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Abstract

Software is becoming an increasingly important part of many research endeavors.

This has been increasingly true for biomedical research, yet the software available for the

pursuit of biomedical research is deficient in a number of ways. The goal of this project

is to derive a new approach to the development of software which is more appropriate to

the realities of the biomedical research environment, then test that approach by using it to

design and implement a non-trivial system to support research in this area.

The approach proposed differs from traditional techniques by shortening the time to

initial prototype, incorporating the user's view directly into the design process, and

specifically incorporating an iterative design process with an explicit evaluation step.

The goal of the approach is to produce software which is easier to use, and supports an

internal consistency with the user's view. This goal is accomplished by the development

of an explicit mental model of the system.

The system which was designed and implemented utilizing this approach is the

macromolecular workbench (MMWB). This system provides a variety of unique

features. First, it provides the ability for users to interact with the system utilizing multi

ple user interfaces. The learning curve is reduced by providing a consistent "user inter

face metaphor" across all of the interfaces. Second, the system provides for a separation

between programs which require direct user interaction and programs which require very

little in the way of user interaction. Third, the ability to have "sessions" which can

extend over a period of time which can be much longer than a typical login session is

provided. The sessions can be attached to and waiting messages from protocols can be

received and replied to. One unique feature of the sessions is that the user can reattach to



a session on a different interface, or using a different device than it was started on

without any loss of functionality or communications ability with running protocols.

Finally, the system provides a mechanism which is independent of the user interface but

can still be extended to support semantic information and feedback.
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Chapter 1

User Interfaces and Software Architecture in Biomedical Research

1.1. Introduction

The user interface of any system is important to that system’s eventual success.

Because it is the primary means by which the user interacts with a program or system, it

is one of the main criteria from which a user forms an impression of the system. A poor

user interface can be a serious impediment to learning the system, and to eventual

mastery of the functionality the system provides. Unix is an example of a system which

has a user interface that provides a great deal of power and functionality, but has been

criticized as being "unfriendly" and difficult to learn.

Since the user interface has a major impact on how easy a system is to learn, the

user's perception of the functionality of the system is often based on the user interface.

This happens because many users will not learn all of the features a system has to offer,

or will simply refuse to invest the time if the system is too difficult to learn. The overall

functionality of a system, from the user's viewpoint, is then seen to be a combination of

the ease-of-use of the system and the actual functionality.

The Macromolecular Workbench, MMWB, is an environment being developed at

the University of California, San Francisco for supporting research into the structure and

function of biological macromolecules. The diverse nature of the work involved in this

research suggested that a worthwhile goal for the system design would be the integration

of software from a number of sources and, simultaneously, utilization of a variety of dif

ferent computer display devices.



Traditional software design methodologies are not well suited to this type of project.

The traditional software lifecycle and software development methodologies were

developed in response to the need to manage very large projects, primarily for the

defense and aerospace industries (cf. [4] ). A consistent theme with all of the currently

accepted design methodologies is the need for very detailed and complete requirements

and specification phases. Software development in a research environment, however, is

often performed with very small teams of programmers, usually consisting of a large per

centage of non-professional programmers (e.g. postdocs, graduate students, etc.).

Detailed specification is difficult because of the changing needs of the research and the

iterative nature of experimentation. This has led to the current state of software for the

research environment: it is poorly integrated, derived from a variety of sources, and nei

ther flexible nor easily maintainable.

1.2. Design approach

A new approach to design of systems in a research environment was used for the

development of MMWB. This approach shortens the traditional requirements definition

and specification stages into a single, more informal goal definition stage. In a research

environment with small teams of programmers, detailed specification and requirements

documents are seldom, if ever, prepared. After the goals for the system are defined, a

conceptual model for the system is derived. This conceptual model will be used to

ensure that the user's view of the system and the developer's view of the system are com

patible. The conceptual model is used to influence the design process so that the result

ing system reflects the user's expectations.



The approach used for the design of MMWB is also highly iterative. After the ini

tial implementation is complete, it is evaluated in terms of the initial goals and the vali

dity of the conceptual model. The results of the evaluation may cause another iteration

of the implementation, design, or even refinement of the conceptual model.

1.3. MMWB

The application domain for the Macromolecular Workbench (MMWB) is the deter

mination of the structure and function of biological macromolecules. This is an area

which will involve a diverse population of scientists and researchers in a variety of areas

including:

• X-ray crystallography
• NMR spectroscopy
• Protein chemistry
• Molecular modeling
• Physical chemistry

The eventual goal is to develop an integrated computer-based environment for investiga

tors to utilize as a tool in the research of organic macromolecules.

The process of determining molecular structure and function will involve a large

number of applications. Many of these applications will require very little in the way of

user interaction once they have been initiated. Many of the others, however, will take

advantage of modern three-dimensional graphics workstations to view the putative struc

ture and to hypothesize about molecular interactions. Modern graphics workstations will

be the primary and most natural user interface for most of the work which will be done

on the MMWB. However, other user interfaces must also be developed to allow users to

interact with some of the non-graphics portions of the system. These user interfaces must

be supported by the terminals which are readily accessible by all users, including those



which users have at home. This will allow the user to execute simple status commands,

query information of long jobs, perform data-entry, etc., without being dependent on

more expensive workstations.

MMWB then, must support user interfaces on three types of output devices:

alphanumeric terminals, raster displays, and 3D graphics displays. These devices differ

in a variety of ways, including the style of output they will support and the types of input

devices they will support. The most powerful display technology from a user interface

viewpoint is the 3D graphics display. These displays can support a variety of interfaces,

including command line, menus, point-and-click, and manipulations in three-space. The

technology also lends itself very well to the presentation of objects or commands as

representative pictures, or icons. The user can manipulate these icons as if they were, in

fact, the objects themselves. This style of interaction has come to be known as direct

manipulation [26]. The range of input devices for 3D graphics displays is likewise

broad. Modern displays allow use of keyboards; locators, which are devices for the

input of position such as mice, tablets, and joysticks; and valuators, which are devices

for the input of scalar values such as knobs, dials, and potentiometers.

Raster displays are similar to 3D graphic displays in the types of input devices they

can support, but in general it is not feasible to implement three dimensional graphics on

displays without some sort of graphics support in the hardware. This limitation seems

minor but the advent of low-cost workstations with support for three dimensional graph

ics has spurred a great deal of interest in user interfaces which take advantage of all three

dimensions.

At the other end of the spectrum are alphanumeric terminals, which are typically



used only for menu oriented or command-line displays and which have only a keyboard

for input. The interface styles and input devices typically supported by these technolo

gies are summarized in Table 1.

Device Supported Interface Styles | Supported Input Devices

Display Terminal Menus, command-line Keyboard
3D Graphic Display | Direct manipulation, Keyboard, locators,

menus, command-line, valuators
3D objects and viewing

Raster Display Direct manipulation, Keyboard, locators,
menus, command-line valuators

Table 1 - Interface Characteristics of Devices

MMWB must also support multiple user interfaces on a single device. For exam

ple, when a researcher is working with a molecular model, it is a common procedure to

compute some form of energy minimum using molecular mechanics. It is often desirable

to monitor the progress of such programs graphically. On 3D graphical displays, it

should be possible to manipulate a molecular model on the display and to have a small

window which is monitoring the progress of the molecular mechanics program. This

could be added as a feature to the molecular modeling program, but that is probably not

optimal because it restricts the number of such displays to what the authors of the model

ing program are able to add. A better approach is to allow multiple user interfaces which

cooperate with some form of user interface manager which provides an interface to the

system as a whole, and some mechanism to switch the focus into other user interfaces on

the same device. This is not too different in concept from the window managers which

are available on modern window systems. The primary difference between a window

manager and an MMWB user interface manager is in the degree of interaction between

the manager and the managed user interface (or window). The MMWB user interface



manager cooperates with applications running under it, where window managers on X,

for example, are relatively independent of the managed processes [25].

1.4. Conceptual Model

The previous section discussed the application domain and some of the goals for

MMWB. This section will begin to explore the idea of conceptual models and suggest an

appropriate conceptual model for MMWB.

1.4.1. Background

1.4.1.1. Mental Models

When software engineers or programmers design a computer-based system they

form mental models of how the system works. These mental models include various

internal data structures that the programmers use, communications protocols, software

interfaces, and proposed functionality. These mental models are collectively called the

system model [18]. For example, the system model of a text processing system may be

stated briefly as a hierarchical structure of document components (sections, paragraphs,

sentences, words, characters) which is displayed in a linear fashion.

Users of computer-based systems also form mental models. These models typically

have little to do with the internals of the system, or with the software interfaces, com

munications protocols, or any of the things the software engineers or programmers think

about. Rather, the user model is formed as users interact with the system. Sometimes

users will have formed a user model based on their expectations of a system’s perfor

mance before they even use the system. Different users can also form very different

models of how the system functions based upon their own experience with similar



systems, their level of training on the system, their expectations, or the way they happen

to have used the system the first time. An example of one user model for the text pro

cessing system mentioned above is a simple list of characters in a document. With that

model, users approach the system in the same way they might approach the use of a type

writer. The fact that there is a hierarchical organization to a document is meaningless to

them. It doesn’t change the inherent features and advantages of the hierarchical organi

zation, but because the users have a very different mental model, they may not use them.

The user interface to a computer-based system can be considered a mapping from

the system model to the user model. It can function to help users form a consistent user

model which will continue to operate throughout their use of the system. This is the rea

son that consistent user interfaces are stressed -- so that once users form the correct men

tal model of system operation, the system does not do anything to break that model. This

reduces the amount of training necessary to feel comfortable using a computer-based sys

tem. Two obvious examples of systems that have been designed to support very con

sistent user interfaces are the Xerox Star [27] and the Apple Macintosh [1].

It is important to note that the user interface is a mapping between the user model

and the system model, not an attempt to make the user model conform to the system

model. Many user interfaces have been written which take the latter approach (e.g.

IBM's JCL). Often the goal is to present a user model which is very different from the

system model. The Apple Macintosh, for example, presents users with a series of icons

(pictorial representations of objects) on the screen. Users form a model of an icon

representing an object which may be manipulated in some fashion. In fact, at the system

level, each icon is represented by three separate "forks", or file divisions, which include



different information about the data, resources, and position of that object. Under normal

circumstances, users never have to deal with the system’s concept of what that icon

represents.

1.4.1.2. Metaphors

One technique for helping users form a specific mental model of their interaction

with the system is to use a metaphor [18]. A metaphor utilizes objects or actions that

users are (hopefully) already familiar with and already have mental models of to suggest

how they should interact with the system. The desktop metaphor, as an example, relies

on the users’ familiarity with objects in an office environment such as documents, files

and filing cabinets to suggest a user model. This user model maps to the system model of

a hierarchical file system, without having to explain the difference between a "file" and a

"directory". The users use knowledge that they already possess to deduce how to interact

with the system. This reduces training time and provides a basis for the user to quickly

begin to use a system, although mastery may still take additional training.

The primary use of a metaphor, then, is to reduce the learning curve and allow a

user to quickly become comfortable with a system. One additional use of a metaphor

may be to reduce the relearning necessary as a user switches from one system to another.

Again taking the desktop metaphor as an example, users who have used the Xerox Star

will find that many things about the Apple Macintosh come very easily and naturally to

them. In particular, the concept of files and documents and a hierarchical organization of

the desktop is something that will be familiar to anyone who has worked on the Star.

One potential extension of this is to utilize a consistent metaphor across different user

interfaces to the same system to allow users who have used one user interface to quickly



adapt to another with a minimum of retraining.

Another point about metaphors is that at some level they have to be extended.

Again taking the desktop metaphor as an example, both Xerox and Apple designers

added objects to the "desktop" which don’t exist on a real desktop. In the Star, Xerox

designers chose to represent a printer as an object on the desktop to which the users copy

documents which they wish to print. On the Macintosh, Apple designers implemented a

pull down menu across the top of the screen to control system operation. There is obvi

ously no real world analogue to this. In both of these cases, the designers reached the

limitation of the metaphor and chose different ways to extend it. At some level, all meta

phors will have to be extended in some way. The job of the interface designer is to util

ize the metaphor as much as possible, but to recognize when the limits have been

reached. It is often a very difficult task to assess at what point the metaphor ceases to be

an advantage, and how best to extend it.

There has been much work in the area of linguistics and natural language relating to

metaphors [15]. This work has resulted in systems which can interpret metaphors in

language. Unfortunately, no such systems have been created which can capture or

describe a user interface metaphor. This is not surprising considering that a user inter

face metaphor goes far beyond a linguistic metaphor. User interface metaphors can take

advantage of visual similarities as well as semantic similarities. This makes a formalism

for describing user interface metaphors extremely difficult to imagine. In addition, such

a formalism would not replace the need for the designer to understand the semantic

domain of the potential users of the system.
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1.4.1.3. User Interface Management Systems

The common approach to user interfaces within the computer science community is

to utilize a user interface management system, or UIMS. The primary goal of these sys

tems is to provide a strong separation between the user interface of a program and the

algorithms and manipulations provided by the program. The commonly held belief is

that this will allow the user interface designers to concentrate on designing good user

interfaces, and will allow the system architects to focus on designing a clean, efficient

software architecture. A UIMS is also supposed to allow modification of the user inter

face to suit individual preferences and changing technology.

The difficulty with UIMSs to date has been the difficulty of providing semantic

feedback to the user interface." Semantic feedback is extremely important in the biomed

ical environment for such things as molecular modeling, where knowing that you’ve

selected a carbon atom as opposed to a neighboring oxygen is very important. Many

UIMSs provide some means of having the application display some semantic feedback,

but if this style of interaction is fundamental to many, or most, of the actions users might

perform, then the application becomes bound once again to the user interface with the

additional overhead of the UIMS. Most UIMS advocates now concede that the "pure"

separation of application and user interface is not appropriate (cf. [19], [21], and [17])

and that some portion of the application should exist within the user interface to provide

semantic feedback, and some portion of the user interface should exist within the applica

tion to provide special user interface functions which might not be present within the

UIMS.

'The semantics of an interface refer to the domain or application specific knowledge which it
employs.
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1.4.1.4. User Interface Consistency

The importance of user interface consistency in reinforcing the user's mental model

was discussed above. The recognition of this important aspect of user interface design

has resulted in the adoption of user interface consistency as a primary goal by designers.

Unfortunately, exactly what is meant by consistency has yet to be clearly articulated. A

recent paper by Jonathan Grudin [7] presents the case against user interface consistency.

His central thesis is that understanding the task domain, and designing interfaces which

are appropriate for that task domain, are more important than maintaining a set of user

interface guidelines across all task domains.

The approach presented here attempts to use a metaphor to achieve consistency at a

task, or semantic, level rather than simply depending on the look and feel of the inter

face. There are several reasons for this approach. First, because researchers utilize a

variety of different computer systems and computing devices, "look and feel" con

sistency could only be achieved by compromising on either a lowest level hardware

interface, or attempting to emulate higher level interfaces with less functional hardware.

In either case, a sub-optimal user interface often results. Second, as hardware and

software improves over time, new user interface technology is likely to emerge also. By

enforcing consistency at a semantic level, it will be much easier to incorporate new inter

faces and still provide the user with a sense of consistency. As an example, consider the

Macintosh interface, which is rigidly consistent. One of the new areas of user interface

technology will be the utilization of three dimensional graphics to present the user with a

three dimensional interface into the system. This style of interface will be very difficult

to incorporate into a set of guidelines which were originally written for a single-tasking
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environment on a small display. If, however, the semantic consistency behind the inter

face were stressed, then the transition might be much easier. In the case of the Macin

tosh, this would involve focusing on the desktop metaphor, the relationship between

objects and applications, and the idea of a standard set of operations. As a final reason,

enforcing consistency at a semantic level does not discourage the incorporation of new

interface styles and technology into the system. If the semantic consistency is retained,

then new interfaces can be easily added.

1.4.2. The Workbench Metaphor

Metaphors are being used in a variety of systems to reduce the learning curve neces

sary to become comfortable with the systems. In addition to the desktop metaphors of

the Xerox Star and the Apple Macintosh as discussed above, other uses of metaphor

include the Rooms metaphor of the Interlisp-D environment [10], and the NoteCards

metaphor used in both NoteCards [8] and Hypercard. The implementations of the desk

top metaphor have some common characteristics. First of all, the system is organized

around "documents" which are acted upon by "applications". Second, there tends to be a

relationship between an object and the application which acts on that object. On the

Macintosh, for example, the application which creates an object is "registered" as part of

the information associated with object. When a user "double-clicks" on the object, the

associated application is invoked on that object. Third, objects tend to be single-valued;

for example, a word processing program operates on a single document, not collections

of documents. These characteristics make sense in a text-processing or office environ

ment, but provide certain restrictions in other environments. What is proposed below is a

new metaphor based upon a workbench instead of an office desktop. For the purposes of
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MMWB, the metaphor is of a chemist’s workbench.

The underlying idea of the workbench metaphor is that one utilizes a variety of

tools to develop, or complete, a project. A project can (and usually will) contain multi

ple objects representing data in various stages of refinement necessary to accomplish a

specific goal. For example, if the goal is to determine the three-dimensional structure of

the drug relaxin, then the project may contain a two-dimensional NMR spectrum which

represents the original data, and a variety of objects which represent the progressive

refinement steps in determining a predicted structure for relaxin. Thus a project is simply

a container for all of the objects which are related to a specific study. There is no limit to

the number of tools which may operate on a given project. Tools need to have an under

standing of the types of objects within the project that they can operate on, but as long as

there is some object within the project that the tool understands, the tool can be used. In

the real world, imagine the synthesis of an organic compound. There are a variety of dif

ferent materials that go into the synthesis: various starting materials, reagents, buffers,

etc. If you take a tool, say a magnetic stirrer, from your tool cabinet, the number of

things you can use that on is limited to liquids, or those solids which may be dissolved

within liquids. A spatula, on the other hand, is more specific to solids. The goal of the

project is to synthesize a compound. The tools used to accomplish that goal are at the

discretion of the chemist, and are not in any way related to specific objects other than the

limitations on what each tool can operate on.

The workbench metaphor has been further defined for MMWB to be a chemist's

workbench. This decision was made primarily because most of the system's eventual

users would be familiar with this environment. The only change that this entails is a
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better metaphorical relationship for tools and user interface tools, which become proto

cols and instruments, respectively. The idea is that one uses instruments to view or

manipulate objects, and one uses protocols to change or permute those objects. Both

instruments and protocols are considered tools for the purposes of the metaphor.

The actions which operate on projects and tools in the workbench metaphor follow

from the metaphor. The user must be able to select a project for future tool application.

There is an assumption in the metaphor that the project is the major focus, not the tool.

Thus one may apply a variety of tools to develop a single project. This is different from

the common usage of the desktop metaphor where a user typically uses a single tool on a

single document. In the real world, a chemist decides to synthesize a specific compound,

and then applies a series of tools to starting materials until that compound is complete. It

is less common to work on multiple projects at the same time. It therefore seems reason

able that in the implementation of the workbench metaphor there needs to be a "selected"

project upon which all subsequent tools can operate.

One immediate extension of these actions is the ability to link a variety of protocols

together so they can be invoked with a single action by the user. This is a simple exten

sion of the idea of a protocol, which may entail a single step, or have multiple steps.

This allows protocols to be used together to perform new functions which are combina

tions of their individual functions. This also provides a way for users to tailor the func

tion of the system in some fashion.

It is also possible to combine instruments in a similar fashion. This might be used

for molecular refinement requiring both molecular editing and molecular graphics.

Another application might be the use of a series of instruments linked together for
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demonstrations or movies.

1.5. Summary

This study takes a new approach to the design of environments for use in biomedi

cal research. This approach involves the definition of a user interface paradigm which is

appropriate to, and potentially specific to, the application domain for which the environ

ment is being written. One user interface paradigm, the use of a user interface metaphor,

will be tested to determine what impact it has on the overall design and implementation

effort, and what impact it may have on the user's perception and use of the system.



Chapter 2

The Design Approach for MMWB

2.1. Introduction

The importance of computers and computer software as tools to aid modern

researchers is widely recognized. In biomedical research the use of computer-based

tools and techniques has provided scientists with new ways to model biological macro

molecules, predict molecular interactions, determine similarity in nucleotide and protein

sequences, and search for structural similarities between a series of small molecules [16].

While a wide variety of tools is now available, these tools are poorly integrated and in

many cases difficult to maintain [3]. In addition to the state of the software internals, the

interface between the software and the user is often crude and difficult to learn. There is

little, if any, consistency between the various software tools which might be used by an

individual researcher.

A great deal of literature exists which describes software development methodolo

gies which purport to lead to the development of easy-to-use software which is maintain

able and to some extent, extensible. Unfortunately, none of these methodologies has

significantly penetrated into the biomedical research environment.

One reason that software development methodologies fail to be widely adopted by

developers in research environments is that these environments differ substantially from

the large industrial and government environments for which most software development

methodologies are tailored. The following sections will examine the biomedical research

environment as it relates to software, explore the difficulties in adopting existing

software development methodologies for use in this environment, and suggest an

16
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alternative approach.

2.2. The Design Environment

The biomedical research environment is typically associated with an academic or

government sponsored laboratory. There are several commercial laboratories which are

active in this area, but most of these rely on commercial or academic software. Those

that develop software themselves hesitate to distribute it because of the competitive

nature of biotechnology. For the most part, then, software development for new techno

logies occurs in a grant-based environment. The nature of most granting environments is

that there are always resource constraints of one form or another. Immediately after the

awarding of a large grant, there is a lack of space and personnel. Later into the grant

cycle, after space is found (if it can be) and people are hired, computational resources

become constrained. This is the first major characteristic of this environment: it is

resource constrained.

Resource constraints are not limited to the academic environment. Most commer

cial biotechnology research environments also face chronic resource constraints. Most

companies involved with biotechnology are still relatively small and are financially con

strained. While there is typically no grant cycle in these environments, there is certainly

a yearly budget cycle. As a result, most biotechnology companies continue to use

academic software and share resources amongst the researchers. In addition, very few

biotechnology companies have large development staffs, making them more dependent

On commercial offerings and software obtained from academic collaborators.

Another major characteristic of this environment is the nature of the user commun

ity. Biomedical researchers are obviously very intelligent individuals who recognize the
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computer as a necessary tool. If they perceive that the tool provides them with an avenue

to pursue their research, they will use it. If the perceived utility of that tool is offset by a

steep learning curve, they may not be willing to use the software. If they do use it, they

may be unwilling to expand their use of the software or learn new ways to use it. The

result of this is an emphasis on the interface between the user and the software.

The software requirements themselves are different in the research environment

also. As experiments are conducted the results are used to refine theories and suggest

new experiments. This often results in continually changing software requirements.

Even software which was written to support instrumentation and tools may need to be

modified as technology advances. The need to modify software is not unique to this

environment; however, the number of those changes and the continual flux in require

ments are distinct from what might be found in a non-research environment.

Finally, the software which is used by researchers is derived from a variety of

sources. Some of the software may be obtained commercially when such solutions are

available. Much of the software is obtained from other researchers and local develop

ment. Not only are user interfaces quite different, but often the data formats are incompa

tible. The result of this is software which is poorly integrated, inconsistent, difficult to

use, and often difficult to modify to fit a specific researcher's needs.

2.3. The Design Process

2.3.1. Traditional Software Design

The traditional software life cycle as depicted by Wasserman and Stinson [29] is

shown in Figure 1. Most of the current design methodologies assume this approach. The
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stages of this approach are discussed in sequence.

Requirements Testing Operations
eq Hs- Specification H=- Design He-Implementation H=- and and
Definition Verification Maintenance

Figure 1 - The Traditional Software Development Life Cycle

The first stage in the life cycle is requirements definition. At this stage the require

ments for the software are completely defined. A well-prepared requirements document

should define exactly what the software is going to do, and why. This has been called the

most important stage of the development process because all of the subsequent stages

assume that the requirements have been correctly identified.

The requirements document is then used as one of the primary inputs to the next

stage, specification. At this stage the details of the software are specified. This should

include the reports, screens, algorithms and any part of the software which will interact

with the user.

Once well specified, the software can be designed. Software design involves the

documentation of modules and their interactions, as well as any data formats which are

not user-visible or otherwise already specified. The design is handed off to the program

mers for implementation, where programs are actually written which (hopefully)

correspond to the design.

The final two stages are testing and verification and operations and maintenance.

At the testing and verification stage the software is tested to ensure that it meets the

requirements and specifications, and that it was implemented according to the design. If

the software is determined to meet all of the above criteria, it is assumed that the



software will be satisfactory to the user and will fulfill their desire.

Researchers in the area of software engineering have focused on various stages of

this development approach and proposed various methodologies and tools for completing

stages of this process (cf. [22], [6], [24], [12], [29], [30], [13]). Fewer researchers

have proposed methodologies which encompass the entire development process from

requirements definition to operations and maintenance. One of these is the User

Software Engineering Methodology ( [30], [29]), and another is the DMS methodol

ogy [9]. Both of these methodologies focus on the development of large systems by

large teams of developers. The DMS methodology, for example, assumes that each

development team will have a user interface specialist as part of the team. This is typi

cally not feasible in a research environment.

2.3.1.1. Software Development in a Research Environment

The software development life cycle which is followed by most developers in the

research environment is shown beneath the traditional approach in Figure 2. The require

ments and specification stages are combined and shortened into a simple statement of the

request or need. This is a pragmatic response to the changing software requirements in

research. If formal requirements and specification documents were prepared, the time

necessary for their preparation would cause them to be outdated before they were ever

complete. It is also true that most systems developed within the research environment

are smaller in scale than a major banking system, or the controlling software of the space

station. However, most practitioners are now recognizing that the rigid, formal approach

practiced by government procurement has led to rigid, inefficient software that is typi

cally based on the technology which was prevalent at the time of the contract rather than
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at the time of implementation [28].

Requirements Testing Operationsequirem Specification H=- Design He- Implementation H= and andH
Verification Maintenance
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Figure 2 - Software Development in Research

In computer-sophisticated laboratories and institutions, the request is followed by a

more traditional design process. The design is often prepared in close collaboration with

the researchers to make up for the lack of formal specifications. The design is then

implemented and cursorily tested. More formal testing is often not performed because of

the expense or difficulties in testing the software. It also may not be efficient to formally

test software which might need significant revision after each use.

The operations and maintenance stage is also somewhat different. The continual

modifications to the software will often require reimplementation, if not redesign. This

results in a more iterative process than the traditional approach.

In many of the discussions of the software development process, it is suggested

strongly that the specification stage include specification of the user interface and an

iterative cycle of prototyping the user interface for the user. Unfortunately, concerns

about the user interface are often completely ignored in development of software for the

research environment, even though the user interface is arguably as important, if not

more important, in this environment.
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2.3.1.2. Summary of Problems

It should not be construed from the previous discussion that there is any inherent

problem with the traditional software development approach, nor with the development

methodologies which have been proposed based on that approach. The traditional

approach has been demonstrated as being very successful in a large number of major

developments. The difficulty with the traditional approach is not in the approach itself,

but in the application of this approach to an environment which is quite different from

that for which it was developed.

The way software is currently developed in a research environment presents some

serious problems. First, the user's view is often incorporated late in the development

process, often during the actual implementation. This may result in software which is not

as easy to use as it might be. Second, because of the constantly changing requirements,

the software may quickly become difficult to maintain and "brittle" from too many

modifications unless flexibility and extensibility are somehow designed into the software.

Finally, if extensibility and flexibility are designed into the software, there is nothing

inherent in the design process which provides for consistency for the user. A possible

result of this is the addition of new features which never get used because of too steep a

learning curve or potentially opaque utility.

2.3.2. Proposed Development Approach

The difficulties in applying traditional approaches to software development to the

biomedical research environment have lead to the proposal of a new approach which is

tailored to research software development. This new approach is shown in Figure 3.

This approach is highly iterative in recognition of the iterative nature of research.
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Figure 3 - Proposed Development Approach

The first step in this approach is the specification of the goals which the software is

to meet. The goals should include goals for the software (e.g. extensible, network

independent, etc.), as well as a statement of the purpose of the software (e.g. "a system to

support a variety of tools for investigating biological macromolecules").

The next step is to develop a conceptual model which the users can use as an under

lying foundation for their understanding of the system [18]. The conceptual model also

provides a framework for the developers as they design and implement the system. The

goal is to give the developers a framework which corresponds to the users’ view of the

system.

The system is then designed to meet the goals. The design should reflect the con

ceptual model internally as well as in the users’ view. The design is then implemented.

The implementation is then evaluated by the developers against the initial goals and by

real users to determine the clarity and appropriateness of the conceptual model. If the

users understand the model, but are unable to understand the software, then there is a

flaw in either the user interface, the software architecture, or the model itself. These

flaws are removed by iterating through the process.

The major advantages of this approach are the explicit incorporation of a conceptual

model, the recognition of the iterative nature of software development in this environ

ment, and the avoidance of time-consuming specification. The development of the con
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ceptual model before the design stage allows the conceptual model to become a key

feature of the design. This approach also provides consistency for the user through

adherence to the conceptual model. This allows the actual user interface to adapt to

changing needs with a minimum of relearning by the users. One corollary of this is that

multiple user interfaces could also be consistent at this conceptual level. This allows the

development of user interface for specific devices or applications which have some

degree of consistency.

2.4. Summary

The proposed development approach has several advantages for this environment.

The idea of using a conceptual model as an aspect of the design process has been used

with success by Xerox during the design of the Star [27] and has been suggested by

Rubinstein and Hersh [23] as one part of their design methodology. The Xerox

designers, however, never formalized the design process they used, nor did they discuss

in any detail how the conceptual model influenced the design. They did strongly suggest

that if a conceptual model were to be used, that it should be decided upon before the

design process was begun so that the design could more closely reflect the chosen model.

Rubinstein and Hersh’s treatment of the selection of a conceptual model is actually

limited to choosing a metaphor. They also make this an optional part of their design

Strategy. If a metaphor is to be used, it is selected before the design, as is suggested here,

but the overall methodology is extremely complex and the metaphor is not given the cen

tral role proposed here.



Chapter 3

The MacroMolecular Workbench - MMWB

3.1. Introduction

The Macromolecular Workbench, MMWB, is an environment being developed at

the University of California, San Francisco for supporting research into the structure and

function of biological macromolecules. This chapter discusses the issues involved in the

design of user interfaces for MMWB. The diverse nature of the work involved in this

research suggested that a worthwhile goal for the system design would be the integration

of software from a number of sources and the simultaneous utilization of a variety of dif

ferent devices.

The application domain for MMWB is the determination of the structure and func

tion of biological macromolecules. This is an area which will involve scientists and

researchers from a variety of areas including:

• X-ray crystallography
• NMR spectroscopy
• Protein chemistry
• Molecular modeling
• Physical chemistry

The eventual goal is to develop an integrated computer-based environment for investiga

tors to utilize as a tool in the research of organic macromolecules.

3.2. Goals of MMWB

There are several goals that the designers of MMWB are hoping to achieve. The

general aim is to design a system which could take maximal advantage of the resources

available to the MMWB project, while providing for the flexibility and extensibility

25
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which are necessary for a research platform in a rapidly growing field. The design goals

of the system are:

3.2.1. Data Sharing

This is a clearly desirable goal in a cooperative research environment. It is impera

tive that two different researchers who are attempting to hypothesize the structure of

the same protein using different methods have the ability to share data. This should

be as seamless as possible without sacrificing the security of the data.

3.2.2. Resource Sharing

In most research environments resources are limited. It is almost always desirable

to maximize the ability of researchers to share scarce resources. In particular, the

availability of high-resolution graphics devices and compute servers is limited and

they should be shared.

3.2.3. Multiple, Consistent User Interfaces

This goal actually follows from the previous goal. When researchers do not have

access to the high-resolution graphics workstations, they still would like to be able

to get work done. Much of the work can be done on lower resolution workstations

and terminals. Having consistent user interfaces for these other devices will reduce

the learning curve necessary to use them.

3.24. Compatible Computing Services

One of the problems with the current state of software in the computational chemis

try area is that there are very few standards for data and interface formats. This
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makes it very difficult to write an application which takes the output from other

applications as its input. All applications in MMWB should be able to gain access

by some well understood mechanism to the data which is output by other MMWB

applications. In addition, mechanisms should be made available for applications to

cooperate directly, or through an intermediary, to achieve some combined result.

For example, a molecular dynamics application and a molecular display application

should be able to cooperate to provide users with a visualization of the results as

they are being calculated.

3.2.5. Extensibility

As new applications are developed, and older applications improved, they must be

able to integrate into the system with a minimum of effort. This should help

encourage the development of new applications, or the refinement of existing appli

cations. In addition, the architecture must allow for the integration of new comput

ing and graphics resources as they become available.

3.2.6. Distributed Processing

All of the computational resources in the MMWB environment should be easily

available to researchers. For example, the system must allow a researcher on a

graphics workstation to utilize the computing power of a supercomputer or minis

upercomputer which is available on the same network.

3.27. Network Transparency

Ideally, the system should be designed to hide the network from the user. This type

of system would allow applications to be run on any available resource in a
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transparent fashion, without regard to the system type or the location of the applica

tion.

3.2.8. Implementable in Finite Time

It is important that the system be implementable given the available resources. This

may seem obvious and trivial, but it is always important to be in touch with the real

world constraints surrounding a design effort. It thus seemed worthwhile to list this

as a specific goal.

3.3. MMWB Conceptual Model

The next stage in the design process was the selection of a conceptual model. For

the purposes of MMWB the conceptual model chosen was a user interface metaphor.

This is a computer-based analogy to a familiar concept or environment. The users’

experience with the real world should aid them in their use and exploration of the

computer-based world. The MMWB metaphor is that of a workbench, a chemist's work

bench to be precise”.

3.3.1. The Workbench Metaphor

The workbench metaphor has already been introduced in the first chapter. Briefly,

the central concept behind the metaphor is that users utilize a variety of tools to develop,

or complete, a project. For MMWB, the workbench metaphor has been restricted further

to be a chemist's workbench. Chemists typically deal with a variety of objects, which

* Other conceptual models are possible. For example, rather than basing the system design on
a metaphorical chemistry workbench, the conceptual model could focus on the idea of clients and
ServerS.
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may be chemicals and reagents, and they use protocols to mix those chemicals and

reagents to achieve the desired final product, which is the completion of the project. Dur

ing this process, a chemist may use a variety of instruments to monitor and modify the

progress of the chemical reactions dictated by the protocols. Instruments, then, are tools

which require a user interface, whereas protocols have a more restricted interaction with

the user. The next section provides a detailed example of how this metaphor is used.

3.3.1.1. A Detailed Example

The central idea behind the concept of a project is that the work of the user is a pro

cess, where data are modified, combined, and created over time to produce some final

result. This process is depicted graphically in Figure 4, which shows an idealized flow of

object and process from primary structure to a putative tertiary structure. To the extent

that this holds, the workbench metaphor will map very well into the user’s application

domain. The modification of data can occur in three different ways: the transformation

of data of one type into data of another type (i.e. the object type changes), the addition or

modification of data within a single object, and the modification of data within an object

which gets written into a new object. In the latter case, we now have two objects of the

same type within the project. This is certainly possible, but is not optimal for the work

bench metaphor since the user will have to select which object they are interested in for

all future tool invocations which operate on that object type. In the first two cases, there

remains only one object of each type, and tools will have no need to request further

Selection information from the user.
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Figure 4 - Example Project Flow

Boxes represent operations performed on structure objects and ellipses
represent the structure objects.

Consider, as an example, the process of deriving a model of a protein. The end

result, or goal, is a file containing the residues, domains, and the three-dimensional coor

dinates of the atoms along with information about connectivity or bonding. There could

be several starting points for this information: primary sequence, the structure of a related

protein, NMR spectra, or partial X-ray crystallographic data. For the purposes of this

example, the starting point is a primary sequence which has been determined utilizing

genetic technology. The user creates a new project, selects it, and stores within that pro

ject an object of type primary sequence which contains the sequence data. The first step

might be to investigate the secondary structure of the protein. The user selects a tool

which (hopefully) can give him/her a predictive secondary structure.” The tool should be

written to produce a new object, of type secondary structure. This object may then be

used by the user to hypothesize a three dimensional structure. The resulting three dimen

sional structure will be a third object and its type might be molecular data. This is a

more complex object than the other two because it is actually the final form. All of the

future manipulations will actually involve modifications of this object, or additions to it.

* Several such tools have been written, although their predictive ability remains an area of
research and debate.
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Note that through the entire process, the user never has to specify the object to operate

on. Each of the tools is specific to a single type of object and selects the appropriate

object based upon the current project and the list of objects of its type within that project.

This example presents the workbench metaphor in its best light. The user has only

to select the project and then all other operations occur without further selection. There

are several circumstances when this breaks down and the user interface must provide

mechanisms for tools to request further selection information from the user. In the above

example, if the user wants to hypothesize a second tertiary structure to compare with the

first, he/she could either create a new project, or add a second object of type molecular

data to the current project. In this case, there would be two objects of that type and the

user would have to provide selection information where appropriate. Note that it may

not always be appropriate to select just one of these. For example, one operation a user

may want to perform is a visual comparison of both of these structures. In this case, the

molecular modeling program, MIRAGE, would simply open both of the structures and

allow the user to select them using MIRAGE commands.

3.3.1.2. Extensions

The workbench metaphor immediately suggests two extensions which are not

strictly part of the metaphor. A metaphor allows users to interact with a variety of dif

ferent devices and interfaces. If this is to be a feature of the system a mechanism needs

to be provided which allows software tools to have some device independence, especially

those which are not particularly interactive. For example, a tool which does molecular

mechanics in a batch mode only needs to interact with users to obtain initial parameters

and (perhaps) provide some occasional status or update information. It is not acceptable
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to require the author of such a tool to implement a version of the tool for each different

type of interface. MMWB provides such a mechanism which is similar in concept to the

Apple Macintosh dialog box. The similarities are strong enough that the MMWB term

for this mechanism is a dialog. Dialogs provide an interface-independent mechanism for

interaction between "mostly" batch tools and the users. This mechanism provides the

ability for users to interact with these tools from a variety of devices.

The next extension is to provide a mechanism for users to change user interfaces

without terminating the running tools. MMWB provides the concept of a session which

allows users to change devices or user interfaces without any loss of interaction with

currently active batch tools.

3.3.2. The MMWB Workbench

The workbench metaphor has been implemented as an integral part of the MMWB

architecture. The applications interface to the data is based upon objects which have

associated properties. One type of object is a project; projects may contain other objects.

Another type of object is a tool, which may be either a protocol or an instrument. These

objects contains all of the information necessary to execute that tool. There are two "spe

cial" projects which have been implemented in MMWB. The first is the prototype pro

ject which contains all of the default tool descriptions and prototypes of all objects in the

system. This provides a mechanism to register objects with a system administrator or

System manager to avoid object type clash.

The second "special" project is the user's default or home project. This project

contains the user's versions of prototype tool descriptions. It also contains any additional

tools or multi-step protocols that the user desires to have accessible. The user default
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project may also contain objects of type state which contain information about user

interface and session state.

3.3.3. Alternatives

There are several alternatives to using a metaphor to ease the transition between

systems. The first is to simply have no linking user interface at all. That is, each com

ponent of the system would be written with the user interface that best suited the imple

mentor. This would have the advantage that each user interface could be tailored to best

meet the goals of the system, but would have the disadvantage that users would have to

relearn each component with no obvious transfer of knowledge or experience from the

previous components.

Another alternative is to enforce a least common denominator. This would basi

cally have to be some form of menu-style interface which could be run on any available

type of hardware. The obvious exception to this would be the molecular modeling pro

gram, MIRAGE [11], which would have to have some convenient means of controlling

the models being displayed on the screen. This alternative has the advantage of being

easiest to implement (a series of library routines to display and process menus), and pro

viding the most consistent user interface to all but MIRAGE. It has the disadvantage of

not making the best use of more modern workstations. In addition, wading through

menus would become very tedious for experienced users.



Chapter 4

The MMWB Design

4.1. MMWB Architectural Overview

The goals for MMWB are reflected in the system design as shown in Figure 5.

Resources in the system are controlled by specific resource managers. A session

manager, SM, is responsible for all tool initialization and communications; a data

manager, DM, is responsible for all data access and concurrency control; a dispatcher is

responsible for contacting tools on the network; and a user interface manager, UIM, is

responsible for managing the input and output devices, and any graphics or display

intensive tools. The Foreign Tool Driver, FTD, provides an interface to tools which are

available only in binary, or are too cumbersome to convert to run under the more func

tional MMWB architecture.

34
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Figure 5–Process Architecture of MMWB

MMWB data are organized into collections called projects. The DM manages all

data access and concurrency for a single project. There is one, and only one, DM for any

active project. The DM is executed by the dispatcher at the request of the user interface

when a project is selected. The DM will accept requests from clients anywhere on the

network so that users on different machines may share a project (which may be on yet

another machine). This also allows data sharing for machines on the network which may

not be linked by a remote file system such as Sun's NFS. The basic data model sup

ported by the DM is a simple table with ordered rows and named columns called attri

butes. To retrieve a data value from a table, the application only needs to specify the row

number and the attribute name. A variety of different data value types are supported,

including a table type, which allows recursive tables. A more complete description of
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DM is available in [11].

The dispatcher server is responsible for providing access to services on a network.

