





































































































































































































Chapter 4 Introducing Dialog Coordination and Subtypes: Master-Slave, Team, Agreement coordination

For a visual impact, we show in the figure 4.6 a design with very few requirements, responses
and objects. The dialog is already complex to design, to understand or to expand as the goal-
oriented logic of interactions has to be dispersed in the related objects. The responses are difficult
to describe and also their relative influence is not obvious.
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Figure 4.6 The Dialog for a Few Objects

There are notes in the drawing about decisions that belong to a group level, being theoretically
public, but they have to be implemented in interacting objects. There is no public place in
software to undertake the public logic or public values. Also, as the code is usually the only
complete document, a new designer will hardly comprehend the interactions looking only at
these objects. Trying to add a new object becomes (what is nicely called) a challenge. Statistics
say and we know that much of designers’ time is used to understand the previously written code.
A similarly big problem is with testing : it is hard to cover all cases and bugs push the deadlines

in an unpredictable way.
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Chapter 4 Introducing Dialog Coordination and Subtypes: Master-Slave, Team, Agreement coordination

If developers did accept the Objects for their encapsulation quality, we could look for a next level
of granularity: a Unit formed by a few objects related with a Dialog Coordinator object. The local
logic will be clean and understandable.

::Object D

Figure 4.7 The Dialog Object for a Few Objects

Usually the dynamic logic of interactions is not visible, but is think-ible. In software we have the
chance to write our thoughts in code and we should use the chance. Moreover, the existence of
public logic and public values requires a public object in each group that shall undertake them.
The group coordination is defined separately while the calls from coordinator to objects become
calls for a specific activity, as in COD (Figure 4.7). A Dialog Coordinator may be seen as the
dynamic script of what can happens in time with a dialog and thus the definition of the response
to any request can be enhanced.
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4.3 Dialog Coordination Subtypes:
Master-Slave, Team, Agreement Coordination

The concept of Dialog Coordination is intended to cover any kind of dialog between objects. It is
meaningful to distinguish some types of dialog for which the Dialog Coordination could
specialize.

We consider that in a project the objects can be grouped according to the kind of dialog between

them. We first distinguish the following areas of dialog :

a. An area of strong interactions, where a demand must be answered; inside this area, objects
work together as a machine.

b. An area of light interactions where the dialog starts with a prologue as ‘Please, may I ask you’
and the epilogue does not necessary say ‘Mission accomplished’.

The two areas, of light and strong interactions, appear in figure 4.8 where the shadowed surfaces

cover the ‘machinery’ type of Objects’ Groups.

Objects in
Dialog

Area of Strong .’
Interactions. -

- Light
Interactions :

Please, may I ?

Figure 4.8 Light and Strong Interactions
1. Master-Slave Coordination

We introduce the first type of Dialog Coordination, the Master-Slave type, as a coordination for
the objects inside the areas of the strong interactions. These objects must execute their part of
the job, for the requests coming from outside the area. The boundary between the Master-Slave
coordination and the next type, Team Coordination, is the limit between the area of strong and
the area of light interactions.
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2. Team Coordination

This Dialog Coordination covers an area of light interactions. More objects in strong interactions
form a kind of unit, which is more responsive than the objects apart. Between these units with
more responsibility the interactions are usually light ; the Team Coordination relates several
such units in teams. A team will deal with certain higher level event-responses. The previous two
types of Dialog Coordination are in the same plane working together directly to provide the right
responses for the system requests.

We make a new distinction between the previous plane and another plane of dialog ; this dialog
happens at system initialization for interaction agreements between teams and objects.

Area of Strong
.- Interactions . .

Light

Interactions :

Please, may I ?

Agreement Coordination:
interaction agreements
between objects and teams

Figure 4.9 Agreement Coordination

3. Agreement Coordination

Because the Dialog Coordination is a generic concept covering different kinds of dialog, we may
introduce the Agreement Coordination to cover the type of dialog just mentioned (Figure 4.9)
At initialization time there is an exchange of messages between teams and objects for interaction
agreements. This logic of interactions may have its specific dialog coordination. This may
include systems supervision, start-up, shut-down and also agreements established at major
system changes, in run-time not only at start-up. We underline that the Agreement Coordinator is
In a separate domain, not in event responses domain, caring about the agreements between the
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other entities. Its behavior is NOT usually part of the definition of event-responses. Exceptions
are the management of major errors and the cases where objects are constructed and destroyed

dynamically as part of response.

After introducing the three dialog coordination types, we have to make a comment concerning
their necessity and sufficiency. The approach is a response to the author’s experience with
embedded event driven systems in which the interactions between (some tens of ) objects are
hard to capture, but there is a stringent necessity to do it.

In the response domain, driven by the need to capture all responses, we start from the bottom :
we group few objects and coordinate them (and encapsulate them in Responsive Units, as
presented further). Each group of objects is intended to have a clear and complete response
design. A Master-Slave Coordination type is used, through the implementation of a state
machine coordinator on top of ‘activity’ objects. Thus we build some mega-objects and a
medium system can be covered with a relatively smail number of those. In our kind of systems,
we consider that for each group of related objects the Master-Slave Coordination is necessary, if
a complete event response is desired for each group.

The interactions between groups (of objects) are much simpler than if we would deal openly with
all objects ; still, if we use interaction diagrams between such groups, we may not get a total
design for responses. If we intend to have a complete system response design, a Team
Coordination may be necessary. A state machine will receive system events and, according to
history, will call for actions. These are actually events towards groups. When it is mandatory to
split the system in a number of teams, to reduce the complexity of Team Coordinators, a new
coordination layer may be needed for Teams. One can use the same type of coordination for this
case, the ‘team coordination’ type, since similar characteristics are expected. Therefore we
consider that there is no need to add a new coordination type beyond teams.

The Agreement Coordinator is in a parallel world, not in the response domain. It takes away
from the event response domain all the unrelated logic, as creation / deletion and major system
issues. This logic may be complex and (1) is a system level issue that basically does not belong
to ‘response-oriented’ objects, (2) complicates the response design when implemented disparate
in objects. We consider that Agreement Coordination is needed to separate the design of the
necessary sequences of event responses from the design of logic for set-up, shut-down and
special cases. Thus, the author believes that the three types of coordination may be needed for a
more visible response design and may be enough, as types, to cover an entire system. However,
we reiterate that we address a certain class of systems, as presented; we hope though that these
ideas may be useful in other domains too.

With the dialog coordination concept and with its three types we can proceed to our pragmatic
suggestions about implementing them. The aim is towards no-nonsense and applicable solutions,
that can be understood and used by developers and programmers.
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Chapter 5
Responsive Units: Behavioral Elements

Based on Dialog Coordination

5.1 Behavioral Design Driving the Structural View

5.2 Responsive Unit : an Object Composed of Coordinator, Activities, Data, Port Objects
5.3 Team Coordinator : a Responsive Unit Managing a Team of Responsive Units

5.4 Agreement Coordinator : a Responsive Unit for Team Building and Maintenance

5.5 The Behavior of the New Elements

5.6 The new concepts and the multithreaded environments

Introduction

This chapter completes the theory from the previous one with supplementary pragmatic ideas.
The aim is to suggest a software environment that may enhance the behavior modeling.

For this goal we organize the system software according to the Dialog Coordination concept and
its sub-types. We do this since we believe that focusing on dialog (interaction logic) and its
coordination is an interesting approach towards a better interaction design. The trend of UML to
define interactions in the initial design stages is a good motivation for us to go even further: to
look for a complete design of interaction logic for each group of objects.

In the previous chapter we presented generic justifications for our belief. In this chapter we first
suggest that for behavior intensive systems the design decisions should be based on the behavior
of system and of components. Then we propose the use of the Responsive Unit, which is an
object composed of several predefined objects, having between them a coordinator object. The
COD main concept -the distinction between coordination and execution- is applied. A state
machine inside the coordinator explicitly defines the behavior of such a unit. More Units are
organized in a team, around a Team Coordinator Unit. The system at large is maintained with an
Agreement Coordinator that manages the relationship agreements between components.

5.1 Behavioral Design Driving the Structural View

As we discussed in previous chapters, the structural view and the behavioral view are
representing independent views of a system. The first one is fundamentally static, the other deals
with dynamics. Initially, in most Object Oriented methodologies the structural view was
considered primordial, as objects were seen as primordial. However, in the later ‘Use Case’
methodology we see a reconsideration of the behavioral view in OOD. In this methodology,
systems and internal blocks are built based on the way they should respond at requests in
different ‘use cases’. In other words the design is based on how the system should behave
towards the users.
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The Unified Modeling Language (UML) adopts this system design approach and with wish to
continue in much more detail in this direction, towards a complete design of interaction logic.
We considered also the Coordination Oriented Development Environment (CODE) paradigm,
being the main research direction of our university team . CODE is fundamentally a behavioral
design approach ; the system behavior is concentrated in coordinators, while executors must
fulfill the required actions. The structural view results from the behavioral separation of
concerns.

Our approach for behavior modeling in OOD follows this line of building the system structure
based on behavioral considerations. We introduce the master-slave coordinator to localize and
manage the activities in a group of objects; thus, in each such group we completely define the
interaction logic between objects. Between groups, the feam coordination is suggested for
capturing the dialog at this level, with the hope / intent that all the interactions of the system may
be completely designed. The agreement coordination undertakes all the logic for set-up, shut-
down or major exceptions, clearing the other coordinators from such issues that are not on the
event response path. This format is application independent, but each dialog coordination defines
precisely the events and responses of one specific application. In this manner the initial design
decisions are fast, backed by the dialog coordination theory and by the experience from other
examples. It follows an elaboration of the approach, with development details.

5.2 Responsive Unit : an Object Composed of
Coordinator, Activities, Data, Port Objects

In the previous chapter we noted that there are areas of strong and light interactions between
objects. For the areas with strong interactions, the Dialog Coordinator that we consider is of the
master-slave type ; the objects are more as organs in a body, they work very tight and they must
respond to requests. We use the COD approach of making the distinction between coordination
and execution and the coordinator is a new object in that sense. We build also a boundary object
corresponding to each area of strong interactions, which will have in its composition the
coordinator and the set of strongly related objects. This area-object makes the boundary between
the inner area of master-slave coordination and the outer area of light interactions.

The object composed by a coordinator object and the strong interacting objects will be named
Responsive Unit. This may be seen as a higher level object with enhanced abilities, when
compared to usual objects. Therefore the calling mode for an inner object will always pass
through the Responsive Unit object :

Object_Responsive_Unit_A -> Inner_Object

In this manner the names and pointers of internal objects are not accessible from anywhere at
system level. An other advantage is at system set-up; when the new objects are built, a single
instantiation of a Responsive Unit object will cascade internally in the instantiation of all objects.
In general, building this object to encapsulate other objects has a similar impact as building an
object that encapsulates data and methods.
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The coordinator, which is the core of the Responsive Unit, has to manage several issues, like:

e The dialog with other Responsive Units,

* The logic of calling the internal actions, in order to build a complete response for any request
coming to the Responsive Unit,

e The internal, private data base, to ensure that the right sequence of access is maintained,

e The relationship between the previous three cases, as they are related.

The figure 5.1 presents the areas of strong interactions, as considered in the previous chapter ;

the main object of the Responsive Unit exactly defines the boundary of each area. This object has

in composition the objects with strong interactions and their coordinator, as a distinct object.

_
B

St

Figure 5.1 Responsive Units Around Strong Interactions

Responsive Units may be quite complex groups of objects and the interactions between units
may take different complicated forms. Therefore each Responsive Unit may have a specialized
Port object ; this can translate messages in the internal form, check and/or remove errors and
even define a certain input logic. Such logic could be necessary when at the input a wide range of
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messages may come, eventually with a high error risk . For this problem, the Port object may
have a filtering logic to let inside only the messages which also belong to an internally registered
vocabulary. The coordinator will have to deal only with the pure interaction logic without even
seeing the unreliable messages. Another object that may be typical for any Responsive Unit is a
Data object ; this can gather all public data used for the public goals, as discussed in the
previous chapter. For a simple case, this data can be kept in data members of the Responsive
Unit ; however having a separate protected object specialized for data may enhance the quality of
design. From the behavioral point of view, a Responsive Unit will be internally more like a
mechanism of tightly interacting objects, with the main behavior defined in the coordinator
object . We suggest that the explicit implementation of a state machine inside the coordinator is a
good decision, based on the arguments from the previous chapter about the Dialog Coordination.

After all these considerations, we see an advantage in defining a template ( in the usual meaning,
not as the C++ keyword ‘template’) as some ready-written code for a Responsive Unit class.
Such element can be cut and pasted in the code and adapted to each application. The typical
objects will be in place with their relationships and pointers ; inside the coordinator a skeletal
state machine will be waiting to be completed with events, actions, and states.

For such generic modeling, 2 Responsive Unit class (figure 5.2) will have in its composition :
e The Dialog Coordinator class, of master-slave type, that will organize the interactions.
A number of Action Oriented classes, with internal computations, hardware actions etc.
A Port class, to interact with other Responsive Units, linked to coordinator.
A Data class, as a data warehouse, with set and get functions for data.
Figure 5.2 The Structure of a Responsive Unit
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It is interesting that the Responsive Unit for a group of objects reflects the layout of an object:
e The Port Object mirrors the public methods
e The Activity Objects are like the private methods and
e The Data Object is like the data members.
The Coordinator does not have a counterpart in a single object.

Even beyond Responsive Units the same layout can appear. The Units may specialize in similar
directions, for :

e interface to users or to other groups of Units.

e complex activities

e data warehouse at group level

e for the coordination of the previous

Such a group of Responsive Units may define a team, as presented further.

5.2.1 Comparing the Responsive Unit approach with coordination related ideas
from other methods

During the study on behavior modeling we have underlined several ideas that may be related to
the generic concept of coordination. In most cases we already made some comments referring to
our view and intentions for this work. Now we present them shortly again and compare them
with the Responsive Unit approach.

For Rumbaugh, the Dynamic Model presents the control aspects of a system and the interactions
between objects in the system [Rumbaugh]. There is no intent to ‘control’ the interactions. The
control aspects mainly act inside objects. We retain that the ‘control aspect’ describes the
sequences of operations that occur, regardless what the operations do internally. This description
is in the design but not necessarily in code. In a Responsive Unit the coordination is in a separate
object while activities are methods of the other internal objects. More important, the design of a
Responsive Unit is driven by event responses, as we intend to clearly capture each of them and
their sequence. This is done by implementing in coordinator a state machine that calls for actions
(methods in objects) as responses to requests.

At Booch we find design element named ‘Mechanism’, which is a ‘decision about how
collections of objects cooperate’[Booch]. The ‘decision’, described in the design document,
should explain dynamic relationships between object. A Responsive Unit defines the ‘decisions’
inside the code, in a separate object. ‘Decisions’ are driven by event responses and define them
completely. Also, the ‘collection of objects’ is captured inside a container, which is the Unit
itself.

In “Use Cases’ methodology [Jacobson]-and further in UML- [UML]there is a type of object
named ‘control object’. Such objects model ‘functionality that is not naturally tied to any other
object’. They operate on more entity objects, ‘doing some computations and then returning the
result to an interface object’.
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The coordinator of a Responsive Unit is a kind of control object, but defined in terms of CODE.
Inside Responsive Unit, in order to describe the event responses, we apply the distinction
between coordination and execution. In each Responsive Unit there is one and only one
coordinator and none is outside Units.

An Interaction Diagram can be, as Jacobson mentions [Jacobson], defined as a Fork Diagram;
this is a centralized design where an object drives the others. The criteria for separating such an
object are not further detailed. Also the diagram is still representing a unique trace of messages,
without decision points. In Dialog Coordination chapter - 4.2.2 there is an expanded discussion.
The state machine in the Responsive Unit’ s coordinator shows all possible branching towards
the internal ‘activity’ objects. The criteria used to build the ‘driving object’ are from the CODE
concepts; again, the main idea is the distinction between coordination and execution.

In ‘Modeling the World in States’[ Shlaer], the Relationships are considered worthy to be
modeled with state machines. The relationships between objects have a lifecycle, as they evolve
In time, have an instance and they are actively selecting the objects around. They act as an
‘Assigner’, linking objects to each other. In this model a Relationship becomes an Object.

In a Responsive Unit the dialog itself is objectualized, as the event responses with their sequence
are captured in coordinator. Also, the group of objects becomes a Unit.

‘Responsibility based design’ [Brook] defines the objects based on their responsibilities.

In a subsystem, a distinct object is able to respond at major requests. The communication with
the subsystem is through this object, which has higher responsibilities. The dynamic aspect is not
captured and the layering is a structural one. The word ‘responsibility’ corresponds to one side of
the pair request-response. Between objects, all such pairs represent their dialog; this is described
in the coordinator of a Responsive Unit. A Unit cannot include other Unit; each one is a ‘well-
behaved’ entity.

About real-time UML [UML2], distinctly from original methodologies, we note the following:
A capsule may have several sub-capsules that collaborate; the eventual state machine of the
capsule may play a controller role, with no detail how it influences the sub-capsules that
collaborate freely. In ROOM [Room], which influenced real-time UML, there is the comment
that more actors, i.e., capsules, may be organized in a coordinated, hierarchical structure.

In Responsive Unit the coordinator implements with its state machine all interactions between
‘activity’ objects. This organization is driven by behavioral requirements rather than structural
decisions: ‘what has to be done’ is separate from ‘when to do it’ for response sake.

We note also that the use of ports is an attractive idea. As opposed to capsules, a Responsive
Unit has only one port that relates the coordinator, to keep clear the response design.

The ‘mediator’ pattern [Patterns] mediates the relationships of other objects. Its interactions
with the objects are defined in an interaction diagram; thus, as usually in these diagrams the
response may remain only partially defined. It provides a ‘room’ for organizing the interactions.
In the Responsive Unit, the coordinator defines each response and all allowable sequences . It
does not provide only a ‘room’ for mediation but defines the complete interaction logic. Also, it
is an active coordinator, calling for actions, not a ‘facilitator’.In 4.2.2. we analyze more details.
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5.3 Team Coordinator : a Responsive Unit Managing a
Team of Responsive Units

The visibility / clarity of event responses design is a major interest. The FSM in a coordinator
may become too complicated if more than 5...8 objects are related. To avoid the state explosion
problem in FSMs, the coordinators should be limited to a level that can be easily defined and
understood. However, keeping them relatively simple means that the interaction logic between
them remains complicate. In order to define the interactions properly, groups of coordinators can
be further driven by another coordinator. If in a system there is a bigger number of Responsive
Units, they may be grouped in Teams, to respond to higher level requests. The rationale of
grouping them may be the generic layout observed in the previous paragraph.

Between Responsive Units there are light interactions, as the higher complexity and responsibility
of Responsive Units require a more flexible dialog. For each specialized Team of Units, the type of
dialog coordination used is Team Coordination, as introduced in chapter 5.

The Team Coordinators are goal oriented, implemented to act between Responsive Units that
are working in groups. Team Coordinators are on the same domain (the production floor) as the
Responsive Units. Their behavior is part of the definition of event-responses.

Team Coordinators will be similar to Responsive Units, as they may need the following:
e A Port to communicate with upper layers,
e A Data Object for the Team public data,
e A Coordinator which will maintain the dialog between the Units related in that team,
e Activities, which actually will be calls towards the coordinated Units.

These activities are more as the signs made by an orchestra conductor, than working actions.
A Team has specialized Responsive Units grouped toge:her for team goals, as mentioned.
As a generic observation, we note that components may be specialized as the following:
e Port oriented
e Data oriented
e Activity oriented
e Coordination oriented
A Team has the same layout we have inside Responsive Units, at the next level.

Again, the FSMs of coordinators need to be designed at a low complexity level, which can be
understood. The result may be that the interactions between groups are complex and cannot be
easily captured in interaction diagrams. Therefore, beyond coordinators of teams another
coordinator (still of a ‘team’ type) can be added, as another Responsive Unit.

Each team is specific in its jobs, together covering the system requirements. The specialized
Responsive Units may eventually be reused, as some may be time-shared between teams, to
avoid duplication. Also, the Teams can be changed or reorganized for new sets of request-
responses. These issues are not directly part of the event response domain; they belong to the
Agreement Coordinator, which is presented in the following paragraph.

68



Chapter 5 Responsive Units: Behavioral Elements Based on Dialog Coordination

5.4 Agreement Coordinator :a Responsive Unit for
Team Building and Maintenance

The third type of Dialog Coordination is in a separate domain, not in the event-response domain,
as introduced in chapter 5. The Agreement Coordination does not deal with the production floor,
but cares about the agreements to be established between the other entities.

