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ABSTRACT 

The automation of computer hardware design has received considerable attention 

in recent years. Expert systems, that incorporate explicit domain knowledge into problem­

solving programs, have been success fully applied in des ign problems. DAME ( Design 

Automation of Microprocessor-based systems using an Expert sys tem approac h) is a 

system capable of designing microprocessor-based systems from original spec ifications. 

In this thesis, the DAME Editor, a user interface for data acquisition for DAME's component 

database, is presented. 

DAME's knowledge domain is represented by a component model which structures 

the component information into several abstraction levels to facilitate the design process by 

breaking down the design task into several phases. Based on the component model, each 

component in DAME is associated to a template which spec ifies its structure . The DAME 

editor assists the user in creating and maintaining the component database, throu gh a user 

graphical interface. 
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Chapter 1 

Knowledge Based Expert Systems. 

DAME is an expert system that aims to design microprocessor-based systems. Before 

getting into the details of DAME, we briefly sketch the basic concepts behind knowledge­

based or expert systems. 

Since the early 70's, when the first expert systems such as DENDRAL and MYCIN 

were built [1], the interest in expert systems has kept growing, and the number and type 

of expert system applications are expanding rapidly [2]. An expert system is said to be a 

knowledge-intensive program that solves problems normally requiring human expertise [3]. 

The major components of an expert system are: the knowledge base, the inference 

engine, and the man-machine interface. The man-machine interface in an expert system 

includes the user interface and the developer interface. The user interface is aimed at the 

end users who are the consumers of expertise or experts themselves. The major focus of the 

user interface is on the knowledge domain, that is to represent the domain in a way that is 

clear for the user to understand. Also the user interface provides feedback and explanations 

on user's actions and questions. The developer interface is for the system developers who 
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are responsible of building, updating and maintaining the expert system. The major focus 

of the developer interface is not only on the different abstract levels of representation of the 

domain but also the reasoning processes. Sometimes the distinction between developer and 

end user is blurred , because for some systems the user may be involved in the development 

and maintenance too. 

Figure 1.1 shows the structure of an expert system. We shall discuss these components 

in subsequent sections. 

Inference Knowledge User Interface Engine ~ 

Base 

' 

User 

::. Developer 
Interface 

Developer 

Figure 1.1: The structure of an expert system. 

1.1 Knowledge Base 

The knowledge base in an. expert system needs to store two types of knowledge, the facts 

and the heuristics. Facts are the explicit and declarative representation of the experts' 

concepts. Heuristics represent experts' judgmental knowledge. To choose what kind of 

knowledge to represent and in what form is an important phase during the system design. 
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There are several commonly used knowledge representations such as production rules , 

inclusion hierarchies , mathematical logics, frames , scripts, semantic networks, constraints, 

and relational databases [4]. Among them the production rules and frames are the most 

popular representations because of their flexibility, representational power, and hierarchical 

structure. The following subsections explain these two knowledge representations. 

The examples in the following subsections are taken from DAME. Here the necessary 

terminology is introduced informally to aid the examples' understanding. 

Microprocessor-based systems are built using off-the-shelf components , such as pro­

cessors, memory chips, and peripheral devices. These devices are called components. A 

microprocessor-based system is a group of components connected together through the pins 

of each device. The pins are used to send or receive changing electrical values which are 

called signals. 

There are two kinds of signals in a component: the ones that are used to locate and 

transfer information (address/data); and the ones that are used to facilitate and synchronize 

the exchange of information (control signals). 

While a system operates, certain activities (such as information transfer, arbitration, 

exception handling, etc.) occur continuously. Not all components are capable of performing 

all such activities. A capability is defined as a primitive activity that a component can carry 

out. In turn, a component is characterized by the collection of its capabilities. A capability is 

further specialized through the protocol(s) employed in carrying out the activity associated 

with it. 
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1.1.1 Production Rules 

Production rules are characterized by two parts: the antecedent and the consequent. The 

basic form of a production rule is: 

IF conditions THEN actions 

For example, 

IF (component Xis an arbiter using a 3 - signal protocol) 

AND 

(component Y is a requester using a handshake protocol) 

AND 

(component X and Y need to be interconnected) 

AND 

(there is no interface block between X and Y) 

AND 

(the c urrent phase is the design of t he bus-arbitration 

i n terface ) 

THEN (create an instance of the 3-signa l to handshake 

interface template ) 

This rule checks if a protocol-conversion interface is required to connect a requester 

and an arbiter during the bus arbitration interface design phase. 

The production rules can be used to represent several types of knowledge, as the 

following examples show: 
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Situation/action: 

Premise/conclusion: 

Sufficiency: 

Definition: 

If it is raining, then close the window. 

If it is raining, then the roof becomes wet. 

If it is raining, then it is precipitating. 

If it is raining, then water droplets are falling from the sky. 

s 

In an expert system, the production rules are used to capture the heuristic knowledge of 

the domain in a knowledge base. 

During the operation of an expert system, a rule is activated (fired) if all its antecedents 

are satisfied. An inference engine is then used to "drive" the inferencing process. More 

discussion on inference engines is to be found in section 1.2. 

1.1.2 Frames 

Production rules are a very good representation for linking conditions with actions. But 

for representing knowledge about objects, their properties, and the interrelationships of 

objects in the domain, they are not very convenient and efficient [5]. Frames can be used 

for structuring information about objects in a knowledge domain in expert systems. 

A frame is a data structure containing information about a single entity (i.e., a concept, 

item, or class). It consists of a set of slots, each of which refers to a specific attribute of the 

frame entity. A slot contains one or more values of that attribute. We write a frame using 

the notation: 

{{ frame-na me 

slotl : valuel 

slot2 : value2 
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} } 

An example of a frame that describes partially the notion MC68000 (that is the Motorola 

68000 microprocessor) is as follows: 

{ { MC68000 

is-a : MI CROPROCESSOR 

pins : 40 

package : DIP 

has-signal : MC68000-AS MC68000-DTACK MC68000-D0 

MC68 000-D l 

has-capability : DATA-TRANSFER BUS-ARBITRATION 

INTERRUPT } } 

Toe MC68000 notion is represented as a list of attributes/slots. A slot can have a fixed 

value. For example, the value of PINS is the number 40. 

A slot can have a set of attached information such as RANGE which contains the set 

of possible values for the slot, DEFAULT VALUE, etc. A slot also can have an associated 

demon which is a program that is triggered when a particular action related to the slot 

occurs, such as when the slot value is initially inserted, when it is changed, or when it is 

retrieved. 

A slot can also be defined as a relation which can link to other frames. A set of 

frames can be linked together in a semantic network through relations. The most basic 

relation between frames is the parent-child relation, in which the parent frame describes 

a class of items, while the child represents either a subclass (IS-A relation) or a specific 

member (INSTANCE relation) of the class . For example the MC68000 belongs to the 
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MICROPROCESSOR class . 

There are other possible relations between frames in addition to the subclass and instance 

relations. Figure 1.2 shows an example of the partial semantic network which describes the 

Motorola MC68000 microprocessor. The frames are linked toge ther by IS-A, INSTANCE, 

HAS-CAPABILITY, and USES-PROTOCOL relations. 

Microprocessor 

IS-A 

MC68000 Capability 
Protocol 

HAS CAPABILITY 

IS-A 

MC68000 -data-t ransfer 

Data - ransfer-protocol 

USES-PROTOCOL IS-A 

IS-A 
MC68000-handshake 1-------~Handshake- protocol 

Figure 1.2: Partial semantic network that represents a microprocessor. 

A major benefit of utilizing a semantic network is inheritance. The properties and 

procedures associated with one frame can be inherited by another frame through a relation 

which links these two frames. In a hierarchical semantic network, the properties and 

procedures associated with frames high up in the hierarchy are more or less fixed, whereas 
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frames in the lower levels inherit the slots with values which may be explicitly given or 

inherited from the parent frames . Thus knowledge can be modeled at different abstraction 

levels , or modularized in different categories. Not only the storage space of a knowledge 

base can be reduced by the inheritance of properties, but also the properties of a category 

can be used where they are needed and the exact location of the properties is not a concern 

during inference. Also from a development and maintenance point of view, semantic 

networks can be advantageously used . Because the inherited information does not have 

to be entered specifically for each individual member of the class, an arbitrary amount of 

information of a category can be stored at a time and properties can be added or changed 

easily. 

As an example of inheritance, the instance Ul of MC68000 inherits all the information 

from its parent. However because Ul 's signals are specific to Ul 1, the information in the 

Ul frame overrides the signal names in the MC68000 frame. 

{ { Ul 

i nstance-of : MC68000 

has-signal : Ul - AS Ul-DTACK Ul - DO Ul - Dl 

} } 

The systematic description of the objects and their relationships in a knowledge domain 

is called the knowledge domain model. An expert system which has a domain knowledge 

model and a separate rule base is called a model-based reasoning system [6]. 

A model-based reasoning system which uses frames to implement the domain model 

is called frame-based reasoning system. In many frame-based reasoning systems, the 

1 in case of several MC68000 chips we would like to name the signals according to each instantiation 
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information being manipulated is stored in the form of frames , but the problem-solving 

knowledge that manipulates the frames is stored separately in the form of rules [7]. 

Knowledge can be classified into shallow knowledge and deep knowledge [8, 5] . The 

shallow knowledge is represented in terms of heuristic rules, which perform a mapping 

between data abstractions and solution abstractions. On the other hand , deep knowledge 

contains information about the causal mechanisms underlying the relationship between the 

data and the solution. The deep knowledge explores the fundamental attributes of a domain, 

and represents a more generalised si tuation. 

1.2 Inference Engine 

A set of production rules can embody a large collection of expert knowledge. To reproduce 

part of an expert's reasoning processes, the expert system needs to apply a sequence of 

rules , which is called chaining. The inference engine is responsible for deciding which 

rules should be executed, using either a forward-chaining approach or a backward-chaining 

approach [2]. 

In forward-chaining, the problem-solving engine operates by selecting one rule that has 

all its antecedents satisfied to execute at a time. Toe system initially places a set of input 

data in the working memory. When the conditions of one rule are matched by the set of 

data, the rule is said to be activated or triggered. The engine will choose only one rule that 

is activated and execute it, that is , this rule's action is performed. In other words, this rule is 

fired. The action of the rule changes the state of the working memory which in turn triggers 

new rules, that is, the new data will satisfy antecedents of other rules. This select-execute 

cycle continues until no more rules can be satisfied. Forward chaining is also called data 

driven or event driven. 
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In backward-chaining, the problem-solving engine is used to determine a solution. The 

sys tem initially possesses a set of candid ate general solutions. The system considers each 

solution in turn. For each candidate solution, it finds the rules from the knowledge base that 

can achieve the solution. If the rule 's condition part is true, the solution has been reached. 

If the condition part is not true, the solution is false. If the condition part is unknown, a 

sub-solution is set, and then the system tries to prove the sub-solution in a backward fashion 

until the condition data are known to be either true or false so that the original solution can 

be proved to be true or false . Backward-chaining is also called goal driven or hypothesis 

driven. 

In both forward and backward chaining, it could be the case that two or more rules are 

applicable at the same time. The set of applicable rules is called the conflict set. When 

the conflict set has more than one element, conflict resolution techniques are needed to 

determine which rule should be executed . 

The most common conflict-resolution strategies are: rule ordering, specificity ordering, 

recency ordering, size ordering, data ordering, context limiting [4]. A system may employ 

more than one of the strategies listed above as its conflict-resolution technique. 

1.3 Man-machine Interface 

Expert systems are being used in an expanding number of application areas. The spectrum 

of expert system applications ranges from very large and complex systems to very small 

and simple ones. Small, simple expert systems which perform limited but useful tasks 

may not involve much human intervention, but most other expert systems require high 

human-computer interaction, at least during the development phase. Expert systems which 

involve a human user during their operation, require a sophisticated man-machine interface. 
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As shown in Figure 1.1 , there are two types of man-machine interface: one is for 

supporting system developers, the other is for supporting end users. 

1.3.1 Developer Interface 

An expert system can be viewed as consisting of a domain-specific knowledge base and 

a domain-independent inference engine. The developer interface is important when the 

knowledge base is being developed. 

The traditional approach of constructing the knowledge base calls for a knowledge 

engineer who serves as a bridge between the human expert and the computer, translating 

the domain knowledge into an appropriate form that can be processed by the computer. 

This procedure sometimes can be very difficult and time consuming, because it requires 

the domain expert not only to explain application concepts but also to describe explicitly a 

decision-making process of which he/she may not normally be conscious [9] . 

When the mcxiel of the knowledge is known in advance, a user interface, through 

which the user is capable of accessing and manipulating the objects of the mcxlel, can 

help in eliciting and coalescing knowledge. This approach overcomes the above difficulty, 

and also facilitates the maintenance and updating of the knowledge base when the system 

is already in use. Instead of interpreting the domain knowledge and constructing the 

knowledge base, the knowledge engineers must now work with the domain expert to design 

the domain knowledge mcxlel, and write the interface for the user. This interface at the 

front end provides the high-level knowledge representation language that allows the domain 

experts to directly manipulate the knowledge, and at the back end transforms the knowledge 

into the low level representation needed for the computer to be able to process it efficiently. 

Figure 1.3 shows the difference between the traditional approach and this novel approach. 
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Knowledge 
Base 

Knowledge 
Base 

::- Interfac~ 

Low level 
knowledge 
rep!'."esenta ion 
lang age 

Low leve~ High levei 
knowledge knowleoqr 
represen-·tion represenL~:-on ,~ 

language 

(a) 

Intellige:it 
Interface 

language 
Knowledge --------► Domain 
Engineer Expert 

High leve l 
knowledge 
representation 
language 

Domain 
Expert 

Desig n 

Knowl dc;e 
Enginee!'." 

(bl 

Figure 1.3: (a) Traditional approach of knowledge-base construction; (b) A new approach 

of knowledge base construction. 

1.3.2 End User Interface 

Unlike a traditional software system, an expert system is not just a tool that implements a 

process, but rather a representation of that process [10]. The user of an expert system not 

only wants to know the result, but also wants to know how the result is reached. 

In early expert systems, such as MYCIN and Rl, the types of user interface used were 

conversational, that is, the system asks the user various questions and after going through 

the inference procedure returns an answer. This type of system is called a consultation 

system, that is, the user is not involved in the decision-making process. The underlying 

knowledge of this type of expert systems is considered to be shallow, in which the number of 
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objects in the domain model is small and the relationships among the objects are simple. As 

expert systems move from pure consultation systems to expert advisory sys tems (i.e. both 

the user and the system share the reasoning and decision-making tasks) , the quantity and 

quality of communication between the system and user need to be increased. Additionally, 

as the knowledge base becomes larger and the knowledge domain becomes more complex, 

the use of a deep model of the underlying knowledge is encouraged. 

A conversational interface acts as an intermediary to the hidden world of the underlying 

knowledge and the tasks. It describes the objects and actions of interest to the user and 

interprets the answers. Contrary to a conversational interface, a model world interface 

presents the model of the domain and the tasks in a way that matches the user 's natural 

idiom, so that the user can act on the objects of interest directly. A graphical user interface 

is an example of a model world interface. This style gives the user a better understanding of 

the task he/she is performing. It also allows the user to directly manipulate the application­

related objects and actions which are graphically displayed to him/her, and the system gives 

immediate feedback on user's actions through the interface. This in turn provides a better 

understanding of the system's behavior. 

1.4 Summary 

An expert system can be viewed as being composed of a domain-independent inference en­

gine and a domain-dependent knowledge base. In a model-based expert system, the domain 

model attempts to give a systematic description of the problem space. The development of 

an expert system requires the construction of the rule base, and the design of the model of 

the domain knowledge and the man-machine interfaces for both developers and end users. 

Model-based reasoning can provide explicit representational support for both interfaces. 
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While the developers focus on the representation of tl1e domain a11d the reasoning 

processes , the end users focus on the domain itself. The developer interface should provide 

the facility for the developers to look at me representation of me domain, to construct the 

knowledge base, a11d to test the system. The end user interface should represent me domain 

in a way that is easy to understa11d for me user, a11d provide immediate response to user's 

actions a11d system status. 

Almough these two interfaces focus on different tasks , there is no clear distinction 

between developer a11d end user. The knowledge acquisition tasks which were performed 

by the knowledge engineer in me past are now often performed by the end user. The 

developer interface and me end user interface may overlap. 

The Objective of mis thesis is to present me DAME editor. The DAME editor is a user 

interface to be used in constructing the component representation used in DAME. Thus , 

in Chapter 2, we present a summary of several systems capable of automating me design 

of microprocessor-based systems; in Chapter 3, we discuss issues of knowledge domain 

modeling in DAME. Chapter 4 presents me editor itself, while chapter 5 presents our 

efforts in displaying protocols in terms of pla11ar graphs within the DAME editor. Finally 

we summarize our work a11d conclude wim Chapter 6. 



Chapter 2 

Designing Microprocessor-based 

System Using Expert Systems 

Hardware synthesis is a difficult task because of the large number of design possibilities 

which require a large search space. It is a creative work which is based on the expert 

designer 's personal experience and expertise. Since knowledge-based expert systems pro­

vide a methodology that can handle real-world, complex problems requiring an expert 's 

interpretation and reasoning, it becomes a suitable approach for high level hardware syn­

thesis. This chapter presents a survey of existing expert systems for system-level hardware 

synthesis. 

2.1 Microprocessor-based System Design 

Microprocessor-based system designer uses off-the-shelf component chips to construct 

computer systems according to the customers' orders or requirements. Designers must 

15 
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concentrate on system structures, system functions and interconnections among various 

components and buses. As the number of applications of computers increases , computer 

systems with various different functions , ranging from multiprocessor workstations to single 

board systems for instrumentation, are required . Therefore fast and sophisticated system 

synthesis tools become most important to satisfy the demand for customized designs. 

On the other hand, as the library of commercially available components is constantly 

growing, it is very hard for system designers to keep up with all the knowledge about the 

available components. Automated synthesis for system configuration and design offers a 

solution to this dilemma. 

Rl, MAPLE, MICON, and KMDS are existing systems that produce designs from 

system specifications. All these systems utilize an expert system paradigm. 

2.2 Rl 

Rl is the first expert system that attempted to solve system configuration problems [11 , 

12, 13]. The Rl system configures the computer systems Digital Equipment Corporation 

manufactures. 

The task that Rl performs takes a list of components a customer has ordered as its input, 

and produces a set of diagrams that display the interrelationships among these components 

as its output. 

The knowledge that Rl has is about the pre-designed semi-products (parts) of computer 

systems, such as a bundle, a Unibus module, or a power supply, and how to put them together. 

Rl is considered a shallow model system. The objects it has in its knowledge domain are 

components and cabinet templates. Components are used to describe semi-products of the 
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VAX systems. Each component description consists of several attribute/value pairs that 

indicate the properties of that component that are relevant for the configuration task. A 

cabinet template describes what space is available in a particular cabinet type. It describes 

the physical space of the cabinet and locations of the components that should be filled in. 

These templates serve as a guide for Rl to know at any point in the configura tion process, 

what container space is still available, and where the specific location is. 

Rl was originally implemented in OPS4 and uses a context limiting conflict-resolution 

strategy. Its configuration rules are constructed in six subtask contexts : 

1. Checks the customer's order. 

2. Configures cpu cabinet. 

3. Configures the UNIBUS cabinets. 

4. Labels the UNIBUS expansion cabinets. 

5. Designs the system and lays out its diagram. 

6. Designs the cabling. 

Figure 2.1 shows the original Rl system structure. It consists of a database which 

contains the components and cabinet templates, a rule base, a conventional user interface, 

and a backward chaining inference engine. 

Rl was a success. The system has been extended to perform all the configuration tasks 

for all kinds of computer systems that Digital Equipment Corporation manufactures. The 

biggest problem it confronted was the continuous expansion of the knowledge base. In five 

years its rule base has been expanded from 772 rules to 4,000 rules, and the data base has 

grown from containing 240 components to 10,000 components [14]. The maintenance and 



CHAPTER 2. DESIGNING /vfJCROPROCESSOR-BASED S YS1EM USING EXPERTS YSTEMS 18 

Devel o per Interface 

Data Base Rule Base 

Inference Engine 

User Interface 

Figure 2.1 : Rl system structure 

continuous development of the knowledge base became substantially difficult. The main 

difficulty is that when an expert or knowledge engineer adds a new piece of configuration 

knowledge to the rule base, it is very hard to identify the role of this piece of new knowledge; 

in other words, it is hard to know how it will effect the rest of the rules. In order to resolve 

this problem, the Rl designers reconstructed Rl 's rule-base. They divided each of the 

subtask contexts into four contexts. Tuey are: evaluate goal context, propose-operator 

context, evaluate-operator context and apply-operator context. In this way each piece of 

knowledge has an explicit role. 

After reconstructing Rl 's rule-base, the Rl designers built a knowledge acquisition 

subsystem to assist experts in adding new knowledge to the knowledge base. This later 

version ofRl is called Proto-R2, and it is implemented in OPS5 . The acquisition subsystem 

is called Sear. Figure 2.2 shows the system structure. 

Sear's major components are an interviewer and a rule generator. The interviewer 
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elicits domain knowledge either from a knowledge engineer or a domain expert, translates 

it into an intermediate representation; then the rule generator converts the intermediate 

representation into OPS5 rules. 

2.3 MAPLE 

MAPLE (Microprocessor ApPlications Expert) is a consultational expert system which 

designs hardware for microprocessor applications (15]. 

MAPLE uses the case-based reasoning approach. Unlike rule-based reasoning which 
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solves problems by taking an input specification and then "chaining" together the appropriate 

set of rules from the rule base to arrive at a solution, case-based reasoning solves problems 

by searching its case memory for an existing case that matches the input specification [16]. 

If the input specification matches an existing case, the system gives a solution. If the there 

is no exact match, the system chooses a similar case and modifies a small portion of the 

case and its solution to meet the input specification. The adjusted case becomes a new case 

saved in the case base. 

MAPLE takes as input a set of hardware specifications and constrains, and gives as 

output a design report which includes the original specifications and a set of complete 

documentation for the design. 

MAPLE has three databases : 

• a BOARD database which stores pre-designed boards, 

• a REPORT database which stores the system's previous design experiences . 

• and a COMPONENT database which stores the information about the basic devices 

such as CPU, memory, 1/0, and discrete logic. 

MAPLE's design procedure includes three stages: interview, design and report. During 

the interview stage, the user is asked through a conventional user interface to give the 

hardware requirements and constraints. During the design stage, the system first looks for 

the combination of previously designed boards from the BOARD database which satisfies 

the requirements and constraints. If there is a match, the design is done, otherwise a 

description of the requirement is retained and suggested to the system manager for possible 

design as new board. During the report stage, only when the design is a combination of 

pre-designed boards, a report is selected from the REPORT database. 
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Ideally MAPLE would be able to design new boards automatically. The current MAPLE 

is not involved in any board level design. If MAPLE can not find any previous design which 

satisfies the current speci fications, it suggests to the experts to give a new design and stores 

the design in the BOARD database and the documentation in the REPORT database. 

2.4 MICON 

MI CON (Mlcroprocessor CON figurer) is a system used to configure microprocessor-based 

single board computer systems [17 , 18, 19, 20]. 

The construction of single board computers is based on the integration of fixed sub­

systems or functional units such as memory arrays, processors , and peripheral devices 

and controllers. The task of designing single-board computers can be viewed as selecting 

the required functional units and interconnecting them. MICON breaks down the design 

process into a set of tasks and associated subtasks that correspond to the construction of 

these functional units. The set of design tasks are: processor design, memory design and 

peripheral design. Each design task consists of three steps: specification, selection and 

instantiation. During the specification step, the user is requested to enter requirements for 

a particular subsystem. After the requirements have been ascertained, the system does the 

selection. The required parts are sought in the database; if no part exactly matches the 

requirements, the closest alternative is substituted; if there is no alternative, the user is 

notified and must change his/her requirements. During the instantiation step, the selected 

parts are instantiated into the design. This is done by creating "logical" copies of the devices 

from the database and interconnecting them. 

The knowledge of how to map the newly instantiated parts into the evolving design is 

given in a set of rules called templates. Each template is associated with an implementation 
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technique. The left hand side of a template rule is a set of preconditions which identifies 

when the template should be applied. The right hand side of the template rule contains a 

version of the wire list. 
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Figure 2.3: MICON system configuration 

DOMAIN 
EXPERT 

MICON is an integrated computer design system. Figure 2.3 shows the complete 

MICON system. MICON's database consists of the functional hierarchy of a computer 

system and the description of each part. MI CON is implemented in OPS/83. Its rule-base 

consists of templates and other rules that support other design aspects. 

CGEN is a knowledge acquisition subsystem associated with MICON. Whenever, 

during the instantiation design stage, the system carmot find an appropriate template to map 
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the current functional unit into the evolving design, it reports this situation to CGEN. The 

domain expert gives a mapping template for this case, and saves it in the rule-base. 

During the design task, there are three subtasks: 

1. Processor design. The system asks questions such as processor, application, cost 

and power, etc. Afterwards the system will choose a processor which most closely 

matches the requirements . 

2. Memory design. The types of memory (SRAM, DRAM, ROM) and the amount of 

addressable memory are specified by the user. If the amount of specified memory 

exceeds the addressing range of the processor, the user is notified and the requirements 

must be changed by the user. After the type of memory chips has been selected, the 

array size is determined and the chips are logically interconnected. The inclusion of 

any support chips, usually in the form of memory controllers, occurs automatically 

without the intervention of the designer. 

3. Peripheral design. The specification of peripheral devices is slightly more compli­

cated than the previously mentioned subsystems. Peripherals are specified after the 

memory, so that certain parts can be shared between subsystems. Typically these 

parts are chip select logic and bus drivers. The peripheral devices could be timers, 

PIO (parallel input-output device), SIO (serial input-output device) or DMA (direct 

memory access) controllers. After the appropriate device has been found in the data 

base, MICON assigns an address and an interrupt priority to the device according to 

the user 's specification or the system default. Finally the chips are instantiated into 

the design by interconnecting the interrupt lines followed by the data, address, and 

control lines. 

Each design subtask is activated at some time during the design process, and it consists 
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of three steps. 

1. Specification: the user is requested to enter requirements for a particular subsystem; 

2. Selection: after the requirements have been ascertained, the required parts are sought 

in the data base; if no part exactly matches the requirements, the closest alternative 

is substiruted; if there is no alternative, the user is notified and must change his/her 

requirements; 

3. Instantiation: once parts have been selected, they are instantiated into the design, 

this is done by creating "logical" copies of the devices from the data base and 

interconnecting them. 

The other task of MICON is the analysis of the design. The purpose of this task is to 

allow the user to analyze what MICON has produced. This task also provides the user with 

the capability to verify part of the design or modify a portion of the design. 

In MI CON, most of its design knowledge is stored in templates. The major templates 

describe the relationship between subsystems, and are used during the inter-subsystem 

design. There are three abstract levels of templates : 

• level 0: contains the general description of the subsystems comprising a single board 

computer system. 

• level l: contains the general representation of the single board computer system 

being designed with respect to a processor family. 

• level 2: contains implementation details for individual subsystem components. The 

templates are represented as amalgamation of parts and ports. All the parts in a 
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template are represented as part-descriptors which are actually chip elements. All 

ports represent the connections between these parts. 

2.5 KMDS 

KMDS is an expert system for integrated hardware/software design of microprocessor-based 

digital systems [21]. Figure 2.4 shows the system configuration. The major modules are a 

menu-driven user interface for obtaining user requirements and constraints , a user demand 

and solution analysis module, a logic circuit synthesizer, a control program generator, and a 

knowledge-base debugger for updating and maintaining the consistency of the knowledge­

base. Other modules in the system, such as the scheduler, an LSI (large scale integrated 

circuit) device library, an AUX IC (auxiliary integrated circuit) device library and other 

external utilities , are used to control and support the design procedure. The LSI device 

library stores the physical, behavioral, and structural information of components and also 

their programming information. The AUX IC library stores the information about auxiliary 

devices such as gates, decoders, multiplexers, etc. 

KMDS uses a frame structure to represent its problem model The frames are organized 

into trees. A root frame represents a system. The system is divided into several modules , 

such as processor, memory, 1/0. Each one is represented by a frame. These modules are in 

turn divided into submodules and smaller submodules until the primitive functional units 

are reached. There are two types of frames in KMDS: packed frames and primitive frames. 

A packed frame has three kinds of slots: (1) specification slots, which contain associated 

specifications of the hardware modules represented by the frame; (2) construction slots, 

which describe the internal structure of the hardware module; and (3) a signal pool slot, 

which contains all signal information of the frame. The values in a construction slot are 
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names of other packed frames or primitive frames which represent submodules of the frame. 

Each frame can only have one signal pool slot 

A primitive frame can only have specification slots and a signal pool slot, because it 

represents a primitive function unit 

The following is an example of a packed frame for the 63484 CRT interface module: 

Frame name: 63484-CRT-interface-module 
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1. CRTC series no: (63484ps4/63484ps6/ ... ) 

2. CRTC frame: (CRTC63484) 

3. Buffer: (FM8/FM16) 

4. Data bus width: (8/16) 

5. Bits/pixel: (1/2/4) 

6. Maximum: (columns, rows) 

7. Signal-pool: (Sl, S2, ... ) 

In this example, slots 1, 2 and 3 are construction slots, slot 4, 5 and 6 are specification 

slots, and slot 7 is the signal pool slot. 

KMDS 's design procedure proceeds in three phases. After the system obtains reasonable 

and complete design requirements and constraints from the user, the first design phase, user 

demand analysis, is invoked. It translates the user requirements into design specifications 

and constraints, then constructs the architecture frame. Ifno architecture satisfies the user 's 

requirements, it will ask for new requirements. 

