0 that corresponds to how well TASKING *)
(* thinks the RTOS parameters tune TASKING to the application. .

R D D TR TR PPy

B R P
(* The TASKING parameters that are measured are assigned *)
(* proportions that are used to weight each parameter

(of *)
(* course the total must sum to 1.0). .
LR R P PP PO PP RS
PERIODIC_FAULTS_PERCENTAGE = O 85;
BAN'DW'IDTH PERCENTAGE -0 = PERIOOIC_FAULTS_PERCENTAGE;

B I R T

(* The text file that corresponds to the TASKING repor! file. *)

D R T P PR P PP DTN eeeveaveneane)

REPORT : text;

R T R T T TSP et
(* Text string used to parse the TASKING report file. *)
R T T R T S R T R T oot SIS DN

LINE : string;

R
(* Parameters from the TASKING report used to evaluate the RTOS ')

(* configuration.
O i A O S

EANDWIDTH, PERIODIC_FAULTS : real;

D )

(* Used to convert strings to real numbers (indicates status). *)
RO O I Hrr PO D PO S S AN DI SSIS S AP

CODE integer;

begin (* TASKING_REPORT *)

as3ign (REPORT, *TASKING.RPT'|;
(*SI-*) reset (REPORT); (*SI+*)
repeat

readln (REPORT, LINE);
until pos(‘Available CPU Bandwidth’,
delete(LINE, 1, pos(’=’, LINE)):
while LINE(1) = ’ * do delete(LINE, 1, 1);
delete (LINE, length(LINE) - 1, 2);
val)LINE, BANDWIDTH, CODE):

LINE) <> O;

PERIODIC_FAULTS := 0.0;
readln (REPORT, LINE
1f pos(’Periodic Event Faults’,
begin
delete(LINE, 1, pos(‘=’, LINE));
while LINE(1) = ’ * do delete(LINE, 1, 1):
delete (LINE, length(LINE) - 1, 2);
val (LINE, PERIODIC_FAULTS, CODE);
end; (* if...then *)

LINE) <> O then

TASKING_REPORT := PERIODIC_FAULTS_PERCENTAGE * (100 ~ PERIODIC_FAULTS)
+
EANDWIDTH_PERCENTAGE * BANDWIDTH:
close (REPORT) ;
end; (* TASKING_REPORT *)

function APPLICATION REPORT : real;

(.........-..................................-......................-.....,
(* This routine analyzes the TASKING report file and produces a floating*)
(* point number from 0.0 to 100.0 that corresponds to how well TASKING *)

(* thinks the RTOS parameters tune TASKING to the application.
(+oveevantetstsstssassstrasesteesstvvasservtttiiasiitetirettaratsasareancy)

begin (* APPLICATION_REPORT *)
APPLICATION REPORT := dosexitcode;
end; (* APPLICATION REPORT *)

begin (* EVALUATE *)
assign(INI_FILE, PROGRAM_NAME + *.INI');
(*$I-*) rewraite(INI ] FILE); (*SI+*)
WRITE_TO_INI FILE[INI FILE, POPULATION(THIS_INDIVIDUAL));
close(INI FILE);

exec (PROGRAM_NAME + '.EXE’, ‘No Report File');
with POPULATION(THIS_INDIVIDUAL) do
begin
FITNESS := RTOS_EVALUATION_| PERCENTAGE * TASKING_REPORT +
APPLICATION ZV)\LU}\TION PERCENTAGE * APPLICRTION REPORT.
DIVERSITY := longint [T}\RGET TIMESLICE and $OOOOFFEE) +
longint [T}\SKING MODEL) shl 16 +
longint (PRIORITY_INHERITANCE I ENABLED) shl 17 +
longint (PRIORITY_/ ~ALLOCATION) shl 18 +
longint (INITIAL_PRIORITY _ASSIGNMENT) shl 19;
end; (* with...do *)
end; (* EVALUATE *)

procedure COMPUTE POPULATION_STATISTICS;
eeeveveessatessaTorararesreTaveransetetovesetatssautrireesavavevetevivavay)
(*+ This routine computes bothe the present generation and long term *)
(* statistics.
(eeeeessersaetrerererirrarererererrsvaverestavareatisistaresaranesaratis)
T ]

(* Loop Control Variables. .

D D L L R R LR T R e e ]
INDIVIDUAL_LCV, LCV : integer;
SRR e AR A

(* For computing variance and correlation. )
(veveenacetueseverasrsereeaeratretaeratasrarveretvetectivaertrasiarany)

SUM_OF_SQUARES : real;

[ e e e e A AL AL AL
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(* For computing correlation.

R e T e ]

SUM : real;

(4P v et a e a e a et ata ettt tta et et ea sttt et ettt atatreraratatatertastreae)

(* Weight used to average for long term statistics.

[ R R D D D R T e ]

AVERAGE_WEIGHT : real;

[ L T )

(* For determining where to put the fitness value (in histogramj.

D L DT D R T S LR T A PR PR PP T )

BUCKET : integer;

begin (* COMPUTE_POPULATION STATISTICS *)

with PRESENT_GENERATION do

begin
BEST := -maxlongint;
WORST := maxlongint;
end, (* with...do *)

with PRESENT_GENERATION do
begin
MEAN := 0.0;
for INDIVIDUAL_LCV := 1 to POPULATION_SIZE do
with POPULATION (INDIVIDUAL_LCV) do
began
MEAN := MEAN + FITNESS;
if FITNESS > PRESENT_GENERATION.BEST then
PRESENT_GENERATION.BEST := FITNESS:
if FITNESS > LONG_TERM.BEST then
begin
LONG_TERM.BEST := FITNESS;
ALL_TIME_BEST (LOWEST_IN_LIST_OF_BEST_INDIVIDUALS) :=
POPULATION) INDIVIDUAL_LCV) ¢
LOWEST_IN_LIST_OF_BEST_INDIVIDUALS :=
(LOWEST_IN_LIST_OF BEST_INDIVIDUALS + 1) mod
NUMBER_( OF BEST TO REPORT;
end; (* 1f...then *)
if FITNESS < PRESENT_GENERATION.WORST then
PRESENT_GENERATION.WORST := FITNESS;
if FITNESS < LONG_TERM.WORST then
LONG_TERM.WORST := FITNESS;
end;
MEAN :

MEAN / POPULATION_SIZE;

SUM_OF_SQUARES := 0.0;
for - INDIVIDUAL LCV := 1 to POPULATION_SIZE do
SUM_OF SQUARSS := SUM_OF_SQUARES +
sqr(POPULATION[INDIVIDU)\L Lev)
VARIANCE := SUM_OF_SQUARES / POPULATION_SIZE;

.FITNESS ~ MEAN);

STANDARD_DEVIATION := sqrt(VARIANCE);

for LCV := LOWEST_BUCKET to HIGHEST BUCKET do HISTOGRAM(LCV) := 0.0;
for INDIVIDUAL_LCV := 1 to POPULATION_SIZE do
begin
BUCKET := round(POPULATION (INDIVIDUAL_LCV).FITNESS);
if (BUCKET < LOWEST BUCKET) or (HIGHEST_BUCKET < BUCKET) then

FITNESS_OUT_OF_| RAMGE := true;
HISTOGRAM [BUCKET) := HISTOGRAM[BUCKET) + 1;
)

end; (* for...to...do *
SUM := 0.0;
for LCV :=LOWEST_BUCKET to HIGHEST BUCKET do

SUM := SUM + HISTOGRAM(LCV);
for LCV := LOWEST_BUCKET to HIGHEST BUCKET do
HISTOGRAM (LCV) Te HISTOGRAM(LCV)
(SUM / [HIGHEST_BUCKET - LOWEST BUCKET + 1));
end: (* with...do *)
(* Compute long term statistics *)
1f GENERATION > FITNESS_MAX_AVERAGE_GENERATIONS
then
AVERAGE_WEIGNT := 1 / FITNESS_MAX_AVERAGE_GENERATIONS
else
AVERAGE_WEIGHT := 1 / GENERATION:

with LONG_TERM do

begin
MEAN = MEAN * (1 - AVERAGE_WEIGHT) +
PRESENT_GENERATION.MEAN * AVERAGE_WEIGHT;
VARIANCE := VARIANCE * (1 - AVERAGE_WEIGHT) +

PRESENT_GENERATION.VARIANCE * AVERAGE_WEIGHT;
STANDARD_DEVIATION := STANDARD_DEVIATION * (1 - AVERAGE_WEIGHT) +
PRESENT_GENERATION.STANDARD_DEVIATION ¢
AVERAGE_WEIGHT;
for LCV := LOWEST_BUCKET to HIGHEST BUCKET do

HISTOGRAM [LCV) := HISTOGRAM(LCV) * (1 - AVERAGE WEIGHT) +
PRESENT_GENERATION.HISTOGRAM (LCV)
}\VERAGE_WEIGNT,
end; (* with...do *)

(* Compute Diversity Statistics *)
with PRSSENT_DIVERSITY do

begin
BEST := -maxlongint;:
WORST := maxlongint;
MEAN := 0.0;

for INDIVIDUAL_LCV := 1 to POPULATION_SIZE do
with POPULATION [INDIVIDUAL ,_LCV) do
MEAN := MEAN + DIVERSITY / MAX_NORMALIZED DIVERSITY * 100;
MEAN := MEAN / POPULATION SIZE;

SUM_OF_SQUARES := 0.
for INDIVIDUAL_LCV
SUM_OE_SQUARES :

= 1 to POPULATION_SIZE do

SUM_OF_SQUARES +

sqr(POPU’L}\TION[INDIVIDU)\L LCV) .DIVERSITY /
MAX_NORMALIZED DIVERSITY * 100 -~ MEAN):

1= SUM_OF_SQUARES / POPULATION_SIZE;

VARIANCE

STANDARD_DEVIATION := sqrt (VARIANCE);
end; (* with...do *)

(* Compute long term statistics *)
if GENERATION > DIVERSITY_MAX_AVERAGE_GENERATIONS
then
AVERAGE_WEIGHT := 1 / DIVERSITY_MAX_AVERAGE_GENERATIONS
else
AVERAGE_WEIGHT := 1 / GENERATION;

with LONG_TERM_DIVERSITY do

egin

MEAN = MEAN * (1 -~ AVERAGE_WEIGHT) +
PRESENT_DIVEREITY.MEAN * AVERAGE_WEIGHT;

VARIANCE t= VARIANCE * (1 ~ AVERAGE_WEIGHT) +

PRESENT_DIVERSITY.VARIANCE * AVERAGE_WEIGHT;

STANDARD_DEVIATION := STANDARD DEVIATION * (1 -~ AVERAGE_WEIGHT) +
PRESENT, DIVERSITY STANDARD_DEVIATION *
AVERAGE_WEIGHT:

for LCV ‘e LOWEST_BUCKET to HTGHEST_BUCK'ET do HISTOGRAM (LCV) := 0.0;
for INDIVIDUAL := 1 to POPULATION_SIZE do
begin
BUCKET := round(POPULATION(INDIVIDUAL).DIVERSITY /
MAX_NORMALIZED_DIVERSITY * 100);
if (BUCKET < LOWEST_BUCKET) or (HIGHEST_BUCKET < BUCKET) then

FITNESS_OUT_OF_RAMGE := true;
HISTOGRAM[BUCKET] := HISTOGRAM(BUCKET) + 1;
end; (* for...to...do *)
SUM = 0.0;



for LCV :=LOWEST_BUCKET to HIGHEST_BUCKET do
SUM := SUM + HISTOGRAM[LCV}/
for LCV := LOWEST_BUCKET to HIGHEST_BUCKET do
HISTOGRAM[LCV) T= HISTOGRAM[LCV)
{SUM / {HIGHEST_BUCKET - LOWEST_BUCKET + 1{{;
end; {* with...do *{ -

GENETIC_ALGORITHM_FITNESS_CONVERGED :=
abs [LONG_TERM.STANDARD DEVIATION{ < CONVERGENCE_THRESHOLD:

GENETIC_ALGORITHM_DIVERSITY_CONVERGED :=
abs(LONG TE.RM DIVERSITY. STANDARD. )_DEVIATION{ < CONVERGENCE_THRESHOLD;
end; ({* COM.EUTE_POPULATION_STATISTICS K e

procedure EVALUATE_POPULATION;

R
{* This routine evaluates the fitness for each individual in the “t
{* population. -

R T R T T PP POPeN

B T R T
{* Loop Control variables. *
R R T T TP

INDIVIDUAL, LCV : integer;

begin {* EVALUATE_POPULATION *)
for INDIVIDUAL := 1 to POPULATION_SIZE do
EVALUATE { INDIVIDUAL{ ;
COMPUTE_POPULATION_STATISTICS;
end; {* EVALUATE_POPULATION *{

procedure CROSSOVER_POPULATION;

T T L L P T R e R OO e Pe oo
s Determines which survivors will be used to reproduce offspring to take *{
{* the place of all non-survivors
(...........................................................................(

B R R PP R
{* Each generation, the survivors muat be counted so that selection '(
[* for reproduction can be done using only survivors.
[.nnn“.........nn-n.nnnuuuuunn........H.Hn.nnn..)

NUMBER_OF_SURVIVORS : integer;

R T e R T P R T TP TP
{* Loop Control Variablea. *)
R R LS R T R T e TP T P T2 e1
INDIVIDUAL_LCV, LCV integer;

GENE RTOS_GENES;

D P P PSSPt
{* Indices of the parents that will be ‘crossed’ to produce the *{
{* offspring. .
P

FIRST_PARENT, SECOND_PARENT : integer;

e o
{* For each parent the Nth survivor is chosen, these variables keep *{
{* track of the index to be chosen. .
[ SRR SR AT S S L LT T T Ts]

FIRST_INDEX, SECOND_INDEX, COUNT integer;

L L LT R Rt R T
{* Genea 0..CROSSOVER_POINT-1 are taken from the first parent and *{
{* the reat are taken from the second parent. .
R T R T

CROSSOVER_POINT : RTOS_GENES;

procedure NATURAL_SELECTION;
TR e s L T LE S LT TIPS
{* ‘Culls' the population, retaining all individuals that are ‘above ')
{* average’ and also a percentage of the other individuals based on the I
{* PROBABILITY_OF_ CROSSOVER.

L Y

B T T T T T el
[* Loop Control Variable. .y

R Rt R R LAY

INDIVIDUAL LCV : integer;

T T AT A d)
{* Total of the fitneaa of all individuals in the population. *

R L T e A A A Y]

SUM : real;

begin {* NATURAL_SELECTION *)
SUM := 0.0;
for INDIVIDUAL_LCV := 1 to POPULATION_SIZ2E do
SUM := SUM + POPULATION[IN‘DIVIDUAL L1cv) .FITNESS;

for INDIVIDUAL_LCV := 1 to POPULRTION SIZE do
with POPULATION[IN‘DIVIDUAL Lcv) do
RELATIVE_FITNESS := FITNESS / SUM:

POPULATION(1) .CUMULATIVE_FITNESS ;= POPULATION[1).RELATIVE_FITNESS;
for INDIVIDUAL_LCV 2 to POPULATION _SIZE do
with POPULATION[IN‘DIVIDUAL LCV) do
CUMULATIVE _FITNESS :=
POPULATION [INDIVIDUAL_LCV-1} .CUMULATIVE_FITNESS +
RELATIVE_FITNESS;

NUMBER OF _ SURVIVORS := 0;
for INDIVIDUAL v 1 to POPULATION SIZE do
if (POPULATION[INDIVIDUAL Lcv) . FITNESS > PRESENT_GENERATION.MEAN{ xor
{ {random {maxint{ / maxInt{ <= PROBABILITY OF CFOSSUVER(
then
begin
POPULATION [INDIVIDUAL ] LCV) .SURVIVOR := true;
inc {NUMBER OF . SURVIVORS{;
end (v if...then *{
else
POPULATION[IN‘DIVIDUAL_LCV).SURVIVOR := false;
end; {* NATURAL_SELECTION *)

begin {* CROSSOVER_POPULATION *{
NATURAL_SELECTION;

for INDIVIDUAL LCV := 1 to POPULATION SIZE do

with POPULATION[IN‘DIVIDUAL Lcv) do

if not SURVIVOR then

begin
FIRST_INDEX
SECOND_INDEX

random {NUMBER_OF_SURVIVORS{ + 1;
:= random{NUMBER_OF_SURVIVORS{ + 1;

COUNT := 0;
FIRST_PARENT
SECOND_PARENT ;
for LV := 1 to POPULATION SIZ2E do
1f POPULATION[LCV).SURVIVOR then
began
1nc {COUNT) ;
if COUNT = FIRST_INDEX then FIRST_PARENT := LCV;
if COUNT = SECOND_INDEX then SECOND_PARENT := LCV;
end; (* if...then *)

CROSSOVER_POINT := RTOS_GENES {random[integer {high[RTOS_GENES{))):

if CROSSOVER_POINT <> low [RTOS_GENES) then
for GENE := low(RTOS _GENES) to”| pred {CROSSOVER_POINT{ do
case GENE of
TASKING_MODEL_GENE :

pr
(
I
I

I

pr
I
It
It
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TASKING_MODEL := POPULATION [FIRST_PARENT).TRSKING_MODEL;
TARGET_TIMESLICE GENE :
TARGET_TIMESLICE :=
POPULATION [FIRST_PARENT) .TARGET TIMESLICE;
PRIORITY_INHERITANCE GENE :
PRIORITY_INHERITANCE_ENABLED :=
POPULATION [FIRST_PARENT).PRIORITY_INHERITANCE_ENABLED;
PRIORITY_ALLOCATION GENE : -
PRIORITY_ALLOCATION :=
POPULATION([FIRST_PARENT).PRIORITY_ALLOCATION;
INITIAL_PRIORITY_ASSIGNMENT GENE :
INITIAL_PRIORITY ASSIGNMENT :=
POPULATION [FIRST_PARENT) . INITIAL_PRIORITY_ASSIGNMENT;
end; {* case...of -
for GENE := CROSSOVER_POINT to high{RTOS_GENES{ do
case GENE of
TASKING_MODEL_GENE
TASKING_MODEL := popuunou[rmsr PARENT) . TASKING_MODEL;
TARGET_TIMESLICE GENE :
TARGET_TIMESLICE :=
POPULATION [FIRST_PARENT) . TARGET_TIMESLICE;
PRIORITY_INHERITANCE GENE :
PRIORITY_INHERITANCE_ENABLED :=
POPULATION [FIRST_PARENT (.PRIORITY_ INHERITANCE_ENABLED;
PRIORITY_ALLOCATION GENE : -
PRIORITY_ALLOCATION :=
POPULATION [FIRST_PARENT) . PRIORITY _ALLOCATION:
INITIAL_PRIORITY_ASSIGNMENT GENE :
INITIAL_PRIORITY ASSIGNMENT :=
POPULATION (FIRST_PARENT).INITIAL_PRIORITY_ASSIGHMENT;
end; {* case...of *{
end {* if...then *{
end; {* CROSSOVER_POPULATION *)

procedure MUTATE_POPULATION;
R s T T

{* Thia routine performs the population wide mutation on individuala. “t
R L L R D e L R 2t

N LR R R T R T TP T PP TRy
{* Maximum number of mutations that will be performed for this *{
{* generatjon {(directly derived from probability of mutation{. “
R R T e T L R R R S RS R TR TR

MAX_MUTATIONS : integer;

R

{* The individual in the population being mutated M

R D D R T S

MUTANT _INDIVIDUAL : integer;

T T T R T T T
{* The gene in the individual being mutated. “
[ HSSE TR e Pt PR sowd bt P o S PRSP

MUTANT_GENE : RTOS_GENES;

R R TR LT T Ty T R T T T T T T T T T T T
{* Loop Control variable. .
R T L T T T e 4|

LCV : integer;

begin {* MUTATE_POPULATION *)
MAX_MUTATIONS := round [POPULATION SI2E * {integer {high{RTOS_GENES)) -
integer{low[RTOS_GENES){ + 1) *
PROBABILITY_OF MUTATION{;

for LCV := 0 to random{MAX_MUTATIONS{ do

begin
MUTANT_INDIVIDUAL := random{POPULATION_SI2E) + l;
MUTANT _GENE := RTOS_GENES {random [integer {high [RTOS_GENES{{{}7

RANDOM_GENE {POPULATION [MUTANT INDIVIDUAL}, MUTANT _GENE};
end; {* for...to...do *{
end; {* MUTATE_POPULATION *{

begin {* PROCESS_GENETIC_ALGORITNH_INDIVIDUAL *{
1f INDIVIDUAL = POPULATION SIZ2E then
begin
INDIVIDUAL 1= 05
if GENERATION = O
then
INITIALIZE _POPULATION
else
begin
CROSSOVER _POPULATION;
MUTATE_POPULATION;
end; [* If...then...else *)
end; {* if...then *)

inc{INDIVIDUAL);
EVALUATE { INDIVIDUAL) ;

PROCESS_GENETIC_ALGORITHM_INDIVIDUAL := INDIVIDUAL;
if INDIVIDUAL = POPULATION SIZE then
begin
inc {GENERATION{ ;
COMPUTE_POPULATION_STATISTICS;
end; {* i1f...then *{
end; {* PROCESS_GENETIC_ALGORITHM_INDIVIDUAL *{

ocedure PROCESS_GENETIC_ALGORITHM_GENERATION;

P L T T R T R R Rt
This routine performs all processing on the population for an entire *{
generation {i.e., Selection/Crossover, Mutation and Evaluation{. -

e L LT L T T e e

var INDIVIDUAL_LCV : integer;

begin [* PROCESS_GENETIC_ALGORITHM_GENERATION |
INDIVIDUAL_LCV := 1;
repeat
PROCESS_GENETIC_ALGORITHM_INDIVIDUAL;
xnc(IN‘DIVIDUAL icv);
until (INDIVIDUAL LCV > POPULATION_SIZE{;
end; [* PROCESS GE.NETIC ALGORITHM_! GENERATION *{

ocedure PRODUCE_GENETIC_ALGORITHM_REPORT;

P T T T

This routine produces a report on the ‘best’ individualas found. A

B T A P

P T e

{* General purpose special characters. “
TS Sl ok e B e O P P T TIPS et

CR = chr{$0D}; {* Carriage Return ')
LE = chr{$O0A}; {* Line Feed

B T T T P

{* Loop Control Variables. “

TR T PP ae
LCV, COUNTER : integer;

GENE i RTOS_GENES;
T R T

{* Text file for report. “

R T

REPORT : text;

LR L TR

{* Temporary variable to hold the fitneas of the individuals in the *)



(* report. .

. eeeetetetttttttttcttaans)

{
THMP : real;

( ceveceane ey
{* Used to extract the genotype from the most popular diversity *)
{7 value within the entire population.

