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ABSTRACT.

Process Activity Diagrams (PAD's) 1is a graphical teol that
was developped for the specification and design of special
purpose real time systems. In this framework, the system 1is
specified by a number of processes which are represented as
sequences of actiﬁities.

The purpose of this thesis is two f0ld; first to show the
feasability of developing a specification tool for systems
defined in terms of PAD's. In line with this, a matrix editor to
enter the system specifications was developed. The veriflcation
of the information entered is then investigated.

In the second part the applicability of PAD's for the design
of multitasking systems is ' considered. A methodology for the
efficient partitioning of the system processes into interacting
tasks is presented. This partitioning takes into account the

characteristics of the operating system and of the underlying

hardware.
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INTRODUCTION.

The availability of advanced high performance microprocessors
and microprocessor based systems has shifted the job of designing
computing systems from the computer specialist to the application
specialist. Furthermore, the system designer is faced today with
the task of designing increasingly complex systems, coordinating
efficiently the interaction of the different processes in the
system with very few' development tools. To implement a well
engineered system, the designer must have tools that aliow the
specification of the system requirements and that map these

requirements into the proper hardware and software.

Basically, two types of system specification tools are
prgsently available or being developed, language oriented tools
[PE?N 84)] and graphical tools. Graphical tools may simplify
considerably the task of developing the specifications, and are
generally also simpler to understand by the user who may not be a

computer expert [RAMA 84].



Some graphical tools have been proposed for the specification
of complex processing systems, such as Petri Nets [PETR 651 [PETE
77], Data Flow Graphs [HWAN 841, Activity Channel Pools (ACP)
(ALLW 88] and Process Activity Diagrams (PAD's) [KRIE 86]. 1In
{JOAN 86] an analysis of the applicability of these tools for the
specification and design of real time systems was considered; it
was argued that for the non-computer expert, Process Activity

Diagrams are simpler to learn and to use.

The purpose of this thesis is two fold; first to show the
feasibility of developing a specification tool for systems
defined in terms of PAD's. In line with this, a matrix editor to
enter the system specifications was developed. The verification
of the information entered based on the syntax of PAD's, 1is then
investigated. In the second part the applicability of PAD's for .
the design of multitasking systems is considered. A methodology
for the efficient partitioning of the system processes into
interacting tasks, which is a major problem iun the implementation
of multitasking systems, 1is presented. This partitioning takes
into account the characteristics of the operating system and of

the underlying hardware.

In more detail, the chapters of this thesis cover the

following:

The first part of chapter two reviews the principal
characteristics of PAD's, with it's components the Activity
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Sequence Networks (ASN's) and the Activity Timing Charts (ATC's).
In the second part of this chapter, an ASN matrix editor is
proposed; this relatively simple semi-graphical editor allows the
entering and modification of the characteristics of the processes
that form the system, as well as some quick visual checking. It
was originally expected to implement a full graphical tool, by
integrating it with a symbolic editor (SYMED), which 1is now
developed by the Advanced Real Time Toolset (ARTT) project.
However, the matrix editor was ready before the graphical editor
and the Iintegration oﬁ the ASN matrix editor with SYMED is left
as future work. This semi-graphical editor serves to prove the

feasibility of working with PAD's.

Chapter three covers a major aspect of the modeling and
design process: verifying (verification) the correctness of the
modeling of the system's behavior, represented by ASN's. This
verification involves two types of errors, | incomplete and
;ncorfect use of the basic characteristics of the PAD notation,
and the inconsistencies appearing from incorrect connectivity in
the constructs of the ASN's, l1ike deadlocks and multiple
triggering. A software tool was developed for the first type of

errors, while three different approaches are proposed for the

detection of the second type of problems.

Chapter four discusses the general characteristics of the
real time multitasking operating system and of the underlying
hardware that have to be considered by the designer when
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partitioning the system processes into tasks. Based on this
discussion, a set of guidelines for the activity to task
allocation of event driven real time system defined in terms of
PAD's is proposed. To illustrate this, two examples involving

two multitasking operating systems are considered.

Two appendices are included: appendix A includes the listing
of the ASN matrix editor (EDITOR), while appendix B includes the
listing of the program INSPECT, which covers the verification of

the simple errors entered during the editing process.




QHAPTER 11

A MATRIX EDITOR FOR SYSTEM SPECIFICATION WITH PAD'S.

2.1 / Introduction.

This chapter presents a simple matrix editor for the
specification of special purpose event driven microprocessor
based systems. It is assumed that the system considered here
will have been specified using Process Activity Diagrams (PAD's)
{JOAN 86]), [KRIE 861.

Special purpcse  microprocessor based systems can be
classified as embedded, turnkey, distributed, man oriented, real-
time, etc.. However, most special purpose systems have
fuhdamentally a common feature in that they react to requests or
events, generated asynch;onously by the environment in the form
of signals or commands, and that the event generated triggers a
particular response from the microprocessor based system. This
is why these systems are said to be event driven.

The design of event driven systems involves essentially the
correct determination of the behavior of the system, as it
1nferacts with the environment. The system reacts to
asynchronously generated events by means of responses. For each

event there is a particular reéponse associated with it, which
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can be characterized by a single action or by a sequence of
actions (a process).

These responses may include stringent time constraints,
usually less critical in man oriented systems, where the human
factor is in general much slower compared to the processor time-
scale, than in a real-time situation. Real-time constraints
involve the capability of the system to detect asynchronous

events and execute the required response within the prespecified

time.

This chapter is divided into two sections:

- in the first one, to provide the proper bachground, an
overview of the concepts and characteristics of Process Activity
Diagrams will be presented.

- in the second section, an editor that allows entering and

manipulating the parameters of a system specified by means of

PAD's will be presented.

2.2 / Overview of Procegss Activity Diagrams..

Process Activity Diagrams (PAD's) is a graphical tool for the
speéification and design of event driven systems. When defining
a system using PAD's, the design engineer must be aﬁle to
explicitly indicate the behavioral characteristics of a system by
providing the seguencing and timing requ;rements between the
environment and the activities in the system.

To indicate these requirements, Process Activity Diagrams
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include two graphical elements, the Activity Sequence Networks

(ASN) and the Activity Timing Charts (ATC).

Activity Sequence Networks or Nets (ASN's) represent the
sequence of activities that have to be executed in response to an
external event, called the starting event of the process. An
activity is a well ‘defined segment o0f code whose execution
requires only one processor (or executing device) and which once
initiated does not need to wait for additional data reguirements,
from other activities or external events. This means that for an
activity to be initiated, all the input parameters required fpr
its execution must be present.

In a system involving several processes, a simple table can
assocliate processes with the;r corresponding starting events. If
the starting event for a process occurs again, while the process
is still being executed, then depending on the system
implementation, several choices exist: '

- ignore any new occurrences of the event while the process
is awakened.

- store new incoming events in a queue, if only one
instantiation of the ASN can be awaken at any time.

- assign the event to a copy of the ASN. This requires the
existence of several copies of the same ASN (all exactly alike),
and have the system determine the event to process assignment.

- finally, create a new instantiation of the ASN. This
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however adds more overhead and the need of process management

capabilities, like the utilization of process descriptors, etc..

2.2.1.1 / The nodes in an ASN.

An ASN is represented by a set of nodes interconnected by
means of arcs. These arcs are directed, from node to node to
show the sequencing of activity execution. An ASN 1is thus a
directed graph. There are several types of nodes that can be
used in a network; these are activity initiator, branch, merge,
‘wait, timer/counter, gate and end nodes. Each one of these nodes

has an specific role in defining the execution of the actions in

a process.,

The fundamental node in the definition of a system using
PAD's. is the activity initiator node, or simply activity node.
This node reguires all of its input triggers to be present before
the activity can be scheduled for execution. The presence of
these triggers indicates the availability of the parameters
(control and/or data) that this activity needs. All the output
triggers of the activity node are simultaneously set at the
completion of the execution of the activity. This allows the

propagation of the flow (control and data) in the process;

In order to indicate the end of a process, an special node is
used; this is the end node. When this node is reached the

process is assumed to be completed. This node does not have any

4
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output triggers. It is possible to imagine this node as an
activity node, whose sole 'activity' is to inform the system that
the response to the event that started this process has been

completed.

In order to introduce decision making capabilities in an ASN,
branch nodes are used. This node provides the process structure
with alternate execution paths, based upon some process (or
system) status or condition variables. The current state of the
condition variable of this branch node determines what are the
output triggers that are activated, when all the input triggers

are present.

Because the branch node provides a choice between executable
paths, an extra node called the merge node is required to Jjoin

back these paths,'into a single stream of execution.

PAD's offer the possibility of specifying concurrency of
activity execution within a process. 'To indicate the end of two
(or more) concurrent paths a node like the activity node, but
with no actual action associated with it, is used; this is the
wait node. This node is also used when no particular action is
to be taken. Alternately, an activity or a branch node can be

used to recombine two or more concurrent paths.

In order to‘block the propagation of triggers in an ASN, a

gate node is introduced. This node is initially disabled, and
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does not respond until enabled. Only once enabled does the gate
node start ‘'remembering' its input triggers. The gate node
transmits an output trigger when all of its input triggers are
present. The gate node can be disabled again, thus ‘forgetting'
all the triggers that were present. One must be careful when
disabling a gate node: the source of the disable must somehow
reach the end of the process, that is the end node; otherwise no
trigger propagates further than this gate node, causing a

deadlock situation in the ASN.

The last node in the set is the timer/counter node. This \is
the most complex node. As the gate node, it has one enable and
one disable inputs, and it is also initially disabled. However
it wmay only have one input trigger. When the node is enabled,
the initial counter value is passed to it and put in a '‘counter
register'; the register count is decremented by one everyltime
the input trigger is activated, and provided the node has no beer:
disabled. When the counter register reaches zero, then the
output triggers are activated and the node is reset to the
disabled state. However, if the node i; disabled before the zero
condition occurs, then the count is £orgotten. The number
representing the quantity of the count is passed on to the nade

every time the node is enabled.

There are two types of input triggers to all of these nodes;
‘or' type, as in the case of the merge node, which sets all the

output triggers as soon as any one of its input triggers is 'set,

2-6



and ‘'and' type in which case all triggers must be present in
order for the output triggers to be activated. All nodes except
the merge node have an *and' type of input.

In the case of activity, branch, gate and wait nodes, as soon
as all of the input triggers are present, the output triggers of
the node are activated and the input triggers are reset. These
nodes remember the input triggers so if one trigger occurs more
than once while other triggers to the same node are being
expected, multiple triggering of the same input does not affect

the output.

This is the basic set of nodes that can be used to specify
the behavior of a system. These nodes were chosen for their
convenience in specifying control orlented problems. However,
this set is not closed and other nodes, perhaps more application

dependent, can be defined and incorporated into the set.
2.2.1.2 / Example of an ASN.

Figure 2.1 shows one example ofl an ASN involving all the
nodes described above.

In this example, when the process is initiated‘(evel), the
number of times activities act2 and act3 have tb be executed |is
entered as the paramefer 'n' (actl). Then these two activities
(act2 and act3) are executed the requested number of times
(condition true agd counter expiration). The process stops as

soon as any one of the following two conditions occur: either
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activity 1is Jincorrectly executed for some reason (condition
false) in which case a message to the user is issued {act4), or
the counter expires having executed the activitles correctly. In

both cases the process is terminated.
2.2.1.3 / The ASN matrix.

The network of nodes forming the ASN can be entirely
described by an ASN matrix, formed by columns specifying each
node in the ASN, and rows of the corresponding events, internal
and external. An internal event is the event resulting from the
output triggering of a node in the net. If a node, with
corresponding internal event i, is connected to the input trigger
of a node j, then a 'I' (indicating triggering) 1is placed at
position (i,3) in the matrix. If the output trigger of a node
(with internal event k) is connected to the enable or disable
input of a gate or timer/counter node m, then an 'E' or a 'D!
respectively is placed at the position (k,m) in the matrix.

Figure 2.2 shows the ASN matrix corresponding to the ASN in
figure 2.1.

To represent a system a number of ASN matrices, each

corresponding to one ASN, may be required.
_ ‘ . .

To describe activity execution times, a timing bar can be

associated with each activity in the system; this bar is

2-9



Acl Mel BrR Ctn Ac2 Ac3 Wai Gat Acd4 Acs Ac6 Me2 End

Acl

BrTR
BrFR
Cntn

Mel

o

0

0
0
0
0

Ac2
Ac3
Wait
Gate

O~ 00t

Acd

10
11
12
13
14
15

AcS

Ac6

Me2
Ex Evel

0

Ex Eve2

'Figure 2.2 ASN matrix of ASN in figure 2.1
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essentially divided into three sectors.

- the £irst sector indicates the time required for
transferring all the data necessary to execute that activity.

- the second sector corresponds to the actual execution time
of the processing involved in this activity. Since execution may
be data and processor dependent, there may be different values
associated with this sector: average estimates, minimum, maximum,
etc..

- the last sector corresponds to the output transfer time;

Activity Timing charts (ATC's) represent the timing
relationships between the activities 1in a process, and are
similar to Gantt charts. These ATC's are charts whose role is to
define the execution time of activities and to show the amount of
parallelism that can be found in a particular process.at any
given time.

ﬁssgming a processor is always available, the total execution
timeT.oEVﬁﬁhprocess is equal to the sum of the execution times of
the longestwsequence of activities in the process.

Beca%se in an ASN all nodes except the activity node deal
with coﬂ%qu of the execution paths of the activities, they do
not have tiﬁigg bars. The presence of other nodes 1is seen
through the d;Einition of the different condition variable based
scenarios apd th%ough the determination ofl the ordering and
timing of theﬁactivities in the ATC's.

ATC's aréﬁrdrawn assuming a processing device |is made

available as soon as requested (infinite number of processors).
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The ATC's can be used, f£for the specification of the minimum
number of processors required in a systenm, minimum execution time
for a process, maximum level of concurrency attainable, etc.. In
the case of a uniprocessor system, the minimum execution time 1is
of course the addition of the execution time of all the
activities in the process.

The ATC includes one component for each possible condition
based scenario in the ASN.

Figures 2.3 and 2.4 sﬁow the ATC's of the ASN in figure 2.1,

for the two scenarios.

The ATC's can be obtained by means of a single stepped
(interactive) simulation of a specially modified version of the
PAD simulétor. At each unit of time, the activities being
executed are recorded and appropriately displayed. Some ATC's

obtained like this appear in chapter three.

2.2.3 / Summarv of the basic characteristics.

From the above discussion, it is possible‘to determine the
basiq characteristics necessary to describe a system using PAD's.

1 - Each ASN of the system must include a well defined
starting event, and at a higher level, all the processes of the
system should be defined, together with the initiating event for
each of them. Failing to specify the starting event for a
process will rend that process deaf to external stimuli.

2 - .Similarly, failing to specify the process initiated by
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the occurrence of an external event will show no response.

3 - Within each process or ASN, the sequence of activities
must be correctly and completely specified, indicating the
control flow of the process. The data flow in a process is only
indicated indirectly in the ASN. A more explicit indication of
the data flow in a process may be indicated by an annotated ASN

or a interactivity data transfer table.

4 - Each process, activity and external event mast be

appropriately identified.

In relation to the connectivity in the ASN, one should be
able to predict whether or not the control £low indicated by the
matrix is executable or if problems, such as deadlocks, may
result. This would involve the verification of the connectivity
definition of a net. This problem is the topic of chapter three.

In the above description, it was assumed that all activities
are atomic, that is simple and indivisible. Alternately, an
activity can be defined, in system specification terms, as a
composite activity, which could in fact involve several of these
atomic activities in segquence or in any other order. This

basically means that the nesting of processes is possible.

2.3 / The ASN matrix editor.

The purpose of this section is to present an ASN matrix

editor for the specification of the ASN matrices of a system.
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2.3.1 / Role of the EDITOR.

In order to facilitate the use of Process Activity Diagrams
as a system specification and design tool, an interactive editor
is a basic requirement. Such an editor should allow the
following:

- definition of the system processes, one by one, with the
capability of adding new processes to the system.

— definition of each process on a per node and external
event basis.

- manipulation of the nodes and of the events; that 1is
adding, deleting, inserting nodes and external events.

- simple and fast determination of the connectivity
definition of an ASN by means of the matrix parameters.

- Finally, one should be able to redefine ASN matrices,
activities and external events, as well as deleting processes

from the system definition.

Since Activity Sequence Networks can be sgecified using the
graphical notation or the ASN matrix, there was the option of
developing a graphical editor or an ASN matrix editor. Although
a graphical editor would have been friendlier, the decision to go
to a matrix editor was made solely because of time requirements.
However, this is endugh to show the feasibility of such an
editor. This ASN matrix editor was implemented as a menu driven

tool because of the simplicity andé friendliness of the user
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inter face.

The editor was written in Turbo Pascal and is intended to be
used on IBM personal computers, with two disk drives. The Jlisk
drive A contains the executable program, while all the data and
information of the PAD defined system is to be in drive B.

Because of the screen limitations of regular 80x25 character
screens, there is a low upper 1imi£ to the number of nodes and
events a particular ASN may contain. However, an ASN with
sixteen nodes can already describe fairly complex process, as the

one shown in figure 2.1.

2.3.2 / EDITOR. Main Menu Commands.

The editor provides the following menu of commands:

1 - t*Create an ASN'; this command is issued in order to
define a completely new ASN. This involves the definition of all’
the parameters of the ASN.

2 — 'Edit an ASN': if at least one ASN has been already
defined and saved in the system definition £iles, then this.
command can be selected. Otherwise, the error message 'File of
system does not exist' is issued. If the system and the ASN
exist, the process to be edited is found by means of its four
character label, displayed and set ready‘to he worked on.

3 - 'List parameters'; the third choice requires as well the
existence of an ASN in the system. This selection will:

~ 1ist the labels and corresponding numbers oéf:
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~ processes (ASN's),
— Activities and
- External events, existing in the system.

Furthermore, a provision has been added to display the
contents of any ASN matrix in the system, on a per node basis,
but with no editing capability.

4 - ‘'Change system’; the fourth choice allows the user to
work on another, new or already defined system definition.

§ - The last c:mmand 'Quit’ terminates the current session

and exits to DOS.

Whether the user selects the first or second option (Create
or Edit an ASN), the name of the ASN to work on must be specified
as a Ffour-character label. Once this label has been entered it

is associated with the current ASN.

At this point, the program checks at this level whether the
specified label exists in the system definition, and if a match
occurs, a different label for the ASN must be specified.

To enter or edit an ASN, the user is faced with four windows
in the screen (see figure 2.5).

- On the bottom right, a small window displays the different
possible commands in this mode; this is the menu- window.
- On the bottom left, a rectangular interactive window will

display any messages from the EDITOR to the user, and it is here
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where the user enters any requests for information; this is the
inter face window.

- On the top right, in a presently empty window, if the user
is in the 'Create' mode, the description of the different nodes
and events of the ASN being currently edited are shown. 1In the
'Edit' mode, the complete description of the invoked ASN appears
automatically; this is the description window.

- On the top left, and the largest of the windows, the ASN
matrix is progressively displayed. Progressively, because it
grows in size as long as nodes and events are added. The columns
of the matrix represent the nodes and the rows represenf the
different events, internal and external; this is the matrix

window.

In the node and event definition mode, the user can select
five commands: add or delete node, add or delete external event
and exit.' First the add node and add event commands are

considered and explained.
2.3.3.1 / Add node.

" Upon issuing this command, a menu displaying the type of node
to be added appears.
The nodes are chosen by selecting a character:
- 'A' for the activity initiator node,
- 'B' for the branch ncde,

— 'Y for the timer/counter node and
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- 'G' for the gate node,
- 'M' for the merge node,
- 'W!' for the wait node,

- 'E' for the end node.

Depending on which of the seven types of nodes is chosen,

a different sequence of actions will be taken.

- In the case of an activity initiator node, the user must
produce a label ( four characters ) to identify the activity. If
this 1label is identical to another activity's label, then a
warning message is issued. As it is possible to have more than
once the same activity in an ASN, then if the same label is
reentered again, it is accepted. While the activity nodes are
being specified, a vector that associates the activity labels to
the activity numbers, is created. To coméletely specify the
system, it would be ideal to assoclate at this point all the
parameters describing a given activity, such as execution time,
processor allocation or starting address of the activity code,
etc. This EDITOR does not include such a feature. Such a
program {DESCRIPTOR) is presently being developed, but more as a
system activity description tool.

A corresponding event is automatically associated with this

node.

- In the case of a branch node, the user must specify the

condition variable associated with this branch node. The
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addition of a branch node creates automatically two corresponding
internal events, one for the TRUE eventuality associated with the
condition variable and a second one for the FALSE. This editing

tool allows only for Boolean type of condition variables.

- When adding a timer/counter node to the definition of the
ASN, a warning message appears first in the interactive window,
reminding the user that a hang up resulting in a deadlock
sitvation may occur if this node is not correctly used; no
checking is done here and 1t is 3just a reminder. The
timer/counter node has a counter variable associated that must be

specified. One single internal event is generated.

- In the case of a gate node, the same kind of warning
message as issued in the previous case is displaved, as the GATE
node may also lead to the same type of error. One single event

is generated.

- If the node to be added is either a merge or a wait type
node, then the node is simply added to the existing node

description list and a corresponding internal event is generated.

- Finally, the last node to be added to the list should be
the end. The inclusion 'of such a node does not generate any

event, as explained in the definition of the node.

Whenever a node is to be added, the EDITOR asks the user
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whether the node is to be placed at the end of the description
l1ist of nodes or inserted between two nodes in the existing list;
if at the end, the node 4is appended after the 1last node;
otherwise, the position where the node is to be inserted must be
specified. In this case, the existing nodes located after the
node position are shifted down by one, as well as the
corresponding internal events (also one position, but two if the

node to be inserted is a branch node).

At this point the user 1is ready to enter the system
definition. Some remarks and recommendations are due here:

1 - It 4is recommended that nodes in the ASN be numbered
starting with node number 1 as the node which receives the
starting external event, and the END node being the node with the
largest node number. This is only for consistency reasons.

-2 - It is recommended that all nodes in the ASN be defined
be fore the external events. This simplifies the understanding of

the displayed matrix.

211 the nodes of the ASN have been included in the definitioﬂ

and it is now the turn of the external events.
2.3.3.2 / hdd External Event.
Only external events need to be added to the node definition,

as the definition of each node includes the corresponding

internal events.



If an external event is to be entered, then the label of that
event is requested. The identity of the event to be added is
checked to see whether the event already exists in this process,
in which case it is refused. Once a correct event 1is entered,
one event 1is added to the matrix and the description of this

event appears in the top right window.

The starting event of the ASN is (actually must be) entered
as an external event and has to be included in the definition of
the ASN. This is reminded to the user at the beginning of the
creating session and, if no external events are entered for a
partic. lar ASN matrix, then when exiting the node and event
definition session, the EDITOR forces the entry of an external
event in the matrix definition; the user is simply asked to enter
an external event before exiting.

Once all the nodes and events have been entered, then the
user exits the node and event definition mode by entering the
'Exit' command.

Note that the declaration of the starting event of the ASN is

done after the definition of the connectivity in the ASN.
2.3.3.3 / Delete node and Delete External Event.

The EDITOR provides the capability of deleting nodes and
events from the definition of the ASN matrix.
This command will ask which node or external event is to be

deleted from the definition. Once specified, the description is
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rearranged. There are two separate conmmands, one to delete a

node and one to delete an external event.
2.3.3.4 / Result of the node and event definition.

Figures 2.6 to 2.8 illustrate the results of some of the
various steps of the editing process. They describe the process

of entering ('Create') the matrix describing the ASN in figure
2.1.

Figure 2.9 shows the way the screen appears after the user
nas correctly entered the node and event definition. ©Notice that

the ASN matrix appearing in the top left window is filled with

zeroes (@),
This node and event definition is then saved. The user then

starts the definition of ﬁhe connectivity of the nodes in the
ASN.

2.3.4 7 C tivity Definiti

This phase involves the specification of the connectivity

parameters of the matrix and the definition of the starting event

of the ASN.
2.3.4.1 / Matrix Parameter Definition.

In this phase the user defines the connectivity of the m@trix

by moving the cursor over the matrix and writing in the sel@cted
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location in the matrix one of the possible types of triggers.

The user can enter four characters, I (for 1), D.E or @.
There is no restriction at this point to where these triggers may
be written to, and there is no need to refill the matrix with the
zero (@) triggers. That input 1is only used in the case of
changing an existing trigger back to a '#'. The resulting matrix

and node and event description for ASN 1 appear in figure 2.18.

Once all the parameters of the ASN matrix have been defined,
the ‘'exit' command is selected in order to enter the starting

event for the ASN.
2.3.4.2 / Definition of the starting event.

At this point, a list of the external events in the ASN s
shown in the bottom left interactive window. The user is then
asked to specify the starting event fo; this ASN. This starting
event must have been included in the definition of the external
events of the ASN. The EDITOR does not accept any external event
that has ndt been previously entered in the definition of the
process.

Because the EDITOR cannot exit the node and event definition
session leaving the ASN with no external events, it is guarénteed
that when asked to determine which of the ekternal events is the

starting event, there will be at least one external event.

Once this connectivity definition has been completed, it is
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saved and the ASN matrix definition session is over.

2.3.5 / Fipal Output of EDITOR.

The EDITOR creates three files, which are identified by the
system name. The system name is in fact the name of the session
the EDITOR is working on. These three files are:

~ 'system name'.BASN, whose contents is used by the PAD
simulator.

- ‘'system name'.NAM, which contains the user defined labels
for the ASN's, the activities and the external events existing in
this system. This file is used in the activity descriptor tool,
to specify executing processor and execution time of the
activity.

- 'system name ' .CHA, which contains a brief system
description useful for listing and error checking purposes.

These files are created, and updated each time the system

definition is saved.

2.3.6 / Matrix Mapipuiation. MATEDIT.

The second program which forms part of the ASN matrix editing
package is MATEDIT. r

This program provides the following features:

- to make an identical copy of an ASN, within the same

system. The purpose of this 1is esséntially for systems where
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multiple instantiations of an ASN are not permitted; it is
possible to have the same ASN repeated a number of times, and
have the ‘'xecutive do the event to process allocation when
required to do so.

— to delete an ASN from the system.

- to rename an ASN, an activity or an external event in the

system definition.

It is also possible to read the characteristics of the
system, but with no editing capability, in the Listing mode, as

in the case of EDITOR.

This software package is composed of several subpackages,
each with its own inherent function. Figure 2.11 shows the
organization of these programs.

It was intended to have the complete set be called from a
single main program but this was not possible at this stage,
because of time constraints and problems encountered when dealing
with the characteristics of the processor,of the IBM PC. Thus
separate' programs were implemented. They could however be
included into a single large package with some modifications. A
third program is presently under development, to serve as a
system activity (DESCRIPTOR) descriptor tool, as was previously

mentioned.



EDITOR MATEDIT INSPECT DESCRIPTOR
I
|
|
( EDITOR )
CREATE EDIT LIST
an an SYSTEM
ASN ASN PARAMETERS

‘ MATEDIT '

4

DELETE COrPY RENAME
an an activity
ASN ASN process
event
EDIT
ADD DELETE ADD DELETE
NODE NODE EVENT EVENT

Figure 2.11 Organization of the Editing Tool.



2.4 / Concluding remarks.

In this chapter, the features and principal characteristics
of Process Activity Diagrams (PAD's) were reviewed. PAD's is a
graphical tool for the specification and design of event driven
systems. They are composed of two graphical elements, Activity
Sequence Networks (ASN's) which are like data £flow graphs, and
are used to indicate the control (and data) £low within a
pfocess, and Activity Timing Charts (ATC's) which indicate the
execution time and possible execution paths, parallel or

sequential, for a given process.

In section 2.3, a software ASN matrix editing tool for the
ASN's was presented. This tool allows entering, editing and
manipulation of the information necessary for the description of
a system defined by means of PAD's. Two programs were used for
such a purpose, EDITOR for the definition of the matrix of ASN's,
and MATEDIT for matrix manipulation. Each of these programs was
briefly explained and presented while the code, in Turbo-Pascal,

is included as an appendix.

As a last remark, 1t must be said that for user friendliness
a graphical editing tool would have provided a better interface.
Such a tool should show the actual ASN's and ATC's on the screen,
display instantaneously any modification done to them, provide an
instant verification of the information supplied and provide as

an output the corresponding ASN matrix in a format acceptable by

2-32



the PAD simulator. Although a graphical editor (SYMED) is now
available, it was not ready when this project was started. As
future work, an interface between the output of SYMED and the

editor and the PAD simulator is presently under consideration.
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CHAPTER T31I.

VERIFICATION OF THE SYSTEM DEFINITION.

3.1 / Introduction.

The previous chapter presented an ASN matrix editor that
allows the specification of a system in terms of Process Activity
Diagrams. For this information to be useful, it must correctly
represent the behavior of the system. Consequently a major part
of the editing process 1is the verification of the information
entered. The purpose of this chapter is to present the

verification aspect of an editor.

During system design it is important to include in the
methodology several levels of 'checking', one corresponding to
each design phase, to detect all errors introduced during that
particular phase.

In simple terms, the design engineer starts the system design
with a set of specifications provided by the customer, wh;éh can
initially be assumed to be error-free (RAMA 84]1. The next two

steps of the design correspond to the modeling of the system and



to the design of a prototype.

- During the modeling phase the design engineer '*translates'
the user specifications into a formal model that describes the
systen's behavlior. This model must be then verified
(verification) to «check €for the correct utilization of the
modeling tool. Next, the model must be validated (validation) to
check whether or not it reflects properly the system operation as
stated by the user.

During the modeling process, unexpected situations or errors
in the system specifications may be detected by the design
engineer, in which case he informs the user of the incompleteness
and/or inconsistencies of his specifications. This step |is
iterated until validation of the model.

- During the prototype design phase, the verified model is
transformed into a prototype, which must be then tested for
hardware and/or software problems. Once the prototype has been
fully developed it is again checked under real-life conditions by
means of on-site tests or simulations to validate the system
operation.

Depending on the type of problem encountered (if any). this
step may be iterated or it may be necessary to go back and modify
the model or the specifications.

As a final step, the prototype is further refined by the
product engineer. The testing and maintenance routines for the

product are also developed during this phase.



Only the verification of the modeling process is considered
in this thesis, and in particular those errors caused by the
incorrect use of the PAD notation and errors due to
incompleteness and/or incorrect system specification.

The modeling errors that result from these conditions can be
classified into three groups:

- Incorrect execution errors, which are those occurring when
the sequence of actions specified does not coincide with the
regquirements.

- Deadlocks, which are situations where the system (or part
of the system) is halted because a process Or processes are
waiting for a particular event to occur and this event can not
occur or is only generated by one of the blocked process.

- Temporal errors, which are those that occur because some
combinations of events and conditions were not considered in the
specifications. One such error is the critical race. These
types of errors can be detected by means of a system simulation

or during run time.

In the next two segﬁions. the various types of modeling
errors that can be introdﬁced when using the ASN syntax notation
or the BSN matrix EDITOR are considered. Subsequently, a method

to detect these errors is presented in section 3.4.



These errors include forgotten triggers or nodes and
violations of the Activity Sequence Network notation. These
faults are referred to as 'mechanical errors' because they may
represent possible incorrect entries from an otherwise correctly

defined ASN, or features forgotten during the editing process.

The following can be considered under 'mechanical errors':

~ Undefined external events, and in particular the starting
event of a given ASN;

- A given node of the ASN is never triggered (there are no
input triggers to this node);

- A given event in the ASN never triggers ( there are ﬁo
output triggers from the node);

-~ No END node in a given ASN;

- No activity initiator nodes;

'~ Incorrect inputs to various nodes. In the case of a GATE
and/or a TIMER/COUNTER node it means not including all three
triggers (Enable, Diéable and trigger) and/or incorrect
triggering of other nodes (for instance Disabling an activity
initiator node):

~ Self-triggering of a node.

As a rule, the checking process for this type of errors is
included in the editor; this was not” possible at this stage
because of constraints imposed by the memory segment

characteristics of the processor. The editor only checks for the



presence of a starting event and the repetition of activity
nodes. A separate program called INSPECT has been developed to
detect all of the above 'mechanical errors'. INSPECT has the
following features:

- It checks the list of nodes to detect if activity initiator
nodes and an end node have been included in the definition of the
ASN. If there are no such nodes a warning message is issued. In
some situations it is possible to have an ASN with no end node,
as in the case of an infinite feedback loop.

- It checks the input triggers to every node in the list, to
see if they can all be triggered.

- It checks the output triggers of each node to determine if
there is a 'cut' in the sequence of execution of the process.

- It checks the triggering of every node to determine if the
type of triggering to the node 1is complete and correct. This
step also checks if the gate and timer/counter nodés include all
three types of triggers (I,D and E), and makes sure that all
other five node types do not have D or E type of triggérs.

- It checks the self-triggering of nodes and indicates the
type of error that may result (multiple triggering in the case of

a merge node, deadlock in all other cases).

3.3 / Conpnectivity errors.

Connectivity errors are faults which result from the



incorrect use of the Activity Sequence Network mnotation. There
are two types of connectivity errors encountered in ASN's:

deadlocks and multiple triggering.

3.3.1 / Deadlocks.