The second phase is the hardware design phase. This is done by the circuit synthesizer 

module. First, according to the architecture frame, it generates the needed construction 

slots, their values and the signal connections recursively until it achieves a set of primitive 

frames that can construct the selected architecture frame. Then it uses the information in the 

LSI device library and the AUX IC library to realize the physical design and obtain the final 

circuit Finally it generates a net-list file written in EDIF (Electronic Design Interchange 

Format). 
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The third phase is software design. The control program generator can automatically 

generate the control routines of the synthesized digital system written in Emasil (which is a 

Processor-Memory-Switch level language). The Emasil retargetable compiler can translate 

the control routines into the machine codes of the selected microprocessor. 

2.6 Summary 

Several systems which tackle the design of computer systems have been described in this 

chapter. 

Rl is a land mark in that it introduced a new methodology in the design. A top-down 

approach is followed by Rl through the traversing of stages that incrementally complete 

the configuration of a computer system. The primitive building blocks in Rl are modules , 

racks, etc .. However our main interest here is the design of Microprocessor-based systems, 

a finer-grained problem. 

MAPLE introduces the concept of adapting a previous design to come up with novel/new 

solutions. The primitive building blocks in MAPLE are single-board computer systems. 

Case-based reasoning saves time in producing designs that belong to the same class. But 

additional artifacts are needed to accommodate new classes of designs. 

MICON's design approach starts from high-level requirements to design a single­

board computer system. CPU selection, memory selection and 1/0 selection are addressed 

sequentially. Primitive building blocks are templates: a component together with the 

necessary interfacing logic. A design consists of the instantiation of templates so that the 

interconnection is direct. 

KMDS is similar in its approach to MICON but adds to the design process the software 



CHAPTER 2. DESIGNING MICROPROCESSOR-BASED S YSTBM USING EXPERTS YSTBMS29 

control routines. However the application of KMDS has been limited to the design of single 

board microcomputers and CRT controllers. 

All the systems covered here are expert system designers. The objective of a design 

problem is to construct a system or object satisfying a given specification. The components 

are the primitive objects from which the construction is to be done. Construction is done by 

applying selection and connection of components operations [20]. In this chapter we have 

seen that different systems attack the representation problem at different level of detail. In 

DAME we aim to show that representing the components at a finer level allows us to design 

with more general design knowledge. 



Chapter 3 

DAME Knowledge Domain 

Modeling. 

3.1 Introduction 

DAME (Design Automation of Microprocessor-based systems, using an Expert system 

approach) is an expert system which will be able to synthesize a customized microprocessor­

based system from user's system specifications [22, 23]. 

Figure 3.1 shows the DAME system configuration modules. It consists of a window­

based mouse driven user interface, an intelligent knowledge editor, a component library, a 

working memory and five design modules which represent the five design phases. 

The system specification module is used to analyse the requirements and constraints 

given by the user 's input specification, and to transform them into a complete and consis­

tent design specification. After the system specification has been established, the system 

30 
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configuration module constructs an architecture frame which consists of several interrelated 

subsystems according to the system specification. The behavior description module de­

fines each subsystem's capabilities and constraints. The component selection module then 

maps each subsystem into the available components. Finally the interface design module 

connects the components together and generates the necessary glue logic. 

DAME is implemented in Knowledge Craft, which is an integral expert system shell 

consisting of inference engine, working memory, editing and debugging tools, and win­

dow/graphic facilities . DAME uses Knowledge Craft's CRL-OPS work-center as its infer­

ence engine and working memory. 

As mentioned in the previous chapter, DAME aims to model the components at a finer 

level so that more general design knowledge can be applied. In MICON, the connection of 

two components is pre-designed and stored in templates. During the design process , if the 

system cannot find the template required to connect the two components, it reports to the 

design expert and waits until the correspondent template is added into the knowledge base. 

Only then can the design be continued. As new devices are announced , the knowledge base 

has to be expanded with new design knowledge advances. 

DAME aims to carry out the interface design based on the interfacing protocols used 

by the components to be interconnected. In this sense DAME is capturing the experts ' 

knowledge of how to connect two components. Although there are nU1I1erous microcom­

puter devices, only a few communication protocols are used by the components. Thus few 

general rules are necessary to accomplish the design. 

This chapter will introduce DAME's component model. 
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3.2 Component Model 

When we study a component, there are three kinds of information that are important 

at different stages of the design: general component information, signal defini tion, and 

interface specification and timing constraints. General component information describes 

static features about the component, such as device name, manufacturer, cost, temperature 

range and reliability, speed of operation, package type available, power requirements and 

consumption. The signal definition describes the characteristics of signals, such as signal 

name, direction(input, output, bidirectional), pin number, active status. In the interface 

specification and timing constraints, it is described how the component communicates with 

other components. 

This information is needed throughout the design process, but at each design phase 

only part of the information is important for the design to advance. As the design process 

proceeds, more detailed information is required. In DAME a component is modeled 

hierarchically. Different levels of information abstraction are encapsulated at different 

levels in the hierarchy of design objects in the semantic network representing the component. 

The component model consists of four abstract levels and five types of objects. These 

objects are component, signal, capability, protocol and action. These objects are interrelated 

through relations. The four relations are has-signal, has-capability, uses-protocol, and has­

action. Figure 3.2 shows a conceptual component model. 

An object is represented by a frame or schema. A schema can have many attributes 

called slots. A relation is a specially defined slot whose values are other schemata. The 

definition of a relational slot is another schema which has the same name as the slot. In the 

definition schema, the properties of the relation, such as range, domain, inheritance, etc. , 

are specified. For example, the definition of the has-signal relation specifies that the range, 
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which is the object the relation links from, has to be a component object, and the domain, 

which is the object the relation links to, has to be a signal object Thus if a value which is 

not a signal object is given to the has-signal slot, an error is displayed immediately. 

The following subsections will disc;uss the five types of objects in the component model. 

3.2.1 The Component 

The component object is at the highest level. It contains the general specification informa­

tion of a component, and is linked to the signal and capability objects through the has-signal 

and has-capability relations, respectively. 

3.2.2 The Signal 

A signal object stores the signal's definition information, i.e., a signal's name, direction, 

pin number, active status, etc. One signal object represents only one signal of a component. 

Therefore if a component has N signals, there will be N signal objects attached to the 

component object. 

3.2.3 The Capability 

A component can communicate with one or more types of components according to its 

functionality. A capability defines the kind of interfacing ability a component has. A com­

ponent can have one or several capabilities. For instance, a memory component has only 

data transfer capabilities; a peripheral device may have data transfer and interrupt capabil­

ities; while a microprocessor should have not only data transfer and interrupt capabilities 

in order to be able to interface memory and IJO components, but also a bus arbitration 
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capability which allows it to compete for the use of the bus in a multi-master system. 

3.2.4 The Protocol 

Capabilities tell what a component can do. Protocols define how a capability is exercised. 

DAME is based on the assumption that there are but a few protocols which can be used by 

the various capabilities. There are three basic types of protocols : synchronous, handshake, 

and semi-synchronous (24]. A protocol is a sequence of signal actions that guarantees the 

proper function of the capability. It is assumed that, at any moment, only two components 

actively transfer information between each other over an information exchange path which 

may be a dedicated point-to-point connection between the two components, or it may be 

shared with other components as well. 

For instance, the CPU may read/write data from/to memory over a common bus which 

may be shared by several peripherals. 

A synchronous protocol sequence is defined as follows: data is presented by the source 

and held stable for a limited period of time. Explicit (through strobes) or implicit data 

annunciation is provided. In the explicit annunciation, when the destination receives the 

strobe signal it reads the data in the strobe assertion period. 

In a handshake protocol cycle, also called an asynchronous protocol, the source also 

sends data and strobe signals, but instead of waiting for a fixed time, it waits until the 

destination issues an accept signal. 

A semi-synchronous protocol cycle is similar to the synchronous protocol: after sending 

data, signalling the strobe, and waiting for a fixed period of time, it checks a special no­

accept signal. If the destination does not issue a no-accept signal, the sequence proceeds; 

otherwise the source waits until the no-accept signal disappears . 
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3.2.5 The Action 

Microprocessor components transfer information in the form of signals through wires that 

connect them. A protocol enforces the correct transfer of information by defining the order 

and timing of elementary operations. The elementary operations in the protocol are called 

actions . Actions are encoded by signal states and transitions. 

For example, a signal can transfer information by its static levels (asserted, negated), 

dynamic changes (negated to asserted, asserted to negated), or its duration between two 

changes (see Figure 3.3). An action can be defined by the signal transitions or states, or 

combinations thereof. 

The behaviour of a protocol can be captured from its timing diagram using an action 

graph [25]. The definition of an action graph is given as : let A be the set of actions in the 

protocol, P(for precedes) is the relation for any two actions a, b E A, such that (a, b) E P 

iff action bis preceded by action a in the protocol cycle. A directed graph (A,P,tl') can be 

used to represent the protocol, where A is the set of vertices of the graph, P is the set of 

edges, and tJ> is a function on P that associates a label (tmin,tm0 .,:), with the minimum and 

maximum timing between actions, to the edges. For self-timed circuits, tJ> is (0 , oo). 

Figure 3.4 shows timing diagram for a full handshake protocol In Figure 3.4 signal R 

is an output signal and signal A is an input signal from the source. Toe assertion of the 
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signal R indicates the strobe action and the negation of signal R corresponds to a not-valid 

action. Similarly, the assertion of the signal A indicates the accept action and the negation 

of signal A corresponds to the ready action. After the data is presented at the data bus, 

the source signals the destination by the strobe action that the data is sent, the destination 

responds with an accept action that the data is received , then the source tells the destination 

that the data is not valid any more by the not-valid action, and the destination responds with 

a ready action meaning it is ready for further communication. This full handshake protocol 

with four actions has the advantage that the signals return to their initial state by adding 

two extra actions as mentioned in the previous subsection. The corresponding action graph 

is shown in Figure 3.5. 

3.3 Component Templates 

In the previous sections of this chapter we have discussed DAME's component model in 

terms of capabilities, protocols and actions. A component template is a network of schemata 

which describes the invariant features of a component class based on the component model 
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(i.e. the capabilities the class of components has, protocols it uses, etc.). 

One can think of a template as an empty structure resembling actual components, 

ready to be filled in with the specific information that changes from one component to 

another, such as the name of the signals, specific protocols, etc. On the other hand, certain 

assumptions predicate the existence of certain objects of the component. For example, it 

is assumed that any component is always capable of exchanging information, thus a data 

transfer capability is always present. The data transfer capability can be further divided in 

to read, write, or read and write capabilities depends on the type of the component As an 

example, a ROM has only a read capability. The basic component classes are memory, J/O 

device, microprocessor, and bus. Each class may be composed of several subclasses. 

Figure 3.6 shows the microprocessor template. It consists of signals as well as four 

capabilities (i .e. bus arbitration capability, data transfer capability, interrupt capability and 
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utility capability). The microprocessor 's data transfer capability is also represented as a 

template which includes details of the read and write protocols . Similarly the bus arbitration 

capability incorporates the details of the bus arbitration protocols. These protocols are 

selected from standard basic protocols that components use to communicate with each 

other. 

Figure 3.7 shows the template for the memory component. It has a similar structure 

as the microprocessor template, but because a memory cannot function as a master, it only 

communicates through the data transfer capability. 

A particular component uses the generic template defined for its class, instantiated with 

the specific information about the protocols and signals which are used by that component. 

Figure 3.8 shows the semantic network representing the MC68000 microprocessor compo­

nent. It has the same structure as the microprocessor template, but contains the signals and 

protocols that the MC68000 uses. Figure 3.9 shows the network for the MK.6116 memory 
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Figure 3.7: The memory template. 

component. 

3.4 Summary 

In this chapter, the component model used by DAME to represent components in the 

database was introduced. This component model interacts with the design knowledge (i.e. 

the rules) in DAME following a top-down approach which concentrates on the important 

information at each level of the design. The top levels of the design process look at the top 

layers in the component structure such as the basic classes and sub-classes of components. 

For example, a system for multi-media may require a specialized DSP with associated 

RAM and ROM memory for one of its subsystems. In the component selection phase, 

only the information about the actual components such as the DSP Motorola 96000 and 

the RAM chip MK.6116 is considered. After the physical components have been chosen, 

DAME designs the interface taking into account each capability. In a simple example of 

an interface between a CPU and a memory device, only the data transfer capability has to 

be considered to design the interface. The interface block will be designed according to 

the data transfer protocols each component uses. At the end, the real signals are annotated 

" 
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Has-signal 

MC68000 -dtack 

MC68000 - uds 

• • • 
C68000-data-transfer-cap 

Uses-protocol 
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MC68000-dt - read-protocol 

MC68000-d - write-protoco l 

MC6800 0-bus -arbitratio n-cap i-------- MC68000 - hree-signal-protocol 
Has-capabi lity 

MC68000- utility -cap 

MC68000 - priority-i nterrupt-cap 

Figure 3.8: The MC68000 component 
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Has-capability 

MK6116-ce 

MK6116 - wr 

MD6116-a0 

MK6116-a l 

• • • 
Uses-protocol 

MK 6116-data-transfer-cap 

Figure 3.9: The MK6116 component. 

back to the interface block description. 
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MK6116-dt-read-protocol 

MK6 116-dt - write-protocol 

The component templates and instances were also introduced in this chapter. A network 

of templates structures the component information into hierarchical levels. Each component 

instance is not only created using the same data structure as its template, but is also linked 

to its template so that it can inherit the features shared by all objects belonging to the same 

class. In this manner, the component library can be easily built by copying the template 

structure. DAME's editor has among its tasks the addition of new components into the 

component database. In the next chapter DAME's editor is presented . 



Chapter 4 

DAME Editor 

4.1 Introduction 

DAME uses a semantic network [4] to describe components and their properties. Each 

component in the component library contains the same data structure as its template. The 

DAME editor utilizes component templates to assist the user in creating and modifying the 

component library. Additionally, it presents components in a way that is easy for the user 

to understand and modify, and allows modifications of the component library structure that 

are incorporated into the frame-based semantic network. 

Toe DAME editor uses a mouse driven graphical user interface. It is implemented on 

top of the Knowledge Craft's Graphics, Window system and Command system modules . It 

resides in the DAME shell, a developer interface which has access to several modules from 

Knowledge Craft These are: a schema editor (P-Editor), a schema network editor (Palm 

Editor), the CRL-OPS work centre, the KC Listener, and the Toolbox. Figure 4.1 shows 

the Knowledge Craft module hierarchy. 
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WORK CENTRES 

P-Ed1tor Palm KC 
Editor L.1s tener OPS 

Graphics Window System 

CRL-OPS CRL-Prolog 

Tool 
Box 

Carnegie Representation Language 

CoJM1on Lisp 

DAME 
Editor 

Command System 

ObJect-or 1ented 
Programming 

Figure 4.1 : Know ledge Craft modules 

The DAME editor implements the following functions : 

l . Create a new component, 

2. Edit component, 

3. Access the component library (save component, load component), and 

4. Display a protocol graphically. 
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This chapter will first introduce the copy template function which is the key function 

used to add new components to the library. The features of the editor are then explained in 

detail. 

4.2 The Copy Template Function 

A component instance has a structure similar to its template. For example compare Fig­

ure 3.8 and Figure 3.6. The portion of the MC68000 data structure that is preserved from its 
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template is the capability level. A component always has the same number of capabilities 

as its template. Signals , on the other hand , are specific to the component. Each capabili ty 

in a template is linked to all the possible protocols it may use. The protocols used in the 

component 's capabilities are a subset of those in its template. 

When a component instance is created, a portion of the template structure is copied 

while other parts are filled in with information provided by the user. Figure 4.2 shows the 

partial structure copied from the microprocessor template that is the basis of the MC68000 

component. The protocols used by each capability are chosen by the user from a list of 

relevant alternatives, while the signals are entered by the user. 

The copying of template structures is performed by the copy-template function. It is 

a recursive function which copies a schema from the template to another schema in the 

component instance. A schema in a template consists of a set of non-relational slots, each of 

which may or may not have values, and a set of relational slots, each of which has a value: 

the name of another schema. Toe copy-template function copies all the non-relational slots 

along with their values to the new schema, and copies the relational slots and either leaves 

a relational slot's empty (without any value) or makes copies of its values which are other 

schemata in the template. 

Toe control information of whether a relational slot's value(s) has to be copied while 

the slot is copied is stored in the definition schema of the relational slot. A relational slot 

has a definition schema which has the same name as the slot, i.e. the definition schema 

of HAS-CAPABILITY relation is has-capability, so as the has-signal and uses-protocol. 

In each of the definition schemata there is a slot called "copy" which if its value is "yes" 

indicates that the values of this relational slot (those are the schemata linked through this 

relation) must be copied , otherwise the values of this relational slot has to be deleted. 
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Microprocessor data - transfer-cap-mic ro 

copy- of 

MC68000-data-transfer- cap i--------

Bus-arb1trat1on-cap 
Uses-protocol 

MC68000-bus -arb1trat1on-cap -------

Figure 4.2: The partial structure of the MC68000 that is copied from the microprocessor 

template. 
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The copied schema is not exactly the same as the original schema not only because 

the values of some relational slots may change, but also because the class/subclass relation 

is changed . The original schema in a template is a subclass of a class, so it has an IS-A 

relational slot which links itself to its class schema. When the original schema is copied, 

the IS-A relation and its values are also copied. But the copied schema is not a subclass of 

the class but an element of the original schema. Therefore the IS-A relation is deleted from 

the copied schema, and a COPY-OF relation is added to it and the value of this relational 

slot is the name of the original schema. 

The copy-template function starts from the root node, which is the MICROPROCES­

SOR schema in the above example. It first creates a new node and names it with the name 

of the microprocessor component to be entered, (e.g. MC68000). This new node is a copy 

of the microprocessor schema, and it contains all the slots and values of the microproces­

sor schema. Because a microprocessor schema is related to a component schema via the 

relation IS-A, therefore in the microprocessor schema there is an IS-A slot with a value 

"component' '. By copying all the slots and their contents in the microprocessor schema to 

the MC68000 schema, this IS -A relation and its value are also copied. In the classification 

MC68000 is related to the microprocessor schema directly but related to the component 

schema indirectly, therefore we delete the IS-A slot and its value in the MC68000 schema 

and add a COPY-OF slot with its value as "microprocessor" instead. 

Next, the function checks the relational slots to determine whether their values need 

to be copied or deleted. For example, the value of COPY slot in the definition schema 

of has-capability relation is "yes",therefore the capabilities in microprocessor template are 

copied into MC68000, while the value of COPY slot in the definition schema of has-signal 

relation is "no", so the has-signal slot is left empty. Similarly when the copy function 

copies a capability schema, it deletes the values of uses-protocol slot in the copied schema, 
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because the value of the COPY slot of the definition schema of uses-protocol relation is 

"no". 

This copy function is not only used when a new component is created, but is also applied 

when a protocol is chosen. Because a protocol is described by a group of action schemata, 

the protocol as well as the actions have to be copied to the instance of the protocol that is 

used in a capability of a component 

The copy function is important because it distinguishes the information that is identical 

in the template and all its instances from the information that is particular to a component. 

The following sections explain the details of the editor commands and menus. 

4.3 Editor Windows 

A component consists of a group of schemata which are linked together through relations. 

There are two major concerns when editing a component: 

1. to access each schema comprising a component efficiently through the relations, and 

2. modify a schema conveniently and consistently. 

The DAME editor has the following features that address the above concerns: multiple 

windows each displaying different information at the same time; graphical objects that 

represent components and allow the user to manipulate them directly; and flexible command 

menus. 

Figure 4.3 shows the layout of the DAME Editor. The main area of the editor screen 

is divided into four windows that display information of the edited schema. They are: the 
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Figure 4.3: DAME Editor layout 

SLOT window to display slots , the SLOT-CONTENT window to display slot values, the 

HIERARCHY window to display the hierarchy of the component, and the PERMITTED­

SLOT-CONTENT window to display suggested slot values. At the top of these windows 

there is a bar which displays the current editing schema name and its type. At the left side 

of these windows there is a column of command icons, which are the major commands 

implemented for the editor. The "Dame Command" window at the bottom of the editor 

screen is used for user text input. 

The following subsections will focus on explaining the SLOT, SLOT-CONTENT, HI­

ERARCHY, and PERMITTED-SLOT-CONTENT windows. 
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4.3.1 The SLOT Window 

The SLOT window is used to display the slots of the editing schema. Each slot displayed 

in this window can be selected by the left mouse icon. When the slot is selected, its values 

are displayed in the SLOT-CONTENT window, and the permitted values are clisplayed in 

the PERMITTED-SLOT-CONTE TS window. 

4.3.2 The SLOT-CONTENT Window 

The SLOT-CONTENT window displays the values of the selected slot Each value in 

this window can be selected by either the left or the right mouse icon. When the value 

is selected by the right mouse button, an associated command menu is popped up. The 

pop-up command menu consists of three commands: EDIT VALUE, EDIT SCHEMA, and 

DELETE VALUE (see Figure 4.4). 

The EDIT VALUE command allows the user to eclit the text of the value; if the value is 

a schema name, the command will change the old schema name to the edited schema name. 

The values of a slot which is also a relation are other schemata When the selected value 

is a schema and the user wants to eclit this schema, he/she can click the EDIT SCHEMA 

command. This command opens another editor window and clisplays the selected schema 

in the window. In this way, the user can open a series of related schemata at the same 

time. Figure 4.5 shows a number of eclitor windows which are chained together. The 

editor window which is invoked through the EDIT command in a previous editor is called 

a child editor, while the editor in which the EDIT command was invoked is called the 

parent eclitor. In the example, the eclitor for ACTION-1 schema is the child of the editor 

for HANDSHAKE-PROTOCOL schema. 
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Has - capabdi ty 

Schema Name : MC68000 

Uses - pro t o c ol 
Schema Na me : BUS - ARBITRATION- CAP - 1 

Schema Name : HANDSHAKE - PROTOCOL Has - ac tio n 

Schema Name : ACTI ON- 1 

Figure 4.5 : DAME Editor windows which are chained together 

The DELETE VALUE command deletes the selected value from the slot. 

4.3.3 The PERMITTED-SLOT-CONTENTS Window 

As mentioned in section 4.2, the protocols a component capability uses have to be selected 

from the set of protocols listed in the template. The user is not allowed to enter values other 

than those included in that set because the design rules are based on that set of protocols. 

Other slot values which are specific to the component must be entered by the user, for 

example, the names of signals in the component, their associated pin numbers. 

The PERMITIBD-SLOT-CONTENTS window displays the suggested values for the 

slot which are stored in the template. 

As in the SLOT-CONTENT window, each value displayed in this window can be 

selected by the mouse as an icon, and there is an associated pop-up menu to this icon. 
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Figure 4.6 shows the pop-up command menu for this window. The commands are : COPY 

SCHEMA, ADD VALUE, and DISPLAY ACTION GRAPH. 

The COPY SCHEMA command allows the user to make a copy of the selected schema 

or a group of schemata and add this copy into the selected slot. For example, when 

editing the uses-protocol slot in the bus arbitration capability schema of the MC68000 

component, the suggested values displayed are: HANDSHAKE-PROTOCOL, THREE­

SIGNAL-PROTOCOL, and REQUEST-GRANT-PROTOCOL. If the user chooses the 

HANDSHAKE-PROTOCOL and clicks on the COPY SCHEMA command, a copy of 

the HANDSHAKE-PROTOCOL and its actions is made. The user can specify a new name 
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for the copy; otherwise the editor creates a default name and adds the copy in the selected 

slot. 

The ADD VALUE command adds the selected value into the selected slot. The selected 

value may be a schema or just a value. 

The DISPLAY ACTION GRAPH command displays the action graph of the selected 

protocol. If the selected value is not a protocol, this command does not have any effect. 1
• 

4.3.4 The HIERARCHY Window 

The HIERARCHY window displays the sequence of schema-names starting from the root 

schema to the current editing schema. This window informs the user of the position of the 

current schema in the component hierarchy. For example, in Figure 4.6, the HIERARCHY 

window tells the user that the current editing schema is :MICRO-BUS-ARBITRATION-6, 

which is one step down from the MC68000 root schema. 

4.4 Commands of the Editor 

At the right side of the editor window there are nine commands. These are the Dame Editor 

commands. The user can invoke a command by typing its name in the Dame Command 

window, or by clicking the left mouse button on the command icon. If the right mouse 

button is applied on a command icon, a help window is popped up with text explaining the 

function of the command. 

The nine commands can be categorized into the following four categories: 

1 display protocol action graph function will be explained in next chapter 



CHAPTER 4. DAME EDITOR S6 

• commands to access the component library: SAVE and LOAD. 

• commands to create a new component: CREATE CO:MPONE T. 

• commands to edit a component: EDIT COMPONENT, ADD SLOT, ADD VALUE, 

DISPLAY COMPONENT, and RETURN. 

• a command to exit the editor: EXIT. 

The following subsections explain these commands. 

4.4.1 Accessing the Component Library Commands 

The component library is organized in a group of files , each storing the network of schemata 

describing a component. Recall that each component has a unique name which is the 

component file's name and also the root schema name in the file. 

The SAVE command will save the component into the component library. If the 

component is already in the library, it will ask the user if he/she wants to overwrite the 

component file. 

The LOAD command can load a user specified component into the working memory. 

It will give a pop-up message if the component does not exist in the library. 

4.4.2 Create a New Component 

When the CREATE COMPONENT command icon is selected, first it asks the user to enter 

the component name, and searches the working memory to see if a component with the 

same name already exists in the working memory. If a component with the same name does 

exist, a message is given to the user, and the command is aborted; otherwise the command 
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continues to request more information about the component, such as the component package 

name, and the number of pins. After all the information has been obtained a new component 

is created by copying the corresponding template and filling in the specific slots in the root 

schema. Then the editor enters into the edit component status, which is explained in the 

next subsection. 

4.4.3 Editing a Component 

The edit component function includes five commands: EDIT COMPONENT, ADD SLOT, 

ADD VALUE, DISPLAY COMPONENT, and RETURN. 

The EDIT COMPONENT Command 

When the EDIT COMPONENT command icon is selected, the editor asks for the component 

name the user wants to edit. After the component name is typed in, the editor will search 

for the component in the current working memory. If the component is not found in the 

working memory, it will search the library and will load the component into the working 

memory if it exists; otherwise it will tell the user the component does not exist and abort. 

If the component is found, the root schema name (i.e. the component name) and the type of 

the schema are displayed on the bar at the top of the windows, and the slots are displayed 

in the SLOT window. 

Note that this command does not check whether the entered name is a component or not, 

therefore if the entered name is not a component name but a schema name, the command 

will also perform a retrieval. This is helpful for the DAME's system developers . It allows 

the developer to edit templates and other schemata of the DAME model. 
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The ADD SLOT Command 

The ADD SLOT command can be used whenever a new slot needs to be added into the 

schema. After the command is selected by the left mouse button, the editor asks the user to 

enter the new slot name. A new slot is then created and displayed in the SLOT window. 

Strictly speaking, a user is not allowed to add any slot into pre-specified schemata. This 

command is for the developer 's using only, and it should be removed after the system 's 

development is finished. 

When the DAME system is in use, the editor should have three privileged level for 

different users. At level 0, it allows the developer to change the basic objects in a component 

model, or the structure of a template. At level 1, it allows the user to edit a component. At 

level 2, it only allows the user to view the component information. 

The ADD VALUE Command 

When a slot is selected, its values are displayed in the SLOT-CONIBNT window. The 

ADD VALUE command can be used whenever the user wants to add a new value to this 

slot. The new value is entered in the Dame Command window at the bottom of the editor 

screen. 

The RETURN Command 

If the value of the selected slot is a schema, by selecting this value with the right mouse 

button and choosing the EDIT SCHEMA command in the pop-up menu, the user can go 

down one step in the component hierarchy to edit this schema. Another editor window will 

be opened in front of the previous one. Figure 4.5 shows that several editor windows can 
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Has -capab1 l1ty 
Schema Name : MC 8000 

Schema Name : BUS-ARBITRAT[ON -CAP - l Uses-pcotocol 

Schem a Name : HANDSHAKE -P ROTOCOL Has -actio n 

Schema Name : ACTION- 1 

Figure 4.7: DAME Editor windows after apply a RETURN command 

be opened at the same time. 

The RETURN command is used to bring the parent editor window of the current one 

in front Figure 4.7 shows that after applying the RETURN command in the ACTION-1 

editor window, the HANDSHAKE-PROTOCOL-1 editor window is brought up in front. If 

the RETURN command is applied again while in the HANDSHAKE-PROTOCOL-1 editor 

window, the BUS-ARBI1RATION-CAP-l editor window will be brought up in front. 

If the user wants to go back to the HANDSHAKE-PROTOCOL-1 editor window, he/she 

can selectHANDSHAKE-PROTOCOL-1 from the BUS-ARBI1RATION-CAP- l window 

and click on the EDIT SCHEMA command again. 

The DISPLAY COMPONENT Command 

A component usually has many pins. The signal information of a component is pin-driven. 

In DAME a signal is represented by a primitive object, that is a schema with several 
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attributes to describe its name, pin number, 1/0 direction, and active state. For a user to 

enter and edit all the signal information of a component, and keep track of which signal 

has been entered and which hasn ' t, is very tedious. 1n order to ease this task for the user, 

the editor provides a special command: DISPLAY COMPONENT. This command can be 

activated only while editing a component root schema. 

The function of this command is to display the component graphically in a window, as 

shown in Figure 4.8. Each pin in the component is a command icon. A black pin means 

that the corresponding signal information to that pin has already been entered , and there 

is a signal schema associated to this pin. The signal name is displayed beside the pin. A 

white pin means that the signal information has yet to be entered. 

When the user clicks the left mouse button on a pin icon, a command menu will pop 

up. There are two commands: EDIT SIGNAL and DELETE SIGNAL. For a white pin, the 

EDIT SIGNAL command will ask the user to enter the signal name. The command will 

create a signal schema with that name and add it to the HAS-SIGNAL slot, and then open 

another window which displays the signal schema and allows the user to enter the detailed 

information such as input or output type, active state, etc. Because the pin number is already 

associated to the pin, the information is automatically entered to the signal schema. For a 

black pin, the EDIT SIGNAL command will directly open the signal schema window. The 

DELETE SIGNAL command deletes the signal schema from the HAS-SIGNAL slot 

The right mouse button in this window can bring up another pop-up command menu. 