[eeeees

CHOICE : longint;

eeeseeetttiitttttiitttieney

function REPORT_FILENME : string;
(

eses o)

[1,,,This routine determines the next available GA_xx.RPT filename. )

sesseoeeey

consat | A eeey
{2,,,U3ed to assign a unigue filename to the report file. )

REPORT_NUMBER . integer = 0;

sreseseece)

var (e . .o
Result of I/0 operation, used to find first available *)
1lename. .

eoee eeseeisttttttecececien)

{
RESULT  integer;

t . )
(* Filename of file to get report. <)
(eesssee coveverve vee)

FILENAME : string(sizeof(namestr) + sizeof(dirstr) + 1);

( R e ad)
(* File used to find first available file. *)

REPORT file;

cessseeece)

begin (* REPORT_FILENAME *)
cepeat
FILENAME := 'GA_’;
FILENAME := FILENAME + chr(ord(’0’) + REPORT_NUMBER div 10) +
chriord('0’) + REPORT_NUMBER mod 10);
FILENAME := FILENAME + '.RPT’;
inc (REPORT_NUMBER) ;
as33ign (REPORT, FILENAME);
(*$I~*) reset (REPORT); (*$I+*)
RESULT := ioresult;
1f RESULT = O then
close (REPORT) ;
until RESULT = 2;
REPORT_FILENAME := FILENAME;
end; (* REPORT_FILENAME *)

begin (* PRODUCE_GENETIC_ALGORITHM_ REPORT *)
ass1gn (REPORT, REPORT_FILENAME);
(*$I-*) rewrite(REPORT); (*$I+*)
if FITNESS_OUT_OF_RAMGE then
writeln(REPORT, ';  Fatal Error! Fitness out of range (0..100)!
1f GENETIC_ALGORITHM_FITNESS_CONVERGED then
writeln(REPORT, ’;  Fitness converged, ');
1f GENETIC_ALGORITHM_DIVERSITY_CONVERGED then
writeln(REPORT, ’;  Diversity converged, ’);
writeln(REPORT, ’; ', GENERATION, ' Generations’);
for COUNTER := O to (NUMBER_OF BEST_TO_REPORT-1) do
begin
THMP := ALL_TIME_BEST ((LOWEST_IN_LIST_OF_BEST_INDIVIDUALS + COUNTER)

mod
NUMBER_OF_BEST_TO_REPORT).FITNESS;
if THMP <> -maxlongint then
begin
writeln (REPORT,
writeln (REPORT,

' yi
writeln (REPORT, )i
writeln (REPORT, Rank: ', NUMBER OF BEST_TO_REPORT ~ COUNTER);
writeln(REPORT, '; Fitness: *, THMP : 3 : 3);
WRITE_TO_INI_FILE (REPORT, ALL_TIME_BEST(
(LOWEST_IN_LIST OF_BEST_INDIVIDUALS + COUNTER) mod
NUMBER_OF_BEST_TO_REPORT)) ¢
writeln{REPORT, ';7);
end; (* if...then *)
end; (* for...to...do *)
close (REPORT) ;
end; (* PRODUCE_GENETIC_ALGORITHM_REPORT *)

begin (* GENETIC_ALGORITHM *)
randomize;
MAX_NORMALIZED_DIVERSITY := $OO3IFFFFF; |~ 22 bits are used *)

{* make sure application executable exists in this directory! *)
ass1gn(EXECUTABLE_FILE, PROGRAM_NAME + '.EXE’);
{*$I+*) reset (EXECUTABLE_FILE); (*$I-*)
1f ioresult <> O then
begin
writeln;
writeln('RTOS_GA: TRSKING application does not exist, (-,
PROGRAM_NAME, *.EXE)’);
halt(l);
end; (* if...then *)
end. (* GENETIC_ALGORITHM *)

9.4 MATH_GA.PAS

unit MATH_GA;

(seveeees ey

Genetic Algorithm {GA) specification to determine the maximum value for *)

(* a multi-dimensional function. This specification is merely used to test *)
{7 the basic operation of the GA. *)

Compiler Options (Ver. 7.0)
Wor

(*$A+ Alignment

(*$B- Short Circuit Boolean Evaluation

(*$D+ Debug Code Generation ON (Sort of)

[ Requires /V option to TPC to activate

(*SL+ Local Debug symbols ON (Sort of)

. Requires /V option to TPC to activate

(*$F~ Far calls only as needed

(*$1~ 1/0 Checking OFF

(*$N+ Hardware 80x87 Used (1f available)

(*s0~ Overlays NOT allowed

(*SP~ Standard ’atring’ parameters

(*30~ overflow Checking OFF

(*$R~ Range Checking OFF

(*85~ Stack Checking OFF

(*v- Var-string Checking OFF

(*ST+ Force Typed ‘@' references

(36254 Enable Extended syntax

(seeeeescesessssess crere

interface

const { tesesessteeesstsesesesen coesesscesceey
(* The following define: the numhet of individuals in the population. *)
reeessteesese .es ceeeeseees)

const

type

const

136

POPULATION_SIZE = 175;

(sesesvesseccocenes

Seesettetettetettettittitettittttttttttttttttttttes)

(* Genetic operator probabilities; these define the speed that the GA *)
(* converges as well as the probabxuty of false convergance. *)
(seeeeecersesscsseresecee R R T T
PROBABILITY_OF_( CROSSOVBR = 0.25;

PROBABILITY Of‘ MUTATION = 0.03;

CONV‘BRGBNCB THRESHOLD = 6;

(eoeseessssessssesseserseseree ceseesesy
(* Long term statistic are computing using data from (up to) this *)
(' many pnvxous enezation: *)

FITNSSS _MAX_AVERAGE_GENERATIONS = 175;
OIVERSITY H)\X AVERAGE, ;_GENERATIONS = 100;

(* Number of ‘best’ individuals to maintain for reporting.

NUMBER_OF_BEST_TO_REPORT = 5;

( . . o
(* Defines the bounds of the histogram, values should be guarenteed *)
{* to be beyond the possible fitness values (this is verified and *)
(* reported any fitness is beyond this range). .
e

MINIMUM_FITNESS = 0.0; LOWEST_BUCKET = round(MINIMUM_ FITNESS);
MAXIMUM_FITNESS = 100.0; HIGHEST '_BUCKET = rOund(H}\XD‘IUM FITNESS):

( .. vevey
(* Problem Specific parameter. This i3 the number of dimensions of *)
{* the function to be searched. *)
(eeee . )

NUMBER_OF_VARIABLES = 2;

( . eessveeeiensy
{* Problem specific parameter. Thls structure defines the ’‘genes’ of *)
(- the individuals that will make up the population. .
S . )

GENOTYPE = record
t S N
(* The actual problem ’genes’, for this problem they are all the *)
{* same. In general this will not be the case. *)
ceer )

(
GENE : array [O..NUMBER_OF VARIABLES-1) of real;

t

{* The genes are allowed to range within these bounds 3o that each *)
{* individual created is guarenteed to produce genes that are *)
{* reasonable for the problem (i.e. all individuals are viable). )

{
UPPER_BOUND, LOWER_BOUND : array [0..NUMBER OF_VARIABLES-l) of real;

t )
{* Genetic Algorithm bookkeeplng variables used to determine which *)
{* individuals are allowed to ‘live’ in the next generation. .

eseeceey
{* The individual’s fitness evaluation parameters. *)
eesreees )

FITNESS, RELATIVE FITNESS, CUMULATIVE FITNESS : real;

( ceeee o
{* The individual’s diversity parameter (there iz a 1:1 mapping *)
{* of genotype values and diversity value). .

Ceseireessettitititetttttecees)

(
DIVERSITY : real;

1 ves .
{* Flag to indicate whether the individual will ‘live’ in the *)
{* next generation. o
I

. .. .y
SURVIVOR : boolean;
end; (* GENOTYPE *)

| ceverere
{* This data structure is used to determine how well the GA is doing. ')
{* The only criterla used is convergence to a 3ingle solution for to a *)
{* single ’fitness’ value). The GA i3 assumed to be done when the )
{* population has converged reguardless of the actual fitness value *)
{* achieved. .

. seseseee teeeey

STATISTICS = record

N ceveren voeeny
{* Basic values for the population... .
(oo or ceeeresy

BEST, MEAN, WORST

(
{* Statistics based on the entire population...

VARIANCE, STANDARD_DBVIATION : real;
(v

(* Normalized histogtam buckets.
(eoveceesecrees creveee
HISTOGRAM : array [round(HINm\lM FITNESS ~ 0.5) .
und (MAXIMUM_FITNESS + 0.5)) Of real;

end; (* STATISTICS ')

(eoeeesssssrescsssseecsreccee ssessssees)

{+ This is the current generation that has completed processing

GENERATION : longint = 0;

(88884 e e et aaa et ettt ettt etetstssstterssstttesssssstsessvetttsssttocecanes)



(* This 13 the current individual that has complete processing. .

[seeoosverootreecrrecosrroossetssaarresserestttttttttittttrtonestrnsnrns

INDIVIDUAL : integer = POPULATION_SIZE;

T .
(* This is the maxamum value for the genotype diversity, it is
(* to scale the diversity display.

S ..

MAX_NORMALIZED_DIVERSITY : real = 0.0;

used *[(

(ooee P R cesesesesses

(* Indicates the status of the GA, can be used to terminate the GA. Mt
[seeseererrrtsittciseiestestiertertotostosttorertortscttteterirererirere]
GENETIC_ALGORITHM_FITNESS_CONVERGED : boolean = false;

GENETIC_ALGORITHM _DIVERSITY CONVERGED : boolean = false;

[sevrsseesasestoresssststtsstsitatetsresttssttstetttesscoressreeseeras)

(* Statistics are availaible for each generation that is
(* the data is independant from generation to generation.

R T e R T T T T e e

PRESENT_GENERATION : STATISTICS;

processed, *(
.

statistics availible

(seseeses

(* Cumulative
(* generations
(sovvoesees

LONG_TERM :

R T

are the most recent *[

for
(see FITNESS_MAX AVERAGE GENERATIONS] .

coeee|

STATISTICS;

(044 o0 osestsesestessssssseseststsssssssssssstssssststotesesrcrecresesnen(

(* Diversity cs for the presen eration.
(sosevsncnaes creereseererere ceeceeeieererrerre

PRESENT_DIVERSITY :

STATISTICS;

(* Cumumative diversity statistics for the
(* [see DIVERSITY MAX_AVERAGE _GENERATIONS).
[sesessrsrserreseToesTosessesTosessrseseosessssssescssssesesssessrsncnse

LONG_TERM_DIVERSITY : STATISTICS;

recent generations ¢

(sovovescsrcrne

most

(sesevoececrertstcectcrerestsertotststestetetsttstestsreststertsteretten(

(* These are all of the genes of thg population
(sessvserssssessssoisirres

POPULATION :

.

sesescstsstsrtttsrines

array (0..POPU1ATION_SIZB] of GENOTYPE;

Iunctlon PROCESS_GENETIC_ALGORITHM INDIVIDUAL H
.o oo

seveseTeesssseToenes

integer;
. seessesstetsritsreiries)
[' Thi: routine performs all processing on the individual (i.e., Selection, *[
[* Crossover, Mutation and Evaluation(. The individual that was processed *(
(* returned by this function .

[sosssscseesetoctsrcrcnranee

T L L LT T R TR PP

procedure PROCESS_GENETIC_ALGORITHM GENERATION,
evesessrssesavaTasennasiosssassesTosees Cevesseserersessererresiresterrs|
(* This routine performs all processing on the population for an

(* generation (i.e., Selection, Crossover, Mutation and Evaluation|.
[#40esssoesessesssotteseesroorossesveoresseeststttestsstttssttsttttttssttesies)

entire *(

procedure PRODUCE_GENETIC_ALGORITHM_REPORT;

(* This routine produces a report on the ‘best’ individuals found.
R R T T T R

implementation
uses dos;
Var  [eeesevsescessetesitetittittttttittteasssitsstssttstsrree coveveses

(* List of all time best indivuals that will be rported. M

(soeveoes P e P L L T T e

ALL_TIME_BEST : array [0‘.[NUM‘BER_OE‘_BBST_TO_REPORT-M] of GENOTYPE;

[seovessoosnosnoseestostesseertoserssssssssssssrossosoressstssststrtatne

[* The index of the lowest in the list is maintained so that the 1list '[
{+ can be kept as a circular buffer very efficlently.

LOWEST_IN_LIST_OF_BEST_INDIVIDUALS : integer = O;

const

sesessreene

LT
(* Flag that indicates that at least one fitness value was outside of '[
[* the allowable range (0.0 through 100.0[, used in report.

ceeeee P - L T

FITNESS_OUT_OF_RAMGE : boolean = false;

sesesesesenen

[sosssssesrssssssssstretorassastssistsittttttstttittitttitiittiistioes)

[* INI file that contains the bounds for each variable.

INI_FILE : text;

ssssessssesens

[sovesssssssssssssssssstscrorssssssssssssststttastittotiotsiisiisirioie

(+ Loop control variables.

(sososevsrseaes Sesessesessesetttttttssseststsssstttttsettttsrsesbay]

VARIABLE integer;

(* Bounds for each variable [f{om INI file(.

D A R R TR S LR R T SR

B T

LOWER, UPPER : real;

UPPER : real( : real;

P e L T |

function RANDOM_VALUE (LOWER,

[sostessessesseToseassssrrsion

(* Produces a random floating point number between LOWER and UPPER.

J - O R TR TR seessreseeses

(sessvsesees

begin (* RANDOM_VALUE *]
RAMDOM_VALUE := [ random [maxint (
end; (* RANDOM_VALUE *[

/ maxint[ * [(UPPER - LOWER[ + LOWER/

function PROCESS_GENETIC_RLGORITHM_INDIVIDUAL : integer;
(sovesssseeatessTasserssTosrvroresToossssssssssosaies
(* This routine performs all processing on the individual (i.e
[* Crossover, Mutation and Evaluation]. The individual that was
(* returned by this function.

[sesssssseosrrccsorttrsstrsorrronssrtossitratssrsrssss

B |

Selection, *]
processed *(

sessreseesne

IZE_POPULATION; seresssesy
initializes the GA by determining the bounds of the math *[(
solved (via MATH GA.INI(. It also randomly initializes '[
and initializes the long term statistics

seseerestrssrssssstetestssstetes cesssresasessertanee]

procedure II

(* This routine
(* problem to be
(* the popula

(sosssesesesrosrerriertsississssstirarassssttottrtatssstrirrsiseatitee)

rol variables. ¢

LCV : integer;

var

sesssesen

INDIVIDUAL,

begin (* INITIALIZE_| POPULATION *[
{* Randomly initialize population *(
for INDIVIDUAL 1 to POPULATION_SI2E do
for VARIABLE := O to NUMBER_OF_VARIABLES-1 do
with POPULATION(INDIVIDUAL] do
GENE (VARIABLE] := RANDOM_VALUE (LOWER ! BOUND (VARIABLE],
UPPER, BOUND[VARD'\BLE] ¥

(* Initialize Statistics *]
with PRESENT_GENERATION do

begin
BEST := -maxlongint;
WORST := maxlongint;

procedure EVALUATE (THIS_INDIVIDUAL :

[sovosseoseeorssssesssetoseossosststessstetstatseststststststsstcrsessesassses)
It
(* population.

[sosoossessreses

137

p(ocedu:e CQHPUTE POPU’LJ\TION STATISTICS‘

(* statistics.

[(#oesvsvosecrestccrcecorcrcorcrcscsroscsrostsrsrostostsssstststtsrssesesrare(

MEAN := 0.0;
VARIANCE := 0.0;
STANDARD_DEVIATION := 0.0;
for LCV I= LOWEST_BUCKET to HIGHEST_BUCKET do
HISTOGRAM[LCV] T= 0.0;
end; (* with...do *
LONG_TERM PRESENT_GENERATION;
PRESENT_DIVERSITY PRESENT_GENERATION;

LONG_TERM_DIVERSITY := PRESENT_GENERATION;
for L€V := 0 to (NUMBER_OF_BEST_TO_REPORT-1( do
ALL_TIME_BEST (LCV] .FITNESS := -maxlongint:
end; (* INITIALIZE_POPULATION *(
integer(;

This routine evaluates the fitness for a single individual of the *[

coeseeng

begin (* EVALUATE *(
with POPULATIONTHIS_INDIVIDUAL) do
begin -
FITNESS := 21.5 +
GENE (0]
GENE(1]
end; (* with...do *(
(* EVALUATE *(

* sin( 4 *
+ sin(lo *

pi * GENE(O] [ +
pl * GENEI(1]I

end;

generation

T

This routine computes both and long term *(
M

the

present

sssessssrssrnsg

(* Loop Control Variables. *(
[#oessessssssssssssssrstestoresrsrtstorestorestorestosesessrstsssrrres
INDIVIDUAL, LCV : integer;

[se0esesessccscercttsrcrtsrcrtsteresrrene

e
(* For computing variance and co::elatlcn. *)
.o v

e sesesesesessesssestsissrae(

SUM_OF_SQUARES : real;

[#490sesesetesstersessretsrstsesssssssossesrsesosssserersssresststsete

(* For col ting correlation. M
R e vesesesenes ceesee
( )

SUM : real;

($oesvesssvesesceseosessosessssessessessesvovettottststsstssssssassaces|
(* Weight used to average for long term statastics. *(
[#e0ssesssosstesssosstesteosseesroosttesresrbossreetiosttesttssststtes

AVERAGE_WEIGNT : real;

( ceeserseeeenes)
[* For determining where to put the fitness value (in histogram). *)
B L T L S R et S R S P SRS PR S I P PP TT

BUCKET : 1integer,

[#ossessveessnssteatttasseorttsstosstteriossettettssttsttssttstttsttes|

used to compute diversity value
dividua

(* Loop Control variable for

[* genot.
[soanee

GENE_LCV :

each *[

cesesveen

integer;

begin (* COMPUTE_POPULATION_STATISTICS *(
with PRESENT_GENERATION do

begin
BEST -maxlongint;
WORS' maxlongint;

endy 1s vithedo ol

with PRESENT_GENERATION do
begin
MEAN := 0.0;
for INDIVIDUAL := 1 to POPULATION_SI2E do
with POPULATION(INDIVIDUAL)] do
begin
MEAN := MEAN + FITNESS;
1f FITNESS > PRESENT_GENERATION.BEST then
PRESENT_GENERATION.BEST := FITNESS;
1f FITNESS > LONG_TERM.BEST then
begin
LONG_TERM.BEST := FITNESS;
ALL’ TIME BEST [LOWEST_IN_LIST_OF_BEST_INDIVIDUALS] :e
TPOPULATION [ INDIVIDUAL) ;
LOWEST_IN_LIST_OF_BEST_INDIVIDUALS :=
IWWZST INT) LIST OF _BEST_INDIVIDUALS + 1[ mod
NUH'BBR_OE‘_BBST_TO_REPORT:
end; [* if...then *I[
if FITNESS < PRESENT_GENERATION.WORST then
PRSSENT_GENERATION.WORST := FITNESS:
if FITNESS < LONG_TERM.WORST then
LONG_TERM.WORST := FITNESS;

end;
MEAN := MEAN / POPULATION_SI2E;
SUM_OF_SQUARES := 0.0;
for INDIVIDUAL := 1 to POPULATION SIZE do
SUM_OF_SQUARES := SUM_OF_SQUARES +
- 39 (POPULATION [ INDIVIDUAL] . FITNESS - MEAN(;
VARIANCE := SUM_OF_SQUARES / POPULATION_SI2E;
STANDARD_DEVIATION := sqrt [VARIANCE]:
for LCV := LOWEST_BUCKET to HIGHEST BUCKET do HISTOGRAM(LCV] := 0.0;
for INDIVIDUAL := 1 to POPULATION SIZE do
begin
BUCKET := round (POPULATION [INDIVIDUAL].FITNESS(;
1f (BUCKET < LOWEST BUCKET[ or [HIGHEST BUCKET < BUCKET( then
FITNESS_OUT_OF RRAMGE := true;
HISTOGRAM(BUCKET] := HISTOGRAM(BUCKET] + 1;
end; (* for...to...do *(
SUM = 0.0
for LCV :=LOWEST_BUCKET to HIGHEST_BUCKET do
SUM := SUM + HISTOGRAM(LCV]:
for LCV := LOWEST BUCKET to HIGHEST BUCKET do
HISTOGRAM(LCV] = HISTOGRAM(LCV] 7
(SUM / (HIGHEST_BUCKET — LOWEST_BUCKET + 1((:

end; (* with...do *)
(* Compute long term statistics *(
1f GENERATION > FITNESS_MAX_AVERAGE_GENERATIONS

then
AVERAGE WEIGHT := 1 / FITNESS_MAX_AVERAGE_GENERATIONS

else
AVERAGE_WEIGHT := 1 / GENERATION;

with LONG_TERM do

begin

MEAN i= MEAN * [1 - AVERAGE WEIGHT( +
PRESENT_GENERATION.MEAN ¢ AVERAGE_WEIGNT;

VARIANCE 1= VARIANCE * (1 - AVERAGE WEIGNT[ +

PRESENT_GENERATION.VARIANCE * AVERAGE_WEIGNT;
STANDARD_DEVIATION := ST}\N’D}\RD DEVIATION * [l - AVERAGE WEIGNT] +
PRESENT_GENERATION. STANDARD_| DEVIATION ¢
AVERAGE WEIGNT:
1= LOWEST_BUCKET to HIGHEST BUCKET

for LCV do
1= HISTOGRAM (LCV] (1 - AVERAGE_WEIGNT] +

HISTOGRAM [LCV]



PRSSENT_GENERATION.HISTOGRAM (LCV] *
AVERAGE_WEIGHT;
end; {* with...do *}

(* Compute Diversity statistica *}
with PRSSENT_DIVERSITY do

begin
BEST := -maxlongint;
WORST maxlongint;

MEAN := 0.0;
for INDIVIDUAL := 1 to POPULATION_SIZE do
with POPULRTION[INDIVIDU}\L] do

DIVERSITY := 0.0;
for GENE_LCV := O to NUMBER_OF_VARIABLES-1 do
DIVERSITY := DIVERSITY + GENE (GENE_LCV):
DIVERSITY := 100 * DIVERSITY / MAX_NORMALIZED_DIVERSITY;
MEAN := MEAN + DIVERSITY;
end; °
MEAN := MEAN / POPULATION_SIZE;

SUM_OF_SQUARES :w 0.0;
for INDIVIDUAL := 1 to POPULATION _SIZE do
SUM_OF_SQUARES := SUM_OF SQUARES +
:qr(POPULATION[INDIVIDU}\L] DIVERSITY - MEAN};
VARIANCE := SUN_OF_SQUARES / POPULATION |_SIZE:

STANDARD_DEVIATION := sqrt (VARIANCE};
end; (* with...do *}

{* Compute long term atatiatica *}
if GENERATION > DIVERSITY_MAX_AVERAGE_GENERATIONS
then
AVERAGE_WEIGHT := 1 / DIVERSITY_MAX_AVERAGE_GENERATIONS
else
AVERAGE_WEIGHT := 1 / GENERATION;

with LONG_TERM_DIVERSITY do

begin
MEAN i= MEAN * (1 - AVERAGE_WEIGHT) +
PRSSENT_DIVERSITY.. MEAN * AVERAGE _WEIGHT:
VARIANCE i= VARIANCE * (1 - AVERAGE, _WEIGHT) +

PRESENT_DIVERSITY.VARIANCE * AVERAGE _WEIGHT;
STANDARD_DEVIATION := STANDARD DEVIATION * {1 - AVERAGE WEIGHT) +
PRSSENT DIVBRSITY STANDARD DEVIATION .
AVERAGE WBIGHT:
for LCV := LOWEST_BUCKET to HIGHEST '_BUCKET do HISTOGRAM(LCV] := 0.0;
for INDIVIDUAL := 1 to POPULATION_! STZE do
begin
BUCKET := round(POPULATION (INDIVIDUAL}.DIVERSITY};
1f (BUCKET < LOWEST_BUCKET} Dr (HIGHEST_BUCKET < BUCKET)} then
FITNESS_OUT_OF RAMGE := tr
KISTOGPJ\M(EUCKET] j- HISTOGRAM[BUCKZT] +1;
end; (* foz...to do *}

=LOWEST_BUCKET to HIGHEST_BUCKET do
= SUM + HISTOGRAM(LCV);
for LCV :e LOWEST_BUCKET to HIGHEST_BUCKET do
HISTOGRAM (LCV] HISTOGRAM (LCV)
{SUM / (HIGHEST_BUCKET - LOWEST_BUCKET + 1l}};

end; (* with...do *}

GENETIC_ALGORITHM_FITNESS_CONVERGED :=
aba[LONG TERM. STANDARD )_DEVIATION} < CONVERGENCE_THRESHOLD;

GENETIC_ALGORITHM_DIVERSITY_CONVERGED :=
abs (LONG_TERM_DIVERSITY.STANDARD_DEVIATION} < CONVERGENCE_THRSSHOLD;
end; {* COMPUTE_POPULATION_STATISTICS *}

procedure EVALUATE_POPULATIOI
g Prpes

)
(* This routine evaluates the fitness for each individual in the )
{* population. ‘)

R et D T T T

seerrerrierrerttetetrtttttreretecrtrerertrane)

(* Loop Control variables. )

T e L TS

INDIVIDUAL, LCV : integer;

begin {* EVALUATE_POPULATION *}
for INDIVIDUAL := 1 to POPULATION SIZE do
EVALUATE { INDIVIDUAL} ;
COMPUTE_POPULATION_STATISTICS;
end; {* EVALUATE_POPULATION *}

procedure CROSSOVER_POPULATION;

{severrerececrerereTrrererrore

tereresrersrterertererterererrsrterereerene)

{* Determines which survivors will be used to reproduce offapring to take *}
th 1, £ all i v}

*}
VAL (**Tetesresrertererrtetietiettesttettottrrettrtrtrrtetrtrtrtrsrarrreey)

{* Each generation, the survivors muat be counted so that selection *}
*}

{+ for reproduction can be done using only survivora. )
(seesssssssnrrassarsrsnsrrsssrssrasessasrasassasassesssssssrrsssrrarer

NUMBER_OF_SURVIVORS

integer;

"}

I
(* Loop Control Variables.

(seseeevererssrsescscere

INDIVIDUAL, LCV : integer;

trrestrrreererrerrrerererererrererererrarey)

(seesssrssssrrssssrrsssssrrsssersssressarrsrasressrrassrressrasrreserr)
{* Indices of the parents that will be ‘crossed’ to produce the *)
(* of }
[soee

FIRST_PARENT, SECOND_PARENT integer;

"}

(roree
{* For each parent the Nth aurvivor is chosen, these variablea keep *}
{* track of the index to be chosen. v

T e e

FIRST_INDEX, SECOND_INDEX, COUNT : integer;

eeeevere)

*rrersrssesetersecerererererererrre)

[Feeresverrsreererrortirestotititsttitattstottstarttrsitierisrsrsreey)
(* Genea O..CROSSOVER POINT-1 are taken from the firat parent and *}
{* the reat are taken from the second parent. ';
(seeveveseccrrersrrreresrerererrersrsssrasssresesstrrrrrsrarterererey

CROSSOVER_POINT integer;

procedure NATURAL SELECTION.