The dispatcher will launch the service, establish communications with it, and return the

communications streams to the calling program. The dispatcher is used not only by SM

to launch tools requested by users, but it is also used to find the appropriate DM for the

selected project. The use of a dispatching service provides an easy mechanism for

launching tools on different machines.

A UIM manages the screen device itself. Under some circumstances, for example an

ASCII terminal, the UIM is actually the user interface. For multi-windowed bit-mapped

graphics displays, however, the UIM provides the basic user interface functions neces

sary to implement the workbench metaphor. Other user interfaces may be present in

separate windows on the display. For example, on a Silicon Graphics Iris it would be

possible to have a molecular modeling program (MIRAGE) and a molecular dynamics

display on the screen at the same time. All communications between these user inter

faces and the rest of the tools will be handled by the UIM, or through objects in the file

system. Note that there is a different UIM for each display device supported by the sys

tem. In fact, it is possible to have more than one UIM for a given device to present dif

ferent user interfaces to users. A UIM utilizes the underlying windowing system and win

dow manager to implement its user interface. This is important to maintain consistency

with other applications being executed on that device. A UIM should not be confused

with a window manager, however. Window managers typically implement some basic

window manipulation policies and functionality and rely on applications to implement

the semantics of an interface to the underlying system. A UIM provides a complete inter
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face to a system and manages the tools themselves, not simply the windows. The design

and functionality of user interface managers will be discussed in more depth below.

The Session Manager, SM, serves two functions. First, the SM manages all com

munications for a session, which is the collection of protocols and (possibly) a user inter

face manager. Second, as the main interface to the dispatcher, the SM manages the exe

cution of the tools themselves, including controlling the sequential execution of tools in a

script, and maintaining the list of available tools for delivery to the user interface.

There are two forms of communication between MMWB and users. The first is

through an instrument. This takes on a well defined meaning in MMWB because tools

are classified by their need to interact with users and the nature of that interaction. For

example, MIRAGE would certainly be considered an instrument whereas a tool which

only needed to interact to gather initialization conditions, or occasionally to display

status, would be considered a protocol rather than an instrument, even though it requires

occasional input from the users. All instruments run under a UIM, and must satisfy the

requirements of that UIM for interaction and interface. In general, instruments are device

specific. The second type of user interaction is through dialogs. Dialogs are discussed

in detail in section 4.3. A dialog is a device independent mechanism for soliciting input

from a user. Tools which do not require direct interaction with a device will communi

cate with users using this mechanism. Dialogs have several distinct advantages over

other forms of interaction:

they are device independent
they are user interface independent
they persist across user interfaces
they are asynchronous
they can utilize semantic knowledge

!
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Dialogs are presented to users by the current UIM. If no UIM is running when a tool

sends a dialog to a user, it is queued by the SM until a UIM is available. A UIM must also

implement the basics of the system interface including project selection, object manipu

lation, and tool initiation.

The Foreign Tool Driver is a tool which interfaces to other tools which have not

been written to conform to the MMWB architecture. The FTD captures all output from

the foreign tool and searches for strings which match patterns defined by a series of rules

inside of a file. If a match is found, that rule is executed (see Section 4.5). When these

strings are detected, FTD captures them and sends a dialog to the user. The users enter

the appropriate information and FTD then sends that information to the tool as if it were

typed on a terminal. This mechanism will allow for the integration of a large number of

tools, although it is far from perfect.”

The architecture described above provides for a number of the MMWB goals. The

existence of the Dispatcher allows distribution of compute services around the network.

The Data Manager provides a mechanism for compatible data handling across applica

tions. The Session Manager allows a user to communicate with a variety of tools in an

interface-independent fashion using dialogs. It is easy to add tools to the system, and the

Foreign Tool Driver provides the ability to interface to tools which do not conform to

the MMWB architecture.

* It would be nice, for example, to be able to handle more advanced user interfaces, such as
forms or graphics.
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4.2. Sessions in MMWB

The SM serves two roles for the MMWB system. First, it acts as a session manager,

controlling all communications between tools and the user interface. It is also responsi

ble for insuring delivery of messages to a user interface when one becomes available.

Second, SM acts as a tool manager, launching tools when requested and making options

available to the tools. Collections of MMWB protocols which are to be executed either

in sequence or in parallel (multi-step protocols ) are processed and controlled by SM.

4.2.1. Session Management Functions of SM

An MMWB session is a collection of an SM, possibly a UIM, and possibly one or

more tools. There must be at least one tool or a UIM present; in fact, SM will exit if there

are no tools and no UIM active. MMWB does allow users to change user interfaces or to

terminate a user interface. The purpose for this is to allow a typical scenario in which a

user initiates a user interface from home on an ASCII terminal to start some long jobs,

then logs off, drives to the lab, starts a user interface on a graphics display and reattaches

to the running session through the session manager. Generally, scarce resources like high

resolution graphics displays can be managed more easily if users have the ability to util

ize more available resources without terminating any running tools.

SM manages all communications between the protocols and UIM. The communica

tions occur primarily in the form of dialogs. As defined above, a dialog is an interface

independent request for information from a user. All user interfaces implement the com

plete set of dialog types, but they are free to implement them in any fashion. The impor

tant consideration for session management is that all communications between tools are

implemented as dialogs.
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There are three major types of communications which must be made available for

MMWB operation. The first of these is user interaction with tools. This is the major use

of dialogs and they provide a very simple mechanism for tools to request values from the

users. The problem is that there is no guarantee that a user interface will be present when

a tool issues a dialog request, nor is there any guarantee that users will respond to a dia

log request before terminating their session. It is the responsibility of SM to deliver dia

log requests to the user interface, and to deliver the response to the tool. If no user inter

face is available at the time a dialog request is issued, SM simply accepts the request and

queues it up for eventual delivery to a user interface. When a user interface attaches to

SM, all queued dialog requests are sent to it. A dialog request is held in the queue until a

reply has been received from the user interface.

One special type of user interaction with tools is called a notifier. Notifiers are spe

cial types of dialogs which notify the user of the completion codes or status of tools. No

response is possible to a dialog of this type, and in this special case, the dialog is

dequeued as soon as it is delivered to the user interface.

A possible extension of the dialog delivery mechanism might be the ability to "log"

all dialogs to provide a transcript of all interaction with a given tool. This functionality

could become part of a "lab notebook" which could be utilized by users to record their

activities. This could not be used, however, to eliminate interaction with the users. The

modal nature of dialogs (other than notifiers) would still require user interaction before

tools could continue. This is discussed in more detail in Chapter 5.

The second type of communications supported is that between two cooperating

tools. In this case, a very simple form of dialog is used called a message. Messages are
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used primarily for synchronization, although it is possible to use them to pass values

between tools.

The final type of communication supported is the option. An option is a value

which is passed to a tool at the tools' request which does not require any user interaction.

Options are used primarily by UIMs to allow users to set various parameters and defaults

for tools before invoking them. Options allow the user a great deal of flexibility. First,

potentially all of the dialogs which could be sent by a tool could be answered in advance

using the option mechanism. This would allow the users to launch tools and then be free

from any interaction until they terminate. Second, required options are processed before

tools are actually invoked. This allows users to make sure that all required information is

present before tools ever get launched. If they desire to abort at this point until the neces

sary information is available, they may do so, with an assurance that no data has been

touched.

One interesting side note about the design of options: because options are imple

mented as complex dialogs, the same interface is presented for options as for dialogs.

This preserves a consistent look and feel within the same user interface. Options, mes

sages, and notifiers are discussed in more detail in section 4.3.

4.2.2. Tool Management Functions of SM

In addition to its session management functions, SM also serves as the tool manager

for MMWB. If all tool invocation is done by SM, then it is easier to establish the com

munications links necessary for its session management functions and eliminate the need

for complicated communications rendezvous schemes. This simplifies the design of the

MMWB communications as a whole.
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The process of tool invocation is reasonably straightforward. SM validates the invo

cation request, reads and validates the options, and then sends a request to a server called

the dispatcher to locate the tool on the host and launch it. The dispatcher sets the

appropriate communications in place and provides a stream to the tool.

The role as tool manager for SM extends beyond tool invocation. SM also interfaces

with the file system to locate all of the system and user prototype tool information. The

information retained for tools is shown in Table 2. This information is stored in two

places. The first is in the system prototype project. This project contains information

about all of the tools known to the system. Default values are present for each of the

options in the option sheet for each tool. This information is read by SM for all known

tools, and this information is passed to the user interface. The information in the system

prototype project may only be modified by the system administrator. The second place

where this information is stored is in the user's home project. Any user modifications to

system tool descriptions are saved in the user’s home project. If a system tool descrip

tion has a higher version number than the user's tool description, a warning is issued to

the user interface so that the user may update to the system version. This is to allow the

system administrator to add options or change the location of tools without having to

update all user copies of the tool description. Any tool descriptions for privately

developed tools are also stored in the user's home project.
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Value Type Description
Name text The name of the tool
Version text The version of the description
nodisplay boolean | If set, don’t display the option sheet
Options option | The option sheet (collection

of all options) for the tool
Subtool text A list of subtools to be run
On Frror integer | What to do upon termination.

Possible values are: SM_IGNORE,
SM_DIE, and SM_KILLB.

Host text List of hosts to search for the tool,
may include the keywords default and
die.

Table 2 - Tool Description Properties

SM is also responsible for the management of tools which have been chained

together into multi-step protocols. As can be seen from Table 2, a tool description may

contain a list of subtools which actually make up that tool. In this case, the tool descrip

tion can be considered a type of script which directs SM to execute each of the tools in

turn. The option sheet which is present in this case is actually a compound option sheet

containing options for all of the tools. Each option sheet is numbered and delivered to

the appropriate tool. Option sheet zero, however, is delivered to all tools in the multi

step protocol. This allows a single option to be filled out only once for all tools.

Multi-step protocols are typically sequential executions of tools. The syntax for the

Subtools property of the tool description is a list of valid tool names separated by com

mas. Protocols may be executed in parallel, however, and for parallel execution, the syn

tax must be a little more complicated. Parallel streams are separated by a vertical bar,

and sequential streams are grouped within a parallel stream by brackets. For example, to
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execute the five tools as shown in Figure 6, the Subtools property would contain the text:

Tool1, (Tool2, Tool3}| Tool4, Tools

Tool2 Tool:3

Tool1 Tools

Toolá

Figure 6 - Example Parallel Tool Execution

To execute six tools with Tool4 and Tools running in parallel with Tool2 and Tool3, the

Subtools property would contain:

Tool1, {Tool.2, Tool3}|{Tool4, ToolS}, Tooló

Finally, to execute five tools with Tool2, Tool3, and Tool4 all running in parallel, Sub

tools would be:

Tool1, Tool2|Tool3|Tool4, Tools

It is worthwhile to note that the options for multi-step protocols are derived com

pletely from the tool description, and except for checking versions, the system and user

prototype project definitions for the tools are not consulted. This allows tools which are

executed as part of a multi-step protocol to have different options than when they are

executed by themselves.

Error conditions for multi-step protocols are specified by the Onerror property of

the protocol description. This allows the user to specify whether the protocol should con

tinue after errors have occurred or should abort immediately on errors, and how to deal

with parallel branches. SM maintains this information for each running protocol and is

the agent responsible for carrying out the appropriate action.
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4.2.3. SM Design

SM is implemented as two separate pieces, a server and a library. The SM server is

responsible for maintaining the state of all dialogs, including options, messages, and

notifiers, and performs most of the tool management functions. The library provides

interfaces to the dialog mechanism, the tool invocation mechanism, options sheets, and

tool lists. There are three sections to the library: a section for tools (instruments and pro

tocols), a section for User Interface Managers, and a section which contains common

routines. Manual pages for each of these libraries are included in Appendix C. The

major difference between the tool-specific section and the UIM-specific section is in the

communications protocols. The SM-Tool library implements a strict client-server proto

col, while the SM-UI protocol is peer-peer. The protocols are presented more fully in

Appendix B. The rest of this section discusses each of these components of SM.

4.2.3.1. SM Common Library

The SM library contains a list of routines which are common to both UIMs and pro

tocols or instruments. These routines are shown in Table 3. Several of these routines

implement the interface between the SM and the underlying object file system, OFS [11].

These routines allow the caller to retrieve the current project, as well as the user's home

project and a path to the system project. These routines, and the corresponding routines

which allow the setting of these projects, are seldom used directly by the client program.
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Function Description

sm error
Sm_get_curr_proj
sm_get_home_proj
Sm_get_sys_proj
sm_kill
sm_launch
sm_read_dialog
sm_read_reply
sm_send_dialog
sm send_reply tool
sm_session_status
Sm_set_curr_proj
sm_set_home_proj

Return the last error message
Return the current project
Return the home project
Return the system project
Kill a tool (protocol or instrument)
Launch a tool (protocol or instrument)
Read a dialog from the SM
Read a reply from the SM
Send a dialog to the SM
Send a reply to a tool (from a tool)
Return the session status (list of tools)
Set the current project
Set the home project

sm_set_sys_proj
sm_set_file

Set the system project
Set the channel used for SM communication

Table 3 - SM Library Functions

Other routines in the SM library provide a mechanism to launch other tools (proto

cols or instruments), determine what tools are running, or kill a running tool. The routine

to launch a tool, sm launch, does not provide any access to the option sheet mechanism,

so should only be called by programs which know the exact nature of the tool to be

launched. It is provided in this library for use by programs which desire to launch and

establish communications with subordinate tools such as the possible execution of a pro

tocol by an instrument. One of the dialog interfaces, sm send reply tool, is provided

specifically for communication between tools.

4.2.3.2. SM-UI Library

The SM-UI library, SMUI, is the only interface between the UIM and the SM server.

The goal of SMUI is to provide a simple, clean interface for UIMs to both the session

management and the tool management functions of SM. The relationship between the

UIM and SM is a peer to peer relationship, that is, either the UIM or SM can initiate
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communications. The implications of this are that messages may originate from SM or

UIM at any time. Care must be taken to insure that the communications protocol avoids

any race conditions resulting from this. The functions which are provided by SMUI are

shown in Table 4.

Function Description
sm_attach_session | Attach to an existing session
sm_cancel Cancel a tool invocation
sm_detach session | Detach from a session
sm_dispatch Handle SM input
sm invoke Initiate tool invocation,

including option sheet handling
sm_list_sessions Return the current active sessions
sm_send_reply Send a reply to a dialog

Table 4 - SM-UILibrary Functions

The design of the communications protocol between SMUI and the SM server must

deal with the peer to peer relationship between SM and the user interface manager, UIM.

The difficulty with peer to peer communications is the avoidance of race conditions

caused by messages which are initiated simultaneously by each end of the connection. In

the case of communications between SM and the SMUI library of a UIM, this is handled

by forcing the SM server to be intelligent and handle any incoming requests from UIM

processes, regardless of the current state of SM. When a UIM receives a request from the

SM server which is not in answer to its request, it simply drops it. The SM server is

responsible for resending its request after responding to the UIM. This approach makes a

great deal of sense in the context of the role of SM as a session manager. SM is already

required to maintain queues of all pending dialogs, so that all SM must do is mark the

dialog in some way to make sure that it gets redelivered after SM answers the user's

request. This is also consistent with good user interface design because it lets the user

Am
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have control.

Most of the functions implemented by the SMUI library are actually simple inter

faces to the communications protocols which connect a UIM to the SM server. Much of

the processing for tool invocation, however, is actually handled by the SMUI routine

sm_invoke. When the user interface requests that a tool be invoked, sm invoke will vali

date the options and insure that all required options have values by calling the dialog

handling routine which is supplied by the UIM, uim dialog, as needed. This results in a

reduction of communications time and a quicker response to the user.

One additional function provided by SMUI is the ability to reattach to a running ses

sion. The SM server will store an object in the user's prototype project which contains

all of the information necessary to reattach. This information includes a process

identifier for the SM server and the machine the server is running on. This information is

used to establish communications with the running SM server. Once communications are

established, all pending dialogs are sent to the user interface, and processing continues.

Users may only connect to their own running session, and can only connect if they have

access to the session object. This limits some functionality (e.g. it would be nice to have

a "group" working on a single session), but avoids the obvious security concerns. Any

other state information about screen displays or locations are the responsibility of the

user interface.

4.2.3.3. SM-Tool Library

The SM-Tool library, SMT, is very similar to SMUI. It implements a similar set of

functions as shown in Table 5. The major differences are that specific functions are pro

vided for option requests, and the relationship to the SM server is pure client-server. All
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requests are made by the SMT library, and no communications are expected from SM

unless they have been requested.

Function Description
sm_dialog Send a dialog to the UIM
sm_exit Terminate tool execution
sm init Initialize the SM
sm_notify Send a notification dialog to the UIM
sm_request int_option Get an integer valued option
sm_request text_option Get a text valued option
sm_request float_option Get a floating point valued option
sm_request bool_option Get a boolean valued option

Table 5 - SM-Tool Library Functions

4.2.3.4. SM Process

The SM Process, SMP, is the central focus of both session management and tool

management. SMP maintains all of the queues of dialog requests and monitors the status

of all tools, including the user interface. This monitoring is more complicated than it

may first appear. Tools are actually initiated by the Dispatcher, as discussed in the over

view, not by SMP. This means that the normal exit status which is returned by the

operating system to parent processes is not available to SMP when a tool exits. To over

come this problem, SMP monitors the status of the communication streams. Upon a nor

mal completion, a dialog is sent by the tool notifying the user (and coincidentally, SMP)

of the completion code. An abnormal completion may, or may not, result in a notifier. If

a tool terminates with no completion code, however, the communications channel will be

closed by the operating system. This will be used by SMP to determine that a tool has

terminated. SMP will then issue a notifier to the user interface stating that the tool has

terminated with an unknown completion code.
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SMP utilizes this technique to monitor all processes in a multi-step protocol. Unk

nown completions are assumed to be errors, and SMP will take the appropriate action as

described by the Onerror variable in the tool description for the multi-step protocol.

After SMP receives a request to invoke a multi-step protocol it interprets the tool

specification and prepares a graph of tool execution. The first set of tools are invoked

and their options are extracted from the combined option sheet and are prepared for

delivery as required by the tools. Tools within a multi-step protocol may launch other

tools and establish communications with them using the dialog mechanisms described

above. As each tool completes, SMP determines which tool or tools to invoke next,

extracts their options and launches them. This process continues until a fatal error occurs

or until the final tool or tools complete. The final completion code is returned to the user

interface.

Another function provided by SMP is the ability to rendezvous with user interfaces

which need to reattach. When a user interface terminates, SMP writes an object into the

user prototype project which contains a contact location for the session. When a user

interface wishes to reattach, it reads the object out of the user prototype project, and

attaches via the contained location. Once communications are established, the object is

removed to prevent other user interfaces from attempting to attach to the same session.

4.3. Dialogs

4.3.1. Description and Use

Dialogs are primarily interface-independent requests for information from the user.

They can also be used for inter-process communication and to provide information to the
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user without requiring any response. Because dialogs are independent of the actual user

interface which is displaying them and interacting with the user, tools become com

pletely independent of the user interface.

Dialogs are an important part of the provision for multiple user interfaces. The

major aspects of dialogs which allow for multiple user interfaces are:

• Dialogs are interface-independent, so that a dialog can be presented by any user

interface.

• The SM queues dialogs for delivery, so a user interface manager does not have to be

active for a tool to request input from the user.

• User interface managers can reconnect to a running SM and receive all of the

queued dialogs. This provides for guaranteed delivery of the information.

Interface independence for dialogs is achieved by defining a rather limited set of

dialog types. The type of a dialog is defined to be the type of the value being requested

or sent to the user or tool. The set of dialog types is shown in Table 6. All user interface

managers for MMWB are required to implement the entire set of dialog types. This pro

vides a mechanism for any MMWB tool to retrieve information from the user without

regard to the user interface the user is actually interacting with. This is an important cri

terion because, as discussed above, the user interface may change during the tool’s exe

cution time.

º
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Type Returned Value
IValuator | Returns an integer value
FValuator | Returns a floating point value
Text Returns a text string
Select Returns an index into the selection values.

The selection list is passed in the List
component.

Boolean Returns a simple TRUE or FALSE,
often used for Continuation requests

YesNo Returns a TRUE for yes or a FALSE for no
Notifier No return, Value contains the

integer completion code

Table 6 - Dialog Types

One of the disadvantages of a small set of dialog types is that user interfaces and

tools which share knowledge about the semantics of objects are not able to utilize that

semantic information to implement intelligent dialog response interfaces. For example, a

tool which requires a starting residue number for some computation could only send a

Text or IValuator dialog to be filled in by the user. A nicer user interface for this

request would be to have an image of the molecule on the display and to be able to select

the starting residue with a pointing device of some form. This would be possible if the

current user interface shared the semantics of residue with the tool. To overcome this

disadvantage, MMWB dialogs have a semantic type field which can be used by a tool to

pass semantic information to a potentially intelligent user interface. User interfaces

which do not implement that semantic type present the dialog to the user as if that field

did not exist. In the example above, the dialog would be presented as a normal Text or

IValuator dialog. If the user interface does implement that semantic type, however,

more sophisticated user input and error detection mechanisms can be used, such as using

a mouse to select a residue from a molecular model on the screen.
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4.3.2. Design of MMWB Dialogs

4.3.2.1. Simple and Basic Dialogs

The internal data structure of MMWB dialogs is shown in Table 7. The primary use

of a dialog is to request some form of information from the user. For this use of a dialog

the Name field contains the name of the value, the Type and SType are set to the

Value's type and semantic type, respectively. If SType is set to a semantic type, the text

value SInfo may contain information which is necessary for the understanding of the

semantic type. For example, if the semantic type is object, the SInfo value might con

tain the name of the project which contains the object. Upper and Lower are used for

primitive bounds checking on input. These provide a means by which the tool can pass

bounds information to the user. The Prompt and Help information may be provided for

possible use by the user interface for presentation of the dialog and context-sensitive

help. The Source and Dest fields are filled in by SM. The ToolName is filled in by the

tool, or by SM if it’s blank. One additional field used by simple dialogs of type Select is

the List field which contains a list of values which provide the selection list. This type of

dialog is called a simple dialog. If SType is zero, then it is also a basic dialog. A sam

ple simple dialog for the residue example discussed above is shown in Table 8. An

example showing how a user interface manager might present this dialog to the user is

shown in Figure 7.
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Field Type Description
Name text The name of the value
Type integer | The type of Value
Stype integer | The semantic type of Value
SInfo text Any information necessary for semantics
Prompt text A prompt to be displayed by the user interface
Help text Context help text
List text A list of values for a selection
Value value | The returned value
Upper value The upper bound of Value
Lower value | The lower bound of Value
Flags integer | Various flags
Source integer | The tool ID of the dialog source
Dest integer | The tool ID of the dialog destination
ToolName text The name of the tool generating the dialog
Option integer | For use by option sheets

Table 7 - Dialog Contents

Field Contents

Name Starting Residue Number
Type IValuator
Stype RESIDUE
SInfo Human Relaxin
Upper 55
Lower 1
Prompt Enter the starting residue
Help The calculations performed may be bounded by

selecting starting and ending residues. The
default value is the beginning of the molecule
(e.g. residue 1).

List NULL
Source tool■ D
Dest 0 (0 is the toolid of the UIM)
ToolName | Calculate hydrophobic moment
Option 0

4.3.2.2. Compound Dialogs

Table 8 - An Example Dialog

A problem with dialogs arises when a tool requires the user to input multiple values.

Presenting the user with a box for every value would be unwieldy and tiresome. To



55

overcome this, MMWB dialogs may be compound. A compound dialog is identical to

multiple, simple dialogs except that they are joined together, and all have the same

Source, Dest, and ToolName fields. No restriction is placed on the UIM about how to

implement the user interface for this, but it is the current suggestion that compound dia

logs should be presented together. Taking again the residue example above, if the tool

sent a compound dialog which contained requests for the starting and ending residues,

one possible user interface is shown in Figure 8.

Calculate hydrophobic moment

Enter the starting residue

Starting residue number: [T]

Figure 7 - An Example Dialog Interface

Calculate hydrophobic moment

Enter the starting and ending residues

Starting residue number: [T]
Ending residue number: [ ]

Figure 8 - An Example Compound Dialog Interface

4.3.2.3. Notifiers

In addition to the normal use of dialogs discussed above, there are also some special

forms of dialogs which are used for specific purposes. One special form of dialog is

called a notifier. Notifiers are used to notify the user of the completion codes or status of

tools. No response is possible to a dialog of this type, and in this special case, the dialog

is dequeued as soon as it is delivered to the user interface. A Notifier is designated by a

value of Notifier in the Type field of the dialog.

i
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4.3.2.4. Messages

The second special form of dialog supports communications between two cooperat

ing tools. In this case, a very simple form of a dialog is used called a message. Mes

sages are dialogs which do not have Prompt, Help, or List fields. Messages are used

primarily for synchronization, although it is possible to pass values between tools in the

Value field of the dialog. Because there are many tools running which may desire com

munications of this sort, the tool is responsible for filling in the Dest field with the tool

ID of the tool it wishes to send the dialog to. Currently, the only ways for a tool to deter

mine the tool ID is as a return value from an invocation request to SM, or from the

response of a call to sm_session status. In addition, the special tool ID of zero is

returned for the current UIM. SM will guarantee message delivery as long as the tool

referenced is present. If the referenced tool terminates, an error is returned to the sending

tool. A message dialog contains a Flags value DI_MESSAGE, which is primarily used

to determine what action to take if there is no recipient.

4.3.2.5. Options

The final special type of dialog is an option. An option is a value which is passed

to a tool at the tool’s request which does not require any user interaction. Options are

used primarily by UIM to allow users to set various parameters and defaults for tools

before invoking them. When a UIM invokes a tool, it sends a very large compound dia

log called an option sheet to SM which contains the values for all options which may be

requested. SM accepts these options, and validates them to insure that all required

options are present and have values. A required option is a dialog which has the

DI_REQUIRED flag set. Any required options which are not present are sent back to
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the user interface in the form of dialog requests which can actually be answered directly

by the user. After all required options are present, the tool is invoked. Each dialog

request that comes from the tool is checked against the list of options. If the dialog

request can be answered by an option, the response is sent; otherwise the dialog is for

warded to the UIM.

4.3.3. Comparison of MMWB Dialogs with Macintosh Dialogs

MMWB dialogs are patterned after Macintosh dialog boxes; however there are

several important differences. These differences are outlined below:

• There are no modal dialogs in MMWB, as there are in the Macintosh. Macintosh

modal dialogs require the user to dismiss them before any other action can happen

on the machine. There is no need for modal dialogs in MMWB because of the

multi-tasking nature of the underlying environment. In fact, the tool sending the

dialog may not even be running on the same machine.

• MMWB dialogs may be compound. Macintosh dialogs may have multiple input

items, but they are part of the same dialog. A compound dialog in MMWB is actu

ally just a list of simple dialogs. Each MMWB dialog may input only one item of

data.

• MMWB dialogs are user-interface independent. A Macintosh dialog includes infor

mation about the way to display that dialog, and may even include graphics calls

and objects. This is consistent with the Macintosh model of a single, consistent

interface. One of the goals of MMWB, however, is to allow multiple user interfaces.

• MMWB dialogs make provisions for semantic types. Macintosh dialogs are res

tricted to the provided types.
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• MMWB dialogs may be used for display only, without any input requirements. This

is possible on the Macintosh (i.e. no control items), but it is not part of the intent of

dialogs.

• MMWB dialogs may be exchanged between two tools as a means of inter-process

communication. Dialogs always interact with the display on the Macintosh.

4.4. User Interface Managers

The previous sections have referred repeatedly to MMWB user interfaces. Actually

the user's interface to the basic system is implemented by a process called a User Inter

face Manager (UIM). User interface tools (instruments ) in MMWB differ from user

interface managers in a variety of ways. A UIM must provide certain functionality.

First, it must implement the workbench metaphor and allow users to select and manipu

late projects, objects, and tools. Second, it must implement interfaces for all dialog

types, and interface with SM for exchange of dialog information. Finally, it must provide

mechanisms to launch tools, and communicate to SM the tool description information.

An instrument runs under a specific user interface manager. The instrument is typi

cally specific to a given application or task. Instruments communicate only with the user

interface manager and the data manager, and are not required to implement any dialog

handling except the semantic dialogs which they choose to support. The protocol

between the user interface manager and an instrument is undefined because it may be

specific to the window system or environment in which the instrument and user interface

manager are implemented. This allows implementors of UIMs to take advantage of the

capabilities of the target workstation or window system. The functionality which must

be provided between UIM and instruments is defined and discussed below.

!.



59

4.4.1. Workbench Metaphor Interface

The UIM is the user's primary interface to the workbench. Table 9 lists the func

tions which must be supported. Table 10 lists some additional functions which should be

supported by UIMs whenever possible. Whether a UIM implements the functions in this

set depends on the features of the user interface and whether or not it will handle instru

ments underneath it.

Function Description
Project Lists The UIM must provide the capability

to list all of a user's projects
Project Contents The UIM must provide the capability

to list all of the objects within the
selected project.

Project Selection The UIM must provide a means to
select a project.

Project Maintenance The UIM must provide mechanisms for
project creation, naming, and deletion.

Object Maintenance The UIM must provide mechanisms for
object creation, naming, and deletion.

Tool Lists The UIM must provide a means to list
all of the available tools, both protocols
and instruments.

Tool Maintenance The UIM must provide a means to modify
local copies of a tool description. This
includes setting options in the tool’s
option sheet.

Dialog Handling The UIM must implement user interfaces
to all of the basic dialog types.

Tool Invocation The UIM must provide a means to invoke
a tool.

Session Connection A UIM must be able to connect to a running
session and retrieve all active dialogs for
display and user input.

Table 9 - Minimum UIM Functionality

The role of the UIM as the interface to the Workbench is critical to the system’s

success. The degree to which the interface is faithful to the metaphor will to some extent
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determine the amount of cognitive transfer that a new user will be able to apply from

experience with previous UIMs. UIMs which have been developed for graphical inter

faces should take advantage of icons to reinforce the metaphor. For example, a simple

user interface on a bit-mapped graphics workstation may start up with three icons, one

representing the project list, another representing the list of protocols, and the last

representing the list of instruments. The user would open these, perhaps using a double

click with a mouse to view the list of projects or one of the lists of tools, respectively.

When the user views the tool and project lists, the iconic representations should be infor

mative. Different object types in the project should be distinguished by their icons.

Tools might also be distinguished by having part of their icon be the icon of the object(s)

on which they operate. This may turn out to be somewhat cluttered, but gives a good

example of how icons might be used.

The example user interface described above has some interesting features. The dis

tinction between tools and projects does not align with the system model in which tools

are simply objects within a project just like any other object. It does, however, seem rea

sonable to separate this particular object out from any of the others because more tools

are available than are actually present in the current project. This is because tools which

are described in the user's default project and the system project are always available,

regardless of which project is currently selected. This allows users to define their own

default values for commonly used tools and store them in their default project. These

new tool descriptions will be available no matter what project is currently selected.

Users may also define tool defaults on a project-specific basis. This actually results in a

hierarchical system in which definitions in the current project take precedence over

definitions in users’ default project which in turn take precedence over the system's



61

defaults.

Function Description
Instrument Launching An instrument is much like a protocol, but

the UIM may distinguish between them for
purposes of invocation and communication.

Instrument Communication If the UIM supports instruments,
there must be a means of communicating
with them. This needs to be defined by
the UIM designer.

Semantic Dialogs If instruments are supported, the
UIM must provide a means of informing user
interfaces about semantic dialogs and sending them
to interested instruments.

Workbench Semantic Types The UIM should implement the semantic types
which are relevant to the domain of the
workbench itself. For example: WObject
is a semantic type for an object in the
workbench.

Multi-step Protocols The ability to create multi-step protocols should
be cleanly integrated into the workbench user
interface.

Table 10 - Desirable UIM Features

4.4.2. Semantic Dialogs

Semantic dialogs are the means by which tools can take full advantage of shared

application domains with a running instrument. All UIMs implement the basic set of dia

log types. This set cannot be extended without modification of all UIMs, or without

inducing potential user-interface dependencies in the tools. The set of semantic dialogs,

however, is easily extensible because the UIM does not have to implement a semantic

type to allow communications between the tool and the user.

Semantic dialogs are the same as a basic dialog except that the SType field contains

a value which reflects the semantic type of the dialog. These values are assigned by the

systems administrator to guarantee uniqueness. The Type field still contains the type of
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the returned Value. If neither the UIM nor any of the current set of instruments have

implemented the semantic type, the UIM handles the dialog as a basic dialog of type

Type. This insures that the user will always be able to respond to the information and

that the dialog mechanism is always user interface independent.

When a UIM receives a semantic dialog, it must first determine if it or any of the

current instruments have implemented this semantic type. To accomplish this, the UIM

sends a message” to each of the current instruments. Any instruments which have imple

mented that semantic type respond with a message to the UIM. The UIM maintains a list

of instruments which may answer this dialog. The UIM then displays a dialog box con

taining the name of the dialog, the prompt, and any other information consistent with the

user interface implemented by the UIM. Users are also free to ignore the semantic type

and enter the appropriate value in the dialog box. If users wish to take advantage of the

power of user interfaces which share semantics with tools requesting the dialog, they

notify the UIM that they are going to respond to the dialog, and then perform whatever

action is consistent with the user interface to answer the request. When they are satisfied

with the answer, they can notify the UIM to accept the current answer and send it.

For example, if the residue dialog used above had an Stype value of RESIDUE it

would be a semantic dialog. Assume that the current UIM is running on a Silicon Graph

ics Iris and that a molecular modeling program (MIRAGE) is currently running as a

instrument underneath it. The UIM would send the dialog to MIRAGE to see if it has

implemented the semantics of the RESIDUE type. MIRAGE does implement this type,

but would first check the SInfo field, which for type RESIDUE should contain the name

5 Actually, it sends the entire dialog, for convenience. This avoids having to send it again if
the instrument implements it.
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of the molecule the tool is interested in. If MIRAGE has this molecule on the display, it

would respond that it could answer the dialog. The UIM then presents the dialog on the

screen. When the user is ready to respond to the dialog, he or she may use the mouse to

click into the dialog box. The UIM then sends a message to MIRAGE that the dialog is

now active. The user may then use a mouse to select the desired residue directly by

clicking on the correct residue. When a residue is selected, the value (in Type terms) is

sent to the UIM. This value is displayed in the dialog box. When the user sees that they

have the correct value, they may accept it by pressing the RETURN key, or clicking on

an OK or Accept field. The UIM then sends the completed dialog back to the tool (via

the SM) just as it would a basic dialog.

4.4.3. Tool Invocation

Tool invocation is one of the most important functions of a UIM. There are several

aspects to tool invocation. The first is the user interface, in other words, how does the

user indicate that they wish to invoke a tool? The MMWB philosophy is to allow UIM

implementors to implement tool invocation in a manner consistent with the device and

user interface they are writing for. There are a variety of possibilities, from double

clicking with a mouse, to menu picks, to command line interfaces. Each of these is

appropriate for certain types of user interfaces and it is expected that there will be a UIM

for each one of these. Some UIMs will implement more than one user interface to allow

users to select their preference.

The second aspect of tool invocation is the actual initiation of the tool". The user

* A more detailed description of tool invocation may be found in Appendix A.
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designates in some fashion that a tool is to be invoked, and it is now up to the UIM to

make that happen. This functionality is implemented for the most part by the SMUI

library. The list of tools is initially determined by a call to the SMUI library function

sm_list protocols or sm_list_instruments. When a user designates one of these tools to

be invoked, the UIM calls the function sm invoke. This function only actually launches

the tool if the option sheet for the tool has been previously filled out and marked as com

plete by the user or UIM. Otherwise, it marks the tool for eventual invocation and sends

the option sheet to the UIM dialog handler for interaction with the user. Once all of the

options have been completed, the UIM attempts to return the option sheet to the sender.

In this case, however, the UIM itself is the sender and it determines that this option sheet

corresponds to a tool which is awaiting invocation. Then the tool is actually launched.

The last aspect of tool invocation was briefly mentioned above: option sheet han

dling. The user interface implemented by the UIM must provide a means for modifying

and filling out option sheets. Option sheets are actually part of the tool description which

is maintained as part of the object file system, OFS [11]. The user must be able to

modify the default values for options and to designate that the option sheet is complete

and that they do not wish to change it before invoking the tool. This allows a user to set

the option values for a tool, and then launch the tool repeatedly with the same values,

without interacting with the tool at all.

4.4.4. Interface to Instruments

User Interface Managers (UIMs) which function on graphics workstations are

assumed to support multiple instruments in a windowed environment. An example

showing why this is necessary is easy to construct. Assume the user is using a Silicon
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Graphics Iris workstation, and is working with a molecular model of relaxin. In addi

tion, assume that user wishes to perform some molecular dynamics computations on the

model that he/she is working with and wishes to view the results of those calculations.

Now we have a problem, since the dynamics display may update once every minute, and

the user is not going to want to have his or her entire display devoted to this. Nor is the

user going to want to switch UIMs whenever he/she wishes to check on the status of the

calculations. What a user requires is the ability to put the dynamics display program in a

window on his or her current display. MMWB provides for this by allowing multiple

instruments to be active under a single UIM.

The separation between UIM and instruments is straightforward. The UIM provides

an interface to the workbench, to dialogs, to tools and option sheets, and to the SM. An

instrument provides a user interface to a specific task or applications domain. Example

user interfaces are:

• A molecular modeling program (MIRAGE)

• A molecular display program (for dynamics, etc.)

• A molecular editing program

O A protein sequence analysis program

In general, an instrument will be written whenever there is a need for direct interaction

with the user which cannot be met by the dialog mechanism.

Most instruments must be launched directly by the UIM and not as part of the nor

mal SM Scheme for two basic reasons. First, it is critical that an instrument run directly

on the machine on which the display resides. This is primarily for bandwidth considera

tions, but also because there are not yet any three dimensional graphics standards which
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are network independent. Second, the instruments and the UIM should provide as con

sistent a user interface as possible. Unlike protocols, which use the dialog mechanism,

there is no simple way to separate the user interface from an instrument. The instrument

and the UIM must interact to provide such consistency. The UIM will be written for a

specific windowing system, often for a specific hardware platform. The interaction

between an instrument and the UIM will be dependent on that platform and on the facili

ties provided by the window system.

Some UIMs, however, may be implemented for window systems which may be con

nected to from a network, such as X or NeWS. For these UIMs, all of the information

necessary to connect to the UIM may be communicated to an instrument using the stan

dard dialog mechanism. This makes it possible to utilize the facilities provided by the

SM to launch instruments. The SM makes a distinction, however, between instruments

and protocols so that if a UIM terminates, all associated instruments will be terminated

also.

When the UIM is not implemented on a network-based window system, it must pro

vide a mechanism to launch instruments which is independent of the SM. This mechan

ism must include all of the normal option sheet handling and option delivery. There is to

be a default library available which implements instrument launching and option sheet

handling. Typically, instrument launching will involve device-dependent environmental

setup (e.g. for the window system) followed by the function the operating system uses to

launch tools.”

7 In Unix this would be a fork system call followed by an exec system call.
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The UIM and the instrument must maintain a communications channel for other

information which needs to be exchanged during the session and at start-up. This infor

mation includes: the currently selected project, semantic dialog information, option

values, and probably access to the dialog mechanism of the UIM. The instrument needs

to know about the current project so that it can interact directly with the Data Manager.

MIRAGE, for example, will access the Data Manager directly to read in the molecular

structure information for display. When the user selects a new project, there are two pos

sible schemes. First, the new project could be sent to the instrument. Current lists of

available objects and future selections would be updated to reflect the new project. A

second alternative is to not update running instruments with the new project information,

but to force the user to initiate a new instrument to work within the new project. While

the second alternative seems more restrictive, it is also more consistent with user's tasks,

as well as easier to implement. As a result, this is the alternative which has been selected

for implementation at this time.

The need for communicating semantic dialog information was discussed above in

some detail. The instrument implementor must decide which semantic types they wish to

handle and determine how the user will interact to respond to dialogs of those types.

Note that it is not necessary for the semantic interaction to be graphical. It would be very

useful to have the instrument simply do type- and range-checking based upon the seman

tic domain.

It would also be extremely useful to allow instrument implementors to take advan

tage of the UIM’s ability to handle dialogs. For example, assume an instrument is run

which requires some initial information which was not supplied in the option sheet. The
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instrument could display a dialog-type message, or it could take advantage of the UIM to

do so. The need for the UIM to handle options for the instrument makes this facility a

simple addition.

4.4.5. Example User Interface

This section describes an example user interface which meets all of the functionality

described above. Not every feature of a UIM will be discussed, but hopefully enough

actions and images will be presented to allow the reader to imagine the look-and-feel of

the interface. For the purposes of example, let us assume that this user interface will be

run on a Silicon Graphics Iris 4D/GT. When a user sits down at the Iris, he or she logs in

using their normal Unix name and password. When the user has gained access to the sys

tem, he or she may initiate the UIM by typing the name of the appropriate program.

When the UIM begins running, the first function which must be performed is a search of

the user’s default project to determine if there are any sessions currently running without

a UIM. For our Iris interface, if any detached sessions are detected, the UIM displays a

series of session icons on the screen, one for each detached session. The color or shape

of the icon is different if there are pending dialogs for the session. The user then select

one of these sessions by double-clicking on it with the mouse. This connects the user to

that session and any pending dialogs will be read and displayed.