An Agreement Coordinator may be instantiated as a Responsive Unit, or in more complicated
cases as an entire Team. Usually we would consider one per system. It is defined for the
assignment, maintenance and change of Responsive Units or teams ; may also be used for
systems supervision, start-up, shut-down and major error management. More use details are
following:

» For system ser-up, with the necessary initialization test, resources check up, setting of
hardware dependencies, or other needed actions.

e When Responsive Units are instantiated (and their internal objects in cascade) and when
Units are connected in Teams.

o For the reuse of some specialized Responsive Units (in a time-share mode) when we do not
want to have identical Responsive Units in different Teams.

e For a dynamic reorganization of Teams, the Agreement Coordinator can mediate the new
Agreements. These can be renegotiated based on availability, priority or other criteria.

e For dealing with major exceprions and errors received from the Team level; a Team
rebuilding may be required.

® For system shut-down, which may also need some kind of negotiation, like a closing
Agreement. This has to reflect a specific sequence, dependent of the system state. The shut-
down must be gentle enough to avoid surprises for the user or the hardware and to keep
throughout the system a state that is optimal for the next start-up.

A Responsive Unit cannot contain other Responsive Units; each is a distinct, complete entity.
In figure 5.4 it is presented the Agreement Coordinator together with Teams of Responsive

Units related through Team Coordinators. The view is a main view for the ideas presented,
including that the one Responsive Unit can be time-shared.
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- Team Coordinator A

Agreement Coordinator

e  team building / reorganizing
¢  Responsive Units reuse

e  error management

e  system start up / shut down

Figure 5.4 Teams of Responsive Units and the Agreement Coordinator

e The Master-Slave Coordinators are inside Responsive Units.

® The Team Coordinators are in the Response oriented area as they are goal oriented.

e The Agreement Coordinator is in the set-up and maintenance area.

This format is application independent and Responsive Units are similar for each utilization.
Specific to the application are the definitions of state machines inside coordinators, the internal
definition of each object and the grouping in teams.
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5.5 The Behavior of the New Elements

For a Responsive Unit the behavior will mainly be specified in its coordinator since the other
objects act mostly at its request. The explicit state machine helps for a clear relation with the
design document. The internal dialog is thus very precise and the responses to events from
outside the Responsive Unit are completely defined. The interaction logic may be well
understood in code and corresponds with the design document.

If only Responsive Units would be used, without Teams and Agreement Coordinators, still the
behavior modeling would be improved. This happens at least because the light interactions
between Units are not as many as when one uses simple objects. Interaction diagrams have to
cover fewer situations when the granularity of the basic entity is higher. A research points that a
too small or a too big granularity leads to more problems [Hatton]

The behavior of a Team is represented by the state machines of the Units together with the state
machine of the Team Coordinator. Actually this last one captures the logic of interactions
between the other Responsive Units, that otherwise would be dispersed throughout the
interacting Units. Without this Team Coordinator the Team behavior would be defined by the
free interacting state machines, that define the Responsive Units. With it, the state machines of
the Units are related through a higher level state machine, that receives the Team events. This
organization is a hierarchical state machine design, with the strong qualitative comment that the
higher level machine only relates the others and does not do any work.

Between Teams it may be necessary to have an other dialog coordinator, still as a Responsive
Unit, at system level, that would define the dialog between Teams. Conceptually the behavior at
this level is similar to the previous level.

The Agreement Coordinator defines mainly the initialization behavior, that is not normally in the
event-response domain. Its events should be sent by start-functions and its actions are mainly
initialization of Responsive Unit and Teams. This coordinator may be used in some cases also for
dynamic call of constructors/destructors.

In figure 5.5 is shown the behavioral view of a team of Responsive Units with their Team
Coordinator. We underline here the main points in this behavioral model:

To completely define responses, the model differentiates between activities & coordination.
Responsive Units localize the responses of a group of objects and define each in a
coordinator state machine.

Inside Responsive Units, activity objects do not ask each other for action.

The system is divided in multiple state machines and each may have sub-machines.

The actions of the Team Coordinator machine are events for the other Unit machines. These
are NOT defined as sub-machines (as StateMate shows the system in ONE machine).
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Figure 5.5 The Behavior of Responsive Units in Teams

The state machines in Responsive Units have to be maintained in a proportion that allows a
good understanding of event responses -our engineering goal. Therefore several teams may be
needed to define a system, eventually with a next level of coordination as explained before.
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The behavioral requirements will drive the development process which follows the main lines
from CODE, presented in Chapter 3. For any application there is already a general model as in
figure 5.5 which provides an advanced step of design decision. The model becomes specific to a
unique application in several steps:

e Atrequirement acquisition, major events (as introduced in Ch. 4) are first determined and
their responses roughly described. The relative sequence between them is also clarified.

At this point already a first functional diagram, in the form a state machine for the Team
Coordinator can be issued. Its actions will appear as events to the Responsive Units of the
Team. One can continue now with minor events (to see Ch. 4) or deal with them after a round
of major design, as in spiral development.

® At architectural design, the major parts of the system are established and Responsive Units
are determined for specific domains.

e The design phase defines the responses for each Responsive Unit by clarifying the ‘atomic’
activities needed for responses and by completing their coordination. The precise interaction
sequence and history is captured in every Unit; this is a major interest of our engineering
design.

The model can be directly and uniquely implemented as the state machine model has a clear
corespondent in code. Also the code can be easily read back, if a good design proportion is
maintained in Responsive Units and their state machines. For design changes, the localization of
coordination and the separation of ‘atomic’ activities allows easy response modifications.

A clarification is needed concerning the relationship between Responsive Units and the class
inheritance concept. There is much research referring to behavior inheritance, implied in some
ways by class inheritance. The conclusions are very different as the idea of inheriting behavior
proves to be complex, referring to ways of expanding or modifying state machines. The
definition of their interactions is also a major issue. In our approach we prefer to clearly define
the behavior of each Unit. The inheritance may be used for objects which are less interactive, as
data objects, for user interfaces built from classes in libraries, etc.

We consider that the use of Dialog Coordinators (with sub-types), Responsive Units and Teams
has only some drawbacks; these have been considered in the ‘Dialog Coordination’ chapter. The
perception of an overhead (in timing or memory) would be the main issue; as discussed, it is not
a major one. The quick hardware evolution is reducing the issue but we consider also that a
system which is better organized has less overhead.
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5.6 The new concepts and the multi-process environments

In this thesis the attention has been given to the dialog between objects, since we address
recognized problem of interaction design in object oriented systems.

It is also believed that for the design of multi-process systems the Dialog Coordination concept
and the Responsive Unit approach may help. From the strategy point of view, we review the
position of Jacobson about such systems. He says that OOSE ‘does not have a priori strong
semantics’ for them since ‘various implementation environments provide various semantics’. He
would think about methodology specializations for different environments. The use of
Responsive Units as mega-objects would follow a similar path, without details about semantics
specific to environments. Basically the object oriented development itself relates well with the
development with concurrent processes.

The thesis approach could be used by addressing the synchronization activities (as semaphore
take or give) inside Team Coordinators, considering that the synchronization should not be done
too deep in the objects of a team. The communication between tasks can also be built at the level
of Team Coordinators, as these can define the necessary response-oriented interaction logic.

In the cases where a Team of Units is not used, a Responsive Unit by itself still can help for
synchronization and communication between threads. Its coordinator can keep track of the
interaction logic, instead of letting activity objects to do it. A valuable book on this theme is
‘Object-Oriented Multithreading Using C++ [Hughes]. It is a complex study from which we
extract some ‘final thoughts’ : we should not ‘leave the synchronization responsibilities of the
object to the user of the object’ since ‘once an object’s data can be accessed in a multithreaded
environment, we have the potential for race conditions’. Within our Responsive Unit (a macro-
object), there is even a defined location in the coordinator object where these ‘synchronization
responsibilities’ can be placed.

Different systems employ different synchronization and communication mechanisms, but
defining the response-driven logic of interactions in a clear location is a generic idea that may be
applied in any case.

Another choice may be the building of a separate coordination task containing a Responsive Unit
for the goal-oriented coordination of tasks. This idea relates to the thesis of Dellarocas [Del] that
suggests the use of a coordination process as a mean of managing the relationships between
processes. We note that he does not attempt to manage each event response, but only main
process relationships. He covers quite exhaustively the possible coordination concepts (not
specific responses) and recommends the design of a distinct process that contains them.

Such applications may be by themselves the subject of extensive research. We addressed in this
thesis the general OOD behavior modeling, as for single-process systems, and we see the use of
our approach in multitasking system more as a specialized implementation.
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Chapter 6

Case Study for the New Concepts

6.1 Single Accumulator Microprocessor Simulator
6.2 RISC Microprocessor Simulator

6.3 STACK Microprocessor Simulator

6.4 School-of-Microprocessors

Introduction

To apply the new concepts we wish to develop some systems having multiple objects with
relatively complex interaction logic and also having a good amount of user interface. Since
modifiability is an important quality of software, we develop three systems from the same family
to explain the advantages of the suggested approach when changes are required.

The systems we chose are some Microprocessor Simulators, of the following types:
¢ Single Accumulator Microprocessor
e RISC Microprocessor

e STACK Microprocessor.
The three systems will be related through a separate user interface named ‘School-of-

Microprocessors’.

The development language needs to be an Object Oriented one and to have Graphic User
Interface abilities. Visual C++ and Java have these qualities and the author had industrial
experience with them. The last one is chosen here for the flexible Graphic User Interface, for
being a clear Object Oriented language and for the ability of designing the systems as applets,
easy to present on web.

In this development, we will use the Dialog Coordinator with its three sub-types :
e Master-Slave Coordinator,
e Team Coordinator,

e Agreement Coordinator
to capture in code the desired interaction logic between objects and between user & system.

Responsive Units will be used as ‘mega-objects’, each one with a Master-Slave Coordinator object
inside that defines the interactions between the other internal objects. The coordinator implements
a StateCharts machine ; in this one , for each request that comes to the Responsive Unit, we define
as response a corresponding sequence of actions.

The interaction logic between the Responsive Units of one system will be defined in a Team
Coordinator (itself a Responsive Unit) which may also capture the user-system dialog. Inside
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this Team Coordinator we will also implement Response Managers, one for each event. Inside
one Response Manager its specific event may trigger different responses in different states. One
response means a sequence of Actions that are executed in the various ‘Problem Domain’
Responsive Units. These Units receive the call for actions as events in their coordinator state

machine.

A distinct Responsive Unit takes the role of an Agreernent Coordinator that initializes and
coordinates a user interface and the three simulators. It builds and controls button objects, sets a
user text output, types out in this field appropriate information relative to each event and state,
deals with the initialization of one simulator at a time in a certain order as designed and follows
the deletion of each simulator to allow the next step. The paragraph 6.4. expands on this issues;
here we underline that such global activities and their logic is separated from the three ‘teams’.
Thus, we can concentrate to define in each team the application specific responses.

It is meaningful to add a note concerning the number of coordination layers in this kind of
application. As said, the agreement coordinator is not considered as a layer, being in an other
plane than the event responses. Therefore, in response domain there are only two layers: the
coordination in Responsive Units and the team coordination. The reasons of not having a third
layer are (1) the simulator teams do not interact to each other in the response domain and (2)
inside each team there are only three Responsive Units, that can be related with one coordinator.
A new layer may be needed in systems with many Responsive Units if the interactions between
teams are enough complicate, thus difficult to represent.

For development we will follow the Coordination Oriented Development process with its phases:

e Architectural phase with
® requirement acquisition and
e architectural design

Design phase

Implementation phase

Deployment phase

Maintenance phase
The last two are used for a commercial product, which is not the case here.

The development of the first Microprocessor, Single Accumulator, will be described in detail.

For the other two we will underline a major quality of the suggested model, the fact that we can
easily modify a system, even if its interaction logic is quite complex.

76



Chapter 6 Case Study for the New Concepts

6.1 Single Accumulator Microprocessor Simulator
6.1.1 Architectural phase
6.1.1.1 Requirement Acquisition
General view

We are interested to build a Microprocessor Simulator that may be used for a certain level of
student training. The Simulator has to be presented through a Graphic User Interface, with action
buttons and active data fields, to indicate the values of each element (for example a register) of
the Microprocessor.

We need a kind of Editor for program input and also a way of saving the program.

The user has to be able to execute the program in one of the next modes:

* In micro steps, to visualize how each register changes its value at each step,

¢ in instruction step, to observe the result of one instruction at a time,

e No-stop run to the end.

The possibility to continue with an other mode from any point would be an advantage.

Refinement of Requirements

The first microprocessor will be a ‘Single Accumulator’ type.
We will need to display four main areas:

a) the microprocessor itself

b) the memory, for data and program

c) the editor

d) an area with all action buttons

a) In the area for the Microprocessor, we need to see:
® most major registers, as text fields (not write-able by user) :

e Program Counter PC

¢ Memory Address Register MAR
e Memory Buffer MBR
e Data Pointer DP

e Instruction Register IR

e Temporary Register TR

e Accumulator ACC
e Flags

e Carry, Negative, Zero CN Z

e the Arithmetic Logic Circuit, as a drawing which indicates the circuit

e the Busses for interconnections between registers, ALC, memory.
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b) In the memory area we have to show two different text fields or lists:

e data memory
with an address numbering, editable

e program memory,
where each line, as one memory location, has to keep an assembly
language instruction and the needed data fields.

For the sake of avoiding input errors from user, these memory areas will
be editable through an Edit Utility, not directly.

¢) The facility for editing programs and for filling in the data memory shall be a
list with the assembly language instructions chosen for the Simulator.
The user will not type the desired instruction but will choose it from the
ready written list.
Thus the user can quickly fill in, and we avoid extensive spell checking.
A separate window will show this area, activated from a menu.

d) The action buttons will be essentially the Events received from the user, as
requests for certain responses.
These Requests will be one part of the main Dialog, for which we will
build a Dialog Coordinator.
The Dialog in the other direction, towards the user, happens through the
e registers’ text fields
e highlighting line in the memory lists
e a ‘Feedback’ text field, with information on the specific step.

Now we clarify the required event responses, in the manner presented in chapter 5, page 73.
The Requests from the user, which are the system events, take place through the Action Buttons
that will be:
e An EDIT button with six related buttons:
For Program Memory:

APPEND to append a new line at the end of program list
INSERT to insert after the user-highlighted line
DELETE to delete the user-highlighted line

For Data Memory:

APPEND DATA to append data at specified address
e DELETE DATA to delete data at the user-highlighted line

e A LOAD button, for loading the program
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e An EXECUTE button with three related buttons:

“e RUN for starting a free-run of the program
INSTRUCTION STEP to execute one assembly line at a time
e MICRO STEP to execute one Register change at a time

e A SAVE button , to save the program in the view
e A RELOAD button , to reload the previously saved program.

The interaction logic between user & system will be captured in a Team Coordinator, which will
also relate the other internal Responsive Units. Thus the user dialog will not be directed towards
any ‘problem domain’ Responsive Unit, but towards this Teamn Coordinator. The definition of
the complete response at each request will be accomplished with the help of Response Managers.

The Action Buttons send the Requests to the Team Coordinator. This one sends back a message
and /or tells a Response Manager to call the sequence of actions that form the complete Response.

Figure 6.1 presents the Requirements Acquisition for the main Dialog.

After EDIT and EXECUTE we get theoretically in substates.
The Events as APPEND, INSERT, etc. are succeeding EDIT,
and RUN, INSTR-STEP,MICRO-STEP are succeeding EXECUTE.
Response Managers or simple Actions will be called on these events.
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Figure 6.1

The USER-SYSTEM Dialog : StateChart in the Team Coordinator
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As part of Requirements Acquisition we need to present the choice of assembly language
functions and addressing modes considered representative for the Microprocessor.

Addressing Modes
immediate direct indirect

add_imm X
add_dir X
add_ind X

adc_imm X
adc_dir X
adc_ind X

sub_imm X
sub_dir X
sub_ind X

sbb_imm X
sbb_dir X
sbb_ind X

st__dir X
st__ind X

Id_imm X

Id__dir X
Id__ind X
jmp_dir X
jmp_ind X
joc_dir X
joc_ind X
jon_dir X
jon_ind X
joz_dir '¢
joz_ind X

Instructions without data :
cir

neg

inc

dec
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For this Requirement Acquisition phase we define the Response at the level of main Team
Coordinator. The next level of details, internal to the system, will be part of the Design Phase.
Also as part of Requirement Acquisition, we should look for important system limitations as the
following constraint: Java Applets are not allowed to write in files. Because of this constraint the
saved program is kept during one session, until the user exits the applet.

6.1.1.2 Architectural Design

We will follow the style from Coordination Oriented Development Environment (CODE)
complemented with the concepts introduced in this thesis - Team Coordination, Master-Slave
Coordination and Responsive Units. The Agreement Coordination is in the ‘School of
Microprocesors’ applet, besides the simulators. We follow further the development process
outlined in chapter 5, page 73. As explained in theoretical chapters, we want to instantiate the
logic of interaction, the dialog, in special objects. Again, these are NOT problem domain
objects.

One Response Unit (like a mega-object) is going to be the main Dialog Coordinator considered
‘Team Coordinator’, with links to all other ‘Problem Domain’ Responsive Units.

The Team Coordinator has to implement
L. the Main User-System Dialog, (as the StateChart in Requirements Acquisition)
2. the Response Managers, (as StateCharts to be described in Design Phase)

which will call the other Responsive Units for action.

The User Interface is built in a class inheriting the ‘Frame’ class from Java.
It creates the interface objects and sends Events to the Team Coordinator.

We have distinguished three ‘Problem Domain’ Responsive Units:

1.The Memory Responsive Unit through which we get access to memory.
Its Coordinator Object implements the interaction logic for related activities.
The Data Object relates to the memory locations.

The Port Object relates the Unit to the external world.

2.The Arithmetic-Logic Responsive Unit where we implement the required operations
of the Microprocessor and the related logic.

3.The Registers Responsive Unit that contains the registers.
(In the Stack_Machine Microprocessor case, we will have special interaction

logic between registers.)

The figure 6.2 presents these elements and their relationship in the architectural design.
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Figure 6.2 Architectural Design
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The map represents objects with connection arrows as associations. The objjects inside an other
one, which is container-like, are instantiated and accessible through this comtainer.

The Team Coordinator implements all relationships between Units. The syrnbols of triangles with
state machines inside suggest that inside any coordinator object we have at Jeast a method that
implements a StateChart machine. The method will receive the events in their sequence, according
to the design of the interaction logic, and will call sets of activities as respomses.

After this image, we should reiterate our major attempts for enhancing the .Behavior Modeling:

1. Dialog Coordinators implement the most of interaction logic.
In other methodologies we find Control Objects, Mechanisms, Relationshipe Lifecycles as
behavior modeling elements beyond basic objects, but none of these are directly concerned to
capture the flow of interactions between objects.
2. Responsive Units are used as ‘mega-objects’ with a Coordinator of Master-Slave type inside.
This coordinator implements the order in which the public methods from the Port may be called
and the order of execution of private actions.
3.The behavior is defined with multiple StateCharts Machines in a hierarcheical organization.
The existent choices, which usually lead to an unmanageable level of compliexity as previously
discussed, are:

e One mega StateChart per System,

e Parallel, interacting state machines on a single layer as in SDL.

With the new approach we manage:
e To contain the complexity of states and interactions in Responsive Units.-
e To restrict the initial attention to the main Team Coordinator, representimg it as a State
Machine (or better said ‘Dialog Machine’).
¢ To define the design detail later in ‘problem domain’ Responsive Units representing them
with StateCharts.

The behavior of a system is defined through the behaviors of some SIMPLE Units at which one
adds the behavior of a Coordination Unit. This last one defines the dialog between Units and
also with the user.

In the Architectural Phase is also the place for the definition of the User Inte-rface. We will do it
at the level of detail relevant to the thesis.

An Applet starts from a web page and has to display the required areas:

a) the Microprocessor itself

b) the memory, for data and program
c¢) the editor

d) an area with all action buttons
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For space reasons we build a separate window to show the Editor Utilities, where the user
chooses ready-written assembly instructions from a list. We do this to avoid direct writing, which
is error prone and would require an extensive error management.