(seeesvevererere

(* ‘Culla‘ the populntion, retaining all individuals that are ‘above *}

tererererrrrreverrrerrrerrerrrerteereerrsrerer)

SUM := 0.0;
for INDIVIDUAL := 1 to POPULATION_SIZE do
SUM := SUM + POPULATION (INDIVIDUAL).FITNESS;

for INDIVIDUAL := 1 to POPULATION_SIZE do
with POPULATION(INDIVIDUAL] do
RSLATIVE_FITNESS := FITNESS / SUM:

POPULATION(1)}.CUMULATIVE_FITNESS := POPULATION(1).RSLATIVE, ._FITNESS;
for INDIVIDUAL := 2 to POPULRTION SIZE do
with POPULATIDN[INDIVIDU}\L] do
CUMULATIVE_FITNESS := POPULATION (INDIVIDUAL-1) +CUMULATIVE_FITNESS +
RSLATIVE_FITNESS:

NUMBER_OF_SURVIVORS := O;
for INDIVIDUAL := 1 to POPULATION SIZE do
1f (POPULATION (INDIVIDUAL) .FITNESS > PRSSENT_GENERATION.MEAN) xor
( {random (maxint} / maxint) <= PROBABILITY OF CROSSOVER}
then
begin
popumuonumrvmuu] .SURVIVOR := true:
inc (NUMBER_OF_SURVIVORS) ;
end (* if...then *}
else
POPULATION [ INDIVIDUAL) . SURVIVOR := false:
end; {* NATURAL_SELECTION *}

begin (* CROSSOVER_POPULATION *}
NATURAL_SELECTION;
for INDIVIDUAL := 1 to POPULATION_SIZE do
with POPULATION(INDIVIDUAL) do
1f not SURVIVOR then
begin
FIRST_INDEX := random(NUMBER_OF_SURVIVORS} + 1;
SECOND_INDEX := random(NUMBER_OF_SURVIVORS) +

COUNT := O;
FIRST_PARENT := 1;
SECOND_PARENT := 1;
for 1CV := ) to POPULATION_SIZE do
1f POPULATION (LCV).SURVIVOR then
begin
inc {COUNT} ;
if COUNT = FIRST_INDEX then FIRST_PARENT
if COUNT = SECOND _INDEX then SECOND PARENT
end; (* 1f...then *}

CROSSOVER_POINT := random(NUMBER_OF_VARIABLES);

for LCV := O to CROSSOVER_POINT-1 do
GENE (LCV) := POPULATION (FIRST_PARENT).GENE (LCV):
for LCV := CROSSOVER_POINT to NUMBER_OF '_VARIABLES-1 do
GENE (LCV) POPULATION[SECOND PARENTT . GENE (LCV);
end (* 1f...then *}
end; (* CROSSOVER_POPULATION *}

procedure MUTATE_POPULATION.
s veeee

)
(* This routine performs the population wide mutation on individuala. .
L S T A A R e S |

var {*
(* Maximum number of mutations that will be performed for this *}
(* generation (directly derived from probability of mutation) .

{eeverevereverresrrane BT

MAX_MUTATIONS : Lnteqer.

veeveny

(T*eveverseecrrntrcerrrrrrrrrrrrtiorrirtttrttiitteteriressrrrtrarrrer)

{* The individual in the

veveey

MUTANT_INDIVIDUAL : integer;

LT L T T T TR vevey

begin {* MUTATE_POPULATION *}
MAX M‘UTAT!ONS := round{POPULATION_SIZE * NUMBER_OF VARIABLES *
PROBABILITY OF. M‘UTATION),

for LCV := O to random{MAX_MUTATIONS} do

begin
MUTANT_INDIVIDUAL := random{POPULATION_SIZE} + 1;
MUTANT_GENE := random{NUMBER_OF_VARIABLES};

with POPULATION (MUTANT_INDIVIDUAL) do
GENE [MUTANT_GENE] := RANDOM_VALUE
(

LOWER_BOUND (MUTANT_GENE],
UPPER_BOUND (MUTANT_GENE )
¥i
end; {* for...to...do *}
end; (* MUTATE_POPULATION *}

begin (* PROCESS_GENETIC_ALGORITHM INDIVIDUAL *}
1f INDIVIDUAL = POPULATION SIZE then
begin
INDIVIDURL := OF
1f GENERATION = O
then
INITIALIZE_POPULATION
elae
begin
CROSSOVER_POPULATION;
MUTATE_POPULATION;
end; {* if...then...else *}
end; {* if...then *}

inc (INDIVIDUAL} ;
EVALUATE (INDIVIDUAL} ;

PROCESS_GENETIC_ALGORITHM_INDIVIDUAL := INDIVIDUAL:
1f INDIVIDUAL = POPUIJTION SIZE then
begin
inc (GENERATION} ;
COMPUTE_POPULATION_STATISTICS;
end; (* 1f...then *)
end; {* PROCESS_GENETIC_ALGORITHM_INDIVIDUAL *}

(* average’ and also a percentage of the other individuals based on the *}
(* PROBABILITY_OF_CROSSOVER. .

ervevereecee eerererrreLeer sttt et trrtrreetretresrrsrererrary)
{

procedure PROCESS_GENETIC_ALGORITHM GENERATIO

[veveereseserrrrtTeveeresTrocreres PR

fessesetstitiietttitittienaen,
(* This routine performs all proce::ing on the population for an entire *)
. t1 election/C: t ion}.

eeeeee seeserrvreteeeey

var (*
(* Loop Control Variable. )

(s0eveerervrrrrrrverevrrreveversersrsrssesraissroveresrererrrrervovy)

INDIVIDUAL : integer;

var INDIVIDUAL_LCV : integer;

(srvveves T s}

begin {* PROCESS_GENETIC_ALGORITHM_GENERATION *}

{* Total of the fitnesa of all individuals in the population. v} INDIVIDUAL_LCV := 1;
(evrvererearerrrrrererrererrrrevrveerertrreverserereresteresrerere) repeat
SUM : real; PROCESS_GENETIC_ALGORITHM_INDIVIDUAL;

inc (INDIVIDURL_LCV);

begin (* NATURAL_SELECTION *} until (INDIVIDUAL_LCV > POPULATION SIZE);
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end; (* PROCESS_GENETIC_ALGORITHM_ GENERATION *)

procedure PRODUCE_GENETIC_ALGORITHM_REPORT;

R R R R R R R
)

{* This routine produces a report on the ‘best’ individuals found. )
T T R St R 2 S R N TR S SRR

COMSE (4 eensuentetettuiittettetttitiiitetettitietteteiitttsteratenananns)

1 purpose special characters. “
CR = chr($0D);  (* Carriage Return -) !
LF = chr(SOA);  (* Line Feed

var  [vessss
(* Loop Control Variables. «)

[ T T T oo

LCV, COUNTER : integer;

LR T T T Tyeeesy

[ T T LTS

(* Text file for report. “
. PP ceecnneeen)

function REPORT FILENAHE b :ttinq,

ceeeny

( This routine deten!\ine: the next available GA_xx.RPT filename. )

[EER R R R R DT T R L L LR L R Toe

const

ceeeeey

(* Used to assign a unique filename to the report file. )

[ LR LR LR L R LR R R T TR T PP P PP

REPORT_NUMBER : integer = O;

var (
(* Result of 1I/0 operation, wused to find first available *)
(* filename. M
(o e ettt Lttt ettt ttteiitttiittiiitittiiitttttittttttttnettnine)

RESULT : integer;

ceeveny

[ bttt L bbb bbbttt bbbttt ettaete)

(* ilename of file to get repor

B PR PP e

(
FILENAME : string[sizeof (namestr) + sizeof (dirstr) + 1);

.

.

Cesteeecansy

(vee ceseiteiiany

(* File used to find first available file. *)
e

(seestststrtirintstitininins CeeiiliiiiiiLiiitetiLttitettitenee)

REPORT : file;

R RN

Ty

begin (* REPORT_FILENAME *)
repeat
FILENAME := 'GA_';
FILENAME = FILENAME + chr(ord(’0’) + REPORT_NUMBER div 10) +
chr(ord('0’) + REPORT_NUMBER mod 10);
FILENAME := FILENAME + '.RPT';
inc (REPORT_NUMBER) ;
as3ign (REPORT, FILENAME);
(+$I-*) reset (REPORT); (*$I+*)
RESULT := ioresult;
if RESULT = O then
close (REPORT) ;
until RESULT = 2;
REPORT_FILENAME := FILENAME;
end; (* REPORT_FILENAME *)

begin (* PRODUCE_GENETIC_ALGORITHM_REPORT *)
assign (REPORT, REPORT_FILENAME);
(*$I-*) rewrite (REPORT); (*SI+*)
xf FITNESS_OUT_OF_RANGE then
writeln (REPORT, ‘Fatal Error! Fitness out of range [0..100)
writeln;
1f GENETIC_ALGORITHM_FITNESS_CONVERGED then
write (REPORT, ‘Algorithm converged, ‘)i
writeln (REPORT, GENERATION, ' Generations');
write (REPORT, ‘ Rank Fitness’);
for LCV := 0 to NUHBER_OF_V}\RD\BLES-l do
write (REPORT, *  var[®, LoV, ']")
for COUNTER := (NUMBER OF_BEST_TO_REPORT-1) downto O do
with ALL_TIME_BEST[ [LOWEST IN_LIST OF_BEST_INDIVIDUALS + COUNTER) mod
NUMBER_OF_BEST_TO_REPORT] do
if FITNESS <> -maxlongint then
begin
writeln [REPORT)
write (REPORT, NUMBER_OF_BEST_TO_REPORT - COUNTER : ®,
FITNESS : 10 : 3)7
for LCV := O to NUMBER_OF_VARIABLES-1 do
write (REPORT, GENE[LCV] : 10 : 3);
end; [* with...do *)
close (REPORT) §
end; [* PRODUCE_GENETIC_ALGORITHM_REPORT *)

begin (* GENETIC_ALGORITHM *)
(* Process INI File *)
assign(INI_FILE, ‘MATH_GA.INI');
[*$I+*) reset (INI_| FILE); (*$I-*)
if ioresult <> O then
begin
writeln;
writeln('MATH_GA: Unable to open INI file [MATH_GA.INI]'):
halt [1);
end; (* if...then *)
readlin (INI_FILE, randseed);
for VARIABLE := O to NUMBER_OF_VARIABLES-1 do
begin
teadln(INI FILE, LOWER, UPPER);
for INDIVIDUAL := 1 to POPULATION SIZE do
with POPULATION[INDIVIDUAL] do
begin
WWER_BOUND[VARD\BLE]
UPPER_BOUND [VARIABLE]
end; [* for...to...do *)
MAX_NORMALIZED_| DIVERSITY := MAX_NORMALIZED_|] DIVERSITY + UPPER;
end; [* for...to...do *)
close [INI_FILE);
end. (* GENETIC_ALGORITHM *)

:= LOWER;
= UPPER;
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10. Appendix C Support Software Source Code

(veesssnnsnns

LCV : 1integer;

10.1 DINING.PAS pevceauze vones o

R )

LAY (NUM_THINKING, NUM_HUNGRY, NUM_EATING : integer

erevesesesteseTe D RN PR P TR PR RSt S e
(* This routine updates all of the bar graphs and avera es, it is ca d *
p[)ragzam DINING, PHILostRs(anu: output (; (* whenever the phl;msupher has changed thivitie: N Led O
S S PP SR SU LTSN e L SO ceerveees [EREEETI TP ceeeees Slesetiitetittittiiiiitiiiiiiies ceves
(¢ This is a solution to the ‘classic’ multi-tasking problem called -)( !
{2 'Dining Philosophers’. This solution was taken from "Modern Operating *) COMIEL [+4evssustestsssttstittetessueteretitiesetestsisissreseovessovossone)
:: Systems” by Andrew Tanenbaum. - (&4 Mamtaxns the averages of philosopher states over all
Dt T T R DU UUUPUUUIE creeene (roeee seseseene R T
- Compiler Options (Ver. 7.0) -; AVG_THINKING : real = O;
(*$A+ Word Alignment .) AVG_HUNGRY  : real = 0;
(*$B- Short Circuit Boolean Evaluation . AVG_EATING : real = 0;
(*$D+ Debug Code Generation ON (Sort of) *)
(* Requires /V option to TEC to activate +) procedure BAR GRAPH(NUM : integer; var AVERAGE : real);
(*SL+ Local Debug symbols ON (Sort of) ot (...........................................................................)
. Requires /V option to TEC to activate ) (* This routine draws a bar graph which 4is proportional to the NUM *)
(*$F- Far calls only as needed .) (* parameter passed in. In addition the average bar position is updated *(
(+$6- Generic BOxB6 code only ) (* to re the new bar graph. *)
(+$1- 1/0 Checking OFF . e it ititittttttttieeteetettettttttttttatesananns)
(*$M 1024,150000, 655360 Memory (Stack, Minbeap, Maxheap) *)
(*$N- Software Emulation of BOx87 . CONSt [*+vesssevessesoseneaseseavese PETTITIvepeen ceeserarane
(*$E- No BOxB7 run-time emulation o (* Used to reduce ‘jitter’ on averages. *)
(*s0- Overlays NOT allowed . ( D T T T TR,
(*sp- Standard ‘string’ parameters *) WEIGHT = 15;
(*$Q- Overflow Checking OFF *)
Range Checking OFF . VAL (eeevteescsttcireacetesanann sesesettinean)
Stack Checking OFF . (* Temparary vanabl.e to hold the percent graphed and displayed. *)
Force Typed ‘@’ references Bt et R DR R PP PP PP PPL ST PRT PN SIT SYOTITDRTRS 0% SO
Var-string Checking ON *) PERCENT : reﬂl:
Disable yntax .
cesesenane eee Seeerteiisesitianane) ( ettt ittt ittt et et a e ea )
(* Loop Control Variable to draw bar graph *)
uses crt, TASKING; [#eeeesettenesneveenosessossstuseevervine

LCV : integer;

cesevenan

eerinn

const (sesseesses
(* In order to have the program run consistantly across computers *) begin (¢ BAR GRAPH *)

(* widely varying processing power, the philosophers must include time *) AVERAGE := (AVERAGE * WEIGNT + NUM) / (WEIGHT + 1);
(* to ‘delay’ when eati q and thinki PERCENT := (AVERAGE / NUMBER_OF_PHILOSOPHERS) * 100;

Sesssetttititiittettnene)

................................; wri:e[rnund[PZRCZN'r) 4, '\ |’)7
PERCENT := (NUM / NUMBER_OF_PHILOSOPHERS) * BAR SIZE;
for LCV i= 1 to round (PERCENT) do write(’W’);
DAYS N wrlte[’l’ : BAR SIZE + 1 - round(PERCENT));
HOURS : PERCENT := (AVERAGE / NUMBER_OF_PHILOSOPHERS) * BAR_SI2E;
MINUTES . gotoxy (16 + round(PERCENT), whezay), write (‘') ;
SECONDS N end; (* BAR_GRAPH *)
MILLISECONDS :
)i begin (* UPDATE_DISPLAY *)
gotoxy(l, 10); write(’Thinking ‘); BAR_GRAPH (NUM_THINKING, AVG_THINKING) ;

[.....-........................-............--..........................) gotoxy(l, 12); write(’Hungry ‘)i BAR_GRAPH (NUM_NUMGRY, AVG_NUMGRY) ;
(* General purpose special characters. . gotoxy(l, 14); write(’Eating ‘); BAR_GRAPH(NUM_EATING, AVG_EATING):
(seessesssanas R R PR PRI end; (* UPDATE_DISPLAY *)
CR = chr($0D); (* Carriage Return 1
LF = chr($OA); (* Line Feed . ].;)racedure PHILOSOPHER_TASK (TASK_ID TASK_IDS; PRIORITY : USER _PRIORITIES); far:

B ot R A o P A A IR e Sttt S
[evevameesutttttetetotestetetetetetetiiiietetettttstiasitttestanenananes) (* This task represents each philosopher. Each one will act completely *)
(; This 12 used to allow the philosophers to all eat and thank for *) I, independently, i.e., they will not cooperate. = Of course ‘no man [or *)
(* the same amount of t . (* philosopher) 1s an island’, all philosophers must interact with each *)
.................................-......................... serresane (* other but not cooperatively. .

R T R PR P PP PP PP PP

DELAY_COUNT = 100000;

(e aseeseea ettt titttttt ittt ttittttteittatttsttetttettettttiarireriran) var [Foeteeneenectstttttttttttttittiraterietittteetrttitttttitttttttteiten)
(* These are used to maintain/limit the number of philosophers that *) (* In order to perform the simulation each philosopher must know *)
. (* his/her seat at the table. This variable does that. .

{* the user has indicated are present.
[#4sesessasaesestesasrtersssesissstiisriesststtetietsvaracsesansesanans)
NUMBER_OF_PHILOSOPHERS : integer = 20; (* Default value *)
MAX NUMBER_OF_ PHILOSOPHERS = MAXIMUM NUMBER OF_TASKS - 1;

(seevassnases

PHILOSOPHER_NUMBER : integer;

Rt R L P PP S D

procedure THINK(PHILOSOPHER NUMBER : integer);
[eeeeaaeettsseetisstietestttiittttittttttttttttttitttatteetastssanasanns( bt S LS LS EU T T Y

- N t vt b . . (* This routine models the thinking activity of a philosopher, all that *)
{.....f.ffff.‘.’f the ac L L I (* it really does is give the philosopher a place to be when it is in the *)
BAR SIZE = 60; (* THINKING state. -
¥ PP SO PP NUPIOON |
o s Var  [reereetessesste et eet ettt essns ettt s st ebe e e et eae)

{* This software event is broadcasted to all philosophers so that all * :
{* are ready to eat “ the same instant. .) : Loop Control Variable and dummy to ‘do work’. )
eewwuemee e L L L L L R D)

[#4aesatsattatettttttatteitesratietaratitesttsstettttatttsstesttsasiteas)

DINNER_IS_SERVED : EVENT = UNSIGNALED; THINK_COUNT, DUMMY : longint;

begin (* THINK *)
{* Do some non-blocking work *{
for THINK COUNT := 1 to DELAY COUNT do
[&d Nathlnq really *) DUMMY := THINK_COUNT;

[eetetesesescatetesasssavasescataseteatetestatestescatascasessartsnante|

(* Controls mutually exclusive access to the ‘forks’ on the table. *)
[seseessasetestassctvotescstesstesatescaveteastactsessattsseatesetsetess)

NUTEX : BINARY_ SEMAPHORE = 1;
(* Do some blocking work *)

N N N B e °
{* Philosophers only want to think and eat, being hungry is necessary *) en‘:‘}l’f,"g:fﬁi‘{“)”‘mm’”'
{* before eating is possible. . g
RSOSSN S SoPR SOPITEII PP OPPITPPSP O P P P P )
A(CTIVITIES ~ (THINKING, HUNGRY, EATING); procedure EAT (PHILOSOPNER NUMBER : integer);
, , 7 (seeeeesnas B g PO
var etsesessttstattttttttttstatteatt ettt atatatatan - cesssettteneny (* This routine models the eating activity of a philosopher, all that it *)

N (* really does is give the philosopher a place to be when it is in the *)
(* EATING state. .

R R P TR TP TP PP peeeeeey]

t
(+ Table of philosopher activities [one for each guest).

(eesesevascscee sressecesesetteietttttetirtittetiety)

ACTIVITY array{0.. (MAX_NIMBER_OF_PHII.OSOPHERS—l) ) of ACTIVITIES;

erreeereesees Var  [eesesveseueesteetiueetiititietiie ettt see st e aataataas)
(evveessessauectssaresesssetaesisatiotisetsotsstsssssssn ) : : . :
(* Table of semaphores for philosophers to wait on if they need but *) :...E’???.s‘.’?fff}.‘ffﬁ?ff.3??.??'3?!.5?..93.?3f’f.....................,‘
.fff)ffl........................... ceseeee ..........; EAT_COUNT, DUMMY : longint;
NEED_FORKS : array(O..MAX NUMBER_OF_PHILOSOPHERS-1] of BINARY_SEMAPHORE; begin (+ EAT *)
(evseessessarsenusssessesssatsansssostsssnsses teesecessestetnnsen) (* Do some non-blocking work *)
. for EAT_COUNT := 1 to DELAY_COUNT do
{:..ffffffff‘ff.f?f.?ff.3ff‘.".'.?ff‘.’ff!.?f.‘.’?f%‘.’ff?}.'ff.ffff‘ffffff;.........)( (* Nothing really *) DUMMY := EAT_COUNT:
NUM_THINKING, NUM_EATING : integer; {* Do some blocking work *)
(eeveeesensasurssuesttasssssetsatiotisetisttstesssstssnten vesvase) WAIT_FOR_DELAY (DELAY) ;
d; (% EAT *
(* These are the task identifiers used in the application. . end; (* ERT *)
(+esevensevteranseiattsarearststtatrseresaereeitetsteetresitiateressares) function LEFT NETGHBOR(PHILOSOBHER £h : integer) ; integers
OL, GUEST : TASK_IDS; feetetetetteTetteettetteteireeetTeruterentietetetitittoteneinee JOU
CONTROL, GUE . oot ,

(* This function calculates the place setting (i.e., philosopher number) *)
(* of the philosopher to the left. .

R P PR PP P P PPNt

(eetetateoettanttatotettttittttitiatitostatstetttttttttetettettareavany)

attribute variable used to all tasks

(* Generic

(sasnneens

TASK_ATTR : TASK_ATTRIBUTES; begin (* LEFT_NEIGHBOR *)

LEFT_NEIGHBOR := (PHILOSOPHER NUMBER + (NUMBER_OF_PHILOSOPHBRS - 1)) mod
NUMBER_OF_PHILOSOPHERS;

(eesesaesacs

BRI s e AT TR by i St o SOPOUPUURUUUOONOOR | end; (* LEFT_NEIGHBOR *)
CODE, TEMP : integer; VALUE ¢ lengint; function RIGNT_NEIGHBOR (PHILOSOPHER_NUMBER : integer) : intege

(eveseasttsessTuseeettstettetetetatocternatestataneananerses

crevenneny
) {* This function calculates the place setting (i.e., philosopher number) ')
(+ of the philosopher to the right.

(sasassnsase ...................................................)