Continuing our example, let us assume that there are not yet any dialogs waiting.

When the UIM is connected to the session, two icons appear on the screen. The first is a

little picture of a toolbox, and the second is a little picture of a workbench. The user

opens the workbench (by double-clicking) and selecting a project to work on, Relaxin.

The Relaxin project contains five objects: the primary sequence for relaxin, an energy

– —-
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minimization tool description, and three putative structures. The user now opens the

toolbox icon (again, by double-clicking), and selects the molecular graphics tool,

MIRAGE. UIM invokes MIRAGE as a user interface and passes the information about

the currently selected project to it. MIRAGE initializes and presents its user interface in

a window, including three icons which represent the three putative molecular structures.

The primary sequence data is not presented because MIRAGE is not designed to display

that object type. The user now decides to perform a minimization on one of the struc

tures. Again the user opens the toolbox and selects the minimization tool. This is the

version of the tool which is in the current project, because it has precedence over the sys

tem version. The user had previously selected the normal defaults for performing energy

minimizations on this project, so no information is required to initially launch the tool.

Almost immediately, however, a dialog window pops up on the display which lists the

three structures and asks the user to select which one is of interest. The user selects the

correct one by double-clicking on the proper string in the dialog box, and the minimiza

tion begins.

4.5. Foreign Tool Integration

The previous section describes the role of the UIM which is to present an interface

to the user. This section will discuss the role of the Foreign Tool Driver, FTD, which is

to present an interface to applications which were originally developed outside of the

MMWB environment.

One of the goals of the MMWB architecture is to provide an extensible environ

ment. New protocols, instruments, and objects can be defined and integrated into the sys

tem. In addition, new user interface managers can be written to be consistent with the
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workbench metaphor, but present new or alternative interaction styles to the user.

Libraries, interfaces, and tools are provided to aid the software developers in the

development and integration of their code. It has already been suggested, however, that

much of the scientific software which is currently in use comes through exchanges with

other laboratories or is highly modified and reworked code which has found popular

acceptance. It would be extremely costly and unwise to assume that all software will be

rewritten to be compatible with the MMWB environment. The Foreign Tool Driver,

FTD, was developed to provide a mechanism to integrate tools which are too difficult or

too costly to convert to the MMWB environment.

The goal of the design of FTD is to provide the maximum MMWB functionality

such as access to dialogs, sessions, and options while minimizing the amount of pro

gramming necessary to provide the integration. One constraint imposed on the design is

the assumption that the foreign tool cannot be modified; for example, only the binary

might be available. The approach taken by FTD is to "script" the interaction between the

user and the foreign tool, and translate the tool’s output and the user’s input into notifiers

and dialogs. The script takes the form of a series of rules, each rule containing a set of

preconditions, a regular expression to be matched by the output from the tool, an action

to perform if the preconditions are met and the pattern matches, and a set of postcondi

tions to be set. The design of the FTD and the syntax of the rules are discussed in the fol

lowing sections.

4.5.1. FTD Design

The FTD is a program which takes as its input a series of rules and arguments which

<describe how to initiate the foreign tool. Most of the functionality of the FTD is
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implemented as a series of library calls which compile the rules and control rule process

ing. In addition, the library includes some intrinsic functions to be used as actions for

sending dialogs and notifiers to the user. Table 11 lists each of the functions available in

the FTD library and their purpose. A version of the FTD program exists which can be

modified by integrators to provide special functionality such as conversion of data file

formats, special tool invocation procedures, or user-defined actions for the completion of

a rule.

Function Description

ftd_parserules | Parse the ruleset
ftd_launch Launch the foreign tool
ftd_process Process output from the foreign tool
ftd_term Terminate the foreign tool
ftd_dialog Send the dialog to the user and

the response to the tool
ftd_notify Send the dialog to the user
ftd_print Output the prompt (debugging only)
ftd input Output the prompt and get input

from the user (debugging only)
ftd sink Discard the input

Table 11 - FTD Library Functions

The FTD program is launched from the SM as a normal MMWB protocol as shown

in Figure 9. It must be run on the same machine that the foreign tool is to be invoked on.

The FTD may be part of a multi-step protocol. A common use of the FTD as part of a

multi-step protocol might be as the middle protocol shown in Figure 10. The first step

converts from an MMWB object into the native format expected by the foreign tool.

Then the FTD is called to execute the foreign tool on that data file. Finally, another pro

tocol runs which converts the foreign tool’s output file into another MMWB object.
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Figure 9 - FTD Invocation

The dotted lines show the path of normal MMWB communications
through the dialog mechanism and the solid lines show the communica
tions between either version of FTD and the foreign tool.
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Figure 10 - Example Multi-step FTD Series

Dotted lines show the flow of data from an MMWB object into the
appropriate foreign format, and then back into an MMWB object. Solid
lines show the time sequence through each of the steps in the multi-step
protocol.

Options may be passed to the FTD like any MMWB protocol and the options are

made available to the foreign tool through the use of flags in the script ruleset. Three

options must be passed to the FTD as shown in Table 12: the path on the local machine to
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the foreign tool, the object containing the rule set.* and the command-line arguments to

be used to invoke the foreign tool.

Option Description Example

program | Path to the foreign tool /usr/local/mmwb/bin/ftool
args Command line arguments -i input -o output
rules Path to the ruleset /usr/local/mmwb/rules/ftoolftd

Table 12 - FTD Mandatory Options

If all mandatory options are available, the FTD then opens the ruleset and compiles

the rules into an internal format. If no syntax errors are detected the foreign tool is

started and input and output channels are opened to it. FTD then accepts input from the

tool and scans the ruleset for meeting preconditions and a matching pattern. If a match is

found, and all preconditions are met, the rule is activated and any specified actions are

performed. After the actions have completed, any postconditions are set, and more input

is read from the foreign tool. This continues until either the foreign tool terminates or an

explicit termination is requested as part of one of the rules. The exact nature of the out

put and prompting conventions of the foreign tool make it impossible to rely on newline

terminated strings. As a result, characters are read one at a time, until either a newline is

reached or no characters are received for 1 second. Then the accumulated characters are

processed through the rules to see if any rules match. If no match is found, the characters

are discarded. Another approach would be to specify the termination character of the

Prompt. This approach was considered, and was discarded for two reasons. First, it

Would require either that the termination character be unique, throughout all prompts

T

8 Actually, in the current implementation, the rulesets are not implemented as objects but as
files in the native file system.
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from the tool, or that the ruleset be scanned upon every character. This leads not only to

additional overhead, but causes problems with embedded termination characters and

premature matches of shorter strings.

4.5.2. FTD Rule Syntax

The FTD is a simple rule-based system, which has preconditions, actions, and

postconditions. The basic syntax is shown below:

name: precondition ? pattern =>
action [flags],
{dialogs)
postconditions;

Preconditions are boolean expressions and the patterns are quoted regular expressions.

The syntax for the dialog section of the rules is patterned after the one used by the

MMWB dialog compiler [5]. Postconditions are assignment expressions. Variables can

be set in a postcondition and tested in the preconditions section of another rule. In this

manner, state may be retained to selectively enable and disable rules.

The detailed FTD grammar is presented in the appendix D. A short example is

given below:

# This is a test
testname:

a=1?

"Enter . * output file: "=>
ftd dialog (FTD_QUITFTD OPTION],
{

text; # no default, this is required
prompt "output object";
help "name of resulting molecule object";

a=2;

There are currently three intrinsic functions which are provided for normal use,
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ftd dialog, fid notify, and ftd sink. The action of fid dialog and fid notify depends on

the setting of the flag FTD_COPY_PROMPT. If this flag is set, then the output from

the tool is copied into the prompt field of the dialog and sent to the user. If fid dialog is

called then the return value is passed to the tool for further processing. If fid sink is

called then the text from the tool is discarded.

4.5.3. Debugging

For the purposes of debugging FTD rulesets, it is also possible to execute FTD

directly from the command line without utilizing any of the features of MMWB. If FTD

is executed in this manner, then all occurrences of fid dialog should be replaced with

fid input, and all occurrences of fid notify should be replaced with fid print. In all

other ways the actions of the FTD and the processing of the FTD rulesets are the same.

This allows quick testing and modification of the foreign tool interface before it is

integrated fully into MMWB.

4.6. Discussion

The goal of the design of MMWB was to create an environment for the investigation

of the structure and function of biological macromolecules which provided the following

features:

• Data Sharing

* Resource Sharing

O Multiple, Consistent User Interfaces

Compatible Computing Services
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• Extensibility

• Distributed Processing

• Network Transparency

• Implementability

The architecture presented provides an environment which includes all of these features,

with the possible exception of network transparency, which has not quite been achieved

in a real sense. From the user's point of view, one is able to execute tools on a variety of

machines without regard to which machine they will run on or how the data is returned.

The network ceases to be transparent only to the programmer who must port the software

to each platform, and provide tool descriptions which list the available platforms.

Much of this architecture has been implemented under the Unix operating system

on VAXen, Suns, and Silicon Graphics Irises using TCP/IP as the underlying network

transport. All of the features described here have been implemented and tested, includ

ing sessions, dialogs (both simple and compound), option sheets, semantic dialogs,

multi-step protocols, DM, SM, and Dispatcher, and multiple SMUIs. The entire system

was implemented in three months by two programmers and one graduate student.

4.6.1. Why the Complexity?

The overall architecture as shown in Figure 5 is reasonably complex. It involves the

use of multiple processes for performing any task, and often will involve more than six

Processes for doing any real work. The reason for this complexity is simple -- it made

the system much easier to implement. By segregating the Session Manager as a

SCParate process, for example, the concepts of sessions and dialogs were very straight
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forward to implement and have proven themselves to be robust. The complexity of the

MMWB architecture reflects this separation of the overall functionality into separate

processes which logically implement each individual function. This eases not only

implementability, but also maintainability, because functional lapses can be easily traced

to their source.

4.7. Conclusions

The user interface paradigm chosen for MMWB has proven itself to be valuable, not

only in helping to structure the user interfaces, but also as a useful component of the

design process. Much of the overall architecture of MMWB resulted from the choice of

the workbench metaphor, and from allowing that choice to influence the software archi

tecture throughout the design process. Some extremely valuable design elements

resulted from this influence, in particular the concepts of sessions, dialogs, and the

separation of instruments and protocols. Our experience through this design process

argues strongly that the user interface design must be an integral part of the overall

design process, although for our design, a potential family of user interfaces was con

sidered. This approach allows user interface designers to tailor user interfaces to specific

applications, or even to specific users.

There still remain some unanswered questions about this approach. First, and

perhaps foremost, is the success of the workbench metaphor in transferring training

between two different user interfaces. This is a very difficult question to answer, pri

marily because of the size of the study group which would be necessary to statistically

Verify the effect. What is being planned is a small series of subjective experiments to get

Son he feeling for the importance of the metaphor. The design of this experiment is
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discussed in detail in Section 6.2.

Another question which will be answered with practice is the ratio of tools which
-

require a user interface (instruments ) to those which do not (protocols ). If the major

ity of modern tools for molecular modeling require access to a bit-mapped graphics

display, then the architecture discussed above is not optimal. Our experience suggests

that this will not be the case, and that while the importance of scientific visualizations

will continue to increase, so will the need for large-scale computation which requires lit

tle or no interaction until the results are available.

2.
-



Chapter 5

Discussion

5.1. Introduction

The final test of any approach to design is to produce and implement a system using

that approach. The approach suggested in Chapter 2 involves a specific evaluation step.

To evaluate the design described in Chapter 4 requires several components. First, the

underlying architectural components must be implemented and tested. For MMWB this

required implementation of the Session Manager, the Data Manager, the Dispatcher,

the Foreign Tool Driver, and libraries which provide access to them from UIMs, proto

cols, and instruments. In addition, support libraries were implemented to provide access

to dialogs and other objects used by the system.

After the architectural platform has been implemented, the next step is to implement

a UIM, some protocols, and to integrate foreign tools using the FTD. The implementa

tion and integration of these tools provides experience with the libraries, architecture,

and syntax of MMWB. This experience can then be used to evaluate both the design and

implementation of the architecture in terms of the design goals. In addition, these tools

Provide a platform for testing new implementations and design changes in the underlying

architecture. The initial set of tools can also be used to provide examples for implemen

*tion of new tools by developers who were not members of the original design team. In

effect, these prototype implementations become an important part of the "documenta

tion" for the system, giving examples of how the designers perceived that the libraries

*d architecture would be used.

* 79
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Obviously the final evaluator is the target user population. This is especially true

when the architecture involves novel user interface concepts and designs. There are

several possible approaches to performing this evaluation, from formal tests and experi

ments to the more informal interviews and discussions with users. In addition, invaluable

information can be gained by simply observing users utilizing (or attempting to utilize)

the system at various stages during implementation.

The rest of this chapter presents the current status of MMWB and discusses some of

the lessons which have been learned by the implementation of the architecture, the

libraries, and some prototype tools. Also discussed is the design process itself, how that

contributed to the resulting architecture, and how it detracted. Finally, some initial user

comments and perceptions are presented and discussed.

5.2. Platform Status

5.2.1. Implementations

The initial implementations of all platform components were done on a Vax 86.50

running Berkeley Unix. The networking layer is provided by the Berkeley socket library

and the TCP/IP protocol suite was used. In the current implementation, TCP is the sole

transport protocol.

The language chosen for the initial implementations was C. The design of the

MMWB architecture suggests that an object-oriented language such as C++ or Objective

C might have been a more appropriate choice to implement MMWB. C was chosen at

the time primarily because of its portability, the degree of standardization which has

already occurred, and the programming experience of the developers. Future implemen
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tations might benefit from C++ as a language choice, particularly since C++ now sup

ports multiple inheritance. A DM cell, for example, can inherit the properties of both the

instance and the attribute. Another example where inheritance would be useful is in the

implementations of option sheets, which should inherit attributes of the tool, and attri

butes of the dialogs which make up the options. The current implementation is very

modular, taking advantage of ANSI C's information hiding capabilities, so substituting

the existing modules for modules written in C++ should be straightforward.

5.2.1.1. Dispatcher

The dispatcher is an important part of the overall MMWB architecture, although its

design and implementation are not directly a part of this research. The dispatcher has

been implemented and is currently in use. All of the functionality discussed in chapter 4

has been included. In addition to the Vax implementation the dispatcher has also been

ported to a Silicon Graphics Iris workstation, a Convex C1, NeXT machines, and a Sun

Microsystems workstation running the 4.0.3 version of SunOS. The implementation

currently depends on the Berkeley socket library and utilizes TCP/IP as the underlying

networking protocol. The only significant modification necessary to the dispatcher after

its initial implementation was the addition of a KILL command to allow the dispatcher to

kill processes that it had started. The dispatcher has proven to be reliable with acceptable

performance.

5.2.1.2. Data Manager (DM)

The DM provides a table-based data storage system to the MMWB architecture.

The initial implementation of DM utilized a library to provide an object based file archi
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tecture. The DM itself only provided access to tables and cells within the tables. Perfor

mance measurements and experience with this scheme demonstrated that this design was

very inefficient. The DM is in the process of being reimplemented. The new design

moves the object and project functionality into the server rather than leaving it in the

library. The initial design of the DM was the subject of previous work [11].

5.2.1.2.1. Data Manager Library (libofs)

The data manager library, libofs, provides the interface to the object and project

layers of the DM. Experience utilizing libofs has demonstrated that it provides a com

plete and effective interface to the underlying object layer. The current implementation

requires that the calling program preallocate all memory before calls to libofs. This

requires that the calling program first determine the number and size of the objects to be

returned, then allocate the memory for those objects, and then finally call the routine to

read the objects. This unfortunately can result in a race condition in which it is possible

for a routine to return more data than was allocated. If, for example, one routine is read

ing data from an object while another is writing it is possible for the writing routine to

add a field between the time that the reading routine got a count of fields and the time

that it reads the fields. As part of the reimplementation of the DM, the libofs interface

will be modified to allocate all memory internally. A new routine will be added to free

the allocated memory. As with the effort progressing on DM and the dispatcher this work

is being accomplished by others and is included here only for completeness.

5.2.1.3. Session Manager (SM)

The Session Manager, SM, has been implemented and provides all of the functional
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ity described in Section 4.2, including session management, dialog queueing, session

reattachment, tool invocation, and management of multi-step protocols. One of the early

modifications to the design of SM was to provide support for UIMs to use the facilities of

SM to initiate the execution of instruments. This required the SM to distinguish between

instruments and protocols so that all instruments may be terminated when the UIM ter

minates, while protocols may continue. This modification proved to be a straightforward

extension of the tool description by the addition of a Type field which describes whether

the tool is a protocol or an instrument.

The other major problem that was discovered with the existing design of SM

involves the implementation of multi-step protocols. In the current implementation, all

information necessary for the execution of the multi-step protocol is sent as part of the

tool invocation as a tool description. The tool description includes the Subtool field

which contains the names of all of the tools to be executed and the manner of their exe

cution as described in Chapter 4. In addition, all of the option sheets from the tools are

concatenated and sent. This requires either the user (or developer) to manually concaten

ate all of the option sheets together when the multi-step protocol is defined, or it requires

that the library be intelligent enough to concatenate the option sheets together at the time

of invocation. Additionally, the tools in the Subtool field are the internal names of the

tools as known by the Dispatcher. Thus either a special "multi-step protocol building"

tool must be built which would perform all of these tasks, or the creation of multi-step

protocols would be limited to developers. A final problem has to do with the extension

described above. It would be extremely advantageous to be able to include instruments

as parts of multi-step protocols. This is impossible under the current implementation

because there is no way to identify them as instruments since only the tool description for

º
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the entire multi-step protocol is sent at tool invocation time.

An alternative implementation would be to pass only the name of the object con

taining the multi-step protocol to SM and have SM read the object. The object could then

contain the names of the other objects which comprise the multi-step protocol in the Sub

tool field, plus a Type field which states that this is a multi-step protocol. SM could then

read each of the tool description objects as part of the execution. While this seems a

feasible solution it requires the SM to maintain the current project and the user's home

project so that it can read the correct object. In addition, because the UIM must read the

tool descriptions anyway to present the user with the options before invocation, there

would be a great deal of duplication. The current plan is to implement a multi-step pro

tocol tool and to devise an extension to the Subtool specification syntax which would

designate any instruments which might be included.

5.2.1.3.1. Session Manager Library (libsm)

libsm has been implemented and provides all of the functionality described in Sec

tion 4.2. The interface to libsm provides functions for tool invocation, dialog dispatch

ing, option sheet handling, getting status from SM, killing running tools, sending and

receiving dialogs, setting and getting the current, home, and system projects, and display

ing errors. In addition, routines have been provided which simplify the task of imple

menting protocols. These routines provide for initialization, option handling, a simplified

dialog interface, and a simplified interface to send notification dialogs. The current

implementation and design have proven to be quite stable. Experience using the library

(see below) has reinforced this impression. The library is divided into three parts: a com

mon portion, a portion used only by protocols, and a portion used only by UIMs. The
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manual pages and documentation for each of these portions are included in Appendix C.

5.2.1.4. Dialog Library (libdialog)

Dialogs are an important underpinning to the MMWB architecture. As a result, the

dialog data structures were originally public so that all functions could access them

directly. This soon proved to be problematic because whenever the dialog data structures

needed to change for any reason, all of the code which used dialogs had to be checked

and recompiled. There were also many functions which were commonly used by most,

if not all, programs which used dialogs. As a result libdialog was implemented as an

interface to dialogs. The internal data structure of a dialog is now hidden completely

from all but the dialog routines. The implementation provides routines for the creation,

deletion, copying, and linking of dialogs. Other routines are provided for accessing the

various components of dialogs, along with some convenience routines to simplify getting

and setting commonly used parameters. The new implementation of libdialog has pro

ven to be extremely useful and robust. The one feature of the interface which has caused

difficulties is that the set of routines which are provided to return values of a given type

from the dialog (e.g. dialog_get_int, dialog_get_text, and dialog_get_float) return the

value requested and the success or failure is passed back through a formal argument.

This requires the caller to separately test the success value for possible problems in a

statement after the function call. The requirement of a second statement to test for the

success of the call was deemed to be less important than the difficulties of passing the

actual result back in a formal argument. No clear case has been made favoring one

approach over the other so until more experience is gained, no changes will be made to

the interface.
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Included in libdialog is a pair of routines to convert dialogs from the internal form

to a textual equivalent and from this textual form to the internal form. These routines are

heavily used by the SM protocol processing routines to send dialogs back and forth

between tools, UIMs, and SM. The routine which converts to text can also be a useful

debugging tool for discovering problems with dialog communications.

5.2.1.5. Foreign Tool Driver (FTD)

FTD was the last of the platform components implemented. This was primarily

because FTD is an MMWB protocol and relies on the presence of all of the other features

of the platform in order to function. Both of the versions of FTD described in Section 4.5

have been implemented. Because FTD is the most immature of the components of the

MMWB platform it has not undergone much revision. One feature of FTD that was

included in the standalone version was the ability to run independently of the MMWB

environment. This was done to provide a mechanism for testing and debugging FTD

scripts. In the current implementation FTD scripts are text files in the operating system,

rather than MMWB objects. This provides an easy mechanism for creating, modifying,

and printing FTD scripts. In future implementations, when MMWB instruments are

available for the creation and editing of text files, FTD scripts will become MMWB

objects in addition to optionally being normal text files. One additional problem that was

discovered is the need to provide a capability to use MMWB options to pass command

line options to foreign tools. This is described in more detail below as part of the discus

sion of the integration of spasms (Section 5.4). The Unix manual page for FTD is

included in Appendix C.
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5.2.1.5.1. Foreign Tool Driver Library (lib■ td)

The standalone version of FTD and the FTD skeleton are both implemented on top

of the FTD library, libftd. libftd provides a very simple interface to the features of FTD.

Functions are provided to execute and terminate the foreign tool, to parse the ruleset, and

to process strings received from the foreign tool. No modifications have been made to

the interface since its original implementation.

5.2.2. Performance

One of the concerns about the MMWB architecture is whether the complexity of the

architecture has an adverse effect on the performance and responsiveness of the system.

To address this concern, performance measurements were made to determine the

throughput of dialogs from a protocol to a UIM, and from a program through the FTD to

a UIM. Nine tests were performed. Test number 1 tested the maximum throughput from

a protocol to SM. This was accomplished by sending 500 notification dialogs with the

DI_SUPERCEDES flag set. This flag directs SM to supercede any previous notification

dialogs from this protocol with this dialog. In this manner only the time between the pro

tocol and SM affected the throughput. Test number 2 sent 500 integer dialogs with a

semantic type of ECHO; these were interpreted by the UIM in the uim dialog callback

function and resulted in immediate replies to the dialog. This tested the total round trip

time between a protocol and a UIM. Test number 3 was similar to test 1 except that the

DI_SUPERCEDES flag was not set. Tests 4 through 6 were the same as tests 1 through

3, respectively, except that the protocol and the UIM were executed on different

machines. This was done to test the impact of dispersing protocols on a local area net

work. Tests 7 and 8 are similar to tests 1 and 2 except that the protocol is actually a
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small program running under the FTD. In order to test the impact of the 1 second

timeout described in section 4.5.1 test 9 is the same as test 8 except that the promp given

by the program does not terminate in a newline.

The protocol used to perform tests 1 through 6 was a modification of the clock pro

tocol described in Section 5.5 below. An option was added to specify which test was to

be performed, and the interval option was modified to collect the number of dialogs to

be sent. The actual dialogs sent were either notification or integer dialogs (depending on

the test) which contained the date and time in the prompt field. For tests 7 through 9 the

protocol was a small program which either sent a short string (test 7) or prompted for an

input and waited until a newline terminated string was received (tests 8 and 9). The FTD

ruleset was very simple and utilized on the intrinsic functions fid notify for test 7 and

fid_dialog for tests 8 and 9. Timings were recorded by utilizing the syslog mechanism

of Berkeley Unix. The UIM used was twb which is described in Section 5.3 below. The

only necessary modification was to add a test for the semantic type ECHO to the

uim dialog function and instructions to reply to that dialog immediately.

5.2.2.1. Performance Results

The performance results are shown below in Table 13. The host socrates is a Vax

8650 running Berkeley Unix 4.3. c.gl is a MicroVax 3000 running Berkeley Unix 4.3.

The hosts are located on the same segment of a 10MB ethernet network.
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Test | Protocol Host UIM Host Number of Time Milliseconds/
dialogs | (seconds) dialog

1 SOCrateS SOCrateS 500 7 14
2 SOCrateS SOCrateS 500 100 200
3 SOCrateS SOCrateS 500 8 16
4 cgl. SOCrateS 500 16 32
5 cgl. SOCrateS 500 100 200
6 cgl SOCrateS 500 17 34
7 SOCrateS SOCrateS 500 10 20
8 SOCrateS SOCrateS 500 100 200
9 SOCrateS SOCrateS 500 521 1042

Table 13 - Results of MMWB Performance Tests

The timings are consistent with expectations and well within reasonable limits for

the primary uses of MMWB dialogs. The throughput demonstrated by test 1 is quite

acceptable for a protocol which is sending update information to a UIM or an instrument.

Likewise, the throughput exhibited by the round-trip timings of test 2 is quite acceptable

for interactive use. In fact, 200 milliseconds is considered acceptable for character

oriented response time, and dialogs contain a great deal more information than single

characters. The results of test 3 are quite interesting and demonstrate the cacheing ability

of SM. All the dialogs are eventually delivered to the UIM, but not until long after the 8

seconds that it took the protocol to send them.

The network times are much as would be expected for tests 4 and 6. Basically it

takes about twice as much time to deliver the dialogs to SM over the network. Interest

ingly, there was no measurable difference between test 2 and test 5. This is an indication

that the bottleneck is not in the communications, but in some internal handling of the dia

logs in either SM or the UIM. While it is certainly possible to profile both SM and the

UIM to increase the performance, it seems that given the current 200ms round trip time

the potential gains might not be worth the effort.



90

The results for the tests 7 and 9 are also consistent with expectations. Test 7

demonstrates that the performance impact of the FTD is negligible for notifications. Test

9 is predictably much slower than any of the other tests. Of the 521 seconds, 500

seconds can be attributed to the one second timeout which is built into the FTD in cases

where no newline is detected. Several possibilities exists for improving this. Probably

the best approach would be to use a much shorter timer, on the order of 200 milliseconds.

This would improve the performance by a factor of 5. This approach was not taken ini

tially due to portability concerns, but will be revisited as more experience is gained with

applications which are to be integrated into MMWB through the FTD. The results for test

8 are a surprise, however, although they are consistent with test 2 and test 5. These

results suggest that there is no performance overhead associated with the FTD in this

case. This result corroborates that there is a bottleneck somewhere in the SM or the UIM

which masks the other components of dialog delivery.

5.2.3. Reliability

It is extremely difficult to assess the reliability of any system which has not yet gone

into production use. Early indications are that because of the modular nature of the sys

tem, it will prove to be very reliable and maintainable. The rewrite of the DM has gone

on with little effect on the rest of the architecture. Certainly when the new libofs inter

face is completed, a fair amount of work will be necessary to modify all components

which utilize it. However, it is important to note that while the specifics of the interface

will be changed, the conceptual foundations have not changed. It is hoped that this will

allow tools to be modified for the new interface with little or no change in logic or flow.

In fact, the early discussions on the interface have indicated that the most profound
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changes to tools, other than changes in calling syntax, will be to delete a fair amount of

code which handles memory allocation.

Another feature of the separation of components has been the ease with which

developers have been able to target a particular component when problems do arise. The

separation of function has been invaluable in pinpointing which component of the system

is exhibiting problems.

The MMWB platform has also demonstrated the ability to fail gracefully. Typically

when failures do occur, some message is received describing the problem and/or failure

condition. Rarely do problems result in complete failure of the system. The notable

exception to this rule is a failure in the communications protocol between UIMs, proto

cols and SM. The communications protocol between SM and its tools is written assum

ing that all communications are reliable and that tools correctly implement the protocol.

While this is true once tools have been implemented and debugged, protocol errors do

occur during the debugging cycle. SM correctly identifies a protocol failure when it does

happen, but the response in the current implementation is to terminate all MMWB proto

cols, instruments, and UIMs, post an error, and then exit itself. One possible improve

ment would be to log the error, and then send some form of a RESET command to the

offending tool to reset the protocol back to an initial state.

5.3. twb - An Example UIM

twb, or Terminal WorkBench, is a UIM which has been designed and implemented

for use on ASCII terminals. twb was the first UIM which was written for production use

as an interface to MMWB and had several design goals. First, it was designed to be a

production interface to MMWB for use by scientists from their homes or other terminals
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when access to a graphics device was unavailable. The intent of the user interface for

twb was to provide an easy to use interface designed specifically for ASCII terminals.

Second, twb was intended as a prototype UIM to serve as an example implementation of

the functionality and services required for an MMWB UIM as described in Section 4.4.

5.3.1. Implementation

twb was implemented on a Vax running Berkeley Unix 4.3 in the C language. It

has since been ported to a Sun Microsystems Sun 3/50 and SparcStation I. twb uses the

curses [2] screen management package which is common on Unix systems. The imple

mentation was accomplished by a single programmer and all interfaces to the MMWB

platform were accomplished through the public libraries. No internal data structures or

assumptions were used or made.

5.3.1.1. Interface

twb provides a menu-assisted command interface. This style of interface provides

experts or experienced users with the power and efficiency of a command interface, but

allows less experienced users to receive the guidance and help provided by menus. Each

command is a verb followed by a series of arguments. An experienced user can enter the

complete command or any initial part of the command. If an incomplete command is

entered, the user is presented with a menu consisting of all of the arguments available at

that point. The user may then select the desired argument, if more arguments are avail

able, subsequent menus are presented. If the argument is an MMWB object of some

form, then the "menu" presented is actually a list of the appropriate objects within the

current project. Included within the list of objects are the parent project to the current
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project, and all projects which are contained within the current project. The user may

then "browse" through the tree of projects to select the desired object. This functionality

is provided by a library which is described in more detail below.

twb divides the screen into five separate areas or windows, three of which are scrol

ling areas. The top line of the screen is reserved as a header window. The header

displays the current project, the twb version number, and the date and time. By default

the bottom two lines of the screen display single line messages announcing the arrival of

dialogs. When a dialog arrives the field is scrolled up and the bottom line is cleared. A

line is then displayed showing the tool that sent the dialog followed by the prompt string

from the dialog.

The lines above the dialog window comprise the command window. By default the

command window contains two lines. The user enters commands on the bottom line of

this window. As commands are entered the window is scrolled up one line.

The lines above the command window display errors and messages. The errors are

signified by an audible bell, while messages are displayed with no audible signals. This

window is also a scrolling window.

The lines between the top of the message window and the bottom of the header win

dow comprise the display window. This window is used to display all of the menus,

forms, and browsers which result from user commands. These are described below in

more detail.

5.3.1.2. Commands

twb has a relatively limited command set as shown below in Table 14. Each of

these commands and their functions are described in detail below. When twb is executed
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it connects to DM and opens up the user's home project. If there are any session objects

in the home project a menu is displayed on the user's screen with the name of each ses

sion object and a menu item for a new session. Once the user selects the desired session

sm_attach session is used to connect to the SM, the screen is cleared and the windows

are displayed. Any dialogs which have been queued up for that session are dispatched to

twb and are displayed.

Command # of arguments Description
QUIT 1 Exit twb
STATUS 0 Display the status of the session
BEGIN 1 Begin a protocol
END 1 End a protocol
LIST 1 List various things
HELP 1 Display information about commands
ANSWER 1 Respond to a dialog
CREATE 1 Create a new project
BROWSE 0 Browse the project tree
DELETE 1 Delete an object
NAME 2 Name an object
SELECT 1 Select a project to be "current"
MODIFY 1 Modify an option sheet
SET 3 Set various internal values (not implemented)
COPY 2 Make a copy of an object (not implemented)

Table 14 - twb Commands

5.3.1.2.1. QUIT

The QUIT command uses the sm_dettach session call to exit the session. The

optional argument to QUIT is the string to use to name the object which stores the ses

sion information. The terminal is then reset to the status it was in before twb was

invoked.
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5.3.1.2.2. STATUS

The STATUS command displays the status of all of the tools associated with the

running session. The information displayed includes the name of the tool, the current

state of the tool, and the current project of the tool.

5.3.1.2.3. BEGIN

BEGIN begins the execution of a protocol. The single argument to this command is

the name of the protocol to invoke. If the user does not provide the name of a protocol

object, the list of available protocols in the current project, the user's home project, and

the system project is displayed in a row-column format and the first protocol on the list is

highlighted. The user may then use keys to move the cursor around until the desired pro

ject is highlighted. The SPACE key is then used to select the project. The ESCAPE key

may also be depressed to abort the command. If there are two protocols with the same

name in different projects, then the object in the current project is given precedence, fol

lowed by the object in the user's home project. The option sheet for that protocol is then

posted as a dialog and must be filled in using the ANSWER command (see below). After

the option sheet has been filled in, the tool description and the option sheet are sent to SM

and the protocol is initiated.

Note that BEGIN is specific to the execution of a protocol. In its current implemen

tation, twb does not support instruments. If instrument support were added to twb

START and STOP commands would be added which would be the equivalent of BEGIN

and END, respectively.
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END takes a single argument, which is the number of the protocol (as assigned by

SM) to terminate. If the user does not provide an argument then a list of the names of all

running protocols is displayed. The user can then highlight the protocol to end and select

it.

5.3.1.2.5. LIST

The single argument to LIST is the name of the item the user wishes to list. The

possible arguments are shown in Table 15.

Argument Description
PROTOCOLS List known protocols
INSTRUMENTS | List known instruments
PROJECTS List projects
OBJECTS List all objects within this project
DIALOGS List all unanswered dialogs

Table 15 - LIST Command Arguments

If the argument is PROTOCOLS, INSTRUMENTS, PROJECTS, or OBJECTS then a

simple list of the objects is displayed on the screen in a row-column format. If the argu

ment is DIALOGS, then a list of all pending dialogs is displayed, one per line. The tool

which sent the dialog and the name of the dialog are displayed along with the dialog

number.

The HELP command takes one argument as its option which is the command to

display help for. If no argument is given, a list of all of the commands is displayed in the

display window and the user is allowed to select the desired command.
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ANSWER allows the user to respond to dialogs. If no argument is given, then a list

of pending dialogs is displayed and the user may select the dialog he/she wants to answer

by highlighting it. If the user knows the number of the dialog already, then it may be

given as an argument. After the desired dialog has been selected a form is displayed

showing each field in the dialog. The user may then highlight the desired field and press

the SPACE key to select it. If the field is an integer, text, or floating point field, the field

is then cleared and the user is allowed to type in the value. If the field is a yes/no or

true/false, then the field is highlighted and the values are toggled as the user depresses the

SPACE key. If the field is a selection list, the list is displayed and the user may highlight

the desired item. In any case, when the user types RETURN the values are accepted. If

the user does not change a field, then the default value is used. Once the user has entered

all of the desired fields then he/she may press RETURN and the dialog is returned.

While a dialog prompt is highlighted there are a couple of additional keys the user

may press. If the user presses a '?' key the help text (if any) which was sent with the dia

log is displayed. An '-' key will display the type of dialog and values for the upper and

lower bounds. And finally, if the user types ESCAPE, the ANSWER procedure is ter

minated and the dialog remains unanswered.

CREATE allows the user to create a new project within the current project. If the

user does not supply the name of the project to be created, he/she is prompted for it.
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The BROWSE command is the basis for many of the commands in twb. There are

no arguments to BROWSE. Once the user has entered browse mode, all of the objects in

the current project are displayed on the screen, along with an item for the parent project,

in a row-column format. The first object on the list (usually the parent project) is

highlighted. The user may then move the cursor to highlight the other objects in the

display. If the highlighted object is a project, then the SPACE key will move the browser

into that project, and display the objects within that project. The other commands avail

able are shown in Table 16 below.

Key Description
<ESCAPE- || Exit from the browser

C Copy the object
d Delete the object
In Name, or rename the object
+ Select this project as the current project
- Display brief information about the object
º Display detailed information about the object

Table 16- Keystroke Commands in BROWSE Mode

5.3.1.2.10. DELETE

DELETE allows the user to delete an object. If the user does not provide an object

then a browser interface is displayed similar to the BROWSE command. The user may

then move to the desired object and press the 'd' key to delete it. The other BROWSE

Commands available are '7' and '-'.

5.3.1.2.11. NAME

NAME allows the user to name or rename an object. If the user gives no argu
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ments, a browser interface is displayed similar to the BROWSE command. The user may

select the object to be named by highlighting it and typing 'n'. The user is then prompted

for the new name of the object. The other BROWSE commands available are '7' and '-'.

The user may also provide on the command line the name of the object followed by the

new name for that object.

5.3.1.2.12. SELECT

SELECT allows the user to select a project to become the current project. If the

user does not provide the name of the project then a browser interface similar to the

BROWSE command is displayed. The user may then find the desired project and use the

'+' key to select it.

5.3.1.2.13. MODIFY

The MODIFY command allows the user to modify the default values in an option

sheet. The interface is identical to the dialog interface described for the ANSWER com

mand above. MODIFY takes one argument, which is the name of the protocol or instru

ment object to modify. If no argument is given, then all protocol and instrument objects

are displayed and the user is allowed to select the desired object.

5.3.1.2.14. SET

SET allows the user to set various parameters which affect the function of twb.

This command has not yet been implemented.

5.3.1.2.15. COPY

COPY allows the user to copy an object. If the user gives no arguments, a browser
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interface is displayed similar to the BROWSE command. The user may select the object

to be copied by highlighting it and typing 'c'. The user is then prompted for the new

name of the object. The other BROWSE commands available are “” and '-'. The user

may also provide on the command line the name of the object to be copied followed by

the new name for that object. This command is unimplemented until the new DM is

complete.

5.3.1.3. Browser Library

It should be clear from the description of the twb commands above that many of

them utilize the display window to display menus or browsers or forms. Part of the

design of twb included a library to provide a menu/browser interface. This library is

called libbrowse and is used by twb to create all of the menus, browsers, and forms. lib

browse provides a generalized object known as a BROWSER. There are currently two

types of browsers: form browsers and row-column browsers. Menus and forms are

implemented as form browsers, while the browser interfaces used by the BROWSE com

mand and other row-column object displays are implemented as row-column browsers.

Browsers contain information about the type of the browser, the window the

browser is contained within, and the number of screens in the browser. In addition, a

browser contains two lists of FIELDs (defined below). One list contains static fields like

labels, titles, and prompts, and one contains active fields such as buttons, text entry fields,

and toggle fields. Fields contain information about their type; usually a string used as a

label; some formatting information such as left, right, or centered justification; display

flags such as inverse video; x and y locations; and a function to be called if this field is

Selected. Most of these fields need not be specified and have reasonable default values.
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Functions are provided for the creation of browsers and the addition of fields to a

browser. Once all of the desired fields have been added to a browser, a function call is

provided to format it, and another is available to display it. Once a browser has been

displayed, a function is provided to activate it. For row-column browsers, libbrowse will

automatically lay out all of the fields in the browser which have provided the default

value (-1) for the x, y, and screen values.

In addition to the basic functions provided by the library several convenience rou

tines are provided. One routine allows the user to create a small browser which prompts

for input from the user and allows the user to enter a text string. One common

occurrence in twb displays is that a pair of fields in a browser are somehow related. For

example, in the display for the ANSWER command, the dialog prompts are displayed as

buttons each, followed by a field which contains the value of the dialog. To support this

common usage, a function is provided which allows pairs of fields to be specified

together, along with the relationship between the two fields. All of the functions in lib

browse are described in detail in the manual pages in Appendix C.

5.3.1.4. I/O Library

The browser library provides a series of high-level functions for the creation and

execution of a certain style of interface. While libbrowse was written to support inter

faces on ASCII terminals, there is nothing specific about the library which limits it to one

device. To maintain and insure this independence, libbrowse, and in fact, the rest of

twb, was written on top of an I/O interface to allow easy portability to different screen

packages and/or window systems.
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The I/O interface presents a simple series of function calls for the creation and des

truction of windows, the input and output of characters and strings, and the manipulation

of various display functions such as inverse video. The interface was intentionally kept

simple enough to make porting it easy, but functional enough to provide a complete I/O

interface. The only I/O interface that has been implemented is one for the curses library

described above. The manual pages for the I/O interface are contained in Appendix C.

5.3.2. Lessons Learned

The implementation of twb was an invaluable experience for learning about the

strengths and weaknesses of the MMWB architecture. Most of the development time

associated with twb was in the implementation of the user interface. Very little time was

needed to implement the interface to MMWB. This demonstrated that the interface pro

vided by the public libraries supplied a sufficient set. In fact, the interface proved very

easy to use and quite robust.

Some deficiencies of the various interfaces did become clear, however. First, there

was no way to implement the COPY command without opening up the object and actu

ally copying each cell. A libofs level copy function will be provided in the new libofs.