Two different types of deadlock can be distinguished in an
ASN: logic deadlocks, caused by the incorrect use of nodes and/or
wrong or missing connections (triggers) in the ASN, and
operational deadlocks, which result from an incorrect and/or

incomplete event specification.
3.3.1.1 / Logic deadlocks.

The errors appearing in the definition of an ASN that can
result in a logic deadlock situation are caused by either closed

loops or incomplete execution paths.

1 - Closed loops occur when a particular node in the AS&
waits for a trigger that can only occur as a result (directly or
indirectly) of the output triggering of the same node.

a / The self-triggering of a node is the simplest case of a
deadlock caused by a closed loop; see figure 3.1. Because all
the nodes except the merge node have an 'and' type of input, the
self—triggefing ‘of a node causes a deadlock in all of these

cases. The self-triggering of a merge node causes another type
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of problem (multiple triggering) that |is considered later in
section 3.3.3. Therefore, self-triggering nodes always result in
an error (deadlock or multiple triggering situation) in the ASN
definition. This situation is detected by INSPECT.

b / The closed loop involving more than one node is a
situation similar to the previously described case of self-
triggering node. An example of this situation is represented in

figure 3.2.

2 - Incorrect or missing connectivity arcs in an ASN lead to
incomplete execution paths. There are several situations where an
incomplete path can be found:

a / the :equired connectivity arcs in an exécution sequence
are missing, resulting in a 'cut' in the execution sequence of a
process.

b / nodes are incorrectly used; the following cases are
possible:

i / A deadlock can occur when the branch construct is used
incorrectly, elither if the alternate paths do not 'merge’
(recombine at a merge node) or the merge node 1is not used
properly. The £irst case results in a deadlock because the node
used for recombination, as it is not a merge node, can never be
_executed because both triggers can never be present
simultanecusly.

The situation of two alternate paths not ‘'merging' together

vields a deadlock whether the value of the condition variable is



true or false. Consider now the case shown of the ASN in figure
3.3; in this case, because the merge node is not used properly, a
deadlock occurs if the condition 1is false. However, 1if the
variable is found to be true, another type of error results,

multiplie triggering.

ii / Another situation that can cause a deadlock 1s when
the output triggers of a branch node do not cover all the
eventualities associated with the condition variable. The
deadiock occurs when the unspecified condition happens. As an
example consider a branching condition depending on the value of
a variable x; assume that two alternate paths are possible, one
for x¢4, and the other for x>4, and that the value of x is x=4.
In this case, because the condition occurring has not been
specified, no action 1is taken and the branch node doesn't
trigger. In this thesis however, as stated in chapter two, the
type of the branch condition variable is considered to be
Boolean.

It should be noted that, as was stated in the definition of
branch nodes when using the EDITOR in sectlon 2.3.3, the two
internal events covering both states of the Boolean condition
variable associated with the branch node are automatically
defined in the event definition of the ASN. Thus 1if a matrix
does not include one of the two conditions, it means that one of
the correspoﬁding events belonging to the hranch node is filled
with '@' triggers and does not trigger any node. This situation
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is detectable by INSPECT.

c / The incorrect use of gate and timer/counter nodes can
be also a source of deadlock. Examine figure 3.4; in this case,
if the gate node is never enabled (event 'p' occurs before event
tn' or does not occur at all, or event 'm' occurs after 'p')
before the activity act_i 1is executed, then the ASN is
deadiocked. As a rule, there must be an execution path that can
reach the end node of the ASN, whether the gate 1s enabled or

disabled.
3.3.1.2 / Operational deadlocks.

An operational deadlock is one which reflects an incorrect or
jincomplete description of the operating conditions (event and/or
data dependent) of the system and does not reflect any \Qiolation
of the characteristics of the model. An operational deadlock
occurs if:

- a node requires the presence of an external event to
trigger but this external event never occurs;

- the event occurs in an incorrect sequencing order or it has
not been correctly indicated in the definition of the ASN.

Examine again figure 3.4; in this £figure the ASN |is
deadlocked if the events occur in an improper sequence, like
event 'p' occurring before event 'm' or event 'p' before event

'n'; this situation can be considered also as an operational
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deadlock.

- Another situation where an operational deadlock can occur
is when the resulting data creates a condition that was not

anticipated in the system behavior.

In the case of an incomplete definition, the problem may or
not be detectable during the modeling phase. If it is, such an

error can only be detected through a simulation.

3.3, nltipjie iggeri

Multiple triggering is the second type of connectivity error
that can occur in an ASN. This problem corresponds to the
arrival of several spurious triggers to the same input arc of
activity, branch, wait and enabled gate nodes with several input
triggers, to the same D or E input of a gate and/or timer/counter
node and in the case of merge nodes.

The effect of multiple triggering depends thus on the type of
node involved and on the timing of occurrence of this condition.

i / In the case of a merge node, the output trigger(s) is set
as soon as one input trigger reaches the node; if several
triggers reach the merge node, they propagate right through to
the output triggers, activating all of them once per spurious
trigger.

i1 / In the case of the other nodes, if one of the input arcs



to the node is triggered more than once, then depending on the
timing arrival of these triggers the following situations arise:

- If all the spurious triggers reach the node before it 1is
activated, then there is no effect and no error occurs, because
upon activation all input triggers to the node are reset and the
erroneous triggers are cancelled.

- However, if one or more of these triggers reach the node
after it has been activated, then the trigger may create
subsequent problems; the type of error that can result is
multiple activation of the subsequent subprocess.

iii / In the case of spurious triggers reaching the D and/or
E input of timer/counter and gate nodes, an error can occur in
the following two situatidns:

- In the case of a timer node, which is enabled repeatedly
while the value in the count register is being decremented. When
the timer/counter node is enabled, the initial count value is
passed to the node and is entered in the counter register; i£ the
E input is triggered during the counting process, the present
value of the count is forgotten and the counting process starts
from the original value.

- An error arises in both types of nodes if the E input is
triggered in the midst of a streah of spurious triggers reaching
the D input of the node. This condition results in the non-
consideration of the occurrence of the E trigger, as it 1is
cancelled by the next D trigger. Similarly, in the case of the

gate ﬁode. the same problem occurs if the D input |is triggered



during the multiple triggering of the E input of the gate. 1In
this case, the occurrence of the only D trigger is cancelled by

the stream of triggers to the E input of the node.

Although in some cases the effects of these spuricus triggers
are filtered out, these situations must be detected as they may
result in inconsistent system behavior. There are three
situations which can yield multiple triggering:

- The first case is the incorrect use of parallel constructs;
multiple triggering results because the recombination of two or
more concurrent paths is done using a merge node. If the
concurrent paths have different execution times then the merge
node is triggefed several times (once per parallel execution
path), with intervals corresponding to the difference between
execution times of the paths. This situation is represented in
figure 3.5.

Assuming different execution times for act_2 and act_3 (act_2
has an execution time shorter than act_3), it appears that the
merge node is triggered once by act_2 before act_3 is completed;
act_4 is executed a first time w{Fh data provided exclusively by‘
act_2, while act_3 is still being executed. The ?completion of
act_3 results in a second execution of act_4.

If act_4 required data from éct_j, then it was executed the
first time with insufficient data and thus yielded incorrect

results.

- fThe second source of multiple triggering is the self-
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triggering of merge nodes. As soon as a self-triggering merge
node is triggered £or the first time, a continuocus stream of
spurious triggers is supplied to the rest of the process. This
condition is detectable by INSPECT.

~ The third source of multiple triggering is the incorrect
use of feedback constructs in the network. When using £feedback
constructs, the following rules must be observed:

i / all the execution paths in the subprocess inside the
feedback loop must be compieted before this subprocess is
restarted. In figure 3.6-a, if the arrival rate of the event
Eve, is larger than the processing rate of the subprocess A, then
multiple triggering results in the feedback construct.

iji / the return node of the feedback loop must be a merge
node. If the return node is not a merge node, then it results in
a deadlock situation.

iii / A feedback loop can élso create multiple triggering in
situations where subseguent subprocesses are started:at the same
time that the feedback loop is restarted. This condition may or
may not be desirable.. Two examples of this condition are
illustrated in figures 3.6-b and 3.6-c. In the case of figure
3.6-b, if the statelof the condition variable is true, then both
subprocesses B and A are started simultaneously. Once subprocess
A is completed for a second time, and if the execution time of B
is laréer than that of A, then multiple triggering results in B.
In figure 3.6 b, subprocess B is executed every time the

subprocess inside the feedback construct is completed. Again.
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depending on the execution time of the subprocesses, multiple

triggering may or may not occur.

A feedback loop can also worsen a multiple triggering
situation in a net if the starting node of a feedback loop 1is a
merge node which is already involved in a multiple triggering
situation; in such case, +the feedback 1loop accentuates the

problem as it feedbacks these spurious triggers.

3.4 / Verificati

In this section three approaches for the verification of the
connectivity definition of an ASN are presented:

— The first approach is a systematic ‘walk-through' of the
network which can be considered in a sense as a ‘'node
reachability' analysis. This walk-through can be performed
manually of automatically by using the PAD simulator [JOAN 861].

- The second approach 1is a reachability analysis, which
considers the state of the different triggering arcs in " the
network.

~ The last approach is based on the generation of ASN
expressions.

From these verification approaches, only the walk through by
means of the simulation scheme can be done automatically; the

other two are presented as alternatives if the simulator is not
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available.

Two points must be mentioned before considering the
verification of the connectivity:

— The ASN must be tested by INSPECT, as some errors
detectable by INSPECT may be the origin cof more complicated
connectivity errors.

- In modeling a system using PAD's, several processes (ASN's)
may be required to fully describe the behavior of the system. To
completely verify the behavior of a system, each 3SN and the

interaction between the existing processes must be checked.

3.4.1 Walk—-throu f the ASN.

This method is based on the 'execution' of the process under
each and every condition based scenario to determine if the
network is operational. This can be done automatically if a
simulator (developed as previous work) is available.

A tree structure is used to illustrate this verification
method. In this structure, the nodes of the tree represent event
states that correspond to the triggering requirements of the
various nodes of the network. Therefore, a node in the tree
corresponds to a column in the ASN matrix and to a node 1in the
network.

The branches ot thé tree represent the output triggering of

the nodes. For this analysis, because the interest is only in
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the seguencing relations between nodes, 'zero' execution time is
considered for the activities (when done manually).

At any time a current state vector, corresponding to the
present state of the events of the ASN, 1is considered and
compared to the event triggering requirements for the nodes of
the ASN; when there is a match between the elements of the
current vector and the event state vector of a node, then that
node triggers.

In the case of concurrent paths, the multiple output
construct initiates several parallel branches. Each of the
concurrent paths is checked; as soon as any branch of the tree
can ngt continue, it stops. The current event state vector is
temporarily ‘'frozen' while the other branches (of the tree) are
tested, starting from the event state vector that created the
parallel construct; the remaining branches (of the tree) are
supposed to supply the missing triggers for any blocked
(*frozen') node in the ASN to continue.

The cases of gate and timer/counter nodes are treated
similarly to those of branch nodés. The only differences are
that these nodes start disabled and that they may be enabled and
disabled.

Feedback representations are possible; the current event
state vector reaches a state which indicates that a previously
reached merge node has been geached once again. The case of the

infinite feedback loop is an exception as there is no end node in

the ASN. =
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Tme tree structure helps to illustrate the two possible
errors:

- Unless unconditional feedback loops are present in the
ASN., all the leafs of the tree must corresponéd toc the end node; a
leaf is the 1last element of a branch of a tree. Deadlocks are
consequently detected if in a tree one or more leafs do not
correspond to the end node of the ASN.

- If an ASN has 'n' condition variables (including timer and
gates) then the resulting tree must have no less than 27 leafs.
This means that for each condition based scenario in the network,
the tree structure can only have one leaf; if there is more than
one leaf and if no.other errors are present, then there 1is a
multiple triggering situation for that particular condition based

scenario.

To illustrate this method, three examples are introduced. The
first example cbrresponds to a simple and correct network and |is
used to show the generation of the tree structure. The other two
examples are used to represent both types of errors, deadlock and
multiple triggering.

Figure 3.7 shows a simple ASN, -its corresponding ASN matrix
and the tree structure as derived from the ASN matrix. |

Initially, the elements of current the state vector are set
to '@'. As soon as the element corresponding to the external

starting event in the event state vector is set to 'I', the ASN
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is awakened. The ASN matrix shows that the contents of the
current event state vector coincide with the requirements for the
activity initiator node act, to be triggered. The triggering of
this node resets the element in the event state vector of the
external event to '@', and sets the element (in the vector)
corresponding to activity node number one to *I'. This sets the
necessary conditions for the branch node to be triggered.

At this point, there are two alternate paths, depending on
the condition variable associated with the branch node. Both
paths must be checked for, node by node, and up to thé end node
(if possible). Let's consider the branch which corresponds to
the true state of the condition variable; in this case the
current state véctor indicates that two concurrent paths can be
started and executed simultaneously. Consider the first one; act1
can be executed because of the state of the event vector. The
result of this execution is the activation of the Input trigger
required for the execution of acts, which in turn triggers one
input arc of the activity node acts. The other input arc for this
'node is provided by the second parallel path; when this path |is
completed, the current state vector reaches a state that
satisfies the conditions for actg to be activated. Upon
completion, the merge node and then the end node are reached.

In the case of the condition variable being false, the merge
node is immediately triggered, by-passing the subprocess just

described.

Consider now the case of the ASN in £figure 3.8-a; the



resul ting tree structure is found in figure 3.9-a; from this tree
structure it can be seen that a deadlock is reached, in both
states of the condition variable because the triggering
requirements for the wait node can never be satisfied. Both leafs
in the tree do not represent the end node.

In the case of the ASN in figure 3.8-b, multiple triggering
occurs as can be seen in the tree which represents the net, 1in
figure 3.9-b. This tree shows two leafs and there are no
condition variables (here n=@ and Zgzl, so there should be only

one leaf).

Up till now, the walk through was per formed manually. The
same results can be obtained by using a modified version of the
simulator in an interactive mode. This allows the user to follow

through the execution of the ASN and also to obtain the ATC of

the ASN for each scenarlo.

In this case, a deadlock is detected as soon as the network
reaches a state from which it cannot move. This can be seen
particularly in the resulting ATC; <£figure 3.10-a represents the
ATC of the ASN in fig&re 3.8-a, assuming there is no deadlock: as
can be seen, as soon as the activity actg activates the end node,‘
the process goes back to the dormant state. However, in the case
of a deadlock, the ASN remains awaken forever, as can be seen in
the ATC in figure 3.1@-b.

In the case 9? multiple triggering, this situation is

detected when a p&fticular activity is executed more times than
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anticipated.

Another possibility is to use the simulator in the contlnuous
mode. In such case some clarifications about the operation of the
simulator must be made:

- The simulation yields some statistical results which can be
used to detect both types of connectivity errors in an ASN. The
detection of these errors is possible considering in‘particular
two characteristics of the simulator:

- No multiple active copies of an ASN are allowed; while
an ASN is awakened, its corresponding starting event is rejected
every time it occurs, until the ASN goes back to the dormant
state.

- As soon as the end node of the ASN is reached, the
execution of any of the (still executing) activities of the ASN
is automatically interrupted.

- To completely check an ASN, all the possible conditlon
based scenarios must be considered. These conditlons can be

specified prior to the simulation run.

i / Consider Ffirst the case of a deadlock; in figure 3.8—a;
the ASN has a deadlock because the branch construct is incorrect
_as the merge node has been replaced by a wait node.

The ASN shown is tested for a large simulation time and
comparatively smaller execution times for the activities. The

value of these execution times can be seen implicitly in the
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resulting ATC in figure 3.16-a. The relevant statistics are:

Statistical Results.

— Simulation time: 5@@0 units.

- Event statistics: Eve_l1 occurred 243 times.

Eve_1 rejected 242 times.

- Network statistics: ASN1 awakened 1 time.

Completion time ©.8 (the ASN was never completed).

By analyzing these results, and comparing in particular the
number of times the starting event of the ASN occurred with the
number of times it was rejected, it becomes apparent that only
the first event was accepted. The remainder ones were rejected
because the ASN was already awaken; this is an indication of a

deadlock situation in the ASN.

ii /7 In the case of multiple triggering, the error can be
detected similarly. In the continuous mode, it is just a matter
of comparing the number of times the activitiles should have been
executed to the number of times they were actually executed.
Given some execution times for the ASN in figure 3.8~b, the
statistical results indicate:

Activity execution times:

Actl - 5 units; Act, - 2 units; Act3 - 3 units;

Act, - 6 units.

Statistical Results.

-~ Network Statistics: ASN2 awakened 223 times.

- Activity statistics:
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Act1 executed 223 times;

Act2 executed 223 times;

Act3 executed 446 times;

Act, executed 223 times.
The process yields double execution numbers for activity Act3
compared to the rest of the ASN. It can be seen that multiple

triggering of activity Act3 has occurred.
3.4. Reachabi al

The previous analysis suggests that a reachability analysis,
like in Graph Theory, can be used to verify the ASN model. In
this section such an analysis is considered.

In Graph Theory, a vertex x; (a point or a node in a graph)
is said to be reachable from a second vertex xj if there exists a
path (arc or sequence of arcs) between X; and X4 I£f there
exists a directed arc between the vertices, from x; to X5 then
xj'is said to be directly reachable; if on the other hand several
arcs are involved, x5 is said to be indirectly reachable from x;
(HARA 651, (CHRI 7%1].

Compared to the previous approach which considers only £he
events in the network, the blown reachability analysis conslders
the state of each.and every trigger arc (connectivity arc) in.the
network.

To perform this analysis the following must be done:

i - each connectivity arc in the network must be

; , Ay



independently labeled. The previous analysis considered events;
however, an event can include one or several connectivity arcs as
an event (internal from a node or external) may trigger several
other nodes. If an external event triggers a number n of nodes
in the ASN, then n different triggers have to be considered and
represented in the vector. The total number of these arcs in a
network becomes in consequence very large if the ASN contains a
large number of strongly interconnected nodes.

ii - Similar to the state vector of the previous analysis, a
trigger state vector is defined. This vector indicates the state
of the trigger arcs in the network. For every node in the ASN,
there is a vector state that results in the activation of that
particular nede. This vector which indicates the triggering
requirements for a node, contains a '*i' in those positions
corresponding to the input arcs to the node, and ‘don't cares'
elsewhere; as soon as the _few required triggers are set,

execution may continue in the ASN.

The variations including all other possible trigger state
vectors are part of the reachability analysis. However, a tree
structure allows to discard most of these states, and consider
only those relevant to the execution of the ASN. In this
appreach not every vertex in the tree structure represénts the
required trigéering state for a node in the ASN, but also
" transient states that do not activate any node.

This analysis detects deadlocks in the same way as the
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previous case, when a leaf does not correspond to an end node and
multiple triggering, when any parameter in the trigger state

vector reaches a value larger than one.

This approach is more analytical and systematic than the
previous 'walk-through'; however, it is more complex particularly
because of the increase in the size of the state vector, and the
need for determining its elements. Because of the complexity of
this approach and the fact that this method is considered as an

alternative to the one previously described, only a simple case

is considered as an example,

Examine the ASN in figure 3.11; in this case the trigger
state vector contains ten elements, labeled from & to J as
indicated in the figure. Initially, the vector contains only
'@'s; as soon as the trigger arc corresponding to the starting
event is set, the branch node is activatedT Then depending on the
state of the associated condition variable, one of the alternate .
pathsf?? executed. Considering fhe case of the truve state,
triggéE  arcs b and ¢ are set; this indicates that two parallel
paths can be executed. Consider at this point the case of acﬁl;
when this activity is activated, trigger arc b is reset and
trigger arc d is set. This indicates that act3 can be activated,
as a result of which @ is reset and f set. Nothing Eﬁrther can
be activated £rom here; the other path which can be started iﬁ
parallel as the result .of the true state of the condition

variable must be checked now. This path sets at the end the
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trigger arc g. At this point, both arcs that are required for the
next node to be activated are set, but by means of different
paths. To recombine (join) them properly, a new vector state
must be determined: all the triggers that were reset by either
path are reset, and those triggers which are set in either path
are untouched unless they were reset by the execution of one of
the paths. The resulting trigger vector state indicates that
act5 can be activated. The merge node and then the end node

follow, indicating the completion of the execution of the ASN.
3:.4.3 / The BASN expressions.

The last verification method deals with the generation of ASN
expressions that represent the exact behavior or function of a

process. Any process correctly described by means of an ASN can

be derived into an error-free expression. These expressions are
derived based on some syntax rules; if during the process of
forming the expression, a particular rule is not observed, then
the corresponding ASN céntains an error. The determination of
the ASN expression involves the methodic and iterative grouping
of subprocesses into composite activities, in order to form a
simplified network, simpler to represent in an expression. In
these expressions, only activitf nodes and end nodes are
represented explicitly. Tﬁe ‘existence of ofher nodes 1like
branch, merge and wait nodes is shown implicitly by meahs of the

notatlion.
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These expressions are presently obtained by hand and are
represented in terms of the following notation:

1 - A '.' indicates a direct sequencing relation between two
activity nodes. This operator is not symmetric because the order
of execution of the two activities is very important. A sequence
of two or more activities can be combined to form a composite
activity. For Iinstance, 1in Ac:t__.L = Actl.Actz, Act, is the

composite activity which is equivalent to the subexpression on

the right.

2 - To represent possible concurrent paths, more notations
are required. Brackets '{' are used to indicate the start of two
parallel paths. If more than two paths are started, then several
levels of brackets are needed. Similarly, clqsing brackets '}’
indicate the recombination of two paths, by meé;s of an ‘and!
input type of node.

The operator '//' indicates that the actions on either side
of this operator can be executed in parallel,. This operator is
symmetric, as {Actlllhctzl is the same as {ActzllActll. A
correct pafallel construct can be also combined to form a
composite activity, for instance:

Act; = { Act, // Act, 1; 13.11

In this case, Actj is the composite activity formed by thé

parallel construct.
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3 - Square brackets are used to indicate the start ([} and
the end (}) (merge node) of two or more alternate paths; the
choice of paths depends on the state of the associated branch
condition variable, which is represented at the beginning of each
of the alternate paths, enclosed in curve brackets (). The two
options are separated by a '/' sign.

1f more than two states for the condition variable exist,
then the structure of the expression is more complex; as the
square brackets represent only the choice between two paths,
several brackets have to be used for the expression to remain
clear and consistent. For instance, in the following example in
figure 3.12 the expression of the subprocess is:

Actl.[(b=1.2)[(b=1)Act2/(b=2)Act3].Act5l(b=3)Rth]: [3.2]

4 - The starting event of the ASN is also represented
enclosed in brackets at the beginning of the expression. The
requirement of an external event or a set of previous actions
from a separate path can be interpreted and consequently
represented in a similar way as that of the state of a condition

variable of the branch node.

At this point it is time to consider an example. Examine the
ASN in figure 3.13; the corresponding expression can be derived
as follows:

i - The branch construct is correct, as it can be repfesented

in the above notation; the composite activity Acta can be defined
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as:

Rct = {(true)Actzl(false)Act3]; [3.3]

ii - At this point the path can be combined into a composite
activity as it represents a correct sequence of activities.
Consequently,

Act, = Acta.Act5; [3.4]

The same applies to the other parallel path where Actc can be
correctly defined as

Act_ = Act,.Actg; (3.51]

ijii - Now the resulting network represents a parallel
construct; this construct is correct and can be represented by an
expression

Acty = ACtl.{Actbllhctc}.hct7.End; [3.6]

The complete expression £or this network is thus given by:

Actl.{[(true)AthI(false)Act3].Actsllhctq.ﬂcts}.Bct7.End; [3.7]

5 -~ Gates.and timer/counter nodes make no difference, as they

can be considered in the same way as the branch node.

6 - Feedback paths are represented by stars with an
associated number, like '*,;'. The number is required in case
several feedback paths exist in the process. 1In the expression,
a first star represents the merge node of the return loop, and a
second star, with the same associated number, is used to show the

start of the feedback path. All the sequence of actions within
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the feedback loop should form a complete subprocess that must be
completed before it can be restarted; otherwise the feedback loop
is incorrect.

As an example consider the ASN in figure 3.14; the resulting
expression is:

(Exl).(*l).Act_l.Act_z.[(false)Act_B.*llhct_ﬂ.End] [3.8]

The simplification step for the derivation of the expression
is iterated as long as it is possible to simplify the process.
In all, there are three types of sub-processes that can be
grouped intc a composite activity:

- correct sequences of actlivities;

- correct and complete parallel constructs;

-~ correct and complete branch constructs.

If a subprocess can not be replaced by a composite activity
because it does not reflect correctly one of the above three

types of subprocesses, an error can be detected.

In order to represent the ASN by an expression, it may be
necessary to modify the network; this must be achieved however
without affecting its function; for instance, as shown in the
figure 3.15, the expression does not '*look! like the graph,
although it reflects the exact same sequence and timing of
actions. In this case the resulting expression is:

(Evel).Actl.{Aqtzllncta}.(ActQIIActS}.Acts.End; 13.9]

In this case, a walt node had to be introduced to show the
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Figure 3.14 ASN for expression with feedback [3.5]

Act_1
Act_6

Act_3 Act §

Figure 3.15 ASN of expression [3.6]
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function of this process. The required sequencing and concurrency
characteristics of the process are in no way modified. A certain
amount of expertise is thus required to derive these expressions

properly.

To show how errors can be detected when determining the
expression of an ASN, consider the case of figure 3.16, In this
case, the subprocess can only be reduced by grouping Act_1 and
Act_3 into a composite activity Act_i. But it cannot be further
reduced at all. The branch construct (including the branch, the
merge and activities Act_i and Act_2) cannot be grouped into a
composite activity because Act_i triggers a node which is outside
of the construct. In this case it can be seen that the problem
is a deadlock if the state of the branch condition variable is
FALSE.

In the case of an expression with feedback paths, the
analysis is more complicated. In the case of unconditional
feedback paths, the sub-expression contained between the two '*i'
delimiting the feedback loop must be correct; if so it can be
collapsed into a composite activity.

In the case of a conditional feedback (not an infiniﬁe 1oop);
the 'sfart star' of the feedback loop must be contained inside a
branch construct in one of the states of the condition variable,
and the end node must be contained in the other condition

variable's section of the same branch construct as shown in the

expression [3.5].
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Figure 3.16 Incorrect ASN, with a deadiock
when condition false.
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3.5 Concluding remarks.

The purpose of this chapter was to present a verification
algorithm for systems defined by means of Process Activity
Diagrams.

In the £first section, the need for such a verification was
presented. In the same section, the different types of errors
that can 'be encountered during the modeling phase of the design
process were listed. 1In the next sections the types of errors
that are relevant to the modeling process when using Process
Aétivity Diagrams were considered. The first of these sections
dealt with what can be referred to as 'mechanical errors', simple
to detect through the ASN matrix. For this purpose a separate
program called INSPECT was implemented. In  the next section
(3.3), the two connectivity errors, deadlocks and multiple
triggering, were described and explained. The 1last section
presented three apprecaches for the verificatiqn of the
correcthess of the connectivity definition of an ASN. The first
approach dealt with a 'walk-through! of the ASN matrix, which can
be done by means of a modified version of the PAD simulator, to
detect both types of problems. This method considers the state
of the events (internal and external) in the network, and can in
a sense be related to a 'node reachability' analysis. In case

the PAD simulater is not availablg, two other methods can be used
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to verify the correctness of the connectivity: a full blown
reachability analysis of the network, done manually and
considering the state of each and every triggering arc in the
network, and a last method, also manual, that uses the generation

of the ASN expressions to detect both problems.

A good modeling tool would include many of these verification
features at the edition level. In some cases however, this may
not prove to be very efficient: -

- First the amount of verification during edition is
relatively limited to almost 'grammatical' characteristics.

— Second, the flexibility of the modeling tool is restricted;
the features of PAD's presented in chapter two could be
considered as a basic set for control oriented applications, and
depending on the situation, other types of nodes and network
characteristics may be defined by the design'Hengineer.

In some caées the violation of some of the rules presented in
both chapters two and three may not automatically result in
errors. As an example consider the c¢ase of an ASN with an
unconditional feedback loop, to describe a process that remains
active forever performing the sequence of actions in the loop; in
such a case the end node is not required. A second example is
that of the disabling of timer and gate nodes: there is no need
to disable an enabled gate node before completing the execution
of an Asﬁ. In such a case, the gate node may not need to include
a 'disable' trigger. |
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Finally it must be considered that not all possible errors or
problems can be found from the verification of the modeling

process; the wvalidation step must follow.
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PAD's AS AN ACTIVITY TO TASK ALLOCATION TOOL.

4.1 [/ Introduction.

When designing a real time multitasking system, one of the
major decisions involves the partitioning of the various system
processes into tasks. The purpose of this chapter is to show how
PAD*s can be wused in this partitioning, considering the
characteristics of the operating on which the tasks are running.

To provide the proper background and terminology, the next
two sections review the concepts of tasks, processes, real time,
multiprocessor and multitasking systems.

Section 4.4 considers the problem of partitioning a system
defined in terms of PAD's into tasks. This partitioning is not
straight forward £for a number of reasons that are presented in
this section. As a conclusion to 4.4, some guidelines for the
activity to task allocation are drawn.

The last section illustrates two examples of activity to task
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allocation when using two different multitasking operating

systems, Harmony and VersaDos.

4.2 / Real time distributed systems overview.

Distributed systems are systems in which the processing
functions are dispersed among several physical elements [LIEB
85]. Distributed systems are being extensively used in real time
applications mainly for the three following reasons:

-~ A multiprocessor architecture allows parallelism and/or
pipelining of execution to improve system performance;

- Reliability and fault tolerance are enhanced by redundancy
of the processor's functions angd

- System design is modularized.

In distributed systems a number of coexisting processes need
to interact and share or compete for resources. The coordination
of the various processes is generally provided by a multitasking
operating system in either a uniprocessor or multiprocessor
environment. Since uniprocessor systems can only provide virtual
concurrency, most real time systems are implemented in
multiprocessor architecture. In real time embedded systems,
since usually a single application program is running
continuously, more interaction between the systém . processes is

required.



At this point it becomes important to review the concepts of

real time, processes, tasks and multiprocessor architectures.

4.2.1 / Real time systems.

The basic characteristic of real time systems 1is that they
have to interact directly with their environment. These systems
require the ability of responding to events that are generated
asynchronously by the environment, and initiate and complete the
appropriate response by a given time. In more detail, real time
systems have two principal characteristics:

- they interact with the environment, where events can be
generated asynchronously, periodically or non-periodically, at
any time. The important feature about this event generation is
that it may be asynchronous to the state of computation of the
system. The system must then be responsive enough to be able to
handle all these events.

- in real time systems, time is a critical and often limited
resource. This means that the response to the event must not
only be initiated before a .given deadline, but the process
corresponding to the response must be completed before a certain
prespecified time. For instance, in the case of periodic
activation, the response must have been completed before the new
event is generated; otherwise, the events backlog, creating

unadceptable delays.



4.2.2 Tasks and processe

The two terms task and process are going to be extensively
used in this chapter. The purpose of this section is to clarify
their meaning, at least in the context in which they are used in
this thesis.

Process and task have not been uniquely defined in the
literature. This applies particularly for the term process; this
term is used in most cases as a synonym to 'job' and 'program' to
indicate the unit of computational execution in multiprogramming
systems. But this is not always the case: for instance in
VersaDos, Motorola's multitasking operating system, a process is
a Supervisor task while a task is simply a User task. Hoare
[HOAR 85] considers a process as a 'function which defines a set
of events and actions in which the process 1is prepared to
engage'. In other systems, a task and a process stand far the
same level of abstraction [LIEB 85]. In [SHAW 74] for instance,
a task is definedlas a 'sequential process'.

In contrast with this diversification, the term task has been
uniquely established in the literature as the unit of Eunctional
execution in multitasking systems. A task can be described in
such context as a sequence of actions that have a single thread

of control.

In this thesis the following terminology is used:

~ the process corresponds to the description of the response



to an external event. In this context, a process 1is a well
defined seguence of activities represented by an Activity
Sequence Network (ASN}.

- the task is composed of a set of 'somehow' related
activities; these activities may be related by resource
requirements, data transfer, etc.,.

In this context, a task can be differentiated from a process
in two ways:

- by the level of abstraction because the process is used for
the description of the response while the term task applies more
at the implementation level and

- by the £fact that during implementation, a process |is

generally composed of several interacting tasks.

4.2.3 7/ Multiprocessor svstems.

There are two extreme architectural models in multiprocessor
systems:

1 - tightly coupled systems, which are characterized by the
use of a shared memory to which all processing units are
connected and by means of which all interprocessor communication
is done. 1In such a case, the shared memory must be protected by
a memory management mechanism that guarantees its safe access to
all executable entities (tasks and/or processes). In these
systems, the memory access represents a‘potential bottleneck, and

the larger the number of processors in the configuration, the



larger the bottleneck.

2 - loosely coupled systems are systems where each processor
includes a local memory and interprocessor communication |is
achieved exclusively wvia an interconnection network. The main
characteristic of these systems is that communication in the
network is done by using well defined protocols. These protocols
introduce an overhead in order to provide protection, error
detection, source and destination identification, routing, etc.
{TANE 81]; this overhead is unacceptable in the case of most real

time systems.