(soveeseaveens D D L LT

(* For user guest number prompt. .
[seeaaseeeaatteat ettt ettt tttttututtstttarerrttesestitetartrrasartiionn(
CH : char;
begin (* RIGHT_NEIGHBOR *)

RIGNT_NEIGHBOR := (PHILOSOPHER_NUMBER + 1) mod NUMBER_OF_PHILOSOPHERS;

R T )

(* Loop Control Variable for philosopher table initialization. *)

140



end; {* RIGHT_NEIGHBOR *}

procedure CHECK_FORKS { PHILOSOPHER_NUMBER : integer}:

R R T R T e

begin

writeln{‘TASKS: Invalid parameter: [‘, paramstr{l), ‘}‘};
halt{l};

end; (* if...then...else *}

{* This procedure models the action of the philomopher looking at the *} if paramcount > 2 then

{* table to see if there is a fork on each side of his plate {of course *} if UP_STRING(paramstr{2)} = ‘-TIMESLICE'
{* this is prefaced with the fact that the philosopher must be HUNGRY}. *} then

R D S D B T T ot et SOPe begin

begin (* CHECK_FORKS *}
if {ACTIVITY[PHILOSOPHER_NUMBER} = NUMGRY} and

val{paramstr{3)}, VALUE, CODE}:
1f CODE <> O then

_| begin
{ACTIVITY[LEFT_NEIGHBOR{PHILOSOPHER_NUMBER}} <> EATING} and writeln{‘TASKS: Invalid number: [‘, paramstr{3), ‘[‘};
{ACTIVITY [RIGHT_NEIGHBOR{PHILOSOPHER_NUMBER}} <> EATING} then halt{(l);

begin

end; {* if...then *}
ACTIVITY [PHILOSOPHER_NUMBER} := EATING;

TASKING_CONFIGURRTION.TARGET TIMESLICE := VALUE;
inc {NUM_EATING) ; end (* if...then * -
UPDATE_DISPLAY {NUM_THINKING, NUMBER_OF_PHILOSOPHERS ~ NUM_THINKING else
~ NUM_EATING, NUM_EATING); begin
SIGNAL_BINARY_SEMAPHORS (NEED_FORKS ) PHILOSOPHER_NUMBER} } ; writeln{‘TASKS: Invalid parameter: [‘, paramstr{2}, ‘}‘}:
end; (* if...then *} halt (1}

end; {* CHECK_FORKS

*} end; {* if...then...else *}
procedure GET_FORKS (PHILOSOPHER_NUMBER : integer):

(""""""......'"""""'7'"'nnnn'.'..'..'......"""""nn"')
(* This routine models the act of a philosopher {who is hungry} trying to *)
{* eat. Before he can eat he muat get two forks. A
(4404 4eaeaeettetttsaetsereereesversereaveveseeteevereotecetettesttereraranee)

(* A good idea during application development, bad idea after that *)
TASKING_CONFIGURATION.STATISTICS := ALL_STATISTICS:

(* Create TASKING startup attributes for all tasks *}
with TASK_ATTR do
begin
PRIORITY - 20;
STACK_WORDS_NEEDED := 500:
(* Use default error handlers, carried through all task creations )
ERROR_HANDLERS [TASK_ALREADY_ACTIVE [ 1= nil;
ERROR_HANOLERS [INSUFFICIENT_RSSOURCES} n1l;
ERROR_HANDLERS [TASK_IS_NOT ACTIVE}
ERROR_HANDLERS TASK_ALREADY SUSPENDED( := nil;

begin {* GET_FORKS *}
WAIT_ON_BINARY_SEMAPHORS {MUTEX) ;

ACTIVITY [PHILOSOPHER_NUMBER[ := HUNGRY;

dec {NUM_THINKING} ;

UPDATE_DISPLAY {NUM_THINKING, NUMBER_OF PHILOSOPHERS ~ NUM_THINKING
~ NUM_EATING, NUM_EATING);

CHECK_FORKS {(PHILOSOPHER_NUMBER} ;

ERROR_HANDLERS [ ILLEGAL_TASK_ID} tm nil;
ERROR_HANDLERS [ ILLEGAL_OPERRTION [ te n1l;
SIGNAL_BINARY_ SEMAPHORE (MUTEX) : end; (* with...do *)

WAIT_ON_BINARY_SEMAPHORE {NEED_FORKS [PHILOSOPHER_NUMBER() :
end; (* GET_FORKS *} {* Create the control task *}
CREATE {CONTROL, TASK_ATTR, CONTROL_TASK);
procedure PUT_FORKS (PHILOSOPHER_NUMBER : in

(vovesseveas R IR T TR TR R RS

vveen)
{* This routine models the act of a philosopher {who has finished eating} *}
{* putting his forks back on the table. .
(vevavveveevee

P R T R T I T

(* Inquire as to the number of philosophers to simulate *)
write{‘Number of guests > ‘};
reset {input);
TEMP := 0;
repeat

CH := readkey;

write{CH):

if CH in }70°..‘9‘} then
|| TEMP := TEMP * 10 + {ord{(CH} ~ ord{‘0'}};
ACTIVITY [PHILOSOPHER_NUMBER( := THINKING; until not (CH in [‘0‘..°9°}});
anc {NUM_THINKING) ; if (CH = CR) and {TEMP <= MAX_NUMBER_OF_PHILOSOPHERS)
UPDATE_DISPLAY {NUM_THINKING, NUMBER_OF_PHILOSOPHERS ~ NUM_THINKING then

~ NUM_EATING, NUM_EATING); if TEMP <> 0

CHECK_FORKS {LEFT_NEIGHBOR { PHILOSOPHER_NUMBER) } ; then
CHECK_FORKS {RIGHT_NEIGHBOR { PHILOSOPHER_NUMBER) } i NUMBER_OF _PHILOSOPHERS := TEMP
else (* Remember Pascal‘s dangling else problem’ *}

Cetereetatattatettererataeay)

begin (* PUT_FORKS *)
WAIT_ON_BINARY_SEMAPHORS {MUTEX);

dec {(NUM_EATING) ;

SIGNAL_BINARY_SEMAPHORS (MUTEX) elae
end; (* PUT_FORKS *} begin
writeln{CR, LF, ‘Error‘ Invalid digit or number‘‘};
begin {* PHILOSOPHER_TASK *} halt{l};

{* Determine philosopher number {must be 0 to N-1} *) end; {* if...then...else *}
PHILOSOPHER_NUMBER := TASK_ID - 2,
clrscr;
(* Wait so that all philosophera start at the same instant *}
WAIT_ON_EVENT{DINNER_IS_SERVED); {*+ Initialize bookkeeping structures *}
- - - NUM_THINKING NUMBER_OF_PHILOSOPHERS;

{* Do philosopher atuff...{forever} *} NUM_EATING 0;
repeat for LCV := 0 to {NUMBER_OF_PHILOSOPHERS - 1} do
THINK{PHILOSOPHER_NUMBER} ; begin

GET_FORKS {PHILOSOPHER_NUMBER) ; ACTIVITY[LCV} := THINKING;
EAT [PHILOSOPHER_NUMBER} 7 NEED_FORKS[LCV} := 0;
PUT_FORKS { PHILOSOPHER_NUMBER} ; end; (¥ for...to...do *}
until false;
end; {* PHILOSOPHER_TASK *} {* Modify the startup attributes for philosophera *}
- with TASK_ATTR do

procedure CONTROL_TASK(TASK_ID : TASK_IDS; PRIORITY : USER_PRIORITIES); far; begin

e eieevesvevassasTasastaeratvevasveeviortssssssssserteaeralosvarasiorssavanver) PRIORITY 105
(* This 1s just a basic bookkeeping task that sets up the dinner, announces *} STACK_WORDS_NEEDED := 500;
{* that dinner is served and then terminates the simulation upon the user *} end; {* with.”.do *}

{* request. .

B R A A S ALY ] {(+ Create the philosopher tasks *}
for LCV := 1 to NUMBER_OF_PHILOSOPHERS do
CREATE {GUEST, TASK_ATTR, PHILOSOPHER_TASK};
end. {* DINING_PHILOSOPHERS *}

VAL ($4eeteAAAAAN AT OTOee At e etetattattttttatttttttterttttttiatity)
{* <character to hold command from user {i.e., Start or Quit}. *}
[ L AL A AR A}

COMMAND : char:

begin {* CONTROL_TASK *}
{* Display Startup Message *}
writeln{CR, LF, *[S} = Start® : 29, ‘[Q} = Quit‘ : 30};
repeat COMMAND := WAIT_ON_READKEY until COMMAND in [‘a‘, °S‘, ‘@', ‘Q‘}:

if COMMAND in [‘2, ‘S‘} then
begin
gotoxy{l, 6); writeln{‘Guests = ‘, NUMBER OF PHILOSOPHERS}:
gotoxy{l, B}:; writeln{‘Activity Avg Vi)
gotoxy{l6,9
write{‘}‘}: for LCV := 1 to BAR_SIZE do write{‘—‘}; write({*]
gotoxy{16+BAR_SIZE div 2,9);write{‘4'};
gotoxy{16,8) ;Write(‘0°);
gotoxy (L64BAR_SIZE div 2,8);write{50):
gotoxy {16+BAR_SIZE, 8} ;write (100}
gotoxy{l6,11}7 write(* “|* : BAR_SIZE + 1}:
gotoxy{l6,13}; write{’ “|* : BAR_SIZE + 1}:
gotoxy{l6,15};
write{‘Lf); for LCV i= 1 to BAR_SIZE do write{’—‘}; write{*J‘};

UPDATE_DISPLAY (NUM_THINKING, NUMBER_OF_PHILOSOPHERS ~ NUM_THINKING
- ~ NUM_EATING, NUM_EATING};
BROADCAST_EVENT (DINNER_IS_SERVED]:
repeat until WAIT_ON_READKEY in [‘g‘, ‘Q'}:
end; {(* if...then *}
writeln{CR, LF}:
halt {0} :
end; {* CONTROL_TASK *}

on UP_STRING(S : string} : string:
(+ This routine returns a string corresponding to the upper case value of :)
{* the string passed to it.

(..n..nn..........nnn.n..nn..n.nnn.nn..-n..-n..--......nn..)

var LCV : integer;

begin (* UP_STRING *)
UP_STRING (0} := S[0};
or LCV := 1 to length({s) do
UP STRING (LCV} := upcase(S(LCV[};
end; {* UP_STRING *}

begin (* DINING_PHILOSOPHERS *}
{* parse parameters to setup TASKING environment *)
if paramcount > 0 then
if UP_STRING(paramstr{l}} = ‘~PRSEMPT'
then
TASKING_CONE‘IGURATION.TASK‘(NG_MODBL :m PRSEMPTIVE
else
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10.2 TSK-BNCH.PAS

program TASKING ;_BENCHMARK (input, output};

cressesennen

(* This program executes a fixed TASKING application in a controlled manner *)

(* in

(* selection of parameters, for TASKING.

an attempt to characterize the performance, and therefore aid in the *}

(v Compiler Options (Ver. 7,0} .
(*9A+ Word Alignment )
(*$B~ Short Circuit Boolean Evaluation .}
(*3$D+ Debug Code Generation ON (Sort of} *)
(v Requires /V option to TPC to activate *}
(*SL+ Local Debug symbols ON (Sort of} *}
. Requires /V option to TPC to activate +)
(+$E~ Far calls only as needed .
(*$I~ I/0 Checking OFF *)
(*SM $8000, 50000, 100000 Memory (Stack, Minheap, Maxheap!( )
(* 9N+ Hardware 80x87 Required *)
(*SE+ 80x87 Run-Time Emulation Allowed *)
(*$0~ Overlays NOT allowed ")
(*SQ+ overflow Checking ON ")
(*SR+ Range Checking ON ")
(*$5+ Stack Checking ON *)
(*5V+ Var~string Checking ON *}
(+5X+ Disable Extended syntax 3}

uses

const

const

sestesssiisttiittittiiines)

dos, crt, graph, GRAPHICS, BMP_UTIL;

(sooveeereessstorterittieristisiitiitttottecttcttttsccscsscsasrrnranrens)
(* Duration parameter to TASK~A.EXE, controls the length of execution®)
(* and therefore the resolution of the benchmark. In general, the *)
(* longer the better (minimum reliable parameter is ~20). *)
R T T LT e T e
MIN_DURATION - 2;

DURATION integer = MIN_DURATION;

R T e)

(* Flag to allow data files to be created automatically (without *)
(* prompts to the user). .
(sovessesrrerreressosns

AUTOMATIC_MODE :

D T T R TN

boolean = false;

(sovesseesrosrerserses
(* Number of data elements to collect,

(*+ from 1 mSec to this parameter (xn mSec)
(sovesssssrssseces evesen cteesestesestesessesresees

MAX_DATA = 250;

Keeseestitettttttttttttttttttitares)

TASKING timeslice will be *)
*)

[#4vesseesnestnssesststtsserstssttssetstrsstssstesstsiveesssssresrrrony)

ffsets and control

(* Graphic
(soovessosnce
TITLE_OFFSET = 2
MIN_LINE_ X = 24:
MIN_LINE.Y = 5;

T T T T
(* Basic screen colors. *)
(sesesveses

BACKGROUND_COLOR =
BORDER_COLOR -
TITLE_COLOR -
LEGEND_COLOR -

AXIS_COLOR
GRID_COLOR
SCALE_COLOR

[sesesessersrerresrssosssssrasssssessasssstneses
(* General screen output control characters.
R L T LT T T
CR = chr($o0D};

LF = chr($OA};:

EETTTTTP TN

ssevssseceney
T

RELATIVE_PERFORMANCE,
CONTEXT_SWITCH_OVERHEAD,
CONTEXT SWITCH_TIME,
CONTEXT SWITCH TIME_AVG,
GBNERJLL_OVERHEAD
CONTEXT_SWITCH_PERCENTAGE

[seessssssssssssssntosssossessssiatietettererstestsstssttstistsscessonts)
(* This data structure is used to hold all of the TASKING data for a ')
{* particular run of TASKS-A.EXE.

(seovesveces ............................................n..............,

DA‘H\ RECORD = record

CONTEXT_SWITCHES : longint;

ABSOLUTE_TIME : double;

EFFECTIVE_TIME : double;

Ac'ruAL TIMESLICE : double;

POINT! : array [GRAPHS) of double;
end; (' DATA_RECORD *}

[seoovveesorreessrresttettssttissirisrttttsttttetttttttttatitittssstey)

{* Colors of graphs. ':
P 5 4
GRAPH_COLOR : array [GRAPHS} of word =

i

(Relative Performance} red,

(Context Switch Overhead( lightmagenta,
(Context Switch Time) blue,
(Context Switch Time Average} lightblue,
(General Overhead) green,
(Context Switch Percentage}  black

b

R X TTON

{* Legends of graphs.

LEGENDS : array [(GRAPHS)} of string(30} =
(

(Relative Performance} ‘Relative Performance’,

(Context Switch Overhead} ‘Context Switch Overhead’,
(Context Switch Time} ‘Context Switch Time’,
(Context Switch Time Average) ‘Context Switch Time Average’,

‘General Overhead’,

(General Overhead}
‘Context Switch Percentage’

(Context Switch Percentage}
(soevsersssrtrstesiosvosvettotattattorstesrstrensrenssrerestorentiiiite(

{+  Y-Axis Labels of graphs.

(soseessssees seseesesesinne

LABELS : array (GRAPHS} of string(20) =

ooy

(
(Relative Performance} ‘Percent’,

(Context Switch Overhead} ‘Percent’,
(Context Switch Time} ‘Microseconds’,
(Context Switch Time Average} ‘Microseconds’,
(General Overhead) ‘Percent’,

procedure GENERATE_RAW_DATA (DURATION :

(* benchmark program with the specified duration parameter.

(Context Switch Percentage} ‘Percent’

[#oseseseaeecsctctcescestcescrstsessestsesssststtssssessusesesssstscscss)
[ BMP Filename of graphs. )
(#ssesesesescrsrcescstsctcescrstcescrstsescrstststsstssasststssssscscess)
FILENAME : array (GRAPKS]} of string(20} =

(

(Relative Performance)

‘REL~PERF.BMP’,

(Context Switch Overhead} "CTX~OVHD.BMP ',
(Context Switch Time} *CTX~TIME.BMP',
(Context Switch Time Average} ‘CTX-TAVG.BMP',

(General Overhead)
(Context Switch Percentage)

*GEN~OVHD.BMP',
*CTS~PRCT.BMP'

(¥9¢ssosssossorsssscssssrssrsssrsssrssnsssessessessssssssssss sesees)
[ Collection of data records for all runs of TASKS~A.EXE that will ')
(* be made.

(.......................................................................)

DATA : array(l..MAX_DATA} of DATA_RECORD;

(#esesesosrrcrctcecrsttcscrstcetcrstetscrseiesesitosstorsesrsssssstonsts)

(* Baseline data from the runs of TASKS~A.EXE and TASKS~B.EXE. *)

[s90s00soosoossssssssssssesssessessssssntossssetantareses sessseseey

BASE_ABSOLUTE_TIME double;
MINIMUM ABSDLUTZ TIME double;
MINIMUH EFFECTIVE TIME double;
AVERAGE_SWITCH_TW : double;

(*  Used to convert command line parameters from atrings to integers. *)
[#essssessrtesstecoceeonorsssssbosorsosetosessosrsscsvtertesontssseasos)

COMMAND_LINE : string; CODE : integer;

T LT T LR LR T LT T TR P PR

integer};

R R T T R TR R D LR TR T

This routine generates all of the TASKING.RPT files by executing the *}
.

(#00esesseesesseiseosceesessesscrsstssessesssevsotsatsatssssssetostostisrssces)

var (sesvees R T T T TS reseeey
(* Loop COntxol Variable used to generate all of the TASKING.RFT data ')
(* files
(nnnnnn...nnnnnnnnnnnn...,.n..n..n.............n..)
LCV : longint;
($90sssettterestttttctecstttotesstttottssttttttststtttstttttttsttttteces)
(* Used to rename the TASKING.RPT file to the =p=cx£xc data file. *)
(#991%0r0sesssssonssovsssssevessssnoss eveseesesistsnns)
LCV_STR : string(9};

begin
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T S S S S
file for parsing the baseline TASKING.RPT fil
REPORT : text
REPORT_NAME :

sesessesesnes)

string(ll});

(* Used to pass the duration parameter to the subprogram command line.*}

R Ty

DUR_STR : string(5};

seseseesee)

(#40esesaeatestettcttttcttctcttttcststsrtitarssstttivestovescosescosssce)

[+ Time variables used to compute the overhead associated with the *)
(* subprogram execution (so that it does not effect the results).
(sooeessssss cesesersns D 2T ey

HOUR, MIN, SEC, SEC100 :
HOUR_2, MIN_2, SEC_2, SEC100_2 :
ELAPSED_TIME :
OVERHEAD, TEMP

longint;
(40 ereseseretiotieiiiersrttsistiisiossstiisisssttisssesitstetssontaes)

(* Command line sent to DOS to execute the subprograms. *)

D T R R T T LT

COMMAND_LINE : string(80});

(seseesasesetutstetetstsistoestetsissssssttistossstssaseserstsssecseonas)
(* User response to sommand prompts. )
D Dt e s T LT TTTT O

ANSWER : char;

[#4eesesssateatattctsttctcttcttttsttstsstststsatsttsttttsttttsttsscssons)
(* String buffers to parse the TASKING.RPT file. *}

BUFFER, LINE : string;

T T L T
(* Flag used to generate all data files automatically. )

[eosesesesstsssasiorstestesssstscstttsstoscoctscssosssssssesesssscsscscs)

GENERATE_ALL : boolean;

(* GENERATE_RAW_DATA *)
GENERATE_ALL := false;
str (DURATION, DUR_STR);

write (CR, * Base Time = 2 > ’};
if AUTOMATIC_MODE
then
COMMAND_LINE := °°
else
readln (COMMAND_LINE);
val (COMMAND_LINE, BASE _ABSOLUTE_TIME, CODE);
if CODE <> O then
begin
(* Calculate ‘exec’ overhead *}
write(CR, * Base Time « 2’(;clreol;
OVERHEAD := 0;

for LCV := 1 to 3 do
repeat
gettime (HOUR, MIN, SEC, SEC100);:
exec(getenv(‘COMSPEC’}, ‘/C'};
gettime (HOUR_2, MIN_2, SEC_2, SEC100_2};

TEMP := llonglnt(HOUR 2( -~ longint (HOUR(} * 360000;

TEMP := TEMP + (longint (MIN_2} -~ longint(MIN)) * 6000;

TEMP := TEMP + (lonqxnt(SEC_Z) =~ longint (SEC)) * 100;

TEMP := TEMP + (longint(SECl00_2) ~ longint (SEC100}} ~ OVERHEAD;

if TEMP > OVERHEAD then OVERHEAD := TEMP;
until OVERHEAD <> 0}

(+ Calculate ’'base’ time *)

COMMAND_LINE := DUR_STR + ’ ~PREEMPT ~TIMESLICE 60000000 ;

gettimeTHOUR, MIN, SEC, SEC100);

exec (' TASKS-B.EXE’, COMMAND_LINE);

gettime (HOUR_2, MIN_2, SEC_2, SECl00_2);

ELAPSED_TIME := (longint (HOUR_2) ~ longint (HOUR}} * 60 * 60;

ELAPSED_TIME := ELAPSED_TIME + (longint (MIN_2} = longint (MIN}}

ELAPSED_TIME := ELAPSED_TIME + (longint (SEC_2) - longint (SEC)};

ELAPSED_TIME := ELAPSED_TIME + (longint (SECI00_2} ~ longint (SEC100)
OVERHEAD) / 100;

:= ELAPSED_TIME;

* 60;

BASE_ABSOLUTE_TIME
end; (* if...then *}
writeln(CR, ’ Base Time = ’, BASE_ABSOLUTE_TIME 6 : 2,

* sec’(iclreol;

write (CR, ' Minimum Absolute Time = 2 > ’};
1f AUTOMATIC_MODE
then
COMMAND_LINE := ‘'
else



readlin (COMMAND_LINE);
val (COMMAND_LINE, MINIMUM_ABSOLUTE_TIME, CODE);
if CODE <> G then
begin
(* Calculete Minimum absolute time *)
write(CR, * Minimum Absolute Time = 7°);clreol;
COMMAND_LINE :~ DUR_STR + ‘ ~PREEMPT ~TIMESLICE 6000000°;
exec(’TASKS-A.EXE’, COMMAND_LINE);
assign (REPORT, ‘TASKING.RET');
(*$I-*) reset (REPORT); (*$I+*)
if ioresult = G then
begin
while not eof (REPORT) do
begin
readln (REPORT, LINE);
if pos(’Absolute =',
begin
BUFFER := copy(LINz, Pos(’=‘, LINE) + 1, pos(‘seconds’,
LINE) - pos(‘=’, LINE) - 2);
val (BUFFER, MINIMUM_ABSOLUTE. ,_TIME, CODE);
end; (* if...then *)
end; (* while .do *)
close (REPORT) ;
end; (* if...then ¥)
end; (* if...then *)
writeln(CR, * Minimum Absolute Time = ‘s MINIMUM_ABSOLUTE TIME : 6 : 2,
¢ sec')iclreol; - =
write(CR, ‘ Minimum Effective Tame = 7 > );
1f AUTOMATIC_MODE
then
COMMAND_LINE := **
else
readln (COMMAND LINE) ;
val (COMMAND_LINE, MINIMUM_EFFECTIVE_TIME, CODE);
if CODE <> O then
begin
(* Calculate Minimum effective time *)
write(CR, ‘ Minimum Effective Time = ?°);clreol;
assign (REPORT, ‘TASKING.RPT');
(*$I-*) reset (REPORT); (*$I+%)
if joresult <> ¢ then
begin
COMMAND_LINE := DUR_STR + ' ~PREEMPT ~TIMESLICE 6000000°;
exec (*TASKS-A. EXE', COMMAND }_LINE)/
e3sign (REPORT, 'TASKING RPT7) ;
(*$I-*) reset (REPORT); (*$I+%)
end; (* 1f...then *
if ioresult = 0 then
begin
while not eof (REPORT) do
begin
readln (REPORT, LINE);
if pos('Effective =,
begin
BUFFER := copy(LINE, pos(’=‘, LINE) + 1, pos(‘seconds’,
LINE) - pos(‘=‘, LINE) - 2);
val (BUFFER, MINIMUM_EFFECTIVE_TIME, CODE);
end; (* if...then *)
end; (* while...do *)
close (REPORT) ;
end; (* if...then ¥)
end; (* if...then *)
writeln(CR, ‘ Minimum Effective Time = ', MINIMUM_EFFECTIVE_TIME : 6 3,
‘ sec’);clreol;
as3s1gn(REPORT, ‘BASELINE’);
rewrite (REPORT);
writeln(REPORT, DURATION);
writeln (REPORT, BASE_ABSOLUTE_TIME : 6 :
writeln (REPORT, MINIMUM ABSOLUTE ,_TIME
write (REPORT, MINIM'UM EFFECTIVE TIME :
close (REPORT) ;

LINE) <> G then

LINE) <> 0 then

for ICV := MAX_DATA downto 1 do
begin
if Xeypressed then
begin
write (‘User break!’);
halt(l);
end; (* if...then *)
str(LCV, LCV_STR);
REPORT_NAME := ‘TASKING.’ + LCV_STR;
a331gn (REPORT, REPORT '_NAME) ;
(*$I-*) reset (REPORT); (*$I+*)
if joresult <> @
then
begin
if AUTOMATIC_MODE then
GENERATE_ALL := true;
if not GENERATE_ALL then
repeat
write(CR, ° File not found: (’, REPORT_NAME,
'), (A)bort, (C)alculate, (S)kip, (G)enerate all > ');
ANSWER := upcase (readkey):
GENERATE_ALL := ANSWER = 'G’;
until ANSWER in (‘C’, *S‘, 'G‘, ‘A‘);
if ANSWER = ‘A’ then
begin
writeln;
write('User break
halt(l):
end; (* if...then *)
1f GENERATE_ALL or (ANSWER = 'C’) then

begin
COMMAND_LINE := DUR_STR + ° ~PREEMPT -TIMESLICE ‘ + LCV_STR:

write(CR, ' Generating Data File (', LCV, ‘)'); clreol;

swapvectors;

exec ("TASKS-A.EXE', COMMAND_LINE);

exec(getenv(’ CDMSPEC Ve */CT* + ‘RENAME TASKING.RPT ' +
REPORT_NAME + * > NUL‘);

swapvectors;
write(CR); clreol;
end; (* if...then *)
end (* if...then *)
else
close (REPORT)
end; (* for...to...do *)
write(CR, ‘ Generated Data File(s)'); clreol;
writeln;
end; (* GENERATE_RAW DATA *)

(* Parses the TASKING.* data files for the performance information.

B I N R ey
(sooee

(sosssasas

var
(* Search data :tructure for findinq TASKING.* files.