Another issue which was discovered was the need to be able to specify a path to an

object. In the early designs, there was no restriction on how the projects might be organ

ized. It became clear, however, that the MMWB needed to have a syntax for specifying a

path to an object. This implied that the project hierarchy needs to be able to be traversed

as a tree. The exact syntax and implementation strategy for this within the DM have not

been decided upon, but it will be a feature of the new DM.
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A problem was also discovered with the option sheet handling mechanism. In the

current design when a protocol or instrument is launched, a special dialog is added to the

dialog queue which represents the option sheet. This dialog is always given dialog

number zero (0) to avoid conflicting with the dialog numbers assigned by S.M. Unfor

tunately, it’s possible to begin the invocation of one tool before completing the option

sheet from a previous invocation. This results in multiple dialog number zeros and con

siderable confusion. Two possible solutions to this problem are either to extend the SM

UIM protocol to get the SM to assign a dialog number, or to use a scheme where a range

of numbers (e.g. 1 - 100, or all negative numbers) are reserved for option sheets. No

decisions have been made yet about which approach will be taken. The protocol exten

sion seems to be the cleaner of the two approaches, but has the potential disadvantage of

decreasing the responsiveness of the interface. The reserved numbering approach may

confuse the users, but is the easiest to implement.

5.4. spasms - Integration of a Foreign Tool

One of the more important features of MMWB is the ability to integrate foreign

tools. The Foreign Tool Driver, FTD, was written for this purpose. The first tool to be

integrated using FTD was a molecular mechanics package known as SPASMS which was

developed at UCSF. The first task was to modify SPASMS so that its options and argu

ments were prompted for rather than collected as command line options. This pointed to

an early difficulty with FTD and the option mechanism. What was needed in this case

was the ability to transform MMWB dialogs into command line options to SPASMS.

This is not possible in the current design”. So SPASMS was modified to prompt for its

9 One possible way around this problem would be to have a special dialog flag, or more likely a
semantic type which specifies a command-line option. This could be interpreted by the FTD and
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options. The resulting FTD script is shown below in Figure 11. Once implemented, the

results were very promising. The interaction with the foreign tool through the option

sheet mechanism was quite smooth with no noticeable performance degradation. In

addition, it now became quite feasible to modify SPASMS to send periodic update mes

sages in the form of notification dialogs. Such messages were impractical before integra

tion into MMWB because the length of the runs was long enough to prohibit directly

writing to the terminal throughout the run.

the result could be included on the command line of the tool. This will be evaluated as a future
extension of FTD



105

;
# FTD Ruleset for David Spellmeyer’s SPASMs
#
# NOTE: this assumes the MMWB version of SPASMS which prompts
# for all input files
{}
|
input file_name:

" Input file name. *"=>
ftd_dialog (FTD_SEND),
{

text default "mdin";
prompt "Input file name";
help "Name of the SPASMS input file";

}
state=2;

output file_name:
state=27

" Output file name. *"=>
ftd_dialog (FTD_SEND),
{

text default "mdout":
prompt "Output file name";
help "Name of the SPASMS output file";

}
state=3;

start_file_name:
state=3?

" Starting coordinates file name. *"->
ftd dialog (FTD_SEND),
{

text default "inpcri";
prompt "Starting Coordinate file";
help "Name of the file containing the starting coordinates";

}
state=4;

Parm_file_name:
state=4?

" Parameter Topology file name. *"=>
ftd dialogIFTD_SEND),
{

text default "primtop";
prompt "Parameter Topology file name";
help "Name of the SPASMS topology file";

}
state=5;

restart_file_name:
state=5?

" Restart file name. *"m->

ftd dialog (FTD_SEND),
{

text default "restrt";
prompt "Restart file name";
help "Name of the SPASMS Restart file";

}
state=6;

reference_file_name:
state=6?

" Reference coordinates file name. ***>
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ftd dialogIFTD_SEND),
{

text default "refc";
Prompt "Reference file name";
help "Name of the SPASMS reference file";

}
state=7;

velocity_file_name:
state==7?

" Velocity dump file name. *"=>
ftd_dialogIFTD_SEND),
{

text default "mdvel";
Prompt "Velocity dump file name";
help "Name of the SPASMs Velocity dump file";

}
state=8;

coordinate_file_name:
state==8?

" Coordinate dump file name. *"=>
ftd dialog [FTD_SEND),
{

text default "mdcrol";
prompt "Coordinate dump file name";
help "Name of the SPASMS Coordinate dump file";

}
state=9;

energy_file_name:
state=9?

" Energy dump file name. *"=>
ftd dialog (FTD_SEND),
{

text default "mden";
Prompt "Energy dump file name";
help "Name of the SPASMS Energy dump file";

}
state=10;

freq_dump:
state=10?

" Frequency. *"->
ftd dialog (FTD_SEND),
{

integer default 10;
prompt "Number of steps between status";
help "Number of steps between status";

}
state=ll;

ftd def:
* ... ºr "->

ftd_notify,
{

notifier;
prompt "SPASMS Output";

}
;

Figure 11 - FTD Script for SPASMS Integration
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5.5. clock - A Simple Example Protocol

In order to test the interface to SM which is provided for protocols, a simple tool

was written to send a notification dialog every interval seconds, where interval is the

one option in the option sheet for this protocol. As can be seen from the source code in

Figure 12, the interface between a protocol and SM is extremely straightforward and

easy, requiring very few lines of code.

The use of clock as a prototype protocol was tested by modifying it to serve as the

protocol for the performance tests. This turned out to be trivial, requiring only that a new

option be read to determine the test number, and that a case statement be added to send

the proper dialog type. This protocol should be easy to use as a starting point for the

development of any MMWB protocol.
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/*
* clock:

ºr A simple (very) Protocol to test libsm
*/

#include <stolio.h>

#include <syslog.h>
#include "sm.h"
■ include "dm.h"

#include "dialog.h"

static char *cid;
static char *tool;

main (argc, argv)
int argc;
char **argv;
{

extern int optind;
extern char *optarg;
int c, err, interval;
long clock;
DIALOG d;

tool = argv[0] : /* Get our tool name */

openlog (tool, LOG_PID, LOG_LOCAL4);

while ( (c = getopt (argc, argv, "C:")) = EOF)
switch (c) {

case ‘C’ :

cid = optarg;
break;

}

/*
* The dispatcher will provide us with a connection
* to the Session Manager on fols 0, 1, and 2. We need
* to begin by initializing the library. Note that
* this will wait for the session manager to send us our
- options before returning.
*/

if (sm init (cid) = NULL) {
syslog (LOG_INFO, "sm init failed - err &d", sm errno);
syslog (LOG_INFO, " (just in case) dm errno ºd: *s",

dm errno, dm errlist [dm_errnol):
abort ();

}

if (err = sm request_option ("interval", sinterval, DI_IVAL) < 0)
syslog (LOG_INFO, "sm request option failed (*d)", err);

while (1) {
sleep (interval);
clock - time (0);
d = dialog_create (DI_NOTE, 0, "clock", ctime (sclock));
(void) dialog_set_flag (d, DI_SUPERCEDES, 1);
(void) sm send dialog (d);
dialog_free (d);

Figure 12 - clock Source
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5.6. Evaluation of the Design Process

The design for MMWB is complete and the platform has been implemented, along

with a prototype UIM, a prototype protocol, and the integration of a foreign tool using the

FTD. As yet, however, MMWB has not been put into production use. This makes the

evaluation of the system somewhat difficult. However, some evaluation of the design

process may be appropriate at this point.

The MMWB architecture was designed primarily by two individuals, with support

and input from two others. In order to evaluate the process, the two primary designers

(one of whom was the author) discussed the design process to answer the following ques

tions:

• How closely was the approach outlined in Chapter 2 followed?

• What is the current impression of the quality of the design?

• How did the conceptual model affect the design?

• Was the lack of a formal specification missed?

• How did the interactive process impact the design?

Both of the designers felt that the approach outlined in Chapter 2, and depicted in

Figure 3, was followed quite closely during the entire design process. There was a slight

difference of opinion about the overall quality of the design. Both designers felt overall

that it was a good design with some very nice features; however one of the designers

expressed concern that because of the complexity (i.e. many interacting components)

there were potential integration difficulties. In particular, the fact that the individual

components were not testable by the users during development was raised as a concern.

The other designer felt that this was characteristic of an architectural design and that the
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architectural foundations had to be laid before user testing could begin.

The use of the conceptual model as a design aid was discussed in detail. Both

designers felt that the design process paid a lot of attention to the conceptual model, and

that the design itself strongly reflected the underlying conceptual model. Interestingly,

the implementation of that design was somewhat more independent of the conceptual

model, largely because the design was so closely tied to it. Clearly, error messages and

terminology needed to reflect the appropriate conceptual model, but other implementa

tion decisions could be made on the basis of good computing practice rather than adher

ence to the conceptual model.

One of the major advantages of using the conceptual model to drive the design was

that it gave designers an external criteria for evaluating design alternatives. Often design

decisions are made based upon performance, modularity, or ease of implementation,

none of which reflects what the user may perceive.” This external criteria was seen as

forcing the user's view of the system into the design process, without requiring a user to

be a formal part of the design team. An immediate question which might arise is whether

it would be better simply to include a user as part of the design team. For MMWB, this

was neither practical nor would it have achieved the same ends. MMWB is to be used by

a variety of users, from several different disciplines. While potential users of the system

were involved in the design process, requiring any single user to take time from their

research to be involved in the details of the design would not have been feasible. Rather,

the designers were able to use verbal descriptions of the conceptual model to communi

* Performance may be an exception to this statement. However the user's view of perfor
mance is probably based more on a threshold of acceptability than an appreciation of whether this
algorithm is 500 milliseconds faster than another one.
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cate to the user community the goals and functionality of the system. In this manner, the

conceptual model functioned not only as a design aid, but also as a mechanism to help

communicate that design to the target user community. It is also important to note that

the designers of MMWB both had significant experience in working with the research

community and had both developed a good understanding of the application domain.

The use of the conceptual model was perceived as extremely valuable, but the costs

of the development of that model were also apparent. A great deal of effort was

expended in refining the conceptual model to ensure that it would be consistent with the

model of the system formed by the users. This refinement involved a great deal of atten

tion to terminology. For example, the terms instrument and protocol were the topics of

several design sessions, as was the importance of differentiating between them. While

both designers recognized the time and effort required in the formulation of the concep

tual model for the system, both felt that the potential benefits far outweighed the costs,

and both felt that they would use this technique again.

Neither designer felt that the lack of a formal specification negatively impacted the

design. In the words of one of the designers, "we would never have done it anyway".

One interesting point that was made, however, is that as the design progressed and was

documented, a formal specification was created. Each of the library interfaces, and the

communications protocols between each of the components, was clearly documented and

specified. In a fashion, a formal (i.e. written) specification resulted from the design,

rather than having the design result from the specification.

The interactive nature of the design process seemed a natural extension of the nor

mal development cycle used within this environment. It was felt that the iterations added
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more constraints on the design, which was seen as being quite useful. For example, the

design for the rewrite of the DM discussed above is constrained by the rest of the MMWB

architecture. This allows the DM designer to further optimize the implementation for the

expected use. Another iterative component that was stressed was the importance of the

feedback between the design stage and the development of the conceptual model. For

example, the need to clearly distinguish between instruments and protocols arose during

a design session after the basic conceptual model had already been formulated. This is a

natural point of iteration, but modifications of the conceptual model should not be taken

lightly. As the process continues, changes in the conceptual model could have dramatic

effects on the implementation and design. This stresses the importance of choosing a

good conceptual model for the system, and devoting time and effort early in the process

to refine and solidify that model.

5.7. User Perceptions and Suggestions

The current state of MMWB makes the collection of user perceptions extremely

difficult. Several presentations have been made to the user community, and some users

were asked to "try out" twb to gain their reactions. In order to actually solicit meaningful

user reaction, however, enough instruments and protocols would have to be written for,

or integrated into, MMWB to allow the users to conduct meaningful work. In the

absence of that the only responses have to do with desired features which are not

currently offered, and brief impressions users have offered about twb. The features

which have been requested so far which were not included in the design are: the inclu

sion of some form of notebook, some user-oriented scripting language, and the need for

an object dialog. Each of these features, along with possible design and implementation
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strategies, is discussed below.

5.7.1. Laboratory Notebooks

As researchers goes about their work, it is extremely important for them to be able

to keep track of what manipulations they made to which objects. In the laboratory, this is

done by making entries into a laboratory notebook. Often these entries are handwritten,

but they may included output from various computerized or automated systems. Users

can still utilize the same method if their "workbench" is MMWB by keeping a laboratory

notebook opened on their desk and making the appropriate entries. Many potential users

of the system requested that this be automated, and become an integral part of MMWB.

The implementation of a notebook feature should be straightforward due to the fact

that all communications between users and their protocols occurs using dialogs. A first

step in the implementation would be to create a new MMWB object, notebook. The

notebook object could be added to any project, and when present, it implies that the user

desires to track interactions with protocols.

A new library would need to be implemented to support these interactions and to

provide functions for the entering of protocol invocations and dialog values. It would not

be prudent to retain all of the information contained within a dialog. The only necessary

information would be the name of the dialog, the name of the protocol, the dialog

prompt, and the value. Functions would also have to be included for adding user’s com

ments into the text of the notebook. In addition, some form of extension mechanism

needs to be included so that instruments and protocols can insert various entries into the

notebook.
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5.7.2. MMWB Scripting Language

Another request that users made was the ability to "script" various interactions with

the UIM. One approach to this would be to make this a UIM dependent function which

would be dependent on the UIM implementor to design and implement. The user would

need to learn the scripting language of the UIM they used most often, and for other UIMs

would probably just avoid scripting.

Another approach would be to divide the scripting language into two sections. One

would be a UIM dependent section, which would include screen manipulations, poten

tially the creation of "buttons" which would invoke scripts, and other user interface

features. The other section would be a UIM independent section which would provide

mechanisms for looping, flow control, and interactions with MMWB. A scripting

language, tel [20], which has recently become available may be a very good model for

this type of interface, and may make a good basis for a general MMWB scripting

language. Such a language would also provide an important prototyping facility and

would augment the MMWB multi-step protocol capabilities nicely.

5.7.3. Object Dialog

One of the common activities for protocols and instruments will be the determina

tion of which objects in the current project they should use for input. As was discussed

in Chapter 3, in the best case there would be only one object of appropriate type.

Clearly, this will not always be true. When there is more than one object of the type

required by the protocol or instrument, then some form of resolution needs to occur to

allow users to choose between the objects. The browser interface used by twb would

provide a very nice interface for resolving between objects of the same type. Other UIMs
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can be expected to have some mechanism for browsing the project/object hierarchy. An

early request by potential implementors of protocols on behalf of their users was the abil

ity to access the browser interface of a UIM.

One way to access the browsing mechanism provided by a UIM would be to imple

ment a semantic dialog. The semantic option for this dialog would contain the current

project and the list of "interesting" object types. When the user answers the semantic

dialog, the UIM could provide the browsing interface so that the user could select the

desired object. This semantic dialog should be implemented by all UIMs, but if it is not

implemented by a UIM, what should the syntactic type of the dialog be? This problem

led to the realization that there needs to be a syntax for specifying a path to an MMWB

object. If this were the case, then the syntactic type of the dialog could be DI_TEXT.

5.8. Conclusions

The MMWB development team consists of five individuals, none of whom spends

more than twenty (20) percent of their time on MMWB. In fact, three of the developers

spend considerably less than that. A reasonable upper-limit estimate of the time devoted

to the development of MMWB to date would be between four and six man-months spread

out over an actual time of two years. During that period of time, the workbench meta

phor was developed, the MMWB architecture designed and implemented, a prototype

UIM was written, prototype protocols produced, and a foreign tool was integrated. In

addition, the developers met with users, presented the design and architecture formally to

the user community at large, and met with potential protocol and instrument developers

to familiarize them with the architecture. This reflects a major accomplishment for such

a small group of developers with so many other service responsibilities.
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The design approach contributed greatly to the outcome of this effort. The concep

tual model of a chemist’s workbench provided a user's view of the system throughout the

design process and resulted in a system which, although complicated, is quite consistent

and simple from the user's viewpoint. The prototype UIM, protocol, and foreign tool

demonstrate that all of the architectural components are in place to develop production

applications and tools. They also demonstrate that the development of those applications

and tools is not extraordinarily complicated by the MMWB architecture and that, in fact,

it can be quite simple.

Reflecting back on the goals for MMWB outlined in Section 3.2, the architecture

and design clearly provide for: data sharing through the DM; resource sharing and multi

ple, consistent user interfaces through the SM and multiple UIMs; compatible computing

services and distributed processing through a combination of the dispatcher, SM, and

DM; extensibility through the implementation of new protocols, instruments, and integra

tion of foreign tools; and implementation in finite time. The only goal which has not

been completely met is the goal of network transparency. The designers are currently

looking at ways to expand the role of the dispatcher to actually locate services on the net

work, rather than simply execute them. If this were the case, then the tool description for

protocols and instruments would not need to specify the list of hosts where that tool

could be found. The result would be an important step in making the network transparent

to the user.



Chapter 6

Future Directions

6.1. Introduction

The previous chapters of this document have outlined the work which has been

done to date on MMWB, and in defining an approach to software architectural design

which is tailored to research environments. A great deal of work has been accomplished

in both designing and implementing MMWB. Unfortunately, a great deal of work

remains to test the design approach, and enhance MMWB. This chapter will explore

these future directions, both in terms of the process and in terms of MMWB itself. Much

of the work outlined here is already in progress, either in an early discussion stage, or in a

resource allocation stage. This is particularly true for the work remaining on MMWB.

The further work described for the design approach has not yet been started, and the

resources needed have not been identified.

6.2. Design Approach

The experience of the designers of MMWB strongly supports the contention that the

proposed design approach provides a considerable improvement over traditional

approaches. The statement that this approach would be used again for similar systems is

encouraging. The next step would be to utilize this approach for the design of another

system, with a different set of designers, users, and goals. If those designers also

believed that they benefited from the approach, it would add a great deal of credence to

the assertion that the approach can be generalized. One potential source of such a test is

the Scientific Computing Group at Genentech, Inc. which is involved in the design and
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implementation of similar systems for biomedical researchers.

One of the major stated benefits of the proposed design approach is that the user

plays a more central role in the design by the formulation of a conceptual model. This

raises several questions. First, does the development and adherence to a conceptual

model really make the system better from the user's perspective? Second, does the

adherence to a conceptual model make the system easier to learn and more consistent?

Third, is the use of a conceptual model simply a stop-gap measure to make up for the

lack of a user on the design team? Further work on this approach to design should

attempt to answer each of these questions.

An experiment has been designed to answer the second question. This experiment

would use MMWB as the test platform. Two sets of users, and three different UIMs

would be used. One of the UIMs would be the graphical UIM developed for MMWB.

Both of the user groups would be trained on that UIM and the workbench metaphor

would be fully explained. The other two UIMs would both be implemented on ASCII

terminals. The first would be twb as described above. The Second would be a UIM with

similar functionality, but the terminology would be changed to intentionally avoid any

reference to the components of the metaphor. One of the groups would perform a set of

tasks on twb, then on the other terminal UIM. The other group would first perform the

tasks on the other terminal UIM, then on twb. In this manner, each group serves as its

own control and any order effects may be tested by having the groups start on different

interfaces. The users will be interviewed to determine which interface they found prefer

able, and their performance on the tasks will be evaluated. The execution of this experi

ment will have to wait until a graphical UIM is available.
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The other questions will have to be answered by experience. The first question will

only be able to be answered when MMWB goes into production use. The patterns of use

and questions and problems which users ask and encounter will tell much about how well

the system has been accepted. The third question will be answered by designing systems

with users as members of the design team. A project is underway at Genentech to design

a system to document and keep track of DNA sequence constructions. A potential user

of the system is a member of the design team. The experiences from this design team

should be compared with the experiences of the MMWB design to determine the impact

of having a user on the team.

6.3. MMWB

There is a great deal of work to be done on MMWB itself. First, the projects already

described in the previous chapter need to be completed. Most important of these is the

completion of the new DM and its associated library. Once this important component is

available, the rest of the software written to date will need to be modified to utilize the

new library.

The nature of the application domain for MMWB will place a very large emphasis

on objects which contain information about molecules. An MMWB object has been

designed which will contain information about molecules, including large biological

macromolecules. A library will need to be designed and implemented for access to these

molecule objects. This will provide a link into the MMWB object layer for applications

which use molecules as their base object. These applications include molecular mechan

ics programs, molecular dynamics programs, molecular display programs, and molecular

modeling programs. These applications will need to be modified to function as protocols
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and instruments in the MMWB architecture. Once this is done, MMWB can go into pro

duction use.

MMWB will need to support a variety of instruments on graphical display devices.

The UIM used on these devices should utilize the graphical capabilities to provide the

best user interface possible. The first such graphical UIM will be implemented on a Sili

con Graphics Iris Workstation. Other graphical UIMs should eventually be written for

other commonly used graphical devices.

Finally, a variety of support tools will need to be implemented both for administra

tors of the MMWB system, and for users. Tools need to be provided for the archiving

and dearchiving of MMWB objects; for editing and displaying text files within MMWB;

for registering object types, semantic dialog types, and new users; and for creation and

modification of multi-step protocols. All of these will be needed to support the produc

tion use of MMWB. Fortunately, the architectural foundations provided by MMWB

make the creation of these tools easier than they would otherwise be. However, the time

and resources still need to be allocated.

6.4. Conclusions

The design approach proposed by this research and the resulting design of MMWB

have both been implemented and tested. Work remains to be done on the MMWB before

it can be put into production use. Once MMWB is in production use some of the con

cepts behind the design approach can be more fully tested from the user's view. In addi

tion, more experience with this design approach needs to be gained from other design

teams in other institutions to determine how generalizable it is.
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Glossary

attributes

cell

MMWB data tables contain columns called attributes. MMWB attributes are

typed and the attribute type controls the type of the data within each cell. Attri

butes may be referred to by name, and new attributes may be added to a table

without restructuring the table. One particular attribute type is the TABLE type,

which is a pointer to another MMWB table.

A cell is the intersection of a row and an attribute in an MMWB data table

which contains data. Cells may contain text, integers, floats, characters, or other

MMWB data tables.

compound dialogs

Compound dialogs are dialogs which have more than one value to be prompted

for and entered by the user. Compound dialogs allow the UIM to combine mul

tiple dialogs into a single presentation to the user.

current project

The current project is the project which the user has selected. All operations

involving MMWB objects occur in the current project. Protocols and instru

ments will enumerate objects in the current project to search for candidate

inputs and any output objects will be written into the current project.
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data manager

The data manager is a server which provides access to all MMWB tables. It is

used by the UIMs, the Session Manager, and most protocols and instruments to

access data and objects. The data manager allows for sharing of data and pro

vides for all necessary concurrency control.

data table

dialog

The data model underlying all MMWB objects is that of a table, similar to the

relational model. Unlike the relational model, however, the rows in MMWB

tables are ordered. The columns in MMWB data tables are called attributes and

are strongly typed.

A dialog is a single device independent message between a protocol and the

user. The message contains a prompt, help text, the type of the dialog and the

semantic type of the dialog. The primary use for dialogs is to request some

input from the user, and return that input to the protocol for further processing.

Dialogs can also be used to display status information to the user without requir

ing any user action.

instrument

An MMWB instrument is a program which requires direct access to the screen

device. Instruments are specific to the User Interface Manager (UIM ) that

they are written for. Instruments may be launched via the Session Manager, or

directly by the UIM.
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object

An object in MMWB is the lowest-level entity which the user manipulates. All

MMWB information is stored in an object of some form. Objects have a

CLASS associated with them as well as a TYPE within that CLASS. Examples

of object CLASSes are: STATE and DATA. TYPEs further distinguish the

object. Examples of object TYPEs for the DATA CLASS are: MOLECULE

and NMR Spectra. Object names need not be unique so protocols and instru

ments distinguish objects by CLASS, TYPE, and instance number when there

are multiple objects of the same name. All object CLASSes and TYPEs are

registered in the system project to avoid duplication.

object properties

MMWB objects have a list of properties associated with them which give infor

mation about the object. Example properties are: Location, Icon, and Comment.

Most objects also have a property which is a pointer to the actual data table.

option sheet

An option sheet is a series of dialogs which describes the initial conditions for

launching a protocol or an instrument. The option sheet is filled out before the

protocol or instrument is actually started and all of the values are made avail

able to the program when it is launched. Options sheets may be customized and

saved within the user's home project or the current project to simplify future

invocations of the protocol or instrument.
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protocol

project

A protocol is the MMWB term for a program, or series of programs, which do

not require direct access to the screen device. An MMWB protocol, like a

chemical process, may be a simple transformation (a single program), or may

contain many steps (multiple programs).

An MMWB project contains all of the objects necessary to complete the purpose

of the research. For example, if the goal is to determine the structure of a large

protein, the project might contain the primary sequence, any option sheets for

protocols and instruments which are tailored for this project, predicted secon

dary structures, and any predicted tertiary structures. Projects may also contain

other projects. For example, the structure of the AIDS virus project may contain

a sub-project for deriving the structure of the coat protein.

semantic dialog

A semantic dialog is a dialog which has an entry in the SEMANTICTYPE field.

This allows protocols and instruments (or the UIM) to attribute some semantic

information about the value to be returned. For example, if a protocol needs to

receive the name of a residue to perform some processing on it, then it can set

the semantic type RESIDUE in the dialog. If the UIM or any running instru

ments understand that type, they can utilize more advanced user interface tech

niques to allow the user to answer the dialog (e.g. by picking it on the

molecule). If neither the UIM nor any of the instruments understand that
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session

semantic type, then the UIM will present the dialog using the normal type.

Semantic types are registered in the system project to avoid duplication.

An MMWB session is a collection of protocols, instruments, a UIM, and the

Session Manager itself. At a minimum, a session will consist of the Session

Manager and either one protocol or a UIM. Users may detach and reattach to

sessions without any loss of information or communication with any running

protocols. Instruments, because they are dependent on the UIM, terminate when

the user detaches from a session.

session manager

The MMWB Session Manager is responsible for actually launching all protocols

and providing the communications between protocols and the UIM. All dialogs

sent via the Session Manager are maintained in a queue until they are answered

by the user. This allows the user to change UIMs without any loss of informa

tion or communication with the protocol.

system project

The system project is an MMWB project which contains objects for all avail

able protocols, instruments, object types, object classes, and semantic types.

The objects are used as prototypes when new objects are created.

user interface manager (UIM)

An MMWB User Interface Manager is the program which presents the work
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bench metaphor to the user. All manipulation of projects, objects, instruments,

and protocols is implemented by the UIM. UIMs are typically written for a

specific device or window system. A UIM is also responsible for implementing

all dialog types.



Appendix A

Tool Invocation Details

Tool invocation is a common and complicated process which must be performed by

the Session Manager and the Session Manager libraries. This appendix describes the

steps involved in tool invocation in more detail.

There are three library routines involved in tool invocation: sm_invoke,

sm send_reply, and sm launch. In addition, the dialog handler supplied by the UIM,

ui dialog, is called to handle option sheets. The relevant sections of sm invoke and

sm_send reply are shown below in Figures 13 and 14, respectively.

sm invoke is called to initiate the process of tool invocation. If nodisplay is set in

the tool description, it is assumed that all options are correct and sm launch is called

with the current option values to actually launch the tool (see Figure 13). When the tool

is launched, the tool description is updated to include the tool_id of the tool. Because

this is updated, the entire tool description is copied upon entry into sm_invoke. A

pointer to this copy of the tool description is returned.

If nodisplay is not set, then the user must be prompted for the values to the options

for this tool. This is much more complicated because the mechanism which services

both dialogs and options is essentially asynchronous. There are no assumptions about

when a user will respond to dialog requests or in what order the user will perform any

action. As a result, some mechanism must detect when an option sheet is complete and

Continue with the tool’s invocation. This is handled by putting a copy of the tool descrip

tion in a queue of pending tool invocations. The destination field of the option sheet is

** to the queue slot of the tool description, and the source field is set to zero to indicate
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that the user interface manager itself is the source. The option sheet which is pointed to

by the copy of the tool description is then provided to ui dialog for display and handling

by the UIM. sm invoke then returns a pointer to the queued tool description.

After the user provides any necessary values for the option sheet, the UIM will call

sm send_reply to return the dialog to the sender (see Figure 14). In this case, however,

the sender is set to tool zero, the UIM. sm send reply notes this and checks the list of

pending tool launches for a tool in the queue at the slot specified by the destination field.

If the dialog identifiers match, sm launch is called.

sm invoke

find tool

options save ort

complete? queue

ui dialog

sm launch

return

SM Tooldes •
return

SM Tooldes •

Figure 13 - Flowchart for sm invoke
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sm send_reply

source = 0 7

send reply

return

TRUE

check

queue

sm launch

return

TRUE

Figure 14 - Flowchart for sm_send_reply



Appendix B

Session Manager Communications

This section describes the communications protocols between the Session Manager

and the User Interface Manager, and between the Session Manager and a tool in the ses

sion. Table 17 contains a list of the types utilized by the protocols described below.

Note that all of the protocols described follow the low-level negotiation and response

codes outlined in the document Network Communications in MMWB. Aggregate

types are colon separated and newline terminated. If more than one aggregate type is

sent, for example multiple status list replies, they are sent on subsequent lines.

Type Definition

<status list- | [tool_name : tool_id : status NL]*
<dialog- [name : type : stype : prompt: help : list: value:

flags: source: destination : id NL]*
<tool des> [Version : Location : Subtool: Onerror: Host NL)
<SuCCCSSX. OK
<tool_id- Integer

Table 17 - Communications Types

UIM-SMP Communications

Table 18 and Figures 15 and 16 describe the communications between a user inter

face manager (UIM) and the session manager process (SMP). This protocol is very dif

ferent from other MMWB protocols because of the peer-peer nature of the interaction

between a UIM and the SMP. This peer-peer relationship is manifested by the presence

of two different initiators of communications (see Table 18). Contrast this with the proto

Col described in Table 19 between the SMP and tools, where only tools can initiate com

*nication. It is necessary for the Session Manager to initiate communications to inform
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the user of messages from tools at the earliest possible time. In a true client-server com

munications model the delivery of incoming dialogs would have to wait until the client

(in this case the UIM) queried the server for any queued dialogs. While this would be

much easier from a communications standpoint, it might disrupt the interactive feel of

the interface.

The impact of the peer-peer relationship is that it is necessary to detect and avoid

race conditions which may result when both processes initiate a communication at the

same time. This is avoided in the UIM-SMP protocol by allowing the UIM to ignore any

unsolicited input if it is expecting a reply to a command that it sent. This is shown by the

arc labeled any command in the transition diagram for the protocol (Figure 15). Note

that the action (boxed label) directs the protocol to ignore any commands which are

received when the UIM is in state 2. This implies that the SMP must have all of the logic

necessary to recover from a situation in which its command is ignored. The transition

diagram for the SMP side of the protocol (Figure 16) must have an arc from state 1 back

to the start state, S. This transition will occur when SMP has sent a command, and

instead of receiving a reply, it receives a new command. The action associated with this

arc causes the command to be requeued for sending to the UIM as soon as the command

received from the UIM is processed. In this fashion, there is no possibility of a race con

dition, and all of the logic necessary to avoid race conditions is localized in the session

manager process.
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Initiator Command Arguments Replies
UIM Status <status list

UIM Send_reply <dialog- <SuCCCSSX

UIM Launch_tool “tool des> <tool_id
SM Send_dialog <dialog- <SuCCCSSX

Table 18 - UIM-SMP Communications Protocol

receive Send dialog send command any c nd

º

send <success.> receive reply

Figure 15 - State Transition Diagram for UIM-SMP Protocol in the UIM

send Send dialog receive command

Figure 16- State Transition Diagram for UIM-SMP Protocol in the SMP

Tool-SMP Communications

The communications protocol between a tool and the SMP is a simple client-server

protocol as shown by the transition diagrams in Figures 17 and 18. This implies that two

tools which desire to communicate through the SMP must do so in a synchronous

fashion. In fact, this mechanism can be used to synchronize two tools which are passing

data through the Data Manager.
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Initiator Command Arguments Replies
Tool Status <status list

Tool Send_dialog <dialog- <SuCCCSSX

Tool Send_reply <dialog- <SuCCCSSX

Tool Read_reply <dialog
Tool Read_dialog <dialog
Tool Launch Tool <tool des> <tool_id
Tool Dialog_Pending <SuCCCSSX

Table 19 - Tool-SMP Communications Protocol

receive command

send reply

Figure 17 - State Transition Diagram for Tool-SMP Protocol in the SMP

receive reply

send command

Figure 18 - State Transition Diagram for Tool-SMPProtocol in the Tool º



Appendix C

Unix Manual Pages

The Unix manual is divided up into several sections. Section 1 of the Unix manual

contains descriptions of programs which are executed directly by the users on the com

mand line or in command procedures. Section 3 contains descriptions of library routines,

including calling conventions, return values, and function descriptions. Section 5 con

tains descriptions of the file formats utilized by various programs. The documentation

for MMWB was written to comply with the Unix manual page conventions since all of

the current users are familiar with them. By convention, the manual entry is described by

a name followed by the section number in parenthesis. For example, the manual entry

for the Unix command to list directories, ls, is found in Section 1 of the Unix manual and

is written: Is(1). For clarity, the manual entries included in this appendix have been

grouped by the subsystem or library to which they belong rather than by the manual sec

tion. Included are manual entries for FTD, libsm, and libdialog.
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NAME

ftd.— MacroMolecular Workbench Foriegn Tool Driver
SYNOPSIS

ftd [-C cid] [-r ruleset-p program -a arguments]
DESCRIPTION

ftd reads a set of rules, ruleset which describe the inputs and outputs required by a foreign tool, program.
ftd can be run in one of two modes. It can be run under the Session Manager, sm(1) as a full MMWB
application, or it can be run directly from the shell. In the first mode, all of the information necessary to
execute the foreign tool must be available as options in the option sheet. The name of the program is
passed as option program, the argument is list is passed as option args, and the path to the rules is passed
as option rules. If ■ td is being run from the shell, this information is passed via command line arguments.
The path to the rules is specified after the -r flag. The path to the program is specified after the –p flag.
And the argument list is specified after the -a flag. Note that all three of these arguments must be
specified. The -C command line argument is only used when ■ td is being run under the Session Manager.
ftd will collect all of the needed arguments and then read and interpret the specified rule file. If no errors
exist in the rule file, the requested program is executed with the specified arguments. As input is received
from the program it is collected until either an end-of-line, or a one-second timeout with no input occurs.
The collected buffer is then passed through the rules until a match is found. Two conditions must be met in
order for a match to be accepted. First, any preconditions specified in the rule must be met, and second, the
regular expression specified must match the input buffer. If these conditions are both met, the action
specified in the rules is performed according to the flags and dialog specified. After the action has
returned, any postconditions are set and ftd will again wait for input from the tool.

FTD RULE EXAMPLE
# This is a test

teStimame:

a=1|■ 4? # Precondition using variable "a"
"a"Y"junk"=> # Regular expression

#ftd_dialog is called with flags
fid_dialog (FTD_QUITIFTD OPTION],
# a four-part dialog
{{

text; # no default, this is required
prompt "output object";
help "name of resulting molecule object";

}{
J text; # no default, this is required

prompt "pdb filename";
help "name of pdb file";

}{
text default"/usr/local/lib/midas/connect";
prompt "Atomic radii file";

}{
real default 0.85;
prompt "default radius";
help "radius used for atom types missing in radii file";

}}
a=2+(4&7);

DIAGNOSTICS
Functions return NULL on success and a pointer to an error message on failure.

MacroMolecular WorkBench June 19, 1989
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CAWEATS

Foreign tools which attempt to do terminal ioctls will not work correctly under a driver.
This approach does not work very well for a forms-based interface.

-

SEE ALSO

ftd(3), ftd rule(5)

MacroMolecular WorkBench June 19, 1989
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NAME

ftd launch, fid_parserules, fid_process, fid_term – Foriegn Tool Driver library interface
SYNOPSIS

#include <mmwb/ftd.h>

err = ■ td launch(path, program, args, readfd, writefd)
char *err;
char *patch;
char *program;
char *args;
int *readfd;
int *writefd;

err = ■ td parserules(rulefile, command_tab)
char *err;
char *rulefile;
FTD CMDTAB cmdtab;

err = ■ td process(input)
char *err;
char *input;

err = ■ td term(readfd, writefd)
char *err;
int readfd;
int writefd;

FTD RULE GRAMMAR
rule ::= name ":"

conditions'->' execution ';’

conditions::= [precondition "?"] pattern

execution ::= [action','l'{’ dialog '}” [postcondition]

precondition ::= expression

pattern ::= ” regular expression ”

action ::= [function_name] ['I' flags']’)

postcondition::= var_name '=' expression

FTD RULE EXAMPLE
# This is a test

testma■ me:

a=1|| 4? # Precondition using variable "a"
"a"Y"junk"=> # Regular expression

#ftd_dialog is called with flags
fid_dialog (FTD_QUITIFTD OPTION],
# a four-part dialog
{{

text; # no default, this is required
prompt "output object";
help "name of resulting molecule object";
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}{
text; # no default, this is required
prompt "pdb filename";
help "name of pdb file";

}{
text default"/usr/local/lib/midas/connect";
prompt "Atomic radii file";

}{
real default 0.85;
prompt "default radius";
help "radius used for atom types missing in radii file";

}}
a=2+(4&7);

DESCRIPTION

These routines represent a library interface to the MMWB Foreign Tool Driver routines. They are meant
to be used with ■ td(1), or ■ td skel(1), but may be called directly outside of these programs. A Foreign
Tool Driver for MMWB is a program which processes output from a program which was not written for
the MMWB environment, and handles it in accordance with the MMWB. This may mean that the output is
formatted into an MWMB dialog and delivered to the user or some other user-specified action taken. This
is done by matching the output against a set of rules. The rules contain information about preconditions
that must be met, patterns to search for, actions to execute if those patterns match, dialogs to be sent to the
user, and postconditions which may be set upon completion of a rule. When input is received from the
foreign tool, the list of rules is searched for a match and the appropriate action is taken.

fid_parserules must be called before any of the other routines in this library. Its arguments are a pointer to
the file containing the rules and a pointer to a user-constructed table which relates action names to user
provided functions which perform those actions. fid_parserules will read the rule file, and compile all of
the rules into an internal table for later processing by fid_process.
fid launch is then called to actually start the foreign tool using path and prog and pass arguments args.
The read and write file descriptors are returned in readfd, and writefd, respectively.

ftd process is called repeatedly with input from the tool to process the input with the rules provided in
rulefile.

fid_term is called to terminate the connection to the tool and close the file descriptors.
Some actions are intrinsically defined by the system and are always available for use in rules. These
actions are: fid_dialog, fid_notify, fid_sink, fid print, and fid input. fid dialog will send the dialog
specified in the rule to the user and wait for the reply. The reply will then be sent to the foreign tool. This
is used in response to a prompt by the foreign tool. If the flag FTD COPY_PROMPT is set in the flags
field of the rule, the input from the tool is used as the prompt for the dialog.

fid notify will send the dialog as a notification to the user, and will immediately continue. This can be used
to pass on informational messages from the tool to the user.
fid_sink will discard the input from the tool and return fid print and fid input are used to debug ■ td rules
and roughly correspond to fid notify and fid dialog, respectively. ftd print will print the buffer or prompt
string on the user's terminal, depending on the FTD_COPY_PROMPT flag. ftd input will print the
appropriate prompt string and collect input from the user's terminal to be delivered to the tool. These rou
tines can be used without the presence of a User Interface Manager or a Session Manager.
Other flags which effect the actions are:

FTD QUIT which requests that the driver be terminated upon completion of this action.
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FTD OPTION which suggests that the desired value may have been passed as an option to the driver.
This allows values which the user knows will be requests to be entered into the tools option sheet.
FTD_SEND writes the result of the action to the program.

DIAGNOSTICS

Functions return NULL on success and a pointer to an error message on failure.
CAWEATS

Foreign tools which attempt to do terminal ioctls will not work correctly under a driver.
This approach does not work very well for a forms-based interface.

SEE ALSO

ftd(1), fid_rule(5)
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NAME

ftd rule — Foreign Tool Driver rules
SYNOPSIS

Plante:

preconditions?
"pattern" =>

function [flags],
{dialogs)

postcondition;
DESCRIPTION

The MMWB Foreign Tool Driver interprets a set of rules which describe the output from a foreign tool and
the actions to be performed when that input is detected. The complete syntax for a rule file is shown
below.

FTD RULE GRAMMAR
rule ::= name ':’

conditions'=>’ execution ';’

conditions ::= [precondition ”] pattern

execution ::= [action ',’) '{’ dialog '}” [postcondition] -y

precondition ::= expression

pattern ::= ” regular expression"

action ::= [function_name] ['I' flags']’)

postcondition ::= var_name '-' expression

FTD RULE EXAMPLE L
# This is a test

teStilame:

a=1|| 4? # Precondition using variable "a"
"a"Y"junk"=> # Regular expression

#ftd_dialog is called with flags º
fid_dialog (FTD_QUITIFTD OPTION],
# a four-part dialog *

{{
-

text; # no default, this is required
- -

prompt "output object";
help "name of resulting molecule object";

}{
-

text; # no default, this is required t
prompt"pdb filename";
help "name of pdb file";

}{ º

text default"/usr/local/lib/midas/connect";
prompt "Atomic radii file";

}{
real default 0.85;
prompt "default radius";
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help "radius used for atom types missing in radii file";
}} *

a=2+(4&7);

SEE ALSO s
ftd(1), ftd(3)

-

º

y

L

r.