On the main view we set elements as in figure 6.3:

‘IProgram Memory || \ Data Memory

Text Fields
. Read Only

Separate
Window

Figure 6.3 User Interface

In Edit Utils
e fields labeled Addr, Data are the input for Data Memory and
e the Data field near Assembly Instruction gets the value used with an instruction.

Requests, or events, are sent in through Action Buttons. The responses to requests are visible
mainly in the change of registers and in the text field named ‘Feedback to User’.

85



Chapter 6 Case Study for the New Concepts

6.1.2 Design phase

This phase defines the internal details of the system, that are not visible to the user or customer.
We continue the development process presented in chapter 5, page 73. In the Requirement
Acquisition document we captured the interactions with the user. Now we have to detail the

Response Managers and the ‘Problem Domain’ Units.

Design of Response Managers

Response Managers belong to the Team Coordinator Unit and are connected to StateChart
defined at Requirement Acquisition as in figure 6.4 (that shows the relevant a part of the named

StateChart).

DELETE

APPEND

INSERT

APPEND Data

DELETE Data
Response
Managers

State 4 Etc:x?:gns;
e

RUN EXECUTE

INSTR-STEP

MICRO-STEP

Figure 6.4 Response Managers

The Response Managers are activated by one specific event. In different system-states the same
event can produce a different response. Each response is defined as a certain sequence of actions
that need to be completed. The Response Managers define thus a state machine driven by a single

event.

6.1.2_1 Response Managers from State 2 , after the event ‘EDIT’

State 2 is reached after the user clicks on Edit. The Response Managers from this state act either
for the Program Memory or for the Data Memory.

6.1.2.1.1 Editthe Program Memory:

In Edit-Utils supplementary window, the user selects an assembly instruction and eventually
writes a value in the Data Field.

86




Chapter 6 Case Study for the New Concepts

After pushing ‘Edit’, the user may choose ‘Append’ or ‘Insert’ (figure 6.5). To delete, he selects

the line.

APPEND
Response Manager

get Selected Item
from Assembly List

need Data?

N

i

get data from
DataField

y

concat. Data to
Instruction

v

to Append

call Memory
Responsive Unit

v

to Memory
Responsive Unit

done?

JN

Feedback to User:
‘Not Appended’

'|‘J

End Response

Figure 6.5

INSERT

Response Manager

get Selected Item
from Assembly List

need Data?

N

DELETE

Response Manager

see selected (with mouse) line
from Memory Program

lY

get data from
DataField

y

concat. Data to
Instruction

v

to Insert

call Memory
Responsive Unit

v

to Memory

Responsive Unit

done?

lN

Feedback to User:
‘Not Inserted’

v

A

4

End Response

Internal Actions in Response Managers
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6.1.2.1.2 Edit the Data Memory:

To Append Data:

® The user fills Address and Data in Edit-Utils supplementary window,
e clicks ‘Edit’ in main Frame,

e clicks Append Data.

To Delete Data:

e The user selects a line with the mouse in Data Memory,
e clicks Delete Data.

The internal actions for these response managers are as in figure 6.6.

APPEND Data DELETE Data
Response Manager Response Manager
get Address see selected (with mouse) line
from Address Field from Data Program
get Data selection?
from Data Field ¥ JN
J Feedback to User:
‘No selection’
prepare info for
Memory Writing
v
call Memory call Memory
Responsive Unit Responsive Unit
to Replace Item to Delete Data
to Memory to Memory
Responsive Unit Responsive Unit {

End Response End Response

Figure 6.6 Append & Delete Response Managers
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The Memory Responsive Unit is called in all previous cases. Its ‘Port’ object has five methods

corresponding to each call. Inside the Memory Responsive Unit its ‘Coordinator’ object

implements the interaction logic for the access to memory. This part will be described distinctly
from the Team Coordinator Unit, when we will describe the ‘Problem Domain’ Responsive

Units. This separation of concerns improves all layers of development and maintenance.

6.1.2.2 Response Managers from State 4 , after the event ‘EXECUTE’

RUN Response Manager: calls one instruction at a time till the end of program

State 4 in User-System StateChart
7’,1'] N

Program
End ?

) call INSTRUCTION-STEP

Response Manager

Figure 6.7 RUN Response Manager

INSTRUCTION-STEP Response Manager
It calls one micro-step at a time till the end of instruction.

State 4 in User-System StateChart

~

INSTR

A

Instruction
End ?

call MICRO-STEP

»- > Response Manager

Figure 6.8 INSTRUCTION-STEP Response Manager
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The MICRO-STEP Response Manager is presented in figures 6.9, 6.10, 6.11, 6.12

\—

v

Sub-StateChart (its own Sub-Charts to follow)
EXECUTE
>
State 4 in Main Dialog Coordinator
( gtate 0 A\
MICRO-STEP .
l —_— setText in
Prog. Counter
MICRO-STEP - oSl
> l —_— setText in
Memory Address
MICRO-STEP = State 2
lﬁ ge[ memory at MAD
done ? setText
from Memory at Mad
in Memory Buffer
h N
MICRO-STEP i
setText
from Memory Buffer
in Instruction Register
Y
MICRO-STEPs
State 4
Instr.
without
Data
| MICRO-STEPs )| State 5
Instr.
with
Data

Figure 6.9 MICRO-STEP Response Manager (part 1)
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‘Instruction with Data’ : State 5

~

/MICRO-STEP

v

st_dir st__ind jmp joc ind dir  else // imm, di, im

A A zero? add sub / L0ad\ write
N Y| Accumulato

‘N Yl ‘N Y ¢N Y adc sbb
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\\‘A Vo

write write )

Data [Data . wnte

Pointer |Pointer dir ? Data Pointer '
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——p Pointer the
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MICRO-STEP

vV v Vv ¥
5 )

Figure 6.10 MICRO-STEP Response Manager (part 2)
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MICRO-STEP write
Memory Addres Reg.
with Data Pointer

write
Memory Buffer Reg.
with Accumulator

MICRO-STEP

MICRO-STEP > Store Memory Buffer value
=3 in Data Memory at adr
from MAR

MICRO-STEI.@

» write
*"‘» Memory Addres Reg.
" with Data Pointer

write in

Memory Buffer Reg.

the value from

Data Memory at MAR adr

MICRO-STEP

MICRO-STEP write Data Pointer
> > the value from

Memory Buffer Reg

State’S0:

MICRO-STEP

write
= Memory Addres Reg.
with Data Pointer

MICRO-STEP write in

» | —P Memory Buffer Reg.

the value from

Data Memory at MAR adr

write Program Count.
with Memory Buffer Reg

Figure 6.11 MICRO-STEP Response Manager (part 3)
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write
Memory Addres R.
with Data Pointer

the value from

! Data Memory at MAR

Y
- ’ . .
chande dir to di

first time? >
IN Y

»!| " writein
Memory Buffer Reg.

-’ first time =false

-

chande dir to di

v >

Figure 6.12 MICRO-STEP Response Manager (part 4)

The Arithmetic Logic Circuit Responsive Unit is called from :
1. the State ‘Instruction without Data’ for the instructions
clr  neg inc dec
2. the State ‘Instruction with Data’ , subState | for the instructions
add adc sub sbb
These instructions can have the access to data immediate, direct or indirect.

At the time of calling the ALC Responsive Unit the data is ready to use.

To complete the Response for each of these instructions we will pass at the next step, the design
of the Responsive Units.
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Design Phase continuated:

Arithmetic Logic Circuit Responsive Unit
The assembly language instructions we mentioned on previous page correspond to Requests that
are sent to this Responsive Unit to be solved.
The Coordinator Object receives them and based on the respective event (request) asks the
Activity Object to perform the respective Action.
In this specific situation, the Requests are completely independent, as there is no demand for any
relative order between them. Also each Action is uniquely related to one Request, i.e., in our case

we do not have interrelated Actions.

For these reasons the state machine of the coordinator is simple : one state with a case statement

for each event (figure 6.13).
Coordinator Obﬁ

Activity Object
nc dec add adc sub sbb

iliLllll

1. Acton accumulator |1.Acc +}1.Acc +{1.Acc - |1.Acc -
2. Set flags temp |temp +|temp |temp +

carry carry
2.Set 2.Set [2.Set [2.Set

\ flags | flags | flags | flags J

Figure 6.13 The State Machine of ALU Coordinator

>
v #%%Z /
\
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In the case of Memory Responsive Unit the incoming Requests have a certain dependency one to

Memory Responsive Unit

an other, relative to the status of memory. Each Request is translated as a public method in the
Port Object. Than the name of the method is sent as an event to the Coordinator Object, whick
implements the interaction logic (figure 6.14). The action is taken or rejected based on the
outcome from the Coordinator state machine.

. “Port Object
‘GET ITEM
ADD_ITEM
INSERT_ITEM
DELETE_ITEM

s

N

state machine method inside Coordinator Object

GET ITEM —

ADD ITEM
INSERT ITEM

DELETE ITEM
CLEAR

A

ADD ITEM
INSERT ITEM

v

>

mofl‘ ):;_’dofl‘ *C_ar-lzoﬁr ‘c-a—n_>do=T #@oﬂ

AN AN AN

|CNT+1=MX J|CNT+1=MX |[CNT-1=0 ]

YLVN YV -

VN Y¢ YN
GET ITEM —
ADD ITEM >
INSERT ITEM
DELETE ITEM
CLEAR
‘can_do:’[‘ #can_do:F
<

We have here a case where the Coordinator does not look to the values passed with the method:s.

Figure 6.14 The State Machine of Memory Responsive Unit

It establishes if a Request (or incoming method) is allowed or not by considering the history of
interactions and the boundaries of the memory.
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Registers Responsive Unit

In this example the use of a Responsive Unit is minimal. We chose however to have it for the
sake of being prepared for the next processors that might have more register logic, which is also a
way of presenting the ‘Responsive Unit’ technique. In other microprocessors the registers may be
related and the requests to act on them may be correlated.

In this case we only set or get data in/from registers and they are not related ; therefore the
actions do not interfere with one another. For these reasons the things we need are pointers to
each register. It is easy to cut-and-paste one Responsive Unit in the beginning and if it is not of
much use to shrink it during the design. Is it better to shrink the design of an area that initially
was considered necessary, than to find ourselves later under pressure to extend the design with
more objects. For the proof of our concept we used the Memory and ALC Responsive Units. This
last one may be taken as a proof of non rigidity of our design approach; this idea actually is good
to be underlined. Developers avoid methods requesting a solid format. Our model suggests to
start with Responsive Units demanding more space, to finish eventually with less. This may be a
happier end than the opposite approach, where designers have to add more and more objects with
less and less defined interactions.

6.1.3 Implementation phase

We separated the Logic of Interactions from Activities ; Coordinator Objects contain this dialog,
as it is necessary in different layers.
Therefore for implementation we have to consider the next major elements:

e The User Interface
e Coordinators, where we enter the data from Event-Response definitions,
e Activities, where we directly write code to implement simple requirements.

The code can be in a one-to-one relationship with the main User-System StateChart that belongs
to the Team Coordinator, with Response Managers and with the Coordinators inside the
Responsive Units.

The implementation of Responsive Units can be done using the suggested ready-written code,
which will be completed and refined according to each case. As for the Architectural design, it
may be considered quite typical. When we introduced the concept of Team Coordination, we
suggested that Teams of Units can have a typical format : around a Coordinator Unit one may
have Activity, Data and Port Units. Our case fits in this format : in the same order we have the
Team Coordinator, the Arithmetic Logic Unit, the Memory & Registers Units and the User
Frame (a special entity in Java).

With this format the exercise of analysis, design and implementation is quick and one cannot
have many surprises. The User is able to see in a language-independent format the Requirements
and we can convince him that what we implement is what he sees. The stepwise testing can start
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from the implementation of the first layer, the User-System StateChart in the Team Coordinator.
One can log each state, event and action and follow thus the evolution in time of the system.
Such log is excellent for the

e Proof of Rapid Prototyping,

e User demo and feedback,

e Proof of a Correct Design,

e Record of normal use.

In our case we consider a permanent Text Field as a ‘Feedback to User’ that may take the log
role, since Java applets are not allowed to write on disk.

We will follow the next steps for Implementation, as suggested in our theory:

L. Initially we cut and paste (from a service file) the Responsive Units for:
the Team Coordinator Responsive Unit
the Arithmetic Logic Responsive Unit
the Memory Responsive Unit
the Registers Responsive Unit.

Inside Responsive Units the ready-written code will include:
the Coordinator object, with a skeletal state machine,
the Activity object,
the Port object,
the Data object.

2. We fill in the elements for the User Interface in the Java Frame:
Text Fields, Buttons, Lists, Menus, Windows.
Between them we define no interaction logic, since it will be defined in the
Team Coordinator.
The Events will be sent to the Main Responsive Unit, the Team Coordinator.

3. The user-system dialog can be written now in the Coordinator Object belonging to the
Team Coordinator.
We build the user-system dialog in a public method using the skeletal state machine
from the ready-written code.
In the Team Coordinator we add the Response Managers as private methods with
state machines clearly implemented, driven as said by one specific event.

4. The completion of responses is done in the ‘Problem Domain’ Responsive Units.
Between the Units there should be no interaction, as these are captured inside the
Team Coordinator. Inside these Units we have to build the state machines of
Coordinator Objects and the Activities.
In next presentation of essential implementation we concentrate on elements relevant to this
thesis. Where we skip details we add the “//... details “ comment. The complete code may be
found in the Code Annex.
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1.Responsive Units

Inside a Responsive Unit class we put the internal objects and in the constructor we instantiate
them.

The main Dialog Coordinator follows this rule.
Supplementary to other Responsive Units, it has pointers to all entities

class RU_DCoordinator

{
OneAccMicro Frame_mp; [  Pointer to the User Interface
RU_RandomAccsessMemory RU_RAM p ;
RU_Registers RU _Regs_p; Pointers to the other
RU_ArithmeticLogicUnit RU_ALU p; Responsive Units
AM_Coordinator AM_Coor_p; Pointers to the internal
AM_Port AM_Port_p; Objects
AM_InfoBase AM_InfoBase_p;
AM _Act AM_Act_p;
Event event;
int eventArea;
RU_DCoordinator(OneAccMicro OneAccMicro D)
{f
Frame_mp = OneAccMicro_p;the RU_DCoordinator is
instaptiated in main
Frame,i.e. the Java User Interface.
Its pginter is received by the constructor.
AM_Coor_p = new AM_Coordinator(this);
AM_Port_p = new AM_Port(this);
AM_InfoBase_p = new AM_InfoBase(this);
AM_ Act_p = new AM_Ac!(this);
/
/7 .. details
/

The Memory Responsive Unit,
the Arithmetic Logic Responsive Unit and
the Registers Responsive Unit
follow this model. Note that there are no direct pointers between them.
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We show here only the first one:

class RU_RandomAccsessMemory

{

OneAccMicro Frame_mp;
RU_DCoordinator ~ RU_DCoordinator_p ;
RAM_Coordinator RAM_Coor_p ;

RAM Port RAM_Port p ;
RAM_InfoBase RAM_Info_p s

RAM Act RAM Act p ;

RU_RandomAccsessMemory( OneAccMicro OneAccMicro_p )

{
Frame_mp = OneAccMicro_p;
RU_DCoordinator_p = Frame_mp.RU_DCoordinator_p; // to main Coordinator
RAM_Info_p = new RAM_InfoBase(this);
RAM_Coor_p = new RAM_Coordinator(this);
RAM_Port_p = new RAM_Port(this);
RAM Act p = new RAM_Act(this);
}
2. The User Interface

In Java we have the class Frame that builds the main Window. We inherit it for our frame.

public class OneAccMicro extends Frame {

RU_DCoordinator RU_DCoordinator_p; pointers to all Responsive Units
RU_RandomAccsessMemory RU_RAM _p  ; since they get instantiated in Frame.
RU_Registers RU Regs p

RU_ArithmeticLogicUnit RU_ALU p ;

Button Edit  ;
TextField progCounter;
// ..details : more buttons ,TextFields and all User Interface objects.
public OneAccMicro() { //constructor
/... details
public boolean action(Event event, Object arg) {
// ...details
// _passes Events to RU_DCoordinator:
RU_DCoordinator_p. AM_Port_p.action( event);
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3. The user-system dialog

Inside main Dialog Coordinator Responsive Unit (playing the role of a Team Coordinator) we
have the AM_Port class through which events are passed and prepared for the class
AM_Coordinator. In this last class we call the StateAuto() public method that implements a state
machine, reflecting the main User-System Dialog.

class AM_Coordinator

{
/... details

void StateAuto()

{

event = Manager_mp.eventArea; // manager is the RU_DCoordinator
switch( state )

{
case I:
switch(event)
{
case EDIT:
Manager_mp AM_Port_p.say( " EDIT accepted” ); //feedback
Manager_mp AM_Act_p.EnterProg(); // call Action
reset();
state=2;
break;
/
break;
case 2:
switch(event)
{ _
case APPEND:
Manager_mp.AM_Act_p.Append();
state=2;
break;
// similar for INSERT, DELETE,
/4 APPEND_DATA, DELETE _DATA,
/7 SAVE_PROG, ENTER_SAVED

case LOAD_PROG:
listCount=actMemory.countltems();

if ( listCount> 0) state=3;
else state=1;  //nothing to load, need enter
break;

/
break;
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case 3:
switch(event) {
case EXECUTE: // we take the licence here to reduce the State
// number from the Design, in a practical manner
break;
case AUTORUN:
ResponseManager_AutoRun();
state=3;
break;
// similar for INSTRSTEP, MICROSTEP, EDIT

}
break;

/

For all Edit-related events the Response Managers are Actions implemented as methods in the
Act Object, since no state machine is needed to implement them.

They are a packet of sequential functions as seen at Design Phase.

The Memory Responsive Unit will be implied for completing the responses to these events.

From the group of Execute-related events, the first two are simple functions with ‘while loops’.

The MICROSTERP is a very complex state machine.
We build it in the same ‘double switch’ manner as the previous state machine . It relates very
easily, in a direct one-to-one relationship with the Design model.

For this very reason, which is a major advantage of the method, we do not need to present it here
as there are no other important ideas to add to the design.

Again we mention that the decision of implementing the interaction logic as state machines in the
Dialog Coordinator gave us this excellent Design-Implementation relationship.

4. Response completion in the ‘Problem Domain’ Responsive Units
The Memory Responsive Unit receives the events

GET_ITEM
ADD_ITEM
INSERT_ITEM
DELETE_ITEM
CLEAR

The Coordinator Object has as main public method the state machine that directly implements
the Design Model:
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public boolean StateAuto( int mem_event )

{
boolean retToDo = false;
switch( mem_state )
{
case 0:
// similar with case 1, based on design phase
case 1:
switch( mem_event )
{
case GET _ITEM:
retToDo = true;
break;
case ADD_ITEM:
retToDo = true;
ifl RAM_Info_p.programList.countltems()+1 ==MAX_MEM)
mem_state = 2;
else
mem_state = I;
break;
// similar for
// INSERT_ITEM
// DELETE_ITEM
// CLEAR
/
break;
case 2:
// similar with case 1, based on design phase
/
return retToDo ;
/

The events are actually the public methods from the Port Object.
We chose an example showing how the state machine from Coordinator is called, with the
respective event. The return value from state machine tells us if we can do the action.

public void addltem( String sToAdd)

{
ifl. RAM_Coor_p.StateAuto( ADD_ITEM ) ) {
memActed = true;
programlList.addltem( sToAdd );
Jelse [ //set warning
memActed = false;
/
/
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We finish the action with programlList.addItem (sToAdd) and we do not call the Action Object
since the case is solved directly. We are happy to shrink the initial design instead of facing some
need of expansion.

The Registers Responsive Unit implements directly the registers and as there is no correlation
between them (as opposed to the STACK Microprocessor) we do not build a complete
Coordinator for it.

The Arithmetic Logic Responsive Unit has a simple coordinator that calls the Activities from
Activity Object, which are some of the assembly language instructions described at design phase.
The model is similar to the other Responsive Units. Since there is no supplementary idea for the
proof of concept, we stop here the implementation phase even if there is a certain quantity of
code in the Activities.

Observing the code with its details we get a positive feeling about the idea of making a
distinction between the interaction logic implemented in Coordinators and Activities. Also the
use of Responsive Units gives us an initial place where we can put each element. After this
exercise of development, in the Conclusions Chapter we will consider more the benefits of using
the new concepts.
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6.2 RISC Microprocessor Simulator

An important issue in software engineering is the ability to modify a system for an other use or for
an extended one. Code read-ability is a highly desired quality when we need a change.