(sovsessssararerreriues tesessssestttttsttetetettttattatiatatiiy)

SEARCH : searchrec;

SeMLMMLLLL L ta b st st ttstststetatettbtate)

(rosesersrrrsratiaranees
(* Loop Control Varieble to access all data files.
T O
LCV ¢ integer;

P L L L L SR A LA LY

(* Text file for parsing the TASKING.RPT files. .
e N

seesitesstetttttttttttttittttines

(sevvessesssrvirrertoanes

REPORT : text;

ittt L st bttt ettt s e a s

-+
(* String buffers to parse the TASKING.RPT fal

(sassssssssssssssssarace

BUFFER, LINE : string;

sesses)

(oo a ettt tatta ar s ittt s s s s e

(* Parameters that are ASKING. + files
(+ cieescesees eerrerees sersrsesasaey
TIMESLICE longint;
SWITCHES : longint;
TIMEl, TIME2 : double;

Rt L P P P PPN

(*

Used to convert strings to numbers

(#avsssssssnssssrsassssssassss

CODE : word;

begin (* PARSE_RAW DATA *)
write(’ Parsing Data Files’);
for ICV := 1 to MAX_DATA do
with DATA(LCV) do
begin
CONTEXT_SWITCHES :e 07
ACTUAL_TIMESLICE a;
POINTS[CONTEXT SWITCH_TIME_AVG) := 0;
end; (* with. *)
findfirst (" TASKING.", anyfile, SEARCH);
while doserror = 0 do
begin
TIMESLICE := 0;
as3ign (REPORT, SEARCH.NAME);
(*$I~*) reset (REPORT); (*$I+*)
1f ioresult = G then

begin
write (CR, ‘ Parsing Data Files: (', SEARCH.NAME, *)’); clreol;
while not eof (REPORT) do
begin
readln (REPORT, LINE);
if pos(‘Achieved N.me Slice =‘, LINE) <> 0 then
begin
BUFF}:R 1= copy(LXNE, pos(‘=‘, LINE) + 3, pos(‘usec’, LINE)

08 (=, LINE) =~ 4);
val (BUFFER, TIMESLICE, CODE);
TIMESLICE := round (TIMESLICE / 1000);

end;
if pos(‘Context Switches =‘, LINE) <> O then
begin
BUFFER := copy(LINE, pos(’=', LINE) + 2, pos(’(’, LINE)
pos(‘=‘, LINE) - 3);
val (BUFFER, SWITCHES, CODE);
if pos(’Effective =', LINE) <> 0 then
begin
BUFFER := capy(LINE pos('=', LINE) + 1, pos(‘seconds’,
NE) ~ pos(‘w‘, LINE) =~ 2);
val (BUFFER, TDEJ. CODE) ;
d;

n
if pos(‘Absolute =‘, LINE) <> O then
begin
BUFEER := cnpy(uNz pos(’=), LINE) + 1, pes(‘secends’,
LINE) ~ posa('=', LINE) ~ 2);
val (BUFFER, TIME2, CODE);
end;
end; (* while...do *)
1f (TIMESLICE <= MAX_DATA) and (TIMESLICE <> 0)

then
if DATA(TIMESLICE).CONTEXT SWITCHES <> O
then
with DATA(TIMESLICE) de

begin
{* Duplicate Data Record *
CONTEXT_SWITCHES :~ (CONTEXT SWITCHES + SWITCHES) div

2;

EFFECTIVE_TIME := (EFFECTIVE TIME + TIMEL) / 2;
ABSOLUTE_TIME 1= (RBSOLUTE_TIME + TIME2) / 2;

end (* if.7.then *)

else
with DATA(TIMESLICE) do

begin
CONTEXT_SWITCHES := SWITCHES;
EFFECTIVE_TIME 1;
ABSOLUTE_TIME

end (*+ with...de *

else
begin

(* Timeslice out of bounds' Ignore it!7 *)
f...then...else *)

end; (* if...then )
findnext (SEARCH] ;
end; (* while...do *)
write (CR, * Parsed Data Files‘); clreol;
writeln;
end; (* PARSE_RAW DATA *)

procedure CALCULATE PERE'DRMJ\NCE CURVES;

(* Calculates the performance values for all of the TASKING.* files. -
L LT T T T e

op Control Variable to access all data files.

1CV : integer;

At L L R D LT PP P ey

(
(* Number of elements that are included in the averege

T

NUM_AVG : integer;

seeey

[Fessare ettt s L s s s s e s by

th

data records £

(* Temporar

]

PREVIOUS, FIRST :

(sevessrrareesresaststststttttttistanreranass saases

(* Pased data output file (for unpoxting 1nto a sp:ead:heet)

BRI T s peey s sessssiiiisiiiiiees)

(saeevesas

PARSE_FILE text;

begin (* CALCULATE_PERFORMANCE_CURVES *)
write(’ Calculating Performance Curves’);
FIRST.CONTEXT_SWITCHES := 0;
assign (PARSE_FILE, ‘PARSE.OUT');
rewrite (PARSE_FILE);
for LCV := 1 to MAX_DATA do
if DATA(LCV).CONTEXT_SWITCHES <> O then
with DATA(LCV) do
begin
write(CR,
clreol;
ACTUAL_TIMESLICE := ABSOLUTE_TIME * 1000 / CONTEXT_SWITCHES;
POINTS[RELATIVE_PERFORMANCE) :=
(BASE_ABSOLUTE_TIME -~ ABSOLUTE_TIME) /
BASE_ABSOLUTE_TIME * 100;
POINTS (CONTEXT_SWITCH_TIME) := abs (EFFECTIVE_TIME * le6 -
MINIMUM_EFFECTIVE_TIME * le6) /

Calculating Performance Curves: (TASKING.‘, LCV, *)* )i
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CONTEXT_SWITCHES;
POINTS {CONTEXT_SWITCH_TIME_AVG) POINTS {CONTEXT_SWITCH_TIME);
POINTS (CONTEXT_SWITCH_OVERHEAD) := 100 - - -
({EFFECTIVE_TIME * le6 /
CONTEXT_SWITCHES
) -~ POINTS[CONTEXT_SWITCH_TIME]) /
(EFFECTIVE_TIME * le6 /
CONTEXT_SWITCHES) * 100;
= POINTS [RELATIVE_PERFORMANCE] +
POINTS [CONTEXT_SWITCH_OVERHEAD) ;
POINTS [CONTEXT_SWITCH_PERCENTAGE] :=
(POINTS [CONTEXT_SWITCH_TIME) / 1000) /
ACTUAL_TIMESLICE * 1007
1f FIRST.CONTEXT_SWITCHES = 0 then
FIRST := DATA[ICV]:

POINTS (GENERAL_OVERHEAD]

writeln (PARSE_FILE,
ACTUAL_TIMESLICE : 3 : 3, *,*
POINTS [RELATIVE ,_PERFORMANCE] :
POINTS[CONTEXT SWITCH_OVERHEAD [
POINTS[CONTEXT SWITCH_' i TIME) : 3
POINTS (GENERAL OVERHEA.D] : 3 P
POINTS[CONTEXT SWITCH, PERCENTAGE] 2 3 3

)
end; (* with.
close {PARSE_FILE);

«.do *)

PREVIOUS := FIRST:
for LCV := 1 to MAX _DATA do
with DATA(LCV] do
1f (CONTEXT_SWITCHES <> 0) then
begin
POINTS [CONTEXT_. SWITCH_TIME_AVG) :=
{PREVIOUS. POINTS[CONTEXT SWITCH_TIME_AVG] +
POINTS CONTEXT_SWITCH TD‘IE AVG]) / Z:
PREVIOUS := DATA(LCV];
end; (* if...then *)

NUM_AVG := 0;
AVERAGE: SWITCH_TIME := 0;
for LoV := 1 to MAX_DATA do
with DATA(LCV] do~
if {CONTEXT_SWITCHES <> 0) then
begin
AVERAGE_SWITCH_TIME := AVERAGE_SWITCH_TIME +
POINTS [CONTBXT_'SWITCH_'TIME_'AVG] i
inc {NUM_AVG);
end; (* if...then *)
if NUM_AVG <> 0 then
AVERAGE_SWITCH_TIME := AVERAGE_SWITCH_TIME / NUM_AVG;

write(CR, *
writeln;

Calculated Performance Curves‘); clreol;

end; (* CALCULATE_PERFORMANCE_CURVES *)
procedure GRAPH_DA
(sessesssssenasien e LT TP VPO
(* This routine creates the axis and draws the graphs on the screen. The *)
(* user is allowed only two options ‘Q‘ to quit the program and ‘G’ to grab *)
* the screen image as a Windows Bit-Map (BMP) file. .

{

CONSE (***+ssssssrssssssusersssanssnss .
:..The length of the legend linea. .
(sevesrarararsrartreans Sererseiissssissstitittecttetttttttacaarans)
LEGEND_LENGTH = 10;

var  (esvees srarrreres sereeany
{* Graphic v1deo driver parameters. *)
srrsrsnrans Sersrsaisatiisiiiiteiitiiitittittttttiitiesairaes)
MODE, DRIVER : integer;

[ T LTI TTTT oo

{* Loop Control Variable to process the data points.

[*etererasrrrastreatiatrrssrta st tsttasttattatteataraes

LoV @ longint;

(sesssssersatiasitiiiiiiiiitistiitiittiotiotiitiietietettectitentente)

t

MAX_LINE_Y, MID_LINE_Y, MID_LINE_X

HAX X, MAX Y, MID )_X, MID_Y : 1nteger;

{eoee

{* Flag used to detect the first point to be graphed. )

T T L S S T LT L T T T T

STARTED : boolean;

F R T T

used to allow the user to exit the program

USER_QUIT : boolean;

[ e

(
SCALE_FACTOR : integer

THE_GRAPH : GRAPHS;

procedure DRAW_GRAPH {GRAPH

[sessessssssssTesesasrany

{* This routine draws the graph onto the screen.

{veessssstetcttttrcatatetetistttrtatarertatatatate

GRAPHS )

ey .
Var {*eeeseesscscetetescttetttatatetestetettatatiatetatetttttttttttttatins)

{* string used to display text on the screen.

[rerersrsracrees P D L R LT T T Ty

TEMP_STR :

string;

[eaene

{* Loop Control Variable to access all data points.

R R T R T S
{

LCV : integer;

D R D D D T T e T T
{

{ Graph scales are dynamically calculated based on the data to be ')

MAX_Y_SCALE, MIN_Y_SCALE : double;
HAX X SCALE : integer;
MID_Y_SCALE : integer;
function REAL_STR{R: rea Fi, F2 Lntuqer)

strin

(vesessecestaToossssnns

{* Convert
(seersrnane

var S : string(ll];

begin {* REAL_STR *)
S)i

begin (* DRAW_GRAPH *)
setgraphmode (MODE) ;
MAX_X i= getmaxx;
MAX Y := getmaxy;
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MID X := MAX_X div 2;

MIDY := MAX_Y div 2

MAXTLINE X := MAX X - 3 * MIN_LINE_X;
MAXTLINEY := MAX_Y - 2 * TITLE_OFFSET - 5;
MID_LINE_X (MAX_LINE_X + MIN_LINE_X) div 2;
MID_LINE_Y (MAX_LINE_Y + MIN_LINE_Y) div 2;
cledrdevice;

{setcolor {BORDER. ._COLOR) ;
setlinestyle{solidln, 0, thickwidth);
rectangle(0, 0, getmaxx, getmaxy):
setfillatyle)solidfill, BACKGROUND COLOR);)
floodfill{10, 10, BORDER X_COLOR) ;

setcolor {BORDER_COLOR) 7
lineto {0, MAX ‘l)
lineto (MAX_X, MAX_Y):
lineto(MAX_X, 0);
lineto (0, D),
line{0, TITLE OFFSET, MAX_X, TITLE_OFFSET);
line{0, MAX Y - TITLE_OFFSET, MAX X, MAX_Y - TITLE_OFFSET);
settextstyle)SIMPLEX_FONT, horizdir, 1);
settextjustify{centertext, centertext);
setcolor)TITLE_COLOR) ;
outtextxy

{

MAX X div 2,
TITLE_OFFSET div 3,

‘TASKING Performance Benchmark Display (Q=Quit; G=Grab; NeNext)*
)i

{* Create Legend *)

setcolor (LEGEND_COLOR) ;

moveto (MAX X div 2, MAX Y - 2 *
outtext {LEGENDS [GRAPH) ) 7
moverel (length{LEGENDS (GRAPH] )
setcolor {GRAPH_COLOR {GRAPH] ) ;
setlinestyle)solidln, 0, thickwidth):
linerel (LEGEND_LENGTH, 0);

{TITLE_OFFSET div 3));

* textwidth(‘h’) div 2, 4);

setcolor)SCALE_COLOR) ;
settextjustifyjcentertext, centertext);
settextstyle({defaultfont, vertdir, 1);
outtextxy{l2, MAX_Y div 2, LABELS (GRAPH));

settextstyle(defaultfont,
ouccextxy

horizdir, 1);

(MAX LINE X - 2 * MIN_LINE_X) div 2,
(MAX Y div 2) + 18,
‘Actual Timeslice {mSec) *

setlinestyle(solidln, v,
setcolor {AXIS_COLOR) 7
setviewport

normwidth);

MIN_LINE X - 1, TITLE_OFFSET,
MAX_X, MAX_Y - TITLE_OFFSET,
false

)i
line (MIN_LINE X, MIN_LINE_Y, MIN_LINE_X, MAX_LINE . X) i
1Lne(HAx LINE_: X, MIN_LINE_ Y, MAX_LINE_X, MAX_ LINE . Y)
11ne(HIN LINZ X, MID_LINE_ Y, MAX_LINE X, HID LINE_ _Y)i

MAX_Y SCALE := =maxint;

MIN Y SCALE := +maxint;

MAX_X_SCALE := O0;

for LCV := 1 to MAX_DATA do

1f DATA[LCV).CONTEXT_SWITCHES <> 0 then
with DATA{LCV) do
begin
1f ACTUAL_TIMESLICE > MAX_X SCALE then
MAX_X_SCALE := round (ACTUAL_TIMESLICE + 0.5):

if POINTS[GRAPH) < MIN_Y SCALE then

MIN_Y SCALE := round(PoINTS[GWH] = 0.5);
if POINTS[GMPH] > MAX_Y SCALE then

MAX_Y SCALE := rOund(POINTS[GR}\PH] + 0.5);

)* Make sure everything is even *,
if (MAX_X_SCALE moed 5) <> 0 then
MAX X _SCALE := ({JMAX_ X SCALE div 5) + 1) * 5;
1f odd(round(MZN Y SCALE)) then MIN_Y SCALE
if odd{round(MAX_Y_SCALE}) then MAX_Y_SCALE :
end; (* with...do *)

MIN_Y_SCALE - 1;
MAX_Y_SCALE +

MID_Y_SCALE := round{MAX_Y SCALE + MIN_Y_SCALE) div 2;

settextjustify{centertext,
)* vertical axis *)
setcolor {AXIS_COLOR) ;
line

{

MIN LINE X - S,

MID LINE_Y - round)MID_Y SCALE * MAX_LINE Y /

{MAX_Y SCALE - MIN_Y_SCALE]),

centertext);

MIN_LINE X + S,
MID_LINE_Y - round{MID_Y_SCALE * MAX_LINE_Y /

{MAX_Y_SCALE - MIN_Y_sCALE))
).

{* 'Y’ Ticks *)
for LCV := 0 to 19 do
begin
setcolor {GRID_COLOR) ;

setlinestyle{dottedln, v, normwidth);

line
{
MIN_LINE X - S,
MAX_LINE Y - round{LCV * MAX_LINE_ Y / 20),
MAX_LINE X + S

MAX_LINE_ Y - round)LCV * MAX LINE Y / 20)
i

setcolor {SCALE_COLOR) ;
outtextxy
{

MIN LINE X - 4 - 2 * textwidth{‘H’),
HAX LINE Y - round{LCV * MAX LINE_ Y / 20),
REAL STR(MIN Y_SCALE + {MAX_ Y SCALE - MIN_Y SCALE) / 20 *
v, Z, 1)
)i
end; (* for.,.to...do *)
setcolor (AXIS_COLOR) ;
setlinestyle{solidln, 0, normwidth);
line
{
MIN LINE_X + round{l * MAX_LINE X div (MAX_X_SCALE div 20)),
MID_LINEY + S,
MIN_LINE_X + round{l * MAX_LINE_X div {MAX_X_SCALE div 20)),
MID_LINE_Y - §
)i
{* ‘X' Ticks *)
for LCV := 1 to (MAX_X SCALE div 20)
begin
setcolor (GRID_COLOR) ;

=1 do



setlinestyledottedln, O, normwidthi; ¢ usecti;
1 ;

write ('TASKING Benchmarks Complete’{;

{ e c
MIN_LINE_X end. (* TASKING_BENCHMARK *{

+ round(LCV * MAX LINE X div (MAX_X_SCALE div 20{{,
MIN_LINE_Y + 5, -
MIN_LINE_X + round{LCV * MAX_LINE_X div (MAX_X_SCALE div 20{{,
MAX_LINE Y - 5 -

setcolor {SCALE_COLOR({ ;
str{LCV * 20, TEMP_STR{;
outtextxy

{

MIN_LINE_X + round{LCV * MAX_LINE X div ({MAX_X_SCALE div 20(¢,
MID_LINE_Y + 8, T
TEMP_STR

{
end; (* for...to...do *{

setcolor {GRAPH_COLOR{GRAPH] { ;
setlinestylei{solidln, O, thickwidth{;
STARTED := false;
for LCV := 1 to MAX DATA do
if DATA{LCV}.CONTEXT_SWITCHES <> O then
with DATA(LCV) do
if STARTED
then
lineto

MIN_LINE_X + round{ACTUAL ,_TIMESLICE / MAX ._X_SCALE *
(MAX_LINE_X ~ MIN_) LINE ) X( N

MID_LINE_Y ~ tDundHPOINTS(GWH) - MID Y _SCALE{ /
{MAX_Y_SCALE ~ MIN Y _SCALE{ *
(HJ\X LINE Y ~ MIN_] LINE Yl

{

else
begin
moveto

MIN_LINE_X + round{ACTUAL_TIMESLICE / MAX_X_SCALE *
{MAX_LINE_X - MIN_LINE_X{{,
MID_LINE_Y - round{{POINTS [GRAPH) -~
MID_Y SCALE{ /
(MAX_Y_SCALE - MIN_Y_SCALE{ *
{MAX_LINE_Y - MIN_LINE_Y({

ti
STARTED := true;
end; (* if...then...else *{
end; {* DRAW_GRAPH *{

begin (* GRAPH_DATA *{
installuserdriver{‘VESAl6’, @DETECT_VESA_16{;
registerbgidriver {addr (VESAL6_DRIVER| { ;
DRIVER := detect;
initgraph{DRIVER, MODE, '‘{:;

THE_GRAPH := RELATIVE_PERFORMANCE;
DRAW_GRAPH {THE_GRAPH{ i
USER_QUIT := false;
repeat
if keypressed then
case upcaselreadkeyl of

‘N’ : begin
if THE_GRAPH = high(GRAPHS{
then
THE_GRAPH := low{GRAPHS{
else

THE_GRAPH := succ{THE_GRAPH{;
DRAW_GRAPH {THE_GRAPH{ ;
end; (* Next Graph *{
‘G’ : began
setviewport (0, O, getmaxx, getmaxy, true{;
SAVE_IMAGE_AS_16_COLOR_EMP_FILE
{

FILENAME {THE_GRAPH},
0, 0, getmaxx, getmaxy

ti
setviewport

{
MIN_LINE_X - 1, TITLE_OFFSET,
MAX ! ¥ - TITLE ._OFFSET,

true

end- {* Grab picture of graph *{
‘Q' : USER_QUIT := true;
end; {* case...of *{
until USER_QUIT;
closegraph;
end; {(* GRAPH_DATA *{

UP_STRING{

funct

{
[ This routine returns a string corresponding to the upper case value of *}
(' the atrinq pa::ed to it. .}

teteseceststatetettetettatettttettttatettatestarercanates)

var LCV : integer;

begin (* UP_STRING *{
UP_STRINGTO} := S[0};
for LCV := 1 to length{sS{ do
UP_STRING(LCV} := upcase{S{LCV}};
end; {* UP_STRING *{

begin {* TASKING_BENCHMARK *}
if {paramcount = 1} and {UP_STRING{paramstr{l{{ = ‘~AUTO’{ then
AUTOMATIC_MODE := true;

directvideo i= false;

{* Allow baseline info to be redirected from a file *{
assigni{input, '‘);

reset {input};

writeln{'TASKING Benchmarks};

write{CR, ‘ Duration = ? ’};clreol;

readln {COMMAND_LINE{ ;

val {COMMAND_LINE, DURATION, CODE}:

if (CODE <> O} or (DURATION < MIN_DURATION| then

begin
writeln(CR, LF, 'TSK-BNCH: Invalid Duration: {’, COMMAND_LINE, '}‘{;
haltil{;
end; (* if...then *}
writeln(CR, ’ Duration = ’, DURATION{;clreol;

{* Perform benchmarking *}
GENERATE_RAW_DATA {DURATION{ ;
PARSE_} PJ\W DATA;
CALCULATE_PERFORMANCE_CURVES:
GRAPH_DAT:

{* Echo results to the user *{
writeln;
writeln(’TASKING Benchmarks (Duration = ’, DURATION, ‘}‘{;
writeln{’ Base Time = ‘, BASE_ASSOLUTE_TIME : 6 : 2, * sec'{;
writeln{’ Minimum Absolute Time = ‘, MINIMUM_ASSOLUTE_TIME : 6 1 2,
¢ sec’i;
writeln{’ Minimum Effective Time = ’, MINIMUM_EFFECTIVE_TIME 6 : 3,
‘ sec’i;

writelnl® Average Context Switch Time = ‘, AVERAGE SWITCH_TIME : § 1,
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10.3 TASKS-A.PAS

program TASKS (input,

(veesessasrsessres

output) ;

2 U
(* This program is merely a sample tasking program to illustrate some of  *)
the capabilities and benefits of the TASKING unit -

compiler Options (Ver. 7.0) .
Word Alignment .
Short Circuit Boolean Evaluation *)
Debug Code Generation ON (Sort of) *)
Requires /v option to TPC to activate *)
Local Debug symbols ON {Sort of) *)
Requires /v option to TPC to activate *)
Far calls only as needed *)
1/0 Checking OFF .
(*SM $8000, 20000, 50000 Memory (Stack, Minheap, Maxheap) *)
(*SN- Software Emulation of 80x87 *)
)*SE- No 80x87 run-time emulation *)
(*$0~ Overlays NOT allowed ")
(*SR- Range Checking OFF *)
(*$s~ Stack Checking OFF *)
(*$T- Force Typed ‘@‘ references *)
(*SV- Var-string Checking OFF *)
2 T 2 T T Ty
uses crt, dos, TASKING;
L S
(* This application is so simple that the commands can be as simple *)
(* as an enumerated data type. In a ‘real’ application the commands *)
(* passed around would probably be a record to allow command parameters*)
(* to be passed. The TASKING mechanisms would be exactly the same in *)
(* either case, There is no reason that message passing be restricted *)
(* to strict data types, strings (or any data type) can be passed just ')
(* as as easily
(................n.-....................................---............,
APPLICATION_COMMANDS =
(
TERMINATE_APPLICATION,
STRRT_COMPUTATIONS
)i
VAL (S eeeeaesaaNsesaateLaaiEa NNl baba bbbttty

(* These are the task identifiers used in the application. *)
SUPERVISOR, KYBD_TASK : TASK_IDS;

(esessasrstiatit bt a bbb te bbbt b et ittbey
(* Generic task attribute variable used to create all tasks.

TASK_ATTR : TASK_ATTRIBUTES;

(Peesseeseertiatitrarar ittty

(* For command line timeslice string conversion.

(rovvee [ L L T T T T |

DURATION, CODE integer; VALUE : longint;

: TASK_IDS;

procedure BUSY TASK(TASK ID : TASK_IDS; PRIORITY

(verarasaans PR A A

USER_PRIORITIES); far;

(* Busy work, no real purpose except for demonstration. .