1.

º
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NAME

sm error, sm_get_curr proj, sm_get_hom_proj, sm_get_sys_proj, sm_kill, sm launch, sm_read dialog, *

sm read_reply, sm_send dialog, sm_send_reply tool, sm_session status, sm_set_curr_proj, sm set_file,
sm_set home_proj, sm_set_sys_proj – MMWB functions for all tools which interface to the Session
Manager

-

SYNOPSIS - -

#include <mmwb/sm.h>

err = sm error()
char *err;

proj= sm_get_curr_proj() ■OFS_OBJECT proj;
proj= sm_get_home_proj()

OFS_OBJECT proj;
-

proj- sm_get_sys_proj()
OFS_OBJECT proj;

result = sm_kill(tool)
SM TOOL tool;
BOOLEAN result;

result = sm_launch(toold)
SM_TOOLDES “toold;
BOOLEAN result;

dialog = sm_read dialog() wº
DIALOG dialog;

-

dialog = sm_read_reply(id) º
int id;
DIALOG dialog;

-

dialog_id= sm_send_dialog(dialog) t
DIALOG dialog;
int dialog_id;

result = sm_send_reply tool(dialog)
DIALOG dialog;
BOOLEAN result;

statuslist = sm_session status() º
SM_SESSION_STATUS statuslist;

-

sm_set_curr_proj(proj)
OFS_OBJECT proj;

sm_set_file(file)
FILE *file;

sm_set home_proj(proj)
-

OFS_OBJECT proj; º

sm_set_sys_proj(proj)
OFS_OBJECT proj;

WRSCRIPTION

sm error returns the text equivalent of the current value of sm errno, the error returned by the sm library.
The text will also contain any error generated by the of s library or the dispatcher library.
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sm_get_curr proj, sm_get_home_proj, and sm_get_sys_proj return the currently set current, home, and
system projects as ofs objects (OFS_OBJECT).
sm_kill sends a request to the Session Manager to terminate a tool. The value of tool is the tool identifier
which is part of the tool description after a successful return from sm launch.
sm launch sends a request to the Session Manager to invoke the tool described by the argument, and, if
successful, sends all options to be delivered to the tool when it requests them. Toold must be a valid tool
description with at least one option. If result is TRUE then the tool was invoked and the options were
delivered. The tool identifier will be set in toold. If result is FALSE, then the value of sm errno will
contain the error condition.

sm_read dialog will read a pending dialog from the Session Manager.
sm_read reply will read a reply to a dialog from the Session Manager. The desired reply is indicated by
id, which is the identifier of the dialog that was sent. If id is -1, the first available reply is returned.
sm_send dialog sends the dialog dialog to the Session Manager for delivery to the UIM. dialog_id is the
dialog identifier assigned by the Session Manager.
sm_send_reply tool is used to send a reply from a tool to another tool. dialog is the reply to be sent.
sm_session status returns the status of the connected session. The status contains information about the
state of the UIM, and the names and states of all tools running under this session.
sm_set_file sets the stream file pointer which is used for interaction with the Session Manager to file.
sm_set_curr proj, sm_set home_proj, and sm_set_sys_proj all take an OFS_OBJECT, proj as an argu
ment and set the libraries view of the current, system, and home projects, respectively. These values are
sent to all tools as part of the invocation process.

DIAGNOSTICS

Functions returning BOOLEAN will return FALSE on errors. Functions returning pointer or handle will
return NULL on errors.

SEE ALSO

smt(3), smui(3), mmwb(3), tooldes(3), object(3)
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NAME

sm dialog, sm_exit, sm_fetch_objs, sm init, sm init_instrument, sm_notify, sm_request option – MMWB
functions for protocols and instruments which interface to the Session Manager

SYNOPSIS
#include <mmwb/sm.h>

reply = sm dialog(dialog)
DIALOG dialog;
DIALOG reply;

result = sm_exit(message)
char *message;
int result;

result = sm_fetch_objs(project, name, class, type, min, max, prompt, help)
OFS_OBJECT *results;
OFS_OBJECT project;
char *name;
int class;
int type;
int min;
int max; º,
char *prompt;
char *help;

proj= sm init(cid)
char *cid; - *

OFS_OBJECT proj;
º

proj= sm init_instrument(cid,semlist) -
char *cid; y

int *semlist; º

OFS_OBJECT proj;
º

result = sm_notify(message)
char *message; * .

int result;

result = sm_request option(name, value, type)
char *name;
void *value;
int type; º

DESCRIPTION •

sm dialog sends dialog to the Session Manager and awaits a reply. The reply is returned as a dialog. - -

sm_exit is called to terminate the tool and, if desired, to send a notification dialog to the UIM containing the -

text supplied in message. Note that the user must still call the appropriate termination routine, for most
protocols and instruments this is exit(1).
sm init should be the first routine called by any protocol. It performs all handshaking with the dispatcher, º
initializes the of s, and retrieves all options from the Session Manager. The cid is the conversation identifier
used for handshaking, and the resulting projis a handle to the currently selected project.
sm init_instrument like sm init should be the first routine called by any instrument. It performs all ■

handshaking, as above, including notifying the UIM of any semantic dialogs which this instrument will
service. Semlist is an integer array of the semantic dialog types understood by this instrument.
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sm_notify is called to send a notification dialog to the UIM. The content of the dialog is the text supplied in
message.

sm request option returns the value of the option name into the parameter value. The type of the option is
specified by the parameter type, which should be a legal dialog type. value should be a pointer to a vari
able of the appropriate type.
All options are read from the Session Manager by sm init and are retained in a buffer local to the sm
library. The call to request an option is therefor very inexpensive, and the same option can be returned
multiple times. Care should be taken with calls to sm request test option to not free the returned text
string. If any manipulation of the string is desired, a copy should be made.

DIAGNOSTICS

Functions returning int will return -1 on errors. Functions returning pointer or handle will return NULL on
CITOIS.

SEE ALSO

exit(1), sm(3), smui(3), mmwb(3), tooldes(3), object(3)

º
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NAME

sm_attach session, sm_cancel, sm_dettach_session, sm_dispatch, sm invoke, sm_list_sessions,
sm send_reply – MMWB functions the User Interface Manager - Session Manager interface

SYNOPSIS
#include <mmwb/sm.h>

file = sm_attach session (session, host)
SM_SESSION “session;
char *host;
FILE *file;

success = sm_cancel (options)
DIALOG options;
int success;

success = sm_dettach session (session_name)
char *session_name;
int Success;

success = sm_dispatch 0
int success;

tooldes = sm invoke (td)
SM TOOLDES “td;
SM TOOLDES “tooldes;

sessions = sm_list sessions ()
SM SESSION “sessions;

success = sm_send_reply (dialog)
DIALOG dialog;
int Success;

DESCRIPTION

sm_attach_session is called by a UIM to attach to an MMWB session. The first argument, session either
contains the session structure of the desired session or NULL if a new session is desired. The second argu
ment, host designates the name of the host to look for the session manager on. The return value, file is the
stream handle to the session manager. This should be used to set the internal stream pointer for the session
manager libraries by calling sm_set_file(3).
sm_cancel provides a mechanism to cancel a pending tool invocation during the process of filling out the
option sheet. The argument, options, is the pointer to the option sheet portion of the tool description. This
is used to remove the tool from the list of pending invocations.

sm_dettach_session is called to dettach the UIM from the current session. It is expected that this will be
called before the UIM exits. If session_name is not NULL, the session will be saved under that name.
Otherwise, the current cid is used.

sm_dispatch is called by the UIM to handle any input from the session manager. Currently, all it does is
call the user supplied routine uim dialog when a dialog request is detected. The argument to uim dialog is
the incoming dialog, and it is expected to return an int.
sm invoke is called to initiate the invocation of a tool. The sole argument, td is the tool description of the
tool to invoke. If no options need to be presented to the user (because the nodisplay flag is set) then the
session manager is asked to invoke the tool. If options need to be presented to the user, the tool description
is placed on a list of pending invocations, and uim dialog is called with the option sheet. After the user
responds to the options, the UIM will call sm_send_reply which checks to see if we're replying to an
option sheet for a tool on the pending list. If we are, the tool is invoked and the options are provided. In
either case, sm invoke returns a copy of the tool description. Note that after the tool is actually invoked,
the tool identification field in the tool description will be filled out.
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sm_list_sessions returns a list of all sessions active for the current user.
sm_send_reply is called by the UIM to send a dialog reply to the session manager (and thence hopefully to
the appropriate tool). The argument, dialog, is the reply to be sent.

DIAGNOSTICS

Functions returning int will return -1 on errors. Functions returning pointer or handle will return NULL on
CITOTS.

SEE ALSO

smt(3), sm(3), mmwb(3), tooldes(3)

.s
!.

-

º

MacroMolecular WorkBench November 10, 1988



TOOLDES (3) UNIX Programmer's Manual 152

NAME

sm_free tooldes, sm_list_instrument, sm_list protocol, sm_read_instrument, sm_read_protocol,
sm_write_instrument, sm_write_protocol – MMWB functions for dealing with tool descriptions

SYNOPSIS
#include <mmwb/sm.h>

(void) sm_free tooldes(tooldes)
SM TOOLDES “tooldes;

tooldes = sm_list_instrument(project)
OFS_OBJECT project;
SM TOOLDES “tooldes;

tooldes = sm_list_protocol(project)
OFS_OBJECT project;
SM TOOLDES “tooldes;

tooldes = sm_read_instrument(project, name, find first)
OFS_OBJECT project;
char *name;
BOOLEAN find_first;
SM TOOLDES “tooldes;

tooldes = sm_read_protocol(project, name, find first)
OFS_OBJECT project;
char *name;
BOOLEAN find_first;
SM_TOOLDES “tooldes;

result = sm_write_instrument(project, tooldes)
t

OFS_OBJECT project;
-

SM TOOLDES “tooldes; y

BOOLEAN result; º

result = sm_write_protocol(project, tooldes) -
OFS_OBJECT project;

-

SM_TOOLDES “tooldes;
BOOLEAN result; -

DESCRIPTION

MMWB tools are of two varieties: instruments, and protocols. Instruments are tools which require some
direct access to the screen or display device. Examples of instruments are molecular display, molecular
edit, and molecular modeling programs. Protocols, on the other hand, are tools which require limited
interaction with the user and may rely on the dialog mechanism. Protocols and instruments are described º

by tool description objects in a project. The tool description contains information about the name of the * *

tool, the host to run the tool on, and any option sheet associated with the tool. ."

sm free tooldes will free the tool description, tooldes which was allocated by a call to
sm_read instrument, or sm_read_protocol.
sm_list_instrument and sm_list protocol will return the list of all tool descriptions of the desired type in
project. º

sm_read instrument and sm_read_protocol both return all tool descriptions of the appropriate type called
name in the specified project. If project is NULL, then all tool descriptions matching name which are º

currently available in the system, home, and current projects are returned. If the find_first flag is set, only
the first object matching name and project is returned. -
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sm_write_instrument and sm_write_protocol create new objects in the specified project of the appropriate
type which contain the tool description, tooldes. If project is NULL, the object is written into the current
project.

DIAGNOSTICS

Functions returning BOOLEAN will return FALSE on errors. Functions returning pointer or handle will
return NULL on errors.

SEE ALSO

sm(3), smt(3), smui(3), mmwb(3), object(3)
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NAME

dialog_create, dialog_copy, dialog_free, dialog_next, dialog_append, dialog_delete – MMWB functions
for managing, manipulating, and converting dialogs.

SYNOPSIS

#include <mmwb/dialog.h>
Dialog memory management:
dialog = dialog_create(type, destination, name, prompt);

DIALOG dialog;
int type;
int destination;
char *name,"prompt;

newdialog = dialog copy(old dialog, flag);
DIALOG newdialog; -

DIALOG old dialog; -
int flag;
dialog free(dialog, flag)
DIALOG dialog;
int flag;

Dialog list management: º, ---

dialog = dialog_next(dialog_list);
DIALOG dialog;
DIALOG dialog_list; º,

dialog = dialog append(list_head, list_tail); *
DIALOG dialog;
DIALOG list_head;
DIALOG list_tail; y

dialog = dialog delete(list, dialog_to_delete);
DIALOG dialog; -
DIALOG list;

-

DIALOG dialog_to_delete;
DESCRIPTION

dialogs are the primary mechanism for MMWB protocols to communicate with the user. The primary
features of this mechanism are that it is user-interface independent, i.e. no matter what device the user is
using, the dialog can be interpreted, and that a protocol and a cooperating instrument can extend the *
mechanism. º

dialog_create allocates a new dialog of type type. The dialog destination, name, and prompt are set to des
tination, name, and prompt, respectively. The return value is a handle to the new created dialog. This
handle must be used to modify or send the dialog. º

dialog_copy returns a copy of the dialog pointed to by the dialog handle old dialog. If old dialog is a
complex dialog, and flag is set to DI THISDI then only the first dialog in the chain is copied. Otherwise
the entire dialog is copied.
dialog free returns the space allocated by the dialog dialog. If flag is set to DI THISDI then only the first
dialog of the chain is freed, otherwise the entire chain is freed.
dialog_next returns a handle to the next dialog in the chain. dialog_append appends list_tail to the end of
the dialog chain specified by list_head and returns a handle to the beginning of the list. Note that neither
dialog list is copied so a subsequent call to dialog free of either list_head or list tail will actually free the º

dialogs in the chain, and a dangling pointer will result.
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dialog_delete will delete (and free) a dialog, dialog_to_delete from a dialog list, list. A handle is returned
to the beginning of resulting list, or NULL if dialog_to_delete was the only dialog in the list.

DIALOG TYPES

DI_IVAL /* Integer evaluator */
DI_FVAL /* Float +/
DI_TExt /* Text string */

-

DI_SELECT /* Selection list, return value is list of indexes +/
DI_BOOL /* A true or false */
DI YESNO /* Same as above, but yes/no +/
DI_NOTE /* No return value */

DIAGNOSTICS

Functions which return a dialog handle return NULL on error.
SEE ALSO

dialog_text(3), dialog_value(3)
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NAME

dialog_from_char, dialog_to_char – MMWB functions for converting dialogs to and from character
representations

SYNOPSIS

#include <mmwb/dialog.h>
dialog = dialog_from_char(text);

DIALOG dialog;
char *text;

text = dialog_to_char(dialog);
DIALOG dialog;
char *text;

DESCRIPTION

These routines convert dialogs from their internal structure to a more portable character representation.
The intended use is for communications protocols where is it desirable to send a dialog to another program
in a machine independent manner.
dialog_from_char takes as its argument a text string, text, and returns the dialog which has been build from
that string, or NULL if there is a format error with the string.
dialog_to_char is the inverse, it accepts a dialog and returns the character equivilent in the text argument.
The space for the text is allocated by dialog_to_char and should be freed by the caller.

DIAGNOSTICS

Functions which return a dialog handle, or a character pointer return NULL on error.
SEE ALSO

dialog(3), dialog_value(3)
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NAME

dialog_form sellist–MMWB function for converting string array into selection list string
SYNOPSIS

#include <mmwb/dialog.h>
char *dialog_form sellist(count, strings);

int count;
char *strings[];

DESCRIPTION

This routine takes an array of count strings and returns a string that can be passed as the SELLIST field of a
selection list dialog. This string, when tokenized, will yield back the original array of strings.

SEE ALSO

tokenize(3)
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NAME

dialog_semtype, dialog_type, dialog_source, dialog_dest, dialog_id, dialog_name, dialog_prompt,
dialog_get_semantics, dialog_set_semantics, dialog_set_dest, dialog_set_source, dialog_set_id,
dialog_get_text, dialog_set_text, dialog_get_int, dialog_set_int, dialog_get_float, dialog_set_float,
dialog_get_bool, dialog_set boot, dialog_get_flag, dialog_set_flag – MMWB functions for reading and
setting dialog values

SYNOPSIS

#include <mmwb/dialog.h>
type = dialog_type(dialog);

int type;
DIALOG dialog;

semantic_type = dialog_semtype(dialog);
int semantic_type;
DIALOG dialog;

source = dialog_source(dialog);
int Source;
DIALOG dialog;

destination = dialog_dest(dialog);
int destination;
DIALOG dialog;

id= dialog_id(dialog);
int id;
DIALOG dialog;

name = dialog name(dialog);
char *name;
DIALOG dialog;

prompt = dialog_prompt(dialog);
char *prompt;
DIALOG dialog;

semtype = dialog_get_semantics(dialog,semopt,success)
int semtype;
DIALOG dialog;
char **semopt;
int *Success;

success = dialog_set_semantics(dialog.semtype,semopt)
int Success;
DIALOG dialog;
int semtype;
char *semopt;

success = dialog_set dest(dialog, destination);
int Success;
DIALOG dialog;
int destination;

success = dialog_set_source(dialog, source);
int Success;
DIALOG dialog;
int Source;
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success = dialog_set id(dialog, id);
int Success;
DIALOG dialog;
int id;

result = dialog_get_text{dialog, element, success)
char *result;
DIALOG dialog;
int element;
int *success;

success = dialog_set_text{dialog, element, text)
int Success;
DIALOG dialog;
int element;
char *text;

result = dialog_get_int(dialog, element, success)
int result;
DIALOG dialog;
int element;
int *Success;

success = dialog_set_int(dialog, element, value)
int Success;
DIALOG dialog;
int element;
int value;

result = dialog_get_float(dialog, element, success)
double result;
DIALOG dialog;
int element;
int *success;

success = dialog_set_float(dialog, element, value)
int success;
DIALOG dialog;
int element;
float value;

result = dialog_get_bool(dialog, element, success)
int result;
DIALOG dialog;
int element;
int *success;

success = dialog set bool(dialog, element, yesno)
int Success;
DIALOG dialog;
int element;
int yesno;

result = dialog_get_flag(dialog, flag)
int result;
DIALOG dialog;
int flag;
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success = dialog_set_flag(dialog, flag, value)
int Success;
DIALOG dialog;
int flag;
int value;

result = dialog isnt zero(dialog, element)
int result;
DIALOG dialog;
int element;

DESCRIPTION

dialog_type, dialog_semtype, dialog_source, dialog_dest,and dialog_id return the type, semantic type,
source, destination, and identifier of the dialog, respectively. Each of these functions return an integer
value. dialog_name, and dialog_prompt return the name and prompt string associated with the dialog
passed as an argument.

dialog_get_semanticsand dialog_set_semantics return and set the variables associated with semantic exten
sions to the dialog. These variables are the semantic type and the semantic option. The semantic type is
used by a cooperating protocol and instrument to infer some higher semantic meaning associated with the
result of the dialog. For example, a dialog of type int may have a semantic type of atom number. In this
fashion, the instrument could allow the user to pick the desired atom off the display. In this example, the
semantic option field may contain the name of the molecule. Note that dialog_get_semantics returns the
semantic type. Errors are returned through the success variable.

dialog_set dest, dialog_set_source, and dialog_set_id set the destination, source, and identifier associ
ated with the dialog dialog.

dialog_get_text, and dialog_set_text allow the caller to extract and set text values from the dialog dialog.
The argument element contains the element number to either set or return.

dialog_get_int, and dialog_set_int allow the caller to extract and set integer values from the dialog dialog.
The argument element contains the element number to either set or return.

dialog_get_float, and dialog_set_float allow the caller to extract and set floating point values from the dia
log dialog. The argument element contains the element number to either set or return.
dialog_get_bool, and dialog_set_bool allow the caller to extract and set boolean values from the dialog
dialog. The argument element contains the element number to either set or return.

dialog_get_flag, and dialog_set_flag allow the caller to test and set flags in the dialog dialog.
dialog_set_flag takes two arguments in addition to the dialog handle, the flag to change and whether to set
the flag or clear it. If value is 1 the flag is set, if it is 0 the flag is cleared.
dialog isnt zero tests whether the specified element has a non-zero value.

ELEMENT TYPES
DI_V_NAME /* The dialog name */
DI_V_PROMPT/* The dialog prompt */
DI_V_LBOUND/* The lower bounds /
DI_V_UBOUND/* The upper bounds /
DI_V_RESULT /* The result ºf
DI_V_SEMOPT/* The semantic option */
DI_V_HELP /* The help text +/
DI_V_SELLIST/* A selection list /
DI_V_OPTION /* The option sheet number */
DI_V_TOOL /* The tool name */
DI_V_SOURCE/* The source of the dialog /
DI_V_TYPE /* The dialog type */
DI_v_SEMTYPE /* The dialog semantic type */
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DIAGNOSTICS

dialog_set functions return 0 on success, -1 on error. dialog_get functions return 0 in the success argument
(if provided) on success, -1 on error.

SEE ALSO

dialog_text(3), dialog(3)
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Appendix D

FTD Grammar

The YACC [14] grammar for an FTD ruleset appears below. In order to simplify

the grammar, the C action calls have been removed.

162
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fti : rules

rules: rules rule

| rule

rule: name conditions execution postcondition SEMICOLON
| name conditions execution SEMICOLON

in-lº - fti name COLON

conditions

: Precondition pattern
| Pattern

execution

action dialog

Precondition
: expr QUESTION

pattern: QUOTED_TEXT IMPLIES

action: func_name COMMA
| func_name LEFTBRACKET flag_expr RIGHTBRACKET COMMA
I LEFTBRACKET flag expr RIGHTBRACKET COMMA
|

postcondition
: postcondition COMMA assignment

| assignment

assignment
: var_name EQUALS expr

var_name: IDENTIFIER

fti name: IDENTIFIER

func_name: IDENTIFIER

expr: LEFTPAREN expr RIGHTPAREN
| INTEGER
| var_name
| bool_expr $prec NOT
| arith expr $prec UMINUs
| rel_expr *Prec AND

bool_expr: expr B_AND expr
| expr B_OR expr
| NOT expr

rel_expr
: expr AND expr

| expr OR expr
| expr GT expr
| expr LT expr
| expr GE expr
| expr LE expr
| expr R_EQUAL expr
| expr NOT_EQUAL expr

arith expr
: expr ADD expr
| expr SUBTRACT expr
| expr MULTIPLY expr
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| expr DEVIDE expr
| SUBTRACT expr $prec UMINUS

rule_flag: F_QUIT
| F_OPTION
| F_SEND
| F_cPYPRMPT

flag expr: rule_flag
| flag expr B_AND flag expr
| flag_expr B_OR flag expr
| NOT flag_expr

dialog : LEFTBRACE dialog_statement_list RIGHTBRACE
| LEFTBRACE dialog_list RIGHTBRACE

dialog_list
: LEFTBRACE dialog_statement_list RIGHTBRACE

| dialog_list LEFTBRACE dialog_statement_list RIGHTBRACE

dialog_statement_list
: dialog_statement_list dialog_statement SEMICOLON

| dialog_statement_list error SEMICOLON
|

dialog_statement
: K_INTEGER opt_integer_range opt_default integer

| K_REAL opt_real_range opt_default real
| K_TEXT opt_integer_range opt_default text
| select_from head RIGHTBRACE opt_default integer
| K_MULTI select_from head RIGHTBRACE opt_integer_range opt_default int_list
| K_BooDEAN opt_default boolean
| K_YESNO opt_default yesno
| K_NOTIFIER
| K_LABEL ident_or_string
| K_PROMPT QUOTED_TEXT
| K_HELP QUOTED_TEXT
| K_SEMANTIC ident_or_string opt_option_string
| flag_list

select_from head
: K_SELECT K_FROM LEFTBRACE QUOTED_TEXT

| select_from head comma QUOTED_TEXT

flag_list
: K_FLAGs ident

| flag_list commA ident

opt_integer_range
InTeGer DOTDOT INTEGER

|

opt_default integer
: K_DEFAULT INTEGER

|

opt_real_range
real DOTDOT real

|

opt_default real
: K_DEFAULT real

|

opt_default text

º
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: K_DEFAULT QUOTED_TEXT
|

opt_default boolean
: K_DEFAULT K_TRUE

| K_DEFAULT K FALSE
|

opt_default yesno
: K_DEFAULT K_Yes
| K_DEFAULT K No
|

opt_option_string
: K_oPTIONs QUOTED_TEXT

|

opt_default int_list
K_DEFAULT int_list

: INTEGER

| int_list COMMA INTEGER

real : REAL

| INTEGER

ident_or_string
ident

| QUOTED_TEXT

ident : IDENTIFIER

| K_INTEGER
| K_REAL
| K_TEXT
| K MULTI
| K_SELECT
| K_FROM
| K_BooleAN
| K_YEsNo
| K_NOTIFIER
| K_LABEL
| K_FLAGs
| K_PROMPT
| K_HELP
| K_SEMANTIC
| K_DEFAULT
| K_opTIONs
| K_TRUE
| K_FALSE
| K_YES
| K_NO

-*
-



Appendix E
-

Source Listings

The sources for the initial implementations of the Session Manager, both versions of

the Foreign Tool Driver, twb, the dialog library, the session manager library, and the

foreign tool driver library are included within this appendix.
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Sm/client.h DISPATCHERSERVER char
clºcbu■■ comMANDLENGTH];

intc_id, intcl_fo, intc_state; intcl_type; char"cl_name; UIDTYPEcl_uid; GIDTYPEcl_gid; DLIST"cl_dqueue; DIALOGcl_current;
intc_flags; intcl_indy; STATE*cl_protocol; SM_TOOLDES

“ctooldes;

cl_server;
/*Damnidiotname.Than Eric,andLeslie"/ /*Thetoolidentifier

*/ /*Theclientfiledescriptor
ºf /*Theprotocolstateºf /*Theclienttype(0=UI)ºf /*Thenameoftheclient*/ /*Theuidoftheuser"Z /*Thegidoftheuser'/ /*Thedialogqueueforthisclient*/ /*Anareatocollect

a
dialog
ºf /*Forwritelocking

*/

/*Theinputbuffer
/

/*Indexintothecommandbuffer"/ /*Theprotocolforthisclientºf /*Thetooldescription
forthisclientºf

SM_TOOLTREE*cl_tooltree;
/*Thetooltree*/ char*csystem; char*chome; char*ccurr; structclient structclient

}

CLIENT: #defineCL_NULL(CLIENT*)NULL
(c)->c_fo

O

#defineCL_FILENO(c) #defineCL_UIM #defineCL_PROTOCOL
1

#defineCL_INSTRUMENT
2

/*Thesystemprojectforthisclient*/ /*Thehomeprojectforthisclient*/ /*Thecurrentprojectforthisclientºf

*cl_next/*Pointer
tothenextclientº/

*cl_child:/*Pointer
tothefirstchild
/

#defineCL_WRITEABLE(c)FD_SET((c)->c_fd,&sm_writefds) #defineCL_READABLE(c)FD_SET((c)->c_fd,&sm_readfds) #defineCL_WRLOCK #defineCL_WAITING #defineCL_OPWAITOx10 #defineCL_WRITESET
1

externCLIENT"cl_new■ ); externCLIENT*cl_find(); externvoidc_quit(); externvoidc_parse(); externvoidc_process(); externvoidc_notify(); externCLIENT*cl_newuim(); externCLIENT*cl_newtool(); externCLIENT"cl_oldtool();

Ox1000
/*Writeis

disabled
*/ 0x100/*Clientis

awaitinginputºf

/*Clientis
awaitingoptionsheet
/ /*WritebitinfolisSet"/

extern extern extern extern extern extern extern extern extern #endlf
CLIENT*clist; voidc_greet(); voidc_free(); voidc_input■ ); voidc_output(); voidcl_addoueue(); voidc_writelock(); voidc_wrunlock(); voidc_rdunknck(); CLIENT_INCLUDE ~

3.



smlconfig.h
/* •

$ld:configh,
v

1.489/080712:57:45scooterExpLocker:scooter
$

*$Log:config.h,v
$ *

Revision1.489/08/0712:57:45Scooter
*

Changed$Header:$
to$ld;

*

Revision1.388/09/1523:06:18conrad
*
Usemachinedependentheaderfileinsteadofi■ defs

*

Revision1.288/08/2820:37:00Scooter
*

Efficiencymodifications
-

bufferedwrites.
*

Revision1.188/08/2517:51:04Scooter
*
Initialrevision

*

Revision1.188/07/2513:15:20conrad
*
Initialrevision

*/ #ifndefCONFIG_SM #include<stdio.h> #include<syskog.h> #include<sys/types.h> #include<machdep.h> #defineSM_LOGFILE"/usr/tmp/sm.log" #defineBPB8/*BitsPerByteºf
#defineIO_SIZE1023 #defineBUFLEN(IO_SIZE

+1)
#ifndefTRUE #defineTRUE

1

#defineFALSE
0

#endif #defineCONFIGSM #endif

*_

--

§
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sm/protocol.h
/*

*$ld:protocol.h,
v

1.489/08/0712:52:31scooterExp$
*

protocol.h
-
thedefinitionsforthestatetransitionhandler *$Log:protocol.h,v$

*

Revision1.489/08/0712:52:31Scooter *Addednewstatetothetoolprotocol:SMTYPE,which *identifiesthetooltype:INSTRUMENT
or
PROTOCOL

*

Revision1.389/07/1910:54:38Scooter *Addedsupportformulti-stepprotocols,andinternallygenerated
*

notificationdialogs
*

Revision1.288/09/0116:57:53Scooter
*

CleanedupDIALOGprotocolsomewhat:addedREAD_DIALOG
and

*

READ_REPLYcommands.
Alsomodifiedtoollaunching
to
include

*
theprojectIDs. #define

TR_NULL(TRANSITION")NULL;
typedefstruct
{

intstate; TRANSITIONtrans[MAXTRANS].
}

STATE; #defineST_NULL(STATE*)NULL;
/*

*

HandshakingStates
*/ #defineSM_VERS #defineSM_HELC #defineSM_USER

/* *
UIMStates

*/ #defineSMUIM3 #defineSM_SENTD
4

#defineSM_REPLY
5

#defineSM_GETOPT6
/* *

ToolStates
*/ #defineSM_TYPEB #defineSM_PROJ; #defineSM_TOOLS #defineSM_DIALOG

6
#defineSMWAIT
7

*

Revision1.1.88/08/2511:51:22Scooter
*
Initialrevision

*/ #ifndefPROTOCOL_INCLUDE #include<stolio.h> #defineMAXTRANS
10 typedefstruct

{

char*token; Int
next_state;

int
("action)();

}

TRANSITION:

#defineENDSTATE-1 #definePROTOCOL_INCLUDE #endifPROTOCOL_INCLUDE

s



sm/reply.h
/*

:sa.reply.h,w1.48908/071252.01scooterExp$ *$log:reply.h,v$
*

Revision1.489/08/0712:52:01Scooter *AddedRB_NOUIM
tothereplystatus

*

Revision1.388/09/1523:52:14Scooter *Addedroutinecl
quituimandcleanedup

terminationcode
*forUIMstoallowaninterrupt
oraclosetoactasif *

theUIMhadsenta
QUIT.

*

Revision1.288/08/2820:36:58Scooter
*

Efficiencymodifications
-

bufferedwrites.
*

Revision1.1.88/08/2511:51:37Scooter
*
Initialrevision

*

Revision1.1.88/07/2513:15:30Conrad
*
Initialrevision

*/ #ifndefREPLY_INCLUDE #include"config.h" #include<sys/uio.h> #defineMACHINE_TYPE*vax" #defineREPLY_IN_ASCII
0

#defineREPLY_IN_BINARY #defineREPLY_LENGTH
250 #defineRS_INFO

1

#defineRS_ACCEPT
2

#defineRS_MORE
3

#defineRS_FAILED
4

#defineRS_REJECT
5

#defineRS_END
6

O 1 2 3 8

#defineRTOTHER #defineRT_DM #defineRT_CS #defineRT_SM #defineRT_EXTENSION

#defineRT_DEBUG
9

#defineRGOKAY #defineRG_OKAY2

º

#defineRB_UNKNOWN #defineRBPROT #defineRB_SYNTAX #defineRB_SERVER #defineRB_HANDSHAKE #defineRB_NOSUCH #defineRB_NOUIM #defineRB_NOTIMP
/* *

Accessfunctions
*/ voidreply(); voidreplyend(); voidreplybegin_ASCII(); voidreplyASCII(); voidreplyend_ASCII(); voidreplynoperm(); voidreplydata(); voidreplywrite(); voidreplyputchar(); #defineREPLY_INCLUDE #endlf

/*
EverythingOK? /*Thesame,butdifferent

*/ /*
Unknownerror*/ /*

Protocolerror*/ /*
Syntaxerror(intoolordialog)
/ /*Servererror"/

/*
Handshakingerror(bye!)*/ /*Nosuchdialogortoolºf /*Nouimispresent

ºf /*Notimplemented(yet)*/

/*
Sendareplytoafile
descriptor
*/ /*Sendend-of-replymessage

*/ /*BeginsendingASCIIdata? /*
SendanASCIIstring*/ /*EndsendingASCIIdata
/ /*SendPermissionDeniedmessage

*/ /*Senddatatoclient*/ /*"write"datatobuffer
*/ /*"write"chartobuffer*/

§



Sm/Sm.h
/*

:sld.sm.h,
v

1.489/08/0712:57:42scooterExpLocker:scooter
$

"sm.h-include
fileforsmserver *$Log:sm.h,v$ *

Revision1.489/08/0712:57:42Scooter
*

Changed$Headers
to$ld;

*

Revision1.389/07/1910:54:45Scooter *Addedsupportformulti-stepprotocols,andinternallygenerated
*

notificationdialogs
*

Revision1.288/09/1523:06:17Scooter
*
Bugfixes,andaddition
ofvariousroutinesforinterface
tolibofs

*
andreestablishingconnection
toanewUl■ / */ #include<stolio.h> #include<sys/types.h> #include"config.h"

/* *

Globals
*/*

Revision1.188/08/2511:51:45Scooter
*
Initialrevision externchar“sm_user; externchar“sm_cid; externIntdb_flag; externintSm_count; externIntui■ o; externintdilast; externfa_set

sm_readfos,sm_writefds; externvoidsm_writestate(); externvoid
sm_deletestate();

§



Sm/Smdefs.h
/*

:sld.smde■ s.h,
v

1.589/08/0712:57:41scooterExpLocker:scooter
$ *

ThisistheincludefilefortheMMWBSessionManager,sm,and
*allofthesmlibraries.

*
$Log:smdefs.h,v$

*

Revision1.589/08/0712:57:41Scooter
*

Changed$Header:$
to$ld;

*

Modifiedsmandlibsmto
understandthedifferencesbetween

*

processesandinstruments
*

Revision1.288/08/2920:29:06Scooter
*

Removedlocationfromtooldescription
*

Revision1.188/08/2511:51.56Scooter
*
Initialrevision

*/ #ifndefSMDEFS_INCLUDE
/*Avoidmultipleincludes
ºf }

SM
SESSION_STATUS; typedefstruct

{

char*ses_cid; intsesdate;

/*Thename(Conversation
ID)ofthesession

/*Thedateandtimeofthesession
*/

intsessock;/*Thesocketto
rendezvous
*/

}
SMSESSION: typedefstruct

{

char"Name;
/*Nameofthefool"/ char*Version;

/*
Versionnumber
*/ int

nodisplay;
/*
Displayoptions
7*/

DIALOGOptions; char“Subtools;

/*Theoptionsheet
ºf /*

Subtools
(ifany)ºf

*

Revision1.489/07/1910:54:48Scooter *Addedsupportformulti-stepprotocols,andinternallygenerated
*

notificationdialogs
*

Revision1.388/11/2111:35:32scooter #include"dialog.h"
/* *

Typedefs
*/ typedefint

SM_TOOL;
/*A"tool"isjustan
accessionnumber
'/

typedefstructsm_session_struct
{

char“ss_name;
/*Thenameofthetool"/

SM_TOOLss_tool;
/*TheIDofthetoo/*/ intSs_state;

/*Thestateofthetool"Z
structsm_session_struct“ss_next;
/*Nexttool"/

intOnError;
/*If
subtools,howtohandleerrors"/ char*Host;/*Thehoststo

execute
ºf intType;/*Thetypeoftool:

1=

PROCESS,

2=

INSTRUMENT
*/

SM_TOOLtool_id;
/*Theresultingtoolid"/

}

SM_TOOLDES;
/* *

FlagsforToolDescriptions
-

Onerror
*/ #defineSM_IGNORE

1

#defineSM_DIE
2

#defineSM_KILLB
3

/*Ignoreerrors
ºf /*

Immediately
die/ /*Killbranches

"/

#defineSMDEFS_INCLUDE #endifSMDEFS_INCLUDE

§



Sm/tool.h
/*

*$ld:tool.h,
v

1.389/08/0712:57.39scooterExpLocker:scooter
$

*$Log:toolh,w$ *

Revision1.389/08/0712:57:39Scooter
*

Changed$Header:$
to$ld;

*

Revision1.289/07/1910:54:53Scooter *Addedsupportformulti-stepprotocols,andinternallygenerated
*

notificationdialogs
*

Revision1.1.88/08/2511:52:16Scooter
*
Initialrevision

- */ #ifndefINCLUDE_TOOL #defineINCLUDE_TOOL typedefstructtooltree
{

char*tttool;/*Thetooltolaunch
*/ char*tthost;/*Thehosts

itrunson*/ inttt_tnum;
/*Thetoolnumber
*/ intttjoin;/*Thejoincount

ifthisisajoinpoint*/ structclient"ttclient;/*Abackpointer
totheclientstructºf

structtooltree“tt_next;
/*Thenexttoo/*/ structtooltree“ttfork;/*A

parralleltoolºf

}

SM_TOOLTREE; SM_TOOLDES“tookles_create();
voidtooldes_free(); voidtoolfree(); structclient“tool_launch();

/*Initialtoollaunch
*/ structclient“toolsteplaunch();

int
tool_ismulti■ ); DIALOGtool_myoption(); #endifINCLUDE_TOOL

§



Sm/client.c #ifnde■lint staticchar*RCSid
="$ld:client.c.
v

1.29.90/02/2017:14:54scooterExp$"; #endiflint
*

Revision1.2890/02/1610:42:40Scooter
*
Fixedbugsfoundduringperformancetesting

*

Revision1.2789/10/2514:31:04grego
*
use

mmwbmisc.h,ansi–C-ize.
*

Revision1.2689/08/0712:54:17Scooter *Addednamedsessionssupport
inc
quituim

*

Revision1.2489/07/2516:29:41scooter
*

Changedc_oldtool
togetthetooltypefromthetooldescription

*

Revision1.2389/07/2423:45:33Scooter
*
Fixedproblemswithforkedtoolsjoiningbackprematurely

*

Revision1.2189/07/1911:01:16scooter
*

Replacec_rdunlockwith
CL_READABLE
tobemoreconsistentwith

*

CL_WRITEABLE.
*

Revision1.2089/07/1910:54:55Scooter *Addedsupportformulti-stepprotocols,andinternallygenerated
*

notificationdialogs

*

Revision1.1789/02/2123:39:39scooter
*

Modifiedfornewdialogsemantics
*

Revision1.1688/11/2111:35:35scooter
*

Modifiedsmandlibsmto
understandthedifferencesbetween

*

processesandinstruments
*

Revision1.1588/10/2413:11:54conrad
*

multipledialogssenttowardstheUIMareproperlyqueued
*

Revision1.1488/10/2216:46:52conrad
*

Releaseallocatedstringspace
*

Revision1.1388/10/1714:27:01Conrad
*
Makemultipledialogdeliverywork

*

Revision1.1288/10/1311:39:29Scooter
*

Changedsizeof
msg_buf
toreflectDLBUFLEN

*

Revision1.1088/10/1217:27:33Conrad
*
Don'tletUIMrespond
to
unack'eddialogs

*

Revision1.988/10/1216:24:00Conrad
*

Properlyifdefstatelogging
*

Revision1.788/09/1917:11:17Conrad
*
Usenewdispatcherlibraryinterface

*

Revision1.688/09/1523:53:41Scooter *Addedroutine
cl
quituimandcleanedup
terminationcode

*forUIMstoallowaninterrupt
oraclosetoactasif *

theUIMhadsenta
QUIT.

/* *

clientic-thismodulescontainsalloftheclientcodewhich
-is

independent
oftheclienttype. *$Log:client.c.

v$ *

Revision1.2990/02/2017:14:54Scooter
*
Fixedbuginthehandling
ofdialogs
toallowdialogs
tobe *

retransmitted
iftheDIALOGcommandwasmissed.