There are three commands: BACK, RESHAPE and EXIT. The BACK command buries 

the component window so that the user can edit other slots. The RESHAPE command 

allows the user to change the size of the display window, and the EXIT command deletes 

the window. 
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Figure 4.8: Display component window 

4.4.4 The EXIT command 
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The EXIT command in the command icon window deletes the current editor window and 

its successor editors. 

4.5 Summary 

New microprocessor components are put on the market constantly, and so it is important 

to be able to incorporate the new devices as soon as they are made available into DAME's 

component database. In this chapter the main features of the component editor were 
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presented, whose main function is to acquire the new components from the user. To 

facilitate the acquisition procedure, a windows approach was followed , making the editor 

user friendly. 

Firstly the copy function that manipulates portions of the semantic network to create 

instances using templates was explained. Then the windows structure which allows the 

user to navigate through the hierarchy of the component database was introduced. The 

windows in the editor present the schema information clearly, and the pop-up commands 

and command icons guide the user intuitively in performing the editing task. The DISPLAY 

COMPONENT command provides a convenient way for the user to enter signal information 

for each component. The commands related to the access of the component library are easy 

and safe to use. The PERMITTED-SLOT-CONTENT window displays the suggested 

values for the editing slot, and the values can be copied into the editing slot. If the editing 

slot is also a relation, the user can open another editor to edit the related schema. By using 

the EDIT SCHEMA in the PERMITTED-SLOT window and the RETURN command 

in the command icon window, the user can edit each of the schemata in a component 

data structure simultaneously. Finally, each command for creating and editing component 

instances, accessing the component library, and displaying the component graphically were 

discussed. 

An action graph describes the dynamic behaviour of an interface protocol. To store 

this information, the user needs to fill in the protocol information, usually in the form 

of a timing diagram, into the actions of the graph. The DISPLAY-ACTION-GRAPH 

command in the PERMTITED-SLOT-CONTENT window's pop-up menu aids the user in 

recognizing the protocol actions by showing graphically the temporal relations of the action 

graph. Therefore it is necessary to display an action graph on a plane (the screen) which 

is a graph theoretical problem. In the next chapter the implementation of the DISPLAY-



CHAPTER 4. DAME EDITOR 63 

ACTION-GRAPH function shall be explained. 



Chapter 5 

Displaying of Protocol Action Graphs 

5.1 Introduction 

As discussed in Section 3.2.5, the action graph of a protocol is given as the tuple (A,P,t 71 ) . A 

is a set of actions in the protocol, Pis the "precede" relation that guarantees the sequence of 

the actions in the protocol, and tp is a function of P that gives the timing delay constraints 

between two related actions. An action graph is also a directed graph. A is the set of 

vertices, P is the set of edges. Figure 5.1 shows the action graph corresponding to a three 

signal protocol for bus arbitration. 

When an action graph is displayed, it is not desirable to have a drawing with crossing 

edges. Therefore the problem of displaying the action graph in an editor window requires 

the editor to know how to draw a planar graph. In order to solve the problem, the planar 

algorithm (26] is used to generate a planar representation of a given action graph. 

There are different planar representations as well as different types of drawings of planar 

64 
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r = request 

r = request negate 

g = grant 

g = grant negate 

ga = grant acknowledge 

ga = grant acknowledge negate 

b = bus in use 

b = bus release 

Figure 5.1: Action Graph of Bus Arbitration Three Signal Protocol 
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Figure 5.2: A Graph. 

graphs. The basic types of drawings are: straight-line drawings [27 , 28] , and orthogonal 

grid drawings [29]. The latter one is widely used in circuit layout. In the straight-line 

drawings the arcs are straight lines. The DAME editor follows the straight-line drawings 

to draw the action graph, but not very strictly. 

This chapter explains the algorithm and its implementation in the DAME editor. 

5.2 Definitions 

The Planar algorithm tests the planarity of a graph. Before we introduce the algorithm, we 

present a brief definitions of the sequence of terms used in this algorithm [30, 31, 32, 26]. 

• A graph G is defined as G = (V(G ), E(G )), V(G) is a finite non-empty set of elements 

called vertices, and E(G) is a finite set of distinct unordered pairs of distinct elements 

of V(G) called edges, (see Figure 5.2). 

Let G = ( V E), V: { Vi I i = 0 , 1 , ... k} , E ~ V XV = { ( v , w) I v, w E V} . An 

edge is denoted by h = ( v, w ) , the vertices v, ware called the edge's ends or endpoints. 

For v i- w , the edge is called a link, and the two vertices said to be adjace,u or 

neighbors. If v=w, the edge is called a loop. 
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Figure 5.3: A Multigraph. 

Figure 5.4: A Directed Graph. 

If E is not a distinct set of pairs, that is two or more edges joining the same pair of 

vertices, then the graph is called a multigraph (see Figure 5.3). 

• A directed graph or digraph is defined as D=(V(D) , A(D)), where V (D) is a finite 

non-empty set of elements called vertices, and A(D) is a finite set of distinct ordered 

pairs of distinct elements of V(D) called arcs (see Figure 5.4). 

• A subgraph of a graph G=(V(G), E(G)) is a graph H=(V(H), E(H)) such that V (H) ~ 

V(G) and E(H ) ~ E (G ). 

• For a subgraph H of a graph G , a vertex of attachment of H in G is a vertex of H that 

is incident in G with an edge not belonging to E(H). The set of vertices of attachment 

ofH in G is denoted by W(G, H). 
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• A sequence in a graph G is defined as a series of vertices vo, v i, ...• v1.: such that 

{ Vi - 1 ,vi} is an edge for each i = 1 , .. . ,k. If the vertices are pairwise distinct, the 

sequence is called a path. If v0 = v1,,, and vi i- Vj for all 1 = i < j = k, the path is 

called a circuit or a cycle. 

• A graph is connected if there is a path joining each pair of vertices of G; a graph 

which is not connected is called disconnected. 

The graphs we use in the rest of the chapter are defined as finite, connected, loopfree 

graphs . 

• Let H=(V(H), E(H)) be a subgraph of graph G=(V(G), E(G)), for all edges h= { v, w}, 

if v, w E V(H), and h E E(H), then His called a maximal connected subgraph of 

G, or a component. The endpoints of a component is a set of vertices of attachment 

W(H, G). 

• If H=(V(H), E(H)) is a subgraph of G=(V(G) , E(G)) , V(H) is the set of interior 

vertices, V ( G ) - V (H ) is the set of exterior vertices. 

• A chord of a subgraph H of graph G is a path in G whose endpoints are on H and the 

rest of the points and edges are not on H. If a chord has only two vertices, it is called 

a simple chord. If a chord whose endpoints are the same, it is called degenerate. 

• An exterior component of a subgraph Hin a graph G is a maximal connected subgraph 

H' = (V (H)' , E(H')) of G if any two of the vertices in V(H') lie on a chord of H. 

The set of vertices of attachment of H' to H is W ( H' , H) = V ( H ) n V ( H'). 

• The drawing of a graph G is to assign each vertex a point in the plane, and to each 

edge a connected simple curve connecting its ends. 
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Figure 5.5: A plane graph. 

• A planar graph is a graph which can be drawn on the plane in such a way that no 

two edges intersect geometrically except at a vertex to which they are both incident. 

A graph embedded on the plane in this way is called a plane graph. 

• In a plane graph G, the regions of the plane not on G are partitioned into open sets 

called f aces (see Figure S.S, it has four faces : rl ,r2,r3,r4). The cycle going around a 

face is called a mesh. A mesh is denoted by the cycle ( vo , v 1 , ... , ·vk, vo) surrounding 

the face such that when the cycle is traversed the surrounded face is always on the 

right-hand side. 

Figure 5.6 gives an example of graph, subgraph, exterior vertices, exterior components, 

and chords. Give a graph G = (V ( G ) , E ( G )) which has 9 vertices and 17 edges: 

V (G ) = {1, 2 , 3, 4, 5, 6,7, 8, 9}, 

E(G) = { (1, 2) , (1, 5), (1, 6), (1, 7) , (1, 8) , (2, 3), (2, 7) , (2, 8) , (2, 9), (3, 4) , (3 . 7) , (3, 9) , 

(4,5), (4,8) , (4 , 9), (5 , 6) , (8,9)} ; 

H = (V(H), E(H)) is a subgraph of G : 

V(H = {l , 2 , 3, 4, 5, 6}, 

E (H ) = { (1, 2), (2, 3). (3, 4), (4 , 5), (5 , 6) }; 

His also a cycle: { 1, 2, 3, 4, 5 , 6, 1 }; the set of vertices {7, 8, 9} are the exterior vertices of 
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7 

6 5 4 

Figure 5.6: An example of graph, subgraph, exterior vertices, exterior components , and 

chords. 

H; H has three exterior components : { 1, 2 , 3, 7}, { l , 2 , 3, 4, 8, 9}, and { 1, 5}; (1,8,4), (1,5) , 

and (2,8,9,2) are chords of H, (1,5) is a simple chord, (2,8,9,2) is a degenerate chord. 

5.3 The Planar Algorithm 

This algorithm, proposed by Rubin [26], tests the planarity of a given finite, connected, 

undirected, loopfree graph, and at the same time it generates the planar representation of 

the given graph if it is planar. 

The basic idea of the algorithm is to choose a connected planar subgraph H of the 

given graph G, and find H's exterior components in G. If there is one exterior component 

that cannot fit into any of the faces of H, then this graph G is not a planar graph and the 

algorithm ends. Otherwise choose one chord from one of the components, embed the chord 

into the face it belongs , divide the face into two faces, add the chord to the subgraph, 

H = H + the chord . Repeat the algorithm for the updated subgraph. If no exterior 
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component is found then the graph G is proven a planar graph. 

The planar algorithm consists of the following steps: 

Step l Select a cycle as the initial subgraph. The initial unexplored vertices are the vertices 

of attachment of the subgraph to the given graph. The initial subgraph divides the 

plane into two faces : the region inside the cycle and the region outside the cycle 

which are denoted by two meshes. 

Step 2 Since all exterior components of the subgraph can be embedded in either of the 

meshes , choose a chord and embed it in the mesh which surrounds the region inside 

the cycle. Then split the mesh into two by the chord and add the chord into the 

subgraph. Update the unexplored vertices list of the subgraph. 

Step 3 Explore the unexplored vertices on the subgraph, find exterior components of the 

subgraph. If not found, inform that the graph is planar and stop. 

Step 4 If one exterior component is found that can not be embedded in any mesh, then the 

graph is non-planar: stop. 

Step 5 If one exterior component of the subgraph is found that can be embedded in one 

and only one mesh, then choose a chord from the exterior component and embed it 

in the mesh, split the mesh into two by the chord, update the unexplored vertices list 

of the subgraph, and go to step 3. 

Step 6 If all exterior components of the subgraph can be embedded in more than one mesh, 

choose a chord from one component and embed it in one mesh, and split the mesh 

to two new meshes by the chord, update the unexplored vertices list of the subgraph. 

Go to step 3. 
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We use the graph G shown in Figure 5.6 to explain how the planar algorithm works. 

(a) First, select the initial cycle (1,2,3,4,5,6) as the connected subgraph Hof G : V (H ) = 

{1,2, 3, 4, 5,6}, E(H) = {( 1, 2), (2.3),( 3,4) ,( 4, 5) , (5 . 6),(6, 1) }. The unex­

plored vertices list is (1,2,3,4,5), the two initial meshes are ml = (1,2,3,4,5,6,1) 

for the face inside the initial cycle, and m2 = (1,6,5,4,3,2,1) for the rest of the plane 

(see (a) of Figure 5.7). 

(b) There are three exterior components of the subgraph: { 1,5}, { 1,2,7,3}, and { 1,2,3,4,8 ,9}. 

Choose chord (1,5), place it in mesh ml, and the new meshes are ml ' = (1,5 ,6,1), 

and m3 = (1,2,3,4,5,1). The unexplored vertices list is (1,2,3,4). The subgraph is now 

V(H) = {l , 2, 3, 4 , 5 , 6},andE (H ) = {(l , 2),(2, 3) , (3, 4),(4, 5), (5,6) ,(6, l ),( L5)} 

(see (b) of Figure 5.7). 

(c) The above subgraph has two exterior components: {1,2,3,4,8,9}, and {l,2,3,7}. 

Both of the components can be placed in either m2 or m3. Choose a chord (1,8 ,4) 

from the component { 1,2,3,4,8,9}, place it on mesh m3, the new meshes are m3' = 

(1, 8, 4, 5, 1) and mA = (1, 2 , 3, 4,8, 1). The list of the unexplored vertices is 

(1,2,3,4,8) (see (c) of Figure 5.7). The subgraph is V(H) = { 1, 2, 3, 4, 5 , 6, 8}, and 

E(H) = { (1, 2), (2, 3), (3 , 4), (4, 5), (5 , 6), (6, 1), (1, 5) , (1, 8), (8, 4) }. 

(d) Theexteriorcomponentsofthesubgraphare: {l,7,3,2} and {2,3,4,8,9}. The latter 

one only can be embedded in mesh m4. Choose a chord (2,8) from the component 

{2,3,4,8,9}, split m4 into two new ones, mA' = (1 , 2, 8, 1) and m 5 = (2, 3, 4 , 8, 2). 

The list of the unexplored vertices is still (1,2,3,4,8) (see (d) of Figure 5.7). The sub-

graph is V (H) = { L 2 , 3, 4, 5, 6, 8}, and E(H) = { (1, 2), (2, 3) , (3, 4), ( 4, 5), (5, 6), ( 6, 1) , 

(1 , 5) , (1, 8), (2, 8), (8, 4) }. 

(e) Find exterior component {1,7,3,2}; it can be embedded in mesh m2 only. Choose 
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chord (1,7,2) , spli t m2 into two new ones, ,n2' = (1 . 6. 5. 4. 3, 7, 1) and m.6 = 

( 1, 7, 3, 2 , 1). The unexplored vertices list is (2,3,4,8,7) (see (e) of Figure 5.7). The 

subgraph is V (H ) = { L 2, 3. 4, 5. 6. 8, 7}, and E (H ) = { ( 1. 2), (2 , 3), (3. 4), ( 4, 5), 

(5 , 6), (6, 1), (1, 5), (1 , 8), (2, 8), (8, 4), (1, 7), (7, 2)}. 

(f) Find exterior component {2,8,4,3,9} , and it can be embedded in mesh m5 only. 

Choose chord (2 ,9,4), splitm5 into mS' = (8. 2 , 9, 4, 8) and ,n7 = (2, 3, 4, 9, 2). The 

unexplored vertices list is (2,3,8,7,9) (see (f) of Figure 5.7). The subgraph is V( H ) = 

{1, 2,3 , 4, 5, 6, 8, 7, 9}, and E (H ) = {(1, 2),(2, 3),(3, 4).(4.5), (5, 6) , (6, 1) ,(1 , 5), 

( 1, 8), (2, 8), ( 8 ,4) , ( L 7), (7, 2), (2, 9), (9, 4)}. 

By continuing this algorithm, the simple chord (2,7), (8,9) and (3,9) are found and 

added into the subgraph. The algorithm ends and the graph is a planar graph. 

5.4 Applying the Planar Algorithm on Action Graphs 

In DAME, action graphs are directed graphs. The original action graphs can be obtained 

from the DAME database as follows . Get-values is a function which returns a list of slot 

values of a schema. By applying this function on a slot of a schema, that is (get-values 

a-protocol-schema HAS-ACTIONS), the set of nodes (vertices) of the action graph of the 

protocol can be obtained. Each node itself is a schema called action schema. 1brough the 

PRECEDES relation in an action schema, the list of nodes that succeed an action can be 

obtained, that is (get-values an-action-schema PRECEDES). 

In an action graph one of the vertices is considered significant in the sense that it signifies 

the start of an information exchange transaction. Thus the longest cycle through this vertex 

usually corresponds to the control part of the protocol. This significant vertex is called the 
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initial vertex of the action graph. When an action graph is drawn on a plane, we want to 

place the initial vertex at the top and draw the longest cycle first 

In order to be able to use the planar algorithm, the action graph is converted into an 

undirected graph. The display action graph routine has the following steps: 

1. Get an action graph G from a protocol schemata, and represent it in a list. 

2. Find the initial cycle of G which is the longest cycle among all the cycles that pass 

through the given vertex, and let it be the subgraph Hof G. 

3. Convert G into the corresponding undirected graph G ', and H into the undirected 

graph H' . 

4. Apply the planar algorithm on graph G' and subgraph H', the return of the algorithm 

is a set of lists of meshes, L = ( m 1 , m2, .. . , m .• ), if the graph is planar, otherwise is 

L = nil. 

S. Transfer the set of meshes into a matrix which places each node in a relative position 

on a plane. 

6. Display the nodes on a screen window according to the matrix, display the set of arcs 

according to the original graph G. 

5.5 Representation of Graphs 

In DAME, we represent graphs as lists of lists. Each second-level list consists of a node 

followed by all its neighbors. 
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Let { n,}, i = 1 , 2, .... k be the set of nodes in a graph, N ( n,) be a list of nodes which 

are the neighbors of ni. An undirected graph can be fully represented by the list: 

Let nb1 be a node in N(ni) , (ni n b1) represents an edge which ni is connected to. An 

undirected edge connecting nodes u and v occurs twice in this description : once because u 

is in N ( v ), and once because vis in N ( ·u ). This representation of graphs is called adjacency 

list. 

This representation can also describe directed graphs. In a directed graph, an arc has 

an initial vertex and a terminal vertex. Let { ni} , i = 1 , 2, ... , k be the set of nodes in a 

directed graph, S ( n,) be a list of nodes which are the terminal vertices of arcs whose initial 

vertex is ni. A directed graph is described by the list: 

In this description, an arc from node u to node v only occurs once and is described by 

the occurrence of v in S ( ·u). 

Let ((n1 S(n1 )) (n2 S(n2 )) ... (nk S(nk))) be an original action graph, and 

(( n 1 N ( n 1 ) ) ( n2 N ( n2) ) ... ( nk N ( nd)) be the converted undirected graph. 

N ( ni) = S ( ni) + P ( ni), where P ( n,) is the set of nodes precede n,. P ( ni) can be obtained 

from the successor-list of other nodes, S(n1),j = 1 , 2, ... , k ,j i= i. The set of precedent 

nodes of n, can be found in the following way: 

anode n1 E P(n,) iff n, E S(n1), j = 1 , 2 , ... k , j i= i. 
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5.5.1 Exterior Components 

After the subgraph is initialized with the initial cycle from the original action graph and the 

action graph G and the subgraph H converted to undirected graphs G' and H', the planar 

algorithm can be applied . 

Then the undirected graph G' is : 

and the subgraph H' is : 

where N' ( v1) is a list of neighbors of vertex v1 in the subgraph H'. 

One of the key functions of the algorithm is to find the exterior components of the 

subgraph. The search starts from the unexplored vertices list. The unexplored neighbors 

of a vertex on the subgraph is the vertex's neighbors on the graph G' but not on H' . Let 

Ube the unexplored vertices list: U = ( (v 1 N" ('Vi )) ( v2 N" ( v2)) ... ( v1 N" ( v1)) ), where 

N " ( v1) = N ( 71-i) - N' ( v1) if 71-i = v1. If the set of unexplored neighbors of vertex v1 is 

empty, that is this vertex has no unexplored neighbors, then ( v1 N" ( v1)) is deleted from 

the list. 

To find an exterior component of the subgraph we check the unexplored neighbors list. 

If one of the unexplored neighbors of a vertex is on the subgraph, then it is an exterior 

component consisting only of a simple chord. For example in Figure 5.6 (b), neighbor 

5 is explored from vertex 1. If a neighbor of the vertex is not on the subgraph, then it 

is an exterior vertex. Explore all the neighbors of the exterior vertex; they are either the 

endpoints of the exterior component (that is they are on the subgraph), or the new exterior 

vertices of the subgraph (that is they are not on the subgraph). Continue to explore the new 
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exterior vertices until ail the endpoints of the component are found . 

For example, in Figure 5.6 (c), vertex 8 is explored from vertex 1 as an exterior vertex. 

Explore the neighbors of vertex 8 (2, 9, 4). 2 and 4 are the endpoints of the exterior 

component; put them in an endpoints list (1 2 4). Put 9 in an unexplored exterior vertex 

list (9). Continue to explore the unexplored exterior vertices; the neighbors are 2, 3, and 4, 

they are ail endpoints. By now the updated endpoint list is (1 2 3 4), and the unexplored 

exterior vertices list is empty; therefore the exterior component has been found. 

When an exterior component is found, the algorithm tries to embed the component into 

the meshes . A mesh is represented as an ordered list of vertices. If the endpoints of an 

exterior component belong to a mesh list, then this exterior component can be embedded in 

this mesh. If a component cannot be embedded into any mesh, that is the endpoints of the 

component are not a subset of any mesh list, the graph is not planar. If it can fit into only 

one mesh, then one chord is chosen from the component and added into the subgraph, the 

search of exterior components of the updated subgraph will start again. If the component 

can fit into more than one mesh, this component will be put into a component list, and when 

ail the exterior components are found and ail of them can be embedded into more than one 

mesh, a chord of the first component in the list is chosen and embedded into one of the 

meshes. 

5.5.2 Transform the Mesh Lists into a Matrix 

The return value from the execution of the planar algorithm is a list of meshes. For example, 

in Figure 5.1, the mesh lists is (al a2 a3 a4 al), (a2 a6 a8 a7 a3 a2), (a8 a6 a7 a8), (a6 a5 

a3 a7 a6), (al a4 a3 a5 a6 a2 al). 

When the graph is drawn, the shape of the graph is dependent on which mesh is the one 
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Figure 5.8 : An Example of Display Action Graph 
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Figure 5.9: Drawing an Action Graph 

drawn first. In our case we want to draw the initial vertex at the top of the drawing and draw 

the initial cycle first Therefore we find the mesh which matches the initial cycle, place it 

in a column of the matrix and keep the same order as in the mesh list and the initial vertex 

at the top of the column. Next we place the rest of the meshes in the matrix. Figure 5.9 

shows the way we draw the meshes . Because we place the vertices of the first mesh on a 

vertical line, the rest of the meshes will be placed on the right side of the first mesh. 

In order to choose the next mesh to be placed beside the one already drawn, we defined 

the boundary as the set of ordered vertices which when you walk through they circle the 

drawn partial graph inside. Compare the set of vertices on a mesh and the set of vertices 

on the boundary, there are some meshes that have no joint vertex on the boundary, other 

meshes have one or more vertices joint with the boundary. There may be more than one 

mesh adjacent to the boundary. The mesh which has the most vertices joint with the 

boundary is chosen. If there are more than one such meshes, choose the one at the top. The 

chosen mesh has part of the vertices already on the boundary, and the rest of the vertices 

are needed to add into the matrix. We add a new column, column l ;+ 1, into the matrix and 
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place these vertices in the column. There are two vertices on the boundary which link to 

the other part of the mesh on column li+ l , denoted as v, and vh , and they are on row rn and 

rh respectively. The vertices on column l;+ 1 are places between row r n and rh . If there are 

not enough rows between r n and rh for placing the vertices, then insert some new rows to 

the matrix. After a mesh is placed, update the boundary. Repeat the procedure until the 

boundary matches the last mesh, that is the mesh that circles the rest of the plane. 

In the example of Figure 5.1, the list of meshes are (al a2 a3 a4 al) , (a2 a6 a8 a7 a3 

a2), (a8 a6 a7 a8), (a6 a5 a3 a7 a6), (al a4 a3 a5 a6 a2 al), and the initial cycle is (al a2 a3 

a4 al). Place this cycle in a matrix: 

al 

a2 

a3 

a4 

First consider that this cycle is the boundary, and choose a mesh which is the most 

vertices on the current boundary. In this case (a2 a6 a8 a7 a3 a2) is chosen. Because the 

order of the sequence of a mesh uses the right hand side rule, the area that belongs to the 

mesh is always on the right hand side. Therefore nodes a6, a7 and a8 are at the right and 

between nodes a2 and a3. The resulting matrix is: 
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a l 0 

a2 0 

0 a6 

0 a8 

0 a7 

a 3 0 

a 4 0 

Toe boundary now is (al a2 a6 a8 a7 a3 a4 al ). Toe next adjacent mesh to the boundary 

is (a8 a6 a7 a8). These three nodes are already on the current boundary, but the updated 

boundary is (al a2 a6 a7 a3 a4 al ). In order to draw the link between a6 and a7 without 

overlapping the links between a8 a6 and a8 a7, we need to adjust the matrix to: 

a l 0 0 

a2 0 0 

0 0 a6 

0 a8 0 

0 0 a7 

a3 0 0 

a4 0 0 

Toe next adjacent mesh is (a6 a5 a3 a7 a6). Add node a5 at the right of the boundary, 

and update the boundary to (al a2 a6 a5 a3 a4 al) . This is the same set of nodes as in the 

last mesh determined at the beginning, (al a4 a3 a5 a6 a2 al ), but the nodes appear in the 

opposite order. Therefore all the meshes are now placed in the matrix. The final matrix is : 



CHAPIBR 5. DISPLAYING OF PROTOCOL ACTION GRAPHS 83 

a l 0 0 0 

a2 0 0 0 

0 0 a6 0 

0 a8 0 aS 

0 0 a7 0 

a3 0 0 0 

a4 0 0 0 

According to this position matrix of the action graph and the size of a displaying 

window, the coordinates of each vertex can be calculated, and the vertices are drawn in the 

window. The arcs of the graph can be obtained from the original action graph and displayed 

in the window. Figure 5.8 shows the display of the three signal protocol action graph. 

5.6 Summary 

This chapter first introduces some of the terminology of graph theory. The planar algorithm 

and how it is applied on action graphs are then explained. The main idea of the algorithm is 

to test the planarity of a graph. First a connected planar subgraph is initialized from a given 

graph; find the exterior components of the subgraph; if there is one component that cannot 

be embedded into any of the faces of the planar subgraph, the algorithm is terminated and 

this given graph is not a planar graph; otherwise choose a chord from one component and 

embed it to one of the faces of the subgraph which divides the face into two faces. Repeat 

the procedure until either one component which cannot be embedded into any faces is found 

or the given graph is proven planar. 

In order to apply this algorithm on action graphs, we choose the initial vertex of an 

action graph and its longest cycle as the initial subgraph, convert both the action graph and 
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the subgraph into undirected graphs, and then apply the algorithm to them. 

Also, the list representation of directed and undirected graphs is introduced, and the 

function of search exterior components is explained. Finally, we discussed how to draw the 

action graph on a display window. We transform the list of meshes into a matrix in which 

the vertices are placed in the relative positions. 



Chapter 6 

Conclusions 

The purpose of this work is to address the capture of knowledge in DAME, an expert system 

for automated design of microprocessor-based systems. Due to technological advances, the 

knowledge base of such a system has to be constantly updated, both with new component 

information and with new design rules. 

In order to cope with the addition of design knowledge, DAME models components at 

the protocol level. Protocols are abstractions of the inter-component information transfer. 

In DAME a few general rules produce a design which is dependent only on the intertacing 

protocols used by the components in the system and not on particulars such as signal names 

and polarities. The design knowledge growth is controlled because new protocols and 

capabilities do not appear as frequently as new components do. 

The DAME editor is a specialized user intertace that assists the user with the incorpo­

ration of new devices into the component database. This work describes DAME's editor 

whose responsibility is to assist the user in adding the component information the DAME 

designer requires to produce a working design. 

85 
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DAME's component model structures the component information into a frame hierarchy 

which efficiently describes the component database by organizing the information into 

several abstraction levels that have a direct correspondence to the levels of the design. 

Components are classified into classes according to their functions. Each class has a 

template that characterizes the behaviour of the components in the class. 

Based on the component model and component templates, the DAME editor provides 

commands for creating new components, accessing the component library, and editing 

components. One of the basic functions of the editor is the copy template function which 

copies a partial template structure to the new component Thus the user has to fill in only 

component dependent information, such as component names, signals, etc. 

Editing component signals is a tedious job, because each component may have as many 

as hundreds of signals with different signal names, pin numbers, directions, etc. In order 

to make this job easier, the DAME editor provides a special window which displays the 

editing component in a graphic form. With the signal names attached to each pin, the user 

can know how many signals have been added. 

Protocols are stored in DAME in the form of action graphs. Nodes in the graph 

correspond to the elementary operations in the protocol sequence also called actions , and 

edges describe a precedence relation between the actions. The DAME editor also provides 

a tool that draws the action graph of a protocol in a planar form whenever possible. 

The DAME editor is part of DAME's user interface. It undertakes the knowledge 

acquisition task. At this development stage, we include some extra functions in the editor, 

allowing the developer to edit any schema, not just the schemata in the component library. 

These functions have to be deleted from the editor after the system is developed. 
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Appendix A 

DAME Shell Schemata 

DAME user interface is built on top of Knowledge Craft 's window, graphic and commonad 
systems . This appendix lists the frames associated with DAME shell. 

A.1 DAME Shell 

DAME shell is an icon manager, and also a shell icon command. It has one command, 
dame-shell-icon-window. 

(defschema dame-shell : simple 
(has- commands dame-shell-icon-window) 
(initialize-actions srlc :: icon-manager-initialize-action 

srlc : : shell-resume-action put-up-logo-fn) 
(resume-actions srlc :: icon-manager-resume-action 

srlc :: shell-resume-action 
dame-shell-resume-actions) 

(exit -actions srlc :: icon-manager-exit-action 
standard-shell-exit-action ) 

(icon -definition-type function) 
(icon-definition shell-icon-fen) 
(width 50) (height 50) 
(display-name " Dame Shell ") 
(extended-help "Thi s is DAME Shell , 
a user interface for DAME ")) 

A.2 Dame-shell-icon-window Schema 

Dame-shell-icon-window is an icon command window. It has six commands: p-edit, palm, 
listener, ops-workbench, toolbox, dame-editor. The first five commands are Knowledge 
Craft's build in work centers. 
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(defschema dame-shell-icon-win dow : simple 
( is-a icon-command- window) 
(ha s-commands p -edit palm listener ops - workbe n ch 

too lbox d ame-editor ) 
(as k - u ser-for-edges nil ) 
(verti ca l-gap 10) (horixontal-gap 25 ) 
(xl 0) (yt 0 ) (x r 0 .5) (yb 0 . 09)) 

A.3 DAME Editor Schema 

Dame-editor is a task, and also a shell icon command. It has 12 global commands. 