LTl

var LCV integer:
DELAY_COUNT : longint;
CPU_LOAD : longint;
CH : char;
beqln (* BUSY_TASK *]
1= 0;
repeat
inc(LCv):

(* Do some non-blocking work *)
for DELAY COUNT := 1 to TASK_ID d
for CPU_LOAD := 1 to 500000 do (' Nothing really *) CH := ‘A’
until LCV = DURRTION;

end; (* BUSY_TASK *)
ue STRING(S : kring) String' srsssatsssssrsaassaataay)

Petede
(* This routine returns a string corresponding to the upper case value
(* the string passed to it.

of *)

integer;

begin )* UP_STRING *)
UP STRING(O) 1= 5{0);
for LCV := 1 to length{S) do
UP_STRING(LCV) = upcase(S{LCV));

end; (* UP_STRING *)

begin {* TASKS *)
if paramcount = 0
then
begin
writeln) ‘TASKS-A:
halt{l);
end
else
val{paramstr(l),

Duration must be specified’):

DURATION, CODE];
if paramcount > 1 then

1f UP_STRING(paramstr{2)) = ¢ -PREEMPT*

hen
TASKING_CONFIGURRTION.TAS KING_MODEL :

PREEMPTIVE
else
begin .
writeln('TASKS: Invalid parameter: {‘, paramstr{l), AP RN}
halt(l):
end; {* if...then...else *)

if paramcount > 3 then
if UP_STRING(paramstr{3)) =
then
begin
val (paramstr{4), VALUE,
if CODE <> O then
begin
writeln(‘TASKS:
halt(l):
end; (* if...then *)
TASKING_CONFIGURATION.TARGET TIMESLICE := VALUE * 1000;
end (* if...then *)
else
begin
writeln('TASKS:

*=TIMESLICE*

CODE) ¢

Invalid number: {‘, paramstr(3), ‘)‘):

Invalid parameter: {‘, paramstr(3), ‘)‘):

halt(l);
end; (* 1f...then...else *)

(* A good 1dea during application development, bad idea after that *)
TASKING_CONFIGURATION.STATISTICS := TASK_STATISTICS;

with TASK_ATTR do
begin
PRIORITY := 107
STACK_WORDS_NEEDED := 250;
(* Use default error handlers, carried
ERROR_HANDLERS (TASK_ALREADY ACTIVE)

through
= nil;

all task creations

ERROR HAN'DLERS{INSUFPICIENT "~ RESOURCES) nil;
ERROR HAN'DLBRS{TASK IS_NOT }\CTIVE) nil;
ERROR HAN'DLERS{TASK ALREADY _SUSPENDED) nil;
ERROR HAN'DLBRS{ILLEGAL TASK_ID] nil;
ERROR HANDLERS{ILLEGM . OPERRTION) nil;
end; (* with...do *)
for LCV := 1 to 10 do

CREATE (BUSY_WORK,
(* TASKS *)

TASK_ATTR, BUSY_TASK):

end.
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10.4 TASKS-B.PAS

program TASKS (input, output);

: severetiiitiiiienenien,
{* This program is merely a sample tasking program to illustrate some of *}
{+ the capabilities and benefits of the TASKING unit .

D D AP T

(+ Compiler Options (Ver. 7.0)

(*SA+ Word Alignment

(esB- Short Circuit Boolean Evaluation *)
(*SD+ Debug Code Generation ON (Sort of) *)
. Requires /V option to TPC to activate *)
(*SL+ Local Debug symbols ON (Sort of) *)
. Requires /V option to TPC to activate *)
(*$F~ Far calls only as needed *)
*$I- 1/0 Checking OFF *)
(*$M $8000, 20000, 50000 Memory (Stack, Minheap, Maxheap) *)
(*SN- Software Emulation of 80x87 *)
(*$E- No 80X87 run-time emulation *)
(*$0~ Overlays NOT allowed *)
(*$R~- Range Checking OFF *)
(*$5~ Stack Checking OFF *)
(+$T~ Force Typed 8 references *)
V- Var-:u—ing Ch:ckxng OFF *)

uses crt, dos;

var (sovesssereenane

R T R P P PR PPt
(* Loop Control Variable to create all ‘tasks’. *)
LR T T A R R PN .

Lcv integer;

(F4 e e e etaatattttttttatttiieattat ettt tititettttittttttittrettrtevees)

(* Used to convert com.mnd line arguemem:s t. umbers.

(veevensene POPTOPPRIN

DURATION, CODE Ln:egen VALUE longint;
procedure BUSY TASK(TASK_ID : wor PRIORITY : byt far;
( ceseeeeT veTesen erenne esesevene

(* Busy work, no real purpose except for demonstration. *)

D T T T

var LCv : intege
DELAY_COUNT : longin
CPU_LOAD longan!
CH : char;
begin (* BUSY_TASK *)
LV = 0;
repeat
inc (LCV) 7

(* Do some non-blocking work *)
for DELAY_COUNT := 1 to TASK_ID do
for CPULOAD := 1 to 500000 do (* Nothing really *) CH := 'A’;
until LCV = DURATION;
end; (* BUSY_TASK *)

begin (* TASKS *)
1f paramcount = O
then
begin
writeln(’TASKS~A: Duration must be specified’);
halt(l);
end
else
val (paramstr(l), DURATION, CODE);

for LCV := 1 to 10 do
BUSY_TASK(LCV, 10};
end. (* TASKS *)

10.5 GRAPHICS.PAS

unit GRAPHICS;

(sesesevavenacsnaes

[ This unit concentrates the code for VGA (640x480), VESA-16 (1024x768) *)
(' graphics drivers and useful fonts into a sanle code segment. .

cesenny

(' Compiler Options (Ver. 7.0)

(*$A+ Word Alignment

(*$B~ Short Circuit Boolean Evaluation *)
(*$D+ Debug Code Generation ON (Sort of) *)
. Requires /V option to BPC to activate *)
(*$SL+ Local Debug symbols ON (Sort of) *)
( Requires /v option to BPC to activate *)
(*SE~- Far calls only as needed .
(*$1- 1/0 Checking OFF *)
(*$N= Software Emulation of 80x87 *)
(+50~ Overlays NOT allowed *)
(*$pP- Standard ‘string’ parameters *)
(*$Q- Overflow Checking OFF *)
(*SR~ Range Checking OFF *)
(*§5- Stack Checking OFF *)
(*$v- Var-string Checking OFF *)
(*$T+ Force Typed '@‘ references *)
(+8X+ Enable Extended syntax .

R T L LT T T D R T R L e T

interface

VAL  (4eeveseettitettetiitettitettttitettitittitettatettatiatetrsararettastas)
(o Stroked font ‘handles’ - Bold is outlined, block type. Simplex is *)
(* a very sample font (similar to the default graphics font) and *)
(* triplex 1s a more elegant font. -
(#veavosessonsosertetestitettetettetestetustitusvesverssvsevessersanesee)

BOLD_FONT, SIMPLEX_FONT, TRIPLEX_FONT, SMALL_FONT : integer;

venn

enr
(* This variable is used to force the VESA driver into a mode which *)
(* 13 not its hlghest capabuny. *)
(#eesssaueeeesreittorttttetetetitiotsttuiietetiiiitiststtitetessstienns)

VESA_16_MODE : ~1..2 = -1;

const

function DZTBCT V}.‘.SA 16 : integer;

(veeveane STeeeteteetettetetettetartetetietettetattetesterestesrane)
(*  Used to detect the presence of a VESA-16 graphics capable controller. *)
(* Called as: InstallUserDriver(’VESAl6é’, @DETECT VESA_l6); -

procedure VESAl6_DRIVER;

eeevssevastusaTevsesevestesestesesrsservsetussevsseevssevssevsseevaseavasees)
(* The actual VESA-16 video draver. )
(+ Called as: registerbgidriver (addr (VESAL6_DRIVER| )/ )

(seaveveseene PUODPSSDTSDDSDPDP Teeeveseesrsvevreviaresvesrasesvane)

procedure EGAVGA_DRIVER;

(*aeaveatesseveeTosestestttettttettets atattettttetttttittitttattttattttatents)

[&d The actual VGA video driver. *)
(* Called as: registerbgidriver(addr (EGAVGA_DRIVER) ) )

(44vesseusnsesetsnasessaecssanttseetssenveeivesesesevsssuvssevsssevesevassssan)
amplementation

uses graph;

function VESA_CAPABILITY

(e4eevestesesTessevessassasases

(TABLE : pointer; MODES : word; SIZE :
(v

ceveany

integer) : integer; near; assembler;

{+  Determines the highest graphics capability of the VESA-16 controlle

asm (* VESA_CAPABILITY *!

ax, ax
les di, TABLE
eal:
mov 31, MODES
add s5i,SIZE
add si,SIZE
mov bx,es: [di)
cmp bx, OFFEEh
je aaq
inc di
inc di
mov cx, SIZE
Qee2:
cmp bx, [si)
jz @83
dec si
dec 31
loop eg2
ae3:
cmp ax, cx
Ja
mov ax, cx
jmp @l
8e4:
cmp VESA_16_MODE, -1
je sas
mov al, VESA_16_MODE
mov ah, 0

ags:
end; (* VESA_CAPABILITY *)

function DETECT VESA_16 : intege assembler;

(vvsvessssesseeTeessTossssennes eeeeeeiettteit ettt tattettetttatne)
[ Determines if the video controller is VESA-16 compatible. )

(aeeeaaaeeteeeeaaa ettt et it tttetttt et N tttee ittt i ettittttttttttteenan)

COMSE (eeeevsssssesessseteresotestserssssstettveatesttsrssssatestsevoraneses)
{+ The video modes supported by VESA-16. B
(sesssveveereans eeteevteiutiesttatitiiertetettrettatenene)
VESA_16_MODES : array(0..2) of word = ($0102, $0104, SOL06);

type (seeeser cesennan eeteesttetetattttetatetatanas ceeeey
(* Data structure that defines the video controller. .
(e4sveresvieseeereteteettttiittititttiittetitiittitotetiiiretttetiiere)
VGA_INFO_BLOCK = record

VESA_SIGNATURE : array(0..3) of byte;
VESA_VERSION  : word;
OEM_STRING_PTR : pointer;
CAPABILITIES : array(0..s) of byte;
VIDEO_MODE_PTR : pointer;
end; (* VGA_INFD_BLOCK *)
var  (** ceesressstenes ceseseresvaveirane sessvenny

(* Data structure used to determine VESA-16 capabilities. .

(#eeevasteteeeaatttttattttttttttee i eete it iitee it ttttttttttaateas)

VESA_INFO : array(0..255) of byte;

asm (* DETECT VESA_16 *)

mov ax, 33
mov e3, ax
lea di, VESA_INFO
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mov ax, 4FO0h
1oh

int
cmp ax, 004Fh

mov ax, grError

nz 8@Ex1LE

cmp ©3:(di).VGA_INFO_BLOCK.VESA_SIGNATURE.word(0}, 'EV*
jnz @QExit

cmp es: (di).VGA_INFO_BLOCK.VESA_SIGNATURE.word(2}, ‘AS’
jnz BeEXLE

les di,es:(di).VGA_INFO_BLOCK.VIDEO_MODE_PTR

push e3

push di

mov. ax,offset VESA_16_MODES

push ax -

mov ax, 3

push

cau VESA_CAPABILITY
8QEx
end; (' DETECT '_VESA_16 *)

(Fassssssssssssssonseessrttarssrrsssstossttsstbarins

SR
(:,, Borland supplied drivers and fonts (derived from BGI files). 3

procedure VESAL6_DRIVER,

B LI T T T
(* BINOBJ VESMSABGI VESAL6.0BJ VESAL6_DRIVER *)
external; (*$L BINARY\VESAL6.0BJ

*)
procedure EGAVGA_DRIVER: (* BINOBJ EGAVGA.BGI EGAVGA.OBJ EGAVGA_DRIVER *)

external; (*SL BINARY\EGAVGA.OBJ *)
procedure TRIP_FONT_PROC; (* BINOBJ TRIP.CHR TRIP.OBJ TRIP_FONT_PROC *)
external; (*$L BINARY\TRIP.OBJ - *)
procedure SIMP_FONT_PROC; (* BINOBJ SIMP.CHR SIMP.OBJ SIMP_FONT_PROC *)
external; (*SL BINARY\SIMP.OBJ *)
procedure BOLD_FONT_PROC; (* BINOBJ BOLD.CHR BOLD.OBJ BOLD_FONT_PROC *)
external; (*SL BINARY\BOLD.OBJ *)
procedure LITT_EONT_PROC; (* BINOBJ SANS.CHR SANS.OBJ LITT_FONT_PROC *)
external; (*SL BINARY\LITT.OBJ *)

N S LT LT TTTTSuuaNToNy
begin (* GRAPHICS *)

(* Register Fonts *)

TRIPLEX_FONT := registerbgifont (@TRIP_FONT_PROC);

SIMPLEX_FONT := registerbgifont (@SIMP_| FDNT PROC) ;

BOLD_FONT = reglsterbgiton:(eBoLB FDNT PROC) ;

SMALL_FONT i regutubgiton:(eu’l‘l‘ EDNT PROC) ;
end. (* GRAPHICS *)

10.6 BMP_UTIL.PAS

unit BMP_UTIL;

(PveesssTasssssssssssssssssss
[ This unit allows portions of the graphic screen to be saved to and *}
(2 Written from Windows v3.1 compatible 16 color, Bit-Map (BMP) files. M

R R T T T R T T T T e

LR R I et

[ Compiler Options (Ver. 7.0}

(*SA+ Word Alignment

(*$B~ Short Circuit Boolean Evaluation

(*$D+ Debug Code Generation ON (Sort of)

M Requires /V option to BPC to activate
(*SL+ Local Debug aymbols ON (Sort of})

M Requires /V option to BPC to activate
(*3F~ Far calls only as needed

(*$I~ 1/0 Checking OFF

(*$N~ Software Emulation of B0Ox87

(*$0~ Overlays NOT allowed

(+sp~ Standard ‘string’ parameters

(*$Q~ Overflow Checking OFF

(*$R~ Range Checking OFF

(*$5~ Stack Checking OFF

(*§v~ Var-string Checking OFF

(*$T+ Force Typed '@’ references

(*$X+ ble Extended syntax

(veovrovrenas

sessssssenany
interface

uses graph;

procedure DISPLAY_l6 CDLOR'BMP.E.ILB AS_IMAGE

(seesennsrancnisaTosTon R T e

(FILENAME : string; X, Y : integer);

*)
[ This routine reads the BMP file (must be 16 color) and displays it on *)
.

(' the screen (viewport releative)
[T ETTIGNNESeuI SRt

ee

sesssssssstsstaireney

procedure SAVE_IMAGE_AS_l6_COLOR_BMP_FILE

(P oerersera s st o st s TeaTeaTosessToosTosesuriornareosssssssssssssssssssssscsnes)

(FILENAME : string; UL_X, UL_Y, LR X, LR_Y : integer);

( }
[ This routine takes the pixels on the screen and creates a BMP file (16 *)
(' color) from them (viewport relative) >

seesessreessesae)

implementation

type (
(* Windows Bit Map File (BMP) header. *)

R T T O T T T T T P T T

BIT_MAP_FILE_HEADER = record
(v T

T T TNy

[IITITTTITTN

(* File type must be Ox4D42 (’'BM' for Bit Map). *)

(vevosssasstassssssassssssosssoses B I LTI P TSY

FILE_TYPE - word:
(voere cene

(* Definition varles, ignored when read, written O. .y
B T T T S ST PR
SIZE : longint;

(sdesesrrinsnassasanss

CETTTTTTS

(* Pointer ’Hot Spot’, ignored when read, written O. .
T T T L o e AR R NS S0 T PSSR

X_HOT_SPOT
Y_HOT_SPOT
(Freavoaes Saesstiiattisiias et aat ettt ta s aaaas)
(* Offset within file to beqinnan of bit map, in BYTEs. *)

(sesvsssrnssrrrsrssssssnnns [eetresdiass
OFFSET_TO_BITS : longint;
end; (* BIT_MAP_FILE_HEADER *)

P L LT T TT T T

(o ndous pi wap e heaer Y
::..ffff.?f.f?&f.ff“fmrf‘. U .;
(- mdth of amge tnpimelsy Y
|(ﬂ';DTH : longint; . !
(o heignt of inage (in pixelor, origin is ISQ;;'I;}Z';;;;;;'l}'i;.;'zi
(* image origin 1s upper left corner then this value is negative.

R T LR T e T T T L T e

HEIGHT : longint;
(*eessssasssistetsosssssesstsssistosistattteritatitattisststattrrnanes
(* Must be 1 for windows bit maps. -y
T A 0 U
NUMBER_OF_BIT_PLANES integer;

(sevseTeaTaseTassnas
(* Indicates color depth, allowable values: 1, 4 or 8. B
G S G e

NUMBER_OF_BITS_PER_PLANE : integer;

(P e s aTaa e ssaTaaaTassaaatiittattttsisataitiatitiiittsttttiasatttteas)

(* Zero for no compression. )
T T T LT o e U
COMPRESSION_SCHEME : longint;

R et T RSy
(* Number of bytes the image data consumes, normally O 1f there 1s *}
(* no compression. The size is them computed from width, height and *}
(* color depth. N
R e T T TP L T PN
SIZE_OF_IMAGE_DATA : longint;
(rraTeaTersreTateraletiaiiitiitiir sttt bbb
(* If non-zero this is used to scale the image .
(reeerares O seaeay
X_RESOQLUTION : longint;
(.....................................................................)
(* If non-zero this 1s used to scale the ima *
(+aveasrersrsssstssstissssssssrssanes Lereari et stertertesette
Y_RESOLUTION : longint;
(e e ra st b s St s st s s e s e et
(* Defines the number of valid entries in the color table, O means 9
(* 'all of d
(reeerares
NUMBER_OF_COLORS_USED
(resssTeeTosassaTorsnas
(* Defines the number of necessary entries in the color table, O *)
(* means 'all of them .
T T T TR T PO PPN
NUMBER_OF_IMPORTANT_COLORE : longint;

end; (* BIT_MAP_HEADER *)

sasaney

longint;

e ey

saseaey

LR R PP PR PSP ONy
(* Windows color palette structure, Red, Green, Blue and padding to 2
(* make it 32-bits long.
(rosevvsrasanes ..................-.....-..--n------..............-.....)
RGB = record

BLUE : byte;
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: byte;
byte:
PADDING : byte;
end; (* RGB *}

TR

(* The BMP color palette 1s stored in the BMP flle, since only 16 *}
(* color images are supported thls structure can be a fixed length. )

COLOR_TABLES = array(0..15} of RGB;

sereseressares

e T T T TP

{* Images are processed on a per line basls, this allows images up *}
{* to 1280 )

(resesveee

SCAN_LINES = array(0..639) of byte;

sesacares)

(vesessssrestttatariattirtstatattttitsattasatatestatettatas

{* Borland and Microsoft have different color orderings, the color ';
{* translation is done using this structure to create look-up tables. *}
R R R R R o
COLORS = record !
BMP : RGBJ
VGA : word;
end; {(* COLORS *}

const (*eeee veey
™ This 1s the Borland/microsoft color translation look-up table. *)
(vesessoeessatattirtotattitttatriibatartstareatatotestottstatiatattatant)

TRANSLATE_COLOR_TO : array{0..15} of COLORS =

{

{BMP {BLUE : 0; GREEN : i RED : i PADDING :
{BMP {BLUE : 192; GREEN : i RED : ; PADOING :
{BMP {BLUE : Q; GREEN : 192; RED : ; PADDING :
{BMP (BLUE : 192; GREEN : 192; RED : 0; PADDING :
{BMP {BLUE : 0; GREEN : 0; RED : 192; PADDING :
{BMP {BLUE : 192; GREEN : O; RED : 192; PADDING :
{BMP : (BLUE . i GREEN : 192; RED : 192; PADDING :
{BMP : (BLUE 192; GREEN : 192; RED : 192; PADDING :
{BMP : (BLUE 128; GREEN : 128; RED : 128; PADDING :
{8MP : (BLUE 255; GREEN : i RED : ; PADDING :
{BMP : (BLUE : ; GREEN : 255; RED : ; PADDING :
(BMP : (BLUE : 255; GREEN : 255; RED : ; PADDING :
(BMP : (BLUE i GREEN : ; RED : 255; PADDING :
(BMP : (BLUE 255; GREEN : ; RED : 255; PADDING :
{BMP : (BLUE ; GREEN : 255; RED : 255; PADDING :
(BMP : (BLUE : 255; GREEN : 255; RED : 255; PADDING :

procedure DISPLAY_16_COLOR_BMP_

Ay

(FILENAME : string; X, Y : integer

P T R Y

(
(* This routine reads the BMP file (must be 16 color} and displays it on *}
(* the screen (viewport releative}.

R T T T T T R e ALt

R T T T Y

(* The file being displayed. )

(sessevasannusssssisstesssisrisssbsssssssssanesistsss vees)
BMP @ file;

resssarersrasearerataaas crreeseesaess veeery
(* BMP file data structures. .

I TRt g i e e I T I
FILE_HEADER : BIT_MAP_FILE_HEADER;

BMP_HEADER : BIT_MAP_HERDER;

COLOR_DEPTH : integer;

COLOR_TABLE : COLOR_TABLES:

(sosraresssatuisrissertisriratatiartiastiiiiey

ceresreene)
(* Loop control variables to process lines and pixels. .
frereree e L L Ly

LCV, PIXEL_LCV : integer;

P T LA bbb bbb

(* Ppixels are processed in lines. .

R e bbbt

SCAN_LINE : SCAN_LINES;

var

{* The file being duis

(ererereasrssstasraes

BMP : file;

T i |

yed. .}

N T T T R T Y

R e L R bbbt bit b

{* BMP file data structures. *}

(sevsevsessassessassisssssssstisssssusasistiiitisttstisststisssses
FILE_HEADER : BIT_MAP_FILE_HEADER;

BMP_HEADER : BIT_MAP_HEADER;

COLOR_DEPTH : 1nteger;

COLOR_TABLE : COLOR_TABLES;

sae)

(+ossssssssssttetiatietiiatit it et ittt bbb bbbttt

{* Loop control variables to process lines and pixels. .}

I T e A A seey

1LCV, PIXEL_LCV : integer;

(rereesssarans [ T TN

(* Pixels are processed in lines. .
P e B O e T T P P T T
SCAN_LINE : SCAN_LINES;

SCAN_LINE_SIZE : integer;

PIXEL_1, PIXEL 2 : word;

begin (* SAVE_IMAGE_AS_16_COLOR_BMP_FILE *}

assign{BMP, FILENAME}:
(*$I-*} rewrite(BMP, 1}; (*$I+*}

(* Put headers *}
with FILE_HEADER do

begin
FILE_TYPE $4D42;
SI2E sizeof (BIT_MAP_FILE_HEADER}:
X_HOT_SPOT 0;
Y_HOT_SPOT 0;

OFFSET_TO_BITS := sizeof (BIT_MAP_FILE_HEADER) +
sizeof (BIT_MAP_HEADER} + 16 * sizeof (RGB};
end; (* with...do *}

blockwrite (BMP, FILE_HEADER, sizeof (BIT_MAP_FILE_HEADER}};

with BMP_HEADER do
begin
SIZE
WIDTH
HEIGHT
NUMBER_OF_BIT_PLANES
NUMBER_OF_BITS_PER_PLANE
COMPRSSSION_SCHEME
SI2E_OF_IMAGE_DATA
X_RESOLUTION
Y_RESOLUTION
NUMBER_OF_COLORS_USED
NUMBER_OF_IMPORTANT_COLORS := 16;
end; (* with,..do *}
blockwrite (BMP, BMP_HEADER, sizeof (BIT_MAP_HEADER}};

EADER} ;

{* Put color table *}
COLOR_DEPTH ;= 16;
for LCV := O to COLOR_DEPTH-1 do
blockwrite (BMP, TRANSLATE_COLOR_TO(LCV).BMP, sizeof (RGB}}:

(* Put pixel data *)
SCAN_LINE_SIZE ({BMP_HEADER.WIDTH + 3} div 4) * 2:
seek (BMP, FILE_HEADER.OFFSET_TQ_BITS);
for LCV := O to BMP_HEADER.HEIGHT do
begin
{(* Get pixels from screen into this Line *}
for PIXEL_LCV := O ta SCAN_LINE_SI2E-1 do
begin
PINEL_1 := getpixel(2 * PIXEL LCV, BMP_HEADER.HEIGHT - LCV - 1}; °
PINEL 2 := getpixel(2 * PIXEL_LCV + 1, BMP_HEADER.HEIGHT - L&V - 1}
SCAN_LINE(PIXEL_LCV} := (PIXEL_1 shl 4} or (PIXEL_2 and SF);
end; (* for...to...da *}
blackwrite (BMP, SCAN_LINE, SCAN_LINE_SIZE}:
end; (* for...to...do *}
close (BMP) ;

end:; (* SAVE_IMAGE_AS_16_COLOR BMP_FILE *}

SCAN_LINE_SIZE : integer: {* No initialization *}

PIXEL : word; end.

begin {* DISPLAY_16_COLOR_BMP_FILE_AS_IMAGE *}
assign(BMP, FILENAME};
(*SI-*} reset(BMP, 1}; (*SI+*}

{* Get headers *}
blockread(BMP, FILE_HEADER, sizeof (BIT_MAP_FILE_HEADER}}:
blockread(BMP, BMP_HEADER, 3sizeof {BIT_MAP_HEADER}};

{* Get color table *}
COLOR_DEPTH := 1;
with BMP_HEADER do
for LGV := 1 to NUMBER_OF_BIT_PLANES * NUMBER_OF_BITS_PER_PLANE do
COLOR_DEPTH := COLOR_DEPTH * 2;
1f COLOR DEPTH = 16 then

for LCV := O to (COLOR_DEPTH - 1} do
blockread(BMP, COLOR_TABLE([LCV}, 3izeof (RGB}};

{* Get pixel data *}
SCAN_LINE_SIZE := {(BMP_HEADER.WIDTH + 3} div 4} * 2:
seek(BMP, FILE_HEADER.OFFSET_TO_BITS}:
for LCV := O to BMP_HEADER.HEIGHT-1 do
begin
blockread (BMP, SCAN LINE, SCAN_LINE_SIZE};

(* Display this Line of pixels *}
for PIXEL ICV i= O to SCAN_LINE_SI2E-1 do
begin
PIXEL := SCAN_LINE(PIXEL_LCV} shr 4;
putpixel
¢

X + 2 * PIXEL_LCV,

Y + BMP_HERDER.HEIGHT - 1CV - 1,
PIXEL

¥

PIXEL := SCAN_LINE{PIXEL_LCV} and $E;
putpixel
{

X + 2 * PIXEL_LCV + 1,
Y + BMP_HEADER.HEIGHT - LCV - 1,
PIXEL

}
end; (* for...to...do *}
end; (* for...to...do *}
end; (* if...then *}
close(BMP};
end; (* DISPLAY_16_COLOR_BMP_FILE_AS_IMAGE *}

6_COLOR_BMP_FILE

procedure SAVE_IMAG

seeareeny

(FILENAME : string; VL X, VLY, LRX, LR_Y : integer};

. Inis routine takes the pixels on the screen and creates a BMP file (16 *)
(* color} from them (viewport relative}. .)