A major part of read-ability is the understanding of the interaction logic between components.
We speak of ‘legacy’ software when the code is a labyrinth hard to touch. There is the tendency
to think that older systems are like that but as we speak much code is written in a spaghetti

Object Oriented mode, becoming ‘legacy’ at birth.

We believe that with the Dialog Coordination and Responsive Units a change is easier to be
done. The read-ability is enhanced by the compact description of interaction logic between
components, but it is something more than that. A change often implies new objects and new
interactions. If the interaction logic is localized, the change is easier articulated and risks are
minimized. We like to think about the Dialog Coordination design that it is fundamentally a
‘design for change’.

With the following microprocessor simulators we wish to show that the method allows easy and
clear modifications. The presentation will concentrate on differences in requirements and on the
manner of implementing the changes.

6.2.1 Architectural phase (changes)

6.2.1.a Requirement Acquisition
General view
RISC Microprocessors have several characteristics from which we select a major one :
the use of a bank of registers instead of temporary and accumulator registers.
The registers in bank can be used in any order. They need to be specified with the
assembly instruction that uses them.

This machine is a ‘load-store’ type as the access to the memory happens only through
load and store instructions, all others acting on data from specified registers.

Refinement of Requirements (changes)

In the list of registers we remove the temporary and the accumulator registers and add a

Bank of 8 Registers:

e Counter PC

e Memory Address Register MAR
e Memory Buffer MBR

e Data Pointer DP

¢ Instruction Register IR

e Bank of 8 Registers REGS
e Flags:Carry, Negative, Zero CN Z
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In the list of assembly functions there are new Instructions without data :

add adc sub sbb.
They take values from designated registers (as add r2 r3 :x6).

The User Interface changes (figure 6.15) are in the registers area and in Edit Utils window where
we place Registers I, J and K.

]

" [Eatva

Ay

!Program Memory Data Memory

( Text Fields
Read Only

Separate
Window

L Feedback toUser

P A TSR

Figure 6.15 User Interface for RISC

Rg _iand rg_j are used for two operand instructions and rg_k is used for the result of operations
and load / store. Their values need to be written near the instruction in the Program Memory as
needed. At the time for Append or Insert the software has to decide, looking to the instruction
selected in Edit Utils, what registers have to be considered.
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6.2.2 Design Phase (changes )

L 4 ¥
To solve the issue with registers from previous paragraph we add at Determine
Response Managers for APPEND and INSERT registers use
a new action, before the call to the Memory Responsive Unit. —
call Mémory
Responsive Unit
to Append
Figure 6.16

In the MICRO_STEP Response Manager we change State 4 by adding four more Instructions
without data, add, adc, sub, sbb.
They will take their data from registers in the ALC Responsive Unit in the Activity Object.

IState 4

Figure 6.17

MICRO_STEP Response Manager continues with State 5 , ‘Instruction with Data’ where in
the last case we

e take out the add, adc, sub, sbb choice and

e change at Joad instruction the ‘write accumulator’ action with ‘write Reg_k’.

Store instructions remain the same in this sub-state 0 of State 5 , ‘Instruction with Data’(fig 6.18)

MICRO-STEP

st__dir st_ind jmp joc jon joz ind dir Id imm, after di, in

write ﬂ'te Reg k

Data

Pointer| Pointer

ety et

write

Figure 6.18 Changes for Instruction with Data
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In State31, for Store instructions we change ‘accumulator’ with ‘Reg_k’ in the action.

MICRO-STEP write
==Jp Memory Addres Reg.
with Data Pointer

write
> == Memory Buffer Reg.
P — with Reg k

MICRO-STEP

Store Memory Buffer value
in Data Memory at adr
from MAR

MICRO-STEP

> —>

Figure 6.19

The ALC Responsive Unit needs to be changed in the Activity Object (Figure 6.20) so that
instead of using the Accumulator and Temporary registers we act on the Registers Bank.
Registers numbers are taken from the instruction line in the Memory Program, as introduced at

Edit time.

Activity Object\
sbb

clr dec add  adc sub
1. ActonR_k I.R_k=|1.R_k=|1.R_k=|1.R_k=
2. Set flags R_i+}] R_i+| R_i-| R_i-
R_j Rj+| R j R_j+
carry carry
2.S5et |2.Set |2.Set |[2.Set
\ flags | flags | flags | flags /

Figure 6.20 ALC changes in the Activity Object

These are the main design changes implied by the requirements. As one can see, they are
precisely localized, being either Interaction Logic or Activity. The design is read-able and the
implementation is as a direct copy, therefore the changes in implementation are easy to make.
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6.2.3 Implementation phase (changes)

In the User Interface :

¢ add new TextFields for Registers i,j,k in the Edit Utils window.
e remove accumulator, temporary registers

e add Registers Bank

In Response Managers for APPEND and INSERT a new method is built and called to
determine the use of registers, before the Memory Responsive Unit is reached.

The MICRO_STEP Response Manager :
State 4 : ‘Instructions without data’ : -add cases of for add, adc, sub, sbb.
State 5, ‘Instructions with  data’ :
- remove add, adc, sub, sbb
- change ‘accumulator’ with ‘Reg_k’ at load instruction.
State 31: - change ‘accumulator’ with ‘Reg_k’.
The ALC Responsive Unit, in the Activity Object:
change Accumulator and Temporary registers with
-Reg i, Reg j for operands
- Reg_k for the result of operation.

6.3 STACK Microprocessor Simulator

In order to build the Stack Microprocessor we start from Risk Microprocessor Simulator.
6.3.1 Architectural phase (changes)
6.3.1.1 Requirement Acquisition

These machines have a Stack of Registers, as the Registers Bank from Risk Machines.
Specific is the fact that the operations have no address, since:

load and store operations act ever at the StackTop,

forcing a push or respectively a pull of data in the Stack,
‘one operand’ instructions act on the StackTop
‘two operand’ instructions act on the StackTop and StackTop-1.

Therefore there is no need for the Text Fields Reg_i, Reg_j, Reg_k in the Edit Utils window.
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6.3.2 Design Phase (changes )

In Response Managers for APPEND and INSERT
we remove the method used to determine registers use.

In MICRO_STEP Response Manager inside State 5, ‘Instruction with Data’ (Figure 6.21)
- add at load a PUSH STACK action. It calls the Registers Responsive Unit.

- add a check for PUSH DONE . If TRUE do the next ‘write’ action.
If FALSE inform the User.

- change at load the “write accumulator’ action with ‘write StackTop.

MICRO-STEP

__dir st__ind jmp joc jon joz ind dir Id

imm, after di, in

PUSH
STACK

Tell Userl l write StackTop

Figure 6.21

Changes for Instruction with Data

Still in MICRO_STEP Response Manager inside State 5:

in subState31:

- at store, change ‘accumulator’ with ‘StackTop’ in the action.
- add PULL STACK action. It calls the Registers Responsive Unit.

Figure NR.: 6.22
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Statei30;

MICRO-STEP >

—&
—

MICRO-STEP

MICRO-STEP

> |

write
Memory Addres Reg.

__> with Data Pointer

write
Memory Buffer Reg.
with StackTop

PULL STACK

Store Memory Buffer value
in Data Memory at adr
from MAR
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The ALC Responsive Unit needs to be changed in the Activity Object:
Replace in all cases

R_k with StackTop,
R_i with StackTop,
R_j with StackTop-1 .

Registers Responsive Unit

In the previous Microprocessors, the registers were independent and so were the actions on them.
Therefore no Coordination was necessary ini this Unit. Now the Stack concept relates the
registers as they exchange values on PUSH and PULL actions.

At PUSH the values in registers move from Reg_0, StackTop, to the StackBottom
the new value is loaded in Reg_0 .

At PULL the value from Reg_0, StackTop, is stored in memory
the values in registers move from StackBottom to the Reg_0, StackTop
Reg[ StackBottom - index ] = Reg[ StackBottom - index -1 ]

For the proof of concept we build a state machine in the Coordinator Object of the Registers
Responsive Unit, even if in this case a minimization can be done. However, if we think of future
extensions, minimization should not be preferred.

The Coordinator will represent the interaction logic of the public methods. We have three
‘events’ : PULL, PUSH, RESET coming from the Team Coordinator through the Port Object as
public methods. Their name becomes the name of the events passed to the state machine of the
internal Coordinator Object.

The Actions happen if we get ‘can_do =True’ after calling this state machine; the values of
registers are moved down or up in the Stack (Figure 6.23).

For other simple applications cases where we do not need a complete Responsive Unit, we can
still add inside an object a method that implements a state machine as a Coordinator.
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state machine method inside Coordinator Object

6.3.3 Implementation phase (changes)

111
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Figure 6.23 The State Machine of Registers Responsive Unit

The implementation is here also a direct copy of the design. To describe the changes in words
means a repetition of the design phase. Testing for the new elements is precise and Regression
Testing can be minimized as the impact is well contained.

The “design for change’ as seen in this exercises appears to be better done if we consider the
change mainly as an undefined & unused interaction with new objects. Therefore we prepare for
change if we compactly define the existent interactions in a Dialog Coordinator object. In the
Conclusions Chapter we will expand and make more such comments.
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6.4 School-of-Microprocessors

The place from which the three simulators can be started is a web-page that has an applet named
“‘School of Microprocessors’. We have here a supplementary ‘core microprocessor’ simulator
(built also with Responsive Units), an applet for absolute beginners. The four buttons for
simulators and a reset button can be called in a specific order. In this applet is also added a
suggestion for a way of teaching at distance, described a step further.

A Responsive Unit is used as an Agreement Coordinator that deals with these issues. It is a place
that includes the needed interaction logic and which can accommodate further changes, having
the format of a Unit (an object composed of a Coordinator, Activities, Port and Data object). It
may communicate with the Teams of Units forming the Microprocessors and when needed the
Agreement Coordinator can become an interaction bridge between them. The design of this Unit
is done directly on the top of the typical format for Responsive Units and the implementation
follows. The predefined concept of distinguishing the coordinator from the other objects
facilitates quick design decisions and keeps the door open for new elements.

Specifically, the School of Microprocessors deals in this application with the following:

0 Defines, initiates and coordinates a user interface in which are contained
e Button objects for the start-up of each microprocessor simulator.
¢ A reset button for restarting the ‘school’ from any point.
e A text field for a message to the user referring to the momentan state and event of the
‘school’ coordinator.
A text field that can display the last event from a simulator.
A text field that can receive a user input with an event equivalent with a GUI event.
The last two text fields can be used for distance learning, as presented further.
¢ Initializes and allows a specific order of execution for the simulators, based on the order in
which a student may better understand microprocessors.
It keeps track of the deletion of simulators to maintain the explained sequence.

Without this agreement coordinator the sequence of execution had to be maintained through each
simulator ‘team’ and the ‘global’ user interface had to belong to one of ‘teams’. This
‘coordination-less’ procedure is often considered a better approach since it saves aclass [Riel]. In
our exercises we found that by adding an agreement coordinator, one adds more clarity/visibility;
besides, even the coding quantity may decrease, since the needed logic is not dispersed. This
argument is generic for any coordination type and we made more comments about it in the
‘Dialog Coordination’ chapter.

We further propose a supplementary feature which is facilitated by the coordination approach.
Each event from GUL is transformed in a word and then applied to a Unit and thus the GUI may
be replaced by a text input. This made us think about a way of teaching at distance, where one
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user is a teacher while others are students. For this, in the ‘School of Microprocessors’ applet we
placed, as previously mentioned, two text fields:

® A text output, where appears as a word the last event activated by the teacher in his GUL

e A textinput, where students enter a word-event that activates the simulator without the GUL
The teacher can cut-and-paste the event-word in a chat page and students can pick it from there.
An extended version could link internally a chat page with the ‘School of Microprocessors’ applet
to have an automated transmission of events. It would require a CGI script on an ISP server.

We consider that for such applications future research can be done to observe the benefits of
Dialog Coordination concept and of using Responsive Units.

The Case-Study we developed was intended to present the concepts introduced in the thesis and
to observe their advantages and drawbacks. Therefore we built an Agreement Coordinator (the
‘School’ applet) as a Responsive Unit that instantiates three teams of Units.

Each of those Teams (the microprocessor simulators) has a Team Coordinator Unit and three
other Responsive Units. We followed two major issues : the OOD for certain event-driven
systems and the ability of modifying a system. The outcome of this exercise is presented in the
‘Conclusions’ chapter.
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Chapter 7

Conclusions and Future Research

7.1 Focus on Dialog Suggesting a Dialog Coordination Object

7.2 Dialog Coordination Types Lead to Responsive Units and Teams
7.3 Remarks on the Development Process

7.4 Future Research

7.1 Focus on Dialog Suggesting a Dialog Coordination Object

After this research, we consider that setting the focus on the dialog between objects was a
reasonable thing to do in our quest to better capture / define the event responses.

The problem that triggered our interest for a better organized dialog was the fact that the
response-oriented interactions between objects may be described only partially. Since the
behavior of objects may be defined with state machines, we observed that describing the
interactions of these machines is a complex theory in itself. Such theory is difficult to follow in a
typical development environment.

Independent of this problem, we perceived that the inter-objects dialog is essential for the design
of objects and systems ; thus, a good dialog design should be a purpose in itself. The associated
thought that dialog implies coordination (implicit or distinctly implemented) proved to be a
good motivation for our approach. The choice of distinctly implementing the dialog coordination
as a public component was sustained by the theoretical and experimental background from
Coordination Oriented Design. That philosophy, of implementing the coordination separately
from execution tasks, led us to have a similar vision for the inter-objects behavior modeling.

In our view, the response-oriented interaction logic between the objects of a group is useful to
be implemented in a distinct object. The behavior of this object is directly represented by a state
machine and thus we use a hierarchical state machine design for the system behavior. We could
consider that a group of objects, that work together for some group event-responses, are related
through such an interaction object. Inside this one at design time we could place the intended
interaction logic between the group objects, to offer the right response to each group event. We
can do this because, as said, in software everything is built by a kind of words, correlated in
some way ; so are built the objects and so are built the interactions. Therefore the interactions
with their logic can be defined in an object. If this can be done, it seems reasonable to use the
possibility and to define the dynamic dialog in a module by a dynamic language. The other
choice is to explain the dialog only in the static language of a document.
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We further perceived a reason that even demands the definition of the interaction logic in a
distinct module. The reason was that the objects of a group work together for a goal. A goal
oriented coordination is better implemented if there is a location (as a new object in the group)
for the goal oriented values and for the goal oriented interaction logic between the group
objects. The group state and the requests to the group are also demanding such an object. Thus, a
dialog coordinator can facilitate the design of a goal oriented coordination for the objects in a
group. The behavior of the coordinator is coded as state machine, which calls for ‘activities’ in
the objects of the group. The implementation of this state machine is a direct reflection of the state
machine from the design document, which defines the main behavior of the group.

7.2 Dialog Coordination Types Lead to Responsive Units and Teams

The three types of dialog coordination, namely

e Master-Slave coordination

e Team coordination

e Agreement coordination

represent a theoretical distinction with a helpful practical outcome, as further outlined.

The domain of objects that deal directly with event-responses was separated in two areas: one of
light interactions and one of strong interactions.

A group of objects related through strong interactions and their Master-Slave coordinator
suggested the idea of a Responsive Unit. More Units related through light interactions and their
Team coordinator were grouped in a Team. An Agreement coordinator may be used to establish
relationship agreements between Responsive Units, at system initialization or reorganization.
Since it does not belong to the event responses domain, we conclude that its design is a distinct
issue and it should be distinctly implemented.

Even if we put the emphasis on the dialog between objects, the outcome of this research has some
solid elements, as the dialog coordinators and the Responsive Units. By using such a Unit as an
object composed of a number of objects and their coordinator, one can build the structure of the
system based on the desired behavior of the object groups. The behavior inside a Responsive Unit
can be well defined by the state machine of the coordinator, while the other objects are mainly
executors. Thus, one can precisely define the event responses for each Unit. The behavior between
Units, that builds the system behavior, can be described in the state machine of the Team
Coordinator (a Responsive Unit itself). The dialog between Units becomes much simpler than the
possible dialog between all system objects. Thus, the dialog coordination for the Team(s) of Units
may be accurately defined since it refers only to this higher level dialog.

Inside each Responsive Unit we considered that beside a coordinator and activity objects one may
typically add a data object (containing the public data of the Unit) and a port object

(a Unit interface). This model can really provide from the start of the design clear locations for
distinct issues, related by the dialog coordinator.
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One can use some ready-written code (as a template, but not in the C++ special meaning) that
describes the Responsive Unit object, having in composition a coordinator object, several activity
objects, a port object and a data object. The skeletal state machine added inside the coordinator
helps since it can be easily filled with events and actions, specific to each Unit.

As the object concept has been a good step for the design organization, so these Units may be used
as a next step for a quick and clear event-driven design. The Responsive Unit is in a way a mega-
object with the interaction logic distinctly defined in the coordinator object. We observed that it
helps for a good response definition, for a fast design and for easy modifications. The Units could
be specialized in a Team in the same manner the objects specialize inside a Responsive Unit. A
Team Coordination Unit defines the dialog between Activity Units and eventually a Port Unit and
a Data Unit. This behavior driven organization separates well the design concerns, offering a
generic design approach. The application specific design is done by completing the state machines
of the dialog coordinators and by further specialization of objects.

7.3 Remarks on the Development Process

In the development and implementation of the three microprocessor simulators we could
apply these concepts directly and in a clear fashion. As stated in the beginning, we wanted to
introduce a useful enhancement for the interaction logic modeling. It is believed that the dialog
coordinators and Responsive Units can be understood without a long learning curve and can be
implemented without much overhead. These impediments are typical for the tools for event-driven
system design, which often are simulators based on some sort of state machines. The simulation is
supposed to help for the interaction design and to prove its correctness. Because of this simulation
necessity the tools are very complex and add much overhead, this being a disadvantage for
embedded systems.

The definition of the response-oriented interaction logic inside the dialog coordinators simplifies
the understanding of the system. It also relates the behavior design using state machines to the
implementation, increasing thus the traceability in the development. A first ‘simulation’ can be
done on the new system itself when the Team Coordination Unit is ready, before other Units are
built. The Team Coordinator state machine receives events and its actions are events for state
machines of the Units. A second exercise can take place when the coordinators from the other
Responsive Units are built, before all the other objects are finished. Such ‘simulation’ is actually
identical with a rapid prototyping and also corresponds directly with the testing of the system.

The simulation is tightly related with testing in this approach, since the simulation is done on the
product. For detailed testing, in the dialog coordinators we could temporary add logging facilities
for events, states and actions. This way one can quickly delimit a problem at the level of a
Responsive Unit and further at the object level.

It is difficult to compare the speed of development for different design approaches, but according
to the author’s previous experience this method offered a fast design environment.
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Key advantages were

e The definition inside dialog coordinators of the goal-oriented dialog between objects.

e The distinction between light and strong interactions leading to the use of Responsive Units,

e The use of predefined Responsive Units, with predefined generic objects,

e Last but very important is the use of a state machine to coordinate the dialog between
interacting state machines, as applied in Team Coordinators.

Since testing is part of development, the advantages of testing play also their part in measure of

speed. In our case study the easiness of simulation and testing helped a lot for the overall timing.

The use of dialog coordinators with Responsive Units also facilitates the modifications or
additions necessary for system evolution. A ‘Design for Change’ concept should follow the
‘Design for Reuse’ concept, that was promoted by OOD. The concept of system dynamics should
be extended to the ability of the system to accept new elements or to accept modifications. For
such a definition, the importance of goal-oriented dialog coordinators would be even greater.

As changes require new interactions, the definition of the response-oriented interaction logic in an
object offers clarity and localization of change. The risk of disturbing other interactions is also
much reduced, with implications in quality and testing.

The second and third microprocessor designs started with a precise location of the new interaction
logic required for the new responses. Dialog coordinators helped to clearly express the changed
dialog involved by the modified request-responses and by the eventual new components. We
could thus quickly apply the modified requirements. The use of Responsive Units implied a
behavioral localization for the changes, minimizing ripple effects in other areas. The new
interaction requirements could be translated directly in new events, states and actions in the
respective state machines. The master-slave coordinator inside Units ensures a complete definition
for event responses at Unit level and the changes can also be completely defined. When a
response change implies a change in the Team dialog, the Team Coordinator can accommodate its
description.