In between these two extremes are what can be called the
moderately coupled systems; these are systems where communication
is achieved either via local communication buses or via some
shared memory. The different units in the system may have a
multiprocessor architecture. In moderately coupled systems, the
amoun£ of processor interaction is relatively high and the
physical distance between the processing units is relatively
small. These systems are also usually referred to as disgfibuted
systems.

This thesis cohsiders mainly moderately coupled systems
because they are better suited to provide design modularity and
can be adapted more easily to the system specifications of

embedded real time systems.



4.3 / Multitasking systems gverview.

The purpose of this section is to review some of the basic
concepts o0of multitasking systems. Emphasis will be placed on
those areas that are particularly relevant to the specification

of tasks using PAD's.

When describing a multitasking operating system a number of
basic functions have to be considered: synchronization and
communication mechanisms, task management, time and memory
management, etc.. For the purpose of the activity to task
allocation, only task management and intertask communication and

synchronization are of interest.

A task in a multitasking system can be considered as a
'living entity'! which moves from one state to another. Different
multitasking operating systems consider different sets of task
states; the set can be simple like the one of Intel's iRMX86
(which has five states) [INTE 84] or very complex and diversified
like the one supported by Motorola's VersaDos (which has twelve
states). Figure 4.1 represents a generic task state diagram and
it includes the following five states: !

- dormant, which is the initial state of the task when it is

created;



Wait
for Sleep

Receive
Data

.  Executing

Suspend

Abort Suspended

Figure 4.1 Generic Task State Diagram.
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-~ ready to run, indicating that the task can be scheduled for
executicn;

- active, executing or running;

- waiting, which indicates that the task 1is waiting for
synchronization, resource allocation, delays, etc.:;

-~ blocked or suspended, which is a condition created by an

action from the operating system.

Tasks in such context can be moved from one state to another
by using operating system primitives. To keep track of these
states, each task requires a descriptor to determine precisely
all the features necessary to describe this task. This control
information can have various names like Task Control Block (TCB)
in VersaDos, Descriptor in Harmony., Process Control Block (PCB),
etc.. These are data structures that completely indicate all the
attributes of a task. 'Included in these descriptors are:

- memory location of the task's code (logical address);

task identity;

copy of all the active registers used by the task;

data fields in memory associated with the task;

!

attributes of the task, like particular resources, priority
(£ixed or variable);

- etec..

Most operating systems include in the TCB, the id of a task
which has to be informed when the task described by the TCB is

destroyed. This task is called the parent, father, monitor, etc.

+



of the task.

Some operating systems use a hierarchical type of
relationship which means that the creating task is automatically
designated as the father of the created task. 1In other systems,

the creating task can specify which task is to be the monitor of

the created task.

The are two types of task creation and deletion mechanisms
used in multitasking operating systems: static and dynamic.

i - In the case of static task management, all tasks that are
required in the system's operation are defined prior to run time
and task deletion is not considered, except in the case of
exception handling.' In this case, at the time of the system's
startup all tasks are in the ready-to-run state. 1In this case
the associated overhead involvés-the management of the tables and
TCB's of the tasks.

ii - The second scheme is dynamic, and in this case tasks are
created (and destroyed) as they are needed during run time; When
a task‘ is created all of its attributes have to be specified.
This requires between 20 to 512 bytes of information, depending
on the characteristics of the operating system. This indicates
that an automatic overhead results during run time from the
dynamic creation of tasks. In addition, a variable overhead is
introduced with each task in the system because of different
tables reguired for task management. Note that not all tasks can

be created dynamically; some tasks, like server tasks acting as



resource managers, are created initially.

A major overhead |is introduced when deleting tasks
dynamically, because of the specific conditions that have to be
checked before the task can be properly deleted. There are a
number of features to consider when deleting tasks dynamically:

-~ There must be restrictions as to when a task can be
deleted. Consider the case of a task being deleted while it is
executing a c¢critical region which is protected by a semaphore;
that critical region remains inaccessible to all other tasks in
the system. Another example is the situation when a task is
blocked waiting for a message from a task thait has been deleted,
or the case of a task which is deleted while biocked waiting for
the acknowledgement of the message (reply) from a second task.

-~ In some systems when a (parent) task is deleted all of its
'‘childs' or sub-tasks are automatically deleted as well., In some
situations thisﬁtéould create considerable problems because the
childs may not have completed execution, or they may be in one of
the states mentioned above, etc..

For instance, consider the case‘of a task Task_l1 which is the
parent of a task Task_2, and a fhird task Task_3 which is the
child of Task_2; consider a hierarchical task organization and
finally assume now the following operaticn:. Task_1 1ls waiting to
‘receive an event from both Task_2 and Task_3: as soon as it gets
an event, Task_l destroys the source. 1If Thék_z sends the event
first, then both Task_2 and Task_3 are deleted, and consequently,

Task_1 1is deadlocked as it waits indefinitely for the event from
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Task_3.

These conditions yield inconsistent and incorrect results and
system behavior. 1In all, there are a number of issues to be
considered and there are several possibilities to their handling
{CASH 84d].

From this brief discussion, it can be seen that in order to
allow a safe deletion of tasks, a lot of management and checking
of the state of the task must be performed. This is one reason
why most systems do not consider dynamic task deletion, and tasks
are implemented in an infinite loop, or are always kept in a

ready-to-run state {(when inactive).
4.3, tertask communication and ronizatjon.

The purpose of this section is to list the basic intertask
communication and synchronization mechanisms.

Two tasks synchronize when one of them waits until the other
reaches a point where they can both be allowed to continue
executing. This synchronization may be required in order to share
corredtly a resource, to exchange data (communicate), etc..

Consequently, there are two types of communication
mechanisms, synchronous where both the source and the destination
must reach an agreement (synchronize via some sort of protocol-
like mechanism) to pass or exchange data and asynchronous, where
the sending task does not wait for the destination “task to

synchronize before sending the information.



In this section, the intertask communication and
synchronization mechanisms are reviewed under two groups,

procedural and message based, as proposed in [CASH 8d].
4.3.2.1 / Procedural based mechanisms.

Procedural based systems involve the controlled use of a
critical region. In this section the following mechanisms are
reviewed: semaphores, monitors, commuanicating sequential

processes and the Ada rendezvous.

- The semaphore was proposed initially by E.W. Djikstra [BENA
82]. A semaphore is a low level construct which provides safe
access to a shared resource or section of code called critical
region. A semaphore is an integer variable which is accessed
exclusively by primitives for handling semaphores. These
primitives issued by the prdcess are:

- Wait or P(s), to enter the critical region protected by
the semaphore {decrements the value associated with the semaphore
by one) and

- Signal or V(s), used when the process exits the critical
region (incrementing the value by one).

3 semaphore has a value assocliated with it; if this value is
@ or 1, then it is called a binary (full-empty or busy-free)
semaphore; If the value associated with the semaphore is an

integer, then it is called a counting semaphore. In this case, a

£
I
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pasitive value indicates the number of free entities (tasks or
processes) that can still enter the critical region safely, while
if the value is negative, it represents the number eof tasks which
are waiting to access the «c¢ritical region protected by the
semaphore.

The P{(s) primitive tests the semaphore 's' and puts it to '@'
if its present value is '1'. Otherwise the primitive puts the
name of the process on a waiting 1list associated with the
semaphore and then stops it. An invocation of the primitive V(s)
by a task exiting the critical region, would restart the blocked
process from the waiting 1list and reset the value of the
semaphore to its original value.

The integrity of the values of the semaphore are guaranteed
by the indivisibility of the primitives P and S. 1If used
properly, a semaphore can guarantee the safe access to the

critical region it protects.

- A second mechanism is the monitor, which was proposed by
[HOAR 741 and by [HANS 75]. The monitdr stands at a higher level
of abstraction than the semaphore and is theoretically simpler to
use. The monitor includes within itself the critical region it
protects. BAs such it can be considered as a generalized critical
region, in which a shared resource may be manipulated by
different processes according to some prestablished scheduling
rules [BOWE 80].

Because the critical region is inside the monitor, the safe



access to the critical region is guaranteed.

- The third mechanism to be considered are the communicating

sequential processes (CSP}, presented in [HOAR 78]. 1In this
case, Input and Output call-like primitives are used for
communication.

Interprocess communication is established by having the
sender specify the destination of the Output operation and having
the receiver specify the source of the Input operation. This is a
bidirectional communication mechanism,

CSP are relevant because they represent for the £irst time
the concept of a 'rendezvous'-like mechanism between two

communicating entities.

- The 1last mechanism considered@ is the rendezvous. The
rendezvous is primarily used in Ada task communication and can be
considered as well as a variation of the messaging model.

A task that wishes to communicate with a second task issues a
Call to an entry procedure of the receiving task. The caller thep
waits wuntil an Accept of that entry procedure is executed by the
receliving task; at that particular moment the rendezvous takes
place. If the receiving task issues the Accept before the caller
issues the Call, then it is the receiver which waits. Notice
that the Accept statement can include a piece of code to bé
executed before the caller task is released.

The caller (receiver) is idle for the lapse of time between
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the call (accept) to the entry procedure and the accept (call)

statement by the receiver (sender).

For further references on these communication and
synchronization mechanisms refer to [BOWE 8@), ([BENA 82], [SHAW

741, [JANS 85], [SAIB 851, [CASH 8#) and [MADN 74].

4.3.2.2 |/ Message based mechanisms.

These mechanisms consist of primitives that are used to send
and receive messages for communication and/or synchronization.
Several messaging models can be considered, depending on the type
of primitives available. The message itself can also have
several forms, depending on whether pointers or actual data are
transmitted as the message.

The most common model consists of two primitives, non-
blocking send and receive. If a blocking send is used, a third
type of primitive (reply) is necessary to unblock the sender.
The primitive receive is normally blocking.

~ The reason for having two types of send primitives is that in
the case of the blocking mechanism, synchronization is achleved
before the communication starts (synchronous), while in the case
of non-blocking, this synchronization is not required

(asynchronous).
If both primitives (send and receive) are blocking, the

communication mechanism is very similar to the Ada rendezvous.



Other primitives may be added to these in order to make the model
more versatile; for instance, try_receive allows the receiver not
to be blocked when receiving a message. In other cases, the
sender is able to specify whether it is ready to wait for a reply
or not, or the receiver may be able to reply as soon as the
message 1is received (receive_end reply), before the contents of
the message are read.

The use of blocking communication primitives may be
questionable in the case of real time systems because of the

resulting synchronization delays.

Communication via mailboxes can be considered as a variation
of the messaging model. A mailbox is a prespecified memory
location used by two or more processes to exchange information.
A mailbox has to be created before it can be used.

When a mailbox is created, a number of features are
specified: the location in memory and the l1dentification of the
mailbox, the 1list of processes that may access it and what are
their respective privileges (read and/or write capability), etc..

When a task sends a message to & second task it accesses the
appropriate mailbox and deposits the message or a pointer to it
in the mailbox. The sender may be blocked or not depending on
whether the receiving task is ready to receive or not. In some
cases, the sender specifies if it wishes to wait. 1If the sender
is blocked, it will be unblocked by the reception of the message

or by an acknowledgement £from the receiver. The recejiver



accesses the mailbox and may also be blocked if the message has

not arrived yet.

The messaging model can be used in either a tightly coupled
or distributed system, while the above procedural mechanisms
cannot be implemented direqtly in loosely coupled systems because
the processor need to share some memory.

Actually, in multiprocessor systems these mechanisms for
intertask communication (whether procedural or message based) are
essentially the same; the fundamental difference with
uniprocessors is in the way these primitive calls are implemented
and carried out by the corresponding communication manager of the
operating system. In fact the primitives should be transparent
to the vser as to whether the system is implemented in a
uniprocessor or in a multiprocessor architecture,

The communication manager of the multitasking operating
system must be able to determine, during compilation (static task
to processor allocation and static task creaticn) or during run-
time, where the target task resides in order to establish the
communication connection.

The directive must be interpreted as a function call whose
execution depends on whether an inter or an intra-processor
exchange is involved. In the first case, the directive must use
the system's interprocessor communication mechanisms; bus
contention and bottlenecks, transmission rates, shared memory

access, communication protocols, etc. are to be considered in the



expected overhead. The resulting overhead cost associated with
an inter-processor communication is thus much larger that in the

case of an intra-processor exchange.

4.8 Activity to task allocation.

When implementing a system in a multitasking environment, one
of the major design decisions involves the specification of the
tasks. A good partitioning of the system into tasks can enhance
the system responsiveness and improve the overall performance.
The purpose of this section is to show how Process Activity
Diagrams can help in this design step.

When partitioning a system into tasks a number of issues must
be considered: whether a uniprocessor or multiprocessor system is
used, i1f it is time sliced, priority based, preemptive, etc.. To
consider all possible combinations would be self defeating;
consequently in this section  the £ollowing three aspects are
considered: |

~ Effect of a uniprocessor organization;

- Effect-of a multiprocessor organization;

— The effect of the ¢type of intertask communication and
synchronization mechanisms used. |

In the following discussions three assumptions are made:

=~ The system must be able to handle N; (larger than one)

events of the same type of response simultaneously.



— The incoming events are detected by an event handler, which
can be considered as 1interrupt driven. This event handler
interprets the occurrence of an event as an interrupt, during
which it determines the corresponding type of response.

— Tasks do not all have the same priority.

4.4.1 / Task partitioning in a upnjprocessor organization,

The fundamental characteristic of a uniprocessor organization
is obviously that only virtual parallelism, by means ocf time
sharing, 1is possible. In consequence, the execution of system
processes and tasks must be appropriately interleaved in order to
satisfy the timing requirements of the responses.

In this context, because there is no point in taking
advantage o0f the concurrent characteristics of the activities in
the ASN's, each process 'i' is organized as a ‘sequence of L,
consecutive tasks. The node receiving the starting event of the
process is allocated to the first task in the sequence, while the
end node of the ASN must be included in the last task in the
sequence, The activities 4in the process are allocated to the
tasks mainly depending on protection of data and resources; in
addition, the amount of interactivity transfer, task management
and scheduling mechanisms of the operating system have to be
considered for the partitioning of tasks. Assume hence that
there are Li consecutive tasks for a given process 'i'.

To be abie to meet real time requirements in a non-time

4



sliced system, tasks should be defined as short as possible,
whether preemption is used or not. If task preemption is |used,
although the tasks are active more often, there is an increased
overhead caused by the context switches. On the other hand and in
general, systems which are not time sliced and do not consider
task preemption are not responsive enough for event driven real
time applications.

In time sliced systems there is the overhead caused by the
periodical context switches. This overhead varies between the
operating systems, but in general is in the order of a few
percentage points of the time slice. In uniprocessor systems it
~1s an overhead that the designer. has to live with.

The next question concerns the type of task creation
mechanism that the operating system supports: static or dynamic.

If task creation is static, then Ni copies of each task must
be created initially. This results in a total of NixLi tasks to
be created per process. This allows the ‘'simultaneous' processing
of up to N1 respbnses. However, if the execution of the
responses can be pipelined, this upper limit can be extended to a
theoretical maximum of Ni times Li responses.

If the system supports dynamic task creation and deletion,
there are two alternatives for the task management:

- Ig, the first case a response manager task is created upon
event detection by the event handler. This manager is
responsible for the creation of all the tasks in the sequence,

involved in the execution of the process. The response manager



starts then the execution of the £first task. When a task
completes, it provides the necessary information for the next
task in the sequence to start. When the 1last task in the
sequence finishes it execution, it informs the response manager
which is responsible for the deletion of all the tasks it created
for this particular response. 1In this configuration, only Ni
responses can be processed simultaneously.

- In the second scheme only the f£irst task of the seguence is
directly created by the event handler as the result of the
occurrence of the starting event. The subseguent tasks in the
sequence are created when the preceding task ‘in the sequence
completes its execution; they are destroyed when the next task
starts executing and in accordance with on the intertask
relationship of the operating system. This process of task
creation and deletion must be done carefully and coherently to
avoid deadlocks. The last task in the sequence informs the event
handler of the'completion of the response.

It must be realized however, that not all the ta;ks in the
system (like for instance tasks that act as managers of a

resource) can be created and destroyed dynamically.

True parallel execution is only possible in a multiprocessor

organization; therefore in this case there is no immediate need
' W

to use time slicing. For that reason only priority based S

.-



preemption is considered in this discussion.

In a multiprocessor architecture, the activity to task
partitioning should be done in a way to take maximum advantage of
the concurrent characteristics presented by the activities in the
ASN's. However, this must be done taking into account the
following:

- Activities that require the access to a shared resource
should be declared as a joint task; this task is considered as a
server task that acts as the resource manager. This also
guarantees the safe access to the resource.

- Two activities with a large information transfer should be
allocated to the same task, or at least in two tasks but in the
same processor. This 1is in order to minimize the costlier
interprocessor communication, compared to intraprocessor
communication.

- If dynamic task creation and deletion are used avoid when
possible the relatively larger overhead resulting from

dynamically creating tasks in remote processors.

When allocating activities to tasks, the amount of inter-
activity transfer of information has to be considered. The
amount of intertask information transfer is given by the sum of

the Iinformation transfers of the connectivity arcs between
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activities that were cut when partitioning the processes. The
purpose then is to minimize intertask and interprocessor
communication by allocating when possible activities with large
data transfers in the same task. In such context, a minimum cut
algorithm could be considered.

Further on, the partitioning of tasks is affected by the type
of communication mechanism available. The information passing
type of mechanism implicitly represented by the connectivity arcs
in an ASN is a non-blocking_send and receive. As a result, if
asynchronous type of mechanisms are available, then the
definition of the tasks in an ASN is in most cases simpler since
it can be directly mapped to the node connectivity in the ASN.
However, other particularities, such as inter-activity
information transfer and resource requirements may still have to

be considered.

If only synchronous {(blocking) communication is available,
then the sending task must 'wait' for an acknowledgement from the
target task; to avoid this a Courrier or Transport [BUHR 841 task
is used to do the waiting, while the 'sending task' continues its
execution normally. This is possible because of the modularized
structure of the task which has been defined in terms of
activities, The task sends a message to the Courrier after
executing an activity, is almost immediately unblocked, and
continues executing the next activity. In such conteig, message

passing is performed only between activity executions.
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B Courrier task is a subordinate task used by ftwo tasks to
communicate when one of the tasks does not need to synchronize,
but simply to pass the required signal or information. A
Courrjer task can be implemented in two ways, receive -
blocking_send construct or blocking_send - blocking_send
construct. This second construct is called a Transport task.

The two options are represented in figure 4.2, In the first
case the sending task transmits to the Courrier task; this task
then acknowledges the information (reply), unblocking the sender.
The task Courrier then waits until the target task is ready to
secelve, while the sender is free to resume its normal execution.
In the second case, the Transport waits for the sender to
transmit; the information is passed in this case in the reply,
which is also used to unblock the Transport. At the receiving
end, it is the same thing as in the previous case. The Transport
task is often preferred because it can break a deadlock cycle,

like tasks which are in a 'deadly embrace'.

Let's consider the examples of figure 4.3 a and b; in the
case of 4,3a, i1f a synchronous communication mechanism |is
auailabie, then there is no problem as the situation requires
Task_a and Task_b to synchronize; this situation represents in
fact a rendezvous. If only an asynchronous. mechanism is
available, then the rendezvous would have to be ''simulated' by

using the non-blocking send, like
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Receive (Transport ); Send (Task_a); Receive (Transport);

Reply (Tl;ansport )i Send (Task _b); Reply (Transport);
L
e ¢

Figure 4.2a Send-Send Courrier (Transport)
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Task_a Task_b
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Send (Courrier); Receive(Task_a); Receive(Courrier);
® Reply(Task_a); Reply (Courrier);
¢ Send (Task_b); .
¢

Figure 4.2b Receive-Send Courrier.



Task_a; Task_b;

Execute_ Activity_1i; Execute_Activity_2;
Send (Task_b); Send (Task_a):;
Receive (Task_b); Receive (Task_a);
Execute_Activity_3; Execute_Activity_4;

On the other hand, in the case of figure 4.3b, there is no
need for task Task_a to synchronize with Task_b. As a result, if

only an asynchronous mechanism is available, the task Task_a

sends to Task_b and proceeds executing activity Act_2 without

waiting for a reply from Task_b; if Task_b reaches this point
first, then it has to wait on the receive primitive until Task_a
sends,

In the case of a synchronous mechanism, to allow Task_a not
to be blocked waiting for Task_b, a Courrier or Transport task

may be used.

The purpose in this section is to present some general

recommendations and guidelines for the activity to task

J“allocation of systems defined in terms of activity diagrams.

ﬁ - If the system has a uniprocessor architecture, there is
no. boint in specifying concurrent tasks. Eacl process should be

éartitidned into tasks in such a way as to define oconsecutive

ST



Act 2 Act 4

Figure 4.3 a First case with synchronization,

Figure 4.3 b Example with no synchronization
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tasks; these tasks could be eventually pipelined to allow

multiple event handling.

2 - If the system is a multiprocessor based, then one should
take advantage as much as possible of the parallel
characteristies described in the ASN's. This must be done
considering a number of restrictions, 1like not to include in the
same task, two activities that must be executed by different
processors, do the partitioning as to minimize interprocessor
data transfers compared to lower cost intra processor transfers
and, 1if dynamic task creation is considered, avoid when possible

the dynamic creation of tasks in remote processors.

3 - From a system point of view, define tasks that are
general to all the processes and that require the use of specific
resources. For instance if similar activities are present in
several processes (ASN's), define them as a single task;
Activities that access specific resources should be defined
allocated to a same task. 1In such case, this resulting task is
defined as the resource manager (server); this®provides also

mutually exclusive access to the resource.

4 - In terms of intertask communication, it becomes more
economical to allocate activities with large inter-activity data
transfer in the same task. This becomes particularly significant

in a multiprocessor system; avold as much as possible the



allocation of two activities with a large inter-activity transfer
to two separate tasks that are assigned to different processors.
A minimum cut algorithm can help in the partitioning.

If the operating system provides only a synchronous type of
communication, whether it uses mailboxes or messaging, then
Courrier or Transport tasks must specified whenever there is the
need of intertask communication and/or synchronization.
Otherwise the intertask communication can be almost directly

mapped from the triggering of the ASN.

5 - Once those specific tasks have been defined in the system
level, the allocation of activities to tasks should be done on a
per process basis. In each process try to define a main task;
this task is the one called by the event manager when the
starting event occurs; this task is responsible for creating all
other sub-tasks necessary for the completion of the response and
for the signalling back to the event manager that the response
has been completed. This main task should include at least the
first and last nodes of the ASN. This approach 1is particularly
simpler in the case of dynamic task creation and deletion.

As an exception to this, if multiple event handling is
required, one way to deal with it is not to define a maln task
per process and define more granular tasks; the reason for this
is to allow the 'pipelining’ of the responses to the events
through the ‘'network'! simultaneously. In such case 'response

descriptors' are necessary to keep track of the execution of the



process responses.

6 ~ Timer and gate nodes should be implemented as separate
tasks. A timer task would be implemented as a watchdog, running
independently of other tasks in the process. Once enabled, the
task is continuously waiting for input counting triggers; when
the count has been completed, the task provides an output signal.

In such case, thls task could take advantage of features of the
operating system that have built-in timers.

A gate task would have associated with it a mailbox-like data
structure, with a depth of one, where the message 'enable' or
'‘disable’ 1is going to be placed (with overwriting capability) by
other event sources in the process. Only when the gate task is

triggered, is this mailbox read.

7 - The last feature to consider is the determination of
priorities for the tasks. For a more efficient scheduling and
overall system timing performance, distribution of priorities is
to be considered during the partitioning, and depending on the
system's scheduliné policies and priority assignment to the
processes in the system. Basically, there are two rules to
follow: the partitioning of tasks should be done on a per process
basis, activities of very different priority level should not be
allocated together, unless they (the activities) share a common

resource.



4.5 / Examples of Multitasking system specification.

The purpose in this section is to show the applicability of
Process QActivity Diagrams for the specification of the tasks and
their interaction in a maltitasking environment. This
applicability is shown by considering two operating systems,
Harmony and VersaDos, whose relevant characteristics are 1listed

prior to the activity to task allocation examples.

4.5.1 / Harmony operating system.

Harmony (GENT 83] is a multitasking operating system, written
in C language and implementable in a multiprocesscer environment.
Harmony is specifically designed and is entirely devoted to

running a multitasking application program.
4.5.1.1 / Relevant characteristics of Harmony.

In Harmony, a task is defined as the unit of sequential and
synchronous execution and as the unit of resource ownership.

A task in Harmoﬁy creates a second task by calls to the
_Create primitive. Task creation is dynamic; a task template,
specifying the principal charact;ristics of the task to be
created, must exist. A typical template would be for instance:

{type_i, Task_j, Sts, N, P}:
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where Task_3j stands for the name of this instantiation of the
task type_i; the task type represents in fact a pointer to the
task's code (or root). Sts is the stack size (used for variable
storage), N 1is the priority ( which is fixed for scheduling
purposes) associated with this task, and P which 1is the
LOCAL_TASK_MANAGER, or the processor executing this task.
Harmony does not support task migration.

The functions _My_id and _Father_id are used to speclilfy the
id of the task itself and that of the creating task. These are
often necessary for communication and destruction or deletion
purposes. The father-child relationship in Harmony is
hierarchical.

In order to create a task, a message is sent to the Local
Task Manager, who gets the resources to be attached to the
child's (the task being created) queue. In the parameter £field
of the _Create call, the user must specify the name of the task
instantiation (GLOBAL_INDEX). The parameters of the task are
found in the task template, as specified in the beginning of the
main program.

In Harmony a task can be deleted in two ways:

- The task can destroy itself by calling the _Sulicide
primitive; a _Suicide call is wusually used for exception
handling.

- A task can also be deleted if another task calls
_Destroy(id), id being the name of the task to be destroyed. All
the descendant tasks (direct and indirect) of iag will



automatically be destroyed as well. When the task is terminated,
all its resources are automatically liberated (presently, the

only rescurce available in Harmony is memory).

In terms of intertask communication, Harmony uses four
primitives to provide a message passing communication model. A
message is defined as a set of contiguous blocks of storage with
variable length. These four primitives are:

- _Send, which is used to send messages, and which is of the
type blocking_send;

— _Receive, which is also blocking; a task can be specified
also to be waiting o receive some specific messages
(_Receive_Specific_Block):

~ _Try_receive which 1is a non-blocking variation of the
above _PReceive and

- _Reply, which is a non-blocking sena used for

acknowledgement and un-blocking of send primlitives.

From the above, it can be determined that a task in Harmony
can be in one of the following states: Running, Send_Block,
Receive_Block, Receive_specific_Block, Wait and Non_existant.
See figure 4.4 for the Harmony state Diagram.

4.5.1.2 / Activity to task partitioning in Harmony.

At this point, the relevant characteristics of Harmony that



_Create

_Send

_Destroy _Receive_Specific

_Suicide

Figure 4.4 Harmony State Diagram.



affect the partitioning of activities into tasks have been
reviewed. It is now time to see how they can be applied to an
actual partitioning problem; several network examples will be
considered.

Consider the case of figure 4.5; in this case, it is possible
to define three tasks, Task_l1 of activities 1, 2 and 5, Task_2
and Task_3 of activities 3 and 4 respectively. Assuming three
processors are available and in terms of Harmony pseudo code,

this could be seen as:

unsigned_Pnumber=pP_1;
struct TASK_TEMPLATE_Template_listl[] =

{
{ Directory, _Directory, 288, 7, P_1)} /* P_1 =@. */
{ Gossip, _Gossip., 226, 7, P_1}
{ 1, Main, Sts_1, N_1, P_1} /* Corresponds to Task_l1.*/
{¢,0,02,0,0}

|

unsigned_Pnumber=P_2;

struct TASK_TEMPLATE_ _Template_listl] =

{
{ Task_2, Child_1, Sts_2, N_2, P_2}
{g,e,0,0,0}

¥

uns igned_Pnumber=P_3;
struct TASK_TEMPLATE_Template_list([] =

{
{ Task_3, Chilg_2, Sts_3, N_3, P_3}
{e,2,0,0,0)

};

Main()

{ .
Execute_Activity_ 1. /* Definition of data_1l, rply_1.*/

/* Definition of rply_2.*/
Child_l=_Create (Task_2};
Child_2=_Create (Task_3);
_Send { data_1, rply_l, Child_1);
Send ( data_l, rply_2, Child_2);
Execute_Activity _2; /* Definition of data_2 and Data_3. */
_Receive (data_2, Child_1);
_Receive (data_3, Chila_2);
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Act 4

Figure 4.5 First Example of activity to task allocation



_Reply (rply_1, Child_1);
_Reply (rply_2, Child_2):
/* It does not make much difference to use here */
/* a blocking or non-blocking receive. */
_Destroy ( Child_1l );
_Destroy ( Child_2 ):
Execute_Activity_5;

};
Child_1()
{
_Receive ( data_1l, Main):
_Reply (rply_1l, Main);
Execute_BActivity_3; /* Definition of rply_3. */
_Send ( data_2, rply_3, Main);
¥;
Child_2()
{
_Receive ( data_1, Main);
_Reply (rply_2, Main);
Execute_Activity_4; /* Definition of rply_4. */
_Send ( data_3, rply_4., Main);
};

The task Main is called by a principal program, the event
manager, responsible for the detection of events and the cglling
of the corresponding process responses.

If (in order to allow multiple event handling by 'pipelining'
requests in the ASN and using ‘'event response descriptors') it is
decided not to follow the above rule of defining a main task in
the process, then the task management becomes more complicated.

In the above example three tasks were specified to allow
maximum possible parallel .execution. Keeping this in mind a
second possible partitioning could be one defining three tasks,
by having the following allocation, as in figure 4.6:

Task_1': activities 1 and 2;
Task_2': activities 3, 5, 6 and the End node;

Task_3': activity 4;

4-38



Figure 4.6 Second example in Harmony.



This vartitioning however allows also for maximum
parallelism (in a multiprocessor architecture of at least three
processors) but, compared te the previous example, the following
extra features have to be included:

- Task_1' is called by the event manager; however Task_2' is
the one completing the response and informing back the event
manager.

~ Tasks Task_2' and Task_3' are both created by Task_1'; but
this task cannot _Suicide on completion as it would destroy both
the tasks, and in particular Task_2°’.

— Task_3' is created by Task_1' but can be destroyed by
Task_2".

As can be seen, one has to be more careful in the task
management of these tasks than in the above allocation example.
Although the amount o£f intertask communication has not been
reduced,ltﬁe hierarchical organization of the tasks in example of
- 4.5 makes the task code more structured. The definition of three
tasks is the minimum number that can specified for maxlimum
execution concurrency. Specifying 1less than this number will
result in having sequential execution of activities that may be

executed in parallel.

Let's assume now the case of figure 4.7; in this case, assume
the following partitioning:
~ Task_a :activities 1, 3, .5, ‘7 and End node;

— Task_b :activity 2 and



- Task_c :activities 4 and 6.

Because of the blocking nature of the _Send primitive, Task_a
cannot execute activity 3 unless it is unblocked by _Reply's from
both tasks Task_b and Task_c; £further on, 1if activity 4 is
compl’eted before activity 3 then Task_c will be blocked waiting
for a reply from Task_a that it does not need; Task_c could be
instead executing activity 6. To allow this, Task_c should
synchronize with Task_a by means of a task of type Transport (see
section 4.4), which will be the one blocked, while Task_c may
continue its execution. The same Transport type task should be
used by Task_a after executing activity 1. The interest focuses
here particularly on Task_c and Transport. Notice that twoe tasks

of type Transport are reguired.

unsigned_Pnumber= P_c;
struct TASK_TEMPLATE_Template_list(] =
{
{ Task_c, Child_c, Sts_c, N_c, P_cl
{8,¢,0,@,8}
}:
unsigned_Pnumber=P_x;
struct TASK_TEMPLATE_Template_list(] =
(
{ Transport_x, Mail_deliver_x, Sts_x, N_x, P_x]}
-{@,0,0,2,8}
Y:
unsigned_Pnumber=P_y;
struct TASK_TEMPLATE_Template_list{] =
{
{ Transport_y, Mail_deliver_y, Sts_y, N_y, P_yl}

{0,0,0,0,3}
};
Child_c(}
{

/* GLOBAL_INDEX of Main is Task_a. */

/* Both Transports were created in Main. */

Recelve ( data_1, Main)};

_Reply ( rply_1, Main);

Execute_Activity_4; o
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_Receive (data_4, Mail_deliver_x);

Execute_Activity_6:

_Send ( data_6, rply_6, Main);
}:
Mail_deliver_x()
{

_Send ( data_4, rply_4.Child_c);

data_Mail:=data_4;

_Send { data_M, rply_5, Main );

_Suicide;
¥

As was mentioned in 4.4, tasks 1like Transport should be

created by the main task, Task_a in this case. These tasks can
be considered as support tasks in this case for communication and
synchronization purposes. An other possibility is to create all
these tasks initially (like in a static scheme), and only call

them when requiregd.

VeisaDos l[MOTO 84) 1is a réal—time multitasking operating
system for the Mc 68800 family of microprocessors, based on the
RMS 68k Real-time Executive. It has a modular multilayered
structure, is event driven and has provision for server tasks.
The kernel provides multitasking control, supports memory
management, contains the physical 1I/0 facilities, allows for
intertask communication and conflict resolution of access to the
MPU. It does not provide support for a multitasking environment
in a multiprocessor architecture but is priority driven and time
sliced (if time slicing is enabled).