(....nn...nn...n..........-.---.........n.nn...nn.........n..nn--)
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10.7 MS_MOUSE.PAS

unit MS_MOUSE;

R T T T T T PP PRPPPPITY

: terresseeany
{ This unit provides access to a Microsoft Mouse Driver for text and *)

{(* graphics mode Turbo Pascal application. .
(54 .
- Compiler Options (Ver. 7.0} -;
(*SA+ Word Alignment .y
{*SB- Short Circuit Boolean Evaluation )
{*$D+ Debug Code Generation ON {Sort of} *)
. Requires /V option to TPC to activate *j
(*SL+ Local Debug symbols ON (Sort of) *)
(* Requires /V option to TEC to activate +)
(*SF- Far calls only as needed *)
(*51- 1/0 Checking OFF *)
(*SN- Software Emulation of 80x87 *)
(*50- Overlays NOT allowed *)
(*SR- Range Checking OFF *)
(*§s- Stack Checking OFF *)
(('SV— Var-string Checking OFF *)
z' NOTE: This code is very sensitive to compiler options, i.e. the event ';

handler won't work if checks which change code at the entry point *)
of a routi:

dded ($5, §$V).

PP PPN

interface

Const (seseesecereane

R T P PR P R PP PP PR
(* This is the application visible flag which indicates whether an *)
{* MS-Mouse driver is installed on the PC or not M

B N Yewre Srrierriesestttetttiottttrrnianny

MOUSE_INSTALLED : boolean = false;

Lype (*eeesestttettititttetitieniravirerettanetee eesettsnne

)
(* This type 1s used to allow communication between the application *)
{* mouse handler and the mouse driver. .
(F 44 s et ettt tatu ittt irrerettetit ittt it iestettttirerettterasansy

MOUSE_PARAMETERS = record

(seTeenee

PETTITITTS

{* Indicates why the application was activated. See allowable *)
{* events defined below. Note that it is possible for more than one ')
{* event to be active at the same time.

(seesevanetevevervaves .ee ...............................-....,
ACTIVITY_MASK : word

(e evee T ttettettttiitittttettetttiietistietttetitittttettetroaniaes)
{* Contains status of both mouse buttons at the time of activation. *)
(seeevrererrieae PIPPPOPTSOROY )
BUTTON_STATES word,

LR Lt L T
(* Rbsolute 3creen position of the mouse cursor, relative to upper *}
{* left corner which is at (L, 1j. *

(roveseveveen T T

VERTICAL_TEXT_POSITION, HORIZONTAL_TEXT_POSITION : word;

R T R e DA ey P S

cesray

{* Absolute screen position of the mouse cursor, relative to upper *)
(* left corner which is at (0, N
D L T g T L T ST TPPORRROReePPPe
VERTICAL_MICKEY_POSITION, HORIZONTAL_MICKEY_POSITION : word;

end; {* MOUSE_PARAMETERS *)

(#e e aeeatttttttttttttttttiittitatttettetttittettttittttttietitarrreaten)

{* The procedure used to handle the mouse events must be declared of *}
{* this type. Note that the actual procedure declared must be 'far’. *)

(seseetestatetiteuetusuisetostsestatetestetestatesesseasesaaresvaratrave)

HANDLER_PROC = procedure{PARAMS : MOUSE_PARAMETERS);

aximum values for mouse mickey positions. B

M.
(4easeseacstasaratestatatitorettiatittttatottttotostttestettetestastasaseatan)

var MAX_HORIZONTAL_MICKEY POSITION, MAX_VERTICAL_MICKEY POSITION : integer;

cesessescasesrassananey

procedure GET_MOUSE_CURSOR_POSITION{var HORIZONTAL, VERTICAL : word):
procedure SET_MOUSE_CURSOR_POSITION({ HORIZONTAL, VERTICAL : word

[sosseetatasaTocessTestaeeTostssttostertesvasetereetsevasiestesssssestssaranes)
(* These procedures manipulate the MS Mouse cursor on the text mode video *)
(* screen. Ms Mouse cursor positions are independent of the keyboard cursor *)
(* position but are otherwise positioned similarly. The maximum vertical  *}

(* position is a function of the video mode selected. *)
{ *)
* Horizontal > .
{ *)
* Vil *)
{ el (L1} *)
{ r *)
(* t .
{* i *)
{* c *)
(* a o
{* 1 “)
(* )
(* )
(* )
{* {80, 25} *)
{ or *)
[ v {680,43) *)
{ or “)
{* {80, 50} *)
{* s | :)

(veaseessesteastetttttitttittitiittittattttttttitttiattottittttattitttiiiticty

procedure SET_HORIZONTAL_CURSOR_HANGE {(MIN, MAX : word)
(seeesssssssaTesrssresestossarerresesssssiosesstottone
{* This routine restricts the mouse to movement within a column of the text ')
(* screen. When combined with row restrictions this can be used to

tresesesesesesesttanney

{* arbitrarily restrict mouse movement. :;
N

I Horizontal —> :;
N

I vl \pp——— (AN B
( e\ \ ) {MIN, Any} [AYAY )
{* of \\) [SAVNAN )
{ [ AV {MAX, Any) IAVAY *)
{ i\ AV *)
{ e\ \ ) [AYAY *)
(* af \ AN N
(* LN\ MS-Mouse movement is  J\ \ *)
(* ARV restricted to the IRV *)
(* A\ ‘column’ specified. J\ \ *)
(* ANt AV

{ AN ] IAVAY

(* A\ IIAVAY

-+ VN N

I Y PN

(+ AN [AVAY

(* A\ YA

(sovesvasaseteettetet ittt ttieitttittttrttttttitttitaettatertiatataane

procedure SET_VERTICAL CURSOR_RANGE (MIN, MAX : word);

(seeeeeavavesTeoncecesd SHeteLLetiet ettt tttetettetattatetittisinaney

{* This routine restricts the mouse to movement within a row of the text *)

{* acreen. When combined with column restrictions this can be used to H
{* arbitrarily restrict mouse movement. )
{ 3
{ Horizontal > 3
{ 3
* V\\\\\\\\\\\\\\\\\\\ *)
™ L7 0N U W U VO U W Y VO U W O W O W W WY 3
(* r\\\\\\\\\\\\\\\\\\\ *)
{* t ] 3
{* 1 - 3
(' c L({Any, MIN} *)
{* a )
{* 1] MS-Mouse movement 13 restricted to *)
(* the ‘row’ specified. .
{* 3
{ )
[ {Any,MAX) = | 3
{* )
{* v ' -—- )
(* A N N O U N VO O N W Y T W W VA VY *)
{* VULV VLA VAV NV VY *)
{ A VU W W VO U WV VO W VU W W O W W U WL WA )

(soeaeseassavenas R R TR T T T e

procedure SHOW_MOUSE_CURSOR;
(#99easertertaToeessTaesereosttsetestetetttessiottettttoeteetiorsasnetrasasaney
(* 1f the cursor is off then this routine turns the mouse cursor on. If  *)
(* the cursor i3 on then it becomes ’'more on’, i.e. the number of times that *)
(* 1t was turned on 13 retained such that the same number of ‘off’ commands *}
*)

(* must be issued before the cursor will actually disappear
(#4%easattasasttttsssstteteesttttettetsttsaterttiiene

cesesreeneey

procedure HIDE_MOUSE_CURSOR;

LR T T LT

{* If the cursor is on then this routine turns the mouse cursor off. If *)
(* the cursor 1s off then it becomes ’more off', i.e. the number of times *)
(* that it was turned off 1s retained such that the same number of ‘on’ .
{* commands must be 1ssued before the cursor will actually appear. i)

R S R LI L LT IR TR

eesesecenare

vene

conat (*¢**
{* The following events can be handled by a Microsoft compatible *)
{* mouse (and hence this unit). Note that the MS Mouse has only two *}
{* buttons (left and right *)
(veveave PRI
CURSOR_MOVEMENT = $0L;
LEFT_BUTTON_PRESSED = $02
LEFT BWTON RELEASED =
LEFT_] ~BUTTON_) |_ACTIVITY
RIGHT BlH’TDN PRESSED
RIGHT_BUTTDN_RELBASBD
RIGNT_BUTTON_ACTIVITY
BUTTON_PRESSED
BUTTON_RELEASED
BUTTON_ACTIVITY
ANY_ACTIVITY

eessesststtttanieeney

“rerieesettesieeraceney

_BUTTON_PRESSED or LEFT_BUTTON_RELEASED;

RIGHT_BUTTON_PRESSED or RIGHT_ BUTTON_RELEASED;
LEFT_BUTTON_PRESSED or RIGNT_BUTTON_PRESSED;
LEFT_] BUTTON RELEASED or RIGHT BUTTON, _RELEASED;
LEFT_| BUTTON ACTIVITY or RIGHT BUTTON }\CTIVXTY,
CUPSOR_HOVEMENT or BVI‘TON_ACTIVITY.

procedure PUSH MOUSE_EVENT_HANDLER(MASK : word; HANDLER : HANDLER_PROC) ;

- B L T P e S A P Pt S OPPOPRY
(* This routine establishes the mouse activities which will cause the user *)
(* application handler to be called. The user application should consider *)
(* the mouse handler call to be an interrupt in 3o far a3 not returning from *)

(- the handler call will cause system interrupts to be disabled and may *)
{* result in erratic system behavior. The best approach to mouse activity *)
{* handling 13 for the mouse handler to manipulate global data structures *)
{* and for the application to periodically check the structure in order to *}
{* take appropriate action. )

{* The activity mask bits are defined a3 follows (see above definitions): *)
(v
(-

™ .y
™ l—- Cursor Movement .y
{* Left button pressed .y

{ Left button released )
* Right button pressed )
(* Right button released -
(* Unused {Must be Zero) -

)
(* NOTE: Using the handler ’push’ concept for more than a single installation*)
( requires that the application provide adequate heap-space {each .y
( mouse handler push requires -10 bytes of heap}. .y
R TIPS TS OSSP SO DD SO s SO0 S PP

procedure POP_MOUSE_EVENT_HANDLER;

(severesstresiesesaTassetTostassetsstsstssssisiesssiststatietaroverseroranses)
(* This routine restores a previously installed handler and activity mask, <}
(* the present handler is removed. This i3 useful for layered applications +)
(* where mouse actions are different based on entry/exit of procedures or  *}
(* displaying of windows (i.e. handler must change as windows are brought to *}
(* to foreground). .

R e L LT T T TN

function LEFT_BUTTON_HELD : boolean;

($4eeee ettt e TeeteaTotieatuteretentestsetestterevesentivesetetttiitttttenis)
{* This routine merely returns the status of the left mouse button, true if *}
{* the button is prease false otherwise. .
[EEPLOPT PPN DO T

function RIGHT_BUTTON_HELD : boolean;

{veesestestatesTotsssaToses Seereeteeetietiitttttttttttttttttttttitetetany
{* This routine merely returns the status of the right mouse button, true *)
{* if the button is pressed and false otherwise. .

LR R T T e

procedure DISABLE_MOUSE_DRIVER;

(seeveverererarssTeseaeTeretetottititietetetetetetttetttetetitatetitttanananns)
(* This routine shuts down the mouse driver 3o that events will not be .
(* reported and status will not be available. .

R et PR PO

procedure ENABLE_MOUSE_DRIVER;

ceenany
{* This routine turns on the mouse driver 30 that events will be reported *y
{* and status will be available. -

(avesatietttatt ettt aatetttetttttttettttttettttitettrerirrarieates

caseney

procedure RESET_MOUSE_DRIVER:
(sesvvveeeasees e eeeleetttitiiiiiiitatiattitte it tateatetttettetateesy
{* This routine causes all mouse driver parameters to be reset to default )
(* values. This includes activity mask and mouse cursor position. .
(sesserserernreresrsssesssateons

R R e

COMIL (*etesesssttstesestetestetestestasetessssesttvassavansane

cereney
(* The following constants are used to control the characteristics of +)
(+ the mouse cursor. Only one from each group can be specified at any K
(* given time using SET/CLEAR_CURSOR_SCREEN_BITS functions

(euesee POTOT-ONIe TeeseeaTessssesretnn

.........,

R T R PP PPNy

(* Controls mouse cursor blinkin .

sevestiacen,

BLINK_MOUSE = $80;

[ L R LT DR PNy

{* Controls mouse cursor background color (in a manner similar to .
{* standard text/background colorsj. .y
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(srosenn

B S
BACKGROUND_BLACK = 500;

BACKGROUND_BLUE = 5105

BACKGROUND_GREEN - $205

BACKGROUND_CYAN - $30;

BACKGROUND_RED - 5405

BACKGROUND_MAGENTA -
BACKGROUND_BROWN -
BACKGROUND_LIGHT GRAY -

[ S T T L T

(* Controls mouse eursor foreground color (in a manner similar to .
E:.:tanda d text/background colora). ';

FOREGROU'N‘D_BLACK = $00;
FOREGROUND_BLUE = $01;
FOREGROUND_GREEN = $02;
FOREGROUND_CYAN = $03;
E‘DREGROUNO_RED = $04;
FOREGROUNO_MAGENTA = $05;
FOREGROUND_| )_BROWN = $06;
FOREGROUND_] )_LIGNT_GRAY = $07;
FOREGROUND_! DARK_¢ GRAY = $08;
FOREGROUND_. LIGHT '_BLUE = $08;
FOREGROUND_LIGHT _( '_GREEN = $OA;
FOREGROUND_LIGHT' CYAN = $0B;
FOREGROUND_LIGHT_| _RSD = $0C;
FOREGROUND_ LIGHT HAGENTA = $0D;
FOREGROUND_ YELLOW = $O0E;
E'DREGROU'N‘D_WNITE = $0F;

p(oczdu(e SET_CURSOR SCREEN I_BITS (SCREEN BITS byte);
(soseessseesaTooanesTe P T )
(* Causes the :peci[ied att(lbute(:) ©of the mouse cursor to become active, *)
)* all unspecified attributes remain the same. *

G LT PP R T T

procedure CLEAR_CURSOR _SCRS:
(o

sessseseeetiTessresTorns

BITS)SCREEN BZTS : byte);
Tie

rerie seesssiiesttttiititiiisstttteeaey)

(* Causes the specified at:nbu:e(a) of the mouse cursor to become dormant, *)
in th M

(* all unspecified attributes re
(vevsssesteererrarsrinrrinies

me .
L T PPy

procedure SET_CURSOR_CHARACTER (CURSOR char) ;
.

(sossesstseasTosesesTosernarvonvnes R R R TR PP

(* Changes the mouse cursor to the specified character, if the character *)
(* requested is the null character, i.e., chr(0), then the default mouse *)
(* cursor is used. The default mouse cursor is the character which is *)
(* beneath the cursor. .

(sovsessssssstssssttrtosnrevene e T TN

L T
(* Graphics c descripti
(sessssstassons
GRAPHIC_CURSOR = record

IMAGE : array (1..32) of word;
X_HOT, Y_HOT : word;
end; (* GRAPHIC_CURSOR *)

LT D T T LT T T T T ey

(* Cursor h 14 heck k

Ry

CHECK _MARK CURSOR : GRAPHIC_CURSOR =

SFFFO, $FFE0, SFFCO, SEFF81, ) screen mask )
$FF03, $0607, $000F, SOOLF,
$CO3F, $FOTF, SFFFF, SFFEF,
SFFFF, SFFEF, SFFFF, SFEEF,
$0000, $0006, $S000C, $0018, { cursor mask )
$0030, $0060, $70C0, $1DBO,
$0700, $0000, $0000, $0000,
$0000, $0000, $0000, $0000

(+oesesstsotsuottttiitsturtstittststtststtttsttstststtttttstststststanes)

t ti ft

(* Cursor
(vesseseee
LEET_ARROW_CURSOR : GRAPHIC_CURSOR =
(
IMAGE :

{
S$FELF, SFOLF, $0000, $0000, ( screen mask )
$0000, S$FOLF, $FELF, SFFFF,
$FFFF, $FFFF, $FFFF, $FFEF,
$FFFF, $FFFF, $FFFF, SFFFF,
$0000, $00CO, $07CO, STFFE, ( cursor mask )
$07c0, $00CO, $0000, $0000,
$0000, $0000, $0000, $0000,
$0000, $0000, $0000, $0000
1:
X_HOT : 0;
Y_HOT : 3
1

(*eeeseesttsttatttattatatttittitattatt ittt it ttsttaaatsiteatita)

(+ Cursor in the shape of

(vesvsasece Yeavaas

CROSS_CURSOR

GRAPHIC_CURSOR -

SEC3F, $FCIF, $FCIF, $0000, ( screen mask )
$0000, $0000, SEC3F, SEC3E,
SFC3F, SFFFF, SFFFF, SEEEF,
SFFEF, $FFFF, SFFEF, SEEFF,
50000, $0180, $0180, $0180, ( cursor mask )
S7FFE, $0180, $0180, $0180,
$0000, $0000, $0000, $0000,
$0000, $0000, $0000, $0000

1
X_HOT : 74
Y_HOT : 4

(soeseerenatetasteasttisitiitisitttttsittsttstttttitttstttstistissisatie)
(+ Cursor in the shape of a hand with a pointing finger.
(sessvssssssasaranes PRI Sewpons Jeses Se 3 OTTINN
POINTING_HAND_CURSOR GRAPHIC CURSOR =

«

IMAGE :

(

SELFF, $ELFF, SELFF, SELFF, ( screen mask }
SELFF, $E000, $E000, $E000,

50000, $0000, $0000, $0000,

$0000, $0000, $0000, $0000,

S1E00, $1200, $1200, $1200, ( cursor mask )
$1200, $13FF, $1248, $1249,

$1243, $9001, $9001, $9001,

$8001, $8001, $8001, SEFEF

Vi
X_HOT : 5;
Y_HOT : 0

I L T T T T T OSSO UTUTUR
12, Gursor in the shape of an ‘I'-Beam (for text edat
R TR eeed
I_BEAM CURSOR : GRAPHIC_CURSOR =
4

SFFFF, $FFFF, SFFFF, $FFFF, ( screen mask )
SFFFF, $FFFF, SFFFF, SFFFF,
$FEFF, $FFFF, SFFFF, SFEFF,
$FFFF, $FFFF, SFFFF, SFFFF,
$FOOF, $0C30, $0240, $0240, ( cursor mask )
$0180, $0180, $0180, $0180,
$0180, $0180, $0180, $0180,
$0240, $0240, $0C30, SFOOF

procedure SET GRAPHIC_CURSOR(var CURSOR : GRAPHIC_CURSOR|

(svsssnenses D R T e e AP PR
(+ Causes the specified graphic cursor to be used for display. The video *)
(* mode must be graphics *before* the mouse is reset for the graphic cursor *)
)* to be visible. N

R T T e

implementation
uses dos;
const MOUSE_SERVICE_NUMBER = $33;

(* Mouse functions, alway: passed to the driver in AX *)
s

MOUSE_RESET_AND_STAT = $00;
SHOW_CURSOR™ = $0L;
HIDE_CURSOR = $02;
GET_BUTTDN STATUS_AND_POSITION = $03;
SET_CURSOR_| POSITION = $04;
GET_BUTTON_PRESS_INFORMATION = $05;
GET_BUTTON_| RZLEASE INFORMATION = $06;
SET_MIN_MAX HDRIZONTAL POSITION = $07;
SET_MIN_MAX V'BRTICAL_POSITION = $08;
SET_GRAPHICS_CURSOR_BLOCK = $09;
SET_TEXT_CURSOR - $0A;
READ_MOTION_COUNTERS = $0B;
SET, CALL MABK AND_ADDRESS = $0C;
SET LIGN'I’ PEN EMULAT ION. i_ON = $0D;
SET, LIGN’I’ FBN EMULAT ION ¢ I_OFF = $OE;
SET, HICKEY TO PIXEL_| RATTO = $OF;
CONDITIONAL_OFF = $10;
SET_DOUBLE_SPEED_THRESHOLD = $13;
SWAP_INTERRUPT_SUBROUTINES = $14;
GET_DRIVER_STATE_STORAGE_RQMTS = $15;
SAVE_DRIVER_STATE = $16;
RESTORE_DRIVER_STATE =-$17;
SET_ALT_CALL MASK_AND_ADDRSSS = $18;
GET_USER_ALT_INTERRUPT ADDRRESS = $19;
SET_SENSITIVITY = $1A;
GET_SENSITIVITY = $1B;
SET_INTERRUPT_RATE = $ic;
SET_CRT_FAGE_NUMBER = $1D;
GET_CRT_PAGE_NUMBER = $1E;
DISABLE_DRIVER = $1F;
EMASLE_DRIVER - $20;
SOFTWARE_RESET - $21;
SET_LANGUAGE_FOR_MESSAGES - $22;
GET_LANGUAGE_NUMBER = $23;
GET_DRIVER_VER_TYPE_AND_IRQ NUM = $24;
GET_GENERAL_DRIVER_INFORMATION = $25;
GET_MAXIMUM_VIRTUAL_CDORDIMATES = $26;
GET_CURSOR_MASKS_AND_MICKEY_CNTS = $27;
SET_VIDEO_MODE = $28;
ENUMBRATE_VIDEO_MODES = 529;
GET_CURSOR_HOTSPOT = $30;
LOAD_ACCELERATION_CURVES = $31;
READ_ACCELERATION_CURVES = $32;
SET_GET_ACCELERATION_CURVES = $33;
MOUSE_HARDWARE_RESET = $35;
SET_GET_BALLPOINT_INFORMATION = $36;
GET_MIN_MAX_VIRTUAL_CDORDINATES = $37;
GET_ACTIVE_ADVANCED FUNCTIONS = $38;
GET_SWITCH_SETTINGS = $39;
GET_MOUSE_INI_LOCATION = $40;

(*  hddress of exit procedure for previous member of exit chain. B

T T T T T P

var MOUSE_SAVE_EXIT : pointer;

p(ocedu(e GET MOUSE ._CURSOR_POSITION({var HORIZONTAL, VERTICAL : wold)l

s S aaeaTaetsaTiteseeTeeer et tetetttettte v atatea ettt
(* This (outine merely asks the mouse driver what the current cursor *)
(* coordinates are are returns those values to the caller. B
(* NOTE: An installed MS-Mouse driver is assumed. B

(eaeaes

var REGS registers;

begin (* GET_MOUSE_CURSOR_POSITION *)
I

*
[ Parameter (s) Return Values .
"™ *
)* |AX(GET_BUTTON_STATUS_AND_POSITION *)
"™ .y
1* IBX Button Status *)
+ L 0=Button up -
I 1=Button held down .
(* Bit 0 used for left button *)
(* Bit 1 used for right button| *)
[ *
+ |ex Horizontal position (mickeys) *)
[ *)
(+ |Dx Vertical position (mickeys) *)
& *)
with REGS do
begin
AX GET_BUTTON_STATUS_AND_POSITION;
(=4
DX
intr (MOUSE_SERVICE N\IMBER, REGS) ;
HORIZONTAL

VERTICAL
end; (* with.
end; (* GET_MOUSE_CURSOR_POSITION *)

procedure SET_MOUSE_CURSOR_POSITION (HORIZONTAL, VERTICAL : word)

(svveerserassToseesTosssesTotssetotesiotsttcsstssstasirssianee

[&d Mouse equivalent of gotoxy)x, y). .
(* NOTE: An installed MS-Mouse driver is assumed. -

(s asver e rae ettt tet ittt bttt et i s sttt bt bse st tsaeas)

var REGS : registers;

begin (* SET_MOUSE_CURSOR_POSITION *)
v

*)
44 l Parameter(s) ] Return Values —l )

53 AX|SET_CURSOR_POSITION | | ::
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(* | *
:- CX|Horizontal position (mickeys) n
. X
:- DX|Vertical position (mickeys) 2
. )
with REGS do
begin

AX := SET_CURSOR_POSITION;

BX := HORIZONTAL shl 3;

shl 3;

(' with...do *)
Lntx(MOUSE SERVICE_NUMBER, REGS);

end; (* SET_MOUSE_CURSOR_POSITION *)

word) 7
srssiissisiiiiiiatititnrtanes)

pzocedute SET_H
(

AL _( CU'RSOR RANGE (MIN, MAX :

(* Sets the limit on the mouse movement in the horizontal direction. B
(* NOTE: An installed MS-M driver i d N

(sessessessasen

wen)
var REGS . registers;

begin (* SET_HORIZONTAL_CURSOR_HANGE *)

(* Parameter(s) Return Values )
(* *)
(* |AX|SET_MIN_MAX_HORIZONTAL_POSITION *)
(* *)
(* 1CX|Minimum horizontal position *)
(+ L~ (mickeys) *)
(* “)
(* |DX|Maximum horizontal position *)
(v (mickeys) *)

(* NOTE: if minimum is greater than maximum then the values are swapped *)
with REGS do
begin
AX := SET_MIN_MAX_HORIZONTAL_POSITION;
€X := MIN shl 3 - 1;
DX ‘-MAXshl.3-1-4
end; (* with...do *)
intr (MOUSE_SERVICE_NUMBER, REGS);
end; (* SET HORIZONTAL CURSOR_RANGE *)

procedure SET_VERTICAL_CURSOR_HANGE (MIN, MAX : word);

(rreevvestiaiTotitatiiTureneiTosttiiiitiiiiiititittttiitttttitttttiiisttiiases)
(* Sets the limit on the mouse movement in the vertical direction. *)
(* NOTE: An installed Ms .