Also the third processor design, starting from the second one, could be done in the same easy way.
In some other designs, often a change inherits the troubles introduced by a previous change and a
modification after another modification is even more difficult and risky. In our case study, the
second processor design maintained the qualities of the first one ; the third processor design
followed smoothly. We had such a result because the response-oriented interaction logic was
localized in the dialog coordinators of Responsive Units. The simulation had to be done only for
the modified Responsive Units, with exact steps defined by the new dialog coordinators.
Regression testing was minimized and no risks were involved. In many systems where the dialog
is less explained, regression testing must be very extensive to cover the cases of interactions that
are less understood. In those systems the testing is supposed to complement the interaction design,
as a ‘proof of change’ concept. In our case study the need for such a back-end proof was avoided,
this being another advantage of the method.

About the speed of changing, we noticed that understanding the object dialog with its responses
from the first project was an important speed factor for the next design. Dialog coordinators offer
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good visibility for event-responses and offer the trust that the change is well done. The author, as
every software engineer, experiences in the daily design/change activity that valuable time is spent
for understanding of interactions. A compact definition of the goal-oriented interaction logic in a
dialog coordinator significantly increases the code readability. Also the speed is increased by rapid
prototyping : the new dialog for new responses may be verified in coordinators before any
eventual new components are built. Another advantage for speed of changing was seen in the
quick delimitation of the change in the necessary Responsive Unit. Inside a Unit, a modification
means a dialog coordinator change and/or a specific object change. This format offers a rapid
pinning of the new dialog and the new object. Yet another advantage, a major one, was seen in the
definition of the interactions between Units state machines by using the Team Coordinator. This
has its own behavior defined as a state machine through which the Team responses are defined.
To define new or different responses, the changes of the interactions between Units state machines
could be easily done in the Team Coordinator. It also relates (in our projects) to the user interface
and therefore the changes in interface requirements could be placed in its state machine.

As a generic conclusion about changes, we note that they are done by modifying the interaction
logic in order change the responses and eventually to connect new elements. Thus, such a
design with Responsive Units and Team Coordinators can be considered as being ‘design for
change’.

The overhead that seems to be added by using dialog coordinators and Responsive Units is
compensated at system level and at modification time. Often in other designs the lack of dialog
coordination allows the system to grow in unexpected ways as the design evolves. Modifications
further complicate the system, especially for event-driven designs when event responses are only
partially defined. Sometimes in the beginning of design we had the perception that using the
dialog coordinator is a (short) waist of time and resources. When the system grew, the perception
was that we gain time and coding space by a good organization ; the new elements and their
Interactions could be nicely connected through dialog coordinators. This is a general phenomenon:
for small villages a parliament may be an overhead, but a country cannot miss it.

The issue of code and resources overhead was raised against objects too. Now even medium size
embedded systems use them, as the design proved to be easier and hardware resources became
less restrictive. Responsive Units look like bigger-objects but the overall organized dialog is
believed to reduce the system complexity. Considering also the ‘design for change’ requirement,
the expectations of reducing complexity with this method are even higher.

Throughout the thesis we considered object oriented systems with no reference to multi-tasking
cases. For multi-tasking cases we note a few ideas in the ‘Future Research’ section.

118



Chapter 7  Conclusions and Future Research

7.4 Future Research

As mentioned in chapter 5, much research effort can be put in the study of multitasking
applications for the thesis approach. Different environments may be considered separately. Even
if the Responsive Unit, as a mega-object, is a generic element as any object, various
synchronization and communication semantics can lead to interesting specializations. This would
be an attempt to fill the gap between the goal-oriented coordination of the components in one
system (as in CODE and this work) and the studies of the coordination between separate systems.
This last kind of studies are abounding (as said in chapter 3) and they reached down to the level
of processes [Del]; but they did not come too much lower, towards interacting objects.

A good opportunity to study these ideas will be the development of a new wireless modem for a
wideband CDMA basestation, in which the author is involved. It has to be an object oriented multi-
tasking system, intensively interactive. Dialog Coordinators and Responsive Units may easily find
their place for the definition of inter-object dialog. As for the dialog between tasks, it will be more a
matter of research, since there are many designers involved and also there is a certain level (~50%)
of legacy code. The study will be hopefully ready for the Nortel Design Forum the next spring. The
Responsive Unit concept for inter-object level was already used in a commercial project (as
explained in CODE applications paragraph) and presented at a departmental information session.

There is another possible extension for the use of dialog coordinators and Responsive Units. Since
our simulators are built in Java as web applets, they can run from any computer. In Java, a user
interface event is internally transformed in a word, implemented as a string. An internal event-
word (seen in a text output) can be sent to other users using a chat-page or any other way. The
receivers can put the event-word in a text input of their simulator, bypassing the normal user
interface. Thus, the simulator is activated directly by the event-word. At this level we made an
implementation where one user can drive the others. For such system interactions we may want to
observe the value of the dialog coordination. Obviously, the dialog between users can not be defined
in one place, as in our normal theory. However, we can have one dialog coordination class that
becomes in each machine a dialog coordination object, identical in all machines. We believe that
this replication maintains some of the advantages of defining the dialog in one object. The idea falls
in the complex domain of interacting systems and requires much research. Here we only suggest
that the dialog coordination theory, in the sense introduced in this work, may eventually be extended
beyond the edge of a physical system.
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Appendix A
Coding Format for Dialog Coordinators, Responsive Units

A.1 Suggested Development Style in Java
A.2 Suggested Development Style in C++

We have seen how from the concept of Dialog Coordination we derived several modeling
elements, generic enough to be easy applicable and clear enough to be defined in a programming
language. We suggest implementation modes for Responsive Units with their internal
Coordinator, Port, Data and Activities objects, and also for Team Coordinators and Agreement
Coordinators. In order to distinguish concepts from particular semantic styles, we have chosen to
present implementations in two object oriented languages, Java and C++.

A.1 Suggested Development Style in Java

Java has much similarity in semantics with C++, the differences addressing issues of networking,
security, multi platform. The definitions of methods are in Java as for ‘inline’ methods in C++.
The function pointers are not implemented in Java. They are useful in C++ as we can apply them
for table implementation of State Machines. In Java we only use Switch statements.

A generic Responsive Unit is a class that may be instantiated at start-up time by the Main Frame,
which inherits a ready made class, the ‘Frame’. This is the first object built in Java; it is also the
area through which we have access to the user interface, and where we can built our gadgets for
input-output to the screen.

A Responsive Unit has pointers to:
e the parent, which in Java is the Main Frame, a class that inherits (extends) the Frame

Class, ready made in Java.
its Team Coordinator and

the internal Objects :
e Coordinator,
» Port,
e Data Base,
e Activities.

At Construction time the internal Objects are built and all pointers established.
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class ResponsiveUnit_I_Class
{
// the Main frame which instantiates this class
MainManagementFrame Frame_p;
// the Team Coordinator of this Responsive Unit
TeamCoordinator_RUnit TeamCoordinator_RUnit_p ;
// the internal Objects
RUI1_Coordinator_Class RUI_Coordinator_p ;
RUI_Port_Class RUI_Port p ;
RUI_DataBase_Class RUI1_DataBase_p
RUI_Activityl_Class RUI_Activityl_p  ;
// the Constructor receives pointer of parent
V4 reads the pointer of its Team Coordinator
/4 instantiates internal Objects
ResponsiveUnit_I_Class(MainManagementFrame MainManagementFrame D)
{
Frame_p = MainManagementFrame_p;
TeamCoordinator_RUnit = Frame_p.TeamCoordinator_RUnit_p;

RUI_Coordinator_p = new RUI_Coordinator_Class( this );
RUI_Port_p = new RUI_Port_Class( this );

RU!_DataBase_p = new RUI_DataBase_Class( this );
RUI_Activityl _p = new RUI_Activityl_Class( this );

/

The Java-type Main-Frame instantiates all Responsive Units. Each reads the parent’s pointer.

public class MainManagementFrame extends Frame

{
TeamCoordinator_RUnit TeamCoordinator_RUnit_pointer
=new TeamCoordinator_RUnit(this);
DataBase_RUnit DataBase_RUnit_pointer
= new DataBase_RUnit(this);
Specializedl_RUnit Specializedl_RUnit_pointer
= new Specializedl_RUnit(this);......
/

A Team Coordinator Responsive Unit is specialized by having pointers to the coordinated
Responsive Units. Several Team Coordinators may exist in a system, each related also to the
system level Agreement Coordinator.
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class TeamCoordinator_RUnit

{

// the Main frame which instantiates this class

MainManagementFrame Frame_p;

// the coordinated Responsive Units

DataBase_RUnit DataBase_RUrit_p ;

Specializedl_RUnit Specializedl_RUnit_p;

Specialized2_RUnit Specialized2_RUnit_p;

// the internal Objects

TCI_Coordinator_Class TCI_Coordinator_p;

TCI_Port_Class TCI_Port_p;

TCI_DataBase_Class TCI_DataBase_p;

TCI_Activityl _Class TCI_Activityl _p;

// the Constructor receives pointer of parent and instantiates internal Objects

TeamCoordinator_RUnit(MainManagementFrame MainManagementFrame_p)

{
Frame_p = MainManagementFrame_p;
TCl_Coordinator_p = new TCI1_Coordinator_Class ( this );
TCI_Port p = new TCI_Port_Class ( this );
TCI_DataBase_p = new TCI_DataBase_Class ( this );
TCI_Activityl _p = new TC1_Activityl _Class ( this );

}

// method called in parent AFTER all Responsive Units are instantiated

public void init()

{
DataBase_RUnit_p = Frame_p.DataBase_RUnit_pointer ;
Specializedl_RUnit_p = Frame_p.Specializedl_RUnit_pointer;
Specialized2_RUnit_p = Frame_p.Specialized2_RUnit_pointer;

/

/

Next is presented an example of a Coordinator Class which belongs to a Team Coordinator
Responsive Unit. It is instantiating a State Machine that describes the sequence of interactions,
i.e., the responses to the requests made from outside the Team.

The Coordinator is calling ‘problem domain’ Responsive Units with their internal actions.
Exceptions can be also solved as part of the state machine, and upper layer informed.

class TC1_Coordinator_Class

{
protected int state; // values of state and event
protected int event;
TeamCoordinator_RUnit TC_RUnit_p ; // pointer to the parent

// constructor reads the pointer to the parent and sets the initial state
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TCI_Coordinator_Class(TeamCoordinator_RUnit TeamCoordinator_RUnit D)

{
TC_RUnit_p = TeamCoordinator_RUnit_p ;
state = 0; //Start
/
void StateAuto() // the main method is a State Machine implementation
{
// event as in parent
event = TC_RUnir_p.event;
switch( state )
{
case 0: //Start
switch(event)
{
case 0:
TC_RUnit_p.TCI_Activityl_Class.computeA();// Call an activity
state = I; // set the next state
break;
case 1:
TC_RUnit_p.TCI_DataBase_Class.getDataA();
state = I;
break;
default:
TC_RUnit_p.Frame_p.ToUser.setText("Not good ");// exceptions
break;
/
break;
case 1:
switch(event)
{
case 2:
TC_RUnit_p.TCI_Activity2_Class.computeC();
state = 0;
break;
default:
TC_RUnit_p.Frame_p.ToUser.setText("Not good ");
break;
/
break;
} // end switch( state )
/ // end StateAuto()
} // end class TC1_Coordinator_Class

We have chosen to implement the State Machine as a double switch, on state and on event.
In C++ we will show a Table style of State Machine design.
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A.2 Suggested Development Style in C++

In the case of C++ language (not in Java) we can use function pointers to refer to the called
activities. They are arrayed in tables, with columns referred by state numbers and rows referred
by event numbers. We chose such table oriented case here. The implementation of a switch
statement is similar to Java.

A Responsive Unit is built as a class, instantiated at initialization time. It is associated with its
internal objects as it contains their pointers.

class ResponsiveUnit_Class

{
public:
ResponsiveUnit_Class (); /fconstructor
~ResponsiveUnit_Class (); /destructor
private:
// pointers to internal objects
Coordinator_Class *Coordinator_Pointer;
Port_Class *Port_Pointer;
DataBase_Class *DataBase_Pointer;
Activities_Class *Activities_Pointer;
/

When the constructor is called, the internal objects get also instantiated.
Each receives the pointer to the parent object.

ResponsiveUnit_Class :: ResponsiveUnit_Class ()

{
Coordinator_Pointer = new Coordinator_Class(this);
Port_Pointer = new Port_Class(this);
DataBase_Pointer = new DataBase_Class(this);
Activities_Pointer = new Activities_Class(this);

/

The Coordinator_Class is built to maintain the rules and the sequence of the external dialog and
of the calls to interior activities.
As explained previously it has (inherits) a generic StateMachine_Class.

The implementation of a State Machine may be as a Table with states on rows and events on
columns. Each cell contains an activity, implemented as a function pointer. The Switch/case style
is hard to apply for a bigger number of events/states.
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Class StateMachine_Class

{
public:
StateMachine_Class(); //fconstructor
~ StateMachine_Class(); /destratctor
void SetEvent ( int event ) { event_m = event ;}
void SetState ( int state ) { state_m = state ;}
int GetState () { return state_m o}
int getNrEvents() { return nrEvents_m;}
// For cases when the decision is based on a condition
void SetCondition ( bool condition ) { condition_m = condition }
unsigned char * StateEventTable_Pointer; // pointer to the Sate - Event table
// pointer to a table of strings with all acceptable Words-in— optional
char **WordsIn_Pointer;
private:
int state_m; // the actual state and events;
int event_m;
// flags hows if the decision for the next state is taken from rhe table or is based
//on an internal value
bool condition_m;
/

A coordinator inherits the State Machine class as the mode of representing the sequence of
requests-responses. We repeat that the name Dialog Machine would better reflect the meaning of
the machine in this context.

Class Coordinator_Class : public StateMachine
{
public:

Coordinator_Class ( ResponsiveUnit_Class* ); // constructor knows its parent
~Coordinator_Class(); // destructorr
CoordinatorMain(); // calls the imternal State Machine

private:
// table keeps function-pointers to activities for each state-ewent pair
static Co_Function_Pointer Co_Activities [Co_state][Co_event];
// activities
Activity_I();
Activity_2();
// If complex, the Coordinator may have nested State Machiries
// here are methods for calling the necessary sub-machine.
// These are called as activities, through function -pointers tcible.
void SetNestedStateMachine_1();
void SetNestedStateMachine_2();
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The acting method is the CoordinatorMain(). It decides the action and the next state based on
state, event and condition. It is called at the appropriate time to give the full response to each
request.

Class Coordinator_Class :: CoordinatorMain()

{

// Call the activity through its function pointer , from the table at the // actual state/event pair.
// Check first if the pointer is not null, for cases when no action is expected.
if( Co_Function_Pointer [ state_m ][ event_m ] I=0 )

{
/

// In usual situations the next state depends of actual pair state/event.
// Check if there is no condition , for such usual case.
if ( Icondition_m )

{
/

// If we get an internal condition, the next state will be set in the activity.
// Need to care about releasing the condition flag after it is used.
else

{

/
/
A nested State Machine may be built, as in the StateCharts model, if the complexity requires.
A switch to the nested Machine is implemented by a call from a certain state of the main

Machine.

( *Co_Function_Pointer [ state_m ][ event_m ] ));

state_m = StateEventTable_Pointer [ state_m ][ event_m ];

condition_m = False;

Class NestedStateMachine_l: public StateMachine
{
public:
//constructor, calls also the StateMachine constructor
NestedStateMachine_1();
// main method calling the internal State Machine
Main_NestedStateMachine_1();
private:
// table keeps function-pointers to activities for each state-event pair
static NS1_Func_Pointer NS1_Activities [NS1_state][ NSI_event];
// activities called at this level of nesting
NSIActivity_I();
NSI1Activity_2(); :
/The ‘parent’ State Machine will call the Switch when the next step will be executed inside the
nested State Machine.
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Appendix B

Essential Code for Design Cases

B.1 Single Accumulator Microprocessor Simulator
B.2 RISC Microprocessor Simulator (main differences)

B.3 STACK Microprocessor Simulator (main differences)
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B.1 Single Accumulator Microprocessor Simulator




import java.awt.*;
import java.util.*;

public class OneAccMicro extends Frame (
boolean inAnApplet = true;

RU_DCoordinator RU_DCoordinator_p;
RU_RandomAccsessMemory RU_RAM p ;
RU_Registers RU_Regs_p ;

RU_ArithmeticLogicUnit RU_ALU p

Button Edit
Button LoadProg
Button Execute

NN vy

Button AutoRun
Button InstrStep
Button MicroStep

LY TN

Button Append
Button Insert
Button Delete

LT TR Y

Button AppendData;
Button InsertData;
Button DeleteData;

Button SaveProg;
Button EnterSaved;

TextField progCounter;
TextField accumulator;
TextField temporary ;

TextField instruction
TextField memAddress
TextField memBuffer

LY TR

TextField dataPointer;

TextField carry
TextField negative
TextField zero :

AT T

TextField ToUser :

TextField InsertAt;
TextField DeleteAt;

Choice opCode ;
Choice addrMode ;

TextField dataField ;
List programList ;
List programMem ;

List dataList ;



TextArea DataAddr;
//EditDialog m_Edit;
MenuBar mb;

Menu help;

Menu EditUtils;

Dialog m_EditD;

Panel wPanel
Panel ePanel

0w

List choseList;
TextField funcbhata;

TextField dataMemaAdd;
TextField utilData ;

boolean have_m_EditD;

public OneAccMicro() (

int up =50;

int low =200;

int right=175;

int left =300;
have_m_EditD = false;

setTitle("Single Accumulator Processor
mb = new MenuBar();

help = new Menu("Help");
help.add(new MenuItem("help"));
help.add(new MenuItem("about")) ;
mb.add (help) ;

EditUtils = new Menu("EditUtils");
EditUtils.add(new MenuItem("EditUtils"));
mb.add (E4AitUtils) ;

setMenuBar (mb) ;
Edit = new Button("Enter Prog"):
LoadProg = new Button("Load Prog"):;
Execute = new Button("Execute");
AutoRun = new Button("Auto Run”");
InstrStep = new Button{"Instr Step");
MicroStep = new Button("Micro Step");
Append = new Button("App"):;
Insert = new Button("Ins"):;
Delete = new Button("Del");

AppendData= new Button("App D");
InsertData= new Button("Ins D");



DeleteData= new Button("Del D");

SaveProg new Button("Save Prog") ;
EnterSaved = new Button("Enter Saved") ;

il

Edit. reshape(right+80 ,up+10 ,75,25);
LoadProg.reshape (right+162,up+10 ,70,25);
Execute. reshape(right+240,up+10 ,70,25);

AutoRun .reshape(right+250,up+ 40,60,25);
InstrStep.reshape(right+250,up+ 70,60,25);
MicroStep.reshape(right+250,up+100, 60, 25) ;

Append.reshape(right+80 ,up+40 ,35,25);
Insert.reshape(right+80 ,up+70 ,35,25);
Delete.reshape(right+80 ,up+100 ,35,25);

AppendData .reshape(right+120 ,up+40 ,35,25);
InsertData.reshape(right+120 ,up+70 ,35,25);
DeleteData.reshape (right+120 ,up+100 ,35,25);

SaveProg .reshape(right+330,up+10 ,65,25);
EnterSaved.reshape (right+330,up+40 ,65,25);

add(edit) ;
add (LoadProg) ;
add (Execute) ;

add (AutoRun) ;
add (InstrStep) ;
add (MicroStep) ;

add (Append) ;
add(Insert) ;
add (Delete) ;

add (AppendData) ;
add(Insertbhata) ;
add (DeleteData) ;

add (SaveProg) ;
add (EnterSaved) ;

progCounter= new TextField("0")
accumulator= new TextField ("0
temporary = new TextField("

Ne owy s

")
')

]

instruction
memAddress
memBuffer

new TextField (" function");
new TextField("0");
new TextField("0");

dataPointer= new TextField("O0");

carry = new TextField("0");
negative = new TextField("0");
zZero = new TextField("0");



ToUser = new TextField("Feedback") :;
DataAddr = new TextArea();
progCounter .reshape(right+70 ,low+30,60,25);

accumulator.reshape(right+260, low+100,60,25) ;
temporary. reshape(right+140,low+100,60,25);

instruction.reshape (right+70 ,low+140,75,25) ;
memAddress. reshape(right+left ,low+30 ,60,25);
memBuffer. reshape(right+left+85 ,low+80 ,75,25);
dataPointer.reshape(right+140 ,low-10, 60, 25) ;
carry. reshape (right+100, low+200,25,25) ;
negative.reshape(right+125, low+200, 25,25} ;

zZero. reshape (right+150, low+200,25,25) ;