In VersaDos, a process is defined as a program running in the
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supervisor mode, while a task runs in the user mode. System

tasks can only be created by other system tasks.
4.5.2.1 / Relevant characteristics of VersaDos,

The executive of this uniprocessor multitasking operating
system includes a number of managers: time manager, task manager,
event manager, memory manager, semaphore manager, etc..

0f these, the interest will be focused on two, the Event
manager and the Task manager.

The Event manager enables the communication between tasks.
There are two modes of communication: synchronous and
asynchrecnous. Although in many systems these adjectives are used
when referring to the use of blocking or non-blocking send
primitives, it does not apply in the case of VersaDos, as shall
be explained later on.

Tasks may communicate by sending messages (moving data or
passing pointers to data). The messages can have var iable length
and are automatically queued at the Asynchronous Service Queue
(ASQ) of the target ¢task. The ASQ is a buffer-like data
structure consisting of a control block, an overflow portion and
a variable length portion that withholds the messages. In order
to communicate in either mode (synchronous or asynchronocus), the
receiving task must thus have an ASQ associated with it. The
primitive GTASQ allocates an ASQ td a target task; once allocated

the ASQ is identified with the task. The ASQ can be considered
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like a dedicated mailbox, as many tasks may write into it, but
only the owner can read from it. As such, the above directive
GTASQ (Jjointly with SETASQ) can be looked up as a Create_mailbox
primitive. It is also possible to bypass the ASQ and place the
data in a prespecified buffer, the Default Receive buffer.

The directive SETASQ is used to determine the characteristics
of this ASQ. The ASQ, its associated Asynchronous Service
Routine (ASR), and the Default Receive buffer can be enabled or
disabled. If the ASQ is disabled, new incoming events will be
rejected. If the target task does not have an ASQ allocated, or
the ASQ is full, error messages are generated if new events

arrive.

A message 1is sent by means of the directive QFEVNT, which
gqueues the message at the target's task. ASQ. This directive is
non-blocking.

The differences between the communication modes appear at the
receiving end of the communication protocol:

- In the synchroncus mode of communication there are two
directives available, GTEVNT {(get an event) and RDEVNT (read an
event). In the case of the first directive, the task waits for
the event to arrive (it is consequently blocking, 1like Receive),
while in the second one the task is not blocked whether the event
is present or not (non-blocking, 1like Try_receive). In the case
of GTEVNT the task goes to GET_AN_EVENT wait state.r

- To provide an asynchronous communication mechanism,



VersaDos has an interrupt like mode for event handling, which is
different from the in-line code. This is necessary for real-time
situations, where handling of incoming events 1is required
immediately. This event handling code is called the Asynchronous
Service Routine (ASR) and it is identified when specifying the
ASQ for the target's task. The primitives used@ in this mode are:
WTEVNT, which makes sure that both ASQ and BSR are correctly
enabled, and then puts the task in a WAIT_FOR_EVENT state (the
ASR is entered if the ASQ is not empty); RTEVNT, which 1is the
last directive of the ASR and which returns execution to the in-

line code.

Essentially, in the context of VersaDos, in the synchronous
mode the receiver determines when the event is going to be

handled, while in the asynchronous mode the event is handled when

it occurs, temporarily interrupting normal execution of the

receiving taSk and provided the appropriate ASR is enabled.

The 3job of the Task manager is to keep track of the state,
maintenance and processing of the existing tasks in the system.
The task manage:” 1s responsible for the creation and deletion of
tasks. In VersaDos a task can be in one of the following states:
suspended, ready to run, running, dormant and waiting. Figures
4.8 and 4.9 show a basic and expanded state diagram of tasks in

VersaDos.

A task is completely specified by a Task Control Block (TCB)
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Figure 4.8 Basic Task States of VersaDos.
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which contains information about the task's name and code, 1it's
priority and attributes like the associated code segment, ASQ and
some more control and protection portions,

There are several directives provided for task management:
some are for task state transitions, 1like START, WAIT, RESUME,
and others are for task creation and deletion, 1like CRTCB to
create a TCB for a task, and ABORT, TERMT and TERM which are used
for task termination and release of the associated resources.

A task is created when its TCB is specified. Upon creation,
an initial priority (which the task never exceeds) is given; this
priority may be modified at any time after creation. Finally a
monitor task is assigned to the newly created task or sub-task;
this monitor can be the task requesting the creation, the monitor
of the requestor or a third task. When the subtask terminates,
it is this wmonitor task which receives a corresponding event
{code $85) in its ASQ indicating the id of the task terminated
and the author of the deletion.

4.5.2.2 / Activity to task partitioning in VersaDos.

In this case, the problem of activity to task allocation
considers a uniprocessor environment. For this reason and as was
previously explained, the partitioning should be done as to
define a set of consecutive tasks. The determination of which
activities are to be allocated to the same task is dependent in

priorities, resource requirements, interactivity transfers,
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activity execution times, etc.. For this reason the following are
considered:

- the only resource required is memory; consequently there is
no parallelism provided by peripheral units, and no requirement
for their management.

- priorities are assigned to the processes; all the
activities in a same ASN have initially the same priority. Thus
the partitioning is to be done on a per ASN basis.

- an interactivity information transfer table is considered;
in this table the parameters indicate the weighl of the transfer:
a load of '1' indicates just signalling of completion o€ the
activity, while for the rest of the parameters the value is
proportional to the total number of bytes that must be
transferred to the next activity.

Considering the ASN represented in figure 4.1, the following
table is considered:

Actl Act2 Act3 Act4 ActS5 Acté Act?

Actl '] 2 5 3 @ 2 2
Act2 2 " "} @ "] 1) 1
Act3 @ @ @ ) 4 @ @
Actéd '] 2 e o 8 2 @
Act5 @ @ 2 2 2 "} 1
Acté @ e 2 -} ¢ "} 4
Act? a @ 2 g a @ @

In order to provide multiple event handling, and considering
that VersaDos supports dynamic task creation and deletion, no
main task 1is going toc be defined and a maximum number N of
simultaneous copies of the same task is going to be enforced.

Given these considerations, the following activity to task

allocation is proposed:

4-50



- Task_a: activities 1, 2 and 3;

- Task_b: activities 4 and 5;

- Task_c: activities 6 and 7 and the end node.

A continuously running task, the FEvent_Manager is considered:
this task is responsible for event detection and starting of the
responses, in particular for the start of the first task in the
sequence.

The pseudo code for these tasks could be:

Task_a:
GTEVNT (Input_Event):; Get input data from Event_.Manager.
EXEC_ACT1;
CRTCB (Task_c)3; Create Task_c: monitor task is
Event_manager;
GTASQ (Task_c): Associate an ASQ to Task_c;
t=N_-1;
CﬁTCB (Task_b); Create Task_b: monitor task is Task_c;
GTASQ (Task_b); Associate an ASQ to Task_b;
QEVNT (Task_b, Data_l};
EXEC_ACT3;
QEVNT (Task_b, Data_3}:;
EXEC_ACT2;

QEVNT (Task_c, Data_2);
START (Task_b); By only starting Task_b after completion of
execution of Act_z we reduce the

number of context switches.
TERM;

Task_b:

GTEVNT (Data_l);
EXEC_ACT4; :
QEVNT (Task_c, Data_4):;
EXEC_ACTS; ‘
START (Task_c);

TERM.

Task_c:

GTEVNT (Data_4);

EXEC_ACTs;

GTEVNT (Data_2):

GTEVNT (Data_5i; The order here is unimportant.

EXEC_ACT7:

TERM. . Informs the Event_manager Task of the
completion of the process.
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The Event_Manager task 1is responsible for the creation of
Task_a. This task is always in a state ready to process an
incoming starting event for this process; upon arrival, the ASR
of the Event_Manager is entered. The pseudo code for the ASR of

Event_manager could look like:

CREATE_RESPONSE:

Begin

CRTCB (Task_a); Monitor is Event_manager; By doing this

some pipelining in the execution of
several processes is allowed.

GTASQ (Task_a):

N :=Na—1;

QBVNT® (Task_a, Input_Event);

START (Task_a};

end;

TASK_COMPLETED:
Regin
Determine_Source_of_event (Source);
case Soutrce of

Task_a : N :=N_+1; N_ is the number of tasks.
of type Task_a that are active
simul taneously.

Task_c : Nc:=N +1;
end; {end of casel}
endq;

START_PROCESS_RESPONSE:
Begin o
If (N ,#8) then CREATE_RESPONSE;
else OPTIONS; event may be gueued for further
processing or it may be disregarded, etc..
end;

ASYNCHRONOUS SERVICE ROUTINE:
Begin
GTEVNT (event):;
I£ (event=%$05) then TASK_COMPLETED;

else START_PROCESS_RESPONSE;
end;

In this context, the Event_Manager is responsible for the
determination of the identity of the incoming event and the
designation of the type of response expected.
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4.6 [/ Concluding remarks.

In order to obtain a responsive multitasking system from a
PAD based definition, a number of characteristics of the
operating system and o¢f the underlying hardware of the system
have to be considered. For this reason, real—-time, multitasking
operating systems, and multiprocessor environments were reviewed
in the £first three sections 0of the chapter. In section 4 some
guidelines for using Process Activity Diagrams for the allocation
of activities to tasks in a multitasking system was proposed. It
was shown that the releyant features of the operating systems,
and in particular its task management and intertask communication
and synchronization mechanisms, affect the partitioning of
activities. 1In section five two examples, Harmony and VersaDos,

were used for this purpose.

The guidelines drawn in section 4.4 indicate that 1if the
software engineer is a specialist iIn one of the existing general
purpose multitasking operating systems, and in any of the
interprocessor communication features involveé in the executive,
then he would be able ¢to use their particularities to his
advantage in the activity to task alleocation. This is to say
that experience and feeling of the system operation and system

environment (software and hardware wise) are determlnant features

for a good and efficient task code generation and further



multitasking system implementation. Because there are very few
tools available, the determination of tasks by partitioning
interacting activities in a process can provide both a first

approach and a deterministic solution to the problem.

If the designer is free to choose the operating system, some

features that would be useful in a multitasking operating systenm

that would be ideally suited to provide a simple mapping of the
system’'s ASN's to tasks are: first, the communication mechanism
should be non-blocking, but it does not matter whether messaging
or mailboxes are used. The receive should be blocking however,
and finally there is of course no reply necessary. Second, task
creation should be dynamic; as such the user has the option of
implementing a static or dynamic task creation policy for his
system; this also allows for a more efficient handling of
multiple occurrence of events. Finally, it would be useful to
have generic tasks, such as gates and timer/counters, which would
be used as server tasks by the different user tasks in the

process.
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CHAPTER V

CONCLUSION.

The purpose of this thesis was to show the applicability of
Process Actlivity Diagrams for the design of real time
multiprocessor systems by investigating the feasibility of
developing design tools based on PAD's for the non-computer
expert. Two aspects of the design process which are particularly

relevant for the non-—-computer expert were considered in detail in

this thesis:

Tﬁéffirst one concerned the correct specification of the
system requirements. In order to achieve this, a user frlendly
menu driven ASN matrix editor was developed. This editor allows
the interactive entering of event driven systems defined in terms
of PAD's, inte a computer for checking and simulation purposes.
Although limited in features like the maximum number of nodes and
events per ASN, this semi-graphical editor serves to prove the

possibility of developing such an editor.

To complement the editor, the verification of the correctness
of the system representation in terms of ASN matrices was
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considered in detail. Two main types of errors that can occur in
Lhis representation were identified. To detect simple
'mechanical! errors caused by incorrect and/or incomplete
parameters (matrix entries, node and event definition and simple
connectivity anomalies) a program called INSPECT was developed.
For the detection of more complex connectivity problems, that may
introduce deadlocks and/or multiple triggering situations in a

process, three methods were proposed.

The problem of partitioning the system processes into tasks
was the second design aspect considered in this thesis. This
topic was selected because the proper partitioning of the system
into tasks can have great effect on the responsiveness of the
system. Different implementation environments, depending on the
type of multitasking operating system and type of hardware
configuration used, were considered and a set of guidelines were
drawn for the activity to task allocation. To show the
applicability of these guidelines, two examples, one for Harmony
in a multiprbcessor based system and the second for VersaDos in a

uniprocessor based system were presented.

As previously stated, only the feasibility of developing user
friendly tcols was considered; a number of  improvements and

additional tools are needed to provide a complete toolset.

1 - A full graphical editor would be friendlier than a matrix
editor. It would be relatively straight forward to integrate this
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editor with the symbolic editor (SYMED) of the ARTT project.

2 - In addition, the matrix editor should be improved by

eliminating some of its limitations:

i - The limitation on the number of nodes and events per

process, which was imposed by screen restrictions.

ii - The possibility of having successive refinement of
the activities of the system; this means the definition of
the activities as lower level ASN's. For this purpose and to
complete the editor, an activity descriptor toecl (DESCRIPTOR)

becomes necessary.

iii - The 1limited checking capability of the editor
should be enhanced and some checking capability should be
included during the editing process. 1In line with this, a
syntax checker to verify the correctness of the connectivity

of the ASN's describing the system process is required.

3 - Furthermore, various aids for the efficient partitioning

of the system processes into tasks should be developed:

i - The activity to task allocation problem can be solved
by an expert system like tool, which would include different
sets of rules depending on the environment (both hardware and

software), and statements describing the processes of the

Wl
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system (ASN's).

ii - To analyze and test the activity to task alloecation
chosen, a simulator should be developed. This has to be a
simulator flexible enough to allow the definition of
parameters such as task and activity management (task
creation and termination, dynamic or static task allocation
to processors), activity execution times, process information
flow requirements, intertask communication overhead, task
priorities and queue management among a few would have to be
considered. The results could be as well compared in terms
of performance and processor and response time requirements

with the multiactivity simulator developed in [JOAN 861].
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APPENDIX A.

PROCESS ACTIVITY DIAGRAM EDITOR.

This appendix contains the program listing for the Process
Activity Diagram Editor, written in TURBO PASCAL (c), for the IBM

Personal Computer (c).

TURBO PASCAL (c) is a trade mark of Borland International
Inc. IBM Perscnal Computer (c¢) is a trade mark of International

Business Machines Corporation.
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{Activity Sequence Nets System declarations)

CONST max_number_of_nets = 18;
sax_number of activities = 58;
max_number_of_ext_events = 28;

nax_number_of_nodes_per_net = 16;
max_number_of _events_per_net = 1&;

{Valid entries for ASN tables}
not connected g

_ L
input_trigger ='1';
enable " = 'E';
disable = 1)

Rptetetittitetititesitttosdticttiitotattititoteibitotiestettiy

TYPE node_type = (activity_initiator, wait, merge, branch, gate,
counter, terminator);

event _type = (inkt_event, ext_event); (intermal event {node trigger) or
external event}

counter_status = (counter_expired, counter_disabied);

node_definition = RECORD

CASE node: node,tlpe of

activity_initiator: (activity_id: .
. 1. maz_number_of activities);

vait: ()
aerge; ();
br:nchi}(ﬂranch_variahle_id: stringl1);
gate:
counter: {counter_variable id: stringlil);
terninator: ()}

end;

avent_definition = RECORD
CASE event: event_type of
ext_event: (event _nysher:
. 1. max_number_of_ext_events);
int_event: (node_number:
1..max_nusber of nodes_per_net;
CASE node: node_Eype o
ackivity initiator: O3
vait: ()3
nerge: tls .
branch: (ﬁranch_condittonz
bool ean);
gate: ()}
counter: ();
terninator: (3);
end;

satrix_definition = RECORD
nuaber_of events: 1..max_nusber_of_events_per_net;
nuaber of nodes: 1..max_nusber_of_nodes_Ler_net;
satrix: array [l..max_nusber_of_evenis_per _net,
1. max_nusber_of _nodes_Per_hetl
of stringl1l;
end;

[SS3EEELRLRRREtaRsResRenssssssssssassssssassassssssassases)
{ Glokal variable declarations }
VAR systes_nase: string[Bl;
number_of _nets: l..sax_number_of nets;
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number _of activities: 1..max_nusber_of_aztivities;
number_of_ext_events: 1..max_number_of_ext_events;

asn_starting_event: array (1,.max_nusber_of nets]
of 1..max_number_of_ext_events;

asn_nede_definition: array tl.,max_nuaber_of neis,
1..max_nuaber_of _nodes_per_net]
of node_definition;

asn_svent_definition: array {1,.sax_number_of nets
1..|ax_nunber_of_even{s,per_net1
of event_definition;

asn_satrixs array [l..max_nuaber_of nets] of watrix_definition}

VARIABLE DECLARATIONS USED IN THIS EDITOR )
{ _These are to complement the global variables defined in the }
{ file DEFASN.DEC. )

VAR entry : stringlll;

i_Eosition, J_Egsgtinn, x_position, y_position : integer;
net_nuwber, 3Ctivity number: integer;
nuafier_of_nodes,nusber_of_events:integer;
node_nusber,event_nusber,ext_event_nuaber:integer;
epsilon, present_node, present_event : integer}

volor_terninal, nev_system, printing: boolean;

last pode_flag. one_wuié_noder boslean;
starfing_tvent entered, ext_event_description:boolean;
10err, no_problea: boolean;

comnand 3 char;

activity _labelsarray [1..aax_number_of_activities]
of string(d);
type_of _node: array {1..max_nuaber_of_nets,
1. nax_nusher_of nodes_per_net] of char;
type_of_event: artay [1.0max_nuaber_of_nets,
1..max_nusher_of_eévents_per_netl of char;
counter_var: array [l..mdx_nusher_of_nels
1..max_nuwher o7 _nodes er_neti of string [1];
branch_cond var: drray [I..max_nudber_of_nets
. Toumax_nusber_of events_per_netl of string (11;
activity_id: array (I..msax_number_of_nets .
1..0ax_nusber of nodes er_netl of integer}
ext_event_label: array (I..@ax_nuiber “of_ext_events)
of string (4];
ASN_label: array (l.. max_nusber of nets]
of string (4];
external_event: array [l..max_nuaber_oi_nets,
. 1..nax_nukber_of_events_per_net) of string [4);
starting_event_label: array[1,.was_nuaber_of_nets]
of string (41;
node :node_type;

t [ e
» length = string [BD);
nane_of _file = string (14];

vord = &tring [4]}
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PROCEDURE READ_SYSTEM_DEFINITION;
VAR char: stringlll;

file_name: string(l4);
fr text; .
net_nunaer, iy j, number : integer;

BEGIN

{41

no_groblen:=true;
Clricr;

vriteln;

vriteln (' Insert data disk in drive B.');
vrite (' Press (CR) vhen ready.');

readin;

(Form file nave using system name}
file_name 3= 'hs' + system_name ¢ !,asn’;
(Dgen the file}

reEeat
ASSIGN (I, file_name);
reset ()3
I0check (File_nane)s
If l0err then

bea:n
{Rough_window;)
ClrSer;
writeln
writeln(' System name is incorrect. *);
writeln(® At least one of the three files necessary to ');
vriteln(" specify the system is missing, or system name');
vrite (' is incorrect, Press Return or @ to quit.');
read (kbd,command);
ClrScr;
command: =upcase (conmand) ;
I (command{>'¢"') then
begin
writeln;
writelnl’ Reenter systes nane .');
readln(systea name);
file_name := Th:' + systen_name + '.2sn';
no_probless=true;
end
¢lse no_problem:=false;

end;
until not 10err or not no_problen;
{$1+}

11 no_problea then

begif -
(Read the systes definition)
readln (f,nusher_of_nets);
readln (f,nusber of activities);
readin (f,nusber_of ext_eveats):
for net_sumber 1= 1to nulber_n‘_nets do
begin i
{read start:ng event}
readin (f,asn_starting_eventinet_nusberl);
{read asn matrix)
readln (f,asn_satrixinet_nusber).nusher_of_nodes);
readln (f,asn natrixinet nulber].nulher_of_eventsi;
fgr i 1= 4 (o asa_natrix[net_nusber).nuaber_of events do
egin .
for j := 1 to asa_matrixinet_numberl,
. _nusber_of_nodes do
read (f,asn_matrixinet_nuabet l.matrixii,ji);

end;
readin (f); :
{read asn node definition}

for i := 1 to asn_matrixInet_nuaber).number_of_nodes do
begin
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readln {f,nunber);
asn_node_definition[net_nuaber,il.node :=
node_typelnusber);
case asn_node_definitiontnet_nunber,il.node o
acttvity_initiator:
readln(f,asn_node_definitionlnet_number,iJ,
activity_id);
branch: readln(f,asn_node_definition[net_number,il,
branch_variable_id)g
counter: readintf,asn_node_definitionlnet_number,il,
counber_variable_id);
End; { end of case}
end;
{read asn event definition}
fgr i 1= 1 to asn_matrixinet_nuaberl.number_of_events do
egin
readln (f,numhor;;
asn_event_definitioninet_nuaber,il.
_event 1= event_type{nuaber);
case asn_event_definitionfnet_nuaber,il.event o
ext_tvent: readln (f,asn_event_definitionlnet _number

. yil.event_number);
int_event:
Begin
readln {f,asn_event_definitionEnet_number,il,
node _nusber);

readin (f,nusher); .

asn_event_definitionlnet_number,il.

. node := node typeinulper);

if asn_event_definition[nel_nuaber,il.
node = branch then

begin
readln (f,nusber);
asn_event_definitioninet_number,il.
4 branch_condition := booleani{nuaber);
end;
end; '
end; {end case}
end;
end;'(end for loop on net_number)
0se (1)
end;
END; .
{ }
PROCEQURE Read_Systea_labels;
var chars string [11;
file_nanet string [14]1;

f rtext;
net_nunﬁer,i,j:integor;

Begin

no_grobless=true;

{ rorm file nase. }
file_nameiz'd:'¢systen_nanet! .nan';

Etgpgn the label file, )

repeat
Alsign{f,file_nane);
reset(f): :
I0check [fll!_ﬂil!);
If 10err then

begin

vindow(!,1,88,25);
gotol¥(2, 2}
CleScr;
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writeln; o
writeln(’ System name is incorrect, ');
vritein;
eriteln(’ At least one of the three files necessary to ');
vriteln(® specify the system is missing, or system name');
write (' is incorrect, Press Return or @ to gquit.’};
read (kbd,commiand)}
ClrScr;
conmind:=upcase (command)}
If (comsand(>'@'} then
begin
writeln;
vrite{! Reenter system name . ');
readin(systen_nane)s
file_nane:='b:'+sys{ea_nale+'.na-';
no_problem:=true;
end
t1se no_probles:=false;

end:
Until not I0err or not no_problen;
{s1+)

1f no_probles then

egin o

{ read system label deiinition.
readin{!,nuaber_of nets);
readin({,number of activities);
readin(f, nusber_of ext_events);
for net_nuaber:=1 fo number_of_nets do

egin
{ read starting event label,
readln(f,starting_event_label [net_nynberD);
{ read ASN labels.
readln(f,ASN_labelEnet nunber 1)}

en
For i:=l to number_of_ext_events do
hegin
{ read all external evenis.
readln(f ext_event_labellil};

. en

For ;:=I to nunber of_activities do

begin

{ read all activities in the systea.
r;adln(f.actlvity_labeltll);
&0

Clo;!(l)l

end;

End;
{

PROCEDURE Read_System_characters;

var i,j tinteger;
file _name : string(i4);
{ s Bext;

Begin
no_probiemi=true;
[:ifg_na||:= thi'tsysten_namet!.char';

regtat

ASSIGN (f, tile_name);
reset (f);
10check ilile_naae);
1t 10err then

begin
vindov(1,1,88,25);
GotoX¥(2,2); \
ClrScer;



vriteln; )
vriteln(’' System nane is incorrect, ')
wrifeln(’ At least one of the three files necessary to ');
vriteln(' specify the system is missing, or system name');
write (' is incorrect. Press Return or @ to quit.’);
read (kbd,command);
ClrScer;
consands=upcase{connand};
If (coamand{}'@'} then
begin
vriteln;
uritelnl! Reenter system nans '}
readinisysten nane);
file_name:= '0:'+cystes_name+!.char';
no_problem: =true;
end
else no_problea:=false;

end;
until not I0err or not no_probies;
{$1+}
If no_probles then
begin
readin(f,nunber_of _nets)}
readin{{,nusber_of activities);
readln{f,nusher_of_ext_events);

{ He nov save the characters associated vwith each node

Fgr net_number:=l to nusber of nets do
egin
Fgr it=1 to asn_matrixinet_nusberl.number_of nodes do

begin
readla(f,type_of ncde[net_nulher.i])l
It (t;ge of _nodelnet_nuabér,il = 'C!) then
readlnlf couuter_var[net_nulherli1);
It (tygo of _nodelnet_nuaber,il = 7A') then
dread alf,dctivity_TdInet_nusber,il);
end}
end;

{ Nou it is the turn of the events to he saved.

Fgr net_nuaber;=1 to nusber_of nets do
egin
F§r j1=1 to asn_matrixUnet_nuaber].nuaber_of_events do
0gin
rgadln(f,t¥p1_of event[net_nunher,j})-
If (type of eventlnet_nusber,jl = 8') then
drea nlf,Branch_cond_var[net_number,j1);
en
‘ang} i

Close(f);
end;

End;
{
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PROCEDURE SAVE_SYSTEM_DEFINTTION;

VAR chart string(1];
file_nane: string(14];
f: text
net_nunﬁer,i,j: integer;

BEGIN
Clrscr;
vriteln; )
vriteln (' Insert data disk in drive B."); .
vrite {' Do you vant to save the system definition on disk (Y/N)? ");
read(kbd,char);
if (char'= 'Y} or (char = "y’) then
{Fors file name using systea name}
file_name := "Tbi! + system_name + '.asn';
{Open the file}
ASSIGN (f, file_name);
rewrite (1
{Save Ehe systea definition)
writeln{{,auaber_of nets);
writeln({, nusber Jof Tactivities);
writelni{l, nuaber_uf_ext_events);
for net_nusher:=1 to nusber_of nets do
degin ) .
{urite starting event)
writein (f,asn_starting_eventnet_numberl);
. lurate asn matrix)}
uriteln (f,asn_matrix(net _nuaber).nusber_of_nodes);
writeln (f,asn_satrixInet_nusber].number of events);
!o; i1t asn_latrix[not_nulberl.nulﬁer_of_even!s do
egin
for j t= 1 to asn_watrixlnet_numberl.
) nuaber _of_nodes do
write (f,asn_patrix(net_nuabarl.matrixli,;jl);

end
wrikeln (1);
{urite asn node definition)
for i 1= 1 to asa_matrix{net_nuwherl.muaber_of_nodes do

egin
ariteln (fyinteger (asn_node_definition(net_nuaber,il.

node));
case asn noge_dgfinitiou[net_nunber,i].noae of
activity_initiator: )
vriteln (f,asn_node definition(net nuater,il.
activity id); .
branch: writeln(f,asn_node_definitionlnet_number il.
. branch var:ahle_xdi;
counters writeln{f,asn_node_definitionnet number,il.
) counter_variable id);
end;

end
lurite asn event definition) :
for i s= 1 to asn_matrix{net_nuaberl.nusber_of_events do

begin
aritelntl,integer(asn_event_degggition[net_nulber,i].
event));
case asn_event_definition[not_nulﬂor iloevent of
ext_eventt writeln {f,asn_event_definition(net_nusber
\ pil.event_nuaber);
int_event:

egin
3riteln (fyasn_event_definitionCnet_number,il.
node_nusher);
writeln (f,inte?ertasn_event definition
net nuiber,il.node));
if asn_event_deixnxf:oa[ne! nusber,il,
node = branch then
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vriteln (f,integer(asn_event_definition
d Cnet_nusder,il.branch_condition)};
end;
end; {end case}

end;
end: {end for loop on net_number)
cuose (;
writeln;
writeln (! The systea definition has been saved in the file: !,
file_name);
writeln;
end;
END;

{ }

{ These procedures are used to save in memory the system labeis }
{ and to be able to restore these labels aftervards. }

PROCEDURE Save Systes_labels;

var char: string [1);
file_name: string (14];
f :tex:‘
net_nusber,i, jiinteger;

Begin

{ Fora file name, }
file name1="hi'+systea_nasmet’.nan';

- { Open the izbel file. )

Assign(f, file_nane);

reurate(i);

{ save systea label definition, }
vriteln{f,nuaber_of nets);

vriteln(f,nuaber_of activities);

writeln(f,nunber_of “ext_events);

gor.net_nulbev.=l to nuiber_of_nets do
egin

{ vrite starting event label. )
writeln(f, starting_svent_labeltnet_nusber);

{ write ASN labels, }
u:iteln(f,lsu_lahel[net_nunherl);

ends

Fnrri:=1 to nunber_of_ext_evenis do

begin

{ write all external eveats, }
writeln{f,ext_event_labelfil);

. .nl
For:i:SI to nusber_of ackivities do

in
{ :?ite all activities in the systea. }
u;iteln(f,activity_label[il)|

E?oie(ll;

End;

{ }
PROCEDURE Save_Systes_characters;

t integer;
nane :string (141;
1143

{ _ The purpose of this procedure, and of the follovina .}
{ READ_SY CHARACTERS 1s to maintain the characters describing}
{ the differnt nodes and events of the ASNs involved in the given)
{ systea. The purpose of these characters is to be able to verify)

A-18



{ what the ASN contains, vithout havinﬂ to go out to the PRTASN 1}

{ program. The characters for nodes an

events correspond exactly)
{ except in the case of the END (terminator) node and of th }

{ external event. In both cases, the character associated vith i¢}

{ is 'E'. There is no confysion, as a terninator node will not
{ have ang trig?ers coning froa it, and that an external event

{ does not involve any node,

Begin

file name:= 'bi'4systen_namet'.char?;

ASSIEN (f,file_name);

reurite(fs;

vritela({ nuaber_of_nets);

writeln(f,nunber_of_activities);

writeln(f, nuaber_of_sxt events); .