A T ) sessetetttiittittttiittitiitiees)

var REGS registers;

begin (* SET_VERTICAL_CURSOR_KRANGE *)
i~

)
(* Parameter (s) Return Values B
( N
(* |AX[SET_MIN MAX_VERTICAL_POSITION )
(* o
(* |cx|Mintmum vertical position )
(* L~ (mickeys) .
(v *)
(* |DX[Maximum vertical position )
(* (mickeys) o
(+ .

(* NOTE: if minimum is greater than maximum then the values are swapped *)
with REGS do
begin
AX := SET_MIN MAX VERTICAL_POSITION;
CX := MIN shl 3 - 1;
DX := MAX shl 3 - 1;
end; (* with...do *)

intr (MOUSE_SERVICE_NUMBER, REGS);
end;

(* SET_VERTICAL_CURSOR_HANGE *)

dure SHOW_M E RSOR;

Turns on the mouse cursor. *)
: An installed MS-Mouse dxxvez Ls assumed

var REGS : registers;

begin (* SHOW_MOUSE_CURSOR *)
>

( Parameter(s) Return Values *)
(* *)
(* |AX|SHOW_CURSOR )
(* *)

REGS.AX := SHOW _CURSOR;
intr (MOUSE_SERVICE_NUMBER, REGS):
end; (* SHOW MOUSE_CURSOR *)

pzoceduze HIDE_MOUSE_CURSOR; cerrearerraane)
(* Turns off the mouse cursor. )
An installed MS-Mouse driver is assumed. .

var REGS

registers;

begin (* HIDE_MOUSE_CURSOR *)
>

I Parameter (s) Return Values *)
(- M
(* |ax|nIDE_CURSOR .;

REGS.AX := HIDE_CURSOR;
intr (MOUSE_SERVICE NUMBER, REGS);
end; (* HIDE_MOUSE_! CURSOR *)

(sosesrassrranas aatasssssssassssssssrsanne

(*  These declarations ensure that the user application won‘t crash if

(* mouse is enabled before the application has installed a handler. And

(* allow handl

(sesresnansans

procedure NULL_MOUSE_HANDLER(PARAMS
begin (* No Op *) end:

far;

MOUSE_PARAMSTERS) ;

HANDLER_NODE_PTR = “HANDLER_NODE;
RANDLER_NODE = record
HANDLER : RANDLER_PROC;
msx : word;
: RANDLER_NODE_PTR;
(' HANDLER_NODE *)

type

end:

const DEFAULT_HANDLER : HANDLER_NODE =
(
HANDLER :
MASK :
NEX' : nil
)i (' DEFAULT_HANDLER *)

NULL_MOUSE_HANDLER;
0000;

TOP_OF_HANDLER_STACK : HANDLER NODE_PTR = @DEFAULT_HANDLER;

procedure GENERIC ] MOUSE_EVENT_HANDLER; far,

(sessssessessrersTosesiTotetiToretitannes

Sresessttittiiitttttatitietiariate)
(v This routine is installed to interface the Mouse Driver call to the *)
(+ Pascal application. The Pascal handler must be defined to be of type *)

(* HANDLER_PROC. *)

(* NOTE: An installed MS-Mouse driver 1s assumed.

e D e T LTI T T e

var PARAMS : MOUSE_PARAMSTERS;
MAX X, MAX_Y : integer:

begin (* GENERIC_MOUSE_EVENT HANDLER *)

asm
(* NOTE: Subroutine is passed information as follows: *)
( *)
AX|Mask with condition bit({s) set that triggered call *)
*

BX|Button State )
L— o0=Button up *)
1=Button held down *)

Bit 0 used for left button *)

Bit 1 used for right button )

*

CX|[Horizontal cursor position (mickeys) *)

*

DX|Vertical cursor position (mickeys) *)

*)

(*[SI{Horizontal mouse counts since last reset (mickeys) *)
(* .
(*|DI|Vertical mouse counts since last reset (mickeys) *)
- o

(* Move mouse parameters from registers into variable *)

mov PARAMS .ACTIVITY_MASK, ax
mov. PARAMS . BUTTON_STATES, bx
mov PARAMS . HORIZONTAL_MICKEY_POSITION, cx
mov PARAMS . VERTICAL_MICKEY_POSITION, dx
(* Convert CX from mickeys to character cursor coordinates *)
mov  bx,cx
mov  cx,3
ahr  bx,cl
inc  bx
mov PARAMS . HORIZONTAL_TEXT_POSITION, bx
(* Convert DX from mickeys to character cursor coordinates *)
shr  dx,cl
inc  dx

mov PARAMS . VERTICAL_TEXT_POSITION, dx
Save Mouse Driver‘s registers +)

push es

push ds
Setup application data segment *)

3

3

mov ax, seg @DATA
mov  ds,ax
end; (* asm *)

(* Let the user application see the parameters *)
TOP_OF_HANDLER_STACK" .HANDLER (PARAMS ) ;

(* Restore Mouse Driver's registers *)

asm
pop ds
pop  es
end; (* asm *
end; (* GENERIC_MOUSE_EVENT_HANDLER *)

LER_PROC) ;

procedure PUSH_MOUSE ZVENT_HANDLER MAS]
(

Ry .--T----.--..-..)
[&d Must be called to install the application mouse handler procedure *)
(* before the application can receive events. B
(' NOTE: An installed MS-Mouse d -

sessssasesies)

RANDLER_NODE_PTR;

var TEMP_PTR :
REGS : registers;

begin (* PUSH_MOUSE_EVENT_HANDLER *)
1f @TOP_OF_RANDLER_STACK~.KANDLER <> @NULL_MOUSE_HANDLER then
begin
new (TEMP_PTR) ;
TEME_PTR™ .NEXT := TOP_OF_ HKANDLER_ STACK,
TOP_OF_HANDLER_STACK := TEMP_PTR|
end; (* if...then *)

TOP_OF_RANDLER_STACK" .HANDLER := HANDLER;
TOP_OF_HANDLER_STACK" .MASK 1= MASK;

( .
(* Parameter(s) Return Values *)
I &
(* |AX|SET_CALL_MASK_AND_ADDRESS *)
I o
(* |ex Ca].]. mask -
(+ L— Bit O=Cursor position changes -
I mt l=Left button pressed .
I Bit 2=Right button pressed *)
I Bit 3=Left button released *)
(+ Bit 4=Right button released *)
(* Bit 5-15sUnused *)
I “
(* |DX|offset of subroutine *)
[ -
(* |BS|Segment of subroutine *)

(*
with REGS do

SET_CALL_MASK_AND_ADDRESS;

K:
of3 (GENERIC_MOUSE_EVENT HANDLER) 7
seg (GENERIC_MOUSE_EVENT_HANDLER) /
(* with...do *]

end;
intr (MOUSE_SERVICE_NUMBER, REGS);

end; (* PUSH_MOUSE_EVENT_HANDLER *)

procedure POP_MOUSE_EVENT_} ER;
(seeassesssssTasessiessssiassetaseestssstssttttetesisretsstntastasssssssessans
(+ This routine restores a previously installed handler and activity :)
(* ma

(........;....................................................................,

var TEMP_PTR : RANDLER_NODE_PTR;:
MASK : word;
REGS : registers;

begin (* POP_MOUSE_EVENT_KANDLER *)
TEMP_PTR := TOP_OF_HANDLER_STACK".NEXT;
1f TEMP_PTR = nil

then
begin
TOP_OF_HANDLER_STACK".HANDLER := NULL_MOUSE_HANDLER;
TOP_OF_HANDLER_STACK" .MASK 1= 00007
end (¥ if...then *)
else
begin

dispose (TOP_OF_HANDLER_STACK) ;
TOP_OF_HANDLER_STACK := TEMP_PTR;
end; (* If...then...else *)

(* Install new handler *)
MASK :e TOP_OF_HANDLER_STACK"”.MASK;

(-~ .
(o Parameter(s) Return Values *)
(* *)
(* le SET_CALL_MASK_AND_ADDRESS .
(- .
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1" Bcall mask *1
1* Bit O=Cursor position changes *1
I+ Bit l=Left button pressed *1
1" Bit 2=Right button pressed *1
I Bit 3=Left button released *1
1* Bit 4=Right button released *1
1 Bit S-15=Unused 1
1+ 1
1+ |Dx|offset of subroutine .
1+ o
I* |ES|Segment of subroutine 1
1+ .1
with REGS do
begin
AX

:= SET_CALL MASK_AND_ADDRESS;
CX = MASK;
DX := ofs [GENERIC_MOUSE_EVENT_HANDLER[ ;
ES := seg|GENERIC_MOUSE_EVENT_HANDLER];
end; [* with...do *T
intrMOUSE_SERVICE_NUMBER, REGSI;
end; [* POP_MOUSE_EVENT_HANDLER *|[

ion LEFT_BUTTON_HELD : boolean;
D O T
1* Determines whether the Left button is being held down or not. .
I* NOTE: An installed MS-Mouse driver is assumed

1

var REGS  registers;

begin [* LEFT_BUTTON_HELD *[
I

“1
I Parameter[sl Return Values .1
I* *1
I* |AX|GET_BUTTON_STATUS_AND_POSITION “1
I .r
I* [BX Button Status *1
1+ 0=Button up *1
I l=Button held down *1
™ Bit 0 used for left button | *|
™ Bit 1 used for right button| *I
I* ‘1
I* |cx Horizontal position [mickeys| *1
" ‘1
1* |Dx Vertical position [mickeys| *1
v M
with REGS do
begin
AX := GET_BUTTON_STATUS_AND_POSITION;
BX := 0;

1ntr [MOUSE_SERVICE_NUMBER, REGSI;
LEFT_BUTTON_HELD := [BX and $01] = $01;

end; [* with...do *]
end; [* LEFT_BUTTON_HELD *
function RIGHT_BUTTON_HELD : boolean;
(44 eseeaatteeaTuroeesTerassesavsensstivesssvesesstrecetittttssssreressssrrnnes]
1™ Determines whether the Right button is being held down or not. *1

MS-Mouse driver is assum

* NOTE: An xnstall

var REGS : registers;

begin [* RIGHT_BUTTON_HELD *[
v

I* Parameter|sl Return Values .1
I *1
1* |AX|GET_BUTTON_STATUS_AND_POSITION .1
I* *1
1+ |Bx Button Status *1
1+ — 0=Button up 1
1* 1=Button held down 1
I+ Bit 0 used for left button | *I
I* Bit 1 used for right button| *I
I *1
1+ |ex Horizontal position Imickeys] .1
I *1
I* |DX Vertical position [mickeysl *1
. .
with REGS do

begin

AX := GET_BUTTON_STATUS_AND_POSITION;

BX := 0;
1ntr[MOUSE_SERVICE_NUMBER, REGSI:
RIGHT_BUTTON_HELD IBX and $021 = $02;
end; [* with.. do *I
I+ RIGHT_BUTTON_HELD *I

end;
procedure DISABLE_MOUSE_DRIVER; :
eveeeesssssssssaiussssiesssssesssssssssettessetessetsessssosessestsacsssanses

- Simply disables mouse events by turning off the driver. 1
I* NOTE: An installed MS-Mouse driver 1s assumed. -

[eaeaveetseastesttettottetttattetteitettatttettttttittttttttitetttetitattetinie]

var REGS : registers;

begin (* DISABLE MOUSE_DRIVER *[

I+ Parameter[sl Return Values *1
1* *1
I* |AX|DISABLE_DRIVER Status *1
™ -l=Error occurred *1

Offset of old interrupt handleri *I
IMOUSE_SERVICE_NUMBERI *1

Segment of old interrupt *1
handler [MOUSE_SERVICE_NUMBERI | *I

REGS.AX := DISABLE_DRIVER;
1ntr|MOUSE_SERVICE_NUMBER,

REGS]:

end; [* DISABLE_MOUSE_DRIVER *I
pro! re ENABLE_MOUSE_DRIVER; ]
feeessosasssee e Tecreetittentttatiitenssiinns cerevennes
I Simply enables mouse events by turning on the driver. *1

1* NOTE‘ An installed MS-Mouse driver is assumed. -
1

B T

var REGS : registers;

begin (* ENABLE_MOUSE_DRIVER *[

It Parameter[s] Return Values *1

1* {AX|ENABLE_DRIVER .1

REGS.AX := ENABLE_DRIVER;
intr[MOUSE_. SERVICE, ,_NUMBER, REGSI;
end; |* ENABLE_MOUSE_DRIVER *[

procedure RESET, MOUSE_DRIVER;

P Tttt ettt
I Simply resets all mouse driver variables to initialized state. .1
[+ NOTE: This will also determine if a mouse driver is installed or not. .1

P PO P PRSPPI

var REGS : registers;

begin [* RESET_MOUSE_DRIVER *[
i

‘1
1" Parameter|s| Return Values *1
™ ‘1
I* [AX|SET_SENSITIVITY *1
™ ‘1
I* |BX|Horizontal mickey sensitivity ‘1
™ ‘1
I* |CX|Vertical mickey sensivity *1
™ *1
I* |DX|Threshold for double speed *1
1 .
with REGS do
SET_SENSITIVITY;
200;
200;
=-1;
intr[MOUSE_SERVICE_NUMBER, REGSI;
end; [* with do *I
™ *1
184 Parameter]s] Return Values 1
™ *1
1* |AX|GET_MASIMUM_VIRTUAL_COORDINATES *1
™ *1
I* |Bx Mouse disabled flag *1
I+ — O=Enabled *1
™ ~l=Disabled *1
™ *1
I* |eX Absolute virtual X maximum *I
™ .1
I* |DX absolute virtual Y maximum 1
. .1
with REGS do
begin
AX := GET_MAXIMUM_VIRTUAL_COORDINATES;
1nttIHOUSE SERVICE. NUMBEN. REGS]:
MAX_] HORIZONTAL HICKBY POSITION ‘= CX;
MJ\X VERTICAL HICKEY POSITION .= DX;
end; T* with...do *[
™ *1
™ Parameter|s] Return Values “1
™ *1
I* [AX|SOFTWARE_RESET Status *1
1™ -).nMoun driver installed, “1
18 OFTWARE_RESET otherwise *1
. .
* st 2 [1f Statuse-1] .1
1
with REGS do
begin
AX := SOFTWARE_RESET;
intr JMOUSE_SERVICE_MUMBER, REGSI;
MOUSE_INSTALLED := [AX = SFFFFI and [BX = 2],
end; [* with...do *[
end; [* RESET_MOUSE_DRIVER *[
procedure GET_SCREEN_AND_CURSOR_MASKS [var SCREEN_MASK, CURSOR MASK : word];
[veeavtteaseToseestieseiosteesiossrtesruorseessTestvestvesstTesressiossernane]
1* This routine in conjunction with SET_SCREEN_AND_CURSOR_MASKS are *1
1- used to modify the mouse cursor given in the following tables. N
1
I' Masks Screen Bits *1
™ *1
I* |Screen Mask|Cursor Mask|Screen Bit Bit Numper [Description| Comments *1
™ *1
1" 0 0 0 15 Blink Ctrl 1=Blink *1
™ *1
1+ 0 1 1 14-12 Background Color *1
™ *1
I 1 0 Unchanged 11 Intensity | l=High “1
™ *1
1* 1 1 Inverted 10-8 Foreground Color *1
™ *1
I* 7-0 Character ASCII *1
. .
I* NOTE: Not a user callable procedure. *1

D TR R T T T It

var REGS : registers;

begin [* GET_SCREEN_AND_CURSOR_MASKS *[

‘1
1* Parameter (3l Return Values .1
™ *1
1* |AX|GET_CURSOR_MASKS_AND_MICKEY_CNTS|Screen mask value lor scan line| *I
I start] *1
™ *1
1+ [ex Cursor mask value lor scan line| *I
I* stopl *1
™ *1
1+ |ex Raw horizontal mickey count *1
™ *1
1+ |ox Raw vertical mickey count *1

‘1

I
with REGS do
begin
AX := GET_CURSOR_MASKS_AND_MICKEY_CNTS;
intrMOUSE_SERVICE_NUMBER, REGSI;
SCREEN_MASK := AX

CURSOR_MASK := BX:
end; I* with...do *[
end; [* GET_SCREEN_AND_CURSOR_MASKS *[

procedure SET_SCREEN_AND_CURSOR_MASKS |SCREEN_MASK, CURSOR_MASK : wordl;

aveeas sttt ettt st eaaTeta et TetatettttaseTettttttasstTatssstsstttattntsnan)

1" This routine 1n conjunction with GET_SCREEN_AND_CURSOR_MASKS are *1
[* used to modify the mouse cursor given in the following tables. :1
f 3
i: Screen Mask|Cursor Mask|Screen Bit Bit Number |Description| Comments :}
i: 0 0 0 15 Blink Ctrl 1=Blink '}
i: 0 1 1 14-12 Background Color -%
i: 1 0 Unchanged 11 Intensity | l=High :§
%: 1 1 Inverted 10-8 Foreground color :§
R -0 | character | neciz | -1
1: NOTE: Not a user callable procedure. :i

R T T R L R P PP PP P P

var REGS registers;

begin [* SET_SCREEN_AND_CURSOR_MASKS *[
. ot
1 Parameter|s] Return Values .1
I o1
I* |AX|SET_TEXT_CURSOR .1
™ *)
1* |BX|Cursor Type .
1* L— O=Software Cursor .
1™ l=Hardware Cusror .1
I o1
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(* |cX)screen mask-Software cursor
Scan line start-Hardware cursor

(* [ox|Cursor mask-software cursor
Scan line stop-Hardware cursor

with REGS do

begin
AX := SET_TEXT_CUREOR:
0;
SCREEN_MASK;
OX := CURSOR_MASK;
end; (* with..Tdo *

antr (MOUSE ._SERVICE_NUMBER, REGS):
end; (* SET SCREZN AN'D _CURSOR_MASKS *)

procedure SET_CURSOR _SCREEN_BITS (SCREEN_BITS

(*eesestateteTerasesTannans

(* Causes the specified attribute(s)
(saestaeeninene
var SCREEN_MASK, CUREOR_MASK, MASK : word;

begin (* SET_CURSOR ._SCREEN_BITS *)
GET_. SCREEN_ I_ANO_ CURSOR MASKS(SCREEN |_MASK,

MASK := word (SCREEN_BITS shl 8);
SCREEN_MASK := SCREEN MASK and not MASK;
CURSOR _MASK := CURSOR_] \_MASK or MASK;

SET_SCREEN_ANO_CURSOR _MASKS ( SCREEN_MASK,

end; (* SET CURSOR SCREEN_BITS *)
pxo:ed CLEAR_CURSOR_SCREEN_B REEN_BITS
(o ateeTecestaTasr 00T v

: byte);

of the mouse cursor to become active, *)
(;,211 unspecified attrabutes remain the same.

CURSOR_MASK) ;

CUREOR_MASK) ;

: byte

B PP P

(* Causes the specified attribute(s) of the mouse cursor to become dormant, ']
(* all unspecified attributes remain the same.

(sresssesseanes

var SCREEN_MASX, CUREOR_MASK, MASK :

begin (* CLEAR_CURSOR_SCREEN_BITS *)
GET_SCREEN_ANO_CURSOR_MASKS ( SCREEN_MASK,
MASK := word(SCREEN_BITS shl 8);
SCREEN_MASK := SCREEN_MASK and not MASK;
CURSOR_MASK := CUREOR_MASK and not MASK;

SET_SCREEN_AND_CURSOR_MASKS (SCREEN_MASK,

n.nnn..n..nn...n.nn....nnnnnnnnnnnnnnn,

CURSOR_MASK) ;

CURSOR_MASK) ;

end; (* CLEAR_CURSOR_SCREEN_BITS *)
pxoceduxe SET '_CURSOR_CHARACTER(CURSOR : char);
D A A A A S Y U
(* Changes the mouse cursor to the specified character, if the character  *)
(* requested 13 the null character, i.e., chr(O), then the default mouse )

(* cursor 1s used. The default mouse cursor

(* beneath the cursor.
(Veveevtatit ittty

var SCREEN_MASK, CURSOR_MASK : word;

begin (* SET_CUREOR_CHARACTER *)
GET_! SCR.EEN ANO_ CURSOR _MASKS (SCREEN_MASK,

if CUREOR = chr(255)
then

is the inverse of the character ‘)

CURSOR_MASK) ;

began
SCREEN_MASK := SCREEN_MASK or $OOFF;
CUREOR_MASK := CURSOR_MASK and $FFO0;

end (* if...then *)

else

began
SCREEN_MASK := SCREEN_MASK and $FFOO;
CURSOR_MASK := (CUREOR_MASK and $FFO0) or ord{CURSOR);

end; (* 1f...then...else *)

SET_SCREEN_AND_CUREOR_MASKS ( SCREEN_MASK,
end; (* SET_¢ CURSDR CHARACTER *)

CURSOR_MASK) ;

procedure SET_GRAPHIC_CURSOR(var CURSOR : GRAPHIC_CUREOR);

(Y aeasaatataTeateteeiasettetatatatettetatattesstiassettatattattattttatatases)

(* Changes the grphics mode cursor to the one specified. )

R R R T T Ty

var REGS : registers;

sassasasessassssastasssans)

begin (* SET_GRAPHIC_CURSOR *)
-

[ Parameter(s) Return Values *)
:: AX|SET_GRAPHICS_CUREOR_BLOCK

:: BX |Horizontal hotspot (-128 O 127)

:: CX|Vertical hotspot (-128 0O 127)

:: OX|Offset of pointer to screen and

(* ‘—cursor masksa

(* |Es[segment of pointer to screen and
cursor masks

with REGS do
SET_GRAPHICS_CURSOR_BLOCK;
5eg (CURSOR. IMAGE) ;
of 3 (CURSOR. IMAGE) ;
CURSOR.X_HOT;
CURSOR.Y_HOT:
(* with...do *)

m:zmousz SERVICE_NUMBER,

end; (* SET_GRAPHIC_CURSOR *)

REGS) 7

procedure MOUSE_EXIT; fa

(veeesrassesteaTesrsanes

- This exit procedure ia chained into the exit code so that the mouse *)
(* driver can be restored to its original state. .

(vessssestasistisasrsanas

begin (* MOUSE_EXIT *)
exitproc :m MOUSE_SAVE_EXIT;

RESET_MOUSE_ORIVER;
end; (* MOUSE_EXIT *)

begin (* Initialization *)
MOUSE_SAVE_EXIT := exitproc:
exitproc := @MOUSE_EXIT;

RESET_MOUSE_ORIVER;
end. (* MS-Mouse Unit *)

B T
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