(defschema dame-edi tor : simple 
(i s-a task s hell-i con-command ) 
(i c on-def inition-type function ) 
(ico n-definition dame-i con-fen ) 
(width 50 ) (height 50) 
(instan ce-prefix Dame) 
(display-name "Dame ") 
(initialize-actions srlc : :l ink -instance- to- generic-task 

srlc : :icon - task - initiali ze 
dame- initialize) 

(exit-actions dame-exit-actions srlc ::icon-task-exi t 

92 

srlc: : unlink-instance-to-generic- task ) 
(resume-actions srl c :: icon-task-activate d a me-resume-act i ons ) 
(max-instances ) (relation) (selected- font ) 
(hierarchy) (path) (editing-schema ) 
(selected-s lot) (c urrent-slot ) (current -value ) 
(value-posit ion) (command-window) (command-vi e wport) 
(bas e-canvas ) (bas e-window ) (base-viewport ) 
(io- canvas) (io - window ) (io-viewport ) 
(s-canvas) (s-window) (s -view~ort) 
(sc-canvas) (sc-window) (sc-viewport ) 
(h-canvas ) (h-window) (h-viewport) 
(ps c-canvas ) (psc-window ) (ps c-viewport ) 
(dsp-viewport) 
(display-act ion-graph-viewport ) 
(component-name) (component-type) 
(package -name) (number-o f-pin) 
(pin-item) (pin-items) (fi le- name) 
(delete-symbol) (update-command- default t) 
(has-commands) 
(task-global -commands dame-command- window 

dame-mouse-scroll - up 
dame-mouse- scroll - down 
dame-mouse - r-1 
se lect-slot-cmd 
select-s lot-content-cmd 
s lot-content-menu-cmd 
select-permitted-slot-content-crnd 
perrnitted-slot-content-menu-crnd 
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display-act ion-graph-menu-cmd 
display-com~o nent-menu-cmd 
component-pin-menu- cmd) 

(comman d-prompt "Dame Command ") 
(extended-he lp ("This Dame Edito r is used for creating and 
editing components ."))) 

A.4 Dame-editor's Global Commands 

Dame-editor has 12 global commands. They are: dame-command-window, dame-mouse­
scroll-up, dame-mouse-scroll-down, dame-mouse-r- 1, select-slot-cmd, select-slot-content­
cmd, slot-content-menu-cmd, select-permitted-slot-content-cmd, permitted-slot-content­
menu-cmd, display-action-graph-menu-cmd , display-component-menu-cmd, component­
pin-menu-cmd. Here lists all of them except the dame-command-window because this 
schema relates to all DAME editor commands. Dame-command-window is listed in ap­
pendix B. 

(defschema dame-mouse-scrol l -up : simple 
(in s tance simple-comma nd) 
( i nputs mouse-1-1- l eft-border ) 
(actions dame-scroll - up-action)) 

(de fs chema dame-mouse-scroll-down : simpl e 
(instance simpl e-command) 
(input s mouse - r - 1-left-border ) 
(act ions dame - scroll - down-action)) 

(defschema dame-mouse-r-1 : simple 
(instance simple-command ) 
(inputs mouse-r-1) 
(pre dicate dame-mouse-r-1-predicate) 
(act ions dame-mouse-r-1-actions)) 

(de fschema select-slot -cmd : simple 
(instance simple-command) 
(inputs mouse-1-1) 
(predicate select-slot-predicate ) 
(short-help "Select Slot Help") 
(mouse-line-help" Position mous e on an item and e nt er 

Mouse-R-1 to select it ") 
(action s select-slot-c md-actions)) 

(defschema select - slot-content-cmd : s imple 
(inst ance simple- command ) 
(input s mouse- 1 - 1) 
(predicate select -s l ot-content -predi cate ) 
(action s select-s l ot -content-cmd-ac tion s )) 

(defschema slot-content-menu-cmd :simple 
(ins tan ce simple-command) 
(inputs mouse-r - 1) 
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(predicate select -slot -content -predicate ) 
(actions slot-content-menu-crnd-actions)) 

(defschema edit-slot -value -cmd : simple 
( i nstance complex-command ) 
( inputs " Edit slot value ") 
(has-commands get-s lot -content-name-cmd) 
(entry-actions edit-slot-value- entry ) 
(e xit-actions change-slot-content-name-actions)) 

(defschema get -s lot -content -narne-cmd : simple 
( i nstance simple-command ) 
( inputs slot-value-input ) 
(actions get-slot -value-name-action )) 

(defschema select - permitted- slot-content-cmd : simple 
(ins tance simple-command) 
( inputs mous e-1-1 ) 
(predicate select - permitted-slot-content - p redicate) 
(actions select-permitted-slot-content-cmd-actions) ) 

(defschema permitted-slot-content-menu-cmd : simple 
( i nstance simple-command) 
( i nputs mouse - r -1 ) 
(predicate select-permitted-slot -content-predicate) 
(actions permit ted-slot-content-menu-cmd-actions )) 

(defschema copy-permitted-slot-content-cmd : simple 
( instance complex-command) 
( inputs " copy slot content name ") 
(has-commands get - slot - content - name-cmd ) 
(e ntry-actions copy-permitted-slot-content-entry) 
(e xit-actio ns copy-permitted-slot-content-actions )) 

(de f schema display-action-graph-menu-cmd : simple 
( instance simple-command) 
( i nputs mouse-r-1 ) 
(predicate display-act ion-graph-menu-cmd- predicate) 
(actions display-action-graph- menu-cmd-actions)) 

(defschema display-component-menu-cmd : simple 
( ins tance simple-command) 
(inputs mouse-r - 1) 
(predicate graphic-component-vie wpo rt-predicate ) 
(actions display-component-menu-cmd- actions )) 

(defschema component-pin-menu-cmd : simple 
(instance simple-command) 
(inputs mouse-1-1) 
(pre dicate graphic-component-vie wport-predicate ) 
(act ions grph-menu-actions)) 

(defschema component-pin-menu-cmd-group : simple 
(instance command-group) 
(has-commands signal-coconut-cmd delete- signal-cmd)) 
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(de fs c hema signa l - coconut -cmd : simple 
(instance simple- command) 
(inputs "edit signal schema (coconu t ) " ) 
(ac tions signal - coconut-actions)) 

(defschema signal - name-cmd : simple 
(instance complex-command) 
(inputs " Signal Name " ) 
(command- prompt "Signal Name " ) 
(has - commands get-signal - name)) 

(defschema get - signal- name : simple 
(instance simple-command) 
(inputs signal-name-input ) 
(actions get-signal-name - actio ns)) 

(defschema signal-name- input : simple 
(ins tance read-input) 
(convert convert-to-symbol ) 
( read-prompt " Signal Name " ) 
(updat e - read- default nil)) 

(defschema delete-signal-cmd : simple 
(instance complex-command) 
(inputs " delete signal schema ") 
(exit-actions delete-signal- exit -actions) 
(has-commands delete - confirm- cmd)) 

(defschema delete-confirm- cmd : simp l e 
( instance simple-command) 
(inputs delete-confirm-input) 
(action s get-delete-confirm-actio ns)) 

(defs chema delete-confirm- input : s imple 
(instance read-input) 
(convert convert-to-symbol ) 
(read-prompt " Do you really wan t to delete? " ) 
(update-read-defaule nil)) 
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DAME Commands Schemata 

This appendix lists schemata for DAME commands. 

B.1 Dame-command-window and dame-command Schemata 

Dame-command-window is a icon-command-window. It has the following icon commands: 
save-icon, load-icon, create-component-icon, edit-schema-icon, add-slot-cion, add-value­
icon, return-icon, display-component-icon , exit-icon. Each of them corresponds to a com­
mand schema. 

(defschema dame-command-window : simple 
(simp l e-window t) 
(as k-user-for-edges nil) 
(x l 0.9) (yt 0.1) (xr 1.0) (yb 1.0) 
(width 74) (height 31) 
(wraparound t ) 
(viewport-name "") 
(find-item-pt ) 
(create-command-instance - pt ) 
(mo use-line-help "Cli ck left to select an i c on ") 
(is-a icon-command-window) 
(has- commands save-icon load-icon 

create-component-icon 
edit-schema-icon 
a dd-s lot- icon 
a dd-value- i con 
return-icon 
display-component-icon 
exit-icon)) 

(de fs c hema dame-command-group : simple 
(ins tan ce comma nd-group ) 
(sub-command-of dame) 
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(has-comma nds return-cmd save-cmd load-cmd 
create-component -cmd 
display-component-cmd 
edit -schema-cmd add-slot -cmd 
add-value-cmd e xit -cmd )) 

B.2 Save Command Schemata 

(defs c hema return -cmd : simple 
(instance simple-command) 
( inputs "RETURN") 
(actions )) 

(defs chema save-icon : simple 
(i s -a i con -command simple-command) 
(icon-definition-type generic- icon) 
( icon-definition " SAVE ") 
(width 70 ) 
(he ight 30 ) 
(inputs MOUSE- L-1) 
(actions save-icon-act ions) 
(ico n - help- title "Help for Save Command ") 
(ext e nded- help ( "Save Command is used to save schemata " 
" Input filename " ))) 

(defschema save- cmd : simple 
(in stance complex- command ) 
(inputs " SAVE ") 
(has -commands get-save-file-name-cmd) 
(entry-actions save-cmd -entry) 
(pos t-sub-command-actions save-actions ) 
(exit -act ions invert-icon- to - whit e )) 

(def schema get-save-f i le-name- cmd : simple 
(in s tance simple-command) 
(inputs file-name- input) 
(actions get-save-file- name-action)) 

(defs c hema file-name - input : simple 
(instance read- input) 
(convert convert-to- symbol) 
(read - prompt "File Name ")) 

(defschema dame-save- manager 
(instance save-manager)) 

B.3 Load Command Schemata 

(defschema load-icon : simple 
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(is -a icon-command simple-command) 
(icon-definition-type generic-icon ) 
(icon-definition " LOAD " ) 
(width 70) (height 30) 
(inputs MOUSE-L-1) 
(actions load-icon-actions) 
(icon-help-title "Help for Load Command " ) 
(extended-help (" Load command is used to load schemada ." 
" Input filename ." ))) 

(defschema load-cmd : simple 
( instance comp lex-command ) 
(inputs " LOAD " ) 
(has-commands get-load-file- name-cmd ) 
(post- sub-command-actions load- file-action ) 
(exit-actions invert-icon-to-white)) 

(defschema get-load-file-name-cmd : simple 
( instance simple-command ) 
( inputs file - name-input) 
(actions get-load-file-name-action)) 

B.4 Create Component Command Schemata 

(defschema create-component - i con : simple 
(is-a icon-command simple-command) 
(icon-def inition-type generic-icon) 
(icon-def inition "CREATE " "COMPONENT ") 
(width 70) (height 30 ) 
(inputs mouse-1-1) 
(actions create-component-icon-actions ) 
( icon-he lp "Help for Create Component Command " ) 
(extended- help (" Create Component Command is used to " 
" c reate a new component "))) 

(def schema create-component-cmd : simple 
(instan ce complex-command) 
( i nputs " create-component ") 
(has-commands get-new-component-name-cmd) 
(post-sub-command-act ions create-component ) 
(exit-a ctions i nvert-icon-to-white)) 

(defschema get-new-component-name-cmd : simple 
(instance complex- command) 
(inputs s chema- name-input) 
(entry-actions get-component-name-entry ) 
(has-commands get - n umbe r-of-pin-cmd)) 

(defschema sch e ma-name-input : simple 
(instance read-input) 
(convert convert-to- symbol) 
( read-prompt "S chema Name ") 
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(update - r e ad- default t)) 

(defschema get-number- of-pin-cmd : simple 
(instance simple-command) 
(inputs pin-number-input) 
(actions get - number- of-pin-ac tions)) 

(defschema pin-number- input : simple 
(ins tance read-input) 
(convert convert-to- number) 
( read-prompt " Number of pins " ) 
(error-actions prompt-error-message)) 

B.5 Edit-schema Command Schemata 

(defschema edit-sch ema-icon : simple 
(is-a icon-command simple-command) 
(icon-definition-type generic-icon) 
(icon-definition "EDIT " " COMPONENT") 
(width 70) (height 30) 
(inputs MOUSE-L-1 ) 
(actions edit-schema-icon-actions) 
( icon-help-title "Help for Create Component Command" ) 
(extended-help ("S CHEMA command is used to create a new 
schema , or " " to edit a schema from the 

root "))) 

(defschema edit-schema-cmd : simple 
(instance complex-command ) 
(entry-actions edit-schema-cmd-entry) 
( inputs " EDIT SCHEMA ") 
(has-commands get-schema-name-cmd) 
(post-sub-command-actions replace-base-viewport) 
(exit-actions invert-icon-to-white)) 

(defschema get-schema-name-cmd : simple 
(inst ance complex-command) 
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(e ntry-actions get -schema- name-action check-schema-action) 
(inputs schema- name-input) 
(has -commands create-schema-cmd)) 

(defschema create- schema-cmd : simple 
(instance simple-command) 
(input s create-s chema-input) 
(actions create- schema-cmd-actions)) 

(defschema create- schema-input : simple 
(instance read-input ) 
(convert convert-to-symbol ) 
(read-prompt "The schema doesn ' t exist . Create?(y/n) ") 
(update-read-default t)) 
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B.6 Add-slot Command Schemata 

(defschema add-slot-icon : simple 
(i s-a icon-command simple-command) 
(icon-definition-type generic-icon) 
(icon-definition "ADD SLOT " ) 
(width 70 ) (height 3 0) 
(inputs MOUSE-L-1 ) 
(actions add-slot-icon-actions) 
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(ico n-help-tit l e " h e lp for Add-S l ot command") 
(extended-hel~ ( "Wh e n a new s l ot has to be added into the 
schema ," "cl ick MOUS E-L-1 ." ))) 

(defs chema add-s lot -cmd : simple 
(instance comple x-command ) 
(entry-actions a dd-s lot -cmd-entry) 
(inputs "ADD SLOT" ) 
(has - commands 9et-slot-name-cmd) 
(exi t-actions invert-icon- to - white)) 

(defs chema get-slot -name-cmd : simple 
(instance simple-command) 
(inputs slot-name-input ) 
(action s get-slot-name-cmd-actions)) 

(defs c hema slot-name-input : simple 
(ins tance read-input) 
(convert convert-to-symbol) 
(read-prompt " Slot Name " ) 
(update-read-default t)) 

B.7 Add-Value Command Schemata 

(defschema add-value- icon : simple 
(is -a i con-command simple-command) 
(icon-definition-type generic-icon) 
(icon-de finitio n "ADD VALUE ") 
(width 70 ) (height 3 0) ( inputs mous e-1-1 ) 
(actions add-value - icon-actions) 
(icon-help-title "help for Add- Value command ") 
(extended-help ("When a new value h as to be added into 
the slot ," "clicl MOUSE- L-1 ."))) 

(defs c hema add-value-cmd : simple 
(ins tance complex-command) 
(entry-actions add- value-cmd-entry) 
(inputs "ADD VALUE") 
(has -commands get-value-name- c md) 
(pos t-sub-command-actions add-value-post ) 
(exit-actions invert-icon- to-white)) 
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(de fschema get -value-name-cmd : simple 
(instance simple-command) 
(inputs slot-value-input ) 
(action s get -va lue- name-action)) 

(defschema slot -value-input : simple 
(instance read-input) 
(read-prompt " Conten t name ")) 

(defschema exit-cmd : simple 
(instance simple-command ) 
(inputs " EXIT ") (actions )) 

B.8 Return Command Schemata 

(defschema return-icon : simple 
(is-a icon-command simple-command) 
(icon-definition-type generic-icon ) 
( icon-definition "RETURN ") 
(widt h 70 ) (height 30) (inputs MOUSE-L-1) 
(ac tion s return- icon-actions) 
(ico n-help-tit l e "Return to previous edit .") 
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(extended-help (" Return Command is used to return the edit " 
"t o the previous edit window " ))) 

B.9 Display-component Command Schemata 

(defschema display-component-icon : simple 
(is -a i con-command simple-command) 
(ico n -de finiti on-type generic-icon) 
( i con-definit ion "D ISPLAY " " COMPONENT ") 
(width 70) (height 30 ) (input s mouse - 1-1 ) 
(act ions display-component-icon-actions) 
(icon-help-title "Help for Display Component Command ") 
(extended-help ("When selecting the DISPLAY COMPONENT command, 
the user " "placed in a mode for displaying 

component "))) 

(defschema display-component-cmd : simple 
(instance simple-command ) 
(inputs " Display Component ") 
(actions display-component-actions) ) 

B.10 Exit Command Schemata 

(de fs c hema exit-icon : simple 
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( is-a icon-command simple - command) 
(icon-definition-type generic- icon) 
(ico n-definition "EXIT " ) 
(width 7 0) (height 3 0) ( inputs MOUSE- L- 1 ) 
(actions exit-icon-actions ) 
(icon-he l p-tit l e "Help for Exit Command " ) 
(ex t e nded-help ("When you want to exi t dame ," 
" click MOUSE-L-1 .") )) 
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Functions Related to DAME Shell 
Schemata 

This appendix lists the lisp code functions related with DAME shell schemata listed in 
appendix A 

C.1 Functions in dame-shell schema 

, ,, Name : dame-she ll-resume-actions 
;;; Purpose: bury terminal window 
(defun dame-shell-resume-actions (s chema slot context ) 

(bury-terminal-window )) 

;;; Name: shell-icon-fen 
;;; Purpose : This function creates dame-shell icon . 
(defun shell-icon-fen (s chema canvas x y width height) 
;;; Create the shcema of the circle in dame-shell icon. 

(cschema 'shell-circle : simple 
( ' item-type ' circle) 
( ' x 50) ( ' y 35) ( ' radius 20)) 

(create- item ' shell-circle canvas ) 
;;; Create the schema of the box of dame-shell icon . 

(cschema ' shell-box : simple 
( ' item-type ' box) 
( ' xl 25) ('yt 10) ('xr 75 ) ('yb 60)) 

(create-item ' shell-box canvas) 
(cs chema ' shell-trianglel : simple 

( ' item-tyoe ' trianale) 
( ' xl 3 ) ( 7 yl 12 ) (r'x2 12 ) ( ' y2 3 ) ( ' x3 1 2 ) ('y 3 12) ) 

(create- item' shell-trianglel canvas) 
;;; Create the schema of the text " shell " in dame-shell icon . 

(cschema ' shell-textl : simple 
(' item-type ' text-string) 
( ' x 34) ( ' y 33 ) 
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('font ' medium-roman) 
(' text " DAME ")) 

(create-item ' shel l - text l canvas ) 
(cschema ' shell-text2 : simple 

(' item-type ' text-string) 
(' x 33 ) ( ' y 45) 
( ' font ' screen-12) 
(' tex t " shell " )) 

(create-item ' shell-text2 canvas) 
;;; Return the items list as the va lues of this functio n . 

(list ' shell-circle ' shell-box ' shell-textl ' shell-text2 
' shell-triangle l) 

) ;;; End of function shell-icon-fen . 

C.2 Functions in dame-editor schema 

;;; Name : dame-icon-fen 
;;; Purpose : This function creates the dame task icon . 
(defun dame-icon- fen (schema canvas x y width height ) 
;;; Create the schema of the box o f dame i con . 

(cschema ' dame-box : simple 
(' item- type ' box) 
('xl x) ( ' yt y ) (' xr (+ x width)) ( ' yb (+ y hei ght))) 

(create-item ' dame-box canvas) 
;;; Create the schema of the ellipse of dame icon . 

(cschema 'dame-ellipse : simple 
(' item-type ' ellipse) 
( ' X (+ X 25 )) (' y (+ y 28 )) 
('x-radius 20) 
(' y-radius 13 )) 

(create-item ' dame-ellipse canvas) 
;;; Create the schema of the polygon of dame i con . 

(cscherna ' dame-polygon : simple 
('item-type ' polyline) 
(' vertices (cons (+ x 25 ) (+ y 2 )) 

( cons ( + x l) ( + y 2 5 ) ) 
(cons (+ x 13) (+ y 49)) 
(cons (+ x 37) (+ y 49)) 
(cons (+ x 49) (+ y 25)) 
(cons(+ x 25 ) (+ y 2 )))) 

(create- item ' dame-polygon canvas ) 
(cscherna ' dame-trian9le : simple 

('item-type triangle) 
(' xl ( + x 12) ) (' yl ( + y 6 ) ) 
('x2 (+ X 38 )) ( ' y2 (+ y 6 )) 

('x3 (+ X 25) ) ('y3 (+ y 13))) 
(create-item ' dame-t riangle canvas) 

(cschema ' dame-small-ellipse : simple 
( ' item-type ' ellipse) 

('x(+x25)) ( y(+y45)) 
('x- radius 10) ('y-radius 3 )) 

(create-item ' dame-small-el lipse canvas) 
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; ; ; Creat e t h e schema of the text " dame " in dame-shell ico n . 
(cschema ' dame-text : simple 

( ' item-type ' text) 
( ' X ( + X 8 )) 
( ' y ( + y 32) ) 
( ' font 'bold-roman) 
( , text " DAME ")) 

(create-item ' dame - text canvas ) 
;;; Ret urn the items list as the values of this function. 

(list ' dame-box ' dame-ell ipse ' dame-text ' dame-polygon 
' dame-triangle ' dame -small-el lipse) 

;; ; End of function dame-icon- f en . 

; ; ; ; ; ; ; ; ; ; ; ; ; ; ; Begin dame - initialize ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 

;;; Name : dame - initialize 
;;; Purpose : to create dame editor windows . 
(defun dame-initialize (task &rest x) 
;;; c reate a link to parent task . 

(hierarchy-from-parent ) 
;;; create the four viewports for displaying slots , slot contents , 
;;; hierarchy , and permitted slot contents . 

(c reate-viewports) 
;;; create command window at the right side of the editor window. 

(c reate-c md-window) 
;;; create the command input window. 

(create-io-viewport task) ) 

;;; Name : create-viewport 
;;; Purpose : to create DAME editor ' s 
(defun create-viewports () 

displying viewports . 

(create-base-viewport ) 
(create-s-viewport) 
(create-sc-viewport) 
(create-h-viewport) 
(create-psc-viewport ) 

c reate 
c reate 
c reate 
c reate 

,,, Name : hierarchy-from-parent 

slot viewport 
slot content viewport 
hierarchy viewport 
permitted slot cont ents 

;;; Purpose : create a link to the parent task . 
(defun hierarchy- from-parent () 

(let (( parent (get -value *current -tas k* ' parent-task ))) 
(cond ((equal (get-value parent 'instance ) 'dame ) 

viewport 

(new-value *current-task* ' editing-schema 
(get-selected-text (get-value parent ' s c-viewport ) )) 

(new-value s *current - task* ' hierarchy 

I I I 

I I I 

(append (get-values parent ' hierarchy ) 
(list (get-value parent ' editing-schema) ))) 

(new-values *current-task* ' path 
(append (9et-values pare nt ' path) 

(list (get-value paren t ' selected- slot )) 
) ) ) ) ) ) 

Name : get-selected-text 
Purpose: to get the text string fr om the viewport . 
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;;; Input : the viewpo rt name . 
(defun get - selected- t e xt (viewpo rt) 

(get-value (get - value vie wport ' current - i tem) ' text - name)) 

;;; Name : create-canva s - window- viewport - fn 
;;; Purpose : to creat e c anvas , window and viewpo rt . 
;;; Input : viewport-name , 
;;; slots to store the names of canvas , window and vi e wport , 
,,, i . e . canvas-slot , window - slot , viewpo r t- slot . 
(defun create-canvas - window- viewport - fn 

(viewport - name c anvas-slot window- slot 
viewport-slot xl yt xr yb) 

(let* (( canvas (create-canvas (symge n ' canvas))) 
(w indow (create-window (symgen 'w indow) c an vas 0 0 

( * (- xr xl ) 100 ) (* (- yb yt) 100) ) ) 
(viewport (create-viewport (cschema (symgen ' viewport) 

: simple 
(' ask - user- for-edges nil) 
(' viewport-name viewport-name) 
(' xl xl) ( ' yt yt) ( ' xr xr) ( ' yb yb) 
( ' has - left-scroll-bar t) 
(' current - item)) 

window ))) 
(turn-on- scroll-bars viewport) 
(new-value *current-task* canvas-slot canvas ) 
(new-value *current - task* windo w-slot window) 

(ne w-value *current-task* viewport-slot viewport ) )) 

,,, Name : create-canvas-window- viewport-without-bar 
;;; Purpose: to create canvas , window and viewport without scroll 
, , , bars . 
;;; Input : viewport-name , 
,,, slots to store t h e name s of canvas, window and viewport , 
,,, i . e . c anvas-s lot , window-slot , viewport - slot . 
(defun c reate-canvas - window- vi ewport-without-bar 

(v iewport-name canvas-slot window-s lot 
viewport-slot xl yt xr yb ) 

(let* (( canvas (create-canva s (symgen ' canvas)) ) 
(window (c reate-window (symgen 'window) canvas 0 0 

( * (- xr xl ) 100 ) ( * (- yb yt ) 100) ) ) 
(viewport (create - viewport (cschema (s ymgen ' viewport) 

: simple 

window ))) 

('ask-user-for-edges nil) 
(' viewport-name vi e wport-name) 
( ' xl xl) ('yt yt) (' xr xr ) ( ' yb yb)) 

(ne w-value *current-task* canvas - slot canvas ) 
(ne w- value *current - task* window-slot window ) 

(new-value *current-task* viewport-slot viewport) )) 

,,, Name: create-base-viewport 
,,, Purpose: to c reat e a base-viewport . 
(defun create-base-viewport () 

(let (( editing-schema (get-value *current-task* ' editing-schema)) 
(title nil)) 
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(if editing- schema 
(setq title (get-title editing - s c hema)) 
(s etq title "WH ICH SCHEMA DO YOU WANT TO EDIT? " )) 

(create-canvas - windo w- viewport-without-bar 
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title ' base-canvas ' base - window ' base-viewport O 0 . 1 1 1) )) 

,,, Name : get-tit le 
,,, Purpose : t o get the current editing schema name . 
(defun get-title (editing- schema ) 

(let ( ( is-a nil ) 
( copy-of nil) ) 

(cond ((slotp editing-schema ' is-a) 
(setq is-a (get -value editing-schema ' is-a ))) 

( (slotp editing-schema ' copy - of ) 
(setq copy-of (get-value e diting-schema ' copy-of )))) 

(format nil " EDITING SCHEMA : a IS A: a COPY-OF : a" 
editing-schema is-a copy-of ))) 

,,, Name : create- s-viewport 
,,, Purpose : to create a viewport for d i splaying slots 
(defun create-s-viewport () 

(c reate-canvas-window-viewport-fn " SLOTS " 
' s - canva s ' s-window ' s-viewport O 0 . 14 0 . 225 0 . 5 ) 

(let (( schema (get-value *current-task* ' editing-schema ))) 
(co nd ((schema~ s c hema) 

(slot - viewport - redi splay )) )) ) 

,,, Name : create- s c-viewport 
,,, Purpos e : to create a viewpo r t for displaying slot contents . 
(defun create- sc- viewport () 

(c reate-canvas-window-vie wport-fn " SLOT-CONTENT " 
'sc-canvas ' sc-window ' sc-viewport 0 . 225 0 . 14 0 . 9 0 . 5 )) 

;;; Name : create-h-viewport 
;;; Purpose : to create a viewport for displaying hierarchy . 
(defun create-h- viewport ( ) 

(create-canvas-window-view~ort-fn " HIERARCHY " 
' h-canvas ' h-window ' h - viewport O 0 . 5 0 . 225 0 . 9) 

(let ((hierarchy (get -values *current-task* ' hierarchy)) 
(editing-schema (get-valu e *cur rent-task* ' editing-schema))) 

(cond ((car hierarchy ) 
(create - items (append hierarchy (list editing-schema)) 

(get - value *current-task* ' h-canvas) 
(get-value *current-task* ' h -v iewport) 1 5 )) ))) 

;;; Name : create-psc-viewport 
;;; Purpose : to c reate a viewport for displaying permitted slot 
,,, contents . 
(defun create- psc-viewport () 

(create-canvas-window-viewport-fn " PERMITTEN- SLOT-CONTENTS " 
'psc-canvas 'psc-window ' psc-viewport 0. 225 0 . 5 0 . 9 0 . 9)) 

, , , 
, , , 
, , , 

Name : create-cmd-window 
Purpose : to create command window at the right side of t he 

editor window . 
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(de fun create-cmd-window () 
( let* ( (c md- window (cre ate-sch e ma 

( symge n ' d a me - command- windo w) : simp le t ))) 
(add- value *c urr e nt-tas k* ' task - glo b al-comma nds c md-window 

: inherit - v a lue s t ) 
(c reate - slot c md- window ' instanc e ) 
(new-value cmd-windo w ' instance ' dame-comma nd- wi ndow) 
(new- values c md- window ' has - commands 

(get-values ' dame-co mman d- window ' has-commands )) 
(c all - method cmd- windo w ' c reate - windo w) 
(new-value *current-t a sk* ' comma nd-wi ndow c md- window ) 
(new-value *cur rent-ta s k * ' c ommand- vi e wpo r t 

(get-value c md - wi ndo w ' i c on-v i ewpor t ) )) ) 

;;; Name : c r eate- io-vi e wport 
;;; Purpose : to create DAME I/O command prompt viewpo rt . 
(defun create-io- v i ewport (task ) 

(multip le-va l ue-bind (canva s window v i ewport ) 
( c r eate-canva s - window- v i e wpo r t : x l eft 0 : ytop 0 . 9 

: xright 0 . 9 : ybot tom 1 ) 
;;; Sto r e t h e n a mes of canvas , wi ndow , a n d viewport o f prompt 
;;; vi e wp o rt in the cur r ent instance sch ema of dame . 