{ We nov save the characfers associated with each node

Fgr net_nuaber:=! to nuaber_of_nets do
egin
Fgr is=l to asn_matrix[net_number).nuaber_of_nodes do

begin
writeln(f, type of_node[net_nunber'i]);
If (type_of nodelnet_nuaber,il = 'C') then
writeln(f counter varinet_number il):
If (type_of_nodelnet_nunber,i) = A1) then
dur: eln(factivity_id(net_nuaber,il);
end;

end;
[ Now it is the turn of the events to be saved.
Fgr net_nuaber:=1 to nuaber of_nets do
egin
For jt=1 to asn_matrix(net_number).nuaber_of_events do

egin
u?iteln(i,type_of event[net_nulhef“]);
i (tzpe of _eventTnet_nuaber,j) = B3 then

writeln(f,branch_cond_varlnet_nuaber,jl};

end;
end3
Close{!);
End;
{

}
}
}
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PROCEDURE Error (Msg : length)}
Begin
Clrscr;
writeln;
vritellisg);
End;
{ }
PROCEDURE IOCHECK (FILE_NAME : name_of_file};

VAR 10code : integer;
¢h :char;

Begin

Clrder;
I0code:=I0results
Iﬂerr:=(lﬂcode()i);
If 10err then

egin

case l0code ot

$81 tError(’ Filc ui system does not exist.');
$82 sError(' File net cpen for input.’});

SFR :Error(? Disk write error.');

$85 sError (! Can®t read from this file.!);

else
Error(' 1/G error has ccurred.');
end { end of casel}

uri{eln'
writelnl’  Press CCRY. 1)

read(kbd,ch};
end
ClrSers

End;

( }
FUNCTION READ_NUMBER : integer;

var 10code : integer}

10¢error 3 boolean;
value ¢ integer;

Begin
readla{value);
Iﬂtode==lnresulti
[errors=(l0codeciD))

1¢ 10error then

egin
case ilcode of
$10 tbegin
Error{® Error in numeric Format of entry; try again.');
writel! Press (CR). ')y
readln;
end;
else began
rror(’ Incorrect Entry; try again.');
write(' Press (CR)., ");
readlng ‘
end;
endg { end of case }
read_nusber 328}
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end
tlse
read_nunberizvalue;
{$1+)

End;

{ ——————

FUNCTIDN READ_NAME : word;

var length_of_name: integer;
vho! word}

Begin

readin(vhol;
length_of_name:=length(vhol;
case length_of_nane of
B:read_nane:=vhot!----!s -
liread_nane:svhot! -=-1;
2iread_name:=yhot'--;
Jiread_nanetcvhot!-';
4tread_nawe:=vho}
tlee
begin
r:id_nane:=:ony(uho.1,4);
end;
end; { end of case }

End;
{
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{ The purgose of this matrix is to show, in a node by node basis }
{ the contents of the matrix, The user can only see vhat the

{ contents are. If any nodification is desired, then he will 3
{ have to go to the editing mode. )

PROCEDURE Check Matrix_Parameters;

var e istring (11;
value,i ,j ¢ integer;
ansver,n 3 stringlll;
continue, number_ok : boolean;
v ¢ char}

Begin
1f { color_terminal = true ) then

begin
TextColor(15);
TextBackground(i);

end;
gindou(I,I,BG,ZS);

1
uritelnl
writeln{' You can see now the different "coluans®, of the ');
vriteln(' satrix, defined on 3 per node basis.');
vriteln;
write(' Press (CR> or @ to quit.')y
vhile not keypressed do}
read(kbd,v);
ClrScr;
u:=upcase(u)i
If (v <)'Ql) then
contiaueratrue;
vhile continue do
begin
repeat
writeln;
ClrSer;
writelm
vriteln‘
writeln(" These are the ASN''s of systes ',systea_name,’ .');
urltelni
For i1=1 to nusher of nets do

begin
vgit&;n(' Net number *,i:2," is s ', ASN_labellil)s
If (i=18) then
begin
writeln;
vrite(? Press {CR> to continue.")}
reading
CirSers
end;
end;
writein '
write(' Enter number of matrix to check . ');
valuet=read_nusber;
net_nuaber:Evaiue;

Clescr;
If C(net_nusber)®) and (net_nunber(=nuaber_of nets))
then number ok:strue
else nuaber_ok:=false;
writeln;
Clr8cr;
until auaber_ok; .
nuaber_of_eventsizasa_matrix(net_numberl.cuaber_of events;
nusber_of nodestxasn patrix(net_rusberl.nusber_ of nodes;
If ( color_terminal = True ) then
begin
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TextColor(8);

TextBackground(6};
end}
Window(5S6,1,80,25);
ClrSer;
GotoX¥(36,1);
vriteln
vriteln(*  NODE DESCRIPTIOK.');
vriteln(! ';;
writeing o .
writeln{’ A - Activity Initiator.')y
writeln
vriteln(' B - Branch. i H
writeln;
writeln{' € ~ Timer / Counter,?);
vritela
writeln{® N - Nerge. [ H
uriteln; i
weiteln(? N - Wait, R H
vriteln;
writelnl? 6 - Gate. "y
writeln; .
vriteln(’ T - Terminator / &nd. '};
writeln;
vriteln; :
writelnl'  EVENT DESCRIPTION.');
uriteln( "
writeln;
vritelnl! E - External Event.?);
vriteln; .
If ¢ to[or_terllnil = true ) then
tgin
TextColor (15)}
TextBackground(l);
nd}
Windowl1,1,55,25);
CirScr;

{ The actual description is achieved by means of the folioving }
FOR loop. }
For node_number:=l to nuaber_of nodes do

egin
n:f:yre_of_nodo!net_nunher,nude_nunber];
Witeln
write (' NODE ', node_nuaber:2,' has these triggers:')-
writeln (* NODE ' ,node_nuaher:2,’ is a ',n," node.');
writeln;
ji=node_nuaber;
or event_nuaber:=! to number_of_svents do
begin
it=event_nuaber
e:=type of event{net_number,event nuaberl;
write (T Event ',e:ept_?gpﬁ§::2,’is v asn_matrix{net_number),
malrix (1, 4]
u;iteln('; == Event ',evon{inu;berzz,' isa "a' trigger.')}
end;
reacin;
ClrScrg
end3
vriteln;
vritein(?  Press (CR).');
readln;
ClrSer;
vriteln;
write(! Do you vant to check an other matrix ? (Y/N)');
readikbd, ansver);
ansverr=upcaselanswer);
I; anguer = "N' then continue:=false;
end;

End;
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{ }
PROCEDURE List_System_Parameters;

var i ¢ inbeger;
ansver @ stringlil;

Begin

{ Re vant to list the parameters specific to this systes, That 1}

{ includes the activities, ih2 external events and the Activity }

{ Sequence Nets. In this procedure we can also request o see 1}

{ the matrix parameters of a particular ASN. This is done by the )

{ procedure CHECK MATRIX_PARAMETERS. )

{ He first show the ASN'S. }
1f (color_terminal = true ) then

begin
TextColor{15);
TextBackgroun&(l);
end;

Window(1,1,88,25);
€lrScr;

Read_systen_labels;

Read_systeu_defini‘ion;

Read_system_characters;

ClrScr;

writeln;

writeln

vriteln{’ These are the ASN''s of system ', system_name,’ .');
writeln;

For i:=l to number_oi nets do

egin
ugite;n(' Net number ',i32,! is ¢ ' ASN_labellil);
[f (iz218) then
bhegin
writeln;
write(’ Press {CR> to continue.?);
reading
€lrSer}
mnd)
eng!
vriteln;
wri .
rite( Press {CR}.');

readin;
{ Hsltgen continue to see the external eveats of the system, )
rSer ,
ur;tel;;
writeln
writeln(® These are the external events of this systes. ');
uritglni
For i:=l to nuaber_of_ext_events do

n
:gite;n(' External event ',it2," is & Y ext_event_labellil);
[f (i218) then
begin
sriteln; .
- write(? Press {CR> to continue.’);
readln}
ClrScr;
o
ongl
writeln;
curite(? Press {CR).1);
. readlng

{ Finally, we list the activity set of the systems. }
ClrScr;
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vriteln;

writein; o

urite}n(' These are the artivities of system ',system_name,’ .');
writeln;

For §:=i to nuaber_of_activities do

begin
writeln(' Activity ?,i:2,* is ¢ ",activity label{il);
If (§i=18) then
begin
writeln;
write(? Press {CR) to continue.');
readln}
LirScr;
end;
ead;

{ At this point we provide the possibility of showing the }
{ contents of the Last ASN, on a per node basis. )
vriteln .
writelnl' At this point you cani’);
writeln;
writein(’ = Check the paraneters of a malris.'};
writeln(' = Return to main Menu.');
writeln;
write(’ Do you want to check the paraneters of a matrix (Y/N} 7 ');
read(kbd, ansver);
if (( antver = '{*) or ( ansver =ty")) then
Check_matrix_paraneters;

End;
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{ Node Definition }
PROCEDURE Adjust_nodes_down(node_nuaber_to_delete:integer);
var ji integer;

Begin
nunber_of_nodes:= asn_matrixInet_numberl.nusber_of nodes;
Fgr j:=node_nunber_to_delete to number_of nodes=2 do
#01n
asn_node_definitionfnet_number, j1.node
5= asn_node definition(net_nuaber,j+1).node;
type_of_nodeinet_nuaber, jl:=
type_of nodefnet nusber,jeil;
nodg:=asp_noﬂebde11n1flontne{_nul er, jl.node; .
{ At this point ve sust also make sure that the  information }
{ regarding all types of nodes is incremented. )
case node of
Berge:;
vaity;
ate:;
ranch:
begin
asn_node_definitionnet number,jl.branch_variable id
i t3asn_node_definitTon(net_nusber, j¢1).branch_variable id;
end;
counter:
begin L .
asn_node_definitioninet aumber,jl.counter variable_id
4 t=asn_node_definitToninet_nusber, j+1T.counter variable_id;
ends
actiyity_initiator:

egin
agtivity_id[get nusber, jl:=activity_idlnet_number, j+11;
aln_nede_dellntfiontnel_nunber,jl.actxvity_td‘ .
. t=asn_node_definitionCnet_number, j¢ll.actividy_id;
en
terninator:;
end; ( end of case }

end;
End; .
t | )
PROCEDURE M just_nodes_upinode_positiontinteger);
var j, nusher t integer;

Begin

ji=(asn_matrix{net_nusher].nuaber_of_nodes);
vhile (j > node_position) do

egin
agn_aode_ﬂefinition[get auaber, jl.node
18 asa_nndo_deilnifion{nel_nuuher j-ll.nodeg
type_of_nolotntt_nulber,j]:atype_of_noae[net nuaber, j=11;
node3=asn_node_definitionlnet_numder g-ll.noie; .
{ At this point ve sust also make sure that the information 3
{ regarding all types of nedes is incresented. }

case node of
aerges;
vait:;
ate:
ranch:
begin s . )

asa_node_definitionnet_nusber, jl.branch variable id .

t1=asn_node_definitTonlnet_nuaber, j-T1.branch_variable_id;
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end;
cgunler
¢
asn node_definitioninet number,jl.counter variable_id
ssasn_node_defénitionlnet nunher,;-l] counter_variable_id;
tnd;
actlv:ty initiator:
begin
activity_idinet _nuaber,jli=activity_id[net_number,j-11;
asn_node_definiEionlnet nunber,jl.activity id
“tzasn_node_definitionfnet_number, j-1).activity_id;

end;
terllnator.,
end; { end of case }
{ Ne nust nov get ready to move the next node up. }
ety
End;
{ }

PROCEDURE Delete_node;

var k, value, nulher : 1j ynode_number_to_delete,m : integer;
ansver 3 stringl
vho : string [4]

Begin

Routh_Window;

nunber_of no&es:tain _matrix[net_nusher),nusbher_of nodes;
nusber _of _events:=asn_matrixinef_numberl.nuaber_of even[s;
ClrScr;

vriteln L
writelat! Thers are ';nuaber_of nodes-1: 2' nodes in this net.');
write (' Eater nusher of nodé to delete-
value:=read_nusher;

nunber3zvalie;

while ( nuuher > nusber_of_nodes-1 ) or ( number (= @ } do

egin

writeln (' Invalid number,');

write (' Reenter nusher of node to delete: ')}
value=read_number;

nunber:=valuil

node_nunher_to_deletetz nuabery

£ 1st. case: Node to delete is a branch node. }
I (asn_node definitionlnet_number,node_nusber_to_deleiel,
o no&e = Branch) then

Fgr I:-l to nuaber_of_events do

eqi

1 tasn event_definitionnet_number,kl.

node_nusher = node_nuaber_to_delete) then

event_nimberi=k;

end;

js=event _humber;

Adjust_evVents_down by oneli);

l: ti (142) < nusbef_of ovonts then
egin

Fgr k=1 to nusher_of_svents do

.' (asn_event_definitionlnet_nuwber,kl.
node_nusder = node_number to deleto) then
:vent _husberzak;
Aggust events doun by one(x);
CIrStr;
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Adjust_nodes_dovn{node_number_to_delete);

end

els
{ 2nd,
{

e
case: Node to delete is not am activity initiator node 1}
and not a terainator noge. }

I ({asn_node_definition[net_number,

node_nunber_to_deietel.node <) activity_initiator) and
(ash_node_definitioninet nuaber,ncde number_to_delete).
node <) Berninator }) then

begin

For k:=1 to number_of_events do

begin
:1 {asn_event definitioninet_number,k1.node_number
= node_number _to_delete) then
event_number:=k;
end;
iz=event nuaber;
1§ ¢ (i+D) <= nusber_ul_svents) then
Adjust_svents_doin_by_oneli);
CirSer;
Adjust_nodes_down(node_nusber _to_delete)y

end

else
{ 3rd.case: Node to delete is an activity initiator node.

If (asn_node_definitionlnet nusber,node_nuaber_to_deletel.
node = activity inifiator) then

egin
For k:=} to number_of_events do

begin
l? {asn_event_definitioninet number,kl.node_nusber
= node_nusber_to_delete] then
event_nuafier:=k;
_end;
t=event_nuaber;
ClrSer;
nusher:=asn_node_definitionlnet_number,
node_nuaber to_deietel.activity id;
vhoi= activity labelinuaber);
If ((i+1){=nusber_of events) then
Adjust_events doun_by_one(x)l
Mjust_nodes_Joun(node_nusher to_delete);
C}rStt;
[

else
{ 4th case 1 node to delete is an end node, { terainator ) }

Adjust_nodes_doun(node_nusber_to_delete};

asn_matrixnet_nuwher],nusber of_nodes:=
asn_mafrix(net_nusberY.nusher of nodes-2;
It (asn_node_definitioA(net_nuaber,node_nusber_to_deletel.
node = branch) then
asn_matrix{net_nusberl.nunber_of eventsis
asn_satrixinet_nuaberl.number_of events-li
1f tasn_node_definitioninet_nusber,node_nuaber_to_deletel.
node ¢} terminator ) then
asn_satrixCnet_nunberl.nuaber_of_events:z
asn_satrixCnet_nuaber}.nusber of_events-2;

Gotol¥(1,1))
nnspla¥ watrix}
Gatol¥(58,1);
Description_vindow;

asn_matrixinet_nusber].nusber of _nodes:=
asn_safrix(net_nusberT.nunber of nodes+l;
It (asn_node_definitionlnet_nuaber,node_auaber_to_deletel.
node () terminator J then
asn_satrixinet_susberl.nuaber_of events:=
asn_satrixinet_nusber].nuaber_of_eventssl;



{ This file contains the procedures to aliov the entering of
{ nodes in the ASN's. One procedure for each of the possible
{ types of nodes available .

PROCEDURE Enter_activity initiator_node;

var node_position, event_position:integer;
nusber, ®, h, value : integer;
vho : string (4);
nev_activity, found: boolean;
ansver: stringll);

Begin

Red_vindov;

Rough_vindov;

ClrSer;

uritelni

vrite (* Enter activity identity [4 characters).');
vhoisread name; o

For h := I to number_of_activities do
Cbegin
i1 (activity_labelfh] =vho) then
begin

ClrScr;

vriteln;

writeln(’ HARHING!..._activit¥ Y, who," already exists.');
urite€' Reenter activity identity.');

who:=read_name; _

end}

end;
founds=false;
nev_activityi=true; o
For a2=1 to nuaber of activities do
11 (activity_labellnd™= vho ) then
begin .
founds=true;
ackivity_nunber:zu;
nev_activity:=false;
end;

if not found then

activity nusber:anumber of activities;
nusber_of_nodest=asn_matrixinet nusberl,nuaber_of ncdes;
nuaber_of events:=asn_natrix[nef_nulherl.nulhet_of_oven{s;

Rough_windov;
Cl[ch;
~writeln; :
vrite(" Do you vant to add node at end of list ? (Y/N}')y
vhile not keypressed do}

read(kbd,ansver);
ansverzupcase(ansver);

1f Canswar ='Y') then

egin
For_h:=1 to nuaber_of events do
in .
;alborzlasn_event_delinitionlnot_nulber,h].nodc_nulher;
if (nusber smode_position) then
event_position:=h;

end;
node_nusberiznusber of nodes;
asn_node_definitionlnet_nusber node_nusber),
podo§=att1v1ty_iai!iator;
asn_node_definitionnet_nuaber node_nuaberl.
. activity_idi=activity nieber;
activity_idinet_nusder,node_nusberl:=
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activity_number;

activity_lahel[actlvxty_nulﬂer]:=uho;
type of _nodelnet_number,node nusberl:=tat;
evenf_niimbers=nuiber of evenfs;
asn_event_definitionInet_nunber,event_nuaberl.

event :=int_event;
asn_event_definition{net_nusber,event_number].

node_nuaber :=node_number;
asn_event_definitioninet_number,event numberl.

node :=activity_imtiator;
type_of eventinet_nusber,event_nunber]:='Af;

GotoXY(58,1);
Description_vindov;
GotoX¥(1,1);
Display_matrix;
Rough vindow;
GotoX7(3,20);
CirScer;

asn_matrix[net_nuaberl.nuaber_of_nodes:=
(asn_satrix(net number).nuaber_of nodes)+l;
asn_satrixCnet_nusberI.nuaber_of_eventsi=
{asn_satrixinet_nuaber).nuaber_of _events)+l;
If new actlvity then
nusber_of activities:anuaber of activitiestl;

nuaber_of_nodes:=asn_satrix[net_nuaberl.nueber_of nodes;
I; (nunber of_nodes 3 wax_nuaber_of nodes_per_fet] then
egin
ElrScr;

uritelni

writeln("WARNING!... No more nodes in this nel can be accepted.');
r:idln;

end}

If (number _of activities > max_number of_activities) then
egin
ClrScr;
vriteln;
writeln (YWARNING!... No more activities can be accepted.');

readln;
end;

nunber_of _events:=asn matrix{net_nusberl.nusber_of_events;
If (nusber_of_events J= max_nuabér_of_events_pef_nét) then

be'in
ClrScr;

uritelni

writeln{THARNING!,,, No mre evenis can be accepted.');
r;adln;

end}

ClrScrs
end

vriteln(! Node positions available vhere you can put’);

ur;:e}n(' a node in this ASN are 1 to ', nusher_of_nodes-212,' .');
writeln :
urite("inter position where you vant to put activity: ');
valuet=read_nusber;

node_positions=value;

vhile ( node_position (= ) or
(node_position > nusher_of_nodes-2) do

begin
writeln(! Invalid node position.’);
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write (! Reenter position of activity node : ');
value:zread_nusber;
node_position:=value;

end;
For ﬁ:=l to nusber_of_events do
begin o
nusber:=asn_event _detinition(net_nuaber,hl.node_nusber;
If ( numberznode_position} then
event_positionich;

end;

Adjust_nodes_up(node_position);

node_number ;=node_position;

asn_node_definition(net nuaber,node number),

node:=ackivity_initiator;

asn_node_definition{net_nuaber,node_nusber].
activity_id:=activity _nuaber;

activity_idinet_number,node_nusber]:=
ackivity nusber;

activity labedlactivify_nuaberi:=vho;

type_of_nodel[net_nusber node_nusber]:='A';

Adjust_events_up_by_l{node position,event_position);
event_nusber:=event_position;
asa_event_definition ne@,guuﬁgr,eyent_nulher].
rodetzactivity imtiator;
asn_event_defimtionCnet_nuaber,event_nunber],
_eventi=ing_svent;
asn_event _definitioninet_number event_nunberl.
" nede_number:=node_nunber;
type_oi_eventinet_number,event_nusberl:=?A';

If nev_activity then
nuaber_of activities:=number of activitiestl;

GotodY(58,1);
Description_vindow;
GotoX¥el,1);
Display matrix;
Rough window;
GotoX¥(3,20);

ricr;
asn_ll‘rillnet_nuuher].nulhet_o!_nnde5:=
{asn_satrixlnet_nusber).nunber_of _nodes)+l;
asn_satrix[net_nusber).number_of_events:=
(asn_matrix[net_nuaberl.nunber_of events)+l;

nusher_of_nodest=asn matrix(net _nusberl.nusber_of nodes;

!g (nusber _of nodes 3 sax_nuaber_of _nodes per_fet} then
egin

C?rScr;

writeln;

vri::lnl'HARNlls!... No more nodes in this net can be accepted.?);
readlng

end;

I; (?ulher_of_activities > max_nusher_of activities) then
egin
ClrSer;

uriteln; .

writeln ("HARNING!.., Mo more activities can be accepled.');
r;adln;
end}

nusber_of_eventsizasn satrixlaet_nusber).number_of_events;
lg (nusber _of_events = nax_nuabér_of_eveats_per_aet) then
eQin
ClrScr;

urgtolni
uriteln("WARNING!... No wore eveats can be accephed.');
readln}
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no_more_gvents: =true;
end
else no_aore_eventsi=false;

éf no_sore_¢vents = false then

tgin

event numberizasn_matrixinet nuaberl.number of events;

asn_event_definitionlnet nunber event_nuaber],
nodes=branch;

asn_event_definition[net_nuaber event_nusberl.
eventizint event

asn_event_definitioninet_nusher,event_numberl,
node_nuaber:=node_nuaber;

type_of _eventnet_nusber,event_nusber):='B*s

branch_cond_var[net_number,event_nuaberl:=*t';

asn_event_definitioninet_number event_numberl.

tranch_cenditionszfalse;

GotoXY(58,1);
Description_vindov;
SotoX¥{(1,1);
Display matrix;
asn_satrix(net_nusher].number of evenis:=
(asn_matrix(net_nunberl.nuaber_of_events)+l;
asn_satrix(net_numberl.nuaber of nodes::=
. (asn_matrixInet_nunBer.nunber_of nodes)+i;
Rough _vindov;
GotoXV(3,20);
ClrScer;

nuaber_of_nodes:=asn_matrix{net_nuaber).nusber_of nodes;
If (nuiber_of_nodes ¥ sax_nusber_of nodes_per_net then

"trler;

vriteln;

uri:glni'HARNINS!... No more nodes in this net can be accepted.’);
reading

end;

nusber_of_eventsi=asn_matrixinet nusberl.nusber of_events;
[; (auaber_of events )= max_nusber of_events_per_net) thea
egin

readin;
end;
ead;
end
else

hegin

ClrSer;

uritelnl _ ,
writeln(’ Node positions available where you can put’);.
ur}:e}n(' a node in this ASN are | to ' number_of_nodes-2:2,' .');
writeln

vrite (' Enter.zosition where you vant to put branch node: ')}
valueszread_nusber; o
node_positiont=value;

vhile (node_position <= ) or R

(node_position )} nueber_of nodes-2) do -

begin ,

:2§teln(' invalid node positiom.'):
write (' Reenter node position of t
valuetsread _nusher) .
n:do _positioni=value;

e : .

Fgr %:81 to nunber_of events do o _

n , : .

:3lbor:=asn_event_dgfinition[net.nuuber,h].node_nﬁlber; i
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end;
end;
End;
{ }

PROCEDURE Enter_branch_node;

var node_position,event_positionzinteger;
no_nore_events ¢ boolean;
h, number, value : integer;
ansver: slr:ng[l];

Begin

Red_vindov;

Roug:_uxndou;

Clrber;

writeln;

nuaber_of_nodes:=asn_matrix{net_nusberl.nusber_of nodes;
nuuhor_o!_evonts:=asn_uatri:[nef_nulberl.nunher_o?_even!s;

writeln;

ansver:='y'; .

write(? Do you vant to add node at end of list of nodes (Y/N) 1)
vhile not keypressed do ;

read (kbd,ansver);

ansver:=upcase(ansver);

I (ansver ='Y") then

begin
{ We rov define the parameters describing the node. }
node_nunber:=nuaber of nodes;
asn_node_definition(nef_number,node_nuaberl,
nodet =dranch;
type of_nodelnet_number,node_nuaberl:='B';
event_nuaber:znuabder of evenfs;
asn_event_definitionInef_nusber,event nuaber),
_nodersbranch; -
asn_event_definitionlnet_nusber,event_number).
_eventizint_event;
asn_event_definitionlnet_nusher,event_numberl,
: node_nusbert=node_nunber;
trpe_ol_event[net_nunber,ovent_nulher]:='l';
ClrScr;
writeln;
write(' Enter branch condition variable [l character) 1 ');
readinientry);
{ Here, it is where the condition parameters are specified. )
asa_node_definitioninet_number node_nusberl.
branch_variable_idiZentry;
branch_cond_var{net “nusber,event_numberl:='T';
asn_event_definitionlnet_nusber,event_nusberl.
branck_conditiont atvue;

( We get ready to eater the definition of the second event
{ derived from this branch eveat,
- asn_satrixCnet_nusberl.nuaber_of_events:=
(asn_satrixCnet_nusber].nusber_of _eveats)+l;
Rough window;
Goto17(3,28)3
ClrSery
nunber_of_eventstsasn matrixCnet_nusber ).nuaber_of_events;
I: (nusder_of _eveats J= max_nunber_of_events_per_nit) then.
egin g
o wribelng ' : ‘ _
T writelnl’ NARNING!... No more events can be accepted.');
weiteln(! - The second event part of this branch node F);
,wrikeln(? ' is not defined.');
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if (nusber = node position} then
event_position:=h;
end;

Adjust_nodes_up{node_position);

neae_nulber:?ngdg_pOSItion;
asn_node_definitionlnet_nuaber,node numberl.node:=branch;
t{pe_of“node[net-nulber,node,nunberl:='B';

CirSer;

vriteln;

write(? Enter branch condition variable [1 character] : '};
readlnlentryl; )

{ Here, it is vhere the condition parameters are specified. }
asn_node_definition(net_number, node_numberl.branch variable_id:=entry;
Adjust_events_up_by_l(node_position,event_position);
event_nusber:=even _Eos:tion'
asn_event_definition net~nulﬂer,event_nunber].node:=b[anch;
asn_event_definitioninet_number,event numberl.event:=int_event;
asn_event_definitionlnet_number,event nusber].node_number:=node_nunber;
type_of_eventnet_nusber,event_nuaberJ:='B';
branck_cond_var{net_number,event_nuaberl:="['; i
asn_event _definitionimet_number event number).branch_condition:=true;
asn_patrixinet_nuaberl.niasber_of_evenis:=

(asn_satrixCnet_numberl.nusber _of_events)+l;
ausber_of_nodes:=asn_matrixlnet_nuaber].nuaber_of nodes;
[; (number _of_nodes ¥ nax_nuaber_of_nodes_per_net) then

egin
ClrSer;

uritein;
writeint'UARNING!... No more nodes in this net can be accepted.’);
r;adln;
end;
nulh;r-of_events==asn satrix[net_numherl.nunber_of_events;
!; (nuaber of_events D= max_number_of events_per net) then
egin
CirScr;

writeln;

writelnt{'NARNING! ... No more events can be accepted.t);
r;adln;

endj

Adjust_ events up b _!(nodt_gosition,event_positiun);
event_nusberi=event_nusbertl:
aln_event_defgn;t;onlnet_nulﬁer,event_nuuher].node:-hganch;
asn_event_definition(net_nusber,event_nusberl.event:=int_event;
asn_event_definitionCnet_nunber,event_nuaberl.node_number:=node_nunber;
type ol_evcnt[not_nulhor,event.nulberlsl'a'i
branch_cond_varCnet_nusber,event_nusberli='f'; .
asn_eveat_definitionCnet_nusber,event nuaberl.branch_condition:=false;

BotoXV(38,1);

Description_vindow}

Gotok¥(1, 1)}

Display matrix}

Rough vindow;

GotoXV(3,2004

ClrSer

asn_satrixinet nusberl.nusber of _nodes:s
(asn_satrix(net_nusberl.nusher of_nodes)+l;

asn_satrix{net _number)inumber of evenfs:z
(asn_safrixCnet_nusberL.nusher of events)¢l;

nunber_of _eventsi=asn_matrix(net_nusberl.nuaber_of_events}
I; (nusber_of_events 3= max_nusber_of eveats pef aet) then
egin
ClrSer;
vritein
writeln("WARNING!... No more events can be accepted.’);
r;adln;
0o}
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PROCEDURE Enter_atrge_node;

var node_position event_position:integer;
hy nusher, value :in eger;
answer § string £13;

Begin

Red_vindow;

Rough_vindov;

ClrSer;

writeln} .

nueber_of nodes:=asa_satrix(net_nusberl.number_of_nodes;
nusber ol events:=asn_satrix(net_nunber).nunber_of_events;
answerg=ty?;

vriteln;

write(' Do you want to add merge node at end of list (Y/M) ')
vhile not keypressed do ;

read (kbd,ansver)y

ansver:=upcase{ansver);

If €ansver ='Y*) then

begin
node_nusber:=nusber_of nodes;
asn_node_definitionTneE_nusber,node_nuaberl.node:=nerge;
type_of_nodelnet_nuaber node_nuaberIs='N';
event_nimber:anuaber_of evenfs;
asn_event_definitionlnef_nuwber,event_nusber).nodes=nerge;
asn_event_definitionlnet_nunber,event _nusberl.eventi=int_event;
asn_event_definitionInet_number,event_numberl.node_nusber:=node_number;
type_of _eventnet_nusber,event_nusherJ:='N';

BotoXY(58,1};
Description_vindow;
Gotold¥(1,1);
Display_satrix;

asn_satrix(net numberl.nunber_of nodes:=
Casn_natrixCnet_nusber).nuaber_of_nodes)+l;

asn_matrixinet aumber].nusber of events:=
(asn_matrix[net_nusher.nusber_of_events)+l;

Rough vindov;
Gotol9(3,20;
ClrScrg

nulher_bf_nodes:=asn_natri:[net_nulber].nulher_of nodes}
IF (number_of_nodes™> max_nuaber_of nodes_per_nef} then

egin
ClrScr;
vriteln;
urntolnf'!ARNIHB!... No more nodes in this net can be accepted.’);

readin;
end;

ausber_of eventsrzasn matrix[met nusber).nusber_of_events;
If (nusber_of_events ) max_nunber_of_events_per_net) then

f
begin
E?rScr;

u?itoln‘

vritelni’MARNING ... No more events can be accepted.?);
readin;
end;

end
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else
begin
ClrScr;
vriteln;
writein{’ Node positions available vhere you can put');
vr@:e%n(' a node in this ASN are 1 to ' number_of nodes-2:2,' .');
writeln;
write ( Enter Eosition vhere you vant to put merge node: ');
value:=read_nunber;
node_positiont=value;

vhile (node_position (= @) or
(node_position > number_of_nodes-2) do
egln
ClrSer;
vriteln; . .
vriteln(' Invalid node po:itton.')z
write (* Reenter node position of the merge node: ?);
valuet=read_nusber;
node_position:=value;
end;

Fo; hi2l to rusber_of events do
egin
nunbers=asn_event_definitionInet_number hl.node_number;
if (number = node position) then
event_position:=h;
end;

Adgust_no&et_up(nnde_polition);
node_nusber:=node_position;
asn_node_definition{net_nuaber,node_numberl.node:=merge;
type_of_nodelnet_nuaber,node_numberJ:='d';

Adjust_evonts_up_hl_l(npdg_position,event_position);
event_nuaber:=event _position; :

asn_event_definition net_nulﬂer,event_nunber].node:=agt 13
asn_event_definition{net_nuaber,event number),event:sint_event;
asn_event_definitionInet_number,event nuaberl.node_nusbersanode number;
type_of _eventinet_number,event_nuaberJ:a'@';

Gotol¥Y(58,1)3
Description_vindov;
GotoX¥(l,1)3
Bisplay_patrix;
Rough wirdow;
Gotol¥(3,M);
ClrSer;

asn_matrix[net nuwberl.nuaber_of nodes:=
(asn_watrix{net_nuaber].nuaber_of_nodes)¢l;

asn_matrixCnet_nusher).nuaber_of eventsi=
(asn_matrixinet nusberl.ninbir of_events)+l;

nusber_of nodestzasa_satrix(net_nusberl.nuaber_of_nodes;
I; (nusber_of_nodes”) sax_nuaber_of nodes_per_nef) then
egin
ClrScr;

ur:teln}
vriteln{'UARNING!... No more nodes in this net cam be accepted.');

reading
end;

nusber_of_eventsi=zasn_matrix[net numberl.nusber_of_events;
If (nuober_of events )= aax_nusber_of_events_per_fiet) then

"ty

*

or:telni -
writeln("RARNING!... No more events can be accepted.’');
readin;

A-28



end;
end;
End;
{

PROCEDURE Enter_counter_node;
var node_position,event_positioniinteger;

ansver, character 3 string(l);
h , nurber, value ¢ integer;

Begin
Red_vindow;
Rough_vindov;
CirScr;

writeln;
writeln(' HARNING ! : HAEE SURE THE ASN DDES NOT HANG UP !);

vriteln(’ ---------  BECAUSE OF THE END NODE NOT BEING !);
writein(' REACHED WHEN COUNTER DISABLED.');
vrite(" PRESS (CR},");

readln;

Rough_vindow;

CleSer;

nuaber _of_nodes:=asn_matrix(net nusber).nusber _of nodes;
nulher_of_events:=asn_|atri:[nef_nulberl.nulher_of_evenls;

uriteln;
ansver:='y":

write(" Do you vaat to add node at end of list of nodes (YD) )3

vhile not keypressed do ;
read (kbd,answer);

ansveri=upcase(ansver);
If (ansver ='Y?) then

in
node_nusber:=nusber of -nodes;
asn_node_definitionIne_number,node nusberl.nodes=counter;
type_of_nodelnet_number,node_nusberl;='C';
event_nuaberi=nuiber of evenfs;

asn_event_definitionTnef_nuaber,event_nuaberl.nodet=counter;
asn_event_definitionlnet_nuaber,event_nuaber).event:zint_event;
asn_event_definitionInet_nunber,event_nuaberl.node_numher:znode_nusher;
type_of_eventinet_number,event_nunber]:a'Cly

ClrScrg

vriteln} .

vrite(’ Enter counter variabdle id [1 character] : M);

teadin(character)s

counter_var[net nusher,node numberli=character}

asn_node,de(xnifion(no& nusber ,node_nusber ).
counter_variable_idtscharacter;

GotolY(58,1);
Dencri?tion_UIndou;
GotoRY(l, 1)y
Display matrix;

asn_natrix(net number],nuaber_of nodesiz
Tasn_vatrixnet nuwberl.nuibef_of nodes)+1;

asn_patrixCnet nusBer).ausber_of events:»
Tasn_matrixOnet_nusber J.nuabe? _of events)+l;

Rough vindow}

GotoX¥(3,20);
CleSer;
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nusber_of _nodes:=asr_satrix[net_numberl.nuaber_of nodes;
1; (number_of_nodes > aax_nunbér_of_ncdes_per_nef) then
egin
ClrScr;

writeln;

uritelnf'HaRNlNS!... No more nodes in this net can be accepted.');
rsadln;

end;

nusber of events:=asn _matrixlnet nulberl.ndlher_of_eventsi
[g (ninber_of events )= max_nusBer_of_events_per_net) then
egin
ClrScr;

vriteln;
uritelnt'HARHlHE!... No more events can be accepted.');
seadln;
end;
end
¢lse
begin
ClrScr;
vriteln;
vriteln(' Node positions available where you can put');
vr;:e}n(' 3 node in this ASN are 1 to !,number_of_nodes-2:2,' .');
writeln:
write ( Enter.gosition where you vant to put counter node: '};
value:=read_nusoer;
node_positionz=value;
vhile (node_position (= 0) or
(node_position > nuaber_of_nodes-2) do

begin

uggteln(' Invalid node position.?);

write (' Reenter node position of the counter node: i H
valuer=read_nuaber;

node_positioni=value;

end;