*

Revision1.2589/07/3111:06:20Scooter
*

ChangedSMPROCESS
toSMPROTOCOL

*

Revision1.2289/07/2415:15:12scooter
*
Fixedbugsinfork
implementation

*

Revision1.1989/03/1014:22:00Scooter
*

Variousbugfixestogeteverythingworkingagain
*

Revision1.1889/03/0222:21:25pett
*

declaredemalloc
toretumvoid"andusedstrohrinsteadofindex

*

Revision1.1789/02/2123:38:20Scooter
*

Modifiedfornewdialogsemantics
*

Revision1.1188/10/1311:33:45Scooter
*

Modified
touseemallocinstedofmalloc

*

Revision1.888/10/1113:52:54Conrad
*
ifdefout
state-changelogging

*

Revision1.588/09/1523:08:11Scooter
*
Bugfixes,andadditionofvariousroutinesforinterface
tolibofs

*
andreestablishingconnection
toanewUIM
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Sm/client.C
cl->cl_flags
&=
~CL_WAITING; cl->cl_state

=SMSENTD; d!->dU_status
=

DL_PENDING; cl_writelock(c); return;
caseCL_PROTOCOL: Case

CL_INSTRUMENT: /* *

Checkforqueueddialogs
*/ while(d=

DL_NULL)
{

d_respo(c,d); (void)cl_dequeue
(cl,
d!->dl_dialog);

d=

di->dl_next;
} /* *

Removethefolfromthewritelist */ FD_CLR(cl->cl_fo,&sm_writefos); cº->cl_flags
&=
~CL_WAITING; return;

/* *cl
process:

-

processthedataforaclient.Thisinvolvestokenizing
theinputstream,thencallingtheappropriateprotocol

*

handler.
*/ void cl_process(cl) CLIENT*cl:

{

char
*tokens|MAXTOKENS].

intnargs,n; /* *

Tokenizetheinput */

nargs
=

tokenize(c->c_cbu■ ,tokens,MAXTOKENS);
if
(nargs
&0) {

if
(nargs==-1)

syskog(LOG_INFO,"trailinggarbageignored");
else
{

error_reply(c.,"tokenizefailure",RB_PROT); error_handshake(c); return;

}

tokens(nargs]
=
NULL;/*Makesure*/ /* *

Callthestateengine
*/

if(!(n=

c_trans(cl,nargs,tokens))
>0)

#ifdef
LOG_STATE_CHANGE

syslog(LOG_DEBUG,”%d:
State%d->

*%d",c->cl_id,c->c_state,n);
#endif

cl->cl_state
=n,

}
elseif(n==-1)

error_reply(cl,"Protocolerror",RB_PROT);
return;

} /* *c
trans:

*a
protocolengine.Returns
-1onprotocolerror,

*0toholdstateconstant,50change
tostateindicated

-byreturnvalue. */ int cl_trans(c.,nargs,args) CLIENT*cl: intnargs; char*args[]; STATE*.cstate
=

&c->cl_protocol■ c->cl_state];

§
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Sm/client.C inti, for(i=0;i3
MAXTRANS;
it#)

if

(stromp(cstate->trans[i].token,
args(0)==0)

return
(

(cstate->trans[■ ]..action) (cl,nargs,args,
cstate->trans[.].next_state));

} /* *

Error-illegalcommand.
*/

(void)sprintf(msg_buf,"Illegalcommand'90s",args(0); errorreply(cl,msg_buf,RB_PROT
);

return-1;

}
void cl_greet(c) CLIENT*cl;

{

(void)
sprintf(msg_buf,"\"%s",sm_cid); reply(c->c_■ o,RS_ACCEPT,

RTOTHER,RG_OKAY,msg_bu■ ); replyend(c->c_fo); return;
}

void
cl_quit(cl,errflag) CLIENT*cl; interrflag; DLIST*d,"d;

SM_TOOLDES“smtd; SM_TOOLTREE*smt; if(c.==
CL_NULL)

return;
Smtd=

c->cl_tooldes;
/* *

First,closethe
connections
totheoldclient */

if

(c->cl_server
laNULL)

(void)dispatcher_serverclose(c->c_server);
else

(void)close(c->cl_■ q); FD_CLR(c->cl_fa,&sm_readfols); FD_CLR(cl->cl_■ q.,&sm_writefds); dialog_free(c->cl_current,0);
/* *

Freeallofthedialogspendingforthistool */
d=

c->cl_dqueue; while(d=
DL_NULL)
{

d=

di->dl_next; dialog_free(d1->ddialog,0);
dl–d.

} /* *

Depending
onwhethertherewasanerrorornot, “handlemulti-stepprotocolsaccording

tothe
*

tooldesflags */ if

(tool_ismulti■ c,errflag))
{

/* *
Have
a
multistepprotocol
—
checkforajoinand

*if
thereisone,waituntilthejoincount
=0 */ smt=

c->c_tooltree->tt_next;
if
(smt->ttjoin-0)

smt->ttjoin-;

else

(void)tool
steplaunch(c.,smt,c->cl_tooldes,
0,

c->cl_system,c->cl_home,c->c_curr);
}
else
{

sm_count—;
if

(smtd->OnError
==SM_DIE)

/*KillallChildren
"/ if

(c->cl_child
-
CL_NULL)

c_quit(c->c_child,1);
tooldes_free(smtd); cl_free(c);

return;

g



:(!'o)■ nbT■ o:(lewuesTp<-0)||p■ leauesTje■ o■ edsp
/*

Jueuunu■ su■80||||IX
.«/{

:|p=er|

:up=

\xeuTip■ <-p■ se!
es■ e

:up=

enembpTp<-■ o
(T■ nNTIG
==pise)
■■

!(Ip)ee■ T■ p
}

(p■ T■ oº-o==
(p)eounosTBo■ e■ p)
JI

:enu■ uoo
(T■ nN==
p)\!

:Bo■ epTipº-p
=p

:■ xeuTip■ <-p
=up

}

(T■ nNTIQ=i
p)•■■■ ya:TinN■ q

=pise,/.
enenbwine■e■sj■ :e■ oN
„/

:enembpT|O<-p
=p

//‘swinssoloepeujejewyouawes6o■ ep.queunu■ su■esneoeqsj■op9M
jueunugsul.sj■ .Joydnpenenbeveqoj■ ws6o■ epAueeeu■ .

«/

}(1

NEWnºusN■ Tip
==
ed&T■ oº-o)
}}

}

(\xeuTp<-o
=0

:T'InNTIO
=■o■ ys■ o=0)doj//■ wine■uo■6u■ uunueweew

squeunu■ su■Aue||IX.
•/:(pj)eso■ o(p■ oa)

{

'(■ )\|xe:(-ujº■ ,:zdnp.''HHEFÐOT)6o|sÁs
}(o>
(o'p;)zdnp)
JI

:(p■ T■ o<-■ o)eso■ o(p■ ow)//reue■uol■re■ pojeds■ pe■e■ apeque■ syous■Win
.e■■

esneoeqeue■()eso■ o"JewesTie■ ojeds■ p
esnluop€/M
.

'eaoqeI■ eo■ 9)■ oos9■ .Aqpeunjeu6upue6uol■Oºpyjueweud
o■
seu■ nou.6u■ eoe■u■jope■ su■eue■peso■ o

s■
si■ :BION.

•/{

:(!)||xe:(-ujº■ ,:eureu■■ oosieß.'HHETbOT)6o|sÁs
}(o>
(ue■ es?'es■ º(,appe■ oosmonugs)'p■ )eureux;pos■ e■ )
J■

:espoezqs=ue■ es
{

:(!)■■ xe:(-ujº■ ,:ue|s||L.''HHETSOT)6o|sÁs
}(O>(■

‘p■ )ue|s|)|:(!)||xe:Qu%:■ e■■ oos.'HH=Toom)bol■ Ás
}(O>((O
"WWEH1STXOOS'LENITJd)\expos
=p})}}/,

6un■ ewyouun,o,aunseyeW
„/:ÐNLLIVNATIO~
=■ º
s6e■ T■ o<-■ o|(10)×oo■ e■ MTp--

:(0)\!xe

(T■ nNTO
==
'\xeuT■ o<-\s||o
º■ º■ o==■ sijo)JI

JIpue#

:()s■ o■ uuoqspeußisun
s■ o■ uJepu■■

:p■ OTVIQ!p■ sel."up.'p.1SITO!ue■ es■ u!!tesu■ Tippe
■ ooswonne:O,

INEITOJeme■■ em:p■ Qu■ Jens!beu
}

:euJeuTuo|ssºs,Je■ o
º■ º.LNBITO(eureuTuo■ sses'■ o)uu■ n■ nbT■ op■ OA//

‘seqeu■ uue,Ái■ euu/ouqeWIn■
e
ue■ wdo11noespueswineue■ wpejeos■
eu■ nousl■ 1●:uu■ n■ nb70.

•/{

O'Quê||0/uus
181



:edÅ1<-p)
=

edÃ¡T■ o<-\uelp:TInN=

enembpT■ oº-■ uelp:T■ nN
=

queunoTiO<-quelp
:O=
xpu■■ o<-quelp

:,O\=

[o]]nqoT■ oº-■ uelp
/,s6e■e■ .lee■ o„/:O
=

s6e■ T|0■ -\uelp
/,e■ ejs0■ ,JºseH„/:O
=

ele■ sT■ o<-quelp
:(

e^ues)p■ TJeauesTje■ o■ eds■ p
=

p■ T■ pº-■ uelp:Je■ uºs
=

Jewu8ST■ 0<-\u0||0
}

ºp.
■ BOTOOITWS:JÐAu9SHBAHESBEHOLWdSIO:■ ue||0.INEITO(p\'Jeaues'lue|p)\oomp■ oT■ o

„

LNBITO
/,
CEISTYS50B/W/
„//.foo)6u■ spxºue

esneu«»:Joop■ oT■ o.
•/{

:is■ ounye■
:(■ sip)=TavoyBHTo

:p)=

sep■ oo■ p<-\s■ p!(euJeN<-p!)6u■■ sÁd■ TQMuuuu
=

eureuTp<-\s■ p!pg.se#.+
=
p■ Tp<-\s■ p

{

:o=
|xeuT■ o<-\s||o

:(■ oudT\oo!'edÅ1<-p)"(Jeaues)p■ TueauesTje■ o■ eds■ pºueaues)MeuTp
=\s||0:\s||o=0

}
es■ e
{

:(!oudT\oo!'edÅ1<-p]"(Jeaues)p■ TJeauesTje■ o■ edsp‘Jeaues)MeuTp
=\s||0

}

(TTnNTTO==|s||o)J■
:[þoldToo!ELV1Suyenze

:O,
INEITO}

:pl.
■ BOTOOITWS:JewesdBAHBSTHBHOLwdsid

(p),'wewues)■ oo■wºuT■ o

„

LNBITO
:O=

pg.se]■ ulopens
{

:\s||ouunye
u

:(„WIn-)6u■■ sÁdoTQwuuuu
=

eureuTp<-\s|■ o
:O=
p■ p<-\s■ p

{

:o=
ixeu-I■ oº-isip:(!oldTuu■ n'O'p,“TinN

(HEAHESTBEHOLWdSIQ)
MeuT■ o
=\s||0!\sup=0--

}
es■ e
{

:(!oldFu■ n'O'p,“TìnN
(HBAHESTBEHOLWdSIO))
wºuTp
=

\s||0}(T■ nNTTO==■ sijo)JI
:[þoudTuu■ nELV1Suyenze

:o.
LNBITO}:p■ Qu!

(pj)u■ nweuT■ o
„

LNBITO
{

!uunnel|-■ unooTuus
:!--=p■ Tìn

:((uodTu■ ses)s■ o■ u
'_p%,uoduo6ug■ ewJe6euewuo|sses.'■ ngBOT0OT)Bo■ sÁs

:(euueuTuo■ sses"(■ uo■ Tu■ s’es)s■ o■ u)e■ egse■ wTuus
//

Joe■ oddeuro■s,desne■ ,o■ u■ejerse■e■■ u/M
.•/

-:ÐNILIVMTTQ
=

smeisT■ p<-ip
(\xeuTip■ <-lp
=■ p:TinN=■I■ p

:enembpT|O<-fo
=Ip)Joj//dnsjoeuuooge■Win/Meueo■

pe■■ usue■ eueq.■■ wAe■ .Je■ ,os6un■ ewses6o■ ep6upuede■ ,
■ e■ uew.

•/{0^\u0||0/uus
182



'(p)euJeuTôo■ ep)duons)
■ g

((6o■ ep)eounosTôo■ ep
- ==

(p)eounosTôo■ e■ p))
!!

}

((SECIBOHEgnSTIO-
--‘6o■ epTip■ <-|p

=

p)ße■ TießTôo■ ep).]]
/.|OO!S■■ ,uol■

„

s6o■ epsepeolednsJe■ oÁueeoe■ deH.
•/

}(((S=C=OH3&nSTIO'Bo■ ep)ße■ Tie■■ £o■ ep)
gº
(■ NIGINE&TTG=isne■ sT■ p<-p))
!!

}

(TT'nNTTO=■Ip)ell■ ^^

}
es■ e

:(edÃ¡'6o■ ep)e■ eeuoTip
=

enembpTp<-■ ue||0
(TT'nNTTC)==■ p.)JI

:p■ OT\/IC]
:TimN=

Ipo1SITO
_

:()eleeroTp.1SITO
opens:enenbpTp*<-\ue!

¡o=

■ p.1SITO}:edÃ¡qu||:6o■ epÐOTVIO:■ ue||9,
1
NEITO(edK!'6o■ ep‘■ uel■ o)enembppeT■ o

p■ OA/.
enenb
s
Juejo
eo
6o■ epeppy■:enenbppeTo.

•/{

:!-uunnel
{

:|p=|p■ |Se|
{

‘Ouunnel!(p)eeu■ T■ p
:■ xeuTip■ <-|p
=

\xeuTip<-[p]se!
es■ e

:■ xeuTip■ <-p
=

enembpTjo<-■ uelp
(T■ nN■ Id
==pis■ )M_

}

((6o■ ep)p■ Tôo■ ep
==
(p)p■ Bo■ ep)
JI

:enu■ uoo

(T■ nN==p)\!

:6o■ epTip<-p
=p

:enu■ uoo-(■ NIQN3■ Tid
==
sne■ sT■ p<-p)}}

}

(\xeuTip■ <-|p
=
■ p.:TimNTTO=■Ip

■ enenbpTp<-■ uel|2
=
|p)loj- :p

■ OTVIO:TlnNTTO
=
p1.sel.1SITO

:|p.
1SITO}:6o■ epÐOTVIO:■ ue||0.LNBITO(6o■ ep‘■ uel■ o)enenbepTio

■ u||/.quespre-uouse

s6o■ eppe6pe■ wouyoeunJeeul·enenb
s
Juel■ o
euol■6o■ ep
e

eMou■ eH·:enenbep7o.
•/- {

:Tmn.NFTouumem
- {

:■ xeuT■ o<-o
=0

'ouunnel
(p)==pTips-o)
!!

}

(T■ nNTTO=■o)ell■ wa

:do=0.

LNBITO}:p!qu■;do.LNBITO(p!'do)pu■ T■ o
„

LNBITO/.
p■ Too,Aqgue■■ o
e

pu■ ::puigT■ o.
•/{

:Queijouume■:(\s|p)ETGVOVEHT
TOS'\u0||0|uus

183



:Uun■ ºu
:(■ OTVIOTTO'pº■ ue|p)enembpp■ Tp

/.
Auea||epJoy||enenO
,*/:(

Je6eue.Wuo■ sses.'TOOLTATIO'p),xeT■ ºsTôo■ ep(p\o^)
|(1-‘p)eounosThesTõo■ ep
(p\oa)//

Je6eueuuoyssese■s■■ oj■ M'...!--o,
eounose■■ es‘’MON
.•/

:(!se||p4+'p)p■■ esT6o■ e■ p(p■ oa)//p■6o■ epÐ■ ,Jºs.
•/

:(■ xe■ '.e6essewJe6eue.Wuo|sses.'O'BLONTIQ)e■ eetõTôo■ ep
=p

es■ e

:(■ xe■ '.Jou3Je6eue.Wuo|sses.'O'BLONTIQ)e■ ee■ õTôo■ ep
=p

(6e■ ue)
JI

//6o■ epe■ejeewo.
•//.WIne■o!

Je■ u■ od
e189
„/!(O‘Is■ o)pu■ Tp
=
que||0.LNBITO

:p

■ OTVIO}:6e■ uje!ul:■ xe■ .Je■ o(6e■ ue'\xe■ )&pouT■ o
p■ OA/.

ºsebesseufeuogeuluoyu,pueJoue■ eure■ u■uo■pesns■ ·sj■■ uesne■o,■ ueweeurosjo
uogeo■ /gou
e

pueS•://■ ouTo.
•/{

!uunnel
:(MOOTHMTOLLESBLIJMTTO)~
=º
sôe■ TIO<-Juel■ o

:(spje■ IM■ usº'p■■ oº-■ uello)1■ s■ gº
(LESELIHNATTO
º

sôe||T■ oº-■ uel■ o)JI}:■ ue||0.1NEITO(Queijo)xpo■ unuMT■ op■ OA/■tuo
ypeq.Joe■ ºsequamuun,puequeijosl■
yooyun■:yooyunu/MT■ o.

•/{

!uun■ º■

:(spjel■ wTusº'p■■ oº-■ uellº)■ TOTO:■■ SELIHMTo=|spe■ Tº<-■ jelo
_

}

((spje■ MTusº'p■ T■ oº-■ uel■ o)LESSITQ4)
JI:XOOTHWATTO

=|

sôe■ T■ o<-■ ue■■ o}:■ ue||0.LNBITO(Que||o)xpo■ e■ MT■ op■ oa/■
'6u■ uwwsuffe6equeijosi■
XooT·:yoo■ e■ uwTo.

•/{

!uunnel

:(ed/q’6opep)e■ eeuoTp
=

}xeuTip<-ipo
{

'\x0UT■ p<-p
=p:|p=Ipo

{

{

{

!uun)e■:Ipo=

}xeuTip■ <-ip(edÃ¡'6o|e■ p)e■ eeuoTp
=p

_{(p)eel■ p:■ xeuTip■ <-p
=Ipo

}((o==

((6o■ ep)eureuTôo■ ep

º’■ uºllº/uus
184



ejuw■ en■ ueaeJoypueuuuuooe■ ,dn/eynq

/.{:e■ uMTuuoo.:(-ujº■ ,
pel■ e,pueboTVIO.'HHETSOT)6o|sÁs

:(p■ T■ o<-quel■ o)pueTÁ■ deu:(p■ T■ o<-\ue!p)IIOSvTpueTÁ■ deu
{

!(p),xeuT6o■ ep
=}

!(Je■ op)ee■ 6u■■ STqwuuu:(¡nqT■ suuweverosae:((Je■ op)ez|6u■■ s
'.w\s%.Aldab.'InqTõsu)■ u■ ds(pow)_:NOLldo_Toeseo:ATJEHTOeseo

:((Je■ op)ez|6u■■ s
'.u■ s%■ OTWIG.'InqTõsu)■ u■ ds(pow)_

:■ OTVIOTO,eseo
}

(edÃ¡p)■ on■ ºas
}
(TT'nN=■
Je■ op)
J■

'(p)ue■ oToTôo■ ep
=
Je■ op

}

(TT'nN=■p)ell■ wa-_(p■ T■ o-luº■ o)IlosvTu■ beq■ &del:(„Áed■ O.'Avo■ OT■ H'WST18
ºldBOOVTSH'p■ TIO<-■ ue||3)Ajdeu

•/(O
>

(p■ T■ p<-■ ue||o)pueTe■■ uwTuJoo)
J■

{{'(p)\xeuTôo■ ep
=p{

:(le■ op)ee■ 6u■■ STqwuuuu
{

:Meeuq.u■ º■ ,pel■ e,e■■ M■ OTwiq.''HHEIÐOT)Bo■ sÁs

>

((ynqT6su)ue■■ s'¡nqT6su'p■ T■ o<-\ue!p)e■ ºwTuuoo)
JI{

!xeeuq

:((Je■ op)ez■ 6u■■ s
'.u\s%AT&B.H.‘InqT6su)■ u■ ds(p■ oa)_:NOLldo_10eseo:AT&EHTOeseo

:Xqeeuq

:((Je■ op)ez|6u■■ s
'.ums%■ OTVIG.'InqTõsu)■ u■ ds(p■ oa)_

:■ OTVIOTO,eseo
}

(edÃ¡p)■ on■ ºas
}

(TinN=■
Je■ op)
JI

!(p)ue■ oTo■ Tôo■ ep
=
Je■ op

}

(TT'nN=■p)ell■ wa:edÃ¡T■ p<-|p
=
edÃ¡p:ed&Tp<+p

=

edºp:6o■ eipTip<-|p
=p

:6o■ epTip<-|p
=p

:()pueTe■ wTuuoo()e■■ uwTuJooqui
opens

■ ed/■ pqu■ :edÃ¡p■ u!:Je■ op,Je■ o:Je■ op,Je■ o
:p

■ OTVIO}:p■ OTVIO}
:|p.

1SITO:|p.
1SITO■ uel■ o.

LNBITO■ uel■ o,
LNBITO(pº■ ueijo)pdse

T■ p(pº■ uelp)
ppuesTipp■ oa

opensp■ oa
opens

/.//
esuodseu
ejouuuoye■u■■ oo,eo
6o■ ep
e

pues·■ oo,
eo
6o■ ep
e

pues●
.pdse/Tip.:ppuesTip,•/•/

0^\u0||0|uus
185



If
(my_butlen+ken&

IO_SIZE*4)
{

(void)strncpy(&my_buf[my_buf_len],
buf,len); my_buf_len

+=len;
my_buf[my_buf_len]
=\0'; err=write(fd,mybuf,mybuf_len); my_buf_len

=0;
my_buf[0]
=\0'; returnerr;

}
else
{

iov[0].iovbase=
my_buf, iov[0].iov_len

=

my_buf_len; iov[1].iov_base
=buf, iov[1].iov_len

=len; my_buf_len
=0; returnwritev(fo,iov,2);

}

} /* *

d_create:
-

Create
a
dialogliststructure

*/ DIALOGdialog; inttype;
{

DLIST*d; d=
(DLIST*)emalloc(sizeof(DLIST)); d!->dl_dialog

=
dialog; d!->dl_type

=type; d!->dl_status
=

DL_WAITING; d!->dl_next
=
DL_NULL; returndl;

} /* *

d_free:
-
Freeadiststructure

*/

Sm/client.C staticchar
my_buf[IO_SIZE*4]; staticInt

my_buf_len
=0; staticint com_write(fd,buf,len) intfo; char"buf; intlen;

{

staticint
com_write_flush();

if(mybuf_len-len
>=
IO_SIZE*4)
{

my_buf[my_buf_len]
=\O'; returncom_write_flush

(■ o,buf,len);

}

(void)strncpy(&my_buf[my_buf_len],
buf,len); my_buf_len

+=len; returnlen;

} /* *

com_write_end:
-
Addtheobligatory
"."andsendthebuffer */ staticint com_writeend(fo) intfo;

{

staticint
com_write_flush(); returncom_write_flush(fo,

"An",2);

} /* *

com_write_flush:
-
writethedatatotheclient */ staticint

com_write_flush
(■ o,buf,len) intfo; char"buf; intlen;

{

structioveciov[2];

interr;

staticDLIST
*

d_create(dialog,type) staticvoid

g
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Sm/process.c #ifndeflint staticchar*RCSid
=
"$ld:process.c,v1.2189/11/1319:23:52scooterExp$";

#endiflint
/* *

process.c:
-

protocolprocessingroutinesforsm *$Log:process.c,v$ *

Revision1.2189/11/1319:23:52scooter
*

Debuggingchanges
*

Revision1.2089/10/2514:31:07grego
*
use
mmwbmisc.h,ansi–C-ize.

*

Revision1.1989/08/0712:55:07scooter *AddednamedsessionsupportandsupportfortheTYPEcommand
*

Revision1.1889/07/2415:15:24scooter
*
Fixedbugsinfork
implementation

*

Revision1.1789/07/1910:54:59Scooter *Addedsupportformulti-stepprotocols,andinternallygenerated
*

notificationdialogs
*

Revision1.1689/04/0318:02:55Scooter *Addedcurrentproject
totheretumfromaSTATUSrequest

*

Revision1.1589/03/0815:46:57Scooter
*
Moredialogchanges

*

Revision1.1489/03/0118:00:24pett
*
usesstrchrinstead
ofindex(totakeadvantage
of
machdep.h)

*

Revision1.1389/02/2123:39:43scooter
*

Modifiedfornewdialogsemantics
*

Revision1.1389/02/2123:38:23scooter
*

Modifiedfornewdialogsemantics
*

Revision1.1288/11/2111:35:40scooter
*

Modifiedsmandlibsmto
understandthedifferencesbetween

*

processesandinstruments
*

Revision1.1188/10/1311:34:00scooter
*

Modified
touseemallocinstedofmalloc

*

Revision1.1088/10/1217:28:01Conrad
*
Don'tletUIMrespond
to
unack'eddialogs

*

Revision1.988/10/0417:10:53Conrad
*
KILLonlytakesoneargument,not2 *

Revision1.888/09/1917:11:20Conrad
*
Usenewdispatcherlibraryinterface

*

Revision1.788/09/1623:56:46Scooter
*

Cleanedupreplycodeintoollaunchandreadtsothaterror
*

repliesgetsuccessfullyreturned.
*

Revision1.688/09/1523:53:44Scooter *Addedroutine
cl
quituimandcleanedup
terminationcode

*forUIMstoallowaninterrupt
oraclosetoactasif *

theUIMhadsenta
QUIT.

*

Revision1.588/09/1523:08:16Scooter
*
Bugfixes,andadditionofvariousroutinesforinterface
tolibofs

*
andreestablishingconnection
toanewUIM

*

Revision1.488/09/0116:56:18scooter
*

CleanedupDIALOGprotocolsomewhat:addedREAD_DIALOG
and

*

READ_REPLYcommands.Alsomodifiedtoollaunching
to
include

*
theprojectIDs.

*

Revision1.388/08/2920:29:20scooter
*

Removedlocationfromtooldescription
*

Revision1.288/08/2920:23:56Scooter *Addedwritelocking
toclientsandfinishedprotocol

*byaddingdelivandexternalstateswitchto *
SMSENTD.

*

Revision1.188/08/2511:53:34Scooter
*
Initialrevision

*/ #include"sm.h" #include"client.h" #include"reply.h" #include"error.h" #include"dialog.h" #include"mmwbmisc.h"
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Sm/process.c staticchar
msg_buf[REPLY_LENGTH];

intdilast
=0;

#defineHANDSHAKE_MIN
1

#defineHANDSHAKE_MAXI #defineMIN_VERSION
1

#defineMAXVERSION
2 /* *

Thesm-uimprotocol
*/ staticint

uim_user(); staticintvers(),helo(),user(),null(),help(); staticintsendst(),readt(),readd(),queued(),quit(),killt(),deliv();
};

staticintsendr(),saveopt(),setreply(),sendproj(),quituim(); staticinttooltype(),verifyuser();STATE staticvoidprºhelp(); STATEuim_prot■ ]
={

/*Startstate*/
(SM_VERS,

{*VERS",SMHELO,vers),/*Replywersion (NULL}}},
(SM_HELO, {

"HELO",SM_USER,helo),/*
Exchangehell {NULL}}},

(SM_USER,
{*USER",SMUIM,uim_user),
/*Getusernam {NULL}}},

(SM_UIM,
{

"HELP",SMUIM,help),/*Help*/ {

"STATUS",SMUIM,sendst),
/*SendStatus
*

("REPLY”,SM_REPLY,readd),
/*Readreply"/

{

"LAUNCH*,SM_GETOPT,readt},
/*Readtooldes

{

"KILL",SM_UIM,killt},/*Killafool"/
{

"QUIT,SMUIM,quituim),
/*Closethisclie {NULL}}},

/*Sentdialog,awaitingacknowledgement
ºf

(SM_SENTD, {"HELP“,SMSENTD,help),/*Help*/

{

"STATUS",SMUIM,sendst), ("REPLY”,SMREPLY,readd), ("LAUNCH*,SMGETOPT,readt}, {*SUCCESS",
SMUIM,deliv}, {"FAILURE",

SMUIM,null},
{

"KILL",SM_UIM,killt),
{

"QUIT,SMUIM,quituim), {NULL}}}, (SM_REPLY, ("REPLY”,SM_REPLY,readd),
{".",SM_UIM,sendr}, {NULL}}}, (SM_GETOPT, {"REPLY”,SM_GETOPT,readd),

{".",SM_UIM,saveopt), {NULL}}},
ENDSTATE toolprot■ ]={ /*Startstate*/ (SMVERS,

{

"VERS",SMHELO,vers), {NULL}}},
(SM_HELO, {

"HELO",SM_USER,helo), (NULL}}},
(SM_USER,

{*USER",SM_TYPE,user), {NULL}}},
(SM_TYPE,

{"TYPE",SM_PROJ,tooltype
}, {

"PROJECTS",
SMTOOL,sendproj}, {NULL}}},

(SM_PROJ, {
"PROJECTS",
SMTOOL,sendproj}, (NULL}}},

(SM_TOOL, {
"HELP“,SMTOOL,help),

{

"STATUS",SMTOOL,sendst),
{

"DIALOG",SM_DIALOG,readd),
{

"READ_REPLY”,SM_TOOL,setreply
), {

"READ_DIALOG",
SMTOOL,setreply),

/*SendStatus*/ /*Readreply"/
/*Readtooldes"Z /*Dialogdelivered

"/ /*"notdelivered
"/ /*Killa

fool"/ /*Closethisclient*/ /*Dialogcontinuing
*/ /*Dialogcomplete

*/ /*Dialogcontinuing
*/ /*Dialogcomplete

ºf /*Replywersion
"/ /*

Exchangehellos
/ /*Getusername*/ /*Getthetooltype*/ /*Sendtheprojects (backwardscompat"/

/*Sendtheprojects
*/ /*Help*/ /*SendStatus

*/ /*Readdialog
/ /*Sendreplywhen available

"Z
/*Senddialogwhen available

*/

g
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("QUIT,SMTOOL,quit}, {NULL}}}, (SM_DIALOG, {"DIALOG",SM_DIALOG,readd),

/*Dialogcontin
{".",

SM_TOOL,queued),
/*Dialogcompl {NULL}}},

ENDSTATE
};

staticint vers(cl,nargs,args,next_state) CLIENT*cl; intnargs; char"args[]; int
next_state;

{

inthmin,hmax,min,max; inthversion,version;
if
(nargs
–5){

reply(c->cl_■ d,RS_REJECT,
RTOTHER,RB_HANDSHAKE, "VERScommandsyntaxerror");

return-1;

}
hmin=

atoi(args[1]); hmax
=

atoi(args[2]); min=

atoi(args[3]); max=

atoi(args(4]);
if

(HANDSHAKE_MIN>hmax
||

HANDSHAKE_MAX
&
hmin)
{

reply(c->cl_fd,RS_FAILED,RT_OTHER,RB_HANDSHAKE, "VERSprotocolversionmismatch");
return-1;

} If

(MIN_VERSION
>max||MAXVERSION
<min)
{

reply(c->cl_id,RS_FAILED,
RTOTHER,RB_HANDSHAKE, "VERSversionmismatch");

return-1;

}

hversion
=

(HANDSHAKE_MAX>hmax)
7
hmax:HANDSHAKE_MAX; version

=

(MAX_VERSION
>
max)
7
max:MAX_VERSION: reply(c->c_■ d,

RSACCEPT,RT_OTHER,RG_OKAY,"Okay"); (void)sprintf(msg_buf,
"9%d9%d",hversion,version);

/*Closethisclie

}

staticint

reply
begin_ASCII(c->cl_■ d);

replyASCII(c->cl_fo,msg_bu■ ); reply
end_ASCII(c->cl_■ q);

replyend(c->c_fo); returnnext_state;
helo(c.,nargs,args,next_state) CLIENT*cl; int char int

{ }

nargs, *args[]; next_state;
if
(nargsla2){

reply(c->cl_■ d,RS_FAILED,RT_OTHER,RB_HANDSHAKE, "HELOcommandmissingconversationID");

return-1;

} if
(sm_cid
laNULL
||

cl->c_type
=0){

if

(stromp(sm_cid,args[1])
=0){

reply(c->cl_fd,RS_FAILED,
RTOTHER,RB_HANDSHAKE, "HELOcommandconversation

ID
mismatch");

return-1;

}
else
{ }

reply(c->c_■ d,RS_ACCEPT,
RTOTHER,RG_OKAY,"Okay"); replyend(c->c_fo); returnnext_state;

sm_cid
=

mmwb_cpystring(args[1]);
staticInt

uim_user(c.,nargs,args,next_state) CLIENT*cl: intnargs; char*args[]; int
next_state;

{

intval; if((val=
user(c.,nargs,args,next_state)):--
0){

c->cl_flags
|=

CL_WAITING;
if

(c->c_doueue
l=
DL_NULL)

§
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CL_WRITEABLE(c);
|

returnval;

}

staticint user(c.,nargs,args,next_state) CLIENT*cl; intnargs; char“args[]; int
next_state;

{

if
(nargs
–3){

reply(c->cl_■ d,RS_REJECT,
RTOTHER,RB_HANDSHAKE, *USERcommandsyntaxerror");

return-1;

} if
(verifyuser(c.,args[1],args[2])
<0){

replynoperm(cl->c_fo); return-1;

}

reply(c->c_■ d,RS_ACCEPT,RT_OTHER,RG_OKAY,"Okay"); replyend(c->c_fo); returnnext_state;
}

#include<netdb.h> #include<pwd.h>
/* *

verifyuser:
-

Makesurethattheremoteaccounthasaccess
tothelocalaccount

*/ staticint verifyuser(cl,local,remote) CLIENT*cl: char"local,"remote;
{

registerchar"host; registerintStatus; structhostent*hp; structpasswd“pp; char*strohr();

host=

strohr(remote,'@'); if(host==NULL)
return-1;

pp=
getpwnam(local);

if(pp==NULL)
return-1;

if

(chdir(pp->pw_dir)
<0)

return-1;

"host++
="WO'; hp=

gethostbyname(host);
if(hp==NULL)

return-1;

status
=

ruserok(hp->h_name,stromp(local,"root")==0,
remote,local); c->cl_uid

=

pp->pw_uid; c->cl_gid
=

pp->pw_gid;
if

(sm_user
-
NULL)

free(sm_user);
sm_user
=

mmwb_cpystring(local); returnstatus;

/*
TODO:Shouldbeanarray'■

}

staticstructhelp

char*Command; char“helptext;
}
helptable[]= {

("HELP","Displaythehelpinformation
fora

command"), ("STATUS","Returnthestatusofalltools"), {NULL,NULL]
};

staticstructhelphelpcommands
=

{NULL, "Helpis
availableforthefollowingcommands:\n" HELPSTATUS"); staticInt help(cl,nargs,args,next_state) CLIENT*cl: intnargs; char“args[]; int

next_state;
{

structhelp“h; voidprºhelp();

§
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Checkfor
arguments

*/ if
(nargs
…2){

/* *No
arguments,printcommands

-/
prihelp(c.,&helpcommands); returnnext_state;

}
for(h=helptable;h->command
l-NULL;h-4)
{

if

(lstromp(args[1],h->command))
{

prhelp(c.,h); returnnext_state;

}

reply(c->c_fd,RS_ACCEPT,RT_OTHER,
0,"Nohelpis

available"); returnnext_state;
}

staticvoid prhelp(cl,ht) CLIENT*cl; structhelp*ht;
{

reply(c->c_fa,
RSINFO,RTOTHER,RGOKAY,"Helpfollows"); replybeginASCII(c->cl_fa); replyASCII(cl->cl_■ o,ht->helptext); reply

end_ASCII(c->cl_fo);
replyend(c->c_fo); /*ARGSUSED

"A staticint null(cl,nargs,args,next_state) CLIENT*cl: intnargs; char*args[]; int
next_state;

{ }

returnnext_state;

/* *

sendst:
-
sendthestatusofallrunningtoolsbacktothe

-
client. */

/*ARGSUSED
"A staticint sendst(c.,nargs,args,next_state) CLIENT"cl: intnargs; char“args[]; int

next_state;
{

registerCLIENT*cip; reply(c->c_■ d,RS_ACCEPT,RT_SM,RGOKAY,"Okay"); replybeginASCII(c->cl_fa);
for(cp=clist;clp=

CL_NULL;clp=

cip->cl_next)
{

(void)sprintf(msg_bu■ ,"Yºs\"9%d9%d9%d9%s",

cip->cl_name,cip->c_id,cp->cl_state, cip->cl_type,stringize(cip->c_curr));
replyASCII(c->c_fo,msg_buf);

replyend
ASCII(c->cl_fa); replyend(c->c_fo); returnnext_state;

/* *
readt:

º
argsshouldbeatooldescription

*/ staticint readt(cl,nargs,args,next_state) CLIENT"cl; intnargs; char“args[]; int
next_state;

{

SM_TOOLDES“tookies; CLIENT*newc,“toollaunch(); DIALOGoption,newdialog();

§
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*
...".quit:

-
Endthe

communicationwitha
client.Thisinvolves

-a
closeontheport,followedbyreleasinganypossible

-

resources,includinganypendingdialogs.
*/

/*ARGSUSED
"A

staticint quit(c.,nargs,args,next_state) CLIENT*cl; intnargs; char“args[]; int
next_state;

{

reply(c->c_■ d,RS_ACCEPT,
RTOTHER,RG_OKAY,"Bye"); replyend(c->c_fo); c_quit(c.,0); return0;

} /* *

quituim:
-
Endthe

communicationwiththeuinn.Thisinvolves
-a
closeontheport,followedbywriting
a
STATEobject

-
intotheuser'shomeproject.Thenthelistensocketneeds

-tobesetuptoacceptthenextUIM. */
/*ARGSUSED
"A

staticint quituim(cl,nargs,args,next_state) CLIENT*cl; intnargs; char"args[]; int
next_state;

{

externvoidcl_quituim();
if(clist==c&&

clist->cl_next
==
CL_NULL)
{

(void)sprintf(msg_buf,"Noclients,SM
terminating"); reply(c->cl_fd,RS_ACCEPT,

RTOTHER,RG_OKAY,msg_bu■ ); replyend(c->cl_fo); (void)exit(0);

} If
(nargs==2)

(void)sprintf(msg_buf,"Sessionºswaitingoncid9%s",

args(1],sm_cid);

else

(void)sprintf(msg_buf,"Sessionwaitingoncid
9%s",sm_cid); reply(c->c_fd,RS_ACCEPT,

RTOTHER,RG_OKAY2,msg_bu■ ); replyend(c->c_fo);
if
(nargs==2)

cl_quituim(clargs[1]);
else

cl_quituim(cl,(char*)NULL);
return0;

/* *
kill■ :

-
Killthetool.Sendarequest
tohavethedispatcher

-
killthetool,thencloseoffthesocketandclearit. */ staticint killt(c.,nargs,args,next_state) CLIENT*cl: intnargs; char"args[]; int

next_state;
{

inttool; CLIENT*c; if
(nargs
–2){

reply(c->cl_fa,RS_FAILED,RT_SM,RB_SYNTAX, "KILL:Improperargcount");
replyend(c->cl_■ q); returnnext_state;

} /* *
Nowfindthetooltokill */ tool=

atoi■ args[1]);
c=

c_find(clist,tool);
if(c==

CL_NULL)
{

reply(c->cl_■ o,RS_FAILED,RT_SM,RB_NOSUCH,"Unknowntool"); replyend(c->cl_fd);

?
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returnnext_state;

} /* *
Nowkillit */

dispatcher_server
kill
(c->cl_server); c_quit(c,1); (void)sprintf(msg_buf,"Tool%dkilled",tool); reply(c->c_fd,RS_ACCEPT,

RTOTHER,RG_OKAY,msg_buf); replyend(c->c_■ c); returnnext_state;
} /* *

setreply:
-

indicatethatthetoolisreadyto
receivedata.Ifthere

-isdatapendingsettheclient'sbitinthewritefa. */
/*ARGSUSED
"A staticint

setreply(c.,nargs,args,next_state) CLIENT*cl: intnargs; char“args[]; int
next_state;

{

c->cl_flags
|=
CL_WAITING;

if

(cl->cl_dqueue
l=
DL_NULL)

CL_WRITEABLE(c);
/* *

Note:noreplyis
given.Thereplywillactually

*
comeintheformofa
REPLYserieswhendatais *

present
*/ returnnext_state;

} /* *

toolype:
-
Getthetooltype */

/*ARGSUSED
"A staticint

tooltype(c.,nargs,args,next_state) CLIENT*cl: intnargs; char“args[]; int
next_state;

{

if
(nargs
–2){

reply(c->cl_fa,RS_FAILED,RT_SM,RB_SYNTAX, "TYPE:Improperargcount");
replyend(c->cl_fo); return-1;

} if

(stromp(args[1],"PROTOCOL")
==0){

cl->cl_type
=

CL_PROTOCOL;
}
elseif

(stromp(args[1],"INSTRUMENT")
==0){

c->cl_type
=

CL_INSTRUMENT:
if(uifo==-1)
{/*IsthereaUIMrunning?
/

reply(c->cl_fa,RS_FAILED,RT_SM,RB_NOUIM,
"TYPE:can'trunan
instrumentwithout
a
UIM");

replyend(cl->cl_fo); return-1;

}
else
{

} /* *

sendproj:
*/

reply(c->cl_fd,RS_FAILED,RT_SM,RB_NOSUCH,
"TYPE:Unknowntype(knowntypesare

PROTOCOLsand
INSTRUMENTS)"); replyend(c->cl_■ q); return-1;

}

reply(c->c_fd,
RSACCEPT,RT_OTHER,RG_OKAY,"OK"); replyend(c->c_fo); returnnext_state; Sendtheprojectinformation

tothetool /*ARGSUSED
"A staticint

sendproj(c.,nargs,args,next_state) CLIENT
“cl:

§
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intnargs; char*args[]; int

next_state;
{

reply(c->c_fd,RS_ACCEPT,RT_SM,RG_OKAY,"Projectlistfollows"); replybeginASCII(c->cl_fa); (void)sprintf(msg_buf,"SYSTEM9%s"m",c->cl_system);
replyASCII(c->cl_fo,msg_buf); (void)sprintf(msg_buf,"HOME%s"m",c->cl_home);

replyASCII(c->cl_fo,msg_buf); (void)sprintf(msg_buf,"CURRENT*s\n",c->cl_curr);
replyASCII(c->cl_fo,msg_buf); replyend

ASCII(c->cl_fa); replyend(c->c_fo); returnnext_state;

#



sm/reply.c
/*

*$ld:reply.c.
v

1.489/08/0712:57:47scooterExpLocker:scooter
$

*$Log:reply.c.
v$ *

Revision1.489/08/0712:57:47Scooter
*

Changed$Headers
to$ld;

*

Revision1.388/08/2820:38:54scooter
*
Fixedtypoinreplyfunctiondef

*

Revision1.288/08/2820:36:22Scooter
*

Efficiencymodifications
-

bufferedwrites.
*

Revision1.488/08/0809:46:41Conrad
*

Standardizebuffersizes *Add"DESCRIBEDATASET"command
*

Revision1.388/08/0416:26:32Conrad *SupportdatatypeSTRINGandTABLE
*

Revision1.288/07/2720:21:40Conrad
*
Usereplyparameterinsteadof

hardwirednumbers
*

Revision1.188/07/2513:15:30Conrad
*
Initialrevision

*/ #include"reply.h" #include"error.h"
/* *

Thereplybufferisatmostthelengthofthelongeststringplus
*
thestatuscodesplusa
spacefor
separationplusa
newlineplus

*anull. */ /* *
reply:

-

Sendareplytoafile
descriptor

*/ void reply(■ o,status,class,detail,string) intfo; intstatus,class,detail; char*string;
{

registerIntlen; charreplybuf[BUFLEN];

if
(status
-0||
status
>15)
{

error_internal("Replystatusoutof
range");

/*

NOTREACHED
"A

} if
(class
<0||
class
>15)
{

error_internal("Reply
classoutof
range");

/*

NOTREACHED
/

} if
(detail
&0||
detail
-15)
{

error_internal("Reply
detailoutof
range");

/*

NOTREACHED
"A

}
len=3+1+
strlen(string)+1; if(len>

|O_SIZE)
{

error_internal("Reply
toolong"); /*

NOTREACHED
"A

}

(void)sprintf(replybuf,*%x%x%x%s"m",status,class,detail,string); replywrite(fo,replybuf,len);

}

#defineREPLY_BUFSIZ(BUFLEN“4) staticcharreply
buf[REPLY_BUFSIZ]: staticintreplycnt; /* *

replywrite:
-
write"
a
buffer.Actually,justcopythedataintoa -

staticbuffer(ifthereis
space)

*/ void replywrite(■ o,buf,len) intfo; char"buf; intlen;
{

structioveciov[2]: externintbcopy();
if

(REPLY_BUFSIZ-reply
cnt-=len)
{

(void)bcopy(buf,&replybuf[replycnt],len); replycnt+=len;

}
else
{

iov[0].iov_base
=replybuf, iov[0].iov_len

=replycnt;

§
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iov[1].iovbase=buf; iov[1].iov_len

=len; if
(writev(fo,iov,2)=replycnt+len)
{

error_internal("reply
writefailed");

/*

NOTREACHED
"A

}
replycnt=0;

}

} /* *
replyputchar:

-

write"
a
singlecharacter

*/ void replyputchar(fo,
c) intfo; charC; {

if
(replycnt-=REPLY_BUFSIZ)
{

If
(write(■ d,replybu■ ,
REPLY_BUFSIZ)
l-

REPLY_BUFSIZ)
{

error_internal("replyputcharfailed");
/*

NOTREACHED
"A

replycnt=0;

}
replybuf[replycnt-4)
=c,

} /* *
replyend:

*
Sendend-of-replymessage
tofiledescriptor

*/ void replyend(fo) intfo; {

structioveciov[2]: staticchareor■=
"600Endof
replyw";

if
(replycnt==0){

if
(write(fd,eor,sizeofeor-1)=sizeofeor
-1){

error_internal("Reply
enderror");

/*

NOTREACHED
"A

}
else
{

iov[0].iov_base
=replybuf, iov[0].iov_len

=replycnt;
iov[1].iov_base
=eor; iov[1].iov_len

=
sizeofeor-1; if

(writev(fo,iov,2)=replycnt+
sizeofeor
-1){

error_internal("Reply
enderror");

/*

NOTREACHED
"A

replycnt=0;

}

} /* *
replybeginASCII:

º
StartsendingASCIIdata */ void replybegin_ASCII(fo)

intfo;

staticcharboa■ ]="202ASCIIdatafollows\n"; replywrite(fo,boa,sizeofboa
-1);

} /* *
replyASCII:

-
SendASCIIdata */ void replyASCII(fo,

s) intfo; char*s; {

registerintlen; staticcharnewline
="m'; len=strlen(s); replywrite(fo,

s,len); if
(s■ len-1]=\n")

replyputchar(fo,Vn');

} /* *
replyendASCII:

-

TerminateASCIIdata */

§
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Sm/Sm.C #ifndeflint staticcharRCSid]
="$ld:sm.c.
v

1.889/10/2514:30:37gregoExp$"; #endiflint
/*

"sm.c.-MainlineforMMWBSessionManager
*
TheSessionManager
in
MMWBmanagesall
communications

*

betweenthetoolsandUserInterfaceManagers.
In
addition,

*itis
responsible
foralltoolinvocation.Formoreinformation, *seethepaper"SessionManagement

in
MMWB".