ToUser .reshape(right+70, 440,290,25);
DataAddr .reshape(right+left+170,up+40, 60,170);

progCounter.setEditable (false) ;
accumulator.setEditable (false) ;
temporary.setEditable(false) ;

instruction.setEditable (false) ;
memAddress.setEditable(false) ;
memBuffer.setEditable(false) ;

dataPointer.setEditable (false) ;
carry.setEditable(false) ;
negative.setEditable(false);
zero.setEditable(false) ;

ToUser.setEditable(false) ;
DataAddr.setEditable(true);

add (progCounter) ;

add (accumulator) ;

add (temporary) ;

add (instruction) ;

add (memAddress ) ;

add (memBuffer) ;

add (dataPointer) ;

add(carry);

add (negative) ;

add (zero) ;

add( ToUser );
ToUser.selectall() ;
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//add( Data’dddr ):;

InsertAt = new TextField("0"):

InsertAt.reshape{(right+150 ,up+70 ,25,25);

InsertAt.setEditable(true) ;
//add(InsertAt) ;

DeleteAt = new TextField("0"):;
DeleteAt .reshape(right+150 ,up+100 ,25,25);
DeleteAt.setEditable(true) ;
//add(DeleteAt) ;

setLayout (new BorderLayout());
Panel topPanel = new Panel():;
Panel westPanel = new Panel () ;
Panel eastPanel = new Panel();

dataField = new TextField("0");

dataField.reshape(20,420,270,25);

dataField.setEditable (true) ;
topPanel .add(dataField) ;

programList = new List (28, false);
programMem = new List (28, false);
dataList = new List (28, false);

for (int idl1=50;id1<100;idl++)
dataList.addItem(""+idl);

westPanel .add (programList) ;
westPanel .add (programMem) ;

westPanel .add (dataList) ;

add ("West", westPanel);

MyCanvas canvasMain = new MyCanvas () ;

canvasMain.resize (640,470);

canvasMain.move(0,0) ;

canvasMain.setBackground (Color.blue) ;
add( canvasMain );

/////////new Responsive Units
RU_DCoordinator_p = new RU _DCoordinator (this);

RU_RAM p = new RU_RandomAccsessMemory (this) ;
RU_Regs_p = new RU_Registers(this);
RU_ALU_p = new RU_ArithmeticLogicUnit (this);

/////////new Responsive Units done

RU_DCoordinator_p.init () ;
RU_ALU_p.init () ;



}

public void reset ()
{
}

public boolean action(Event event, Object arg) {

if (event.target instanceof MenuItem) {
if ( ((String)arg) .equals("EditUtils") && (!'have_m_EditD) ) (

m_EditD = new Dialog( this, false Y ;
m _EditD.resize (160, 450);
m_EditD.show() ;

have_m_EditD=true;

wPanel = new Panel() ;

chosel.ist= new List (27, false);
choseList.addItem("add_imm") ;

choseList.addItem("adc_imm") ;
choseList.addItem("sub_imm") ;
choseList.addItem("sbb_imm") ;
choselist.addItem("1d__imm") ;
choselist.addItem("add_dir") ;
choseList.addItem("adc_dir") ;
choselList.addItem("sub_dir") ;
choseList.addItem("sbb_dir") ;
choseList.addItem("1d__dir")
choselist.addItem("st__dir")
choseList.addItem("jmp_dir") ;
choselist.addItem("joc_dir") ;
choseList.addItem("jon_dir") ;
choseList.addItem("joz_dir") ;

YY)

choseList.addItem("add_ind") ;
choseList.addItem("adc_ind") ;
choseList.addItem("sub_ind") ;
choselList.addItem("sbb_ind") ;
choseList.addItem("1ld__ind");
choseList.addItem("st__ind") ;
choseList.addItem("jmp_ind")
choseList.addItem("joc_ind")
choseList.addItem("jon_ind")
choseList.addItem("joz_ind")

L P

choseList.addItem({"clr");
choseList.addItem("neg”");
choselList.addItem("inc") ;
choseList.addItem("dec") ;
choselList.addItem("halt");

wPanel .add (choseList) ;

funcData = new TextField("0");
funcData.setEditable(true);



wPanel . add (funcbhata) ;
ePanel = new Panel():;

dataMemAdd = new TextField("0");
dataMemAdd.setEditable (true);

ePanel . add (dataMemadd) ;

utilData = new TextField("0");
utilData.setEditable(true) ;

ePanel .add(utilData) ;

m_EditD.add("North", ePanel);
m_EditD.add("West" , wPanel);

}

else
RU_DCoordinator_p.AM_Port_p.action( event) ;

return true;

}
public boolean handleEvent {Event event) (
if (event.id == Event.WINDOW_DESTROY) {

if (inAnApplet) {
if (event.target instanceof Dialog)

{
choseList.clear();
m_EditD.dispose();
have_m_EditD=false;

}

else

dispose() ;
} else ¢
System.exit (0) ;
}

}
return super.handleEvent (event) ;

class MyCanvas extends Canvas {

int u =50;
int 1 =200;
int r =175;
int 1£ =300;
int acc=r+185;

public void paint(Graphics g) {



int w = size().width;

int h

g.drawRect(0, 0, w - 1, h - 1);
g.setFont (new Font("Helvetica",

size() .height;

g.setColor (Color.red) ;
g.fillRect(acc, 340,95, 80);

g.drawLine(r+100, 1+

g.drawLine(r+170, 1+

g.drawLine(r+290, 1+

g.drawLine(r+130, 1+

g.drawLine (r+100, 1+
//acu tmp

g.drawLine(acc+5 ,1+ 125

//acu alu

55,r+100
92,r+170
92,r+290
42, r+ 1f

Font .BOLD, 12));

,1+140)
,1+100)
,1+100)
L1+ 42)

’
’
r

I

92, r+1£+120 ,1+ 92);

,acc +5,340) ;

g.drawLine(acc+90 ,1l+ 122, acc+ 90,340);

//alu acu 1
g.drawLine(acc+45 ,
//alu acu 2
g.drawLine (acc+45 ,
//alu acu 3

420 ,acc+ 45,435) ;

435 ,r+350

g.drawLine(r+350,1+ 115,r+350

//acu r

g.drawLine (r+350, 1+ 115,r+320

//acu mbuf h

g.drawLine(r+320 ,1+ 110,acc+245

//acu mbuf ver

g.drawLine (acc+245,1+ 110,acc+245

//£lg

.435);

,435);

, 1+ 115);

L1+ 110);

1+ 90);

g.drawLine(r+175,1+ 210,acc_l1l+ 210);

//instr alu

g.drawLine(r+130,1+ 152,acc.,1l+ 152);

g.drawLine(r+170
g.drawLine(r+200

,1-10
.1

g.drawLine(r+1+130,1

(x+170 ,1+125 );//dp to tmp
,z+1+130,1 );//dp to up mar
,2+1+130,1+25 );//up mar to mar

g.setColor(Color.orange) ;

//madd m u

g.drawLine(r+1f+60,1+ 42,acc+235,u+40);

//madd m lw

g.drawLine(r+1£f+60,1+ 42,acc+235,u+40+170);

g.fillRect(acc+215,u+40,60,1.70);
g.setColor(Color.red) ;
g.drawString ("Memory" ,

acc+225,

g.setColor(Color.yellow) ;
g.drawString("Prog Count" ,
g.drawString("Accumulator®”,
g.drawString (" Temporary"

r

r+70 ,
r+260,
r+140,

u+40+80) ;

1+30-5);
1+100-10);
1+100-10);



g.drawString("Instr Reg”, r+70 , 1+140-5);
g.drawString("Mem Addr ", r+lf , 1+30-5);
g.drawString ("Mem Buff ", r+l1f+100, 1+80-5);

g.drawString("Data Ptr ", r+140, 1-15);

g.drawString("Flag Reg” , r+100, 1+200-5);
g.drawString(" C N Z", r+100, 1+200+35);

g.drawString ("ALC" , acc+35, 340+40);

}

public Dimension minimumSize() {
return new Dimension(150,130) ;

}

public Dimension preferredSize() {
return minimumSize() ;

}

class RU_DCoordinator
{

OneAccMicro Frame_mp;
RU_RandomAccsessMemory RU_RAM p ;
RU_Registers RU_Regs_p:

AM_Coordinator AM Coor_p;

AM_Port AM_Port_p;
AM_TInfoBase AM_InfoBase_ p;
AM_Act AM Act_p;

Event event;
int eventlArea;

RU_DCoordinator (OneAccMicro OneAccMicro_p )

{
Frame_mp = OneAccMicro_p;
AM_Coor_p = new AM_Coordinator (this);
AM_Port_p = new AM_Port(this);
AM_TInfoBase_p = new AM InfoBase(this);
AM_Act_p = new AM_Act (this);

}

public void init ()
{

RU_RAM_p = Frame_mp.RU_RAM p ;
RU_Regs_p = Frame_mp.RU_Regs_p ;
RU_ALU_p = Frame_mp.RU_ALU_p ;

AM _Coor_p.init();
AM_Act_p .init();



class

{

class

class

RU_RandomAccsessMemory

OneAccMicro Frame_mp;
RU_DCoordinator RU_DCoordinator_p ;

RAM_Coordinator RAM_Coor_p ;

RAM_Port RAM_Port_p ;
RAM_InfoBase RAM_Info_p ;
RAM_Act RAM_Act_p ;

RU_RandomAccsessMemory( OneAccMicro OneAccMicro_p )
{
Frame_mp = OneAccMicro_p;
RU_DCoordinator_p = Frame_mp.RU_DCoordinator_p;

RAM_Info_p new RAM InfoBase(this) ;
RAM_Coor_p = new RAM_ Coordinator(this);
RAM_ Port_p = new RAM_Port (this);

RAM_ Act_p new RAM Act(this);

RU_Registers

OneAccMicro Frame_mp;
RU_DCoordinator RU_DCoordinator_p ;

Regs_Coordinator Regs_Coor_p;

Regs_Port Regs_Port_p;
Regs_InfoBase Regs_Info_p:;
Regs_Act Regs_Act_p ;

RU_Registers( OneAccMicro OneAccMicro_p )
{
Frame_mp = OneAccMicro_p;
RU_DCoordinator_p = Frame_mp.RU_DCoordinator_p;

new Regs_Coordinator{(this) ;
Regs_Port_p new Regs_Port(this);
Regs_Info_p new Regs_InfoBase(this) ;
Regs_Act_p = new Regs_Act(this);

Regs_Coor_p

RU_ArithmeticLogicUnit

OneAccMicro Frame_mp;
RU_DCoordinator RU_DCoordinator_p ;

ALU_Coordinator ALU_Coor_p;



ALU_Port ALU_Port_p:-
ALU_InfoBase ALU_TInfo_p;
ALU_Act ALU_Act_p:

RU_ArithmeticLogicUnit( OneAccMicro OneAccMicro_p )
{
Frame_mp = OneAccMicro_p;
RU_DCoordinator_p = Frame_mp.RU_DCoordinator_p;

ALU_Coor_p =new ALU_Coordinator (this) ;
ALU_Port_p =new ALU_Port (this);
ALU_Info_p =new ALU_InfoBase(this) ;
ALU_Act_p =new ALU_Act(this);

}

public void init/()

{
ALU_Act_p.init();

}

//internals to Responsive Units

class

{

class

AAStateMachine

protected int state;
protected int event;

AM_ Coordinator extends AAStateMachine

RU_DCoordinator Manager_mp;
int PC=0;
int listCount=0;

boolean followsInstruction = true ;
boolean endOfProgram = false;
boolean endOfLine = false;

String instrField="";

TextField progCounter;
TextField accumulator;
TextField temporary ;

TextField instruction;
TextField memAddress ;
TextField memBuffer ;

TextField dataPointer;

TextField carry
TextField negative

~e N



TextField zero ;

AM_Coordinator( RU_DCoordinator RU_DCoordinator_p)
{

Manager_mp = RU_DCoordinator_p:;

state = 1;//Start

//local pointers to text regs
progCounter=Manager_mp.Frame_mp.progCounter;
accumulator=Manager_mp.Frame_mp.accumulator;
temporary =Manager_mp.Frame mp.temporary;

instruction=Manager mp.Frame_mp.instruction;
memAddress =Manager_mp.Frame_mp.memAddress;
memBuffer =Manager mp.Frame_ mp.memBuffer;

dataPointer=Manager_mp.Frame_ mp.dataPointer;

carry =Manager_mp.Frame_mp.carxry;
negative =Manager_mp . Frame_mp .negative;
Zero =Manager_mp .Frame_mp.zero;

}
private RAM_Port actMemory;

public void init{()
{

actMemory =Manager_mp.RU_RAM_p.RAM_Port_p;
}

public final static int EDIT=1;

public final static int LOAD_PROG=2;
public final static int APPEND=7;
public final static int INSERT=8;
public final static int DELETE=9;
public final static int APPEND_DATA=10;
public final static int INSERT_DATA=11;
public final static int DELETE_DATA=12;
public final static int EXECUTE=3;
public final static int AUTORUN=4;
public final static int INSTRSTEP=5;
public final static int MICROSTEP=6;

public final static int SAVE_PROG =13;
public final static int ENTER_SAVED=14;

void StateAuto()

{
event = Manager_mp.eventArea;

switch( state )

{

case 1l:
switch (event)
{
case EDIT://



Manager_mp.AM Port_p.say( "EnterProg accepted® );
Manager_mp.AM_Act_p.EnterProgl() ;
reset () ;
state=2;
break;
default:
Manager_mp.AM_ Port_p.say( "Not accepted" );
break;
}
break;
case 2:
switch (event)
{
case LOAD_ PROG:
listCount=actMemory.countItems() ;
if ( listCount> 0)

{
Manager_mp.AM_Port_p.say( “"LoadProg accepted > do
Execute " );
/ /Manager_mp .AM_Act_p.Load();
state=3;
}
else
{
Manager_mp.AM_ Port_p.say( "LoadProg not accepted >
do EnterProg" );
state=1;
}
break;

case APPEND://7
Manager_mp.AM Port_p.say( "Append accepted" );
Manager_mp.AM_Act_p.Append() ;

state=2;

break;

case INSERT://8
Manager_mp.AM_ Port_p.say{ "Insert accepted" );
Manager_mp.AM_Act_p.Insert();
state=2;
break:;

case DELETE://9
Manager_mp.AM_Port_p.say( "Delete accepted" );
Manager_mp.AM Act_p.Delete();
state=2;
break;

case APPEND_DATA://10
Manager_mp.AM_Port_p.say( "AppendData accepted" );
Manager_mp.AM_Act_p.AppendDatal() ;

state=2;

break;

case INSERT_DATA://11
Manager_mp.AM_Port_p.say( "InsertData accepted" )
Manager_mp.AM_Act_p.InsertDatal() ;
state=2;
break:;

case DELETE_DATA://12
Manager mp.AM Port_p.say( "DeleteData accepted" )
Manager_mp.AM_Act_p .DeleteData() ;

~e
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state=2;
break;
case SAVE_PROG://13
Manager_mp.AM Port_p.say( "SaveProg accepted" );
Manager_mp.AM_Act_p.SaveProg() ;
state=2;
break;
case ENTER_SAVED://14
Manager_mp.AM Port p.say( "EditSaved accepted" );
Manager_mp.AM_Act_p.EditSaved();
state=2;
break;

default:
Manager_mp.AM Port_p.say( "Not accepted" );
break:;

}

break;

case 3:
switch (event)
{
case EDIT://1
Manager_mp.AM Port_ p.say( "EnterProg accepted"® );
Manager_mp .AM_Act_p.EnterProg() ;
reset () ;
state=2;
break;
case EXECUTE://3
Manager_mp.AM Port_p.say{ "Execute accepted” );
state=3;
break;
case AUTORUN://4
Manager_mp.AM Port_p.say( "AutoRun accepted" );
ResponseManager_AutoRun() ;
state=3;
break;
case INSTRSTEP://5
Manager_mp.AM Port_p.say( "InstrStep accepted" );
ResponseManager_TInstrStep () ;
state=3;
break;
case MICROSTEP://6
Manager_mp.AM Port_p.say( "MicroStep accepted” );
ResponseManager_MicroStep () ;
state=3;
break;
default:
Manager_mp.AM_Port_p.say( "Not accepted" );
break;
}
break;

default:
break;



}

void ResponseManager_ AutoRun/()

{

}

endOfProgram =false;//start from anywhere

while (endOfProgram == false)

{
ResponseManager_InstrStep() ;

}

endOfProgram = false;

void ResponseManager_InstrStep ()

{

}

endOfLiine =false;//start from anywhere

while (endOfLine == false)

{

ResponseManager_MicroStep () ;
}

endOfLine = false;

int stateMS= 0;
String memAtMad="";

void ResponseManager_MicroStep()

{

switch{ stateMS )

{

case 0:
//write pc
progCounter.setText (" "+PC) ;
stateMS =1;
break;

case 1:
//write mad
memAddress .setText( progCounter.getText() );
actMemory.select (PC) ;
stateMS =2;
break;

case 2:
//get mem at mad =PC
memAtMad=actMemory .getItem(PC) ;
if (actMemory .memActed == false)
{

Manager_mp.AM_Port _p.say{("no data: enter

}

//write mbr
memBuffer.setText (memAtMad) ;
//next state:

stateMS =3;

break;

")



case 3:
// write ir
instruction.setText(memBuffer-getText());
instrField=instruction.getText();

if( instrHasData() )

{
stateMS =5;
}
else //instr has no data
{
stateMS =4;
}
break;
case 4:

subM_TInstrNoData() ;
stateMS =0;
break;

case 5:
subM;InstrWithData();
//stateMS =0;in subm
break;

default:
break;
}

int stateSubMInstr = 0;
StringTokenizer TokObj ;
String Token;

private void subM_InstrNoData/()

{
switch(stateSubMInstr)

{
case 0:

if( instrField.regionMatches(0,"clr",0,3 })

{
Manager_mp-RU_ALU_p.ALU_Coor_p-StateAuto(O);
}else
if( instrField.regionMatches(0,"neg",0,3 ))
{
Manager_mp.RU_ALU;p-ALU_Coor_p-StateAuto(l);
}else
if( instrField.regionMatches(O,“inc",0,3 })
{
Manager_mp.RU_ALU_p.ALU_Coor_p.StateAuto(Z);
}else

if( instrField.regionMatches(O,"dec",0,3 ))
{
Manager_mp.RU_ALU_p.ALU_Coor_p.StateAuto(B);
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}

int stateSubMData =
int dataMemAdr

}

break;

default:

}

break;

endOfLine();//incl PC++;

int mbr =
int mar =
boolean firstTime=true;

0;
0;

|
[oNe)

String instrText ="";
String dataMemValue="";

storeStr

—_m
= ;

StringTokenizer instrTextTok;
String InstrTok="";
String DataTok ="";

String dataToMemBuf="_ ";
String _Str="_";

private void subM_InstrWithData ()

{

switch(stateSubMData)

(

case 0O:

//st imm dir else
instrText=instruction.getText () ;

//instrTextTok = new StringTokenizer (instrText) ;

//InstrTok = instrTextTok.nextToken|();

//DataTok = instrTextTok.nextToken();//was at no _

DataTok = getDataTok();

if (instrText.regionMatches (0, "st__dir",0,7 ))
{
dataPointer.setText (DataTok) ;
stateSubMData=30;
}
else
if (instrText.regionMatches (0, "st__ind",0,7 ))
{
dataPointer.setText (DataTok) ;
stateSubMData=40;
}
else if(instrText.regionMatches (0, "jmp",0,3))
{
1f (instrText.regionMatches (4, "dir", 0,3
{



endOfLine() ;
PC=Manager_mp.AM_Act_p.strToInt (DataTok) ;
}
else//ind

{
dataPointer.setText (DataTok) ;

stateSubMData=50;

}
else if(instrText.regionMatches (0, "joc",0,3))