(n e w-value tas k ' io-canvas canvas ) 
(new-value ta sk ' io -window wind o w) 
(new-value t a s k ' i o -viewport vie wpo r t ) 

;;; Create a n inp ut - inte r face s c h e ma fo r the c urrent task an d s to re 
;;; the name o f t h e i nte r a c tiv e prompt vi e wpo rt in it . 

( l et ((input - int er f a ce (g e ntemp ))) 
(c s c h e ma input -interface : s imp l e 

( ' i nst ance ' i nput - interface )) 
(ne w- value task ' input-inte r face i nput - inte r face ) 
(n e w-valu e input- interf ace ' tex t i o - viewport viewport ) ))) 

......... . ... ,,,,,,,,,,,,, End dame-in itial ize;;;;;;;;;;;;;;;;;;;;;;;;;;; ; 

,,,,,,,,,,,,, Be gin d ame-ex it-act i ons ;;;;;;;;;;;;;;;;;;;;;;;; 

;;; Name : dame-exit-act i o n s 
;;; Purpose : Thi s f unction de s troy s t h e canvases 
,,, c r e a t ed by one i nstance o f dame . 
(defun dame - exit - actions (s c h ema slo t context) 

(let ((child-t asks (get-value s s c h e ma ' child-tas k s ))) 
(cond (( not (e qual nil c h ild- tasks )) 

(dolist (task chi l d - tasks) 
(call- metho d task ' kill))))) 

;;; Destro y t he canvases . 
(de st roy-canvas (get - value *current-task* ' i o - c anvas )) 
(destroy-canvas (get-value *current-tas k* ' ps c - c anva s ) ) 
(destroy-canvas (get -value *current- task* ' h -canvas)) 
(destro y -canv as (get-value *current-task* ' s c-canvas )) 
(destroy-canvas (get - value *current-tas k* ' s - canvas )) 
(if (not (equal (get -value *current- t ask* ' dsp-viewpo r t ) nil) ) 

(destroy-canv a s (get-va lue 
(get-value 

(get-va l u e *c urrent -task * ' d sp- v i e wport) 
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' on-window) 
' on-canvas)) ) 

;;; Destroy icon command windows . 
(call-method 
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(get-value *current-task* ' command-window) ' destroy-window) 
(destroy-canvas (get-value *current-task* ' base-canvas))) 

; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; End dame-exit -actions ;;;;;;;;;;;;;;;;;;;; ;; 

;;; Name : dame-resume-actions 
;;; Purpose : to expose editor windows when it is resumed. 
(defun dame-resume-actions (schema slot context) 

(expose-edit schema)) 

;;; Name : expose-edit 
;;; Purpose : to expose viewports of dame editor . 
(defun expose-edit (task) 

(expose-viewport (get-value task ' base-viewport)) 
(expose-viewport (get-value task ' command-viewport)) 
(expose-viewport (get-value task ' s-viewport)) 
(expose-viewport (get-value task ' sc-viewport)) 
(expose-viewport (get-value task 'h- viewport)) 
(expose-viewport (get-value task ' ~sc-viewport)) 
(expose-viewport (get-value task ' io-viewport)) 
(let ((dsp-viewport (get-value task ' dsp-v iewport))) 

(cond ((not (equal dsp-viewport nil) ) 
(expose-viewport dsp-viewport) 

(delete-any-values dsp-viewport ' buried)))) 
(let ((graph-viewports (get-values task 

' display-action-graph-viewport))) 
(cond (graph-viewports 

(pop-up-message* 
(format nil " this is in expose-edit ~s n graph-viewports)) 

(dolist (vpt graph-viewports) 
(i f (s chemap vpt ) (expose-viewport vpt ))))))) 

C.3 Functions Related to DAME editor's Global Commands 

;;; Name : dame-scroll-u~-action 
;;; Purpose : This function is the actions of dame- mouse-scroll - up 
,,, command . Left click on scroll bar scroll s up . 
(defun dame-scroll-up-action (schema slot context ) 

(let ((window (get-value (viewport-under-mouse) ' on-window))) 
(scroll-window window 0 10))) 

;;; Name : dame-scroll-down-action 
;;; Purpose : This function is the actions of dame-mouse-scroll-down 
,, , command . Right c li ck on scroll bar scrolls text down . 
(defun dame-scroll-down-action (s c hema slot context) 

(let ((window (get -value (viewport-under-mouse ) ' on-window) )) 
(scroll-window window 0 -10 ))) 
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;;; Name : dame-mouse- r - 1- predicate 
;;; Purpose : to see if the mouse click is in slot viewport 
(defun dame-mouse-r-1-predicate (schema s l ot context ) 

(cond ( (equal (viewport-under-mouse ) 

,,,,,,,,,,,, 

(get-value *current-task* ' s-viewport)) 
t ))) 

Begin dame-mouse-r-1-actions ;;;;;;;;;;;;;;; 

;;; Na me : dame-mouse-r-1 - actions 
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;;; Purpose : if the mouse righ butom is clicked on an graphic item, 
,,, display the pop-up menu that is related to this item 
(defun dame-mouse-r-1-actions (schema slot context ) 

(setq viewport (viewport-under-mouse ) x-y-1 (multiple -value- list 
(get-current-mouse-position ))) 

(ca lculate-x-y-fn viewport (car x-y-1) (cadr x-y-1 )) 
(cond (( fi nd-item viewport xc ye ) 

(call-meth od ' pop-up- l ocal -menu ' actions)) 
(t (beep-viewport (get-va lue *current-task* ' io-viewport ) ))) 

(cal l - method ' tas k-manager ' exit-into *current-task* ) ) 

;;;Name : calculate-x-y-fn 
;;;Purpose: This function calculates the po sition coordinates on 
,,, the canvas aco rding to the coordinates on the screen . 
(defun calculate-x-y-fn (viewport x y ) 

(let* (( vp-xl (get-val ue viewport 'inside-xl)) 
(vp-xr (get-value viewport ' xr) ) 
(vp-yt (get-value viewport 'inside-yt)) 
(vp- yb (get-va lue viewport ' yb)) 
(window (get -value viewport ' on-window )) 
(wd-xl (get-value window ' xl )) 
(wd-xr (get-value window ' xr )) 
(wd-yt (get-va lue window ' yt )) 
(wd-yb (get-value window ' yb ))) 

(setq xc (* (- x vp-xl) ( / (- wd-xr wd-xl) (- vp-xr vp-xl) )) 
ye ( * (- y vp-yt) ( / (- wd-yb wd-yt ) (- vp-yb vp-yt)))))) 

.............. ,,,,,,,,,,,,,, Eng dame-mo u se-r-1-actions ;;;;;;;;;;;;;;;;;;;; 

;;i Na me: select-s l ot-predicate 
iii Purpose: check if the mouse click i s in s l ot viewpor t 
(defun select-slot-predicate (s chema s l ot context) 

(cond ((equal (viewport-under-mouse) 

t) 
(ge t-value *c urrent- task* 's-viewport )) 

(t nil))) 

iii iii iii;; i Begin select-slot-cmd-actions ii;;; iii iii; i;; iii i 

,,, Name: select-s l ot-cmd-act ions 
iii Purpose: to inverte the background color of the selected s l ot , 
,,, to display the se lected slot contents and its 
,,, permitted contents. 
(defun select-slot-cmd-act ions (schema slot c ontext) 

(let* ((input-event (call-method 'tas k- manager 'last-input-event)) 
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(view~ort (get-value *current- task* ' s-viewport)) 
(n e w- item (find-item viewport (input-event-x input-event) 

(input -event-y input-event))) 
( item (get -va lue viewport ' current- item))) 

(i f new- item 
(let ((slot - name (get-value new-item 'text-name))) 

(cond ( (equal new- item item) 
(display-slot-contents s lot - name) 
(display-permitted-slot -contents slot - name)) 

(t (if item (invert - item- background item viewport)) 
(invert-item-bac kground new-item viewport ) 
(new- value viewport ' current-item new- item) 

(new-value *current-task* ' selected-slot slot-name) 
(display-slot-contents slot-name ) 
(display-permitted-s lot-contents slot-name ) ) )) 

(beep-viewport viewport))) 
(call-method 'task- manager ' exit-into *current -task*)) 

;;; Name : display-slot-contents 
;;; Purpos e : to display slot contents 
;;; Input : slot name 
(defun display-slot-contents (slot-name ) 

(let ((canvas (get -value *current-task* 'sc-canvas )) 
(viewport (get -value *c urrent-task * ' sc-viewport)) 
( s chema (get-value *curre n t-task* ' editing-schema))) 

(delete- items canvas viewport) 
(create-items (get-value s schema slot-name : path nil) 

canvas viewport 1 5 )) ) 

,,, Name : create- items 
,,, Purpose : to create graphi c items . 
,,, Input : list is a list of text strings , canvas is the name 
, ,, of the canvas t he graphic items created on , viewport 
, ,, is the viewport name the graphic items displayed on , 
,, , x , y are the cordinates the graphic items placed. 
(defun create-items (list canvas viewport x y) 

(dolist (e lement list y) 
(display-item (create-item (cschema (unique-name ) : simple 

( ' item-type ' text) 
( ' X X) ( ' y y ) 
( ' t ext-name element) 
( ' text ( fo rmat nil " - S " element) ) ) 

canvas) viewport) 
(setq y (+ y 3 ))) ) 

,,, Name: delete-items 
,,, Purpos e : to delete all the graphic items on the canvas . 
,,, Input : c anvas is the canvas na me , 
,,, viewport is the viewport name . 
(defun delete-items (canvas viewport) 

(le t (( items (get-valu es canvas ' canvas - items )) 
(black-item (get-value viewport ' cu rrent-item))) 

(cond ((car items) 
(do l ist (element items ) 

(if (equal element black- item) 
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(invert -item-background e l e ment viewport) ) 
(erase-item element viewport) 
(destroy-item element )))))) 

;;; Name : display-permitted- slot-contents 
;;; Purpose : to display the permitted contents of the selected slot . 
(defun display-permitted-slot-contents (slot-name) 

(let (( canvas (get-value *current-task* ' psc-canva s )) 
(viewport (get -value *current-task* ' ps c-viewport )) 
( schema (get-value *current-task* ' editing-sche ma)) 
(root (get-value *current -task* ' hierarc hy)) 
(path (append (9et - values *current-task* ' path) 

(list *current-task* ' selected-slo t))) 
( y 5) 
(x 1) 
(contents nil)) 

(delete-items canvas viewport ) 
(dolist (element (9et-permitted-slot-contents s chema slot-name )) 

(setq y (create-items (list element) canvas viewport 1 y)) 
(setq contents (get -contents (list element) ' is -a+inv)) 
(when contents 

(create- items (lis t ' is-a+inv ) canvas viewport 1 y) 
(setq y (create-items contents canvas viewport 10 y))) 

(setq contents (get-contents (push element contents) 
' copy-of+inv ) ) 

(when contents 
(create-items (lis t ' copy-of+inv ) canvas viewport 1 y) 

(setq y (create-items contents canvas viewport 10 y)) ) ) )) 

,,, Name : get-permitted-slot-contents 
,,, Purpose : to get the permitted contents from the corresponding 
,,, template . 
,,, Input: t he e diting schema name and the selected slot name . 
(defun get-permitted-slot-contents (s chema slot) 

(if (and (local-slot-p schema ' copy-of ) 
(schemap (get-value schema ' copy-of)) 
( local-slot-p (get-value schema ' copy-of ) slot)) 

(get-values (get-value schema ' copy-of) slot : path nil) 
nil )) 

,,, Name : get-contents 
,,, Purpose : to get the contents of a slot from a list of schemata . 
(defun get-contents (schema-list slot) 

(let (( result nil )) 
(dolist (element schema-list result) 

(if (a nd (schemap element ) (local-slot-p element slot) ) 
(s etq r esult (append (get-values element slot) result))))) ) 

; ; ; ; ; ; ; ; ; ; ; ; ; End select-slot-cmd-actions ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 

;;; Name : select-s l ot-content-predicate 
;;; Purpose : to check if the mouse is in the slot content viewport 
(defun select-slot-content - predicate (s chema slot context) 

(cond (( equal (viewport-under-mouse) 
(get-value *current -task* ' sc-viewport)) 
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t) 
(t nil ))) 

,,, Name : selecte-slot-content -cmd-actions 
,,, Purpose: to select the content itme , and invert the background 
,, , color of the selecte item . 
(defun select-slot-content-cmd-actions (s chema slot context) 

(select -item)) 

iii Name : select-item 
iii Purpose : to select an item . 
(defun se l ect- item () 

(let* ((input-event (call-method 'task-manager ' last- input -event)) 
(view~ort (viewport-under-mouse )) 
(new-item (find-it e m viewport (input-event-x input-event ) 

(input-event-y input-event ))) 
(item (get-value viewport ' current-item))) 

(if new-item 
(cond (( equal new-item item) nil ) 

(t (if (schemap item) 
(invert-i tem-background item viewport) ) 

(invert-item-background new-item viewport ) 
(new-value viewport ' current- item new-item))) 

(beep-viewport viewport )))) 

,,, Na me : slot-content-menu- cmd-actions 
,,, Purpose : to select a command from a pop-up menu . 
(defun slot-content-menu-cmd-actions (schema slot context ) 

( select -item-menu ' slot-content-menu) 
(call-method ' task- manager ' exit-into *current-task*)) 

;;; Name : select-item-menu 
iii Purpose : to select an item and display its related pop-up menu . 
(defun select-item-menu (menu-name) 

( let* ((input-event (call-method ' tas k- manager ' last-input-event )) 
(viewport (viewport - under-mouse )) 
( item (get-value viewport ' current-item)) 
(new-item (find- item viewport (input -event-x input-event) 

(when new-item 
(input-event-y input-event) ))) 

(cond ((equal item new-item) nil ) 
(t (if (schemap item) 

(invert-item-background item viewport )) 
(invert-item-background new-i tem viewport ) 
(ne w-value viewport ' current-item new-item))) 

(pop-up-menu menu-name)))) 

;;;;;;;;;;;;;; Begin slot-content-menu ;;;;;;;;;;;;;;;;;;;;;;; 

;;; Name: make-slot -content-menu 
;;; Purpose: to make a pop- up menu for s l ot content viewport . 
(defun make-slot -content-menu() 

(ma ke-n ew-menu 'slot-content-menu 'momentary) 
(add-menu-s lot 'slot-content -menu "Slot Content Menu" 

:not-se lectable t ) 
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(add-menu-slot ' slot-content- menu " " : not-selectable t) 
(add-menu-slot ' slot-content- menu " EDIT VALUE " 

: item-action ' function : item-form ' edit-slot-value) 
(add-menu-s l ot ' slot-content - menu " EDIT SCHEMA " 

: item-action ' function : item-form ' edit-slot-schema) 
(add-menu- slot ' slot-content- menu " DELETE VALUE " 

: item-action ' function : ite m-form ' delete-slot-content ) 
(me nu-compl ete ' slot-content- menu)) 

(make- slot-content -menu) 

;;; Name : edit - slot - value 
;ii Purp ose : to call edit-slot - value command . 
(defun edit-slot - v alue () 

(ca ll - met hod ' task-manager ' queue-command ' edit-slot-value-cmd)) 

iii Name : edit-slot-value-entry 
iii Purpose : to get the selected content string . 
(defun edit - s l ot - value-entry (schema slot context ) 

(cal l-method *current-task* ' set-current- input-buffer nil 
(format nil 11 ~s 11 

, , , 
, , , 
, , , 
, , , 
, , , 

(get-selected-text (get-value *current-task * ' sc-viewport ) ))) ) 

Name : c hange- slot-content -name-actions 
Purpose : if the slot content is a nother schema name , c hange 

schema name , replace the slot content name in the 
current editing schema , display slot-con tent-viewport, 

(defun 
(let 

and pe r mitted- slo t-content -viewport . 
change-slot-content-name- actions (schema slot context ) 
( (new-name (get-value *current-t ask* ' current-value )) 
(old-name (get-selected-text 

(get-value *current-tas k* ' sc-viewp o rt))) 
(slot (get-selected-text 

(get-value *curre n t-task * ' s - viewport)))) 
(if (schemap old- name ) 

(move-schema old-name : t o-schema new- name)) 
(replace-value (get-value *current-task* ' editing-sch e ma ) 

slot old-name : replace ne w-name ) 
(display-slot-contents slot) 
(display-permitted-slot-content s slot) )) 

,,, Name : get-slot-value-name-action 
iii Purpose : to get the slot value input . 
(defun get-s l ot - value- name - act ion (schema slot context ) 

(get-v alue-name-action schema slot context ) 
(call-method *current-task* ' exit)) 

,,, Name : delete- s l ot-co nt e nt 
iii Purpose : to de l ete the value from t h e editing s c h ema , if the 
,,, value is a schema , delete t h e schema , display the 
, ,, slot-content viewport . 
(defu n delete-s l ot-content () 

(let (( slot-name (get-select ed-text 
(get-value *current-task* ' s-viewpo rt))) 

(value-n a me (get-select ed- text 
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(get -value *current-task*' sc - viewport )))) 
(delete -value (get-value *current-tas k* ' editing-schema) 

slot-name va lue-name) 
(if (schemap value-name ) (delete-schema value - name )) 
(d i splay-slot -contents slot-na me ))) 

,,, Name : edit-s l ot-schema 
,,, Pu r pose : whe n the selected content is a schema itself , this 
,,, command can open another editor window s to edit this 
,,, schema . If the editor for selected content exists , resume 
,,, t h at editor , otherwise start anot her set of editor windows . 
,,, If the selected content is not a schema name and t h e user 
,,, wants to edi t it as a schema , then create a schema . 
(de fun edit-slot-schema ( ) 

(le t * ( (schema (get-selected-text 
(get-val ue *current-tas k * ' sc-viewport ))) 

(task (taskp schema ))) 
(con d (tas k 

) ) ) 

(call-meth od *current- t ask* ' pause) 
(call - me thod tas k ' resume) ) 

((schema p schema ) 
(cal l - method ' dame ' start) ) 

(t 
(cond (( equal (pop-up-menu ' e di t i ng-schema- me nu) ' t ) 

(c r eate-schema sch e ma ) 
(call - metho d ' dame ' start)) )) 

,,, Name : taskp 
,,, Pur p ose : to get t h e tas k n a me of the e di tor for t h e given sch ema . 
(d efun t ask~ (sch e ma-n ame ) 

(le t (( childr e n (get-values *cu rrent- t as k * ' child-task s )) 
(task ni l)) 

(dol i st (child c hildren t as k) 
(if (equ a l (ge t -va l ue c hild ' editin g-schema) schema-name ) 

( setq tas k child) ) ) 
t a s k) ) 

,,, Name : make-editing-sch e ma -me nu 
,,, Purpose : to make a pop-up me nu to as k the user if h e/sh e wants to 
,,, edi t the current schema. 
(de fun make-editing-s c he ma- me nu () 

(make-ne w-men u ' e diting-s ch e ma - menu 'po~ - up) 
(add- me nu-s l ot ' e diting-sche ma-me nu "Thi s value i s not a schema ." 

:not-se l ectable t) 
(add-menu-s l ot 'editing- s chema-menu "Do yo u want to c r ea t e it? " 

:no t- select a ble t) 
(add- me nu-s l ot ' e dit i ng-sche ma-menu" " :no t -selectable t ) 
(add-me n u-s l ot 'editin g - sche ma- me nu "Yes " 

:ite m-act i on ' va l ue :item-fo rm 't) 
(add-me nu-s l ot 'editing- sche ma - menu "Not" 

:ite m-act i o n ' va lue :ite m-fo rm 'n) 
(menu-complete 'editing-sc hema-me nu)) 

(make- e di t i ng-schema- menu) 
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; ; ; ; ; ; ; ; ; ; ; ; ; ; End s lot - content - menu ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 

;;; Name : select- permitted-s lot-content-predicate 
;;; Purpose : to check if the mouse is in the permitted slot contents 
,,, viewport . 
(defun select-permitted-slot-content - predicate (schema slo t context) 

(cond (( equal (viewport-under- mouse ) 
(get - value *current-task* ' psc-viewport)) 

t) 
(t nil))) 

,,, Name : select-permitted- slot-content-cmd-actions 
,,, Purpose : to select an item in the permitted slot contents 
,,, viewport . 
(defun select-permitted-slot-content-cmd-actions (schema slo t context) 

(select -pe rmitted-content-item)) 

;;; Name : select-permitted-conten-item 
;;; Purpose : to select a permitted slot content . 
(de fun select-permitted-content-item() 

(let * ( (input-event (call-method ' task-manager ' last-input-event )) 
(view~ort (viewport-under-mouse)) 
(new-item (find-i tem viewport (input-event-x input-e ven t ) 

(input-event -y input-event ))) 
(item (get-value viewport ' current-item))) 

(i f (and new-item 
(or (equal (get-value new- item ' text-name ) ' is -a+inv) 

(equal (get -value new-item ' text-name) ' copy-o f+inv))) 
(s etq new-item nil)) 

(if new-item 
(cond ((equal new-item item) nil) 

(t (if (s chemap item) 
(invert-item-background item viewport )) 

(invert -item-background new-item viewport ) 
(ne w-value viewport ' current-item new-item))) 

(beep- viewport viewport )))) 

,,, Name : permitted-slot-content-menu-cmd-actions 
,,, Purpose : to select an item in the permitted slot content viewport , 
,,, and display its related pop-up menu . 
(defun permitted-slot-content-menu-cmd-actions (schema slot context) 

(select-permitted-content- item-menu ' permitted-slot-content - me nu) 
(call-method 'tas k- manager ' exit-into *current-task* )) 

;;; Name : select-permitted-content-item-menu 
;;; Purpose : to select a permitted slot content , a nd display the 
;;; pop-up menu. 
(defun select-permitted-content-item- menu (menu-name ) 

(let* ((input-event (call-method ' task-manager ' last-input-event )) 
(viewport (viewport-under-mouse )) 
(i tem (get-value viewport ' current-item) ) 
(new-item (find-item viewport (input-event-x input-event) 

(input -event-y input-event)))) 
(when (and new-item 
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(or (equal (get-value new-item ' text-name) ' is-a+inv) 
(egual (9et -value new-item ' text-name) ' copy-of+inv ))) 

(setq new-item nil) 
(beep-viewport viewport )) 

(when new-item 
(cond (( equal item new-item) nil) 

(t (if (schemap item) 
(invert-item-background ite m viewpor t )) 

(invert-item- background new-item viewport) 
(new-value viewport ' current-item new-item))) 

(pop- up-menu menu-name )))) 

;;;;;;;;;;;;;; Begin permitted-slot-content-menu 

;;; Name : make-permitted-slot-content - menu 
;;; Purpose : to make the pop-up menu in the 
,,, permitted-slot-content-viewport . 
(defun make-permitted- slot - content-menu () 

,,,,,,,,,,,,,,, 

(make-new-menu ' permitted-slot-content-menu ' momentary) 
(add-menu-slot ' permitted-slot-content - menu "Permitted Slot 
Content Menu " : not-selectable t) 
(add-menu-slot ' permitted-slot-content- menu " " : not-selectable t) 
(add- menu-slot ' permitted-slot-content- menu " COPY SCHEMA " 
: item-action ' function : item-form ' copy-permitted-slot-content ) 
(add-menu-slot 'permitted-slot-content - menu "ADD VALUE " 
: item-action ' function : item-form ' add-permitted-slot -content) 
(add- menu-slot ' permitted-slot-content-menu " DISPLAY ACTION GRAPH " 
: item-action ' function : item-form ' draw-action-graph) 
(menu-complete ' permitted-slot-content-menu)) 

(make-permitted-slot-content -menu) 

;;; Name : copy-permitted-slot-content 
;;; Purpose : tp call copy-permitted-slot-content command . 
(defun copy-permitted-slot-content () 

(call-method ' task-manager ' queue- command 
' copy-permitted-slot-content-cmd)) 

;;; Name: copy-permitted-slot-content-entry 
;;; Purpose : to ~et the selected text of t h e permitted slot content . 
(defun copy-perrrutted-slot-content-entry (schema slot context) 

(call-method *current-task* ' set-default 's lot-value-input 
(format nil 11 ~s 11 

(s ymgen ( format nil 11 ~s-~s 11 

(get - value *current-task* 'hierarchy) 
(get-selected-text 

(get-value *current-task* ' psc-viewport) )))) )) 

;;; Name: copy-permitted-slot-content-actions 
;;; Purpose: to make copy of the selected permitted slot content . 
(defun copy-permitted-slot-content-actions (s chema slot context ) 

(let* ((schema (get -value *current-task* 'editing- schema)) 
(s chema-to-copy-to (get-value *current-task* ' current-value) ) 
(slot (get-selected-text 

(get-value *current-task* ' s-viewport))) 
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( schema-to-copy-from (get-selec ted-text 
(get-value *current-task* ' psc-viewport))) 

(value (if (not (equal schema-to-copy-to ' I I)) 

11 8 

(duplicate-tree schema-to - copy-from schema - to -copy - to ) 
(duplicate - tree schema- to - copy-from)))) 

(add-value schema slot value : position : after) 
(display-slot-contents slot))) 

, , , 
, , , 
, , , 

Name: add-permitted-slot-content 
Purpose : t o add the selected permitted slot content directly to 

the editing slot . 
(defun 

(let 
add- permitted-slot - content () 
((schema (get-value *current -tas k* ' editing-s c hema)) 
(slot (get-selected-text 

(get-value *current-task* ' s-viewport))) 
(value (get-selected-text 

(get -value *current-task* ' psc-viewport)) )) 
(add-value schema slot value) 
(display-slot-contents slot))) 

, , , 
, , , 

Functions related to draw-action-graph are listed in the next 
appendix . 