*

$Log:sm.c.
v$ *

Revision1.889/10/2514:30:37grego *ansi–C-ize.
*

Revision1.789/08/0712:57.38Scooter
*

Changed
$Header:/usr.MC68020/src/local/mmwb/src/platform/sm/RCS/sm.c.
v1.8

*

Revision1.689/07/1910:55:04Scooter *Addedsupportformulti-stepprotocols,andinternallygenerated
*

notificationdialogs
*

Revision1.588/10/2111:00:21conrad
*

Handlestop/contsignalsonlyiftheyexist
*

Revision1.388/09/1523:53:47Scooter *Addedroutinecl
quituimandcleanedup
terminationcode

*
forUIMstoallowaninterrupt
oraclosetoactasif *

theUIMhadsenta
QUIT.

*

Revision1.288/09/1523:08:19Scooter
*
Bugfixes,andadditionofvariousroutinesforinterface
tolibofs

*
andreestablishingconnection
toanewUl■ /

*

Revision1.188/08/2517:54:06Scooter

#include<sys/time.h> #include<syskog.h> #include<signal.h> #include<sys/socket.h> #include<netinet■ in.h> staticchar intdb_flag
=0; fo_set

sm_read■ ds,sm_writefois;
intsm_count
=1; /* *

Globalvariables
*/ char“sm_user

=
NULL; char“sm_cid

=
NULL; intuifo,

main(argc,argv) intargc, char"argv,
{

staticvoid staticSIGNALTYPE externint externchar int /*

“usage_msg
="sm[-d][-Ccid]";

/*
Currentbitarrays
*/ /*

Initially,justwaiting
*/ /*Theusernamewe'rerunningunder

'/ /*Thecurrentconversation
id"/

sm_prot(); bomb(); optind; "optarg;
C;

*SMisonlyinitiatedbyaUserInterfaceManagerwhich
*
hasstartedupwithnorunningsessions.Therefore, *wehavenoneedofthety,closeallbutthepipeto *

theSM. */ while((c=
getopt(argc,argv,"dC:"))
=
EOF)

{

*

Revision1.488/10/1216:24:11Conrad
*
Logdeathbysignals

*
Initialrevision

*/ #include"Sm.h" #include"Client.h" #include<sys/types.h>

switch(c)
case'd':

db_flag++;
case'C':

sm_cid
=
optarg;break;

#
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Sm/Smio.c #ifnde■ lint staticchar*RCSid="$ld:smio.c,v1.789/10/2521:28:01gregoExp$"; #endiflint
/* *

Smio.c:
-
Theseroutinesprovidetheinterfacebetweenthe

-

sessionmanagerandthedatamanager.
*
$Log:smio.c.
v$ *

Revision1.789/10/2521:28:01grego
*

removelint.
*

Revision1.689/08/2113:53:12Scooter *Addedmmwbmiscinclude
*

Revision1.389/07/1821:56:01Scooter
*

Removedincludesforparam.handtime.h,whicharenolongerused
*

Revision1.288/10/1917:02:14Conrad
*
Useofs.handOFSOBJECTratherthandim.handDMOBJECT

*

Revision1.188/09/1921:41:08scooter
/* *

sm_writestate:
-
Thisroutinewrites
a
SessionManagerSTATEobjectinto

theuser'shomeproject.Thisobjectisthenusedby theUIMto
determinethelistof

currentlyrunning sessionmanagersthatitmaywantto
connectto.

*/ void
sm_writestate(port,session_name) u_shortport; char"session_name;

{

charname_buf[100); char“name;
if

(session_name
==NULL)
{

if
(ses_name
==NULL)

name
=
sm_cid;

*
BeginbyopeningtheHomeproject

*/ if

((smio_home_proj=ofs_proj_init((char
*)
NULL))==NULL)
{

syslog(LOG_ERR,"unable
toopenuser'shomeproject:%s",

dm
errlistidm_ermo);

return;
} if

((smio_state
=

obj_create(smiohome_proj,name,OBJ_CL_STATE,
OBJ_T_SESSION))
==NULL)
{ syslog(LOG_ERR,"unabletocreateSTATEobject:%s",

dm
errlist■ dm_errno]);

return;
(void)sprintf(name_buf,"%d",(int)port); prop_set(smiostate,"CID",(void")sm_cid); prop_set(smio_state,"Port",(void")name_buf); prop_set(smio_state,"Pending",(void")"0");

*

Revision1.589/08/0713:03:16Scooter
*
Madenamedsessionspersistent

*

Revision1.489/08/0712:53:18Scooter *Addednamedsessions
--thesessionnameis

determined
byan *

argument
totheQUITcommandfromtheUIM

*
Initialrevision

*/ #include"Sm.h" #include"ofs.h" #include<mmwbmisc.h> #include<syskog.h> staticOFS_OBJECTsmio_home_proj; staticOFS_OBJECTsmiostate; staticchar*sesname
=
NULL;

else

name
=

ses_name;

}
else
{

name
=

session_name; ses_name
=

mmwb_cpystring(name);
} /* }

return;
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Sm/tool.c #ifndeflint staticchar*RCSid
="$ld:tool.c.v1.1690/02/1610:46:58scooterExp$"; #endiflint

/* *

foolc-thismodulehandlestheinterface
totools,in -

particular,toollaunchingandoptions *$Log:toolc,w$ *

Revision1.1690/02/1610:46:58Scooter
*

Changedtoolspec
toallow
"
","-"and"."ina

toolspec
*

Revision1.1589/10/2514:31:11grego
*
use

mmwbmisc.h,ansi–C-ize.
*

Revision1.1489/08/0712:57:34Scooter
*

Changed
$Header:/local/src/mmwb/src/platform/sm/RCS/tool.c.
v1.1690/02/1610: *

Revision1.1389/07/2423:46:06Scooter
*
Fixedproblemswithforkedtoolsjoiningbackprematurely

*

Revision1.1289/07/2415:15:27Scooter
*
Fixedbugsinfork

implementation
*

Revision1.1189/07/1911:01:25Scooter
*

Replacec_rdunlockwith
CL_READABLE
tobemoreconsistentwith

*

CL_WRITEABLE.
*

Revision1.1089/07/1910:55:07scooter *Addedsupportformulti-stepprotocols,andinternallygenerated
*

notificationdialogs
*

Revision1.989/03/1014:22:08scooter
*

Variousbugfixestogeteverythingworkingagain
*

Revision1.889/03/0222:25:58pett
*
usestrohrinsteadofindexanddeclareemaloc
toreturnwoid
" *

Revision1.788/10/1311:34:02Scooter
*

Modified
touseemallocinstedofmalloc

*

Revision1.688/09/1917:11:23Conrad
*
Usenewdispatcherlibraryinterface

*

Revision1.588/09/17OO:28:07Scooter
*

SanitizeCIDbeforecallto
dispatchercall

*

Revision1.488/09/1623:57:21Scooter
*

Cleanedupreplycodeintoollaunchandreadtsothaterror
*

repliesgetsuccessfullyreturned.
*

Revision1.388/09/1523:08:20scooter
*
Bugfixes,andadditionofvariousroutinesforinterface
tolibofs

*
andreestablishingconnection
toanewUIM

*

Revision1.288/08/2920:29:26Scooter
*

Removedlocationfromtooldescription
*

Revision1.188/08/2511:54:15Scooter
*
Initialrevision

*/ #include<ctype.h> #include"sm.h" #include"client.h" #include"reply.h" #include"mmwbmisc.h" externchar*strncpy(); externchar‘strohr(); externchar*streat(); externvoid“emalloc{);
/* *

PrivateInternalvariables
*/ staticint

tool_count; staticintt_error; staticchar*terrstr; staticchar
msg_buf[BUFSIZ];

/* *

Privateprocedures
*/

SM_TOOLTREE“toollist■ ),‘addnext(),"addfork(),toolbuildtree(),"toolspec(); CLIENT“tool_sublaunch();
char"hostlist(); voidtoolerror(),toolfree(),hostupdate(),forkupdate();

§



Sm/tool.c
/* *

tookles_create:
-
create
atooldescriptionstructure

*/

SM_TOOLDES" tooldes_create()
{

SM_TOOLDES
“to-

(SM_TOOLDES")emaloc(sizeof(SM_TOOLDES)); to->Version
=

to->Subtools
=
to->Host
=
NULL; returnto;

} /* *

tooldes_free:
-
freeatooldescription

*/ void
tooldes_free(td) SM_TOOLDES

“to:
{

if(to<=

(SM_TOOLDES")NULL) return; mmwb_stringfree(to->Version); mmwb_stringfree(to->Subtools); mmwb_stringfree(to->Host); free((char*)to); return;
} /* *

toollaunch:
-

launch
atoolgiventhetooldescription

*/ CLIENT
*

toollaunch(cl,tooldes,sys,home,curr) CLIENT*cl:
SM_TOOLDES“tooldes; char“sys,“home,"curr;

{

CLIENT"client; SM_TOOLTREE*tooltree;
if
(tooldes==

(SM_TOOLDES”)NULL)
{

reply(c->cl_fa,RS_FAILED,RT_SM,RB_SYNTAX, "Notooldescription");
returnCL_NULL;

} /* *
Buildthetooltree */

if
((tooltree
=

tool_buildtree(tooldes))
==

(SM_TOOLTREE*)NULL)
{

if
(t_error)

reply(c->cl_fa,RS_FAILED,RT_SM,RB_SYNTAX, t_errstr);

else

reply(c->cl_fo,RS_FAILED,RT_SM,RB_SYNTAX, "Unable
to
understandprotocolspecification");

returnCL_NULL;
} /* *

Nowtrytolaunchthefirsttool */ client
=tool

steplaunch(CL_NULL,tooltree,tooldes,1,sys,home,curr);
if
(client==
CL_NULL)
{

reply(c->cl_■ d,RS_FAILED,RT_SM,RB_UNKNOWN, "unable
tolaunchprotocol");

replyend(c->cl_■ q); returnCL_NULL;
}
else

returnclient;

/* *
toolmyoption:

-

searchthelistofoptionsforthisprotocolandreturn
-
theoptionsspecific
tothistool.Bydefinition,

-
thistoolsoptionsconsistofthedialogs
inoption

-
sheetzeroplusthedialogsinoptionsheetN,where

-Nisthistool's'tmum'.
*/ DIALOG tool_myoption(client,option_list) CLIENT‘client;

§



Sm/tool.C DIALOGoption_list;
{

DIALOG
d=

option_list; DIALOGdp=NULL; int
optnum,tnum;

interr; if
(client==(CLIENT*)NULL
||

client->cl_tooltree
==
(SM_TOOLTREE*)NULL)

returnNULL;

tnum
=

client->cl_tooltree->tt_tmum;
while(d=NULL)
{

optnum
=

dialog_get_int(d,Dl_V_OPTION,&err);
if
(optnum==0||optnum==trium)
{

/*Add
itin*/ dp=

dialog_append(dp,dialog_copy(d,DI
THISDI));

} d=

dialog_next(d);
returndo;

/* *
toolsteplaunch:

*

Launch
astep.Thisroutinehandlesall
launching
of e

toolsfromthesessionmanager.
*/ CLIENT

*
tool
steplaunch(client,tooltree,tookles,initial,sys,home,curr) CLIENT*client; SM_TOOLTREE*tooltree; SM_TOOLDES“tookies; intinitial; char“sys,“home,"curr;

{

char“host
=

mmwb_cpystring(tooltree->tt_host);
char“tool=

tooltree->tttool; char*p,*q;
DISPATCHERSERVERserver;

q=host; do

p=
Strohr(q,,');

if(p=NULL)
“p++="WO';

else
{

/*
Supportspaceseparated
aswell? p=

strohr(q,''); if(p=NULL)
"p■■=\0';

}

server
=

dispatcher_call(q,sm_user,sm_cid,tool); if
(server
l-NULL)
{

/* *

Successfulopen,create
a
clientandreturn

*it. */ if
(client==
CL_NULL)
{

client
=

c_newtool(server,tooldes); client->cl_system
=

mmwb_cpystring(sys); client->cl_home
=

mmwb_cpystring(home); client->cl_curr
=

mmwb_cpystring(curr);
}
else

client
=

c_oldtool(client,server,tooldes);
/* *

Updatethetooltree
*/

tooltree->ttclient
=
client; client->cl_tooltree

=
tooltree;

/* *
Sendourbanner

*/ cl_greet(client);
if
(linitial)
{

/* *

Queueupthetool'soptions
*/

cl_addoueue(client, tool

myoption(client,tooldes->Options), DL_OPTION);
if

(client->c_flags
&CLWAITING)

CL_WRITEABLE(client);
(void)sprintf(msg_buf, "Startedprotocol%sonhost9%s", tooltree->tttool,d);

E
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Sm/tool.C tool_buildtree(tooldes) SM_TOOLDES“tooldes;
SM_TOOLTREE*tool_list; staticvoidtoolprinttree(); tool_count

=0; if

(tooldes->Subtools
-
NULL)
{

toollist=

toollist(&tooldes->Subtools); hostupdate(tool_list,tookles->Host);
tool

printtree(tool_list,0); returntool_list;
return(SM_TOOLTREE*)NULL;

staticSM_TOOLTREE
*

toollist(input)
{

char
{

*input;
#defineNEXT01 #defineFORKO2

char“s="input; SM_TOOLTREE*listhead
=
NULL,*list=
NULL; intstate=

NEXT,
/* *

Getridofleadingwhitespace
*/ while(isspace(“s))s-4; while(“s)

{

/* *
Buildthelistby

repeatedlycallingtoolspec
*/ if

(state==NEXT)
{

if(list==NULL)
listhead
=list=

addnext(list,toolspec(&s));
else

list=

addnext(list,toolspec(&s));
}
else
{

list=

addfork(list,toolspec(&s));

} if(terror)

return(SMTOOLTREE*)NULL;
while(isspace(“s))sitt; switch('s)

{
Case

--

state=
NEXT, S++, break;

Case":

"input
=s;

returnlisthead;
CaseT:

if
(state==FORK)
{

toolerror("Illegalprotocolstepsyntax"); return(SM_TOOLTREE*)NULL;
}

state=
FORK; S++, break;

Case"O':

break;
default:

toolerror("Illegalprotocolstepsyntax"); return(SM_TOOLTREE*)NULL;
}

}.
*input
=s;

returnlisthead;
}

staticSM_TOOLTREE
*

toolspec(input) char“input;
{

char char

“s="input; "hosts;
SMTOOLTREE“tool; /*

:



Sm/tool.c *
Getridofleadingwhitespace

*/ while(isspace(s))sitt; /* *
Onlytwopossibilities,eitherwehavea'(',in *

whichcaseweneedto
recurse,orwehaveatool

"

name.
*/ if('s=={!){

S++, tool=
toollist(&s); /*sshouldnowpointtoaj'? if('s-H=}''||terror)

returnNULL;

}
else
{

char*p=s; while(isalpha(“s)
||

isdigit('s)
||

“s=="_"||“s=='."
||“s=='-')stº;

tool=

(SM_TOOLTREE*)emalloc(sizeof(SM_TOOLTREE)); tool->tttool=
(char

*)emalloc((int)(s-p)+1);
(void)strncpy(tool->tttool,p,(int)(s-p)); *(tool->tttool*(s-p))

=\0';/*Makesureitsnullterm tool->tt_next
=

(SM_TOOLTREE*)NULL; tool->tt_fork
=

(SM_TOOLTREE*)NULL; tool->ttjoin=0;
tool->tt_tnum
=

++tool_count; tool->tthost=
NULL;

}

"input
=s. /* *Atthispoint,weshouldhavea

legitimate"tool".Now “checkforapossiblehostlist.
Ifwehaveone,update

*allempty"tthosts"fieldsintool. */ if
((hosts
=

hostlist(input))
=
NULL);

hostupdate(tool,hosts);
if
(t_error)
{

toolfree(tool); return(SMTOOLTREE*)NULL;

returntool;

}

staticchar
*

hostlist(input) char“input;
{

registerchar“s="input; registerchar“t. /* *
Getridofleadingwhitespace

*/ while(isspace(s))sitt; /* *If
we'vefounda
(,we'vefound
ahostlist,otherwise, "don'tupdatethestringandjustreturn

*/ if('sl-()

returnNULL;
S++,/*Pointpastthe("?
t=

strohr(s,t)');
if(t==NULL)
{

toolerror("Illegalprotocolhostspecificationsyntax"); returnNULL;

} *t=\O'; /* *
Letshelpalittlebymakingsurethatthehost'string

*

doesn'tcontain
a'(',')',ora'■ ',whichwouldindicate

*
thatwe'vegota
syntaxerror */ if

(strohr(s,t)
||
strohr(s,'!')
||

strohr(s,”))
{

toolerror("Illegalprotocolhostspecificationsyntax"); returnNULL;

}

"input
=++t; returns,

}

staticvoid
hostupdate(tool,hosts) SM_TOOLTREE“tool;

;



Sm/tool.c &har‘hosts;
while(tool=

(SM_TOOLTREE*)NULL)
{

if
(tool->tthost==NULL)

tool->tthost=

mmwb_cpystring(hosts);
If
(tool->ttfork-(SMTOOLTREE*)NULL)

hostupdate(tool->tt
fork,hosts);

tool=

tool->tt_next;
}

return;
}

staticSMTOOLTREE
*

addmext{list,tool)
SMTOOLTREE"list; SMTOOLTREE*tool;

{

/*
*Startwiththeeasypart,addthetoolonthelist */ if(listl-

(SM_TOOLTREE*)NULL)
{

/* *

Updatethenextpointers
oftheforkedtools */

forkupdate(list,tool);
/* *

OK,nowupdatethelistitself */ while(list->ttnext=

(SM_TOOLTREE*)NULL)
list=

list->tt_next;
list->tt_next
=tool;

}

returntool;

}

staticSMTOOLTREE
*

addfork(list,tool)
SMTOOLTREE*list; SMTOOLTREE*tool;

SMTOOLTREE
*=list; /*

*Add
aforktothecurrenttool.Ifafork

*

alreadyexists,thenaddaforktothefork */

}

while(list->ttfork–

(SM_TOOLTREE*)NULL)
list=
list->ttfork;

list->ttfork=tool; return
l;

staticvoid
forkupdate(list,tool)

SMTOOLTREE*list; SMTOOLTREE*tool;
{

SMTOOLTREE*l,"If;
|=list; while

(I=

(SM_TOOLTREE*)NULL)
{

if((If=
|->tt_fork)
=

(SM_TOOLTREE*)NULL)
{

If
(f->tt_next
==(SMTOOLTREE*)NULL)

lf->tt_next
=tool;

tool->ttjoin#4;
forkupdate(If,tool);

} |=
|->tt_next;

}

return;
}

void toolfree(tool) SM_TOOLTREE*tool;
{

SM_TOOLTREE
*t; while(tool-(SMTOOLTREE*)NULL)

{

if
(tool->tttool=
NULL)

mmwb_stringfree(tool->tt
tool);

if
(tool->tthostl-NULL)

mmwb_stringfree(tool->tt
host);

if
(tool->ttfork=

(SM_TOOLTREE*)NULL)
tool
free(tool->tt_fork);
t=

tool->tt_next; (void)free((char")tool);
return;

;



Sm/tool.c toolerror(errstr) char"errstr;
{

t_errstr
=
errstr; t_error:#4; return;

staticvoid
} /* *

toolprinttree
*/ staticvoid tool

printtree(tree,■ evel) SM_TOOLTREE*tree; intlevel;
{

chartabs(180]. int
i=
level; tabs(O)

=\0'; while(i-)

(void)stroat(tabs,"
");

while(treel=

(SM_TOOLTREE*)NULL)
{

syslog(LOG_DEBUG,"%s■ ool#9%d",tabs,tree->tt_tnum); syslog(LOG_DEBUG,
"%sname:%s",tabs,tree->tttool);

syslog(LOG_DEBUG,
"%shosts:%s",tabs,tree->tthost);

syslog(LOG_DEBUG,
"%sjoin:
%d",tabs,tree->ttjoin); if

(tree->tt_next
=(SMTOOLTREE*)NULL)

syslog(LOG_DEBUG,
"%snext:%s",tabs, tree->tt_next->tttool);

if
(tree->ttfork=

(SM_TOOLTREE*)NULL)
tool
printtree(tree->ttfork,level+1);

tree=

tree->tt_next;
return;

§



llbSm/Sm.h
/* :

sips
*

Revision1.2089/03/1014:21:26Scooter
*

Variousbugfixestogeteverythingworkingagain
*

Revision1.1688/11/1016:51:56grego "sm_fetch_objsreturnsmalloc'dNULLterminatedlistofobjectsopened.
*

Revision1.1488/10/2517:33:18scooter
*

Changedsm_senddialogtoreturnthedialog_id.
*

Revision1.1388/10/1917:02:00Conrad
*
Useofs.handOFSOBJECTratherthandim.handDMOBJECT

-

sm_exit,sm_dettachsession,sm_notify,andsm_cancel
*smperrorwaschanged
to
sm_error.

*

Revision1.888/09/2420:40:07Scooter *Addedroutines
toreturnthecurrenttripleof
projects.

*

Revision1.588/09/1922:13:05Scooter
*

Movedsm_sendreplyintosmuicanddefined
anew

*

function:sm_sendreplytoolfortoolswhichwishto *
sendreplies.

*

Revision1.488/09/1917:12:06Conrad
*
Givedispatchererrorstheirownerrornumber

*

Revision1.288/09/0115:25:28conrad
*
Usemachdep.hinsteadof#ifdef

*
Sm.h
-

includefileforlibsm *$Log:sm.h,v$ *

Revision1.2789/08/0712:42:43Scooter
*

Foldedin
session.handchangedsessionstructure

*

Revision1.1989/03/0914:09:59Scooter
*

Changedprocess
to
protocol

*

Revision1.1889/03/0222:10:28Scooter
*

Modifiedfornewdialogsemantics
*

Revision1.1789/02/2123:36:42Scooter
*
Newdialogsemantics

*

Revision1.1588/11/1015:01:11Scooter *Addsm_fetch_objs
tolistof
functions

*

Revision1.1288/10/1413:02:03grego *addmissingexternforsminit().
*

Revision1.1188/10/1319:36:30Scooter *Addedseveralnewroutines:
º *

Revision1.1088/10/1311:13:00Scooter *AddederrorE_SM_NOACK
*

Revision1.988/09/2715:45:38conrad *Addedtooldescriptionsandsmperror()

*

Revision1.788/09/2314:48:55conrad
*

Declaresm_set_file()properly
*

Revision1.688/09/2014:12:55conrad
*
Usefilestreaminsteadoffiledescriptorfor
connection
toSM

*
Don'tassumestdinis
connection
toSM

*

Revision1.388/09/1523:02:56Scooter
*

Cleanedupprojinterface
*

Revision1.188/08/3110:49:19conrad
*
Initialrevision

º */ #ifndefINCLUDE_SM #include<stolio.h> #include<machdep.h> #include"dialog.h" #include"OfS.h"
/* *

Versionnumbers
*/ #defineSM_MINVERS

1

#defineSM_MAXVERS
2 /* *

ThenameoftheSessionManagerService
*/

§



libSm/sm.h #defineSMSERVICE"sm" /* *

Typedefs
*/ typedefint

SM_TOOL;
/*A"tool"isjustan
accessionnumber
ºf

typedefstructsm_session_struct
{

char“ss_name;
/*Thenameofthetoolºf

SM_TOOLss_tool;
/*TheIDofthefool"/ intSs_state;

/*Thestateofthetoo/*/ intSs_type;
/*Thetypeofthetool/ char“ss_currp;

/*Thecurrentproject
7

structsm_session_struct“ss_next;
/*Nexttool"/

}
SM

SESSION_STATUS; typedefstructsm_tookles
{

char"Name; char*Version; intnodisplay; DIALOGOptions; char*Subtools;

/*Nameofthetoolºf /*
Versionnumber
*/ /*

Displayoptions
7°/ /*Theoptionsheet
/ /*

Subtools
(ifany)*/ /*If

subtools,howtohandleerrors‘■ /*Thehoststo
execute
7 /*Thetooltype

(1=process,2=instrument)
*/ /*Theresultingtoolid"/

/*Whichprojecttoolwasfound'■
/*Thecurrentlyselectedproject
ºf /*Thehomeproject

ºf /*Thesystemproject
ºf /*Objectcontainingthistooldescription

*/ *next;

#defineMAXSESSIONS
50 /* *

FlagsforToolDescriptions
-

Omemor
*/ #defineSM_IGNORE

1

#defineSM_DIE
2

#defineSMKILLB
3

#defineSM_PROJ_CURR
1

#defineSM_PROJ_HOME
2

#defineSM_PROJ_SYS
3 /* *

Functions
*/ externSM_SESSION externSM

SESSION_STATUS externFILE externInt externInt

typedefstruct
char*ses_name; char*ses_cid; char"sesuser; char*seshost; char*ses_date;

intsessock; int
ses_pending; structsm_ses_struct

}
SMSESSION:

intOnBrror; char*Host; intType; SM
TOOLtool_id;

int
from_proj; void“Curr_Proj; void“Home_Proj; void“Sys_Proj; OFS_OBJECT

obj; structsm_tooldes
}

SM_TOOLDES;
sm_ses_struct
{

/*Thenameofthesession
*/ /*TheConversation

IDofthesession
*/ /*Theuserofthesession

*/ /*Thehostthesession
is
runningon"/ /*Thedateandtimeofthesession

*/ /*Thesocketto
rendezvous
*/ /*Thecountof

pendingdialogs
/

*sesnext;

externvoid externvoid externvoid externOFS_OBJECT externOFS_OBJECT externOFS_OBJECT externvoid externSMTOOLDES externSM_TOOLDES externSMTOOLDES externSM_TOOLDES externInt externInt externvoid externInt externDIALOG externInt externInt externInt externSMTOOLDES externInt

/*Themaximumnumber
of
allowablesessions
*/

/*Ignoreerrors
ºf /*

Immediately
die/ /*Killbranches

*/

“sm_list_sessions(); "sm_session_status(); “sm_attach_session(); sm_dettach_session(); sm_register_tool(); sm_set_sys_proj(); sm_sethome_proj(); sm_set_currproj(); sm_get_sys_proj(); sm_get_home_proj(); sm_get_currproj(); sm_set_file(); "sm_read_protocol(); "sm_read_instrument(); "sm_listprotocol(); "sm_list_instrument(); sm_write_protocol(); sm_write_instrument(); sm_free_tooldes(); sm_dispatch(); sm_read_reply(); sm_send_reply(); sm_send_replytool(); sm_senddialog(); “sm_invoke(); sm_launch();

§



libsm/Sm.h int int int DIALOG OFSOBJECT OFS_OBJECT
int int char OFS_OBJECT

int char FILE
M_NONE

M

IO
M.
PARAM

MPROT M_PROJINI M_OFS M_BADTD
S
M

N
O
A
C
K

#defineE_SM_TYPEMISextern extern extern extern extern extern extern extern extern extern
/* *

Globals
*/ extern extern extern

/* *

Errors
*/ #define #define #define #define #define #define #define #define #define #define #define #define #define

E E E E E E E E E E E E E

#define #endif

INCLUDE_SM INCLUDE_SMM_DISPATCH
o -1 MoVERFLOW-2 -3

MICONVERT
-4

–5 MINOOPTION-6 M_HANDSHAKE" -8 –9 -10 -11 -12 -13

sm_cancel(); sm_kill(); sm_requestoption(); sm_dialog(); sm_init(); sm_init_instrument(); sm_exit(); sm_notify(); "smerror(); “sm_fetch_objs(); sm_errno; “sm_errlist■ ]; “sm_file;
/*Noerror*/ /*I/Oerror*/ /*

Internalbufferoverflow
*/ /*

Formalparametererror
/ /*

(dialog)Conversionerror*/ /*
Protocolerror*/ /*Can'tfindrequestedoption*/ /*

Handshakeerror*/ /*
Unableto
initialize
a
project
ºf /*

Dispatcherfailed"/ /*
ObjectFileSystemfailed‘Z /*Badtooldescription

"/ /*
Unable
toackmessagefromSM/ /*Dialogtypemismatch

"/

§



libsm/fetchobjs.c
/* -

$ld:fetchobjs.c,
v

1.1489/10/2514:26:56gregoExp$ */
#
include"sm.h"

#
include"mmwbmisc.h"

#
include"ofs.h" externchar*strohr(),“stropy(); externvoid“emalloc();

/* -

sm_fetch_objs:
-
Queryuserforobjects,andreturnthosewhichareselected.

*/
OFS_OBJECT
-

sm_fetch_objs(oh,name,class,type,min,max,prompt,help)

OFS_OBJECT
oh; char*name; intclass,type; intmin,max; char"prompt,“help;

{

DIALOG
d,d2; intcount,

i,

OFS_OBJECT*resultobjs;
OFS_OBJ_DESC"desc; intlen,err; char*s,*sellist; intupper,lower; /*8==fudgefactorduetoracebetweenobicountandobj_list

ºf i=

obj_count(oh,name,class,type)+8; desc
=

(OFS_OBJ_DESC
")
emaloc■ i"sizeof(OFS_OBJ_DESC)); count

=

obj_list(oh,name,class,type,desc,i); if
(count==-1&&dm_errno==

DM_ETOOSMALL) count
=i,

if
(count«=0){

free((char
*)desc); sm_errno

=
E_SMOFS; returnNULL;

} d=

dialog_create(DI_SELECT,0, mmwb_cpystring("objectselect"),(char*)NULL);

(void)dialog_set_text(d,DI_V_HELP,mmwb_cpystring(help));
(void)dialog_set_flag(d,DI_OPTIONAL,
0); if(max<1)

upper
=
count;

else

upper
=max;

(void)dialog_set_int(d,DI_V_UBOUND,upper); resultobjs=

(OFS_OBJECT
*)

emalloc((upper
+1)*
sizeof(OFSOBJECT));

if(min
&0)

lower
=1;

else

lower
=min;

(void)dialog_set_int(d,DI_V_LBOUND,lower);
if
(prompt
–
NULL)

(void)dialog_set_text{d,DI_V_PROMPT,
mm

wb_cpystring(prompt));
else
{

staticcharbu■ (64]; (void)sprintf(buf,"Pickfrom9%dto9%dobjects:",

lower,upper);

(void)dialog_set_text(d,DI_V_PROMPT,mmwb_cpystring(bu■ ));
sellist
=
NULL; for(i=0,len=0;i<

count;
i
+=1){

intslen;
s=

stringize(desci|..name);
sken=
strlen(s);

If(len--O){

sellist
=
(char*)
emalloc(sken
+1); (void)stropy(sellist,

s); len=sken;

}
else
{

sellist
=
(char")erealloc(sellist,
len+slen+2);

sellist■ len)
=''; (void)stropy(sellist

+len+1,s); ken+=slen+1;

}

}
(void)dialog_settext{d,Dl
V_SELLIST,sellist);

§
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sm_errno
=
E_SM_IO; returnNULL;

} if

(atoi(msg_bu■ )|=230)
{

smerrno=

E_SM_PROT; returnNULL;

/*
*ASCIIData?? */ if

(fgets(msg_buf,BUFSIZ,sm_file)==NULL)
{

sm_ermo
=
E_SM_IO; returnNULL;

} if

(atoi(msg_buf)
=202)
{

sm_ermo
=

E_SM_PROT; returnNULL;

} /* *

Great,readthedialog(s)
*/ while(1){

if

(fgets(msg_buf,BUFSIZ,sm_file)==NULL)
{

sm_errno
=
E_SM_IO; returnNULL;

} n=

tokenize(msg_buf,toks,2);
if

(stromp(toks[0],keyword)==0){

if(n=2){

sm_ermo
=

E_SM_CONVERT; /*Shouldcleanupbuiltlistºf
returnNULL;

h
(dq==NULL)

dq=dp=

dialog_from_char(toks[1]);
dp=

dialog_append(dp,dialog_from_char(toks[1])
dp=

dialog_next(dp);
else
{

}
elseif

(stromp(toks[0],".")
==0)

break;

} /* *
Endofreply?

*/ if
(fgets(msg_buf,BUFSIZ,sm_file)==NULL)
{

sm_ermo
=
E_SM_IO; returnNULL;

} if

(atoi(msg_buf)
=
600)
{

sm_errno
=

E_SM_PROT; returnNULL;
returnda;

} /* *

sm_senddialog:
-

Sendadialogtothesessionmanagerfordelivery
tothe

-
UIM. */ int

sm_send_dialog
(dp) DIALOGdp;

{

intresult; staticint
sm_sendö(); result

=

sm_sendö(dp,"DIALOG");
if
(result)

returnresult;
else

returndialog_id(dp);
} /*

"smsendreplytool:
-

Sendareplytothesessionmanagerfordelivery
to
another

-
tool.Thisdiffersfromsm_sendreplyinthatnochecking

-isdoneforoptionsheets.
*/ int

sm_send_reply
tool(dp) DIALOGdp;

§
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{

staticInt
sm_sendö(); returnsm_sendö(dp,"REPLY");

} /* *

sm_sendd:
-
Themaindialogdeliveryroutine

*/ staticint sm_sendo(dp,command) DIALOGdp; char*command;
{

DIALOG
d, char*ds; sm_ermo

=

E_SM_NONE; smerrno
=

E_SM_PARAM; returnsm_errno;
}

for(d=dp;d=
NULL;
d=

dialog_next(d))
{

if((ds=

dialog_to_char(d))
==NULL)
{

smerrno
=

E_SM_CONVERT; returnsm_errno;
}

(void)sprintf(msg_buf,"9%s%s"n",oommand,stringize(ds)); mmwb_stringfree(ds);
if

((sm_errno
=

mmwb_command(sm_file,msg_buf,resp_buf,BU

returnsm_errno;

}

(void)sprintf(msg_buf,"\n");
if

((sm_ermo
=

mmwb_command(sm_file,msg_bu■ ,resp_buf,BUFSIZ))
<

returnsm_errno;
(void)dialog_setid(dp,atoi(resp_buf)); returnSUCCESS;

*

sm_sessionstatus:
listthestatusandID'sofallrunningtools

y SM
SESSION_STATUS" sm_session_status()

{

SM_SESSION_STATUS"status,"next_status;
char*s,"p; externchar“strohr(); sm_errno

=

E_SM_NONE;
if
((sm_ermo
=

mmwb_command(sm_file,"STATUSwn",resp_buf,BUFSIZ))
<0)

returnNULL;
sm_ermo
=

E_SM_NONE;
/*0orgreatermeansnoerrorsºf s=p=

&resp_buf[0]; next_status
=
status
=
NULL; while

((s=
strohr(p,\n'))
=
NULL)
{

*S**=\0'; if

(tokenize(p,toks,6)
-5){

sm_errno
=

E_SM_PROT; returnNULL;

} if

(next_status
==NULL)
{

next_status
=
status
=

(SM

SESSION_STATUS")emaloc(sizeof(SM_SESSION_S
}
else
{

next_status->ss_next
=

(SM

SESSION_STATUS")emalloc(sizeof(SM_SESSION_S
next_status
=

next_status->ss_next;
} if

(next_status
==

(SM_SESSION_STATUS")NULL) return
(SM_SESSION_STATUS")NULL; next_status->ss_name

=

mmwb_cpystring(toks[0]); next_status->ss_tool
=

(SM_TOOL)atoi(toks[1]); next_status->ss_state
=

atoi■ toks[2]); next_status->ss_type
=

atoi(toks[3]); next_status->ss_currp
=

mmwb_cpystring(toks[4]); next_status->ss_next
=
NULL;

p=S,

}

returnstatus;

§
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} /* *

sm_kill:
-
sendakillrequest
tothesessionmanager

*/ int sm_kill(tool) SMTOOltool;
{

(void)sprintf(msg_buf,"KILL9%dn",tool); if
((sm_errno
=

mmwb_command(sm_file,msg_buf,resp_buf,BUFSIZ))
<

returnsm_errno;
else

returnSUCCESS;

} /*

"sm_launch:
-
Send
a
request
tothesessionmanager
to
launchthe

-

specifiedtool.Ifthelaunchsucceeds,sendthe
-

optionsasareply. */ int smlaunch(tooldes) SM_TOOLDES"tooldes;
{

int
n,option_id; (void)sprintf(msg_buf, "LAUNCH\"96s)"\"96s\"\"9%s"

96d\"9%s"ºd3%d\"9%s"\"98s\"\"9%s"m", tooldes->Name, tooldes->Version, tooldes->Subtools, tooldes->OnBrror, tooldes->Host, tooldes->nodisplay, tooldes->Type, proj_id(sm_sys_proj), proj_id(smhome_proj), proj_id(sm_currproj));

if

((sm_ermo
=

mmwb_command(sm_file,msg_buf,resp_buf,BUFSIZ))
<

returnsm_errno;

n=
tokenize(resp_buf,toks,2);

if(n=2){

smerrno
=

E_SM_PROT; returnsm_errno;
}

tooldes->tool_id=atoi■ toks[0]);
/* *

OK,nowthetoolis
launched,sendititsoptions

*/ if

(tooldes->Options
==NULL)

tooldes->Options
=

dialog_create(DI_TEXT,0,
"Dummy","Ignoreme");

option_id=atoi■ toks[1]); (void)dialog_setid(tooldes->Options,option_id); (void)
dialog_set_source(tooldes->Options,tookles->tool_id);

if

(sm_send_replytool(tooldes->Options)
<0)

returnsm_ermo,
else

returnSUCCESS;

} /*

"sm_set_sysproj:
-
Setthesystemproject.