{
if(Manager_mp.AM_Act_p.strToInt(carry-getText())==l)//pc
{
if (instrText.regionMatches (4, "dir",0,3 ))
{
endOfLine () ;
PC=Manager_mp.AM_Act_p.strToInt (DataTok) ;
}
else//ind
{
dataPointer.setText (DataTok) ;
stateSubMData=50;
}
}
else
{
endOfLine() ;
}
}
else if(instrText.regionMatches (0, "jon",0,3))
{
if(Manager_mp.AM;Act_p.strToInt(negative.getText())==l)//pc
{
if (instrText.regionMatches (4, "dir",0,3 ))
{
endOfLine() ;
PC=Manager_mp.AM_Act_p.strTolInt (DataTok) ;
}
else//ind
{
dataPointer.setText (DataTok) ;
stateSubMData=50;
}
}
else
{
endOfLine() ;
}

else if(instrText.regionMatches (0, "joz",0,3))

{
if(Manager_mp,AM;Act_p.strToInt(zero.getText())==1)//pc

{
if (instrText.regionMatches (4, "dir", 0,3 ))
{



endOfLine () ;
PC=Manager_mp.AM_Act_p.strToInt (DataTok) ;

}
else//ind
{
dataPointer.setText (DataTok) ;
stateSubMData=50;
}
}
else
{
endOfLine () ;
}
}
else
if(instrText.regionMatches (4, "ind",0,3 ))
{
dataPointer.setText (DataTok) ;
stateSubMData=10;
}
else .
if (instrText.regionMatches (4, "dir",0,3 ))
{
dataPointer.setText (DataTok) ;
stateSubMData=10;
}

else //imm Idir Iimd

if (instrText.regionMatches (4, "imm",0,3 ) ||
instrText .regionMatches (0, "_" ,0,1 ) y//after ind,dir
{
if( instrText.regionMatches(0,"1d",0,2 ) ||
instrText.regionMatches(1,"1d".0,2 ) )
( .
accumulator.setText (DataTok) ;
endOfLine () ;
}
else//ad sub ¢ b
{
temporary.setText (DataTok) ;
stateSubMData=1l;
}
}
break;
case 1:

//instrText=instruction.getText () ;
//Manager_mp .AM_Port_p.say( instrText ):;
if(instrText.regionMatches (0,"add",0,3 ||

)/ /_add

instrText.regionMatches (0, "_add",0,4 )
{
Manager_mp.RU_ALU_p.ALU_Coor_p.StateAuto(4) ;
//Manager_mp .AM_Port_p.say( "add" );
}else

if (instrText.regionMatches (0, "adc",0,3 ) ||
instrText.regionMatches (0, "_adc", 0,4 ) )
{



Manager_mp.RU_ALU_p.ALU_Coor_p.StatelAuto(5) ;
}else
if (instrText.regionMatches (0, “sub",0,3 )| |
instrText.regionMatches (0, “_sub”,0,4 ) )
{
Manager_mp.RU_ALU_p.ALU_Coor_p.StateAuto(6) ;
}else
if (instrText.regionMatches (0, "sbb",0,3 }| |
instrText.regionMatches (0, "_sbb",0,4 ) )
{
Manager_mp.RU_ALU_p.ALU_Coor_p.StateaAuto(7);

}
/ /Manager_mp.AM_Port_p.say( " eol" );

endOfLine() ;
break;

case 10:
memAddress.setText ( dataPointer.getText() );
stateSubMData=11;
break;
case 1l1:
dataMemAdr =Manager_mp.AM Act_p.strToInt (
memAddress .getText () );
dataMemValue
=Manager_mp.RU_RAM p.RAM_TInfo_p.dataList.getItem(dataMemAdr-50);
//tok 2
TokObj=new StringTokenizer (dataMemValue) ;
Token=TokObj .nextToken () ;
Token=TokObj .nextToken () ;

dataToMemBuf="__ "; [/need to ad a tok;rewrite each time
dataToMemBuf= dataToMemBuf.concat (Token) ;

//write mbr

memBuffer.setText (dataToMemBuf) ;

//write mbr
/ /memBuffer.setText (Token) ;//was with no _

Manager_mp.RU_RAM p.RAM Info_p.datalist.select(dataMemAdr-50) ;

1f (instrText.regionMatches (4, "dir",0,3 ))

{
//dir=di
//instrText=instrText.substring(0,6) ;
//instruction.setText (instrText) ;
//add _ at begining of instrText
instrText = _Str.concat(instrText) ;
instruction.setText (instrText) ;

}else//ind

{

if(firstTime)
{

firstTime=false;
lelse



//ind=in
//instrText=instrText.substring (0, 6);
//instruction.setText (instrText) ;
//add _ at begining of instrText
instrText = _Str.concat(instrText) ;
instruction.setText (instrText) ;
firstTime=true;
}

}

stateSubMData=0;

break;

case 30://st dir
memAddress.setText( dataPointer.getText () ) ;
stateSubMData=31;
break;

case 31:
memBuffer.setText (accumulator.getText () ) ;
stateSubMData=32;
break;

case 32:
//st mb in dm at adr_in_mar
mar =Manager_mp.AM_Act_p.strToInt (memAddress.getText()) ;
String storeStr=*"+mar;
storeStr=storeStr.concat (" ");
storeStr=storeStr.concat (memBuffer.getText () ) ;

Manager_mp.RU_RAM _p.RAM Info_p.datalist.replaceltem(storeStr,mar-50);
endOfLine () ;
break;

case 40://st indir
memAddress .setText ( dataPointer.getText() ) ;
stateSubMData=41;
break;
case 41:
//mbr= dm(mar)
dataMemAdr =Manager_mp.AM_Act_p.strToInt (
memAddress .getText() );

dataMemValue=Manager_mp.RU_RAM_p-RAM_Info_p.dataList-getItem(dataMemAdr—
50);
//tok 2
TokObj=new StringTokenizer (dataMemValue) ;
Token=TokObj .nextToken () ;//adr
Token=TokObj.nextToken () ;//data

//write mbr
memBuffer.setText (Token) ;
stateSubMData=42;
break;
case 42:
/ /dp=mb
dataPointer.setText (memBuffer.getText (}) ;
stateSubMData=30;
break;



case 50:// j ind
memAddress .setText ( dataPointer.getText () ):
stateSubMData=51;
break;
case 51:
/ /mbr= dm(mar)
dataMemAdr =Manager_mp.AM Act_p.strToInt (
memAddress.getText () );

dataMemvalue=Manager_mp.RU;RAﬂLp-RAM_Info_p.dataList-getItem(dataMemAdr—
50):
//tok 2
TokObj=new StringTokenizer (dataMemValue) ;
Token=TokObj.nextToken () ;//adr
Token=TokObj.nextToken() ; //data

//write mbr
memBuffer.setText (Token) ;

endOfLine() ;//PC++
PC=Manager_mp.AM Act_p.strToInt (memBuffer.getText());

break;
default:
break;
}
}
private String getDataTok ()
{
instrTextTok = new StringTokenizer (memBuffer.getText()) ;
InstrTok = instrTextTok.nextToken() ;
return instrTextTok.nextToken() ;
}

private void endOflLine()
{
stateSubMData=0;
//sm func has one st
stateMS=0;
PC++;
endOfLine =true;

//check for end of list

if( PC > (listCount-1) )

{
Manager_mp.AM_Port_p.say( "End of program:push Enter to reset®

endOfProgram=true;
PC=0;
}
}
private void reset()
{



stateSubMData=0;

//sm func has one st
stateMS=0;

PC=0;
progCounter.setText ("0") ;
accumulator.setText("0") ;
temporary .setText("0");

instruction.setText (*0
memAddress .setText ("0
memBuffer .setText ("0

dataPointer.setText ("0") ;

carry .setText("0") ;;
negative .setText ("0") ;;
zZero .setText ("0") ;;

}

private boolean instrHasData/()

{
if( instrField.regionMatches(0,"clr",0,3
if( instrField.regionMatches (0, "neg",0,3
if( instrField.regionMatches(0, "inc",0,3
if( instrField.regionMatches (0, *dec",0,3
else return true;

}

}//class

class AM_Port

{

OneAccMicro Frame_mp;
RU_DCoordinator Manager_mp;

AM_Port( RU_DCoordinator RU_DCoordinator_p)

{
RU_DCoordinator_p;

Manager _mp

Frame_mp = RU_DCoordinator_p.Frame_mp;
}
public void action{ Event event_new )
{
Manager_mp.event = event_new;
SeeInput() ;
Manager_mp.AM_Coor_p.StateAuto() ;
}

private void SeeInput ()

{
Object target = Manager_mp.event.target;

if (target instanceof TextField)

{
TextField a_textField = ( TextField

return
return
return
return

) target;

false;
false;
false;
false;



}

else

if (target instanceof Button)

{
Button button = (Button)target;

if(button.equals(Frame_mp.Edit) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.Edit;}
else if (button.equals(Frame_mp.LoadProg) == true )
{ Manager_mp.eventArea = Manager_mp.AM_TInfoBase_p.LoadProg;}
else if(button.equals(Frame_mp.Execute) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.Execute;}
else if(button.equals(Frame_mp.AutoRun) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_ p.AutoRun;}
else if(button.equals(Frame_mp.InstrStep) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.InstrStep;}
else if(button.equals(Frame_mp.MicroStep) == true )
{ Manager_mp.eventArea = Manager_mp.AM InfoBase_p.MicroStep;}
else if(button.equals(Frame_mp.Append) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.Append;}
else if(button.equals(Frame_mp.Insert) == true )
{ Manager_mp.eventArea = Manager_mp.AM InfoBase_p.Insert;}
else if(button.equals(Frame_mp.Delete) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.Delete;}
else if(button.equals(Frame_mp.AppendData) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.AppendData;}
else if(button.equals(Frame_mp.InsertData) == true )
{ Manager_mp.eventArea = Manager_mp.AM_ InfoBase_p.InsertData;}
else if(button.equals(Frame_mp.DeleteData) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.DeleteData:}
else if(button.equals(Frame_mp.SaveProg) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.SaveProg;}
else if(button.equals(Frame_mp.EnterSaved) == true )
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.EnterSaved;}

}Y/7/71if
else
{ Manager_mp.eventArea = Manager_mp.AM_InfoBase_p.unused;}

}

public void say( String toSay)

{
Frame_mp.ToUser.setText( toSay );

}
}

class AM_InfoBase
{

RU_DCoordinator Manager_mp;

AM_ TnfoBase( RU_DCoordinator RU_DCoordinator_p)

{
Manager_mp = RU_DCoordinator_p;

}

int unused =0;



int Edit =1
int LoadProg =2
int Execute =3
int AutoRun =4
int InstrStep=5
int MicroStep=6
int Append =7
int Insert =8
int Delete =9
int AppendData=1
int InsertData=1
int DeleteData=1
int SaveProg=13;
int EnterSaved=14;
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class AM_Act
private RU_DCoordinator Manager_mp;

AM _Act( RU_DCoordinator RU_DCoordinator_p)
{

Manager_mp = RU_DCoordinator_p;
}

private RAM_Port actMemory;

public void init()
{

actMemory =Manager_mp.RU_RAM_p.RAM_Port_p;
}

int nrItems=0;
void Append()
{

String choseListStr =Manager_mp.Frame_mp.choseList.getSelectedItem() ;
String funcDataStr =Manager_mp.Frame_mp.funcData .getText();

int choseListIndex =Manager_mp.Frame_mp.choseList.getSelectedIndex() ;

if (choseListIndex<25)

{
chosel.istStr=choseListStr.concat(" ");
choseListStr=choselListStr.concat (funcDataStr);

}
actMemory.addItem(choseListStr) ;
if (actMemory.memActed == false)
{

Manager_mp.AM_Port_p.say("no add ");
}

}

void Insert/()

{
String choseListStr =Manager_nmp.Frame_mp.choseList.getSelectedItem() ;



String funcbhataStr =Manager_mp.Frame_mp.funcData .getText () :
int choselListIndex =Manager_ mp.Frame_mp.choseList.getSelectedIndex() ;

if (choseListIndex<25)

{
choseListStr=choseListStr.concat (" ");
choseListStr=choseListStr.concat (funcDataStr) ;

}

int insertIx=actMemory.getSelectedIndex() ;
if(insertIx >= 0)

{
actMemory.insertItem(choseListStr, insertIx) ;
if(actMemory.memActed == false)
{
Manager_mp.AM Port_p.say("no insert ");
}
}
else
{

Manager_mp.AM Port_p.say("No choice, no insert "):;
}
}
int toDel=0;
void Delete()

{
//get nr
int slix = actMemory.getSelectedIndex() ;
if( slix >= 0 )
{
actMemory.delItem(slix) ;
i1f(actMemory .memActed == false)
{
Manager_mp.AM Port_p.say("no delete”);
}
}
else
{
Manager_mp.AM_Port_p.say("No choice, no delete ");
}
}

void AppendData ()

{
String dataMemAddStr =Manager_mp.Frame_mp.dataMemAdd.getText () ;
String utilDataStr =Manager_mp.Frame_mp.utilData .getText();

int dataMemAddInt = strToInt (dataMemAddStr);

dataMemAddStr=dataMemAddStr.concat (" ") ;
dataMemAddStr=dataMemAddStr.concat (utilDataStr) ;

Manager_mp.Frame_mp.dataliist.replaceltem(dataMemAddStr,
dataMemAddInt-50) ;
Manager_mp.Frame_mp.dataList.select (dataMemAddInt-50) ;



}
void InsertData()
{
}
int toDelData=0;
void DeleteData()

{

//get nr
int slix = Manager_mp.Frame_mp.dataList.getSelectedIndex() ;
slix+=50;
Manager_mp.Frame_mp.dataList.replaceltem(”"+slix,slix-50) ;
for(int 1=0;1<1000000;1++);

}

void Load()

{

// Manager_mp.RU_RAM p.RAM_Act_p.Load():

}

void EnterProg()

{

// Manager_mp.RU_RAM p.RAM Act_p.DeletePrev();

}

int nrIt=0;
String LStr="";

void SaveProg()
{
Manager_mp.Frame_mp.programMem.clear () ;

nrlIt =actMemory.countItems() ;

for (int pix=0;pix<nrIt;pix++)

{
//prM=prL
LStr=actMemory.getIltem(pix) ;
Manager_mp .Frame_mp.programMem .addItem(LStr);
}
}
void EditSaved()
{
actMemory.clear () ;
nrlt =Manager_ mp.Frame_mp.programMem.countItems () ;
for (int pix=0;pix<nrIt;pix++)
{
/ /prL=prM
LStr=Manager_mp.Frame_mp.programMem .getItem(pix) ;
actMemory.addItem(LStr) ;
}
}

int strTolnt( String sToConvert)

{
return Manager mp.RU_ALU_p.ALU_Act_p.strToI(sToConvert) ;



class RAM_InfoBase
{

RU_RandomAccsessMemory RU_RAM p;
List programList;

List dataList;

List programMem;

RAM_InfoBase( RU_RandomAccsessMemory RU_RAM_p_in )
{
RU_RAM p = RU_RAM p_in;
programList = RU_RAM p.Frame_mp.programList;
dataList = RU_RAM_p.Frame_mp.dataList;
programMem = RU_RAM p.Frame_mp.programMem;

class RAM_Coordinator extends AAStateMachine

RU_RandomAccsessMemory RU_RAM_p;

public final static int GET_ITEM = 20;
public final static int ADD_ITEM = 21;
public final static int INSERT_ITEM = 22;
public final static int DELETE_ITEM = 23;
public final static int CLEAR = 24;

private final static int MAX _MEM = 50;

RAM_Coordinator ( RU_RandomAccsessMemory RU_RAM p_in )
{

RU_RAM p = RU_RAM p_in;
}

int mem _state = 0;

public boolean StateAuto( int mem_event )

{
boolean retToDo = false;

switch( mem_state )
{
case 0:
switch( mem event )
{
case GET_ITEM:
retToDo = false;
break;
case ADD_ITEM:
retToDo = true;



mem_state 1;

1f (RU_RAM_p.RAM_Info_p.programList.countItems ()+1

//cntList+1(1 for this next add)

break;
case INSERT ITEM:
retToDo = false;
break;
case DELETE_ITEM:
retToDo = false;
break;
case CLEAR:
retToDo = false;
break;
default:
break;
}
break;
case 1:
switch( mem_event )
{
case GET_ITEM:
retToDo = true;
break;
case ADD_ITEM:
retToDo = true;
==MAX MEM)
limit
mem__state
else
mem_state
retToDo = true;
break;
case INSERT_ITEM:
retToDo = true;
if(RU_RAM_ p.RAM _
==MAX_ MEM)
limit
mem_state
else
mem_state
retToDo = true;
break;
case DELETE_ITEM:
retToDo = true;
if(
==0)
//cntList-
mem_state
else
mem_state
retToDo = true;
break;
case CLEAR:
retToDo = true;

mem_state=0;
break;

//cntList+1 (1 for this next add)

maxmem :reached
2;

1;

Info_p.programList.countItems () +1

maxmem :reached
2;

1;

(RU_RAM_p.RAM Tnfo_p.programList.countItems()-1)

1(1 for this next del) 0:reached limit

0;

1;



default:

break;
}
break;
case 2:
switch( mem_event )
{

case GET_JTEM:
retToDo = true;
break;
case ADD ITEM:
retToDo = false;
break;
case INSERT_ITEM:
retToDo = false;
break;
case DELETE_ITEM:
retToDo = true;
if( (RU_RAM p.RAM_Info_p.programList.countItems()-1) ==

//cntList-1(1 f£or this next del) = 0:reached limit
mem_state = 0;

else
1;/ /not at max mem anymore

mem_state
break;
case CLEAR:
retToDo = true;
mem_state=0;
break;
default:
break;
}
break;
default:
break;

}

return retToDo ;

}
class RAM Port

{
RU_RandomAccsessMemory RU_RAM p;

List programList;

RAM_Port{ RU_RandomAccsessMemory RU_RAM p_in )

{
RU_RAM p = RU_RAM_p_in;
programList = RU_RAM p.RAM Info_p -programList;

}
boolean memActed = true;

public String getItem( int ix )
{



if( RU_RAM_p.RAM Coor_p.StateAuto( RU_RAM p.RAM_Coor_p.GET_ITEM ) )

{
memActed = true;
return programList.getItem( ix ):;
}
else
{
//set warning
memActed = false;
return "";
}

}

public void addItem( String sToAdd)

{
if( RU_RAM p.RAM_Coor_p.StateAuto( RU_RAM p.RAM_Coor_p.ADD_ITEM ) }
{
memActed = true;
programList.addItem( sToAdd ) ;
}
else
{
//set warning
memActed = false;
}
}
public void insertItem( String sToAdd , int ix)
{
if( RU_RAM_p.RAM Coor_p.StateAuto( RU_RAM_p.RAM_ Coor_p.INSERT ITEM )
{
memActed = true;
programList.addItem( sToAdd , ix);
}
else
{
//set warning
memActed = false;
}
}

public void delItem( int ix )

{
if( RU_RAM p.RAM_Coor_p.StatelAuto( RU_RAM_p.RAM_Coor_p.DELETE_ITEM )
{
memActed = true;
programbList.delItem( ix };
for(int 1=0;1<1000000;1++);
}
else
{ Te

//set warning
memActed = false;



}

public void clear()

{
if( RU_RAM p.RAM_ Coor_p.Stateluto RU_RAM _p.RAM Coor_p.CLEAR )} )
{
memActed = true;
programList.clear() ;
}
else
{
//set warning
memActed = false;
}
}
public void select( int ix)
{

programList.select( ix );
}
public int countItems/()

{
return programList.countItems/();
}
public int getSelectedIndex()
{
return programList.getSelectedIndex() :;
}

}
class RAM_Act

{

RU_RandomAccsessMemory RU_RAM p;
List programMem;

String memListLine;
StringTokenizer TokObj ;
String Token;

int function ;

int addrMode ;

int workData ;

int lix=0;

int programMemCount=0;

RAM_Act( RU_RandomAccsessMemory RU_RAM p_in )
{

RU_RAM p = RU_RAM _p_in;
}

void DeletePrev()

{
// RU_RAM p.RU_DCoordinator_p.Frame_mp.programbList.clear() ;

}



}

class Regs_Coordinator extends AAStateMachine
{

RU_Registers RU_Regs_p;
Regs_Coordinator( RU_Registers RU_Regs_p_in )
{
RU_Regs_p = RU_Regs_p_in;
state = 0;
}

public void StateAuto()
{
}

class Regs_Port

RU_Registers RU_Regs_p;

Regs_Port( RU_Registers RU_Regs_p_in )