,,,,,,,,,,,,,,, 

,,,,,,,,,,,,,,, 

End permitted-slot-cont ent-menu 

Begin display-action- graph-menu 

,,,,,,,,,,,,,,,,, 

,,,,,,,,,,,,,,,,, 

;;; Name : display-action-graph-menu-cmd-predicate 
;;; Purpos e : to check if the mouse is in the 
,,, display-action -graph-viewport . 
(defun display-action-graph-menu-cmd-predicate (s chema slot context) 

(cond ((member (viewport-under-mouse) 
(get-values *current-task* 

' display-action-graph-viewport)) t) 
(t nil)) ) 

;;; Name : display-action-graph- menu-cmd-actions 
;;; Purpose : to display the pop-up menu in the 
,,, di splay-action-graph-viewport . 
(defun display-act ion-graph- me nu-cmd- actions (schema slot context) 

(select-display-action-graph-menu ' display-action-graph-menu) 
(call-method ' task-manager ' exit-into *current-task*)) 

;;; Name: select-display-action-graph-menu 
;;; Purpose: to pop up the command menu . 
;;; Input : pop-up-menu name . 
(defun select-display-action-graph-menu (menu-name) 

(let* (( input-event (call - me t hod ' task-manager ' last - input-event)) 
(viewport (viewport-under- mouse))) 

; ; ; 
, , , 

(pop-up-menu menu-name) 

Name: make-display-action-graph-menu 
Purpose : to make a pop-up menu in t h e 
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,,, display-action-graph-viewport . 
(defun make-display-action-graph-menu() 

(make-new-menu ' display-action-graph-menu ' momentary) 
(add-menu-slot ' display-action-graph-menu "Display Action 

Graph Menu " : not-selectable t) 
(add-menu-slot ' display-action-graph-menu " " : not-selectable t ) 
(add-menu- s lot ' display-action-graph-menu " EXIT " 

: item-act ion 'function : item-form 
' exit-display-action-graph-viewport) 

(menu-complet e 'display-action-graph-menu )) 

(make-display-action-graph- menu) 

;;; Name : exit-display-action-graph-viewport 
;;; Purpose : to destroy the viewport . 
(defun exit-display-action-graph-viewport () 

(let ( (vpt (viewport-under- mouse))) 
(destroy-canvas (get-value 

(get-value vpt ' on-window) 
' on-canvas ) ) 

(delete-value *current-task* ' display-act ion-graph-viewport vpt) )) 

............. ,,,,,,,,,,,,, 
••••• ■ ••••••• ,,,,,,,,,,,,, 

End diplay-action-graph-menu 

Begin display-component - menu 

,,,,,,,,,,,,,,, 
,,,,,,,,,,,,,,, 

;;; Name : graphic-component -viewport-predicate 
;;; Purpose : to predicate if mouse is in display graphic component 
, , , viewport. 
(defun graphic-com~onent-viewport-predicate (s chema slot c notext) 

(cond (( equal (viewport-under-mouse) 
(get-value *current-task* ' dsp-viewport) ) 

(new-values *current - task* ' has-commands 
(get-values ' component-pin-menu-cmd-group ' has-commands))) 

(t nil ) ) ) 

,,, Name : display-component-menu-cmd-actions 
,,, Pu rpose : to disp l ay the pop-up me nu in the display graphic 
,,, component veiwport . 
(defun dis~lay-component-menu-cmd-actions (schema slot context ) 

( let* (( input-event (call-method ' task-manager ' last-input-event ) ) 
(vpt (view~ort-under-mouse) )) 

(pop-up-menu ' display-compon e nt-me nu)) 
(call - method ' tas k- manager exit-into *cur rent-task* )) 

;;; Name : make-display-component-menu 
;;; Pur pose : to make the pop- up-menu in t he 
,,, display-component-viewport . 
(defun make-di splay-component-me nu( ) 

(ma ke-new-men u ' display-compone n t-menu 'momentary ) 
(a dd- me nu-s l ot ' display-compon ent-menu "Display Component Menu " 

:not-selectable t ) 
(add - menu-s l ot ' display-component-menu "" : not-selectable t) 
(add -men u-s l ot ' display-componen t-menu "BACK " 

:ite m-act i o n ' function : item-form 
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' back-display-component - viewport) 
(add-menu-slot ' display-component - menu " RESHAPE " 

: item-action ' function : item-form 
' reshape - display-component-viewport) 

(add-menu-slot ' display-component-menu " EXIT " 
: item-action ' function : item-form 
' exit-display-component-viewport) 

(me n u-complete ' display-component-menu)) 

(ma ke-display-component-menu) 

;;; Name : back -display-component-viewport 
;;; Purpose : to b ury the display-component -v iewport 
(defun back-disrlay-component - viewport () 

(let ((vpt (v iewport-unde r -mouse))) 
(bury-viewport vpt ))) 

;;; Name: reshape-disp lay-compoent -viewport 
;;; Purpose: to reshape the viewport 
(de fun reshape-display-component-viewport () 

120 

(let (( editing-schema (get -value *current- task* ' editing-schema )) 
(display-viewport (get-value *current-task* ' dsp-viewport))) 

(destroy-canvas (get-value 
(get-value display-viewport ' on - window) 
' on-canvas )) 

(create-display-component-viewport ) 
(s etq display-viewport (get-value *current-task* 'dsp-viewport)) 
(di splay-component editing-schema) 
(link-s ignals (get-values editing- schema ' has-signal ) 

(get-values (get-value (get -value display-viewport ' on-window ) 
' on-canvas) ' canvas-items )))) 

,,, Name: exit-disrlay-component-viewport 
,,, Purpose : to exite the display-component-viewport . 
(defun exit-dis~lay-component-viewport () 

(let (( vpt (viewport-under-mouse ))) 
(destroy-canvas (get-value 

(get-va lue vpt ' on-window) 
'on-canvas )) 

(delete-value *c urrent - task* 'dsp-viewport vpt ))) 

; ; ; ; ; ; ; ; ; ; ; ; ; End display-component -menu ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 

;;; Name: grph-menu-actions 
;;; Purpose: to display a pop- upmenu if the mouse c li c k is on a 
,,, pin in the display graphic component v i ewpo rt. 
(defun grph-menu-actions (s chema slot context) 

(if (graphic-pin -item-p ) 
(cal l-method 'pop-up-local-menu ' actions)) 

(call - method 'task-manager ' exit-into *current-task*)) 

;;; Name : graphic-pin-item- p 
;;; Purpose: to select graphic pin item 
(defun gra~hic-pin-item- p () 

(let * ((input-event (call - method ' task-manager 'last-input-event)) 
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(viewport (get-value *current-task* ' dsp-viewport)) 
(canvas (get-value 

(get-value viewport ' on-window) 
' on-canvas )) 

(pin-item (get-value *current-tas k* ' pin-item)) 
(item (find-item viewport (input -event -x input-event) 

(input-event-y input-event ))) ) 
(when (and (member item (get-values canvas ' canvas- items)) 

(member i tern (browse : simple t : sub st ring "pin") ) ) 
(cond (( equal pin-item nil) nil) 

( (pin - itern-rectangle-p pin- item) nil) 
(t ( invert-item-background pin-item viewport ) 

(new-value pin-item 'bac kground-color nil))) 
(cond ((pin- itern-rectangle-p item) nil) 

(t (invert-item-background item viewport ) 
(new-value item ' background-color 'invert) )) 

(new-value *current-task* ' pin-item item) 
t ) ) ) 

,, , Name : signal-coconut-actions 
,,, Purpose : to open the coconut editor for editing a signal schema . 
(defun signal-coconut-actions (schema slot context) 

(let* ( (pin-item (get-value *current-task* 'pin- item)) 
(component-name (get-value pin-item ' component - name)) 
(pin (get-value pin-item 'pin )) . 
(signal-name (get-value pin-item ' signal-name)) 

(signal-schema (make-name component-name signal-name) )) 
(cond ((not (equal signal-name nil)) 

(call-coconut-fn signal-schema)) 
(t (call -method 'task-manager ' queue- command 

'signal-narne-crnd ))))) 

; ; ;Name: make-name 
;;; Purpose : This function makes any name combined by two parts . 
(defun make-name (name number ) 

(let ((fstr (make-array ' (0) : element-type ' string-char 
: fill-pointer 0 
: adjustable t)) ) 

(with-output-to-string (s fstr) (format s "A-A" name number)) 
(read (make-string-input-stream fstr)))) 

,,, Name : call-coconut-fn 
,,, Purpose : to open an coconut editor . 
,,, Input : the schema name for editing . 
(defun call-coconut-fn (schema-name) 

(new-value 'coconut ' operand-schema schema-name) 
(new-value ' coconut 'reusable-viewports t) 
(call-method ' coconut ' start) ) 

;; ; Name : get-signal- name-actions 
;;; Purpose : to get the signal name , change pin item from box to 
,,, rectangle , display the signal name beside the pin. 
(defun get-signal - name-actions (schema slot context) 

( let* ( (signal-name (call-method 'task-manager ' get-input)) 
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(pin-item (get -value *current-task* ' pin-item)) 
(component - name (get-value pin-item ' compo nent -name)) 
(pin (get-value pin-item ' pin )) 
( schema-name (make-name comronent-name signal-name))) 

(cond ((not (equal signal-name nil)) 
(cschema schema-name 

(' copy-of ' si9nal) 
(' has-signal+inv component-name) 
(' name signal - n ame) 
(' pin pin )) 

(change - pin-item-to- rectangle-fn pin-item) 
(new-valu e pin-item ' signal - name signal-name ) 
(display-signal -name-fn pin-item) 
(call-coconut - fn schema -name )) 

(t nil)) ) 
(cal l -method 't ask-manager ' exit) ) 

;;; Name : change-pin-item-to-rectangle-fn 
;;; Purpose: to change pin item type to rectangle . 
;;; Input: pin-item name. 
(defun change-pin - item-to-rectangle-fn (pin-it em) 

(let* ( (viewport (get -value *current-task* ' dsp-viewport))) 
(delete-any-values *current-task* ' pin-item) 
(cond ((equal (get-value pin-item ' background-color ) ' invert) 

(invert-item-background p in-item viewport ) 
(new-value pin-item 'background-color nil)) 

(t nil)) 
(e rase- item pin- item viewport) 
(new-value pin-item 'item-type ' rectangle) 
(di splay-item pin-item viewport) ) ) 

,,, Na me: delete-signal-exit-actions 
,,, Purpose: if delete a signal i s confirmed, delete the 
,,, selected signal . 
(defun delete-signal-exit-actions (schema slot context ) 

(setq s (get-va lue *current-task* ' delete-symbol)) 
(cond ( (or (equ a l s ' y) (eq ua l s 'Y)) 

(delete-sign a l-act ions)) 
(t nil))) 

;;;;;;;;;;;; Begin delete-signal-action s ................ ,,,,,,,,,,,,,,,, 

;;; Name: delete-signal-actions 
;;; Purpose: to delete signal schema , change the graphic pin from a 
,,, black bloc to a box. 
(defun delete-s ignal-actions() 

(let * ((viewport (get-va lue *current-task* ' dsp-viewport )) 
(pin-item (get-value *current-task* ' pin-item)) 
(compone nt -name (get-value pin-it e m ' component-n ame) ) 
(signal-name (get-value pin-item 'signal-name )) 
(signal-schema (make - na me component-name signal-name) ) 
(it e m-sch e ma (make-name pin-item 'name))) 

(cond ((schemap s ignal-schema) 
(delete-s c hema signal-s c h ema ) 
(cond (( schemap item-s chema ) 
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, , , 

(erase-item item-schema viewport) 
(destroy-item item-schema)) 

(t nil)) 
(delete-any-values pin-item ' signal-name) 
(change-pin-item-to-box-fn pin-item)) 

(t (pop-up-message* "Signal schema not exists ." )) ) ) 

Name : change-hin-item-to-box-fn 
,,, Purpose : to c ange the type of the graph pin item from a 
,,, rectangle to a box . 
,,, Input : the schema name of the graphic pin item . 
(defun change-pin-item-to-box-fn (pin - item) 

(setq viewport (get-value *current-task* ' dsp-viewport)) 
(cond ((pin-item-rectangle-p pin-item) 

(erase-item pin-item viewport) 
(new-value pin-item ' i tem-type ' box) 
(display-item pin-item viewport ) 
( invert-item-background pin-item viewport) 
(new-value pin-item ' background-color' invert) ) 

(t nil) ) ) 

,,, Name: pin-item-rectangle- p 
,,, Purpose: to check if the item type is rectangle. 
,,, Input : the schema name of a graphic item . 
(defun pin-item-rectangle-p (p in-item) 

(cond (( equal (get -va l ue pin-item 'item-type ) 'rectangle) t ) 
(t nil))) 

;;;;;;;;;;;;; End delete-signa l-actions ;;;;;;;;;;;;;;;;; 

;;; Name : get-delete-confirm-actions 
;;; Purpose: to read the input for confirming delete signal . 
(defun get - delete-confirm-actions (s chema slot context ) 

(get-input-actions ' delete-symbol)) 

,,, Name: get-input-actions 
;;; Purpose : to read the input to the slot in t he current task 
, , , schema. 
;;; Input : the slot for saving the input in the current task schema . 
(defun get-input-actions (task-slot) 

(new-value *current-task* task-slot 
(call-method ' task- mana9er ' get-input) ) 

(call-meth od ' task- manager ' exit)) 

;;;Name : convert-to-symbol 
;;; Purpose : This function is all read-input's convert function . 
,,, It converts input strint into streame . 
(defun convert-to-symbol (schema slot context string ) 

(values (intern (s tring-upcase string) 
( find-package "CRL-USER") ) 

t )) 



Appendix D 

Functions related to DAME 
Command Schemata 

This appendix lists the lisp code functions related to DAME command schemata. 

D.1 Functions related to Save Command Schemata 

,,, Name : save-icon-actions 
,,, Purpose: invert save command icon into black, call save command . 
(defun save-icon-actions (schema slot context) 

(invert-icon-to-black schema) 
(call-method *current-task* ' queue-command ' save-cmd )) 

; Name : inver-icon-to-black 
; Purpose : to invert icon color to black . 
; Inpu t : icon sch ema name . 
(defu n invert-icon-to-black (schema) 

(cal l -method *cu rrent-task* ' place-item-cursor 
(get-value (get - value *current-task* ' command-window) 

' icon-viewport) 
(cdr (assoc *current-task* (get-value schema ' graphic-icon))))) 

; ;; Name: save-cmd-entry 
; ;; Purpose : to put the editin~ schema name into the input buffer 
;;; as the default saving file name . 
(defun save-cmd-entry (schema slot context) 

(call-method *current-task* ' set-current-input-buffer nil 
(format nil n~s " (get -valu e *current-task* ' editing-schema) ) ) ) 

;;;;;;;;;;;;; Begin save-actions ;;;;;;;;;;;;;;;;; ; ;;;; 

; ; ; Name : save-action s 
;;; Pu rpose : to save the component into the component library . 
(defun save-actions (schema slot context) 

124 



APPENDIX D. FUNCTIONS RELATED TO DAME COMMAND SCHEMATA 125 

(let (( file-name (get-value *current-task* ' file-na me)) 
(component (get - value *current-task* ' e diting- s c hema))) 

(cond (file - name 
(new-values ' dame- save -manager ' schemata - list 

(get-component-tree c omponent (lis t c omponent))) 
(new- value ' dame-save-manager ' file - to-save- to file-name) 
(call-method 'dame-save-manager ' schemata-save ))) 

(call-method *current - tas k* ' exit))) 

, , , Name : get - component-tree 
,,, Purpose : to get all schemata of the component . 
,,, Input : component name , tree-list is the list of s c hemata that 
,, , needed to be saved . 
(defun get-component-tree (component tree-list ) 

(do-local-relational-slots (slot component tree-list) 
(cond ((equal slot ' is-a ) nil) ; do not trace is-a relation 

((equal slot ' copy-of ) nil) ; do not trace c opy-of relation 
( (equal slot ' instance) nil) 
; do not trance instance relation 
( (and (position #\+ ( format nil 11 ~s 11 slot )) 

( string-equal ( format nil 11 
- S II slot) 11 +inv 11 

: startl (position# \+ (format nil 11 ~s 11 slot )))) 
nil) 

(t (dolist 
(cond 

tree- list)) 

; do not trance any +inv relations 
(value (get -values component slot : path nil)) 
( (and (schemap value ) 

(not (member value tree-list))) 
(push value tree-list) 
(setq tree-list 

(get-component -tree value tree - list))))))) 

; ; ; ; ; ; ; ; ; ; ; ; End save - act ions ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 

; Name : invert-icon-to-white 
; Purpose : to invert icon color to white . 
(defun invert-icon - to- white ( schema slot context) 

(invert-item- backgro und 
(get-value *current -task* ' item-cursor-item) 
(get-value *current-task* ' item-curso r-viewport )) 

(delete-any-values *current-task* ' item-cursor-item) 
(delete-any- values *current-task* ' item-cursor-viewport)) 

;;; Name : get-save-file-name-action 
;;; Purpose : get the input save file name . 
(defun get - save- file-name-action (schema slot context) 

( let ( ( file - name 
(string-downcase 

(format t n ~s n 

(call-method ' task-manager ' get-inrut)))) 
( root -sch ema (get-valu e *current-task* editing-schema ))) 

(cond (( and (not (equal (get-value (get-value root - schema 
' copy-of) ' is - a) ' component )) 

(equal (pop-up-menu ' save-comronent-menu) ' n)) 
(delete-any-value *current-task* file-name)) 

(t (cond (( and (probe-file file-name) 
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file-name))))))) 

(equal (pop-up-me nu ' save-schema-menu) 'n)) 
(dele te-any-va lues *curren t-task* ' file-name)) 

(t (new-value *current - task* ' file - name 

iii Name: make - save-schema- menu 
iii Purpose : to make a pop- up menu for confirming save file when the 
,, , same file name is ready existed . 
(defun make - save-schema-menu() 

(make-new-menu ' save-schema- menu ' pop-up) 
(add-menu-s l ot ' save - schema-menu "File exists! " 

: not-selectable t) 
(add-menu-slot ' save-schema-me nu " Do you want to ove rwr ite? " 

: not -selectable t) 
(add-menu-s l o t ' save-s c hema- menu " Yes " 

:item-action ' value : item- form ' t) 
(add-menu-slot ' save-schema-menu "No " 

: item-actio n 'value : item-form ' n) 
(menu-complete ' save-schema-menu) 

(make-save- schema- menu ) 

iii Name : make-save-component - menu 
;;; Purpose : to make a pop-up menu for comfirming information . 
(defun make-save-component-menu() 

(make-new-menu ' save-component - menu ' po~-u~) 
(add- menu-slot ' save-component - menu "This is not a compo nent !" 

: not-selectable t) 
(add-menu-slot ' save-component - menu "Do you want to save? " 

: not-selectable t) 
(add-menu-slot ' save-component -menu " Yes " 

: item-action 'value : item-form ' t) 
(add-menu- slot ' save-component -menu "No " 

: item-action ' value : item-form 'n) 
(menu-complete ' save-component-menu)) 

(make-save-component - menu) 

D.2 Functions Related to Load Command Schemata 

,,, Name : load-icon-actions 
,,, Purpose : invert load command icon to black, call load command . 
(defun load-icon-actions (schema slot context) 

(invert-icon-to-black schema ) 
(call-method *current-task* ' queue-command ' load-cmd)) 

;;; Name: load- file-action 
;;; Purpose : load the file . 
(defun load-file-action (schema slot context) 

(let (( file-name (get-value *current-task* ' file-name ))) 
(cond (file-name 
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(reloa d file-name)) ) 
(call - method *cur r e nt-task* ' e xit))) 

11 , Name : reload 
,,, Purpose : first delete the schemata with the same names as in 
1 ,, the file , and load file in . 
(defun reload (filename ) 

(with-open- file (file filename : direction : input) 
(do ( (input (read file nil) (read file nil))) 

((not input)) 
(whe n (equal (firs t input ) ' DEFSCHEMA) 

(delete-schema ( second input))))) 
( load filename ) ) 

, 11 Name : get-load-file-name-action 
, 1 , Purpose : get load file name and save it in the file-name slot 
111 of the *current-task* schema . 
(defun get - load-file-name-action (schema slot context ) 

( let ( ( file-name 
(string-down case 

(format nil 11 ~s 11 

(call-method ' task-manager ' get-input ))))) 
(cond ((probe-file file-name) 

(new-value *current-task* ' file-name file-name)) 
(t (pop-up-message* "No file by this name exists !" ) 

(delete-any-values *current-task* ' file-name))))) 

D.3 Functions Related to Create Component Command Schemata 

, 11 Name : create-component-icon-actions 
111 Purpose : if the editor is already editing a schema , exit this 
,, 1 command ; otherwise invert the comma nd icon and call c reate 
11 , compoment command . 
(defun create-component-icon-actions (s c h ema slot context) 

(cond (( get-value *current-task* ' editing-schema ) 
(pop-up-message* "Please use a new instance to create the 

component. " )) 
(t (invert-icon-to-black schema) 

(call-method *current-task* ' queue- command 
' create-component-cmd)))) 

;;;;;;;;;;; Begin create-component ;;;;;;;;;;;;;;;;;; 

;;; Name : create-component 
;;; Purpose : to create the component , make a copy fro m t he template . 
(defun create-component (s chema slot context) 

(let (( compon e n t-name (get-value *curr ent-task* ' editing-schema ))) 
(create-component - nets -fn (get-value *current-tas k* 

' editing-schema ) 
(get -va l ue *curre nt -task* ' component - type)) 

(new-value component-name 'number- of-pin 
(get-value *current-task* 'number-of-pin))) 
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(replace-base-viewport schema slot context )) 

;;; Name : create-component-nets-fn 
;;; Purpose : make a copy of the component template. 
;;; Input : component-na me, component-type whi ch is the template name. 
(defun create-component-nets-fn (componen t-name component-type ) 

(duplicate-tree component-type component-name) 
(new-value component-name ' pac kage (get-value *current-task* 

' package-name )) 
(new-value component-name ' number-of-pin 

(get-value *current-task * ' number-of-pin ))) 

,,, Name : dupli cate-tree 
,,, Purpose : to make a copy of the template 
,,, Input : parent is the root schema name of a tem~late , 
,,, name i s the component name , optional , path is a list of 
,,, relations which you wish to make copies along the 
,,, relations , optional 
(defun duplicate-tree (parent &optional (name ) (path)) 

(whe n (null name) (setf name (composite-name parent))) 
(copy-schema parent : to-schema name) 
(clear-relat i ons name parent) 
(c h ange-names name parent path) 
name) 

,,, Name : clear-relations 
,,, Purpose : to delete some slots of the copied schema and add 
,,, copy-of slot into the copied schema . 
,,, Input : schema is the name of the copied s chema , class is 
,,, the name of the o r iginal schema . 
(defun c lear-relations (schema class ) 

(delete-slot schema ' is-a+inv) 
(delete-slot schema ' instan ce ) 
(delete-slot schema ' instance+inv) 
(delete-slot schema ' subclass#) 
(de l ete-slot schema 'is- a ) 
(unless ( local-s l ot-p schema ' copy-of ) (c reate-slot schema 

' copy-of ) ) 
(ne w-value schema ' copy-of class)) 

,,, Name: change-names 
,,, Purpose : get those relationg whose values are needed to be 
,,, copied, then copy thi r values. 
,,, Input: schema i s the component root schema name , 
,,, parent is the template root name , path is the list of 
,,, relations whose values are needed to be cop i ed . 
(defun c hange-names (schema pare nt pat h) 

(dol ist (link (get-relation schema ~ath) t ) 
(let (( values (get-values s c hema link ))) 

(delete-any-values sch ema link) 
(dolist (value values ) 

, , , 
, , , 

( replicate link value s chema path ))))) 

Name : get-relation 
Purpose : to get the relations which their values are needed to 
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,, , be copied, also for the relation whose values are not needed 
, ,, to be copied , delete its values . 
,,, Input : schema is the schema name , path is a list of relations . 
,, , Output : a list of relation s that their values are needed to be 
, ,, copied . 
(defun get-relation (schema path) 

(let ( (1 nil) ) 
(dolist (slot (get-loca l - slots schema)) 

(when (relationp slot ) 

1 )) 

(if path 
(i f (member slot path ) 

(pus h slot 1 ) 
(when (not (eq slot ' is-a)) 

(delete-any-values schema slot ))) 
(when (slotp slot ' copy) 

(if (get-value slot ' copy ) 
(push slot 1) 
(delete-any-values schema slot )))))) 

,,, Name : replicate 
,,, Purpose: compose a new name , copy the c lass schema to the new 
, , , 
, , , 

name, clear relations of the cop i e d schema, copy schemata 
along the path recursively . 

,,, Input : relation is the link the new schema connecte to the 
, , , 
, , , 
, , , 

parent schema, class is the co responding schema name in the 
template from whi ch the new schema copied , parent is the 
schema the new schema links to in the component , path is a 

, ,, list of relations along which t h e schamta are copied . 
(defun replicate (relation class parent path ) 

(let ((name (compos ite-name class ))) 
(copy-schema class : to-s c hema name ) 
(clear-relations name class ) 
(change- names name parent path) 
(delete-any-values name (inverse-of relation)) 

(add-value parent relation name))) 

,,, Name : inverse-of 
;;; Pur~ose : to make the string: relation+inv . 
(defun inverse-of (relatio n) 

(let ( (fs tr (make-array ' (0) 
: element - type 'string-char 
: fill-pointer 0 
: adjustable t) ) ) 

(with-output-to-string (s fstr) 
(format s "A+INV " relation)) 

(read (make-string-input - stream fstr) ) )) 

,,, Name : composite-name 
,,, Purpose : to composite a name whose first part is the same 
,,, as the value of class followed by a number . 
(defun composite-name (class ) 

(make-name class 
(new- value class ' subclass# 
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(l+ (get-value class ' subclass#))))) 

,,, Name : replace-base -viewport 
,,, Purpose : to display the words on the base viewport top bar. 
(defun replace- base-viewport (schema slot context) 

(let ((editing-schema (get-value *current-task* ' editing-schema))) 
(if editing-schema 

(let ((is-a (if (slotp editing-schema ' is-a) 
(get -value editing-schema ' is-a) 
nil))) 

(change-viewport -labe l (get -value *current-tas k* 
'base-viewport ) (get-title editing-schema))))) 

(slot -viewport-redisplay) 
(slot-content-viewport-redisplay) 
(hierarchy-viewport-redisplay) 
(psc-viewport -redisplay )) 

;;; Name: slot-viewport-redisplay 
;;; Purpose : to display the slot viewport . 
(defun slot-viewport-redisplay () 

(let (( viewport (get-value *current-task* ' s-viewport)) 
(canvas (get-value *current-task* ' s-canvas)) 
(s chema (get-value *current-task* ' editing-schema))) 

(delete-items canvas viewport) 
(cond ((s c h e ma~ schema ) 

(create-items (sort -re l ations (get-local-slots schema)) 
canvas viewport 1 5))))) 

;;; Name: sort-relations, 
;;; Purpose : to delete is-a , copy-of, istance , and an¥ invers 
,,, (* **+inv ) relations from a list of given relations. 
(defun sort - relations (list-of-relations ) 

(let ((rlist (set-difference list -o f-relations 
' (i s-a copy-of instance ))) 

(result nil)) 
(dolist (element rlist result) 

(if (a nd (position # \ + (format nil " -S " element) ) 
( string-equal ( format nil " ~s " e l ement) " +inv " 

:startl (position# \+ (format nil " -S " element))) ) 
(setq result result) 
(setq result (append result (li st element) )))) 

result)) 

;;; Name: slot-content-viewport-redisplay 
;;; Purpose: to display slot-content-viewport . 
(defun slot-content-viewport-redisplay () 

(delete-items (get-value *current-task* 'sc-canvas) 
(get-value *current-task* 'sc-viewport ))) 

;;; Name: hierarc hy-viewport-redisplay 
;;; Purpos e : to d isp l ay hierarchy-viewport 
(defun hi e rar chy-viewport- redisplay () 

(let ((viewport (get-value *current-task* 'h-viewport ) )) 
(delete-items (get-value *current-task* 'h-canvas) viewport ) 
(create-items (append (get-value *current-task* ' hierarchy ) 
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(list (get-value *current-task* ' editing-schema ))) 
(get -value *current-task * ' h -canvas ) viewport 1 5 ))) 

;;; Name : psc-viewport - redis~lay 
;;; Purpose : to display p e rmitted-slot-conte nt -viewport . 
(defun ps c-viewport -redi splay () 

(de l ete-items (get -value *current-task* ' psc-canvas) 
(get-value *current-t a sk* ' psc-viewport))) 

; ; ; ; ; ; ; ; ; ; ; End create-component ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 

,,, Name : get-compone nt-name-enty 
;;; Purpose : get t he component name , if this an exis ting sch e ma , 
,,, exit the command, otherwise get the component type a nd 
,,, pa c kage name . 
(defun get-component-name-entry (s chema slot context) 

(get- schema- name-action schema slot context ) 
(cond (( schemap (get - value *current- tas k * ' editing-schema)) 

(pop-up- message* "This com~onent exists . Use edit 
schema command to edit it .") 

(delete-any-values *current-task* ' editing-schema) 
(call-method ' task-manager 'quit-into *current-task* )) 

(t (new-value *current-task* ' component -type 
(pop- up- menu ' component-type-menu)) 

(ne w-value *curren t - task* ' package-name 
(pop-up- menu ' component-package-menu))) )) 

;;; Name: make-co mponent-type- pop-up- menu 
;;; Purpose : to list all component types and let the user select 
,,, one type . 
(defun make-component-type-pop-up-menu () 

(make-new-menu ' component - type-menu ' pop-up) 
(add-menu-slot ' component - type-menu " Component type? " 

:not-selectable t) 
(add-me nu-slot ' component -type-menu " " :not-selectable t) 
(add-menu- slot ' component-type-menu "Microprocessor " 

:item-action ' value :ite m- form 'microprocessor ) 
(add-menu-s l ot ' component- type-menu "Memory " 

:item-action ' value :ite m-fo rm ' memory ) 
(menu-complete ' component-type-menu )) 

(make-component -type-pop-up-menu) 

;;; Name: ma ke-pa c k a ge-name- pop- up- menu 
;;; Purpose : to list the possible p ackage name , and l et the user 
,,, select. 
(defun make-package- name-pop- up- menu() 

(make-new- menu ' component - pa ckage-menu 'pop-up) 
(add-menu-slot ' component - package-menu "Package name? " 

:not-se lec table t) 
(add-menu-s l ot ' component-pa c kage-menu" " : not - se lectable t) 
(add-menu-slot ' component-pac kage- menu "DI P " 

:item-action ' value :ite m-fo rm 'dip) 
(add-menu-slot ' component-package-menu "G" 

:item-action ' value :item- form ' g ) 
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(menu-complete ' component-pac k a ge- me nu)) 

(make-package-name-pop- up-menu) 

;;; Name : get-schema- name-action 
;;; Purpose : to get the input string as schema name. 
(defun get-schema-name-action (schema slot context) 

(new-value *current-task* 'editing-schema 
(call-method ' task-manager ' get-input))) 

;;; Name : get-number-of-pin-actions 
;;; Purpose: get the number of pins the component has . 
(defun get-number-of- pin-actions (schema slot context) 

(new-value *current-task* ' number-of-pin 
(call-method ' task-manager ' get-input)) 

(call-method ' task-manager ' exit-into *current-task*)) 

;;;Name : convert-to-number 
;;; Purpose : This function is the convert function of 
,,, pin-number-input . It converts the input-string int o 
,,, number , and it accepts even number only . 
(defun convert-to-number (schema slot context string) 

(setq n (with-input-from-string (s string) (reads))) 
(values n (evenp n) )) 

,,, Name : prompt-error-message 
, , , Purpose : pop up a message . 
(defun prompt-error-message (schema slot context) 

(pop-up-message* "Please Input Even Number ! ")) 

D.4 Functions Related to Edit Schema Command 

,,, Name : edit-schema-icon-actions 
,,, Pu rpose : to invert icon command , call edit-schema-cmd. 
(defun edit-sch e ma-icon-actions (schema s l ot context) 

( invert-icon - t o-black schema) 
(cal l -method *cu rrent-task* ' queue-command ' edit-schema- cmd)) 

;;; Name : edit-sch e ma-cmd-entry 
;;; Purpose : if a l ready in edit command, exit . 
(defun edit-sch e ma-cmd-entry (sch e ma s l ot context) 

(con d (( get-value *curr ent-task * ' editing-schema ) 
(pop-up-message* "You are editing a schema !" ) 

(call-me t hod *cur rent-task* ' exit ))) ) 

,,, Name : check-s chema-action 
,,, Purpose: to i f the i nput string is a schema name . 
(de fun c heck-schema-action (sch e ma s l ot context) 

(i f ( schemap (get-value *current-task * ' editing-schema)) 
(call-metho d *current-task* ' exit 2 ))) 

;;; Na me: creat e- s c h e ma-cmd-actions 
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; ;; Purpose : i f the i nput s tring i s no t a schema name , as k if the 
,,, user wa nts c r eate a s c h e ma , if the ans wer is yes , c r eate 
,,, the sch e ma , i f not quit t h e co mma n d . 
(defun create-sch e ma- c md-actions ( schema slot c ontext ) 

(cond ((eq (call - method ' task- ma nage r ' get - input ) ' y ) 
(create- s c he ma (ge t-va lue *curre nt -task* ' edit i n g-schema )) 
(call - method ' t ask- mana ger ' e xit- into *c urrent - t a sk*)) 

(t 
(del e te- any- v a lues *curre nt- t a sk * ' e di t ing-sch e ma ) 
(call - method ' t ask- mana ge r ' quit 2 )) )) 

D.5 Functions Related to Add-slot Command 

,, , Name : add-slot-ico n- actions 
,,, Purpose : to invert c ommand i c on , and call add- slo t comma nd . 
(defun add-slot-icon- a c tions (schema slot cont e xt) 