For ?:=l to nunﬁer_of_events do
n
:3|berl'asn_event_definition[net_nulher.h].node_nulber;
it (nusber = mode position) then :
svent_position|=5;
end}

Ad'ust_nodel_up(node.golitiun);
node_number :=node_position)
asn_node_definitioninet_nusber,node_numberl.node:zcounter;
t{pe_ol_node[net_nunbor,node_nunber]:-'C';
ClrScr;
vriteln;
uritet’ Enter counter variable id [1 character) : 1)
readin{character);
counter_varinet nusber,node nuaberli=character;
asn_nodo_dofinxfion[ne@ nunber,node_nusberl,

™ counter_variable_idi=zcharacter]

Mjust_events up_by_1(node_position,event_position);

event_nuaberizeven _Fosltiun'

asn_event definition net_nulﬁer,event_nulber].nodea=cgunter|
asn_event_definitionInet_nuaber,event_nusberl.event:=zint_event;
asa_event_definitionlnet_nuaber,event_nusberl.node_nusber:=zrode_numberj
type_of_eventinet_nusber,event_nuaberl:='(?;

GotolY(58,1);
Description_vindow;
gotoI¥(1,1);
Display_matrix;
Rough_window;
GotoX(3,2m);
ClrScr;
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asn_matrix(net_nuaber],nusber_of nodes:=
(asn _matrix(net_nusberl.number_of nodes)+l;
asn_natrix{net_nusberl.nuaber_of evenfs:=
{asn_satrix(net_nuaberl.numher_of events)+ly

nusber_of nodes:=asn_satrixinet_nusberl.nuaber_of nodes;

l; (nuaber_of_nodes > nax_nuabér_of_nodes_per_nef) then
egin
C?[Scr;
writeln;
uritelnt'HARNING!... No aore nodes in this net can be accepted.')}
readln;

end;

nusber_of_events:=asn_matrixinet _numberl.number_of_events;
If (nusbér_of_events )= max_nusber_of_events per_net) then

"Wher

writeln;
vriteln{’MARNING!... No sore events can be accepted.');

PROCEDURE Enter _gate_node;

var node_pﬂéition event_positionzinteger;
h, nuaber, value : integer;
answer ¢ string [1};

Begin
Red_vindov;
Rough_vindow;
ClrSer;

vriteln
ur@telni' WARNING ! = NAXE SURE THE ASN DOES NOT HANS UP ');
writeln(? -=-—— - BECAUSE (F THE END NODE NOT BEING ')
writeln(! REACHED WHEW GATE DISABLED.');
write(! PRESS (CR).');
reading '
Rough_vindow;
Clesery - . ’
nusher_oi_nodes:=asn_matrix(net nuaberl.number_of nudesi
nupher_of_eventsa?asn_latri:[neE_nunher].nulher_ol_even +H
writeln;
ansyer:='y! .
vrite(' Do you vant to add node at end of list of nodes (Y/N) 2');
while not keypressed do 3
read (kbd,ansver);
answerizupcase(ansver);
1f (answer ='Y') then
begin -
node_nusher:cnuaber of nodes;
asn_node_definitionIne€_nunber,node nusberl.node:=gate;
type_of fedelnet_nusboer node nusberJe='6';
svenE_nusbers=nuaber_of events;
asn_event_definitionlnef_nusber,event_nusber].nodes=gate;
asn_event _definitionlnet_nunber event_nusberJ.event:=int_event;
asn_event_definitioninet_nuaber,event_nusberl.node_number:=node_nuaber;
type_of_event{net_number,event_nuaber]i='6':

GotolY(58,1)4
Description_vindow;
BotoX¥il,1)3
Display_matrix;
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asn_natrix(net_nunber J.nunber _of nodes:=
{asn_satriX[net_nuaber).number_of nodes)+l;

asn_natrix(net_nuaberl.nusber_ of events:=
(asn_matrixInet_nuaberl.nunber_of events)+l;

Rough vindow;
GokoX7(3,20);
CirSer;

nuaber_of_nodes:=asn_matrixCnet_number],nusber_of nodes;
[; (number _of_nodes aax_nuaber_of_nodes_per_nef) then
+gin
C?rScr;
vriteln; o
writeln{"WARNING'... No more nodes in this net can be accepted.t);
reailn;

nuaber_of_events:=asn_satrix(net_numberl.nusher of evenis;
l; (nusbier_of_events )= max_nuaber of_events_per_net) then
egin
C?rScr;

urgtelni

writeln('WARNING!... No more events can be accepted.’);
readln;

end;

end
else
begin
urltelnl .
vritelnl' Node positions available where you can put');
ur;:e}n(' a node in this ASN are 1 to ' number_of nodes-2:2,' .');
vriteln;
write (0 Enter.gosition vhere you wvant to put gate node: ')}
values=read_nusher;
node_positiont=value;
vhile {node_position (= ) or
(node_position ) nunber_of_nodes-2) do

+gin

ClrScry

nrgteln{ ‘

writeln(' Invalid node position.');

write (' Reenter node position of the gate node: ');
valueszread_number;

node_positiontsvalue;

enty

Fgr ht=1 to nusber_of_events do
ein '
nusber:=asn_event definitionlnet_nuaber,hl.node_nusber;
if (nunber = node position) then
:vent_pos:txon:-ﬁ;
end}

Agsust_nodes,up(nodo.gosition):
aode_nusber: 3node_position;
asn_node_definition[net_nunber,node_nusberl.node:=gate;
typt_of_hodefnet_nusber,node_number]:="G!;

Adjust_events_up by 1(node_position,event_position)}

tvent _nusberi=event _position
asn_event_definitiodlnet_nunber,event_nunberl.node:=gate;
asn_event_definitionlnet_number,event numberl.event:=int_event;
asn_event_definitionEnet nuaber,event nunberl.node_nunber:znode nusber;
type_of_eventinet_nusher,event_rnusberl:='6';

GotoXY(58,1);
Description_vindow;
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gos Y (1,1);
Display_satrix;
Rough windov;
Gotad¥(2,20);
ClrScr;

asn_matrix[net_numberl.nusber_of_nodes:=
(asn_natrix{net_nunberi.number_of nodes)+l;

asn_matrixingt_nunberl.number_of events:=
(asn_watrixinet_nusherl.number_of events)+l;

nuaber_of nodes:=asn_matrixEnet_nusher).nuaber_of nodes;
[fh(npnher_of_nodes > nax_nusher_of_nodes_per_nef) then
egin
C?rScr;
writeln;
uriteln{'HARNINB!... No more nodes in this mat can be accepted.?);
reading
end;

nusber_of events:=asn_matrixinet_numberl.number of events;
[f (husber_of_events )= max_nudber_of_events_per_net) then

be?ln
CirScr;

writeln;

writeln{’HARNING!... No more events can be actepted.’)s

reading

end;

end;

End;
{ }
PROCEDURE Enter_vait_node;

var node_position,event_position:integer;
ansver: strin?tll;
h, nusher, value @ integer}

Begin

Red_vindow;
Rough_vindov;
ClrSers
writeln; ,
nunber_of_nodess=asn_matrixtnet _nunberl.number_of nodesi
nulber-o!_:ventla-asn_lltri:[nef_nulher].nu.her_o?_even s}
answeri='y's
write(! nﬁ iou vant to add node at end of list of nodes (Y/N) ?');
vhile not keypressed do ;
read (kbd,ansuer);
ansvert=upcase{ansverl;
1f (ansver ='Y') then

begin

node_nuaber:anunber of_nodes; )

asn_node_definiticnlne€_number,node_numberl.node:=vait;

typt of _fodelnet_nusber,node nuaberTe="N';

event_nuaberssnuiber of events; )

asn_event_definition[nef_number,event_nuaberl.nodes=vait; :

asn_event “definitionCnet_nuaber, event_nusberl.event:zint_event;

asn_event_definition[net_nunber,event_nusberl.node_nuaber:=node_nusber}

type_of_event{net_nuaber;event_nusberJ:a'i';

GotoXV(58,1);
Description_vindow;
Botol¥(1,1)

Display_matrix;
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asn_matrixinet_nuaber l.aunber of nodes:i=
{asn matTix(net number) nusber_of nodes)+l;
asn_satrix[net_nunber],nusber_of events:=
tasn_matFix[net_number ) number_of events)+l;

Rough windov;
fotorVi3,2m;
ClrScr;

nuaber_of_nodes:=asn_satrix(net_nunberJ.nusber_of nodes;
!fh(nglber_of_nodes > max_nuaber_of_nodes_per_nef) then
egin
C?[Scr;

writeln; ’

writelni’HARNlHE!... No more nodes in this net can be accepted.');
r;adln;

end;

nusber_of evenis:zasn_matrix(net_nusherl.number_of_events;
lg (nusber_of_events )= max_nuiber_ of_events_per net) then
egin
ClrScr;

writeln;

writeln{"NARNING!,.. No more events can be accepted.’);
readin;

end;

end
tlse
begin
writeln;
vritelnl’ Node positions available where you can put’);
urige}n(' a node in this ASN are 1 to ’,number_of_nodes-2:2,' .');
writeln:
wite (/ Enter gosition vhere you vant to put vait node: ');
value:=read_nunber;
node_positionz=svalue;
vhile (node_position <= 0) or
énoge_posltion » nunber_of_nodes-2) do
egin
C?gﬁcr;
writeln; X .
vritelnt’ Invalid node pos:tton.')! .
write (' Reenter node position of the wait node: ');
value:=zread_nusber}
ngde_posltion:=value;
end;

Fgr hr=l to nuaber of events do _
egin
naaber:=asn_¢vent_deiinitionlnet_nulbet,h].uode_nulher;
it (nuaber = node position) then
:vent_position:aﬁi
end;

Adjust_nodes_up(node_position);
noce_nusheri=aode_position; .
asn_node_defimitionlnet_nuaber,node_nusber].node:=vait;
type_of_node(net_nusder,node_nuaberI:='W';

Adjust_eveafs_up_b _I{node_position,event_position);
event_nunber:=event _position -

asn-eient_defgnitiong:et_nulzer,eveut_nnnber].node:-ugit;
asn_tvent "definition(net_nusber,event_nusber].eventizint_event;
asn_event _definitionlnet_nusber,event_nuaber].node_nuaber:=node _number;

type_of_eventEnet_nusber,event _nuaberJsa'W';
gotolY(58,1);

Description_vindow;
BoboX¥(1,1);
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Display matrix;
Rough window;
GotoXV(3,28);
ClrScr;

asn_matrix(net_numberl.nuaber_of nodes:=
Casn_matrixCnet_nusber).nusber_of nodes)+l;

asn_matrix(net_numberl.nunber_of events:=
(asn_matrixCnet_nusber).nunder_of eventsi+l;

nusher of nodes:=asn_matrix[net_numberl.nusber of nodes;
lfb(nglber_of_nodes $ max_nusber _of_nodes_per _net} then
egin
ClrSer;

writeln;
writeln('WARNING!... No sore nodes in this net can be accepted.?)s
readln;
end;
nunber_of_events:=asn_matrixinet numberl.nuaber of_events;
iih(nyuber_ofnevents >= nax_nunBer_of events_per _net) then
#gin
ClrSer;
vriteln;
writeIn(*WARNING!... No more events can be accepted.!);
readin;
end;
end;
End;
{ }
PROCEDURE Enter_terminator_node;

Begin

asn_watrix[net_sumberl.number of events:=
{asn_smatrixCnet_nunberl.nunfier "of events)-1;

nuaber “of_nodes:=3sn_matrix(net_husber].nuaber_of nodes;

node_nusber t=nunber of nodes) .

asn_node_definitionlnet_nuaber,node_nusberl.nodes=terninator;

type_of Node(net_nusber node_nusberla='T?;

Yast “node_flagi=brue;

GotolY(39,1);
Description_vindow;
GotoI¥(1,1) :
Display matrix;
Rough vindow;
GotoXV¢3,20);
- ElrScrs
nusber_cf_nodestznumber_of nodestl;
asn_safrixCnet_nuaber].nunber_of_nodes:snuaber_of nodes;
asn_matrixinet_nuaberl.nusher_of_eventsi=
(asn_satrixCiet_nusberl.nuaber_of_events)+i;

End;
{ ‘ H
PROCEDURE Add_node;

var nusber, event_position pinteger;
n lstr{ngtllg

Begin
€lvSer)
nunber :zasn_patrixinet_nusberl.nusber_of _nodes;
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node_number:=number;
If (nusber = max_nusber_of_nodes_per_net) then
begin

writein;
uritelni' WARNING,..last node of a netvork should be ');
vriteln( ' an END node. This is the last place to add a ');
writeln(' node.?)}
vriteln(? Press {CRY');
readin;

end; .

if (number ) max_nuaber of nodes per net+l) then
uiiteln('tuo RANY NODES TN THIS ASR NET!!!..")
¢lse
begin

Display_node_types _menu;

Red_vindow;

Reduced_rough_Windov;

ClrScr;

vriteln;

write(? Enter type of node to add: ')}

readin (n);

n:=upcase(n);

If (one_more_node = true) then

begin
vhile (n (Y'E") do

egin
u?ite {* Invalid type. Reenter node type.');
readln (n);

end;
tzpeioi_nnde[net_nunber,node_nunber]:=n;
en

else

begin
Hgile € (n <3'A") and (n <X'B') and {n {X'CY) and (n (3'G') and

{n ()'R") and (a (X'W*) and (n OX'E") } do

begin

ClrScr;

urltelni

urite (' Invalid type. Reenter node type.');

readin (n);

nizupcasein);

th
gypeiof nodelnet_number node nuaberli=n;
{ At this goin!, the rode type has Been accepted. }
CASE n of
YAY:Enter_Activity_initiator_node;
'B*sEnter Branch_node;
'C'zEnter_Counter_node;
'€ sEnter_Terninator node;
Y6 sEnter fate_node;
THYsEnter Merge_node;
"W Enter_Wait_node;
]
end; (end of case}
ends
end;

End;
{ )
PROCEDURE Shov_nodes_and_events;

var ansver, seatrysstringll);
nunber, ounber_ext, h tinteger;

Begin
last_node_flagt=false}
one_nore nodes=false;

“entryiatl;
Rough_vindow;
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ClrScr;
sentryi=th!s
Hg1le ((senlry()' ') and (sentry{}'X')) do
egin
lgnu uxndou,
Roni vindow;
nunber o* _nodes=max_riusber _of_nodes_per_net} then
begin
Rougg vindow;

vritel

ur:telnt‘ WARNING. ')

writeln{' This should he the last node.');
write(*  PRESS <(CRM");

ends
C}riér
write(' WAITING FOR COMMAND FROM NENL,.. g H
vhile not keygresse d doj { vait for an entry ?
read (kbd,sentry);
sentry.‘upcase(sentr |5
If {{sentry='R') or sentr =15} or {sentry='A’)
_or (sentry="X?) or (sentry="V') or (sentry='C') ) then
begin
cave sentry of
1R7: Delete node;
157: Add_mode;
'Y Add ext event,
'Cry Delete_ext_event;
"X'thegin
nuaber_ext:=@;
For h'-l to (asn_matrizinet_numberd.nuaber_cf_eventsi-1 do
begia
1T (asn_svent_definition{net_number,hl.event
=ext_event) then nisber e:t =nusher_ext+l;

end;
lf (nunber _ext=B} then
begin
Rotigh_vindow;
Clrscr;
uthelni
writein{' There are no external events in this ASN.');
vriteln(’ You must enter now the starting event.');
writeln;
write(’ Press {(R).');
readln;
tlrscr!
Add_ext_event;
* Rough_window;
Clrser;
urlteln
urigf(' External event has been entered; press {ER).')}
readin;
sentry:n'l'°
end;

end;
end;  {end of case }

end;

end;
Red_vindow;
Green_vindov;
ClrSery
Borking_ ulndOU|
ClrScr;

Rou N vildou;
rocr;
uritnln
write(? Do you wish to save the ASN just entered (Y/N) 2');
vhile not keypressed do;
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read (kbd,ansver);

ansver:=upcaselansver);

nunber:=net _nuaber;

If ({ansver3'Y') or (answer='y?)} then
begin _
Save_Systen_Befinition;
ClrScr;
Save_systens_labels;
Save_systen_charac‘ers;
ClrScr;

end;

net_number:=nusber;

End;
{




{ Event Definition }
PROCEDURE Adjus:_evemts_dgwn_by_one(i:integer);

var j : integer;

Begin
{ ?he purpose of this Erocedure is to, in the case of deleting a
{ node, shift all events in order to overvrite the event that
{ corresponds to the node that is being deleted.
{ The value of i is that of the event position corresponding to
{ the position of the node being deleted,
jei
nuaber_of_events:=asn matrix{net_numberl.number_of events;
Fgr j15i Fo nuaber_of_events-2 do
egin
type_of_eventnet number,j):=type of _eventlnet_nusber, j¢1];
asa_svent_definitTonfnet_nuaber, jJ.event
7= asn_event_delinitionlnet_nusber, j+1l.event;
{ If the event being shiTted is an inteTnal event, then we have !}
{ to perfors the folloving steps. . )
I; (asn_event_definition[net_nuaber, j¢il.event = int_event) then
egin
asn_sevent_definitiontnet nusber,jl.node_nuaber
1= asn evgn;_defin:tion[nei nusber, j+il.node_nusber-1; -
asn_event_definitioninet_nusber, j1.node
1= asn_event_definitionlnet_nusber, jtil.node;
{ In the case of 3 branth node we sust not forget about the }
{ condition variable.
l; {asn_event_definitionlnet_nuaber, j+11.node = branch) then
egin .
asn_event_definition[net_nusber,jl.branch conditioni=
asn_event_definition(net_nunber, j+Tl.branch_condition;
branch_cond_var{net nulher=g1==

branch_cCond_varInet_nusber, j+1l;
end}
end
else L
{ This 1% done in the case of an externmal event . }

n
:gternal eventinet nuaber,jli=external_eventInet_number,j+11;
asn_event_definition(net_nusber, jl.event _nusber:=
d ash_event_definitioninet_susber, j*11.event_nuaber;
end;
end;

End;
{ }

PROCEDURE Adjust_events_up_by_l(node position,
event_positiontinteger);

var h tinteger;

in
¥'¥ho purpose of this procedure is to shift all events in order )
{ to leave a blank row in order to insert the corresponding }
{ information there. }
h:=(asn_satrix(net _nusberl.nuaber_of events);
While (Th > event_position ) do

begin
:2n_ovent_definition[ngt.nynber,hl.eventx=
asn_event_definition[net_nusber,h-1l.event;
t¥pe_of_evenilnet,nunhor hlz=type_of _eventInet_nusber,h-11;
1 {:sn_evont_ﬂef:nitioaluet_nunher,il.evont ="int_event)
e

begin :
asn_event_definiticnnet_nusber,hl.nodes=
i A28
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asn_event definitionlnet_number,h-1).node;
asn_event_definitTonlnet_nusber,fl.node_ husher: =
(asn_event_definitioninet nusber h-11.node_number)+i;
{ In the case of 2 branch node ve must not forget about "the }
{ condition variable.
If (asn_event definitioninet_nusber,hl.node = branch) then
begin
agn event definition(net_nusber hl.branch_condition:s
asn_event_definitionlnet nulher,h t1branch_condition;
branch_cond_var Enet_nuaber,h]i=
branch_cond_var(net nulber h-11;
end;
end
¢lse
11 ¢ asn_event definitionfnet_number,hl.event =
ext_event ) Ehen
begin
external eventnet number hl:zexternal eventinet number h-11;
asn_event definition(net nunber hi.event nusber:s
& asn_tvent_definitionlnet_ nunher k=11, event_nunber;
en
hezh-};
end;

End;

{ }
PROCEDURE Enter_Starting_event;

var pﬁol, i, h 3 integer;

istring (4);
found :boolean;

Begin { Enter_starting_event }
Rough_vindow;
found'=t.lse°
Hn:le not iound do
egin ‘
ClrSes
. ptTe;
i gr hz=1 to asn _satrix{net_nuaderl.nuaber_of_events do
egi
1 (asn_even:_dtlxn:tton[net_nuuhor,h].event = ext_event ) then
pi=ptl}
end;
ur;telnl
vriteln(’ There are ',g 12, ext events in this net.');
vriteln(' These are :'); -
write(* ")
For h:=l to number _of events-i do
l; l?ln event_definifioninet_nuaber hl.event = ext_event) then
egin
t=asn_event _gefinitionlnet nulher h.event _number;
urlte(elt event_labellnl,? ');
tnd
write
ur:te(' Press (CRY.')}
reading
Clrscr;
writeln'
write ( Enter starting event for ASN *,
N_labellnet_nunberl,’: [4 tharacters) ');
vhor=read_name;
ClrScr;
For h: I to nuaber_of ext_events do
begin_
For it=1 to nusber_ of events do

ol .
l? (external _eventinet nulber,ll'uho) then
-4t
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I (ext_event_label[hl=vho) then
egin
asn_starting_event(net_nusberl:=h;
starting_event_labelEnet_numberl:=vho;
found;=true;
starting_event_entered:=true;
ClrScr;

end;

end;

end;

If (iuund = false) then

begin
vriteln; . .
writelnt’ Starting event must have been included in the ');
writeln(* Systes specification.');
vrite{' Reenter starting evenl : t4 characters) ')y
vhoi=read_name;

end; _

end;

Clrgcr;

writeln;

vriteln(’ Starting event for ASN !,ASN_labellnet_nuaber),
Vs ! starting_event_labelnet_numberl);

writeln(' This star 1n? event is ext event number ',
__asn_starting_eventinet_nusher):2);

ur;telni

writein('Press (CRX.');

readln;

End;

{ }
PROCEDURE Delete_ext _event;

var j, event_position, nuaber ,h ,m ,i ,event_nuaber_to_delete :integer;

who ¢ uordi
ext_event_found : boolean;

Begin ‘
nuaber_of_events:=asn_matrixinet_nusberl.nuaber_of events;
Rough_vindov;

ClrSer;
writeln;
ext_event fevndi=false;
wrife(! Enter external event to delete (4 charactersl : ')}
vhossread_nane;
For j:=1 fo nusber of eveats do
If tasn_event_definitionlnet_number,jl.event = ext_event) then
If (external_eventinet_nuaber,jl = vho) then

egin
ext_event_found:=true;
nuaber:=j;

end;
It (ex{_event_founﬂ) then
begin :
event_nusher_to_deleter=number;
i;'ﬁ':b"it down b i)
just_events dows by oneli
as:_lafrix[nef_nunie!!.nulhe;_ol.events:=
‘ (asn_satrix[net_number I nuiber_of_events)-1;
e
e%se'
in
;gugh_uindou;
ClrScr;
uritelni
ur%te{n ' Sorry, input data incorrect. Event not deleted.’);
writeln
Uritet" Press {CR).");
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readin;
end;

asn_matrix{net nusber).number ol nodes:=
(asn_satrixCnet_number).nusber_of nodes)-1;

asn_matrixinet_numbef).nusber_of events:s
(asn_natrix(net_nuaberJ.nunber_of events)-1;

GotoXY(5H,1);
Descr:utlon vindow;
botol¥(l,1);
Display_ natrlx,

atn_matrixinet_nusberl.nunber_of nodes:=
(asn_satrix(net_nuaber].nuaber _of nodes)+l;

End;
{

PROCEDURE Add_ext_event;

var vho :string [4];
not accented, number_ok, found, new_ext_event : boolean;
hy, a : integer;

Begin
Rough_vindov;
Cleber;
asn_ Ii[rll[n!t nusherJ.nunber of _nodes:=
“(asn_matrixinet_nuaber).niinber_of_nodes)-1;
nunber_of eventsizasn_matrix(net nulberl.nulber _of _events;
event_nusber:anumber of eventsz
If (asn_matrix[net_nimberl.nuaber_of events
< max_nunber_of_events_per_net) then
begin
writeln;
l; (nulﬂer _of_ext_events = max_number_of_ext_events) then
egin
C rscr°

ur::e{nl' WARNINE...Too many external events in this ASN.');
w
write(’ Press (CR). !
teadln;
Clrscr;
nusber _ok:=false;
end
¢lse
begin
not_accepted:=false;
Clrscr;
writeln;
write(' Enter external event label [4 characters) i H]
who:aread_nine;
Clrser;
For m:=1 to nusher of events do
If Cesternal_eventinet_nusber,a) = vho) then
begin
not_acceptedi=ztrue;
Cleser;
writein;
writeln{’ Event ',vho,’ already exists in the net.'),
write(" Event is not accepted. Press {(R). !
readln;
ausber_ok:»false;
Clrscr,

11k not _accepted then
begin
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found:=false;
nunber ok:=true;
nev_ext event°"rue
For"h:=I to nuaber of ext events do
1f (ext_event_labellRl=vho) then
begin
ext_event_number:=h;
foung:=trie;
neu _ext event°-false°

If found false then
ext_event_number:=number_of ext_events;
external event[net number, event _nuaberl: vho°
ext_event_labellexE_event nuuher]- =vho;
asn_event_definition{net_number,event number J. events=ext _event:
asn “event definition(net nuaber,event numberd.event_numbér:=ext_svent_nusber;
¥pe _of_eventinet nunbe',event nuaber J:=! £';
nev_ #xt_event Ehen
begin™
nulber _of_ext_events:=(nunber_of ext_events)+l;
e;t event_nuaDer:=text_event_nuaber)#1;
end;
end;
end;
end
else
begin
writeln;
writeln(’ There are already ,event nuaber-1,' events.’);
vriteln(’ No nore can be accepted.'V;
write(! Press ((R).');
readin;
end;

- GotoX¥(38,1);

Descrlptxon _vindow;
GotoX¥(i, 1)}
1f not accepted then

egin
asn_matrix[net_numberd.nuaber_of_events
t=asn patrixinet nulbor].nulber _of_events-1;
Display_evenf not_accepfed matrix;
asn_matrixinef_nuiberl.nunber _of_tvents
t=asn_satrix(net_nuaber).number_of eventstl;

*15: Display matrix;

asn_matrix(net _nuaberl,nuaber of_ nodes:=
(asn_matrixinet nulber].nuuher of_nodes)+1;
[f nuiber_ok then
asn_matrixInet_nuaberl.nuaber_of events
szasn_matvixinet_nusberl.nuber_of events+1;

End; '

{
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{ ASN Operations }
PROCEDURE Start;

Var ansuer: string‘tlli
file_name: string L1d];

Begin
I? color_terminal=true then
begin

TextColor(13);
TextBackground(i);
end;

CirScr;

writein;

writeln;
]

writeln

vriteln{!
writeln(’
vriteln(’
writeln(’
writeln(’
writeln(’
vriteln('
writeln(!
writelnl!
vriteln(’
writeln(?

ACTIVITY SEQUENCE NET MATRIX EDITOR,

of the ASN matrix of the systen.

pertinent information concerning your system.

This program vill enter the different parameters

Follow the different menus appearing on the screen
in order to correctly enter, position and save all

———— - —— s -
- w W wp W e W oew o W

L e e
P e I I T Ty

writeln(!
writelns
sogoIVtﬁs.ia)!

write("Press <CR),");

ClrSer;
GotolYlS;S);
answert=ty!s
write(' ' Do you vant to vork on a new systea (Y/N) ?');
read (kbd,ansver}; e
ansuerisupcase{ansuer);
writeln;
writelng
1t ((answer = "Y'} or (answer = 'y')) then new_systemi= true
' else new systen:= false}
write(' Enter system detinition nawe (B characters): ');
readin(systen_nane)}
ClrScrs
If not neu_systen then
begin
vriteln; . o
vriteln(' Insert data disk in drive B.");
vrite(" Press (CR).');
readln; .
Read_systen_definition;
Read_systea_lahels;
Read_systes_characters;
end;

End;
{

{ The purpose of this procedure is to allow the editing of

{ already created ASNs. In this editing one can sanipulate the
( ASN in the same vay as duving the creation. Creation and

{ deletion of events and nodes.

{ The folloving variables are used here:
{ - ASN_found will indicate that the ASN has besn located in
{  the'list of ASN labels.
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{ - The rest are used as tesporary variables for sanipulation,
PROCEDURE Edit ASN;

var n, ansver :string [13;
uﬁo,nane : wvords;
i ,nunber,ext_number : integer;
ASN_found : boolean;

Beﬂin .
ed_Windov;
Korking_vindov;
ClrScr;
Green_vindov;
ElrScr}
Rou h_ﬁindov;
ClrScrs
ASK found:=false;
urifelni
write (' Enter name of ASN netvork to edit : ');
vhot=read_name;
ClrScr;

}

{ We read the system labels in order to compare the label of the i

{ the ASN we vant toedit with those existing in the system,
Read System_labels;
Rougﬁ_utndov;
ClrSer;
For i:=1 to nuaber_of aets do
1§ (ASN_labellil = who) then
begin
nét_numbers=i;
nusber:=i;
writeln;
vritelnl' The ASN 1,ASN_label[net_numberl,! is ',
net _nuaber:2);
ASN_found:=true;
wrifela(? Press (CR> or 0.');
read(kbd, connind);
CleScr;
comnand:=upcase (comnand);

end
{ At th;s Toint, if the entered label coincides vith any of the
{ ASN labels then we set the condition to true. Dthervise we
{ signal that the ASN to edit does not exist. (See at the end.)
{ Ne also allov to go back to main menu even though the ASN
{ label has been recognized.

5 ( command > '0') then

If ASN_found then

begin
A!H_lahel[net_nunber]:=vhol
{ Once IOtateda ve read the systen characteristics.

Rougz_uin o}

Clrdery
Read systen_definition;
Rougi_uundou;

ClrSer

Read s;:toi_;haracters;
Rougg_uindou;
Clroer;
net_number:=nuaber;
For it=1 to asn nifrix[net_nulher].nugher_pf events do
If (:;n_event_ieflnition[net_nulber,1l.evenf = ext_event)
en ‘
begin .
ext_nusberz=asn_event_definitioninet_number,il.
event_nuaber; ST
nale==ext_eveut_laﬁel[ext_qulber];
e;ternal_event[net_nulher,x]==na|e;
end;
Horking_vindow
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ClrScr;

Red_window;

Green_vindov;

Rough_vindow;

Clrser;

vriteln;

writein(? Do you want tc check or change any parameter of )3

vritel' the matrix 7 (Y/N)');

while not keypressed do;

read(kbd, answer };

ClrScrg "
{ Given an affirmative ansver, we vill start the edltlng node }
{ The first thing is to shov the contents of the matrix to edit, }
{ We vill then go to the mode vith the adding and deleting wenu. )

If ((ansver ='y') or (ansver ='¥!)) then

begin
Although the matrix is restored, the value of entry is given )
a non X value. }
entryi='@';
These two variables are incremented in case ve vant to add any }
activities or external events to the ASK. }
number_of_ext_eventsi=number_of_ext evenistl;
nuaber_of _activitiess=nusber_of activitiestl;
Descrxgtinn_uindou-
asn_ma rix[net_nunﬂer].nulher_of_nodes==
{asn_matrix[net_numberl.nuaber of nodes)+l;
asn_natrixCnet_nuaberi.nuaber_of evenfs:s
(asn_matrix(net_numberl.nimber of eventsitl;
Rough_u:ndou;
ClrScr;
Norking_windov;
Henu_window;
Restore matriy;
{ At this point ve start to edit. Call SHON_NODES_AND_EVENTS. )
Shov nodes_ind_events;
{ e now fill the defined lg{rix, if a node vas added or deleted.}
{ Othervise the matrix remains unchanged. }
Nrite_in matrix;
asn_satyixCnet_nuaberl.nuaber_of nodes:=
{asn_matrixinet_number).nuaber_of nodes)-1;
asn_natrixCnet_nuaberl.nuaber_of events:=
(asn_matrix{net_numberl,number_of_evenis)-l;
Red windov;
vorKing_vindow;
ClrScrs
Green_vindow;
Rough_vindow;
Clrber;
Enter_starting_event;
Horking_window;
ClrSery
Red_window;
nuaber_of_ext_events:=number_of ext evenis-i;
nusber of activities:znumber of activities-i;
Rough Hiniout L
{ Now ve sust save the moditications made to the ASN. }
CleSery
vriteln;
vriteln(" You have just finighed enteving the parameters');
vriteln(’ on the ASN matrix ',ASN_labellnet_nuaber),'.');
urite(" Do you vant to save these parameters e tA H
vhile not keypressed do;
read (kbd,n);
n:=upcaseln);’
CirScrg
Red_vindov}
Egu h_vindow;
ety o
{ Me may or not vant to save all the modifications we wmade, }
o if (h = 'Y") then

- e
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begin
vriteln; .
Save_systes_Definition;
Save_system_characters;
Save System_labels;
end;
ElrScr;
writein;
writeln(! Your matrix for ASN t,net_number:2,” is nov entered.’);
writeln(’ 3
vriteln;
uritelnt? Press (CRX);
readlng
end;
end
else
{ As we mentionned before, if no match of labels for the ASN to }
{ edit has been found, then ve display the follaving message H
{ hefoge going back to the main menu. }
eqQin
c?rScr;
writela
writeln('  ASN ',vho,’ has not been created.');
vriteln(' It does not belong to systen, or the name vas ');
vriteln(’ not correctly entered.’);

writeln;
write(’’ Press {CRM.Y);
readln;
ClrScrs
end;
End;
{

{ Thi;\}rocedure allovs for the creation of an ASN, inrluding
{ the definition of the different nodes and events, and the
{ contents of the matrix itself.