{
RU_Regs_p = RU_Regs_p_in;
}
public void action/()
{
Event event = RU_Regs_p.RU_DCoordinator_p.event;
}

class Regs_Act
RU_Registers RU_Regs_p;

Regs_Act( RU_Registers RU_Regs_p_in )
{

RU_Regs_p = RU_Regs_p_in;
}

class Regs_InfoBase
RU_Registers RU_Regs_p;
int progCounter=0;
int accumulator=0;
int temporary =0;
int instruction=0;

int memAddress =0;
int memBuffer =0;

int carry
int negative
int zero

0
0
0

LTI YRR Y



Regs_TInfoBase( RU_Registers RU_Regs_p_in )
{
RU_Regs_p = RU_Regs_p_in;
}
public void reset /()
{
}

class ALU_Port
RU_ArithmeticLogicUnit RU_ALU_p:;

ALU_Port( RU_ArithmeticLogicUnit RU_ALU_p_in )
{

RU_ALU_p = RU_ALU p_in;
}

public void action()
{
}

class ALU_InfoBase

RU_ArithmeticLogicUnit RU_ALU_p;

ALU_InfoBase( RU_ArithmeticLogicUnit RU_ALU_p_in )
{
RU_ALU_p = RU_ALU_p_in;

}

public void reset ()
{
}

class ALU_Coordinator extends AAStateMachine

RU_ArithmeticLogicUnit RU_ALU p:
boolean endOfProgram=false;

int Line=0;

boolean endOfLine = false;

ALU_Coordinator( RU_ArithmeticLogicUnit RU_ALU p_in )
{

RU_ALU_p = RU_ALU_p_in;

state = 0;



public void StateAuto(int event)
C .
switch (event)
{
case 0://clear
RU_ALU_p.ALU_Act_p.clr();
break;
case 1l://neg
RU_ALU_p.ALU_Act_p.neg();
break;
case 2://inc
RU_ALU_p.ALU_Act_p.inc();
break;
case 3://dec
RU_ALU_p.ALU_Act_p.dec();
break;

case 4:
RU_ALU_p.ALU_Act_p.add();
break;

case 5:
RU_ALU_p.ALU_Act_p.adc();
break;

case 6:
RU_ALU_p.ALU_Act_p.sub():;
break;

case 7:
RU_ALU_p.ALU_Act_p.sbb():;
break:;

default:
break;

}

class ALU_Act

{
RU_ArithmeticLogicUnit RU_ALU_p;
RAM_InfoBase RAM_ Info_p;
Regs_InfoBase Regs_Info_p;

int func=0;
int toAdd=0;

TextField accumulator;
TextField temporary :

TextField carry
TextField negative
TextField zero

NN Ny

String minusStr="-";

ALU_Act( RU_ArithmeticLogicUnit RU_ALU_p_in )
{
RU_ALU p = RU_ALU p_in;



accumulator=
temporary =

carry =
negative
zero =

}

public void init ()
{
RAM TInfo_p =
Regs_Info_ p=

public void clr()
{

RU_ALU_p.Frame_mp.accumulator;
RU_ALU_p.Frame_mp.temporary;

RU_ALU_p.Frame_mp.carry;
RU_ALU_p.Frame_mp.negative;
RU_ALU_p.Frame_mp.zero;

RU_ALU_p .RU_DCoordinator_p.RU_RAM p.RAM_Info_p;
RU_ALU_p-RU_DCoordinator_p.RU_Regs_p.Regs‘Info_p;

accumulator.setText ("0") ;

setFlags(0,0,1);//CNZ
}
public void neg()
{
if( (accumulator.getText () ).charAt(0) == 0x2d ) //already neg

{

accumulator.setText (

setFlags(0,0,0) ;//CNZ

}

else

if( accumulator.getText () .equals("0") )

{

setFlags(0,0,1) ;//CNZ
//do noth.

accumulator.secText ( minusStr.concat (accumulator.getText ()

setFlags(0,1,0);//CNZ

}
}
public void inc()

{

int acc= strToI( accumulator.getText() );

acCC++;

// acc = setFlagsAcc(acc) ;

accumulator.setText (" "+acc) ;

}
public void dec()

{

int acc= strToI( accumulator.getText() );

acc—--;

/7 acc = setFlagsAcc(acc) ;

accumulator.setText (" "+acc) ;

(accumulator.getText()) .substring(1l)

})

r



public void add()

{

}

int
int
acc
acc

accumulator.setText (" "+acc) ;

acc= strToI( accumulator.getText ()

tem= strToI( temporary

acc + tem;
setFlagsaAcc (acc) ;

public void adc{()

{

}

int
int
acc
acc

accumulator.setText (" " +acc) ;

-.getText ()

acc= strToI( accumulator.getText ()

tem= strToI( temporary

.getText ()

acc + tem + getCarry():;

setFlagsAcc(acc) ;

public void sub()

{

}

int
int
acc
acc

accumulator.setText (" "+acc) ;

acc= strTol( accumulator.getText ()

tem= strToI( temporary

acc - tem ;
setFlagsAcc (acc) ;

public void sbb()

{

}

.getText ()

int acc= strToI( accumulator.getText ()

int
acc
acc

accumulator.setText (" "+acc) ;

tem=

stxToIl( temporary

.getText ()

acc - tem + getCarry():

setFlagsAcc (acc) ;

public int strToI( String sToConvert)

{

int sIsInt=0;
boolean negative=false;
int Nr=0;

sToConvert=gsToConvert.trim() ;
char Char = sToConvert.charat (0);
int length= sToConvert.length();

1f( Char == 0x2d)//minus

{

negative=true;
//clear it
if( length >0 )

)
)

)
)

)
)

I
.

’
’

’

’



sToConvert=sToConvert.substring(l);

length--;
}
else
{
return 1000;
}

for(int ix=0;ix<length;ix++)

{

Nr = sToConvert.charAt(ix)-0x30 ;
for (int pw=0;pw<length-ix-1;pw++)

{
Nr*=10;
}
sIsInt += Nr;
}
if(negative)
sIsInt=-sIsInt;

return sIsInt;

}
private int setFlagsAcc( int accF)
{
if(accF > 100) setFlags(l1,0,0);//CNZ

else if (accF== 100) setFlags(1,0,1);//CNZ
else if (accF< -100) setFlags(l,1,0) ;//CN2
else if (accF==-100) setFlags(1,1,1);//CN2Z
else if(accF== ) setFlags(0,0,1);//CNZ
else if(accF< 0 ) setFlags(0,1,0);//CN2Z
else if(accF> 0 )} setFlags(0,0,0);//CN2
if (accF>= 100) accF -= 100;
if (accF<= -100) accF += 100;
return accF;

}

private void setFlags(int Carry,
{

if (Carry ==0) carry .setText("0");
else carry .setText("1");
if(Negative==0) negative.setText("0");
else negative.setText("1");
if(Zero ==0) zero .setText ("0") ;
else zZero .setText("1");

}

private int getCarry()

{
int isCarry=0;

int Negative, int Zero)

i1f( ( carry.getText() ).charAt(0) == 0x31 )//C=1

{



if( { negative.getText () ).charAt(0) == 0x31 )//N=1

isCarry = -100;
else//N=0
isCarry = 100;

}
return isCarry;



Appendix B Essential Code for Design Cases

B.2 RISC Microprocessor Simulator (main differences)




class R_AM_Coordinator extends R_AAStateMachine
{

R_RU_DCoordinator Manager_ mp;
int PC=0;

int listCount=0;
boolean endOfProgram
boolean endOfLine

false;
false;

R_AM_ Coordinator({ R_RU_DCoordinator R_RU_DCoordinator_p)
{

Manager_mp = R_RU_DCoordinator_p;

state = 1;//Start

void ResponseManager_MicroStep ()
{

switch( stateMS )

{

case 0O:
//write pc
progCounter.setText (" "+PC) ;
stateMS =1;
break;

case 1:
//write mad
memAddress.setText ( progCounter.getText () );
actMemory.select (PC) ;
stateMS =2;
break;

case 2:
//get mem at mad =PC
memAtMad=actMemory .getItem (PC) ;
1 f (actMemory.memActed == false)
{

Manager_mp.R_AM Port_p.say("no data: enter ");

}
//write mbr
memBuffer.setText (memAtMad) ;
/ /next state:
stateMS =3;
break;

case 3:
// write ir
instruction.setText (memBuffer.getText());
instrText=instruction.getText () ;

if( instrHasDatal() )
{
stateMS =5;

}
else //instr has no data



{
stateMS =4;

}
break;

case 4:
subM_InstrNoData() ;
stateMS =0;
break;

case 5:
subM_InstrWithData() ;
//stateMS =0;in subm
break;

default:
break;

}

int stateSubMInstr = 0;
StringTokenizer TokObj ;
String Token;

private void subM_InstrNoData ()

{
switch({stateSubMInstr)

{
case 0O:

if( instrText.regionMatches (0, "clr",0,3 ))
{

~

Manager_mp.R_RU_ALU_p.R_ALU_Coor_p.StateAuto (0)
lelse
if( instrText.regionMatches (0, "neg",0,3 })
{

Manager_mp.R_RU_ALU_p.R_ALU_Coor_p.StateAuto(l);

lelse
i1f( instrText.regionMatches(0,"inc",0.,3 ))
{
Manager_mp.R_RU_ALU_p.R_ALU_Coor_p.StateAuto(2):;

}else
if( instrText.regionMatches (0, "dec",0,3 ))

{
Manager_mp.R_RU_ALU_p.R_ALU_Coor_p.StateAuto(3):

}else
if (instrText.regionMatches (0, "add",0,3 ))
{
Manager_mp.R_RU_ALU_p.R_ALU_Coor_p.StateAuto(4) ;
}else

if (instrText.regionMatches (0, "adc",0,3 }))
{

Manager_mp.R_RU_ALU_p.R_ALU_Coor_p.StateAuto(5) :
lelse
if (instrText.regionMatches (0, "sub",0.,3 }))



{
Manager_mp.R_RU_ALU_p.R_ALU_Coor_ p.StateAuto(6):;

}else

if (instrText.regionMatches (0, "sbb",0,3 ))

{
Manager_mp.R_RU_ALU_p.R_ALU_Coor_p.StateAuto(7);

}

break;

default:
break;

}
endOfLine() ;//incl PC++;

private void subM_InstrWithData/()
{

switch(stateSubMbData)

{

case 0:
DataTok = getDataTok():;

if (instrText.regionMatches (0, "st_ dir",0,7 ))
{
dataPointer.setText (DataTok) ;
stateSubMData=30;
}

else

if (instrText.regionMatches (4, "imm",0,3 ) ||
instrText.regionMatches (0,"_" ,0,1 ) y//after ind,dir

if( instrText.regionMatches(0,"1d",0,2 ) ||
instrText.regionMatches (1,"1d",0,2 ) y//after
ind,dir

//need third tok
reg_k_int=Manager_mp.R_AM Act_p.strToInt (getThirdTok());

Manager_mp.Frame_mp.register{reg_k_int].setText (DataTok) ;
endOfLine() ;
}

break;

case 30://st dir
memAddress.setText( dataPointer.getText() );
stateSubMbData=31;
break;
case 31:
//need third tok



reg_k_int=Manager_mp.R_AM_Act_p.strToInt{getThirdTok()) :
toStore=Manager_mp.Frame_mp.register({reg_k_int] .getText () ;

memBuffer.setText (toStore) ;
stateSubMData=32;
break;
case 32:
//st mb in dm at adr_in_mar -
mar =Manager_mp.R_AM Act_p.strToInt (memAddress.getText()) ;
String storeStr=""+mar;
storeStr=storeStr.concat(" *);
storeStr=storeStr.concat (memBuffer.getText ()) ;

Manager_mp.R_RU_RAM p.R_RAM Info_p.datalist.replaceltem(storeStr,mar-50);
endOfLine() ;
break;

default:
break;

class R_AM_Act

private R_RU_DCoordinator Manager_mp;
private risc Fr;

public R_AM Act( R_RU_DCoordinator R_RU_DCoordinator_p)
{

Manager_ mp= R_RU_DCoordinator_p;

Fr = R_RU_DCoordinator_p.Frame_mp;
}

private R_RAM_Port actMemory;
public void init()

{
actMemory =Manager_ mp.R_RU_RAM_p.R_RAM Port_p;

public void Append()

{
prepareAdd() ;
actMemory.addItem(choselListStr) ;
if (actMemory.memActed == false)
{
Manager_mp.R_AM_Port_p.say("no add ");
}
}
public void Insert()
{

prepareAdd() ;
int insertIx=actMemory.getSelectedIndex() ;
if(insertIx >= 0)



actMemory. insertItem(choseListStr, insertIx);

if (actMemory.memActed == false)

{
Manager_mp.R_AM_ Port_p.say("no insert ");

Manager_mp.R_AM_Port_p.say("No choice, no insert *);

}

int toDel=0;
void Delete()
{
//get nr
int slix = actMemory.getSelectedIndex();
if( slix >= 0 )
{
actMemory.delItem(slix) ;
if (actMemory.memActed == false)
{
Manager_mp.R_AM Port p.say("no delete”);
}

else

Manager_mp.R_AM_ Port_p.say("No choice, no delete ");



Appendix B Essential Code for Design Cases

B.3 STACK Microprocessor Simulator (main differences)




void ResponseManager_MicroStep()
{

switch( stateMS )

{

case 0:
//write pc
progCounter.setText (" "+PC) ;
stateMS =1;
break;

case 1:
//write mad
memAddress.setText ( progCounter.getText() );
actMemory.select (PC) ;
stateMS =2;
break;

case 2:
//get mem at mad =PC
memAtMad=actMemory .getItem (PC) ;
if (actMemory.memActed == false)
{

Manager_mp.S_AM_ Port_p.say("no data: enter ");

}
//write mbr
memBuffer.setText (memAtMad) ;
//next state:
stateMS =3;
break;

case 3:
// write ir
instruction.setText (memBuffer.getText()) ;
instrText=instruction.getText () ;

i1f( instrHasData() )
{
stateMS =5;
}
else //instr has no data
{
stateMS =4;
}
break;
case 4:
subM_TInstrNoData () ;
stateMS =0;
break;
case 5:
subM_InstrWithDatal() ;
//stateMS =0;in subm
break;

default:
break;



private void subM_InstrWithData/()

{

ind,dir

)

== false)

switch(stateSubMData)
{
case 0:
DataTok = getDataTok() ;

if (instrText.regionMatches (0, "st__dir",0,7 ))

done:stack full" );

{
dataPointer.setText (DataTok) ;
stateSubMData=30;
}
else
if(instrText.regionMatches (4, "imm",0,3 ) ||
instrText.regionMatches (0,"_" ,0,1 ) )//after ind,dir
{
if( instrText.regionMatches(0,"1d",0,2 ) ||
instrText.regionMatches (1, "1d4",0,2 ) )/ /after
{
Manager_mp.RU_S_Regs_p.S_Regs_Coor_p.push( DataTok
if(Manager~mp.RU_S~Regs_p.S_Regs_Coor_p.actStack
Manager_mp.S_AM Port_p.say( "1ld not
endOfLine() ;
}
}
break;

case 30://st dir
memAddress.setText( dataPointer.getText () );
stateSubMData=31;
break;

case 31:
toStore=Manager_mp.RU_S_Regs_p.S_Regs_Coor_p.pull();
memBuffer.setText (toStore) ;
stateSubMbData=32;
break;

case 32:
//st mb in dm at adr_in_mar
mar =Manager_mp.S_AM Act_p.strToInt (memAddress.getText()) ;
String storeStr=""+mar;
storeStr=storeStr.concat (" ") ;
storeStr=storeStr.concat (memBuffer.getText ()) ;

Manager_mp-RU_S_RAM_p-S_RAM_Info_p.dataList-replaceItem(storeStr,mar-SO);

endOfLine() ;
break;

default:
break;



class S_AM_Act

{
private S_RU_DCoordinator Manager_mp;
private stack Fr;

public S_AM Act( S_RU_DCoordinator RU_DCoordinator_p)
{
Manager_mp= RU_DCoordinator_p;
Fr = RU_DCoordinator_p.Frame_mp;
1
¥

private S_RAM_ Port actMemory;

public void init{()
{

actMemory =Manager_mp.RU_S_RAM p.S_RAM_ Port_p;
}

private int nrItems=0;
private String choseListStr="";
private int choseListIndex =0;

private void prepareAdd()

{
choseListStr =Fr.choseList.getSelectedItem() ;
choseListIndex=Fr.choselList.getSelectedIndex() ;

if(choseListIndex<5)//1d st

{
choselListStr=choseListStr.concat(" ") ;
choseListStr=choseListStr.concat (Fr.funcData.getText ()) ;

}

else

if (choseListIndex<9)//ad ...

{

}

else

if (choseListIndex<l17)//j

{
choseListStr=choseListStr.concat(" ") ;
choseListStr=choseListStr.concat (Fr.funcData.getText{)) ;

}

else //cl ..

{

}

//ch 0 7

}

public void Append()

{
preparelAdd() ;
actMemory.addItem(choseListStr) ;
if (actMemory.memActed == false)
{



Manager_mp.S_AM_Port_p.say("no add *);

}
}
public void Insert()
{

preparedAdd() ;

int insertIx=actMemory.getSelectedIndex() ;
if(insertIx >= 0)

{
actMemory . insertItem(choseListStr, insertIx) ;
if (actMemory.memActed == false)
{
Manager mp.S_AM_Port_p.say("no insert ");
}
}
else
{
Manager_mp.S_AM_Port_p.say("No choice, no insert ");
}

class S_Regs_Coordinator extends S_AAStateMachine

{

S_RU_Registers RU_S_Regs_p;
S_Regs_Coordinator( S_RU_Registers RU_S_Regs_p_in )

{
RU_S_Regs_p = RU_S_Regs_p_in;
state = 0;
}
public boolean actStack = false;// act can be checked from exterior

private int nrOfFilledRegisters = 0;

public String pull ()
{
String valueOut = "0";

actStack = StateAuto(0);// event = pull
if( actStack )
{

valueOut=RU_S_Regs_p.S_Regs_Info_p.register([0].getText () ;
String regvVal;

for(int rg=1 ; rg < nrOfFilledRegisters ; rg++ )

{

//reglrg] -> reglrg-1}
regVal=RU_S_Regs_p.S_Regs_Info_p.register([rg].getText () ;



RU_S_Regs_p.S_Regs_Info_p.register[rg-
1] .setText (regVal) ;

//clear unused reg
RU_S_Regs_p.S_Regs_Info_p.register[rg] .setText("0") ;
}

nrOfFilledRegisters--;
}

return valueOut;

}

public void push( String valueIn )

{
actStack = StateAuto(l);// event = push
if( actStack )

{
String regVal:;
for (int rg=nrOfFilledRegisters ; rg>0 ;rg-- )
{
//reglrg-1l] -> reglrgl
regVal=RU_S_Regs_p.S_Regs_Info_p.register[rg-
1] .getText () ;
RU_S_Regs_p.S_Regs_Info_p.register([rg].setText (regvVal) ;
}
RU_S_Regs_p.S_Regs_Info_p.register[0].setText( valueIn ) :
nrOfFilledRegisters++;
}
}
public void reset ()
{

actStack = StateAuto(2);// event = reset
if( actStack )

{
for(int regNr=0;regNr<8;regNr++)
{
RU_S_Regs_p.S_Regs_Info_p.register[regNr].setText("0") ;
}

nrOfFilledRegisters=0;
}

private boolean StateAuto(int event)
{
boolean retToDo = false;

switch(state)
{
case 0: //stack is empty
switch (event)
{
case 0: //pull
retToDo = false;



break;

case 1l: //push
retToDo =
state = 1;
break;

case 2: //reset
retToDo = true;
state = 0;
break;

true;

default:
break;

}
break;

case 1:
switch{event)
{
case 0: //pull
retToDo = true;
if( (nrOfFilledRegisters-1) == 0) state = 0;
else state = 1;

break;
case 1: //push
retToDo = true;
if( (nrOfFilledRegisters+l) == 8) state = 2;
else state = 1;

break;
case 2: //reset

retToDo = true;

state = 0;

break;

default:
break;

}
break;

case 2: // stack is full

switch(event)

{

case 0: //pull
retToDo =
state = 1;
break;

case 1: //push
retToDo = false;
break;

case 2: //reset
retToDo =
state = 0;
break;

true;

true;



default:
break;

}

break;

default:

break:;
}
return retToDo;