(invert - icon-to-black schema ) 
(call-method *current - task* ' queue-command ' add-slot -cmd)) 

; ;; Name : add- slot-cmd- entry 
; ;; Purpose : to check if the edit is in the editing s c h e ma comma nd . 
(defun add-slot - cmd- entry (schema slot context) 

(cond (( get - value *c urrent-task* ' editin9-s c hema) nil) 
(t (pop-up- mes s age* "You are not editing a schema! " ) 

(call-met hod *current-task* ' exit )))) 

;;; Name : get - slot - name-cmd-actions 
;;; Purpose : to get the input string as the slot name , create 
;;; slot if it is a new slot , redisplay the slot viewpo rt . 
(defun get-slot-name-cmd- actions (s c hema slot context ) 

(let ((slot (call-me thod ' task-manager ' get - input) ) 
(schema (get-value *current - task* ' editing-schema ))) 

(cond ((not (local - slot-p schema slot )) 
(create-s l ot schema slot) 
(slot -viewport - redisplay ) )) 

(call-method ' task - manage r 'exit-into *current-task*) )) 

D.6 Functions Related to Add-value Command 

,,, Name : add-value-icon-actions 

the 

,,, Purpose : to invert t he command ico n , and call add- value command . 
(de f un add-value- icon- a c tions (schema slot c ontext ) 

( i nvert-i con-to-blac k schema ) 
(call-method *current - task* ' queue - command ' add-val u e - cmd )) 

;;; Name : add-value-cmd- entry 
;;; Purpose : if the edit is in editing schema command, get the 
;;; editing slot name , ot herwis e quit the command . 
(defun add-value-cmd- entry (schema slot context ) 
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(if (schema~ (get - value *current - t a sk* ' editing- s c hema)) 
(let* ((viewport (get-value *c urrent - task* ' s - viewport)) 

(item (get - value viewport ' c urrent - i tem))) 
(i f item 

(new-value *current-task* ' current - slot 
(get-value item ' text - name)) 

(call-method *current - task* ' quit ))) 
(call - method *current-task* ' quit) )) 

,,, Name : add-value-post 
,,, Purpose : to add the value into the editing s c hema , display 
,,, the slot cont e nt viewport. 
(defun add-value-post (schema slot context ) 

(add-value (get-value *current-task* ' editing- schema ) 
(get -value *current-task* ' cur rent -slot) 
(get -value *current-task* ' current-value )) 

(display-slot-contents slot-name)) 

;;; Name : get-value-name-action 
;;; Purpose : to get the input string as the value . 
(defun get-value-name-action (schema slot context) 

(new-value *current-task* ' current- value 
(with-input-from-string (s (call - method ' task-manager 

' get-input )) (reads ))) 
(call - method *current-task* ' exit)) 

D.7 Functions Related to Return Command 

,,, Na me: return-icon-actions 
,,, Purpose : pause the c urrent editing windows , resume the 
,,, parent editing windows . 
(defun return-icon-actions (s c hema slot context) 

(let ((parent (get-value *current-task* 'parent-task ))) 
(cond (( equal (get-value parent ' instan ce ) 'dame) 

(call - method *current-task* ' pause ) 
(ca ll-method parent ' resume )) 

(t (pop-up-message* " This is the root schema . No where to 
return . " ) ) ) ) ) 

D.8 Functions Related to Display Component Command 

;;; Name: display-component-icon-actions 
;;; Purpos e : to call display component command. 
(defun display-component - i con-actions (schema slot context) 

(cal l - method *current-task* ' queue-command 
' display-component-cmd)) 

;;; Name: display-component-actions 
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111 Purpose : i f the editin g sche ma is a compone nt r oo t sch ema , 
di spla y the compone n t , o t herwise qui t the c o mman d ; i f I I f 

I I f 

I f I 

I I f 

the display v i e wpor t does n ot e x ist , create the vi e wpo rt , 
display the component in the viewpo rt , display the signa l 
names b e side the pin s the y associate t o , otherwis e e xpose 

1 11 the existing v iewpo rt. 
(defun displa¥-component-actions (schema s lot contex t ) 

( let ( (editing-sche ma (ge t - value *curre nt - ta s k * ' e diting-schema )) 
(display- viewpo r t (ge t - value *c u r rent - t as k* 'ds p-vi ewp o rt))) 

(c ond ((not (e qua l editing- s c hema nil)) 
(cond (( equal (get-value (get - value editing- s c h e ma ' copy - o f) 

' is-a) ' c ompone nt) 

' has-signal) 

(cond (( e qual display-viewport n i l) 
(c r e ate- display- c ompone n t-vi e wport) 
(setq display-viewport 

(get-value *current -task* ' dsp-viewport ) ) 
(displa¥-component editing-s c hema ) 
(link-signals (get - values e d i t ing-schema 

(get - values (get-value 
(get - value display - viewport ' on - window) 

' on-canvas) ' c anvas-items) )) 
(t (expose- viewport display - viewport)))) 

(t (pop-up-message* 
( format nil n-s is not a component " 
editing- schema)))) ) 

(t (pop-up-message* "No schema! " ))))) 

11 , Name : create-display- component - viewport 
111 Purpose: to create the viewport for displaying the editing 
111 component graphic ally . 
(defun create- display-component-viewport () 

(let* (( canvas (create-canvas (symgen ' canvas))) 
(window (create-window (symgen ' window) 

canvas 0 0 100 100)) 
(viewport (create- viewport 

(cschema (symgen ' viewport ) : simp l e 
(' viewport - name " component ") 
('minimum-viewport-width 0 . 2) 
('minimum-viewport-height 0 . 2) 
('has-left-scroll-bar t) 
(' buried) 
(' ask-user-for-edges t )) window)) ) 

(new-value *current-task* ' dsp-viewport viewport ) 
(change-window window 0 0 

(* 10 0 (- (get-value viewport 'xr) 
( * 100 (- (get-value viewport ' yb ) 

(get-value viewport 'xl))) 
(get-value viewport ' yt )) )))) 

111 Name: display-component 
111 Purpose: to display the compo nent graphically: to set x, y as 
f I I 

I I I 

I I f 

the cordinates of the top- l eft point ; create t he first half 
of the pin items and display them; create the box item and 
display it ; create the last half of the pin items and 

1 1 1 display them . 
(defun display-component (component-name) 
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(let* ( (viewport (get-value *c urrent -task* ' dsp-viewport )) 
(window (g e t -va lue viewport ' on - window )) 
(c anvas (get -value window ' on-canvas)) 
(pin - number (ge t-value component-name 'numbe r - of-pin)) 
(x (- (/ (+ (ge t - value window ' xl) 

(get-value window ' xr)) 
2 ) 

7) ) 
(y (+ 5 (get -value window ' yt))) 
(dx 1) (dy 1) 
(width 10) 
(height ( * (+ pin-number .1) dy))) 

(new-values *current-task* ' pin- items 
(make-pin-it ems - fn x y dx dy pin-number 1 canvas vie wport 

component - name) ) 
(make-component - box-fn (+ x dx) ( - y dy ) dx dy width height 

pin-number canvas viewport component - name 
(get -value component - name 'package) ) 

(a dd-values *current-task* ' pin-items 
(make-pin-items-fn (+ (+ x dx) width) y dx dy pin- number 

pin-number canvas viewport component-name)))) 

;;; Name : make-pin-items-fn 
;;; Purpose : This function makes pin buttom icon and display them in 
111 graphic viewprot . 
(defun make-pin -items-fn (x y dx dy number start - number canvas 

viewport component -name ) 
(let ( (pin-item-list ' ())) 

(do (( i start-number (cond (( equal start-numbe r number ) (1- i)) 
( t (1+ i)))) 

(xl x ) 
(yt y (+ yt (* 2 dy)) ) ) 
( (cond (( equal start-number number) (equal i (/ number 2) )) 

(t (equal i (+ 1 ( / number 2 ))) )) ) 
(let* ((item (create-item (cschema (sym~en 'pin) :simple 

('it e m-type box) 
(' xl xl ) (' yt yt) 
( ' xr (+ dx xl)) ('yb (+ dy yt)) 
( ' line-thickness 2 . 0 ) (' pin i) 

(' text-x (cond ((equal start - number number) 
'+) (t ' -) ) ) 

('signal-name ) 
( ' compon ent-name compon e nt -name) ) 
canvas))) 

(display-item item viewport) 
(push item pin-item-list ))) pin- item-list)) 

; Name : make-component -box- fn 
; Purpose : create component box i con 
;Input: box's position (xl yt) a nd size (width height ). 
; Return : component box icon n ame . 
;Side-effect: 
(defun make-component-box-fn (x y dx dy width height pin-number 

canvas viewport component - name 
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d y 

package- n ame ) 
(let * (( te xt- i tem- l ist (rna ke- t e xt -items-fn x y 0 . 5 dy pin - number 
1 canvas )) 

(c p-box (make-name componen t - name ' b)) 
(c p - n a me- item (ma ke-na me compon e nt-name ' n)) 
(it em- list ' ())) 

(setq t ext - it e m- list (a ppe nd (ma ke-t e xt-items-fn x y (- widt h 1 ) 
pin - number pin- number_ c anvas) text - it e m-list)) 

(push (c reate - ite m 
(cs c h e ma ' it e m- box : s i mple 

( ' ite m- type ' box) ( ' xl x) ( ' yt y) 
( ' xr (+ x wi dth) ) ( ' yb (+ y height))) 

c anvas ) te x t -i tem- list ) 
(c reate- icon c p - b o x c anvas x y text-it em-li st 

x y (+ x width 1) (+ y height 1) viewport) 
(display-item cp-box viewport) 
(dolis t (item text-item- list) (de stro y - item item)) 
(displa y-item (create - item (csche ma c p-name - item : simple 

(' item-type ' text-s t ring) 
( ' x x) ( y ( + y hei9.ht ( * 4 d y ) ) ) 
( ' text (fo rmat nil •~s : ~s-- □ " 
component - name packa ge - name pin-numbe r)) 

c anvas) 
viewport) ) ) 

,,, Name : make-text - items- fn 
,,, Purpose : to create pin number t e xt items for eac h pin . 
,,, Input : x , y : the cordinates , 
,,, dx , dy : the increasement for x and y , 
, ,, number : the number of pins , 
,,, start-number : the start number , 
,,, canvas : the canvas name. 
(defun make-text-items-fn (x y dx dy number start-number c a nvas) 

(setq text-item-list ' ()) 
(do ( (i start-number (cond ( (equal start-numbe r number) (1 - i)) 

(t ( 1+ i)))) 
(xl (cond (( and (equal start-number number) (> start-number 9)) 

( - ( + x dx) 0 . 5 ) ) 
( t ( + x dx) ) ) ) 

(yl (+ y ( * 2 dy)) (+ yl (* 2 dy )) ) ) 
; When the position is out of pk-box- icon ' s bottom boulder, 

stop the loop . 
(( cond (( equal start-number number) 

(equal i (/ number 2 ))) 
(t (equal i (+ (/ number 2 ) 1))))) 

(push (create-item (cscherna (make-name ' text i) : simple 
(' item-type ' text ) 
('x xl ) ( y yl ) ( ' text (format nil " - □ " i)) 
( ' font ' tiny-font) ) 

canvas ) text-item-list)) 
text-item-list) 

;;; Name : link-si9nals 
;;; Purpose : to display signals beside their coresponding pins . 
;;; Input: a list of signals , a lis t of pin items . 
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(defun link-signal s (signal - li s t ite m- li s t) 
(dolist (signal signal-list ) 

(con d (( get-value signal ' pin ) 
(dolist (it e m item- list ) 

(i f ( s l otp item ' pin ) 
(co n d (( equ a l (get-value signal ' pin) 

(get - value item ' pin)) 
(change - pin-item-to- rectangle - fn i t em ) 
(new- value item ' signal-name 

(get-value s i gnal ' name )) 
(disp l ay- s i g n a l - name- fn i tem) ) ) ) ))))) 

,,, Na me : disp l a y - s ignal-name- fn 
,,, Purpose : t o d isp l ay signa l n a mes bes ide the corre sponding pin . 
,,, Input : a p in i t em. 
(defun di s p lay-s igna l - na me-fn (pin- item) 

(let ((signal - n a me-s tring (fo rmat nil " - S " 
(get -value pin- it e m ' signal - name ))) 

(viewpo rt (get-value *curre nt-task* ' dsp-viewport )) 
(di s play-it e m 

(c r eate-ite m (csche ma (ma ke -na me p i n- i tem ' name ) : simple 
(' i t e m- t yp e ' text-st ring ) 
('x (co nd (( equal (ge t -value p in- ite m ' text-x ) ' - ) 

( - (get - value pin- item ' x l ) 
(get - string-width- fn 

signa l - name-string 
' tiny-font v i e wpo rt) 

0 . 5)) 
(t (+ (get-v a lue pin- it e m ' xr ) 0 . 5 )) ) ) 

( ' y (+ (get-value pin - item ' y t ) 1)) 
('text signal- name-string) 
( ' f ont 'tiny-font)) 
(get - v a lue pin- ite m ' in-canva s) 

vi e wport ) ) ) 

,,, Name : get - string- width-fn 
,,, Purpose : to get the strings width . 
, ,, Input: text-string is the string , f ont i s the f o n t t ype , 
,,, viewport is the viewport in which the t e xt-st r i ng item 
,,, is displayed . 
(defun get - string- width- fn (text - string fo nt viewpo r t ) 

(let ((1 (multiple-value- list 
(bounding-box-for-string text-string O O font viewpo rt)))) 
(- (third 1) (first 1 )) ) ) 

D.9 Functions Related to Exit Command Schemata 

,,, Name : exit - ico n - a c tions 
,,, Purpose: to exit current task. 
(defun exit - icon- actions (s c h e ma slot c ontext ) 

(call-method ' task-manager ' exit)) 



Appendix E 

Functions Related to 
Draw-action-graph 

; ;; Name : draw-action-graph 
;; ; Purpose : if selected permitted slot content is a 
;;; bus-arbitration-protocol , display the action graph . 
(defun draw-action-graph () 

(let* ( (protocol (get-selected-text 
(get-value *current-task* ' psc-viewport))) 

(action- l ist (if (slotp protocol ' has-action) 
(9et-values protocol ' has-action) 
nil) ) ) 

(cond ((and (slotp protocol ' is-a) 

1) ) ) 

(equal (get-value protocol ' is-a) 
' b us-arbitration-protocol) ) 

(setq ct-graph (get-ct-graph action-list)) 
(setq nd-graph (get- nd-graph ct-graph)) 
(setq f- c¥cle (get-first-cycle ct-graph (caar ct-graph))) 
(setq £- l i st (get-faces nd-graph £-cyc l e )) 
(setq graph-mtr 

(get-graph-matrix £-list nd-graph £-cycle (car £-cycle))) 
(create-display-action-graph-viewport) 
(displ ay-action-graph-nodes graph-mtr) 
(displ ay-action-grar,h-links ct-graph)) 

(t (pop-up-message* ' This is not a protocol .")) 

,,, Name : get-ct-graph 
,,, Purpose : to get d irectional graph from actions and 
,,, precedes relation. 
(defun get-ct-graph (action-list ) 

(let (( rslt n il)) 
(dolist (act i on action-list rslt ) 

(push (appen d (list action ) (get-values action ' precedes)) 
rslt )) 

(reverse r sl t ))) 

139 
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;;; Name : get - nd-graph 
;;; Purpose : to c onver t directio nal graph t o n o n-directional-grap h . 
(defun get-nd-graph (ct- graph) 

(let ( (node nil) 
(precedes nil) 
(rslt nil)) 

(dolist (node-list d-gra~h rslt) 
(setq node (car node - list)) 
(setg precedes (c dr node - list)) 
(dolist (elements (remove node - list ct-graph)) 
(if (and (member node elements) 

(not (member (car elements) precedes))) 
(setq precedes (append precedes (list (car elements)) )))) 

(push (append (list node) precedes ) rslt)) 
(reverse rslt))) 

,,, Name : get-first-cycle 
;;; Purpose : to get first-cycle from a directional graph . 
; ; ; input : graph list, ( ( ... ) ( ... ) ... . ) , ea c h element r e presents 
;;; a vertes and its neighbores . 
;;; output : a list of cycles . 
(defun get-first-cycle (directional-graph start-node) 

(cycle-max (findcycles directional-graph (list start - node ) 
(cdr (assoc start-node directional-graph))))) 

;;; Name : cycle-max 
;;; Pu rpose : to get the longest cycle . 
(defun cycle-max (c-list) 

( let ( ( ln 2 ) 
(cycle (car c-list ))) 

(dolist (cc-list cycle ) 
(cond (( > ( length c ) ln) 

(setq ln (length c )) 
(setq cycle c )) 

(t nil) ) ) ) ) 

;;; Name: get-faces 
;;; Purpose : to 
(defun get-faces (nd-graph first -cycle ) 

(let* (( pg-list (genpg first-cycle )) 
( f-list (list first-cycle (reverse first-cycle))) 
(npg-list (gennpg nd-graph pg-list )) 
(fl nil) 
( f2 nil)) 

(do* (( cmp-list (gencmp nd-graph pg-list) 
(gencmp nd-graph pg-list )) 

(cmp-face (chose-cmp-face cmp-list f-list ) 
(chose-cmp-face cmp-list f-list))) 

(( not npg-list ) f-list ) 
(cond (( not c mp-face ) ( return-from get-faces ' non - planar )) 

(t 
(multiple-value-setq (pg-list fl f2) 

(add-chord (chose-max-chord (car cmp-face) nd-graph) 
(cadr cmp-face ) pg-list) ) 
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(nsub s titute fl (c adr c mp- f ace ) f-l i st : te s t ' equal ) 
(push f2 f-list ) 
(s e tq npg- list (ge nnpg nd- graph p g- lis t ))))))) 

;;; Name : ge t - graph- matrix 
;;; Purpose : 
(defun get-grarh - matrix ( f - lis t g - list f i rst -face s t a r t-node ) 

(le t* ( (sf- list f - l ist) 
(b ondary f i rst - face ) 
(sf-list (stable-sort (delete- list sf - list b o ndary ) 

#' (la mbda (x y ) ( > (le ngth x) ( l e ngt h y)) ))) 
(mtr (ma ke- ini tial - mtr (but l ast b ondary ))) 
( jmin O) ( jmax 2 ) 
(nf-li s t n i l )) 

(do (( n f - li s t (get-unc omplete-faces sf-l ist bondary ))) 
( (nul l nf - li s t) mtr ) 

(setq sf- l is t (dele te - list s s f - list nf-list )) 
(multiple-value-setq (mt r b ondary ) 

( comp l e t e- faces nf-li s t mt r bonda r y jmin j max )) 
(cond ( ( s ea r c h - matrix mtr O (le ngth mt r) 0 0 t 0 ) 

(se tq mtr (a dd- c o lmn s - matrix O mtr 1 ' 0 )) 
(setq jmax (1+ jma x ) ))) 

(co nd ( (sea r c h - matrix mtr O (length mt r ) j max jmax t 0) 
(set q mtr (add-colmn s - mat rix (1+ jmax) mtr 1 ' 0 )) 
(set q jma x (1+ jmax )) )) 

(setq sf - lis t (de lete-list sf- lis t nf-l i s t)) 
( setq n f - list (ge t-uncomplete - face s s f - li s t bonda r y ))))) 

,,, Name : creat e-di s pla y -action- graph-v i e wport 
,,, Purpose : 
(de fun c r eate-display-action- graph-viewpo rt () 

(le t* ( (canvas (create-canvas (symgen ' canvas ))) 
(window (create- window (symge n ' window) 

c anva s O O 100 70 )) 
(viewpo r t (c reate - viewport 

(add-va lue 
vi e wport ) 

(c s c hema (symgen ' v i e wport ) : simple 
(' viewport - name " c omponent " ) 
( ' minimum~vie wpo rt-width 0 . 2 ) 
( ' minimum- viewpo rt - height 0 . 2 ) 
(' has-left-scroll- bar t) 
(' buried) 
( ' ask-user-for-edg e s t) ) windo w))) 

*c urre nt-task* ' display-action-graph-vi e wpo r t 

(cha nge-window window O 0 
(* 229 . 6 (- (g e t - value v i e wport 
( * 158 . 2 ( - (g e t-val ue viewport 

(get-value viewport 'yt )))))) 

;;; Name : d isplay- a c tion- g r aph-l ink 

' xr ) 
, yb ) 

(get-valu e vie wpo rt ' x l )) ) 

;;; Purpo s e : t o displa y arcs of the act ion graph . 
;;; I nput : the directed graph . 
(defun display- act i o n-graph-links (directional-graph ) 

( let * (( viewport (get-value *current - task* 
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' display-a c tion-graph-viewport)) 
(w indow (get -value viewport ' on-window)) 
(canvas (get -value 

(get -value viewport ' o n - window) 
' on-canva s )) 

(gridx (get-value viewport ' gridx)) 
(g ridy (get-value viewport ' gridy )) 
(node0 (get-i tem canvas ' c irc le (caar direct i onal - graph))) 
(x 0 (get-value node 0 ' x )) 
(dx 10 ) 
(dy 10 )) 

(dolist (links direct ional - graph) ; dolistl 
(let* ((nodel (get- item canvas ' c ircle (car links))) ; let2 

(xl (get-val ue nodel ' x)) 
(yl (get-value nodel ' y ))) 

(dolist (r (cdr links)) ; dolist2 
(le t* ((node 2 (get-item canvas ' ci r c l er )) ; let3 

(x2 (get-va lue n ode2 ' x) ) 
(y2 (get-va lue n ode2 ' y )) 

(rout (check-rout x0 xl yl x 2 y2 gridx gridy 
v iewport) ) ) 

rout )) 

(cond (rout 
(setq rout (adjust-rout x0 xl yl x 2 y2 dx dy 

(setq x-arr (make-array (+ 1 (lengt h rout)) 
: initial-content s (cons xl (mapcar # ' car rout)))) 

(setq y-arr 
(make-array (+ 1 (length rout)) : initial-contents 

(co ns yl (mapcar # ' cadr rout )))) 
( show-polyline viewport x-arr y-arr 

(+ 1 ( length rou t )) ' invert 1 'draw) 
( show-ar row viewpo rt (caar (last r o ut )) (cadar 

(las t rout )) x 2 y2 ' invert 1 ' d raw)) 
(t 

(cond ( ( > y2 yl ) 
(show- arro w viewport xl (+ 2 yl ) x2 (- y2 2 ) 

'invert 1 ' draw) ) 
( ( < y2 yl ) 

(show-arrow viewport xl (- yl 2 ) x2 (+ y2 2 ) 
' invert 1 'draw) ) ) ) 

) ; end cond rout 
) ; end let3 

) ; end dolist2 
) ; end let2 

) ; end dolist l 
; end letl 

,,, Name : adjust-rout 
,,, Purpose: to ad just the positions of nodes . 
, , , Input : 
(defun adjust -rout (x0 xl yl x2 y2 dx dy rout) 

(cond (( > y2 yl ) 
(cond ((= xl x2) 
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( ( < y2 
(cond 

(setq 
( (and 
(setq 
( (and 
(setq 
yl ) 

rout (a djust-routl 2 rout 
( <= xl x0) ( <= x 2 x0 )) 
rout (a djust-routl 1 rou 
( >= xl x0) ( >= x 2 x0 )) 
rout (ad just -routl 2 rout 

dx ))) 

dx) )) 

dx ))) )) 

( ( = xl x2) 
(setq rout (adjust -routl 
( ( > (abs (- xl x0)) (abs 
( setq rout (adjust -routl 
( ( < (abs (- xl x0)) (ab s 
(setq rout (a djust -routl 