PROCEDURE Create_ASN;

var h, i t integer;
who : vords
n, return : stringil);
néw_ASN, first_ASH: boolean;

{ Boolean variables nev ASN and first ASN are used to determine }
{ it the ASN we are incTuding belongs to a new system, or if not g
)
}

S et B e

{ it it is the first ASN, If there is an ASN already, and ve
{ declare that this is to be the first ASN, then ve will be
{ uriting over the ASN & 1.

Begin

Red_Nindow;
Green_Window;
Horking_vindow;
CIrStra

Rough_ indov;
€lrber

nev_ASNz=true;

first_ASNi=true;

coasande=’ Ty

vriteln; .
€ We ask if it is the first ASN of systes,

vrite(" Is this the first ASN of this system ? (Y/N)');
vhile not keypressed do ;

readikbd,return);

return:eupcase (return);

If ¢ return = 'N' ) then
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begin
first ASN:=false;
nev_ASN:=brue;

end;
{ H ¢ nov start the creating of an ASN.
{ We first have to check il there is other nets belong:ne ko
{ the sane systen. If not net_number = 1, else, ve have
{ get the existing nuaber of nets in that partlcular systen.
{ ?h:s is done by first reading the labels ano then the systes
{ definition.
1 ( nev_system and first_ASN Jthen
begin
nusher _of ict1v1t|es.-1'
nunber “of “ext_events:=i
nusber “of nets:=1;
net_nnmber:=l;
ext_event_number:=1;
asn_matrix(net nusber J. nuaber _of nodes-'l
a;n “matrix{net ‘nusher].nunber _of _events:=
en
elge
begin
{ At this point, ve are working in an already created systes, but }
{ we are going lo create a new ASN for this systen, 3
Read_systes_Labels:
Read_systes_ def:n:[xon,
Read systel characters;
Roug _vindov;
ClrScrs
urlteln'
writelnl? Systes is not new.');
vriteln(" There are already:');

L e

vriteln(’ = ! nunber_of nets:2,! networks.! I}
writeln(’ - ',nulher “of “ackivities: 12," activities.');
write(' = ' number_of _ext_events:2,! external events.')-
readln,
ry
lf new _ASN then
begin~

net_nunber:=nuaber_of_nets+l;
nunber of_nets:=nuaber_of nels*l-
asn_mafrixX[net_nusher ) nusber ol _nodest=}
asn matrixCnet nusberl.nuaber “of “events:=1;
nusber_of_activitiesi=number of attlvxtles#l'
nusber of“ext_events:znusber of ext events#l;
eut _evint nnaﬁer:=nulher _of_ext_events;
end; -
end;
CHSU,
writeln ‘
ur:teln This is the *,net_nuaber,’ ASN matrix of this system.');
write
ur:te(' Enter label of ASN to create [4 characters) t ');
whoisredd name}
{ Me have fo check and make sure there are no repetitions in the)
{ labels of the ASN's. }
For hi=l to nulher of nets do
uhxle {uho = ASN label(h)) do

c rfCr'

wite

writeln(’ Invalid label. ASN ?,who,’ alreaﬂg exists.');
write(' Reenter ASN label [4 charactersl: }

uho. sread_name;

E?H la‘el[net _nuaber 1:=vho;

rSer;

{ ¥e reaind the user that he aust include the declaration of the }

{ sta;t{nq event for this ASN in hi event and node definition. 3
writeln;
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vriteln{' Do not for?et to include the starting event of ASN');
vriteln(" ', ASN_labelinet_numberl,” in your declaration.’);

vriteln;
write(’ Press (CR) or .7);

read(kbd,connand);

conmznd:=upcase(coanand)

CirSer;

11 ( command <> '8" ) then

begin

writeln;
writelal' You vill be able, after the next (LR}, Yo start!);

wrigfln(’ entering the data of the matrix.');
readln;
{ All theléreating ggll be qogg nov; u:hdexgge tge_nodes aqgl }
rnat events, thus huijding u matrix. ill e

E ?fif:ﬁ up uf ﬁ feros (Bg. ‘n gﬂe gecons part, yuu_ui{i ge ab?e ;
{ to enter the different parameters for the triggering. }

sgarting_event_entered.=false;

vgllg (starting_event_entered = false ) do

egin

Hgnu vindov;

Rouaﬁ_v;ndou;

Clrer;
Show_nodes_and_events;
Urite_in_Matrix;
Green_vindow;
Horking_vindow;
Clrser;
Red_vindov;
Roua?_ulndou;
Clrsers

Enger_§tarting Event;
{ staggagg_event_enfered 15 set in this procedure. )
Tacr;
asu_la&ri:[net_nunber].nulber_of nodes:=
(asn_watFix(net nusberlnusber of nodes)-1;
asn_matrix[net_nuberl.nuaber_of events:=
3 (asn_matrixfnet_nusber J,nusber_of_events)-1;
end;
number_of_ext _events:= nuaber_of ext events-lj
nusber of_activities:=nunber of activities-1}
{ This i5 done because we start already with 1 extermal event }
{ and with 1 activity, }
If color_terminal = true then

begin
TextColor(15);
TextBackgrouna(l);

Cend
{ Ne noa vill save the description of the system that has been )
{ entered; the matrix is saved as containing all 'zeros'.
Horking_vindow;
Cl!Stra_
Rouag_ indow;
Clracer;
urzteln‘
writeln{' You have just finished entering the paraneterst);
vriteln(? of the ASK matrix !,ASN_label{net_nusber),'.');
urite(’ Do you vant to save these parameters (YIH5 myg
read{kbd,n}
ntsupcasein)}

ClrScr;

If (n = '¥') then

begin
ClrSer; .

. Save_systen_Definition;

- ClrScr;
Save_system_characters;
ClrSce;
Save systes_labels;
Rough_vindow;
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ClrScr;
writeln;
write(’ Press {CR>.1);
readln;
nev systel-'ialse,
end
tlse
be?xn
CirScer;
vrxteln'
writeln(" Systew definition and labels not saved.’)
writelal’ Press (CRY. !
readin;
end;
ClrScr-
urlteln‘
vriteln{’ Your watrix for ASN *onet_number:2,! is now entered.');
writeln(! i H
writeln;
writelnl’ Press {CRY');
readln;
ClrSer;
end;

End;
{ }




{ Definition of the parameters of the ASN matrix. }

{ The following five procedures are to move the cursor inside
{ the matrix of the ASN.

PROCEDURE Golp;
var x,i,y ¢ integer;

begin
1.—1 _position;
x:=x_position;
yisy g051txon,
1:=

EotolY (x,y);
i_positioni=i;

ositions=
f.nni!;| i

{

Tageld gt

PROCEDURE GoDown;
var x,i,y 1 integer;

Begin
1'=1 _position;
x_posxttou'
gos:txon,
l==l+

[ 3 +|.-
Eotol? {x,y};
i osxt;on:-n-
¥y p031tlon.=y;
tnd;

{

PROCEDURE Goright;
var x,i,y t integer;

Begm ‘
ji=j_position;
x:=l posntlon;
:=y goSltxon;
1»

x:=x+3|
GotoXY (x,y)}
j_positioni=j;
: positionz=xg
End;

{

PROCEDURE GoLeft;
Var x,j,y tinteger;

Begin
ji=j_position}
x3=x_position;
yi3y_ gos:txon-
J:: .
x:-x-a
GotolY’ {x,¥);



j_position:=j;
x_position:=x;

End;
{ }

PROCEDURE Movement;

Begin
case (entry) of
472:60up;
#8@:6000un;
#75: GoLeft;
177; Borngh!
end; { end of case }

End;

{ }
PROCEQURE Display_Matrix;

{ This procedure's role is to update on the screen,tﬂartlcularly }

( in the matrix, the results of the edit cosmands, that is, to
{ show the edttxng of the matrix.

var i,j sinteger;

Begin

Horkln? Hlndou,

Gotok¥il

ClrScr;

nu;&ertof n?gasl-asn matrixInet_nusberl.nuaber_of_nodes;
write H

For node_number:=1 to nuaber_of_nodes do

begin

Uflt! {node_number:2,' ');

urltaln(' 'h;
nunber _of events =3sn_matrixinet_ nulberl.nunber _of _events;
For event_nuaber:=l to nuaber_of_events do

v?ito ¢ ',event _nunber:2);
itzevent_number}
fot node “nusberi=1 to nuaber _of nodes do

{ We ?nxtialxzo everything in the matrix to "8" |
write (* 1000, 1),
jrenode nu|b|r|
asn _satrix(net_nuaber).matrixti, jl:='9";

uriteln(' ™
end;
End;

{ ' }
PROCEDIURE Restore Natrix;
{ This procedure’s role is to shov on the screen, Rartxtularly 3
( in the latri:; the results of the edit cosmands, that is

n

{ show the editing of the matrix. The matrix shoun contains up )
( to four types of entries 10,1,0 and E, }

var i,§ tinteger;

Begin_
dorking Mindow;
gotol¥{L,1);
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ClrScr;

nunger of nodes zasn_matrix(net_nusherl,number_of_nodes;
write
for node nuuber:'l to nusber_of _nodes-1 do

egin
write (node_nuaber:2,' ?);

urlleln(' O H
nusber_of events:=asn _matrix{net_numberl.number_of evenis;
Fgr event “nusber:={ to nunber_of _events-1 do
egin
write (' !,eveni _number:2);
iz=event_nusber;
For node_ nulber--l to nusber_of _nodes-1 do
begin
;:=noﬁe nulber'
ur:te (T 7,asni "watrix(net _number . matrix(i, j1,' *);

urx‘eln(' i H
end;
End;

{

PROCEDURE Display_Event_not_accepted_Matrix;
var i,j sinteger;

Begin_
Horkln? Hlndou'
totolY{T
ClrScr;
nuIEer of ngdes-'asn |atr x[net_numberl.number_of nodes;
write
Fgr node_nusbert=1 to nuaber_of_nodes do
I
gurxte {node_nusher:2,’ ');

ur:!eln(' s
nuaher_of eventsllasn _aatrixInet_nuaberl.number_of_events;
Fgr gvent “number:=] to nusher_of events do
]
U?lt! (" 7, event_nuaber:2);
iz=zevent_nusber;”
for node_number:=1 to number_of _nodes do

egin
Jg-node nuaber
urlte (T ?,asn_matrixtnet_nuaberl.matrixli,jl,' ');

urliein(' h
end;
End}

{

{ This procedure job is to describe in the right hand side of
{ the screen, eac‘ node and each event appedring in the ASN

satrix, This table has thus tvo fields, vhich'vill be updated
{ vhenever there is a change in the ASN.

PROCEDURE Describe_nodes_and_eveats Matrix(positiontinteger);
var nn.char;
nuber, b,k :lutoger;
uﬁn t str:ny 4]
Begin
éo cpresent_node;
toXY(E,position);
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nn:=type_of_nodelnet _number,;l;
nn:=upcase(nn);
case an of
"Wrerite(ji2,'. WAIT  1');
'Alibegin
nushers=activity id(net nuaber,jl;
whos=activity lafiel (nuaber);
vrite(j:2,7.ALT *,who,?i');

end
'B’:urilelj:z,’.BRﬁR ', asn_noce_definitioninet number,jl.branch_variable_id,* i');
'C'ivrite(j:2,” . COUNT ' asn_node _definition{net number, jl.counter variable_id,’ :-l;
'B'rurite(j:2,’ BATE ')
"rawritelj:2,' .END :
"Mrawrite(§22,' MERBE 1)}
end; { end of case )
{ Now ve must describe the events, }
BotolY(72,position);

l);

{
{ At this point we are going to find the event nusber
{ corresgundlng to this node. .

{ Ne vill then give the description of the particular event

E we are dealing vith; it can basically be either external or
ho

If

St et St At S et

internal.

s=present_eveni;
{ asn_event_definitionCnet nunber hl.event =
_ int_event ) then
hegin
nn:=type_of _nodelnet_number,jl;
nn:=upcase(nn);
hi=present_event;

case nn of

"Wavrite(ht2,' WAMIT ')}
YA'1begin

‘nusher s=activity idinet number,jl;

vhos=yctivity labet[nueberl; :

vriteth:2,'.AC ', vho);

end;
'B'thegin

urnte(h-l:?l'.BRA ', branch_cond_var[net_number, . .

-1 ',asnrggde_deTlnltlon[net.nuuher,gl.bran(h_varlable_xd);

write(' i
urite((h)az".aﬂn ',b;anch_cond_var[net_nunher,
h),' ¥,asn_node definitioninet_nusber,jl.branch_variable_id);

end

'C':uri!e(h:?,'.cnuur * asn_node_definitionfnet_number, j1.counter_variable_id);

"G rurite(hs2, ' BATE ')

"Wewrite(hs2,? MERGE ');

end; { end of case }
ends

End;
{ }
PRACEQURE Description_Window;
{ This vindov contains the description of the nodes and events
{ of the natrix. Nodes in the left, events in the right,
{ 1t uses the above procedure DESC&IBE_NBDES_AND_EVE TS_MATRIX.

var i,j, h, nusber position : integer;

gt gl o

Begin

11 ( color_terminal = true ) then
“begin
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TextColor (B);
Te:tBackground(Z)-

orokv(59 s
Nindow (59,1,88,19);

ClrScr;

writeln (' 2 H
writeln (* NODES |} EVENIS ')
vriteln (!

nunber_of _nodes:=asn_satrix(net nulber] nusber _of nodes;
nusber of events:=ash_matrix[nef_nunberl.number ol even!s,
?oSItlon.-4-
{ (nuaber_of_nndes )= 1) then
begin
For =1 to number_of_nodes do
inunber _of_events )= 1) then
beg:n
resent_node:=j;
or hs=1 to nuader_of events do
gf (asn_event _definifionlnet_nuaber, hl.event = int_event ) then
egin
nunbers=asn_event_definitionlnet_number hl.node nulber,
If ( nusberZ present_node } then presen! event:=h

end;
Describe_nodes_and_events _Matrix(position);
positionz=position¥t;
end;
end;
For :- 1 to nusber of events do
l; {asn_event _definitionlnet nulber il.event = ext_event ) then
egin
event nusbers=i;
Eotol?(ﬁl,posttlon)
write(! ]l
write(i:2,’.EX ',external eventinet_nusber,event_nusberd);
9331t10n. =position+l;
e

End;
{ )
PROCEDURE Hrite_il\_nltri:;

Var X,¥,i,3,xx,yy ¢ integer;

Begin

Horkxng Window;
r r;
!2 vindow;

urxtelnl' CHARACTERS ALLOMED ARE ¢ E, D .8 and 1.');

-write

uritelnt' Nota Bene: Press "i® or "I" to enter 1.");
Cursor_aenu_vindov;

Description_! vindov;

Restore_matrix
nusher_0f_events:=asn_matrixinet_numberl.nusber of eventt;
nusher “of “nodess=asn_satrixinet_nusberl.nusber _of_nodes;
node nulber'zli

even nusbers=l;

xl-

Eo; iY (x'y)-

entry:='l
=4
lgl

B
uhxle (lentry (3'x*) and (entry()'X'}) do
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1! KeyPressed then
hegin
read(kbd,entry);
XX:3x}
node nuaber:=j;
event_nuaber:=1;

1f (entry=427) then

pegin
_réad (Kbd,entry);
1_position:=i;
j_positioni=j;
x_position:=x;
yvposition:=x-

if ( entry= 72 ) then novenent

else
it ( entry=8B3 ) then movenent

else

if ( entry=§77 ) then aovenent
else

if ( entry=075 ) then movement;

i_position;

j_position;

x_position;

y_position;

entr¥:=upcase(entry);
l; ({entry="1") or (entry="'} or (entry="D") or (entry='£")) then
egin
ugite {entry)s
GoboXY (xx,yy);
asn_natrixlne
end;
end;
end;

End; .
{ ' }

tinunher].latri: Li,jli=entry;
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{ Definition of the Windows for the Editer. }
PROCEDURE Working_Window;

{ This vindow vill contain the matrix of the ASN: in this matrix }

{ only tursor moveaent, and entering specific values is alloved.

Be?in
It ( color_terminal = true } then

begin
TextColor (15);
TextBackground(1);

end;

Window (1,1,38,19);
SotoXY (5, )}

End;

{

PROCEDURE Menu_Window;

{ This menu will contain the command menu of the editing wode.

Be?in
1t { color_terminal = true ) then

hegin
TextColor(i5);
TextBackground{4);

end
Ilinéou (59,20,89,25);
ClrScr;

vriteln;

writeln (' - MENL - "
writeln (* R.- Hodel C.-ExEvent’);
vriteln (7 S.+ Nodel V.+ExEvent');
writeln (* L. Exit );

End;
{

}

PROCEDURE Red_Window;

Be?in .
If ( color_tersinal = true ) then

begin
TextCOIOt(lS)S
TextBackgrouna(4}}

ends

Nindow (59,20,80,25);
ClrScry

End;

{

PROCEDURE Cursor Menu_Window;
{ This menu vill contain the command menu of the editing mode,

{ that will allow the filling of the ASN matrix vith the
{ corresponding parameters.

Be?in
IT ( color_termimal = true ) then

begin
Tetholor(lS)s
TextBackgrouna(4);

endé
Hindov (59,28,80,25);
ClrScr;
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writeln;

writeln (! -MENU - ')
vriteln (7 Move in matrix with ');
vriteln (7 cursor arrow keys. ')j
vriteln (! Press I to Exat  ');

End;
{

PROCEDYET Rough_Window;

{ This window will shov the questions asked, some tgarorary
(aenus, and part of the information entered, that vill be put
{on the matrix screen ahove.

Be?in .
11 { color_terminal = true ) then

begiii
TextColor(d);
TextBackground(3);

end;
Nindov (1,28,58,25);
GotolY (3, 20)}

End;
{

PROCEDURE Reduced_rough_vindow;

Ampt Sl N

{ This is the working window in the case of entering an activity i

{ initiator node.

Begin
l? ( color_terainal = true) then

bepin
TextColor ()3
TexTBackgraund (3} ;

end;
Rindow(1,22,58,25);
Gotoxv(2, 22}

End;
{

PROCEDURE Green_vindow}
Begin
If { color_terminal = true ) then
begin
TextColor ()}
TextBackground(2);
end}
GotoXY(59,1);
Hindov (53,1,80,19);
EhSu;
End;

{

{ This procedure will show the different types of nodes that
{ are available. This menu will appear, together with the

{ procedure REDUCED ROUGH WINDOM, vhen we vant to add a node
{ to the edited ASN,
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PROCEDURE Display_node_types_menu;

Be?in .
11 { color_terainal = true ) then

beain
TextColor(®);
T:xtﬂackgrouad(ﬁ);
enn;
windov(1,28,58,22);
BokoXY (1,28}

vrite(' "activity initiator:A;  branchiB;  timer/counter:C; )5
write( werge:M;  termimator:E; uax‘:ﬂ; gate:§; );
End;

{ }
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{ Procedures for copying and deleting ASN's. }

{ The purpose of this procedure is to take an existing ASN and
{ make a nev ASN, identical to it, but with a nev ASN label.

{ The source ASN must have been created beforehand in order to
{ be able to copy from it, The ASN net number assigned to this
{ nev ASN is going to be (nusber_of_nets+i); after the number
{ will be incremented.

PROCEDURE COPY_ASN;

var nuaber,i j ,Source_net_nusber: integer;
vho des[tnation, name : vord;
ASH_iuund 1 boolean;

ansver, go_ahead : charj

gt R gl gt gt bl

Be?in
It (color_terminal = true ) then

begin
TextColor(15);
JextBackground(1);

end}
Nindow(l,t,80,25);
Cir5ery
GotoXYis,3);
{ 11 the syslel is new,then there is no ASK to copy from. )
[f not new_system then
begin
writeln;
write(' Enter name of ASN to copy from : [4 characters) ');
vhot=read_name} . .
{ Me have to make sure that source of copying does exist. H
Read_systen_tabels;
For j:=1 to nusher_of_nets do

begln

[T (ASN_labellj] = who) then
begin
numbers=j;
Asuhioun3:=true;
end;

end
{ We ui{l be copling only it the source has been found. }
- 11 ASN_found then
= begin

B source net_nusherscnumber;
y ASK_Label(Source_net_number1:=who;
Q urifelni

\ vriteln(' Source ASN, ',who,”, is ASN nusher ',nunber=2){

i (Mt thigtp?int we are going to wake all the copying of parameters}
1 writeln;
Ey write(' Enter nane of nev ASN : [4 chavacters] ')

G He read the name of the destination ASN, }
N destinationz=read_name;

A

Y

S

: rSer -
{ N2 have t% make sure that there are no repetitions in the
{ nanss of the already existing ASNs,

gt g

For»é==l to nuaber_of nets do
u:i.g (ASN_label (3] = destination) do
eg:n
u?iteln‘
urite{u ' Invalid nev label for new ASN to copy to.’);
writeln;
'write("geenter nane of nev ASN. [4 characters] ');
destinationt=read_name;
Looemy
“nusberr=nuaber of nets+l;
vriteln
vriteln(" The nev ASN !, destination,! is net number ',number:2);
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yriteln;

urite(? Press(CR>.');

readln;

Read_system_definition;

Read_systen_characters;

ClrScr;

GotoX¥(s,3);

net_number:=npumber_of nets+l;

ASN_label [net_nusberJi=destination;

vrifeln;

vrite(’ ASN source 15 ', ASN_label[source net numberl);
urgte}n('. It is net number ', source_net_nusber:2);
vriteln

ur@te("ﬁSN destination is ',ASN_labelinet numberl);
writeln(', 1t vill be net number™",rot _nunber:2);
writeln;

vrite(! Is it all right 7 (Y/N} ')}
read(kbd,go_ahead)y

go_ahead:Eupcase(go_ahead);

If go_ahead = 'Y" then

egin
agn_latrix[net,nulber].nulher_of_nodes==
asn_matrix{Source_net_nuaberl.number_of nodes;
asn_mafrixinet_numberl.nunber_of events:=
asn_matrixfsource_net_numberJ.number_of events;
nusber _of_nodes:=asn_matrix[net numberl.number of nodes;
nunber_of events:izasn latrix(nef_nulher].nunher_oT_evenls;
asn_starting eventinef numberl}:=
agn_starf:n?_event[source_net_nunherl;
starting_event_labellnet_nuaberi:=
starfing_event _labellsource_net_nusber];
{ We start with the matrix itself. }
For ji=i %o number_of nodes do
begin_
For i1=1 to number_of events do

egin

agn_natri:[net_nunher].aatrix[i,j]:=_ .
E}m_ntrix*:stmrces_net_t'mltm'].laltmu:t.,il;

end;

end;
{ Ne then continue vith the definition of the different nodes of }
{ the ASN. }
For ji=1 to mumber_of nodes do
begin
type_of_nodelnet _nuaber,jli=
t¥pe_oi_nodeiSource net _nuaber, jl;
asn_nods_definitioninel_nuiber, jl.node:=
asn_node_definition(Source_net_nusber, jl.node;
case t!ge_OY_node[net,nulber,3] )
{ Depending of the type of node that ve have ve have to get }
{ differen tyges of information. }
TAT1begin ..
asn_node_definitionnet number,jl.activity idi=
asn_node_definitionlsource net nusber,jl.activity id;
aativxty_ dtAet_number, jls=activity_id[source_net_nuabier,jl;
end;
'B':henin . .
asn_node definitlop[net_punher,j].branch_variahle_id:=asn,node_defxnitlonlsource_not_nulher,j].
Branch_variable_id; :

end;
'C'ihegta :

counter_var[net_nuaber, jli=

counter varfsource net number,jl; . .
asn_node_definition[net_nuiber,jl.counter variable_ id:= .
4 asn_node_definition[Source_net_number,jl.counter_variable id;
th

'8.3’ '
l"l“
I"l:;
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l]’l:;

end; { end of case }

end
{ At this p%int ve have copied the node characteristics of the ;

{ ASN. Me are

?oing to get the event information nov.
For i:=] to ausher_of events do
begin .
type_of_eventInet_number,il:= ]
tyee of _eventisource net number,il;
asn_event definitioninet_number,il.event:=
asn_event _definitionlsource net number,il.event;
1f asn_event_definition(net_nusber,il.event = 1nt_even{
then

begin
agn_event_delinitinn[net_nulher,i].node:= .
asn_event definitionsource_net_number,il.node;
asn_event_deTinitionCnet_number,il.node_number:=
asn_event_definition(Source net number,il.node number;
cg:f type_of_event[net_number,i] of

'B':Gegin .
asn_event_definiticninet nusber,il.branch_condition:=
asn_event definitionlsource_net_number,il.
branch_condition;
branch_cond_var{net_nuaber,il:= )
4 branch_cond_var (source_net_number,il;
end;

L |
end; ( end of case }
end
else
begin . .
1 (asn_event‘geflnltiun[net_nuuber,ll.event = ext_event)
e

begin .
asn_event_definition(net_nuaber,il.event number:=
asn_svent_definitionlsource_net_number,il.event_nusber;
external “eventInet _nuwber,il:= .
§ external_eventisource_net_nuaber,il; \
en
end; ; :
end;
€lrScr;
nunber_of _netsichumber_of netst+l;

writeln
vriteln(" ASN ", ASN_labelinet _numberl,” has been created.');

writein;

ur;:e}ni' This ASN is met number ?,net_number:2);
vriteln:
writelnl® The starting event for ',who,' is: ?,starting_event_label

{source_net_numberl);

vriteln;
writeln(? Press (CR>.");
readln;
CirSCr;
writein;
vrite(" Do you wish to save this ASN ? (Y/N)');
read(kbd, ansver);
answers=upcaselansver);

If (ansver = 'V') then

begin

Save_systea_labels;

Savc_systeu_de!inillon;

_ Save_systes_characters;

end}

and;

a2



end
else

begin

CIrScrs

GotoXY(5,4};

writeln;

ur@telnf' The source ASN, ',who,! has not been found.')}
vriteln;

writelnl® Either :"); S

vriteln(’ - it does not exist in this system.');
writeln(’ - there is an spelling error 1n the AbN nane.!);

vriteln;
writeln;
write(?  Press {CR).');
readin;
end;
end;
End;
{ }

PROCEDLRE HUVE_ASNs_ﬁUHN(net_nulber_to_ﬂelete: integer);

{ This procedure is called by the procedure DELETE_ASN, and will }
{ shift the ASNs down by one, overvriting starting from the net }
{ to be deleted, by the net 1mmediatel after it} that is ASN 3 )
{ vill becone ASN , if the original ASN 2 vas to be deleted. 1}

var source_net_nusber, s, ¢, i, j: inbeger;

Begin
ai=net_number to_delete;
Fgr ci1=l to number_of nets-net_nusber_to_delete do
egin
Read systen_definition;
Read_system_labels;
Read_systelﬁcharac!ers;
net_nuaber:sa;
source _net_number;=atl;
ASN_labellfet_nuaber]:=ASN labellsource net _numberl;
asn_natrixCne¥_nusber l.aunber of nodes:=
_asn_matrix(source nef_nimber).nusber_of _nodes;
asn_matrix{net_nusberl.nualier of events:=
asn_matrixCsource_nef nisberl,nusber_of events;
nusher_of_nodest=asn_natrix(net numberl.nusber_of nodes:
nunber of eventsi=asn natri:[nef_nunher].nulber_oT_evenis;
asa_starting_eventine_nuaberl:s
. asn_starting_eventisource net_nuaberl;
starting_event_labellnet aumberli=
starting_event Tabellsource net_nuaberl;
{ e nov aust start adjus€ing the characteristics of the Matrix. )
Fgr jt=1 to nusber_ot_nodes do
tgin
for i1=1 to number_of events do
begin L
asn_watrix[net_numberl.matrixli,jlt=
; asn_satrix{source_net_numberl.matrixli, jl;
¢nd;

end
{ He aust nov continue vith the gescription of the nodes. H
For jt=1 to nusber_of _nodes do

egin
tgpe_of_node{net_nunber,j]:=
type of nodelsource net_nuaber,jl;

asn_node_definifionInet_nuaber, jl.nodes=

asn_niode_definitionIsource_net_number, jl.node;
cgis gypg_of_node[net_nulhet,jI of

thegin '

agn_noﬁe_definitionlnet_nulber,jI.activity_idz=
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asn _node definitionlsource_net_number,jl.activity_id;
activify_idlnet _nusber,jl:=
p activity_id(Source_net_number, jl;
end;
'B':begin . )
asn_node_definition(net_nuaber,jl.branch_variable id:=
asn_node _definitionlsource_net_number, ji.
branch_variable_id;
end;
*'C':hegin
counter_varinet_nuaber,jl:=
counter_varlsource_net_number,jl; ) )
asn_node_definitiontnet_nunher,j5.counter_var:able_zd:=
asn_node definition(Source_net_number,jl.
counfer_variable_id;
end;
'a's;
L
L IEH
BT

end; { end of case )

end;

{ We have conpleted the adjustenent of the nodes and their )

{ description. We now turn to the events. }
For i:=1 to nunber_of_events do

begin
tgpe of_event[net number,il:= .
ype_of_event[source_net_nusber,il;
asn_event_definition(net number,il.events=
asn_event_definitionfsource_net number,il.event;
lg { asn_event_definitionlnet_number,il.event = int_tvent ) then
egin . .
asn_event_definitionlnet nusber,il.nodes=
asn_event definitionlsource net nusber,il.node;
asn_event_definition(net_nuwber,il.node _number:=
asn_event_definitioalsource_net_nusber,il.node_nuaber;
case type_of_sventlnet_nuaber,iT of
'3 1begin o . .
asn_event_definition(net nusber,il.branch_condition:=
asn_event_definitionlrource_net_nuaber,il,
branch_condition;

~ end; { end of case }

begin
"« ::n_event_deiiaition[net,nuuher,i].event = ext_event )
2
begin
asn_event_definitioninet_number,il.event_nuaber:=
asn_event_definition(Source net_number,il.
event_number;
external_event(net nuaber,il:=
] external_eventisource_net_nuaber,il;
end;
and; '

end;
{ We have to go and get the next ASN to shift down. ‘ }
(T D H

end;
nulﬂer_oi_nets:=nu|her_of_nets-l;

End;
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( }
PROCEDURE Delete ASN;

{ This procedure is used to delete an ASN. The actual operation )
{ is as follovs: the contents of the ASN to delete are destroyed.}
{ The purpose of this is to allow the intlusion of a new ASN at }
{ that particular ASN nuaber. The net number of the other ASNs 1
{ is not altered, Further on, the external events, and activities)
{ that vere included in that ASN are preserved. Tﬁgt is, they

{ still have their assigned nusber. The numbering is transparent }
{ to the user.

{ Hovever we include a provision to allov the user to completely )
( destro¥ the ASN and to adjust the net number of the remaining )
{ ASNs atffected by this deletion. }

var h,i,j,k,nusber, net_nusher_to_deleterinteger;
who ¢ word;
n, nn: char;
AéN_fnund : boolean;

Begin

Window(l,1,B8,25};

ClySer;

vriteln; )
writeln(' You have now to choices:');

writeln;
t f Delete ASN and leave the blank to be filled, or');

vritein(? -} i
writeln(’ =~ 2 /7 Delete ASN and adjust the remaining ASNs.');
-3/ Quit.');

vriteln(?

writeln; .
write(’ Enter *1",%2" or "3" as a choice.');
read {kbd,n);

ClrScrs

nai=n;

case n of
*{? ¢ begin

GotoX¥(4,2);
writeln;
vrite(! Enter name of ASN to delete [4 characters] i');
vhotsread_names .