1 rout dx ))) 
(- x 2 x0))) 
3 rout dy))) 
(- x2 x0 ))) 
4 rout dy))) )))) 
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;;; Func tio n : adj ust-routl , to change x or y coodinates of a li st 
,,, of points . 
~~~ Input : a point list, ((xl_yl~ (x 2 y2 ) _ ... ~ ), _ty?e v~lue on~y 
,,, can be 1 , 2 , 3 , 4. 1 indicates x - x e , 2 . x - x + e , 
,,, 3 : y = y - e ; 4 : y = y + e . 
;;; Output : a list of points after adjustment 
;;; ((xpl ypl ) (xp2 yp2 ) .... ). 

(defun adjust - routl (type 1st e ) 
(cond ( (= type 1) ; x - dx 

(mapcar #' (lambda (1) (lis t 
( ( = type 2) ; x + dx 

(- (car 1) e) (cadr 1 ))) 1st)) 

(mapcar # ' (la mbda (1) (l ist (+ (car 1 ) e ) (cadr 1) ) ) 1st)) 
( ( = typ e 3 ) ; y - dy 

(mapcar # ' (lambda (1) (lis t (car 1) (- (cadr 1) e ))) 1st)) 
( ( = type 4) ; y + dy 

(mapcar # ' (lambda (1) (l ist (ca r 1) (+ (cadr 1) e )) ) 1st)) 
(t (return-from adjust-routl " type error " ) ) ) ) 

;;; Function: c heck-rout , find any items on t he canvas which is 
,,, overlap with the line between the two points (x l , yl) 
, , , and (x2, y2 ) . 
;;; Input : xl, yl , x2 , y2 , side , gridx , gridy. 
;;; Output : a list which contains the points on each of them an 
,,, item is found from pointl to ~oint2 . 
(defun check- rout (x0 xl yl x2 y2 gridx gridy viewport) 

(let ( (rs lt nil ) 
(rsltl nil ) 
( step (if ( <= yl y2 ) gridy (* - 1 gridy ))) 
( x 0) (y 0) ) 

(cond (( >= (abs (- yl y2)) ( * 1.5 gridy)) 
(cond ( (= xl x2) 

(do ( (y (+ yl step) (+ y step))) 
( ( >= (abs (- y yl )) (- (abs (- y2 yl )) 

(/ grid¥ 2 ) ) ) ) 
(if (fi nd-item viewport xl y ) 

(push (l ist xl y) rslt))) 
(setq rslt (reverse rslt))) 

( (not (= xl x2)) 
( setq rslt 
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(find- in - rectangle viewport 
(if ( < xl x2) xl x2 ) 
( if ( < yl y2 ) yl y2 ) 
(if (> xl x2) xl x2 ) 
(if ( > yl y2 ) yl y2 ))) 

(con d (rslt 
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(dolist (item rslt rsltl) 
(setq y (get-va lue item ' y) ) 
(cond ( (not (or ( = y yl) (= y y2) )) 

(setq x (get-value item ' x)) 
(setq xl (get-line-x xl yl x2 y2 y) ) 
(if (o r (and (and ( > = xl xO) ( >= x2 xO) ) 

(>= x xl )) 
(and (and ( <= xl xO) ( <= x2 xO) ) 

(<= x xl))) 
(push (li s t x y) rsl tl ))))) 

( setq rsl t 
(sort rsltl 

# ' ( lambda ( c l c2 ) 
( < (abs (- (cadr cl ) yl)) 

rslt) 
(t nil)))) 

(defun get-line - x (xl yl x2 y2 y) 
(let ((a (if (not (= y l y2)) 

(/ (- x 2 x l) ( - y2 yl )) 
'inf))) 

(abs (- (cadr c2 ) yl ))) ))) ) ) ) ) 

(if (equal a 'inf) xl (+ (* a (- y yl )) xl)))) 

,,, Name: get-item 
,,, Purpose : given i tem type and the node name , to get the item name . 
,,, Input, canvas name , item-type, and node-name . 
(defun get-it em (canvas item-type node-name ) 

(let (( canvas- items (get-value s canvas ' c anvas-items))) 
(dolist (item canvas - items) 

(if (and (equal (get - value item 'ite m-type ) it e m- type) 
(e qual (get -value item 'node-name ) node-name )) 

(return-from get-item item))))) 

,,, Name: display-action-graph-nodes 
,,, Purpose: to display the nodes of an action graph . 
,,, Input: the node position matrix. 
(defun display-action-graph- node s (graph-rnt r) 

(let* ((viewport (get-value *current-task* 
'display-action-graph-viewport)) 

(window (get - value viewport ' on-window)) 
( c anv as (get-value 

(get-value viewport ' on-window) 
'on-canva s)) 

(xl (get-value window 'xl)) 
(xr (get-value window ' xr)) 
(yt (get-value window ' yt)) 
(yb (get-value window 'yb)) 

(scalex O. 8) 
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(s caley 0 . 8 ) 
(gridx (* ( / ( - xr xl) ( length (car graph-mtr ))) scalex) ) 
(gridy (* (/ ( - yb yt ) (lengt h graph- rntr) ) scaley )) 
( i 0 ) (j 0) ( x 0 ) (y 0 )) 

(create-slot viewport ' gridx ) 
(n e w-value viewport ' gridx gridx) 
(create-slot viewport 'gridy ) 
(new-value viewport ' gridy gridy) 
(dolist (row graph-mtr ) 

(setq i ( l+ i )) 
(s etg j 0 ) 
(dolist (node row) 
(setq j (l + j)) 
(cond ((not (equal node '0) ) 

( setq x (* j gridx)) 
(setq y ( * 1 gridy ) ) 
(di splay-item (create- item (cs chema (unique-name ) 

:simple 
('item-type ' c ircle) 
( ' X X) (' y y) 
( ' radius 2 ) 
('node-name node )) 

canvas) v iewport) 
(show- string view~ort (+ x 3 ) y 

(format nil n-s ' (get-value node ' function )) 
'invert 'draw 's creen-12 ))) ) ))) 

; ;; Name : findcycle s , 
;;; Purpose: to find cyc l es . 
;; ;Input : graph-list (g-list), patial-cycle-list (p-list ), and 
,,, neibore-nodes(nb-list) 
;;; Output : a list consists all the cycles. 
(defun findcy c les (g- list p -l ist nb-list) 

(let ((c- list nil)) 
(dolist (node nb-list c-list) 

(cond (( e qual node (carp-list)) 
(push (append p - list (list node)) c-list)) 

((member node p-list) nil) 
(t (setq c- list (append c-list 

(findcycles g-list (append p - list (li st node )) 

) ) ) ) 
(ge t - neighbores g- list node (car (las t p-list) )) ) ) )) 

, , , Name : get - neighbores 
,, , Purpose : to get the neighboring nodes of the given node . 
,,, Input : g-list is a graph , node is a node in the graph , prenode 
,,, is the node preeds the given node . 
(defun get-neighbores (g-list node prenode ) 

(set-difference (assoc node g-list) (list node prenode) 
: test ' equal ) ) 

, , , 
, , , 
, , , 

Name: genpg 
Purpose: generate a partial graph 
Input: a cycle , ( 1 2 7 3 8 9 4 5 6 1 ) 



APPENDIX E. FUNCTIONS RELATED TO DRAW-ACTION-GRAPH 

; ; ; Output : ( ( 1 2 6) ( 2 1 7 ) ( 7 2 3 ) ( 3 7 8 ) . . .. ) 
(defun g e npg (c y c le) 

(let ( (pg nil) 
(invc (list - reverse c y c le))) 

(dolist (node cy c le pg) 
(push 
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(list node (c adr (member node c y c le)) (cadr (membe r node i nvc ))) 
pg) ) 

(list-reve rse (cdr pg)) ) 

, , , Name : gennpg 
,,, Purpose : to generate npg , npg g - pg. 
,,, Input : g-list pg-list 
,, , Output : npg-list 
(defun gennpg (g-list pg-list) 

(let ((e-list nil )) 
(dolist (vertex g-list e-list) 

(let ((node (car vertex ))) 
(if (and (assoc node pg-list ) 
(set-difference vertex (assoc node pg- list))) 

(push (cons node (set-difference vertex (assoc node pg-list))) 
e-list)) ) ) 
(list-reverse e-list) ) ) 

,,, Name : gencmp 
,,, Purpose : to generate comp onents 
,,, Input : graph and partial graph 
,,, Output : components list . A component is represented by a 
, , , two-element list ( ( ... ) ( ... ) ) , the first element 
,,, represents the nodes wh ich are on t h e partial graph , 
,,, the second e l e ment represents the nodes which are 
,,, not on the partial graph . 
(defun gencmp (g-list pg- l ist ) 

( let ((np9-list (gennpg g-list pg- list)) 
(cmp-list nil)) 

(do* ( (vn-list (pop npg-list) (pop npg-list)) 
(ve rt ex (pop vn- l ist ) (pop v n-list )) 
(neib ore (pop v n-list) (pop vn- list )) 
(cmp (list (l ist vertex) ' ()) 

(list (list vertex) '())) ) 
(( not (car npg-list )) cmp-list) 
(se t q npg-list 

(if v n-list (con s (cons vertex vn-list ) npg- list) 
npg- li s t ) ) 

(con d (( assoc neibo r e pg-list ) ; simple component 
(push (l ist (cons ne i bore (car c mp ) ) (cadr cmp )) 

cmp-list ) 
(setq npg-list (update-npg-list vertex neibore npg-list)) 

(t ; comp l ex com~on e nt 
(cond (( expl oredp-n neibore cmp-l i st ) n il) 

(t (setq results 
(explore-vertex vertex (list neibore ) 

g- list pg-l i st npg-lis t cmp) ) 
(setq c mp - l i st (cons (car results) cmp-list)) 
(setq npg-list (cadr results ) ) ) 
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) ) ) ) ) ) 

,,, Na me : explore-ver ex 
,,, Purpose : t o explore a ve r tex which i s not on the partial 
,,, graph , a n d find the compon ent . 
,,, Input : t h e vert e x , its ne i ghbores , t he partial graph(pg-list ) , 
,,, npg- list . 
,,, Output : t he component li st (( e nd poi nts ) (vertices )), update the 
,,, npg- list . 
(defun expl o r e-vertex (vert ex neighbores g-list pg-list npg-list cmp ) 

(le t (( compon e nt cmp ) 
(updated-npg- list npg-l i st ) 
(results nil)) 

(dolist (n neighbor e s) 
(cond (( e xploredp n c omponent) nil) 

(( assoc n pg-list) 
(setg component 

(list (c ons n (c ar compon e nt)) (cadr compone nt )))) 
(t (setq component 

(list (car component) (cons n (cadr c ompone nt)))) 
(setq updated- npg- list 

(update - npg- list vert ex n updated-npg-list)) 
(setq results 

(e xplore-vertex n (ge t - ne ighbore s g - list n vert e x) g- list 
pg- list updated-npg- list c omponent)) 

(setq c omponent (ca r results)) 
(setq updated- npg- list (cadr results )) ) ) 

(list component updat e d-npg- list) ) ) 

,,, Name : update-npg-l is t 
,,, Purpose : to updat e the - ~ a rtial - graph l is t 
,,, Input : the vertex whic h is under exploring a nd i ts explo ring 
,,, neighbore , and the np9-l i st . 
,,, Output : the updat e d npg-list . 
(defun update-npg-list (vertex neibore npg-list) 

(let (( result ni l)) 
(dolist (n-list npg-list result) 

(if (equal (car n-list ) neibore) 
(if (del-el vertex (cdr n- lis t )) 

(push 
(cons (car n-list) (del-el vertex (cdr n-list))) 
result)) 

(pus h n-lis t result)) ) 
(list-reverse result) ) ) 

;;; Name : del - el 
;;; Purpose : to delet e the given element fr om a list . 
(defun del-el (e lement list) 

(let (( result nil)) 
(dolis t (n list result ) 

(i f (n o t (equal n element )) 
(push n result)) ) 

(lis t-reverse result ) ) ) 

;;; Name : exploredp 
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;; ; Purpose : to check if the given node n is already on the component . 
(defun expl o r edp (n component ) 

( if (or (member n (ca r component ) ) (member n (cadr component) )) 
t nil ) ) 

;;; Name : exploredp-n 
;;; Purpose : to check if the given node n is in an component . 
;;; I np u t : n is t h e node , cmp-list is a l ist of components . 
(defun explo r e dp- n (n c mp-list) 

( let (( r e s u lt n il ) ) 
(do l ist (c mp c mp-l i st res u lt ) 

(i f (me mbe r n (cadr cmp)) (setq result t ) )) ) ) 

,,, Name : c omplete-faces 
,,, Purpose : to complete t he n o n -compl ete f aces on the current 
,,, b ondary. There a r e t wo cases : 
,, , 1 . If t h e n on- compl e t e face has n o e xtra node other than 
,,, t h e c urrent b o nda ry , the n j ust c h a nge t he current b ondary . 
,,, 2 . I f the n o n -complete f ace has e xt a nodes other t han the 
,,, c urre n t bondary , the n add t hese e xtra nodes , c hange the 
,,, c urre nt bondary. 
,,, Input : a list con tains no n -complet e- f ace s (nf-l i st ), a matrix 
,, , (mtr), the c u rrent b onda r y (bondary ), j left and j right 
,,, (jl, jr). 
,,, Output : an upda t ed matrix , a n upda t e d bondar y , updated j left 
,,, a nd jright . 
(def u n c omplete-faces (nf- list mtr bo nda ry j l jr) 

( l e t ( (upmtr mtr) 
(upbond bondary)) 

(dolist (f nf - li st upmtr) 
( c ond ((and (subsetp f upbond) (subsetp upbond f )) ni l ) 

((subsetp f upbo n d ) 
(setq subbond ( i ntersec tion (but las t upbond ) f )) 
(setq ns (car subbond) ne (ca r ( las t subbon d ))) 
(if (location- rightp ns ne f) 

(setq upmtr (adjust - nodes n s n e 'right upmtr j l jr )) 
(setq upmtr (a djust-nodes n s n e 'le ft upmtr jl j r)) ) 

(delete - if #'at om upbond :start (1+ (position ns upb o nd)) 
: end (position ne upbond )) ) 

(t (setq subbond (get-subbondary f upbond)) 
(setq upmtr (ad d-new- nodes subbond upmtr jl j r)) 
(setq ns (car subbond) ne (car (last subbon d ))) 
( setq upbond 

(if (= (position ne upbond) 0 ) 
(append (subseq upbo nd O (posi t i o n ns upbo n d )) subbo n d ) 
(append (subseq upbo nd O (posit i o n ns upbond)) 
subbond 
(subseq upbond (1+ (position ne up b ond)))))) 

I I I 

I I I 

I I I 

) ) ) 
(values upmtr upbo nd) ) ) 

Name : adjust - node s 
Purpose: if a extra face is o n a current bonda ry , a line will 

draw between the two node s which are are al ready e xist; 
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,,, adust-nodes is used to check if this extra line could be 
,,, d r awn betwee n the t wo n odes wi thout crossing any ot her lines . 
,,, If yes , ad just t h e location of t hese nodes . 
,,, I nput : two n odes on the bondary , ns : start node , ne : end node , 
,,, a n d the l ocat i on side in t h e matri x which is e i ther ' right or 
,,, ' l eft (side ), an d the ma t r i x and t he position o f colrnn ( j ) . 
,,, Output : a updat e d matrix and jmin or j max (if necessary ) . 
(defun a d just-n odes (n s n e side mt r j l jr ) 

( let* (( pl (ge t-po s ition ns mt r)) 
(~ 2 (get-pos i t i o n ne mtr ) ) 
( i l (if ( < (ca r p l ) (ca r p2 )) (car pl ) (ca r p2 ) ) ) 
(i 2 (if (= il (c ar pl ) ) (ca r p 2 ) (ca r p l ))) 
(jl (if (= il (car pl)) (cadr p l) (cadr p 2 ) )) 
( j 2 (if (= j l (c adr pl ) ) (c adr p 2 ) (cad r pl))) 
( j (if (equa l side ' right ) 

(if (<= jl j2 ) jl j2 ) 
(if (>= jl j 2 ) jl j2 ))) 

(ex i s t -nodes (i f (> (- i 2 i l ) 1) 
(search-mat rix mt r il i 2 j l j2 side 

(if (equal side ' right) jr jl )) 
nil )) 

( jmax - 1) 
(jmin -1 ) 
(up mtr mtr)) 

(co n d (exist-nodes 
(if (equa l side ' right) 

( setq jmax 
(car (sort (mapcar # ' t h ird ex ist - nodes) 

# ' (lambda (x y ) (> x y )))) 
j (l+ jmax )) 

(setq j min 
(car (sort (mapcar # ' third e xi s t - nodes) 

#' ( lambda ( x y ) . ( < x y )))) 
j (i f (= jmin 0 ) 0 ( - j min 1) )) ) 
(con d ( (not (= jmax -1) ) 

(setq j (l+ j max ))) 
( (not (= jmin -1 )) 

(set q j (- j min 1))) ) 
(c ond((and (= jll) (= j 2 1)) 

nil) 
(( = j l 1) 

(if (equal si d e 'rig ht ) 
(s e t q upmt r (mov e-item-in-matrix upmtr 

i2 j2 i l (if (< j2 j) j j2 ))) 
(s e t q upmt r (move-item-in- matr ix upmtr 

i2 j2 il (if (> j2 j ) j j2 ))))) 
(( = j 2 1 ) 

(if (e qual s i de ' r ight ) 
(setq upmtr (move-item-in-matrix up mtr 

i l jl i l (if ( < j l j) j j l))) 
(s e tq upmt r (mov e-it e m- in- mat r ix upmt r 

i l j l il (if (> jl j ) j j l))))) 
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(t (if (equal side ' right ) 
(setq upmtr (move-item-in - matrix upmtr 

il jl il (i f ( < jl j ) j jl ))) 
(setq upmtr (move-item-in-matrix upmtr 

il jl il (if (> ~1 j ) j jl))) ) 
(i f (equal side right) 
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(setq upmtr (move- item- in - matrix upmtr 
i2 j2 i 2 (i f ( < j2 j) j j2 ))) 

(setq upmtr (move-item- in-matrix upmtr 
i2 j2 i 2 (if (> j2 j ) j j2 ))))) ) ) 
(t nil) ) 

upmtr ) 

,,, Name : move-item-in-matrix 
,,, Purpose : to move an item at position il jl to position 
,,, i2 j2 , and replace the element at il jl with ' 0 . 
,,, Input : a matrix (mtr) , positionl (il jl ) , a nd posit ion 2 (i2 j2 ) . 
,,, Output : a matrix . 
(defun move-item-in- matrix (mtr il jl i2 j2 ) 

(let ( (upmtr mtr) 
( n (nth j 1 (nth i 1 mt r ) ) ) ) 

(co nd ( (and ( = il i2 ) (= jl j2)) upmtr ) 
(t (setq upmt r ( replace - item-in- matrix upmtr n i2 j2 )) 

(setq upmtr (replace-item-in-matrix upmtr ' O il j l)))) )) 

, ,, Name : replace-item-in-matrix 
,,, Purpose : to replace an element in the matrix at the 
,,, given position (i j) wi t h the given item . 
;;; Input : the new item (item) , and the position i and j . 
;;; Output : the rep l aced matrix . 
(defun replace- item-in-matrix (mtr item i j ) 

(let ( (upmtr mtr ) ) 
(replace upmt r 

(li st (replace (n th i upmtr) 
(list item) 
: startl j : endl (1 + j ) )) 

: startl i : endl (1+ i)) ) ) 

,,, Name : search-matrix 
,,, Purpose: to find any element in a matris whi c h is not ' 0 in 
,,, the given area by il i2 jl j2 and side . 
;;; Inpu t : a mtrix (mtr ), fro m row il to i2 , from co lrnn jl to j2 . 
;;; Output : a list which contains element and their positions , 
, , , ( (n i j) . . . ) . 
(defun search-matrix (mtr il i2 jl j2 side js) 

(let ( (rsl t nil) 
(j0 (if (equal side ' l eft) 
js 

(if (<= j l j2) jl j2) ) ) 
(j e (if (equal side ' right) 
js 
(if ( <= jl j2) j2 jl ) )) 



APPENDIX E. FUNCTIONS RELATED TO DRAW-ACTION-GRAPH 

(a (if (not (= il i2)) 
(/ (- j 2 jl) (- i 2 il) ) 
' inf)) 

(x 0 )) 
( do ( ( i ( 1 + i 1 ) ( 1 + i ) ) ) 

( ( = i i2 )) 
(d o ((r (subseq (nth i mtr) j0 (l+ je) )) 

(n nil) 
(j j0 (l+ j)) ) 

(( = j (l+ je))) 
(s etq y (if (equal a ' inf) J 

(+(* a (-iil)) jl)) ) 
(setq n (pop r)) 
(cond ((equal side ' right) 

(if (and ( >= j y) (not (equal n ' 0))) 
(push (list n i j) rslt ))) 

( (equal side 'left ) 
(if (and ( <= j y) (not (equal n ' 0 ))) 

(push (list n i j) rslt ))) 
(t (if (not (equal n ' 0) ) 

(push (l ist n i j) rslt ))) ) ) ) 
rslt ) ) 

,,, Predicate : location-rightp 
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,,, Purpose : to find if the face should be allocated at the 
,,, right side or the left side of the matrix . 
,, , If the order of the nodes on the face is start node 
,,, followed by the end node, according to right hand side 
,,, rule , the location should be on the right side . 
,,, I nput : a start node on the bondary (ns), and an end node on the 
, , , bondary (n e ) . 
,,, Output : If the location is at the right side of the matrix , 
,,, return t , oth erwise nil. 
(defun location- rightp (ns ne face) 

( let ( ( f (but last face) ) ) 
(do () 

(( equ a l (car f) n s )) 
(if (not (equal (car f ) ns)) 

(setq f (append (cdr f) (list (car f)) ))) ) 
(i f (equal (cadr f) ne) 

, , , 
' ' ' 
' , ' 
, ' ' 
' , ' , , , 
, , , 
' ' ' , , ' 
' ' ' , , ' 
, ' , 

t nil) ) ) 

Name : add-new-nodes 
Purpose: to given a list of nodes as subbondary that is the 

ends of the list are on the current bondar¥. 
By finding the posit ions of the end nodes in t h e matrix , 
the location the face can be fond, because the right 
hand rule for bondary (the inclosed eare always at the 
right hand side of the face). 
1. if the positions of the first node and the last node 

is up and l ow in the matrix , then the location of the 
subbondary is at the right side of the matrix . 

2 . otherwise, the location is at the left side of the matrix. 
I nput : a lis t o f nodes which the first and the last nodes are on 
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,,, the current bondary (subbond) , a matrix , j left and j right 
,, , (jl, jr) . 
,,, Output : an updated matrix , updated j left, updated j right . 
(defun add- new- nodes (subbond mtr jl jr ) 

(let* ((ns (ca r subbond)) 
(ne (car (last subbond))) 
(pns (get-position ns mtr)) 
(pne (get-position n e mtr)) 
(j nil) 
(side nil) 
(upmtr mtr)) 

(cond ( (< (car pns) (ca r pne)) 
(setq side ' right) 
(setq j jr) 
(setq il (car pns ) i2 (car pne)) 

( (> (car pns ) (car pne)) 
(setq side ' left) 
(setq il (car pne) i2 (car pns)) 
(setq j jl) ) 

(t ( return-from add- new-nodes ' error)) 
(setq in (- (- i2 il ) 1 ) ) 
(setq xn (butlast (cdr subbond)) s (length xn)) 
(cond ( (< in s ) 

(setq upmtr (add- rows-matrix (1+ il ) upmtr (- sin) ' 0)) 
(setq i2 (+ i2 (-sin) )) 
(setq in (1- (- i2 il ))) ) 

(t nil ) ) 
(setq xn (get-xnodes-posit i ons xn in il j)) 
(setq upmtr (add-nodes-matrix xn upmtr) ) 
(cond ( (equal side ' right) 

(setq upmtr 
(adjust-nodes ns (caar xn ) ' right upmtr jl jr)) 

(setq upmtr 
(adjust-nodes ne (caar (last xn)) ' right upmtr jl jr))) 

( (equal side ' left) 
(setq upmtr 

(adj u s t - nodes n e (caar xn) ' left upmtr j l jr)) 
(s et q upmtr 

(adjust-nodes ns (caar (last xn)) ' left upmtr jl jr)) )) 
upmt r ) ) 

,,, Name : add-nodes-matrix 
,,, Purpose : to add n odes into a matrix . 
,,, Input: a sequ ence of lists , (( node position i posi tionj) . ... ) , 
, , , (np-l i st ), a nd a matrix (mtr) . 
,,, Output : a n updated matrix . 
(defun add-nodes-matrix (np-list mtr) 

(le t ( ( rsl t mtr )) 
(do list (np np- l ist r s l t ) 

(setq r (n th (second np ) rslt)) 
( reI?lace rslt 

(list (replace r (list (car np ) ) : startl (third np) ) ) 
: s t artl (secon d np)) ) ) ) 
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,,, Name : get-xnodes-rositions 
,,, Purpose : give a list of node s (xn) , o get the positions of 
,,, each node in a matrix. 
,,, Input : xn is a list of nodes , in is the number of rows for 
, , , the list , i 1 is the starting row , j is the colrnn . 
,,, Outpur : a list , each element of a list is tuple : (node row colrnn). 
(defun get-xnodes-positions (x n in il j ) 

( let ((k (floor ( / in (1+ ( length xn))))) 
(rslt nil ) 
(i 0)) 

(if (= k 0) (setq k 1) ) 
(dolist (x xn rslt) 

(setq i (1+ i )) 
(push (l is t x ( + il (* k i)) j ) rslt) ) 

( reverse rsl t) ) ) 

,,, Name : add-rows-matrix 
,,, Purpose : to add a row in a matrix . 
,,, Input : posit i o ni is the starting row , mtr is the matrix , 
,,, number-of-rows is the number of rows to be added , 
,,, sym is t he value of each element of the added rows . 
(defun add-rows-matrix (pos itioni mtr number-of-rows sym) 

(let ((rslt mtr)) 
(dotimes (x number-of-rows rslt) 

(setq rslt (append (subseq rslt O positioni ) 
(li st (make-l ist (len~t h (car rslt )) : ini tial-element sym)) 
(subseq rslt positioni ))) ) ) ) 

,,, Name : add-colrnns-matrix 
,,, Purpose : to add colrnns in a matrix . 
,,, Input : pj is the starting colrnn , mtr is the matrix , 
,,, number-of-colrnns is the number of colrnns to be added , sym 
,,, is the value of each element of the added colrnns . 
(defun add-colrnns-mat rix (pj mtr number-of-colrnn s sym) 

( let ( (nmtr mtr) 
(tmp nil )) 

(dot imes (x numbe r-of-colrnn s nmtr ) 
(dolist ( r nmtr tmp ) 

(push (append (subseq r O pj) (l ist sym) (subseq r pj )) tmp) ) 
(setq nmtr (reverse tmp)) 
(setq t mp nil) ) ) ) 

,,, Name : get-subb o ndary 
,,, Purpose : to arrange the subbondary as (n s xl x2 .. xs ne) which 
,,, ns a nd ne are the end nodes on the bondary . 
,,, Input : a uncompleted face whi ch has at lease to nodes on the 
,,, bondary, and the bondar¥. 
,,, Output : a list whi ch contains the two end nodes on the bondary 
;;; and other node s whi c h are not onthe current bo ndary . 
(defun get-subbondary ( face bondary) 

(let* (( subbond (intersection (butlast bondary) (butlast face ))) 
(ns (ca r subbond)) 
(ne (car ( last subbond) )) 
( sub nil) ) 
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(setq subbond 
(do (( sub (butlast face )) 

(nl ( car sub) ( car sub) ) 
(n 2 (cadr sub ) (cadr sub ))) 
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( (a nd (member nl bondary) (not (member n2 bondary))) sub) 
( setq sub (append (cdr sub ) (li st (car sub )))) ) ) 

( setq subbond 
(do ( ( i 1) 

(nl (car subbond )) 
(n 2 (cadr subbond ))) 
(( and (not (member nl bondary)) (member n2 bondary) ) 

(subseq subbond O (1+ i))) 
( setq i ( 1 + i ) ) 
(s e tq nl n2) 
(setq n2 (nth i subbond)) ) ) 

subbon d ) ) 

, ,, Name : get-uncomplete-faces 
,,, Purpose : if a face has at least 2 nodes intersect with the 
,,, current bondary , them thi s face is a uncomplet e-face . 
,,, I nput : a list of faces (sf-list) , and the bondary . 
, ,, Output: a list of un complete faces . 
(defun get-uncomplete-faces (sf-list bondary) 

(let ((nf-list nil) 
(bb (butlast b ondary )) 

(b f nil)) 
(dolist ( f sf-list nf- list) 

(setq bf (inte rsection bb (butlast f ))) 
(cond ((equal (list (first f ) (se cond f )) 

(lis t (first bb) (car (last bb )))) 
nil) 

( ( > (length b f) 1 ) 
(setq subbb (subs eq bb (position (car b f ) bb ) 

(l+ (position (ca r (last bf ) ) bb )) ) ) 
(if ( = (length bf) (length subbb )) 

(push f nf-list)) ) ) ) ) ) 

,,, Name : delete-lists 
,,, Purpose : to delet e seq2 fr om seql . 
,,, Input : sequencel , sequance2 , their elements are lists, 
,,, (l stl lst2 .... ) . 
,,, Output : sequencel - sequence2 , if the element set in seq2 is 
,,, equal to the element set i n seql , i . e . let 
,,, seql = (1112 ... . li ... ln ), and 
,,, seq2 = (pl p2 . .. pj . .. pm) , if set (pj ) = s et (li), then 
,,, seql = seql - (li ). 
(defun delete-l ists (seql seq2 ) 

(let ( (rslt seql )) 
(dolist ( f seq2 rslt) 

f f I 

I I I 

I I I 

(setq rslt (delete-list rsl t f )) ) ) ) 

Name : delete-list 
Purpose : to delete a list fr ome a sequence if the set of 

elements i n t h e list is equal to the set of e leme nt in 
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11 1 one of the list in the sequence . 
111 Input : a sequence which contains list elements (seq) , 
111 (listl list2 . .. ) , and a lis t which contains atom 
1 1 1 elements (1st) , (atoml atom2 . .. ) . 
11 , Output : an updated sequence which equals seq - (1st) , iff 1st 
, 1 , as a set is equal to one of the list as a set in seq . 
(defun delete-list (seq 1st) 

( remove-if # ' ( lambda (x) (and ( subsetp ( remove-duplicates x) 
(remove-duplicates 1st )) 

(subsetp (re move-dupl icates 1st) 
(remove-duplicates x)))) 

seq) ) 

,,, Name : get-position 
, 1 , Purpose : to get a no de ' s position index from a matrix . 
,,, I nput: a matrix (mtr) , and a node . 
, 1 , Out~ut : a cons pair contains the position index , 
, 1 , i . e . ( row colrnn) . 
(defun get-position (node mtr ) 

(let ( (i - 1) 
( j O) ) 

(dolist (row mtr) 
(setq i (l+ i) j - 1) 
(dolist (n row ) 

(setq j ( l+ j ) ) 
(if (equal node n ) 

(return-from get-position (list i j))) ) ) 

;;; Name : make-initial-mtr 
;;; Purpose : to make the initial matrix from a list . 
;;; Input : a list . 
(defun make-initial-mtr (1st ) 

(append (list (list ' 0 (car 1st ) ' 0)) 
(mapcar # ' (lambda (x ) (list ' 0 x ' 0)) (c dr 1st))) ) 

1 11 Name : c hose-cmp-face 
;;; Pu rpose : to c h oose a component that can fit into one face. 
;;; Input : cmp-list is a list of components , f-list is a list 
,,, of faces . 
(defun chose-cmp-face (cmp-list f-list) 

(let (( faces ni l) 
(result nil) ) 

(dolist (cmp cmp-list) 
( setq faces (test-cmp c mp f-list)) 
(con d (( not faces) 

(return-from c hose-cmp-face nil ) ) 
(t (push (con s cmp faces ) result ) )) ) 
(setq result 

(sort result # ' ( lambda ( x y ) ( <= (length x) (length y) )) )) 
(list (caar resul t ) (cada r result) ) ) ) 

I I I 

I I I 

I I I 

Name : test-cmp 
Pu rpose : to c heck if t h e component can be fitted in a face . 
I np ut: cmp i s a compon e nt, f- lis t is a l ist of faces . 
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(defun test-cmp (cmp f-list ) 
( let ( (result nil )) 

(dolist (ff-list result ) 
(if (set-difference (car c mp) f) nil 

(push f result ))))) 

,,, Name :: chose-max-chord 
;; ; Purpose : to choose a cho rd whi ch has maximum length . 
;;; Input : the component (c mp) , the graph (g-list) . 
;; ; Output : a chord which has the maximum length . 
(defun chose - max-chord (cmp g-list) 

(let (( c h ords nil)) 
(i f (cadr cmp ) 
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(s etq c hords (chose-chords g-list c mp (list (caar cmp )) 
chords )) 

(setq cho rds (list (ca r c mp)) )) 
(car (sort c hords # ' (lambda (x y) ( > (length x) (length y ))))))) 

,,, Name : chose-chords 
,,, Purpose : to find a set of c hords from a component . 
,,, Input : g-li st is t h e graph , cmp is the component , pchord is 
,,, a partial c hord in the component , c hords are the c hords 
,,, that is already foun d . 
(defun c hose-chords (g-list cmp pchord chords ) 

(let * ((upchords chords ) 
(exterio (set-difference (cadr cmp) (cdr pchord))) 
(int e rio (remove (car pchord ) (car c mp))) 
(neibo res (cdr (assoc (car (last pcho rd)) g-list ) )) 
(explore-e ( i ntersection e xterio neibores )) 
(exp l o r e-i (intersection interio neibores ))) 

(if explore-i 
(push (append pchord (li st (car explore-i))) upchords)) 

(dolist (v explore-e upchords) 
( setq upchords (c hose-chords g-l i st cmp 

(append pchord (list v )) upchords )) ))) 

,,, Name : add-chord 
, ,, Purpose : to add a c hord to a face . 
,,, Input : c h o rd is the cho rd to be added , face is the face that the 
,,, chord to be put in , pg- lis t is the partial graph that has 
,,, been explored . 
(defun add- c hord (chord face pg- lis t ) 

(let (( upg-list nil) 
(fl nil) 
(f2 nil) ) 

, , , 
, , , 
, , , 
, , , 
, , , 

(setq upg-list (update-pg- list c hord pg- list) ) 
(setq upg-list (update-pg-list (reverse c hord ) upg- list)) 
(multiple- value-setq ( f l f2 ) (update - face c hord face)) 
(values upg-list fl f2 ))) 

Name : : update-face 
Purpose : to add one c hord to a face , split the face into two . 

for example , face (1 2 3 4 5 6 1) and chord (1 8 9 2 ) , into 
facel (1 8 9 2 3 4 5 6 1) and fa c e2 (2 9 8 1 2 ). 

Input: the c h ord and the fa ce . 
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; ; ; Output : the two new faces . 
(defun update-face (chord face ) 

(let * ((c (if (> (position (car c h o rd ) face ) 
(position (ca r (last cho rd)) face) ) 
(reverse c hord) chord )) 

(sl (subseq face O (position (car c) face ))) 
( s2 (subseq face (position (car c ) face ) 

(1+ (position (car (last c )) face )))) 
(s 3 (subseq face (1+ (position (c ar (last c )) face) ) )) 
(fl (append sl c s3)) 
( f2 (append ( reverse c ) (c dr s2 ))) ) 

(values fl f2 )) ) 

;;; Name :: update-pg- list 
;;; Purpo se : add the chord into the partial graph . 
;;; Input : the c hord , and t h e partial graph (pg-list). 
;;; Output : the updated partial graph . 
(defun updat e-pg- lis t (chord pg-list) 

(let (( result pg-list)) 
(do ( (v (pop chord) (po p chord )) 

(n (ca r c hord) (car cho rd))) 
( (not n) result ) 

(cond (( as so c v pg-list ) 
(nsubstitute (a ppe nd (assoc v result ) (li st n)) 

(assoc v result ) 
result 

: test # ' equal )) 
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(t (setq result (append r esult ( l ist (l i s t v n)) ))) )))) 
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