{ Me have to nake Gure that the ASK to deleted exists. }
Read_system_labels;
For 3:=1 to nusber_of nets do

be? n
IT ASN_labellj] = vho then

begin
nusher:=j;
ASH_fonnﬁ:=truo;
end;
endi
Goto V(4'2)§
vriteln(’ ASN to delete is ',vho,, net nusber !
. (nupber:2,t.");
write(? Press (CR> or &.");
read{kbd,n); -

ni=upcaseln):
If (>0 then

begin
net_nunber_to_delete:=nunber;
For ji=1 to nunber_of nodes do

begin .
For iz=1 to nusber_of_events do

egin
a%n_latrix[uet_nunher_to_delete].natrix[i,j]=='l';
end;

end .
asn_ngtrix[net_nunber_to_delete].nulher_of_nodes==1;
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asn_aatrix[net_number to_deletel.number of events:=i;
a;n_starting_event[nef_nunber_to_delete!:=T;
end;
Clirscr;
BototY{3,3); _
writeln(' Do not forget to fill the gap created b{ the');
vriteln{' ASN that has been deleted. Reaesber that the');
writeln(’ remaining ASNs have not been adjusted down.');
writein;
writelnl’ Press (CRY.");
readlin;
end;

12' : begin
GotoX¥(3,2);
vriteln;
write(' Enter name of ASN to delete [4 characters] :');
vhos=read name; .
{ Me have to make Sure that the ASN to deleted exists.
Read_system_libels;
For j:=i to nusber_of nets do

be?ln
11 ASN_labellj] = who then
begin
nunber:=j;
ASN_found:=true;
end;
end;
Botoly(4,2);
writelnt! ABN to delete is ',who,", net number !
) Jnunher:2,',');
write(' Press (R or n.'i;
read(kbd,n);
nizupcase{nl;
If (n<3Q") then
begin
net_nunber to_delete:=number;
Move_ASNs_dovn(net_nusber_to_delete);

end;
else

hegin

ClyScr;

writeln;

writeln{" Incorrect Entry. ASN not deleted. ');
uriteln;

reading

end;
end; € end of case )

11 CCan =1") or (nn ='2')) then
bepin
ClrScr;
gotol¥(5,3);
vrite(' Do you vant to save the last changes (Y/N) ')}
read{kbd,n)
nt=upcasein);
1§ (aa'Y') then

begin ,
Save_systen definition;
Save_systes_characters;

Save_systea_labels;

end}

end;

End;

(
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{ Procedures to rename events, activities and ASN's, }

PROCEDURE RENAME_ASN;

{ The purpose of this procedure is to change the label associated }
{ vith an ASN, We will list the labels of the existing ASNs, ask 1}

{ for which ASN to rename, check if label exists and change the
{ label of the corresponding ASK.

var vho, nev_vho 3 vord;
count, i & integer;
ASH_foundi
ansver : s!ringfi];

Begin
Window(l,1,88,25);
Read_syslen_labels;
ClrScr;
writeln;

vriteln(" These are the AS''s in this system 37)3

writeln;
count:=ﬁ;
For i:=1 to numher_of _nets do

be?in
It (count<d) then

epin
write(' " ASN labellil,? , ');

count:=count+l;
end
else

begin
uritelna' ' ASN_labellil);
and}

uriteln;‘
vriteln;

vrite(' Enter the name of the ASN you wvant to rename : ')

vhot=read name;
ASN_founglsefalse;
For it=l to nuaber_of nets do
if (ASN_labellil=¢ho¥ then
hegin
net_number:zi}
ASN_foundl:strue;

ends
If not ASN_found? then
begin

ClrScr;

writeln

writeln(’ ASN ', uho,’ does not exist in this system.’};

writeln;
write(! Press (CR>. ')}
reading
end
else
begin
ClrSer;
writeln

ur;telni' ASH to rename is net number ',net_number:2,' ')

vriteln;

write(' Enter nev name for this ASN: [4 charactersl '};

nev_whotzread hawe;
ASN_ found2: =true;
wvhile ASN_found2 do

begin
ASN_found2:=false;

For iz=l to nuaber_of_nets do
If (ASN_labeilil=nev_vho} then
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begin
A N_{ound2:=true;

1f Aén found2 then

begin”
writeln; )
uritelni' Invalid nawe. Label ',new_vho,' already exists.');
writeln(! Reenter nev name :');
nev_vho:=read_nane;

end;
Clrscr;
vriteln;
writelnl’ 01d nawe is !, ASN_labelfnet_nuwber],' .');
vriteln;
urxteln(' New nane is ',nev_vho,’ .');
writeln;
write(' 1Is this all right 2 (Y/N) ')}
read(kbd, ansver);
answer: -upcase{ansuer)-
If ( answer ='Y') then

begin

ASN_lateilnet nunber]:*neu _who;

Save_system_labels;

end
eise

begin

writeln

ur:telni' Labels not changed.');

write(’ Press {CR».');

readlng

end;

end;

End;
{ : }
PROCEDURE RENAME Activity;

{ In this procedure we vill allow the renaming of activities. )
{ The operation is similar to that of RENANE_ASN. }

var vho, nev _who 3 uord,
r-counk, it intege
attiv1ty foundl ...1v1ty found2 : boolean;
ansver ¢ str:ngf

Beg

Hlndoufl 1,08,25);

Read Syslea labels-

ClrScr;

‘writeln i

writeln(' These are the activities in this system 1)}
writeln

counte=l;

For |:=l to nuaber_of activities do

I? (count(4) then

u?xto(' Y,activity labelfid,* 4 )3
countt=count+;

end

else

begin
writelnd’ " activity_labellil);
count izl
end;
end;
urxteln°



writeln;
write(" Enter the name of the activity you vant to rename 3 '}
vhoi=read_name;
activit _Tnundi:=false;
For i:=t to nuaber of activities do

If (activity_labelfiJ=who} then

hegin

activity_nueber:=iy
a;tivity_fuundl:=true;

end;
If nob activity_found! then

begxn
ClrScry

vriteln; L

uri:e{ni' Activity ?,vho," does not exist in this system.');

writeln;

write(" Press (CR). ');

readln;

end
else
heg:n
CirScer;
writeln; .
vriteln(! Activity to rename is activity number "
activity_nuaber:2,! .");
writein; .
write(" Enter nev name for this activity: [4 characters) ');
nev_vhoi=read name;
activity found2:strue;
vhile activity_found2 do

begin
activity_found2i=false;
For i:=1"to number of activities do

It (activity label{iJ=nev_vho) then

egin
activity_found2:=true;

tnd}
If activity_found2 then
begin
. writeln
vriteln(’ Invalid name. Label ' new who,' already exists.');
writein(* Reenter nev name i');
new_vhol=read_nawe;
enty
end}
Clrser}
uritelni . o
ur;tein ' 01d name is ',activity_labellactivity_nusberd, .');
writeln
ur;telni' New name is ',nev_vho,’ .1}

vriteln; .

vrite(" 1s this all right ? (Y/N) ')}
read(kbd, answer);

aNsweT i=upcaselansver);

If ( answer ='¥?) then

begin
agtivity labelfactivity_nusber Ji=new_who;
Save_sysEen_labels;

end

else

begin
writeln
writeln(’ Labels not changed.');
write(" Press (CRX.');
readln;

end;

end;

End;
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PROCEDURE RENANE ext_event;

E In thls procedure ve vill allov the renaming of external
events,
{ The operation is similar to that of RENAME_ASN.

e et A

var who, nev_who : word;
count, 1 : inte ?
ext_event_found

ri
e:t _event_found2 : boolean;
ansver ¢ strlngtl

Be

H?ndou(l 1,88,25);

Rudsnellnﬂa

CirScr;

writeln;

eritelnl’ These are the external events in this systea :7);
writeln

counts b

For js=t "to nuaber _of_ext_events do

I? (count(4) then
hegin
write(' *,ext_event_labellil,’ , ');
count:=count+l;
end
else
aeg
Curiteln(t Toext_event_labellid);
count:=8;
end;
end}
vriteln;
urxteln
urlte(' Enter the namt of the external event you want to rename : ');
vho:=read_nane;
ext_event foundi:=false;
For™iz=l to number_of ext events do
If (ext_event_labeilil=vho) then
begin
ext_event_nuaberi=i
elt “event_foundi:=true;

4] no{ ext_event_foundl then

begin

ClrScr;

urltelni

ur::e{n External event ',who,' does not exist in this system.');

vri

ur:te(' Press {CR). !

readin;

end
else
h!?tn
CirScr;
urlteln‘
writeln’ External Event to rename is external event number ',

ext_event_nuaher:2,! .');

vriteln;
write(!" Enter new name for this external event: [4 characters] ™
nev_vhoscread_name;
ext “event_found2: {rne;
vhile ext”event_found2 do

begin

ext _event_found2:=false;

r-it=l o nuaber of o:t _events do .
!; fext_event_ lahel[11=neu vho} then
egin '
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ext_event_found2:=true;

end;
I ext_event_found2 then
bengin
writein;
writeln{® Invalid name. Label ',nev_who,' already exists.');
writeln(’ Reenter new name :');
new_vho:=read_name;
end;
and;
Clrscr;
vriteln;
urite{ni’ 01d name is !,ext_event_labellexi_eveni _numberl,' .');
vriteln;
uritelnt' Nev nane is ',nev_vho,’ ')}
writeln;
write(' Is this all right ? (Y/N} '}
read(kbd,answer};
ansver s=upcaselansver);
tf ( ansver ='Y')} then
begin
ext_event_labelText_event_numberl:=nev_vho;
Save_systea_labels;
end
else
begin
writelin;
writeln(! Labels not changed.')}
write( Press (CRX.');
teadln;
end;
end;

End;
{ }
PROCEDURE RENANE;

var number, choice : integer;

Begin

LlrSery

writeln;

ur@teln{' You tan renase :');
urlteln%

writeln{' 1- an ASN;')

writeln(' 2- an Actlvit R H
writeln{' 3~ an external event.');
vriteln; ,
write(! Enter number of choice : ');
readinichoice);
case choice of

[iRename ASN; =

2:Renane”Ackivity
3iRenane_ext_event;
end; { ehd of case }
Clrscry

End;
{ )
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{ HAIN program for Editor. )
PROGRAM ASN_Matrix Editor (input,output);

{$R+)

(41 DECLAR.GLD}
{41 FILECHEC,6LD}
(%] READSYS.6LO}
{$1 SAVESYS.GLO}
{($] SYSLIST.GLO}
{41 WINDONS.EDT)
($1 MATDEST.LU:
{81 EVENTIN.EDT)
($1 NODEIN.EDT)
{$] ASNOPER.EDT)

{

{ Some of the variables here will be used mainly for displaying
{ Eurposes; such is the case of type of node, type of event,
( branch_cond_var, activity_label and counter var, )

{ Ihe¥ have in some case corresponding variable types included
{ in the declaration included in this program,

{
( NAIN PROGRAN }

var choice_number, choicesinteger;
ansver ¢ stringlll;
value ¢ inteper;

BEGIN

ClrSer;

vriteln; .

write(* Do you have a color monitor 2 L Y / K ')

read (kbd,answer}; .

If ((ansver = 1) or ( ansver = 'y")) then color tersinali= true
eise color_terainal:= [alse;

[ Y S (- T WP oY Ry A

choice:=8;
If { color_terminal = true ) then

begin
TextColor (15)3
Textkackgrounﬁ(!);

end;

CirScr; .
writeln;
writelnl’ PROCESS ACTIVITY DIAGRAM ERITOR.');
writeln(! N3
writeln;

writelnlt  This EDITOR is part of a toolset package that can be used ")

writeln{' for the definition and specification of a system. ')i
urj:e%n(' This package consists also of MATEMT and INSPECT.');
vritein;

vriteln('  Once the sYstea to study has been defined using PAD''s, then');

writeln(* the user wil
ur%te{n(' prograns, EDITOR and MATEDIT.');

writeln;

writeln(® ALl this data will be saved in three files, defined b
uri{e%n(' system name; these vill be system name.asn, .nam and .¢
writeln;

be able to enter all this information using both');

vritelni!  The user does not need to uorr{hahout vhich file to read or ')}

vriteln{’ to save, Files .nam contain all
writeln(" ASN''s and external events present in the systea; these
ur;te{n(' are 4 characters long every time,');

vriteln; .

vriteln(’ This prograe vas written by Jose M. DURAN.')s
writeln; R
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write(?
readin;
vhile (cholce {3 do
Begin
Start;
cho;ce nunber:=9;
Ehlle {choice nunber {} 4) do
egin
IT (color_terminal = true) then

be
TgxtCOIOrlIS)'
TextBackground(l)

thdou(l 1,88,29);

ClrScr;

Goton’h

mtet'nsku bF commnas”;
fotoXY(1

ur:teln('i 6reate an ASN.');
BotoXV (15

umeln('i Liit an ASN. 1)
GotoXY (15, 11);

ur1te1n('§ List system parameters.');
GotoXY {15

ur:teln('a Cﬁange Systen. ')}
GotoXY(1S

urxteln('ﬁ Qu:t.
GokeXY(1,28);

urite(’ Enter choice nusber : ');

values=read_number;
thoice_number:=value;

cage choice_number of

1sCreate ASN;
2:Edit_ASN;
diList Sysiel Paraneters;
Sthegin
choice:=5;
ch01ce nunber=-4
end;
end; (' end of case }
end;
End;
C1r§cr.
END.

{

Press (€R}.');
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{ MAIN Prog
PROGRAN MATRIX A

{$1 DECLAR.GLO)

{$] FILECHEC.GLO
{($]1 READSYS.6LD}
($] SAVESYS.6LO)
{$1 SYSLIST.6LD)
($1 RENAME.MAT)

{$] COPYDEL.MAT)

{

ran for MATEDIT. }
ANIPULATOR Cinput,output);

}

}

{ The purpose of
{ the contents o
{ contents are.
{ have to go to

( -

this matrix is to show, in a node by node basis }
i the matrix. The user can only see what the }
[f any modification is desired, then he will }
the editing sode. }

}

{ MAIN PROGRAH )

var choice_nuabe
answer 1 str
value @ inte

BEGIN

ClrSer;
vritein;
write(* Doy
read (kbd,ansve
If {{answer = !

el

B ( color_tern

begin
Textlolor(15)
TextBackgroun
#nd;
ClrSer;
uritelng
vriteln(’
writelal?
writeing
writeln(’
writela(' too
writeln;
vritelnt!
vriteln;
writelnl?
writeln(!
writeln('
writeln;
vriteln
vriteln(!
vriteln;
writeln;
writel’
teadln;
choices=l;
vhile (choice ¢
Begin

CirSer
GotoXY(4,3);

-—

ry choicesinteger;
tng1d;
ger;

og have a color monitor 2 (Y / N )')

r »

v} or ( ansver = 'y')) then color_terminali= true
se color_terminal:= false;

inal = true ) then
i

d();

NATRIX MANIPULATOR FOR m"s.) "y
B H

Ihigiprogral is part of the PAD''s editing facility');

This program will aliow the user the folloving:");

- to make an identical copy of an already existing KSN.');
- to delete an ASN from a system definition.');
~ to rename an ASN, an external event or an ac{ivxty.’);

This program was written by Jose M. DURAN.'};
Press {CR>.');

> 8) do

write(’ 'Enter systen nane [B characters] : "
readin{systea_nane);

Read_systen_]
CirScr;

abels;
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choice number:=@;
Wnile Tchoice nulber {3 8) do
hegin

1 (color_terminal = true) then

Tgxttolur(IS)
TextBackground(t),

Hlndov(l 1,89,25);

ClrScr;

GotoX¥t19

uratet*uehu br CONMANDS! );

GokoXY(1

urnteln('l Llst systen parameters.');
GotoXY (15,1

urxteln('b Hake a copy of an ASH.M);
GotoXY(IS,12);
urlteln(’ﬁ Delete an ASN.');

Gotol¥ (15

ur:teln('i Renane an ASN, an activity or an external event.');
GotoXY (19,1

urlteln('é Cﬁange System.');

gotoXY(1

urxteln('ﬁ Dult.'),

GotoXY(1,22); )

write(? . Enter cheice number 3 ')}
values=read_number;

choice _nuabér:=value;

case choice_nusber of

l Llst S stel _Paraneters;

Dege te AQN'
4:Rena|e-
H hegxn
choices=h;
choice nulber =53

end;
#nd; " end of case )
end;

Ends

c1r§cr;

END.

{ )
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APPENDIX B.

This appendix contains a program for the verification of the
'mechanical’ errors found in an ASN, whose definition has been
entered by means of the ASN matrix EDITOR.

The program includes global procedures listed in appendix A.

TABLE OF CONTENTS

page

i - INSPECT MENUS.

- Menus. B-2
&= INSPECT PROCEDURES.

.- Check event node triggering. B-4

- Check basic connectivity anomalies. B~-6

- Check lack of nodes. B-8

— Matrix checking. B-9
3 — MAIN PROGRAM.

~ Main program of INSPECT. B-11



{ Menus for INSPECT. }
PROCEDURE CHECKING_MENU;
Begin

Window(!,1,808,25);
ClrScr;
1f (goior_terninal) then

egin
Textcolor (3);
Tex*Background(6);

end;
Window(3,1,008,12);
CirScr;
writeln; .
vriteln(’  Choice of checking to do on ASKs.');
writela(’ i H
writeln;
vriteln(! { - Check triggering of nodes and events.'):
vriteln(® 2 - Check for Dasic anomalies in the conneclxvxty.’};
writeln(! 3 - Check for lack of essential nodes and events.');
vriteln(’ 4 - Complete ASN check uf. (includes 1, 2 and 3).M);
writeln(' § - Check the Epsilon rule.');
writeln(' & - Change ASN to check.’);
writeln{' 7 - Quit.");

End;
{

PROCEDURE EVENT _NODE_TRIGGERING MENU;
Begin

writeln;

writeln(!)
uriteln('i The purpose of this process is to verify that
writeln('! the different nodes in this ASN are correctly
writeln('} triggered.

L

i
=l
:l
writeln('} i’
writein(’} 'Y
writeln{'! Ne are going to verify the folloving : R
vriteln('! . ')
vritela('l - if any node in the net is not being triggered. i');
vriteln(': This causes a break in the execution sequence. ')}
writeln{'} 3]
writeln(’! - if any node in the net is being incorrectl 14
writeln('} triggered; that is like an activity initiator ")
writeln(": node having an *D® or an "E* trigger. e
writeln{'! . i
writeln('} - if any sgecial node in the net, that is of type ')
writeln("} ate or timer/counter is missing one trigger i
writeln(') ype; these nodes must have all three trigger i);
writeln('} types, "D*, "I" and ‘E". s
vriteln('! i')s
writein(} ins
writein; .
End;
{
PROCEBURE CONNECTIVETY_ANONALIES MENU;
Begin
writeln('}

writeln(’! The purpose of this process is to verify that
B-2



vriteln('} there are no basic anomalies in the connectivity
vriteln('! of the ASK. These basic anomalies are:

vriteln(t)
vriteln(';
vriteln(’!
vriteln("!
vriteln(®}
vriteln(!)
vriteln(*)
vriteln('}
writeln()
writeln(*}
writeln(?}
writeln(®!
writeln(?}
writeln(t,
writeln('}
writeln('}
writeln(?}
writeln(t}---

End;
{

- an in

We are going to look for two types of anomalies:

~ a node self trig ering; this means; that except

in the case of the "merqe” node, a DEADLDCK
situation will occur; this is because all the
nodes are of the vait type, and they require all
inputs to be present to be acitvated. Hovever
the output trlgger is only issued once the node
has been executed.
In the case of a "merge” type node, ve will have
as soon as the ASN is avakened a series of triggers
coling from the node., '

ernal event not triggering anything at all,
this having the effect of a cut in the execution
sequence.

PROCEDURE LACK_OF NODES_MENU;

Begin

- ap S sm o A Th A Mm o m M G M A W o M W e

B
e T A N T T e e T

writeln(®!
vriteln("}
writeln("}
writeln(']

In this case, ve have to check if the current ASN
contains the necessary nodes in a given ASN.

writeln{'}
writeln(';

vriteln{'}
writeln(?|

i Basically, this verification apglies to only two types
writeln(’} of nodes, activity initiator and

erninator (end) modes.

= In the case of no activity node being present in the ASN,

vriteln('} ve will issue a varning statement; fundamently it is not
writeln(*! incorrect but it does not make too much sense to have a

writein('{ complete ASN with only the reamining types of “active" nodes.

vriteln(')
vriteln(}

i = In the case of a lissina‘terninator node, an ERROR message
vriteln{"! will be issued, The END noge -
vriteln{'! One can visealize this node as an activi

is netessar! in the ASN.
Y

vriteln('! wmanager that the ASN has been cospleted.
vriteln('! Othervise this ASN will vemain avakened for ever,

vriteln(':
writeln(")
writein(!
vriteln(’
uriteln;

End;
{

1
]
[]
]

- Lack of external events wiil also bi checked here,

notifying the ASN

- v e - A - -
W MR o wE W W B ot W W U E N W W v W e W e w
e St Nt S s Bt Rl g Y Vel S S Wt Saa® S W P Vongs? St Nt S St
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{ Checking of the node-event triggering. }
PROCEDURE CHECK EVERT_NODE_TRIGGERING;

VAR node_triggered, node enabled, node_disabled : boolean;
i iy & nulber : integer;
vho : word;
no problel, ASN_found, incorrect_trigger : hoolean;
node 3 node_type;

Begin
li (color_terminal) then

TgxtColor(ISJ-
Te:tBackgruund{l)-

end;
v:ndou(l 1,89,25);

Clrs
. uxndouis 1,88,25);
Clrber;
Event_node _triggering_menu;
ur:te! Press (CRY.1);

Ceai1, 1 ,60,25);
nusber o hodes:=asn _matrixinet nusberl.number_of nodes;
nunber “of “events:=asn_matrixinet_nunberl.number of events;
{ We have To see, depending on the type of node If the
{ trlggerxng is correct or not, }
CleS2t;
For ;==1 to number_of_nodes do
begin
no_problem:=true;
node_triggered:= }alse.
node enabled:=false;
node d:sahled:-false,
incofrect trxgger"false'
{ Depending on t ¢ of node that we have, there can be
{ different types of rxggers associated vith it.
{ For instance, only gates and timer/counters must be endbied
{ and disabled. The rest can only be tr1gaere .
nodez=asn_node_definition[net_number,jl.node;
case node”of
counter, gate:

Sngel Al Snpl St

sgin
Fgr it=l to nuaber_of_events do
egin
It (asn_matrixinet nusberl.matrixli, jI='E') then
node enableds=true

If (asn _watrixOnet_nuaberl.matrixii,j1='D') then
node_disabled:Strue

else
If (asn _matrixinet_nusberd.matrixii,jl='1"} then
node_triggeredi=true;'”

!; gol node_triggered then
groble|-=ialse;
u;xtelni' Node *,§12," is not triggered.’);
If n%t node_enabled then -
Erohlen:=false,
write
ur:teln[' Node ', j:2," is not emabled.');

. _end;
liﬁnot node_disabled then
' B-4



tgin
no_Eroble|:=false;
writeln; ]
writeln(’ Node ',ji2," is not disabled.?);
end;
end
else
begin
For j:=1 to number_of_events do
be?ln o
11 (asn_matrix{net_numberJ.matrix(i,j1="1'} then
node_triggered:=true
else .
If ((asn_natrix{net numberl.matrix(i,;jl='D"lor
Tasn_smatrixInet_nusber.matrixfi,jI="E")) then

gin

no_problems=false;

vriteln;

writelnl! Node t,j¢2," has a non acceptable trigger ;’);

v;iteln(' in event number *,i:2,'.?);
end;

end;
If not node_triggered then
begin
no_problen:=false;
vriteln:
vriteln{’ Node *,j:2," is not triggered.'};
end;
end
end; { end of case )
end;
urt!eln;
If no_probies then
begin
witeln;
uzxteln{' No problem in the event-node triggering.’};
end;
writeln;
writel! Press (CR.');
readln;

End;
{
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{ Checking of the Basic connectivity anomalies. }
PROCEDURE CHECK_BASTC_CONNECTIVITY_ ANODMALIES;

VAR no_problem!, no_problen2, event_triggers, self_trigger : boolean;
i, j ¢ integer;

Be?in
11 (color_terminal) then

begin
TextColor (15);
TextBackground(1);

end;
vindow{t,,89,25);

1134

Nindowls, 1,98,25);

ClrScr;
Cognectivity_anonalies_lenu;
vritel!

readin;
vindowt1,1,88,25);
ClrSers
no_proﬁlel:=true;
no_problenl:=true;
no_problea2:=true;
event_triggersi=true;
self _Erigoeri=faise; .
number_ol nodes:=asn_matrixlnet nusberl.number of nodesl
nunber “of "events:=asn_matrix(nef_nuaberl.nunber_of_events;
Fgr j251 To number_of_nodes do

¢gin

For i:=1 to number_of_events do

Press (CR).");

egin
13 (asn_event_definitionlnet_number,il.node_nusher = j } then
egin
node number:=j;
event_number:=i; . :
Hi asn_uatrixtnet_nulberl.latrxx[event_nulber,
node_nuaberl = 'I1) then . )
It (asn_::ent_defxnttlontnet_nunber,1l.event = int_event )
en ‘

begin
ng_problenl=false; . .
I; (asn_event_definitionlnet number,il.node = merge ) then
in
:gitelni . :
writeln(’ Merge node ' node_number:2,' is self triggering.');
v;iteln(' uitiple !rlggers will result,');
&
else
begin
writeln; :
vritelnt"ﬂode ', node_number:2,’ is gelf tri?gering.');
u;iteln(' Deadlock situation will occur.’ }
end; ‘
tnos '
ents
end;

endy
[f no_probiem then

begin
uritelni s . .
u;iteln ! No connectivity anomalies have been found in this ASN.');

end;
writeln;
writel Press (CR).');
readlng

Clrscrs

For i3=t to nusber_of_events do



begin
event tr:Egers. =false}
gr i¢=1 to nunber ol nodes do
egin
It ((asn_matrixInet_nusberl.matrixli,jl='1')or
(ash_satrix(net nunber 1, matrix{} i1= 0 or
(asn_matrixCnet nunber].natrx:[x,;] ='gt)) then
evint_triggerss=true;

end;
1f not event_triggers then

begin

no_problea2:=false;

writeln;

u;itelni' Event ',i:2," does not trigger amything.');
en

lf no _problenZ then

begin

writein;

u;:teln(' No problem as all events trigger some node.’);
endy
vriteln;
write(’ Press {CR}.');
readln;

End;
{
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{ Checking the lack of nodes, }
PROCEDURE CHECK_LACK_OF NODES;

Var no_activity, no_end, no_external event : boolean;
i,7j ¢ integer;”

Begi
? (color _terainal) then

TextColor(lS)'
TextBackground(l)'

u:nﬂgutl 1,80,25);

Clrs

Kindovls, 1,88,25);

ClrScry

Lack o _hodes_senu;

urlte( fress (CRY.');

u:ndonil 1,60,25);

ClrSer;

no_ external _eventi=ztrue;

no_activityz=true;

no_end: =trie;

nuiber_of_nodesi=asn _satrix[net_numberl,nuaber_of_nodes;
nunber of "events:=ash_matrixinet_number).nunber_of evenls,
For J:'l fo nusber_of_nodes do

I? (asn node definition(net_number,jl.rode =
activif g initiator) then no actxv;ty =talse;
i (asn_node_definitionlnet_nuaber, j1.node =
" terminator) then no_end:=false;
end:

CIrScr,

vriteln;

I o act:v1t then

writeln(' WA NINE' This ASN does not contain amy activity nodes.');
writeln;

If no_end then

writeln(! ERRUR"' This ASN is missin 1ts END node.');

If {(not no_end) and (not no_activity))

urltfln(' Ro important node (activity or end) is missing.");
writeln

urite('; Press <CRY.");

readlng :

CIrStr'

For 1:'1 to number_of_events do

I? (asn_event_definitionlnet_number,il.event = ext_event) then
no_external_event:=false;
end;”
urttel
It no external _event then

urg:e{n(' ERROR!! This ASN does not have any external event.');
Nritelng
writeln(? Press {CRY.');
readin;
end;
urtteln;
Clrser;

End; ‘
{ ' }




{ Checking of the matrix. }

{ The Rurpose of this file is to allow the basic verification }
{ of the aatrix parameters. }
{ We are checking the folloving @ H
{ - that all nodes are triggered; }
{ - that all events trigggt souelhxng; }
{ - that the matrix contains at least an external event; )
{ - that the matrix contains the starting event; o}
{ - that the triggevine of nodes is correct, that is that special}
{ nodes such as counfers and gates are enabled and disabled; }
{ - Similarly, that the other nodes, wait, activity initiators, }
{ branch end and merge nodes are either triggered or not }
{ triggered; }

PROCEBURE MATRIX_CHECKING;

var choice,i, nusber, h, choice_number : integer;
who ivord;
ASN_found: boolean;

Begin
If (color_terminal) then

degin
Textcolor (19);
TextBackground{1);
end;
choice_number:=8;
choicei=h;
vindow(!,],89,25);
CleSery
vhile tehoice ) do
beﬁxp
choice _nuaher:=8;
ClrSers
urite%n(' These are the ASN''s of systea ',system_name,' .');
writeln;
For §:=i to number_oi_nets do

¢egin
ugiteln(' Net number ',i:2," is s ' ABK_labei[il);
If {1 =168) then
begin ‘
vriteln; .
write(! Press {CRY to continue,t);
readin;
ClrScr;
end;
end;
writelm
write(? Enter the NAME of the ASN to check 1 [4 characters] ')
vhot=read_name;
ASN_foundi=false;
CirSer;
For hi=t to number_of nets do

be?in .
Ib (ASN_labelLh] = vho} then

tgin
ASN_found:=true;
nunber:=h;

end;

ends
I Agﬂ,found then

#gin
u?jte}n(' ASN being checked is ASN nueber ', nusher:2,' .');
writeln;

writel! Press (CR).1); o
readln;

ClrScr;
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net_nuaber:=number;
Checking_nenu;
1f (color terllnall then

begin
Textcolor {13);
TextBackground(l);

end;

window(i, 13,80, 25);

Llréer;

writeln;

write(’ Enter choice nuaber : s

choice_number:=read_number;

unxle T(choice_number {36) "and (choice O} do
agin
case choice_nuaber of
1:Check_event_node _triggering;
2:Check_basic_connectivity_anomalies;
g iCheck_lack_of_nodes;

geck _event_node_triggering;
Check_basic_connectivity_anomalies;
Czeck lack_of_nodes;
end;

Stbe
w?ndou(l 1,88,29);
ElrSery
Epsilon _verification;

Clr
vindoul1, 13,68, 25;
end;
7:beg1n
choice_number:=b;
choicei=T;

I'I
end: end of case }
1f (cAom 7 then

be?xn
Clrscr;
Checklng nenu;

If (color terllnal) then

be
Tgxtcolor(IS)s
Textnackgroun O H

utndou(l 13,80, 25);

CleSers

urxteln'

write(? Enter choice number : ');
readln(choice_nusher); -

ends o
end,

end

else

begin
¢ rScr'

wri
.urxtelni' ASN to check has not been created.?);
ur:teln(’ It can not thus be checked.');

Witeintt Press (CRY. ")
readln'

end "tend of vhile}

uxuaoutl 1,80,25); -
ClrScr;

End;

{
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PROGRAM ASN_MATRIX_INSPECTOR (input,output);
{ MAIN PRGGRANM }

{ The purpose of this progras is to verify the correction of

{ matrix entered. It is part of the PAD software tool, Once the
{ system has been defined ano entered by means of the EDITIR,

{ the user vill call the checker to vgr1fl if any errors have

{ been inserted in the inadvertantly in the matrix definition.
{ Once the correctness has been proven, the definition can be

{ tested on the simulator.

{

$1:23]

{$i DECLAR.GLD}
{$1 FILECHEC.6L0}
{41 READSYS.GLO}
{$1 SYSLISY.6LO}
{41 INSMENK. INS}
{$1 BRANCHEC.INS}
{$I MECACHEC.INS}

{ }

{ MAIN PROGRAM }

VAR answer, response : stringlil;
choice, choice_number : integer;

BEGIN

ClrSer;
vriteln;
writeln;
vrite(’ Do you have a color monitor ? {Y/N) !);
read(kbd,ansuer);
ansver:=upcase{ansver);

1f ansuer=!Y' then color_terminali=true

else color_terninalr=false;
ClrScry
Botol¥(5,3);
choice:=6;_
vhile (choice (34 ) do

begin

writeln; S

write(' Enber system definition name 8 characters 1: '};
readln(systes_nane); :
Read_sysbem_labels:
Read_systen_definll:on;
Read_system_characters;
choice_nusher:=83
vindovTl, 1,89, 25};
ClirSer;

vriteln;

vriteln(? ASN ERROR BETECTOR.')

writeln(’ '

vriteln;

writelnt’ INSPECT is an error detection program designed to locate!);
urize}n(' any wrong entry into the definition of the ASN.'};

writeln :

urite{n ' The types of errors that can be found are :');

writeln;

vritelnl' 1~ Incorrect emtries in the matrix itself;’);

writeln{® 2= Incorrect connections in the matrix;'};

L L

writeln(' - This is a source of deadlock or *);
writeln(? aultiple trig?ering.');
writeln{’ 3- Incorrect use of branch and aerge nodes;');

vriteln(’ This is a source of deadlock or ')}
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vriteln(? aultiple tri?gering.')' .

vritelnl’ 4- Lack of basic features o% a given ASN;');
writeln{' 5- Combinations of errors.');

writein;

writelnl!  This program was written by Jose M. DURAN.');
vriteln;

write{’ Press (CRY.');
readln;

ClrSer;

Fhile ( choice_number{)3) do-

Begin
Windov(1,1,88,25);
If Color_terminal then

begin
TextColor (15);
TextBackground{1);
end;
ClrScr;
Sotol¥(17,5);
writeln(’  MENU OF COMMANDS.');
GotoXY(17, 18);
writeln(t, List Systen Parameters.');
GotoXY¥(17,12); .
writeln(’, Start System Verification.');
SotoXY(17,14)3
vriteln('ﬁ. Cﬁange Systen.');
GotoXY(17,16);
writeln('d, Quit.!);
GotoX¥(17,22);
write( tpter choice nuaber : ');
readln{choice_number};
printing:=false;
case cho1ce_nun5er of
1: List_system_parameters;
2: begin
ClrSery
gotol¥ i3, 3);
write(! Do you vant a printed format of the errors 2 (Y/N) '}
read(kbd, response);
responsetzupcase (response);
IT response='Y' then printingi=true;
CirSce;
It not printing then
Natrix_checking
else
Print_Matrix_checking:
ead}
4: begin
choice:=4;
choice_nunber:=3;

end;
end; { end of case }
+nd}

Ends
tlrﬁcr;

END.
{ }
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