*/ void
sm_set_sys_proj(proj) OFS_OBJECTproj;

{

sm_sys_proj=proj; return;
} /*

"sm_get_sysproj:
-

Returnthecurrentsystemproject.
*/

OFS_OBJECT sm_get_sysproj()
{

returnsm_sys_proj;

§
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/* *

sm_sethomeproj:
-
Setthehomeproject

*/ void sm_sethome_proj(proj) OFS_OBJECTproj;
{

sm_home_proj=
proj; return;

} /*

"sm_get_home_proj:
*
Returnthecurrenthomeproject.

*/
OFS_OBJECT sm_get_home_proj()

{ }

returnsm_home_proj;
/* *

sm_set_currproj:
-
Setthecurrentproject.

*/ void sm_set_currproj(proj) OFS_OBJECTproj;
{

sm_currproj-proj; return;
} /*

"sm_get_currproj:
*

Returnthecurrentproject.
*/

OFS_OBJECT sm_get_currproj()
{ } /*

"sm_set_file:
*
Setfilestreamto
sessionmanager

returnsm_currproj;

*/ void sm_set_file(■ c) FILE*fc,
{

sm_file
=f0; return;

} /* *

sm_errlist:
*
Listof
printableerrormessages

*/ char“sm_errlist■ ]
={

"noerror", "I/Oerror", "internalbufferoverflow", "formalparametererrordenied", "(dialog)conversionerror", "protocolerror", "cannotfindrequestedoption", "handshakeerror", "unable
to
initializeproject", "dispatchererror", "objectfilesystemerror", "badtooldescription", "unable

to
acknowledgemessagefromsm", "typemismatch

in
dialog"

};
#defineMAX_SMERR(sizeofsm_errlist
/
sizeofsm_errlist(OI)

/* *smperror:
º
Printerrormessage

*/ char
*

smerror()
interror_no, error_no

=

-sm_ermo,
if
(error_no
&0||
error_no>=
MAX_SMERR)
{

(void)
sprintf(msg_buf,"Error9%dºn",error_no); returnmsg_buf;

}
else
{

switch(sm_errno)
{
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illchar'Resd-"$ld:
smt.c,v1.1889/10/2514:26:53gregoExp$"; #endi■lint -

libraryroutinesforthesminterface
totools staticDIALOGsm_options;

resp_buf[BUFSIZ};
#defineSUCCESS #defineINSTRUMENT

1

#definePROTOCOL
2

HMM
■ h /* *

Smt: */ #include<pwd.h> #include<sys/types.h> #include"Sm.h" #include"dispatcher.h" #include"Ofs.h" #include"mmwbmisc.h" staticint
sm_version; staticchar staticOFS_OBJECTsm_init_internal();

/* *
sminit:

-

initializestheinterface
tothesessionmanagerthis

-

routinetakescareofallofthe
handshaking,andwaits

-fortheoptionsheet.Theoptionsheetiskeptinacache
-forcallsto

sm_option.
-

NOTE:weassumewecanusefiledescriptor
0forallI/O */

OFS_OBJECT
sminit(cid) char*cid;

{

returnsm

init_internal(cid,(Int")NULL,PROTOCOL);
} /* *

sminitprotocol
*/

OFS_OBJECT sm_init_instrument(cid,semlist) char int { }

*cid; “Semlist; returnsm
init_internal(cid,semlist,NSTRUMENT);

staticOFS_OBJECT sm_init_internal
(cid,semlist,type) char int int

{

*cid; *Semlist; type; structpasswd"pwo,"getpwuid(); externUIDTYPEgetuid(); externchar*strohr(); OFS_OBJECTdmo,currproj-NULL; char*s,"p; char*toks[4]; sm_ermo
=

E_SM_NONE; pwd=

getpwuid(getuid());
/* *

Takecareofallofthe
handshaking

*/

sm_set_file(stdin);
if

((sm_ermo
=

mmwb_handshake(sm_file,pvd->pw_name,
cid,

SM_MINVERS, SM_MAXVERS,&sm_version))
<0){

if
(sm_ermo
==

MMWB_HS_EPROTO) sm_ermo
=

E_SM_PROT;
else

sm_ermo
=

E_SM_HANDSHAKE;
returnNULL;

} /* *

Sendourtype */ if(type==
INSTRUMENT) sm_errno

=

mmwb_command(sm_file,
"TYPEINSTRUMENTwn",resp_buf,BUFSIZ

else

sm_ermo
=

mmwb_command(sm_file,
"TYPEPROTOCOLAn",resp_buf,BUFSIZ);
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libsm/Smul.C #ifndeflint staticchar*RCSid
="$ld:smui.c,
v

1.2889/10/2514:26:21scooterExpLocker:sc #endiflint /* *
Smui:

-
libraryroutinesforthesminterface
toUlms */ #include<stdio.h> #include<sys/types.h> #include<sys/socket.h> #include<sys/uio.h> #include<netinet■ in.h> #include<arpa/inet.h> #include<netdb.h> #include<pwd.h> #include"Sm.h" #include"Ofs.h" #include"mmwbmisc.h" #include"dispatcher.h" #defineSUCCESS externvoid“emalloc{); externchar“stropy(); staticchar

msg_buf[BUFSIZ]; #ifndefhtons externu_shorthtons(); #endif staticDISPATCHERSERVERsm_server;
/*

"sm_attach_Session:
º

Attachtoa
session.
Iftheargument
isNULL,then

-
startanewsession.

*/ FILE
*

sm_attachsession(session,host) SM_SESSION"session; char"host;
{

staticFILE“start_session();

}

staticFILE
"reattach_session(); sm_ermo

=

E_SM_NONE;
/*Tell
mmwb_command
thatwe're
aUIMºf

mmwb_uim();
if
(session==NULL)

returnstart_session(host);
/* *

Usethesocketto
rendezvousandhandshake

º
/ return

reattach_session(session->ses
host,session->sessock,

session->ses
cid,
session->sesuser);

/*
"startsession:

-

initiate
a
session.Form
aCIDfromthehostandthe

*

response
toctime,thenrequest
a

connection
toa
Session

-

Manager.Usethe
standardmmwbroutines
to
handshakewith

-
thesessionmanager.

*/ #include<sys/time.h> staticFILE
*

start_session(thost)
char“thost;

{

charcid■ 128); charhost(64); char
*time,"s,"strohr(),”getenv();

structtimevaltw; structtimezone
tz; staticFILE“start_sm(); FILE*fc, charuser(20); intversion; structhostent*h;

UIDTYPEgeteuid(); structpasswd“p=
getpwuid((int)geteuid()); sm_ermo

=

E_SM_NONE;
if
(thost==NULL&&(thost
=

getenv("MMWB"))
==NULL)

(void)gethostname(host,
64);

else

(void)stropy(host,thost);

§
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gethostbyname(host);
If(hl-NULL)

(void)
stropy(host,h->h_name);

(void)stropy(user,p->pw_name); (void)gettimeofday(&tv,
&tz); time=

ctime(&tv.tv_sec);
s=

strohr(time,"n");
if(s=NULL)“s=\0'; (void)sprintf(cid,"9%s:%s@%s",user,time,host);

/* *
OK,nowstartSM */ if((fo=

start_sm(host,user,cid,SMSERVICE))
==NULL)

returnNULL;

start_sm(host,account,cid,service) char"host,"account,“cid,“service;
{

intfo; if

((sm_server
=

dispatcher_call(host,account,cid,service))==NULL){
sm_errno
=

E_SM_DISPATCH; returnNULL;

fo=

dispatcher_serverfo(sm_server);

} /* *

sm_list_sessions:returnfoopen(fo,"r+"); Returns
a
linkedlistoftheactivesessions
intheuser's homeproject.

/ SMSESSION." sm_list_sessions()
{

OFS_OBJECTproj,session; OFS_OBJ_DESClist(MAXSESSIONS].
int

nsessions,port,pending; SM_SESSION“ses_list
=
NULL,“sesstart; SMSESSION*ses; staticSM_SESSION"session_create(); registerinti;

/* *
BeginbyopenningtheHomeproject

*/

if
(!(proj=sm_get_home_proj())
==NULL

&&

(proj=ofs_proj_init((char")NULL))
==NULL)
{

sm_ermo
=
E_SM_IO;

if

((nsessions
=

obj_list(proj(char*)NULL,-1,
OBJ_T_SESSION, list,

MAXSESSIONS))
<=0){

if
(nsessions
<0)

sm_errno
=

E_SM_IO;

}

static
/* *

Nowhandshake
*/ if

((sm_ermo
=

mmwb_handshake(■ d,
user,cid,
SM_MINVERS,SM_MAXV if

(sm_ermo
==

MMWB_HS_EPROTO) smerrno
=

E_SM_PROT;
else

sm_errno
=

E_SM_HANDSHAKE;
returnNULL;

}

sm_set_file(fa); returnfo: FILE
*

returnNULL; returnNULL; sesstart=
NULL; for(i=0;i<

nsessions;
it4){

/* *
Opentheobject

*/ if
((session
=

obj_open_by_ident(proj,ist■ ].ident))
==NULL)

continue;
/* *

Readtheproperties
*/ if

(prop_get(session,"Port",(void*)msg_buf)
<0)
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continue;

port=

atoi(msg_bu■ );
if
(propget(session,"Pending",(void")msg_buf)
<0)

continue;
pending
=

atoi(msg_bu■ );
if
(propget(session,"CID",(void")msg_buf)
<0)

continue;
/* *

Createthestructureandlinkitin */ ses=

session_create(msg_buf,list■ ].name,port.pending);
if
(ses_list==NULL)
{

sesstart=
ses_list
=ses;

}
else
{

ses_list->ses_next
=ses; seslist=ses;

} /* *
Closetheobject

*/ (void)obj_close(session);
returnses_start;

} /*

"session_create:
-

Create
a
sessionstructureandfillitwiththearguments.

*/ staticSMSESSION” session_create(cid,name,port,pending) char*cid; char*name; intport,pending;
{

SMSESSION*ses; char*s,"strohr(); ses=(SM
SESSION")emaloc■ sizeof
(SMSESSION)); ses->sessock

=port;

} /*

ses->sespending
=
pending; ses->sescid=

mmwb_cpystring(cid); ses->sesname
=

mmwb_cpystring(name);
if((s=

strohr(cid,”:'))
=
NULL)
{

*s=\0'; ses->sesuser=

mmwb_cpystring(cid);
cid=++s;

} if((s=
strohr(cid,'G'))=
NULL)
{

*s=\O';
ses->ses_date
=

mmwb_cpystring(cid); ses->seshost=

mmwb_cpystring(++s);
}

ses->ses_next
=
NULL; returnSeS;

*

sm_dispatch:
*/ int

Thisroutine
iscalledfromtheuserinterfacemanager whendatais

detectedonthechannel
tothesessionmanager.

Itsmainfunction
istoreadincomingdialogs(theonlything currentlythatcanbesentbytheSM)andcalluimdialog to

processthem.uimdialogis
assumed
tobeoftype voidandtakesthedialogasitsonlyargument.

sm_dispatch
() {

DIALOGdo,0p; char*s; externchar*strohr(); externint
uim_dialog(); char*toks[20]; intn; dq=NULL; sm_errno

=

E_SM_NONE;
for(;;)
{

if
(fgets(msg_buf,sizeofmsg_buf,sm_file)==NULL)
{

sm_errno
=
E_SM_IO; returnsm_ermo;
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HandlespecialcaseofanOptionsheetwhichhasnowbeen *satisfiedforatoollaunch.
*/ if

(dialog_source(dp)
==0){

If((td=

sm_checkto(dp))
=
NULL)

returnsmlaunch(to);

}

returnsm_send_reply
tool(dp);

} /*

"sm_cancel:
-

Cancel
a
pendingtoolinvocation.

*/ int
sm_cancel(dp) DIALOGdp;

{

staticSM_TOOLDES SM_TOOLDES
*to:

“sm_checkto();

if((td=

sm_checkta(dp))
=
NULL)

sm_free_tooldes(to);
returnSUCCESS;

/*

"sm_checkta:
-

Checkthetooldescriptionqueueforexistance
ofa -

specificOption
*/ staticSM_TOOLDES." sm_checkta(option) DIALOGoption;

{

SMTOOLDES“to: if

(dialog_source(option)
-0
||dialogdest(option)
>

MAXPENDING)returnNULL;
td=tool
queue■ dialog_dest(option)];

tool
queue■ dialog_dest(option)]
=
NULL; returnto;

-
Make
acopyofatooldescription.

*/ staticSM_TOOLDES.” cpytool(to)
SM_TOOLDES
“to:

{

SM_TOOLDES“new_td; new_to
=

(SM_TOOLDES”)emalloc(sizeof(SM_TOOLDES)); new_to->Name
=

mmwb_cpystring(to->Name); new_td->Version
=

mmwb_cpystring(td->Version); new_to->nodisplay
=

to->nodisplay; new_to->Options
=

dialog_copy(to->Options,o); new_td->Subtools
=

mmwb_cpystring(to->Subtools); new_to->OnBrror
=

to->OnBrror; new_to->Host
=

mmwb_cpystring(td->Host); new_td->tool_id=|d->tool_id; new_to->Home_Proj=new_to->CurrProj=NULL; new_to->Type
=
to->Type; returnnew_to;

} /*

*reattach_session:
-

reattach
tothesessionspecifiedbythehost,portpairand

-

handshakewithit
usingthecidanduser. */ staticFILE

*

reattach_session(hostport,cid,user)
char*host; intport; char*cid; char*user;

{

structhostent"h; structsockaddr_insin; ints,version; FILE*fci; if((h=
gethostbyname(host)
==NULL)
{

smerrno
=

E_SM_IO; returnNULL;

} if((s=

socket(PF_INET,SOCKSTREAM,0))
<0){

sm_errno
=

E_SM_IO;

§



IIbsm/smul.c
■ eturnNULL;

}

sin.sin_family
=

AF_INET; sin.sin_port
=

htons((u_short)port); bcopy(h->h_addr,(char*)

&sin.sin_addr,h->h_length);
if

(connect(s,(structsockaddr")(&sin), sizeof(structsockaddr_in))
<0){

sm_errno
=

E_SM_IO; returnNULL;

} /* *
Nowhandshake

*/ fo=
foopen(s,"r."); if

((sm_errno
=

mmwb_handshake(fo,user,cid, SM_MINVERS,SM_MAXVERS,&version))
<0){

if
(sm_ermo
==

MMWB_HS_EPROTO) smerrno
=

E_SM_PROT;
else

smerrno
=
E_SMHANDSHAKE;

returnNULL;

}

sm_set_file(fo); returnfol;

} /*

"sm_dettach_session:
-

Dettachfromasession.
*/ int

sm_dettach_session(session_name)
char"session_name;

{

if

(session_name
=
NULL)

(void)
sprintf(msg_buf,"QUIT9%s"m",session_name);

else

(void)
strcpy(msg_buf,"QUITVn");

return
mmwb_command(sm_file,msg_buf,(char*)

NULL,0);

} /*
"sm_ackdialog:

-

Acknowledgereceiptofdialog */

/*
ARGSUSED
"A int sm_ackdialog(dp) DIALOGdp;

{ }

return

mmwb_command(sm_file,"SUCCESSn",(char*)NULL,0);
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libSm/tooldes.c #ifndeflint staticchar‘RCSid="$ld:tooldes.c.
v

1.1789/11/1017:50:56gregoExp$'; #endlflint /* *

tookles:
-

generallibraryroutinesforhandlingtooldescriptions
*/ #include"Sm.h" #include"mmwbmisc.h" #include"Ofs.h" #include<stdio.h> #defineFAILURE-1 #defineSUCCESS externvoid“emalloc();

/* *

sm_write_instrument:
-
Writean
instrumenttooldescriptionouttoa
project

*/ int

sm_write_instrument(proj,
to)

OFS_OBJECTproj; SM_TOOLDES
*to;

{

staticint
sm_write_tooldes(); return

sm_write_tooldes(OBJ_T_INSTRUMENT,
proj,to);

} /* *

sm_writeprotocol:
-
Writea
protocoltooldescriptionouttoa
project

*/ int

sm_write_protocol(proj,
to)

OFS_OBJECTproj; SM_TOOLDES
“to:

{

staticint
sm_write_tooldes(); return

sm_write_tooldes(OBJ_T_PROTOCOL,
proj,to);

/* *

sm_write_fooldes:
-
Therealroutinethatwrites
atooldescriptionouttotheproject

*/ static int

sm_write_tookies(type,
proj,to) inttype; OFSOBJECTproj; SM_TOOLDES

“to:
{

registerinti,
nopt; registerDIALOGdp; charbyte,“s;

DM_TABLE
th;

DM_ATTRah; if(proj=
NULL)
{

to->obj=obj_create(proj,to->Name,OBJ_CL_TOOL,type);
if
(to->obj==NULL)
{

sm_errno
=
E_SMOFS; returnFAILURE;

}
else
{

if
(to->obj==NULL)
{

sm_errno
=

E_SM_BADTD; returnFAILURE;

} /* *
Wenowhaveanobjecthandle.Justdumpthedatabackout

*totheobject.
*/ (void)prop_set(td->obj,"version",(void")to->Version); byte=

to->nodisplay; (void)prop_set(td->obj,"nodisplay",(void")&byte); (void)prop_set(to->obj,"subtools",(void")to->Subtools); byte=

to->OnError; (void)prop_set(td->obj,
"onerror",(void*)&byte); (void)prop_set(td->obj,"host",(void")to->Host);

/* *

Rewritetheoptionsheetaswell */

§
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libsm/tooldes-C
otd->next
=new; new=otd;

}

returnnew;

} /* *

sm_list_instrument:
-
Listinstrumenttooldescriptions
ina
project

*/ SMTOOLDES" sm_list_instrument(proj) OFS_OBJECTproj;
{

staticSM_TOOLDES“sm_readtooldes(); returnsm_readtooldes(OBJ_T_INSTRUMENT,
proj,(char*)
NULL,1);

} /*
"sm_listprotocol:

-
Listprotocoltooldescriptions
ina
project

*/

SM_TOOLDES" sm_listprotocol(proj) OFSOBJECTproj;

staticSM_TOOLDES“sm_readtooldes(); returnsm_readtooldes(OBJ_T_PROTOCOL,
proj,(char*)NULL,1);

} /* *

sm_freetooldes:
-
Freeatooldescription

*/ void
sm_free_tooldes(to) SM_TOOLDES

“to;
{

If

(td->Curr_Projl=NULL)
(void)free((char
*)
to->CurrProj);

If

(to->Home_Projl=NULL)
(void)free((char
*)

to->Home_Proj);
if

(td->Sys_Projl=NULL)

(void)free((char
*)

to->Sys_Proj);
if
(to->objl=NULL)

(void)obj_close(td->obj); mmwb_stringfree(to->Version); mmwb_stringfree(td->Subtools); mmwb_stringfree(td->Host); dialog_free(td->Options,
0); (void)free((char

*)to);
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libdialog/dialogchar.c #ifndeflint staticchar‘RCSid="$ld:dialogcharc
v

1.789/11/1319:24:22conradExp$';
#endiflint

/* *

dialogchar.c:
*

Routines
to
convertdialogsintoandoutofa
character

-

representaion.
- */ #include<stdio.h> #include"dialog_inth" #include"mmwbmisc.h" staticchar

conv_buf[BUFSIZ);
/* *

dialog_from_char:
-

convert
a
dialogfromacharacterrepresentation.

*/ DIALOG dialog_from_char(text)
char"text;

{

char
*tokens■ DI_NTOKENS+2]:

staticDIALOGd_from_tokv();
/* *

Tokenizethestrings
*/ if

(tokenize(text,tokens,DLNTOKENS)
=

DI_NTOKENS) return(DIALOG)NULL;
/* *

Let
d_from_tokv
doitsthing. */ return

d_from_tokv(DI_NTOKENS,tokens);
} /* *

dialog_from_tokv.
-

convert
a
dialogfromatokenlist. */

staticDIALOG d_from_tokv(argc,args) intargc, char“args;
{

DIALOG_INT‘dp; staticintgethex(); staticDl_VALUEgetval(),getbounds();
if(argc=

DI_NTOKENS) return(DIALOG)NULL;
dp=
(DIALOG_INT*)dialog_create(0,0,0,...har*)0,0char*)0); dp->di_version

=

atoi(*(++args));
/* *

Checkversionnumberhere(someday)
*/

dp->di_name
=

mmwb_cpystring("args); dp->di_type
=

atoi■ "(++args)); dp->di_stype
=

atoi■ "(++args)); dp->di_semopt
=

mmwb_cpystring(*(++args)); dp->di_prompt
=

mmwb_cpystring(*(++args)); dp->di_help
=

mmwb_cpystring(*(++args)); dp->di_sellist
=

mmwb_cpystring(*(++args)); dp->di_result
=

getval(*(++args),dp->di_type); dp->di_upper
=

getbounds(*(++args),ap->di_type); dp->di_lower
=

getbounds(*(++args),ap->di_type); dp->di_flags
=

gethex(*(++args)); dp->di_source
=

atoi(*(++args)); dp->di_dest
=

atoi(*(++args)); dp->ditool

=mmwb_cpystring(*(++args)); dp->di_option
=

atoi(*(++args)); dp->di_id=atoi(*(++args));
return(DIALOG)0p;

/*

"dialog_to_char:
-

convert
a
dialogtoa
characterrepresentation

*/ char
*

dialog_to_char(dialog)
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libdialog/dialog_char.c }

else

(void)strcpy(conv_buf,"FALSE");
break; D_TEXT. DI_SELECT: returnstringize(val.string); break; DI_NOTE: (void)sprintf(conv_buf,"\"\"); break;

returnconv_buf,
}

returnthetext
representation
ofthebounds.

val; type; (type) DI_IVAL: D_TEXT. DI_SELECT: returnsm_value2Char(val,DI_IVAL); DI_FVAL: returnsm_value2Char(val,DI_FVAL); break;
/*Fallthrough
"/

/* *

bounds2char:
*/ staticchar

*

bounds2char(val,type) DI_VALUE
int

{

switch
{

Case case Case Case default:
}

return

sm_value2Char(val,DI_NOTE);

/* *
itoa:

º
returnthetextvalueoftheinputinteger

*/ staticchar
-

itoa(val) intval;

(void)sprint■(conv_buf,"%d",val); returnconv_buf;
} /* *

xfoa:
º
retumthetextvalueoftheinputhexvalue */ staticchar

º
xtoa(val) intval;

{

(void)
sprintf(conv_buf,"9%x",val);

returnconv_buf;

§
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libdialog/dialog_util.c #ifndeflint staticchar*RCSid
="$ld:dialog_util.c,v1.389/10/2521:22:30gregoExp$"; #endiflint #include<string.h>

/* *

dialogutil.c:
*

Routines
toaidin

construction/interpretation
ofdialogs.

*/ #include<stdio.h> #include"mmwbmisc.h"
/* *

dialog_formsellist:
-

Givenanarrayofstrings,formastringthatcanbeusedasthe *selectionlistfieldofadialog.
*/ char

*

dialog_form_sellist(num_choices,
choices) int

num_choices; char"choices[];
{

char*sellist,“cur; inttlen,cen; if

(num_choices
<1)

return(char*)NULL;
sellist
=

mmwb_cpystring(stringize(choices(O)));
ten=
strien(sellist);

for
(num_choices—,choices#4;num_choices
>0;

num_choices—,choices:44)
{

cur=

stringize(choices[0]);
clen=

strlen(cur); sellist
=
(char*)

erealloc(sellist, (ten+clen+2)*
sizeof■ char)); (void)strcpy(sellist

+tien,
""); (void)stropy(sellist

+tien+1,cur); tlen+=clen+1;

returnsellist;

;
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libdialog/dialog_vals.c
/*

inttype, D_WALUE
w; v=

d_get_value(dialog,which,&type); switch(type)
{

caseDI_IVAL:
returnv.integer
=0;

caseDI_FVAL:
returnv.realle0.0;

caseDI_TEXT. caseDI_SELECT: if
(v.string==NULL)

return0;

return
1:

caseDI_BOOL: caseDI_YESNO:
returnv.yesno
=0,

caseDI_NOTE:
return0;

}

return0;

*
Localroutinesforhandlingthesetandputroutines

*/ /*
"d
get_value:

*/

returnsan
DLVALUEfromadialog

staticDI_VALUE d_get_value(dialog,which,type) DIALOGdialog; intwhich, int“type;
{

DIALOG_INT
“d=

(DIALOG_INT*)dialog; DI_VALUE
v; “type

=

DI_NOTE: v.integer
=-1; if(d==

DI_NULL)

returnv;

switch(which)
{

Case case Case Case Case Case

D_v_TYPE: “type
=
DI_IVAL; v.integer

=

d->di_type; break; D_V_SEMTYPE: “type
=
DI_IVAL; v.integer

=

d->di_stype; break; DI_v_OPTION: “type
=
DI_IVAL; v.integer

=

d->di_option; break; D_V_NAME: “type
=
DI_TEXT, v.string

=

d->di_name; break; DI_v_PROMPT: “type
=
DI_TEXT, v.string

=
d->diprompt; break; D_V_SEMOPT: “type

=
DI_TEXT, v.string

=

d->di_semopt; break; DI_V_HELP: “type
=
DI_TEXT, v.string

=

d->di_help; break; DI_V_SELLIST: “type
=

DI_TEXT, v.string
=

d->di_sellist; break; DI_V_TOOL: “type
=
DI_TEXT, v.string

=
d->di_tool; break, DI_V_LBOUND:

if

(d->di_type
==DLFVAL)

"type=
DI_FVAL;

else

“type
=
DI_IVAL;

v=

d->di_lower; break; DI_V_UBOUND:

§



“type=
DLFVAL;break,

elseCaseDI_V_OPTION: “type
=
DI_IVAL;
if(type=
DI_IVAL)

v=d->diupper;return-1; break;d->di_option
=
v.integer,

caseDI_V_RESULT:break;
if
(d->di_type
==DI_TEXT
||

d->di_type
==
DI_SELECT)CaseDI_V_NAME: “type

=
DI_TEXT,
if(type=
DI_TEXT)

elseif
(d->di_type
==DI_FVAL)return-1;

“type
=
DI_FVAL;
if

(d->di_name
=
NULL)

else
mmwb_stringfree(d->di_name); “type

=
DI_IVAL;d->di_name
=
v.string;

w=

d->di_result;break; break;CaseD_V_PROMPT:
}if

(type
=
DI_TEXT)

return-1;

returnv;if
(d->diprompt
=
NULL)

}

mmwb_stringfree(d->diprompt);

d->diprompt
=
v.string;

/*break; "dputvalue:CaseDI_V_SEMOPT:
§-

setsan
DLVALUEintoadialog
if(type
=
DI_TEXT)

*/
return-1;

if

(d->di_semopt
-
NULL)

staticint

mmwb_stringfree(d->di_semopt);
d_put

value(dialog,which,w,type)d->di_semopt
=
v.string; DIALOGdialog;break, intwhich:CaseDI_V_HELP: DI_VALUE

v;if(type=
DI_TEXT) inttype;return-1;

{if
(d->di_help
=
NULL)

DIALOG_INT
“d=

(DIALOG_INT*)dialog;
mmwb_stringfree(d->di_help);

staticint
d_bounds_type_ok(),d_resulttype_ok();d->di_help
=
v.string;

break;

if(d==
DI_NULL)CaseDI_V_SELLIST: return-1;if(type

=
DI_TEXT)

return-1;

switch(which)
{if

(d->di_sellist
=
NULL) caseD_v_TYPE:mmwb_stringfree(d->di_sellist); if(type

=
DI_IVAL)d->di_sellist
=
v.string;

return-1;break;
d->di_type
=
v.integer,CaseDI_V_TOOL: break;

if(type=
DI_TEXT)

caseD_V_SEMTYPE:return-1;

if(type=
DI_IVAL)
if
(d->ditool=
NULL)

return-1;

mmwb_stringfree(d->di
tool);

libdialog/dialog_vals.c if
(d->di_type
==
DI_FVAL)

d->di_stype
=
v.integer,



libdialog/dialog_vals.c d->ditool=
v.string; break; DI_V_LBOUND:

if(!d

bounds_type_ok(d->di_type,type)) return-1; d->di_lower
=v; break; DI_V_UBOUND:

if(ld

bounds_type_ok(d->di_type,type)) return-1;

d->diupper
=v;

break; DI_V_RESULT
if
(ld_resulttype_ok(d->di_type,type)) return-1;

if
(d->di_type
==Dl_TEXT&&
d->di_resultstring
–
NULL)

mmwb_stringfree(d->di_result.string);
d->di_result
=v;

break; O; d_bounds_type_ok(vtype,
type) int

vtype,type;
switch(vtype)
{

Case Case case Case case CaseCase Case return

}

staticInt
{

return

}

staticint

DI_FVAL:
if(type=
DI_FVAL)

return0;

break; DI_IVAL: DI_BOOL: DI_YESNO: D_TEXT. DI_SELECT:
if(type=
DI_IVAL)

return0;

break; -1;

d_resulttype_ok(vtype,type)

vtype,type; switch(vtype)
{

case Case Case Case Case return
DI_IVAL: D_BOOL: D_YESNO:

if(type=
DI_IVAL)

return0;

break; DI_FVAL:
if(type=
DI_FVAL)

return0;

break; D_TEXT. D_SELECT:
if(type
=
DI_TEXT)

return0;

break; -1;

§



twb/browse,h
/*

*$ld:browse.h,
v

1.390/04/1619:19:36conradExp$

"browse.h-browserinterfacedefines
*/ #ifndef

BROWSE_INCLUDE
#include<machdep.h> typede■ typede■

/*Types
ºf void

"

BROWSER; void*FIELD,
/*
Defines
*/

/*
BrowserTypes
ºf

#define #define #define
BR_FORM BR_LIST

2
BR_COL
3

/*FieldTypes
ºf

#define #define #define #define #define #define #define
BR_TYPEIN BR_BUTTON BR_LABEL BR_PROMPT BR_TITLE BR_TOGGLE BR_SELLIST
:

/*
FormatTypes
ºf

#define #define #define
BR_CENTERED BR_RJUST BR_LJUST
;

/*
Displayinformation
"/

#define #define #define #define #define #define
BR_INVERSEOx100 BR_BLINKINGOx200 BR_UNDERLINED0x400 BR_BOLDOx800 BR_SCROLLINGOx1000 BR_NOINVERSE0x2000

/*Flagsforbrfield'■ #define
BR_STUFF_FIELD
1

/*Thismaynotbeneeded
? /*Formbrowser'■

/*Listbrowser
ºf /*

Row/Columnbrowser'■
/*
Type-infield'■ /*Button(selection)

*/ /*Labelfield(inactive)
*/ /*A

promptfield'■ /*Atitlefieldºf /*Atoggle
"Z /*Alistofvalues

"Z /*A
centeredfield"/ /*Rightjustifiedfield'■ /*

Left-justifiedfieldºf /*
Inversevideo"/ /*

Blinking
*/ /*

Underlined
"/ /*Bold*/

/*Scrollingfieldºf /*Inhibitinverse
*/ /*Stuffthisfieldintothe

previous"private"
/

#defineBR_IS_FIELD
2 /*Flagsforbrdisplay

"Z

/*Thisisafield,notanother"/

#defineBR_NOCLEAR
1/*Don'tclearthewindow
*/

#defineBR_OVERLAY
2/*

Overlaythisbrowser
/ /*Buttontokens

"/
#defineBR_UP(char)255 #defineBRDOWN(char)254 #defineBR_RIGHT(char)253 #defineBR_LEFT(char).252 #defineBR_RETURN(char)251 #defineBRSELECT(char)250 #defineBR_ESCAPE(char)249 #defineBR_CLEAR(char)248

/* *

Somedefinestosavetyping
*/ #defineVNULL(void*)NULL #defineFVNULL(void*(*)())NULL #defineFNULL(void(*)())NULL extern extern extern extern extern extern extern extern extern extern extern extern extern extern extern extern extern extern extern extern extern

/*
Functions
*/

BROWSER_create();
int
br_format();

intbr_title(); int
br_prompt();

int
br_button();

int
br_toggle();

int
br_select_list();

intbr_pair(); int
br_typein();

intbr_label();
,

int
br_display(); void"br_activate(); voidbr_free(); voidbr_clear(); intbr_field(); int

br_nscreen(); void"br_private(); char
*brstring(); voidbr_clear_field(); voidbr_reset(); char"br

prompt_input();
/*
Create
a
browser
"Z /*

Formatthebrowser
ºf

/*Add
atitle*/

/*Add
a
prompt
tº

/*Addabutton
"/

/*Add
a
toggleinputºf

/*Add
a
selectionlistºf

/*Add
a

prompt-inputpair (ora
selection-datapair)*/ /*Add

a
typeinfield'■ /*Add

alabel"Z /*
Display
a
browser
‘’

/*Activatethebrowser
ºf /*Freea

browser'■
/*Erase
a
browserdisplay
ºf

/*Add
afield(notrecommended)
*/ /*Returnthenumberof

screens"/
/*
Returnprivatedataofcurrentselection
"/ /*

Returnstring(label)dataof
currentselection
"/

/*Clear
a
field"/

/*Resetthebrowser"/

§
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twblemdtab.h
/*

*$ld:cmdtab.h.,v.2.09001/0222:37:41scooterExp$ */ /* *

Commandtable
*
Thefollowingstructurecontainstheinformationnecessary
to *

process
a
command.Actually
a
command
is
processed
bya
possible

*

seriesoftables.
Ifcmdargsorcmdoargsis(-1),thenany

*

possiblenumberof
argumentsarepossible.

*/ typedefstructcmdst(

char*cmd_name;
/*
Commandname*/ char“cmd_desc;

/*Shortdescription
"/ char*cmd_help;

/*Longdescription
"/ int

cmd_args;
/*
Number
of
mandatoryarguments
*/ int

Cmd_oargs;
/*
Number
of
optionalarguments
*/ intcmdparg;/*A

privateargument(passed
tocmdfunc)*/

*

cmdtab.h:
º

Commandtabledefinitions
*
$Log:cmdtab.h.,v$

*

Revision2.090/01/0222:37:41Scooter
*

Libbrowserelease
*

Revision1.1.89/09/1814:13:16scooter
*
Initialrevision

* -

int
(*cmd_func)();
/*
Function
tocall"/ structcmdst

“cmd_next;
/*Nexttabletobranch(ifargs)*/

}

COMMAND; #defineMAXTOK$25
§
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/*

"$ld:io.h,
v1.1
90/01/0222:30:27scooterExp3twb/lo.h

*
jo.h
-l/Ointerfaceforbrowsers

*/ #include"browse.h"
/*Externals
*/

externvoid"io_curwindow;
/*TheCurrentWindow
*/

/*
Input-Outputfunctions
"/

externVoidio_init();
/*
Initialization
*/

externvoidjo_end();
/*
Termination
*/

externvoid
"io_create_window();
/*
CreateaWindow
*/

externVoid
"io_create_overlay();
/*
Createanoverlaywindow
*/

externvoid
io_destroy_window();
/*
Deleteawindow
*/

externchario_get_button();
/*Inputa
buttonpress
*/

externchar"io_get_text();
/*Textinput*/

externint
io_put_text();
/*
Outputsometext"/

externint
io_win_clear();
/*ClearthisWindow
*/

externintio_scroll();
/*
ScrollaWindow
*/

externint
io_set_flags();
/*Setdisplayflags"/

externint
io_clear_flags();
/*Cleardisplayflags"/

externint
io_get_dims();
/*GettheWindowdimensions
"/

/*

User-providedfunctions
"/

externchar"user_input();
/*Userinputfunction
*/

§



/*
*$ld:twb.h.,v.2.190/04/1618:22:12scooterExp$ *

Revision1.589/11/1421:38:17Scooter
*
delintandaddedNAME,COPY,andDELETEcommands

*

Revision1.489/11/0123:44:12scooter
*

Cleanedupdisplayandbrowserinterfacetwb/twb.h
*

twb.h:
-

includefilefortwb *$Log:twb.h.,v$ *

Revision2.190/04/1618:22:12Scooter
*

Includestring.h
*

Revision2.090/01/0222:37:57Scooter
*

Libbrowserelease
*

Revision1.389/10/3017:25:22Scooter
*
lintclean-up

*

Revision1.289/10/2316:07:55Scooter
*

Workingversion
-
genieupload

*

Revision1.189/09/1814:13:24scooter
*
Initialrevision

- */ #include<mmwbmisc.h> #include<ofs.h> #include<sm.h> #include<dispatcher.h> #include<curses.h> #include<syslog.h> #include"machdep.h" #include<sys/types.h> #include<string.h> #ifdefSTDC_ #include<stdarg.h> #else #include<varargs.h> #endif #ifndefFALSE

#defineFALSE
O

#endlf #ifnde■TRUE #defineTRUE
1

#endi■ externchar"stropy();
/* *

Globals
*/ externInt

verbose_flag; externIntlog_flag; externOFSOBJECTfs_visible;

§
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*w-ºrºvºIIIIIaIUS.U. COMMANDmd;
In■ntoks; char*tokens];

{

externvoid
session_disp_status(); session_disp_status(); return0;

/* *

launch:
-

Execute
atool */ /*

ARGSUSED
"A

staticint

launch(cmd,arg,ntoks,tokens) COMMANDmd;
intntoks; char*tokens];

}
intarg;

registerSM_TOOLDES“protocols,"instruments; char
“tool_name,"tool_browse(); protocols

=
sm_listprotocol((OFS_OBJECT)NULL); instruments

=

sm_list_instrument((OFS_OBJECT)
NULL);

if
(ntoks==0){

if(arg==

OBJ_T_PROTOCOL)
{

tool_name
=

tool_browse("Protocols", "Selectthedesiredprotocol",protocols,1);
if
(tool_name
==NULL)

return;
if

(launch_tool(cmd,tool_name,protocols))
return;

}
else
{

tool_name
=

tool_browse("Instruments", "Selectthedesiredinstrument",instruments,1)
if
(tool_name
==NULL)

return;
if

(launch_tool(cmd,tool_name,instruments)) return;

}
else
{

tool_name
=
tokens(0); if(arg==

OBJ_T_PROTOCOL)
{

if

(launch_tool(cmd,tool_name,protocols)) return;
if

(launch_tool(cmd,tool_name,instruments)) return;

}
else
{

if

(launch_tool(cmd,tool_name,instruments)) return;
if

(launch_tool(cmd,tool_name,protocols)) return;

}

disp_error("Nosuchtool:%s",tool_name);
}

return;
}

staticint

launch_tool(cmd.name,tlist) COMMANOmd; char*name; SM_TOOLDES“tlist;
{

registerSM_TOOLDES
*to: for(to=tist;td-NULL;to-

to->next)
{

if

(stromp(to->Name,name)
-0)

continue; disp_message(0,"Launching%s...",td->Name);
if(sminvoke(to)
==NULL)

disp_error("Unable
to9%s%s:%s",

cmd->cmd_name,name,sm_error());
returnTRUE;

returnFALSE;
} /* *

kill:
*
Killa
protocol
oran
instrument

*/
/*ARGSUSED
"A

staticint

kill(cmd,arg,ntoks,tokens) COMMANOmd;
intarg;

§



twb/Commands.C
intntoks; char*tokens];

{

externInt

session_browse_status();
inttnum; if

(ntoks
<1){

tnum
=

session_browse_status(arg);
If
(tnum
«1)

return0;

}
else

tnum
=

atoi(tokens(OI);

if

(sm_kill(tnum))( if(arg==

OBJ_T_PROTOCOL) disp_error("Unable
toENDprotocol-%s",sm_error());

else

disp_error("Unable
toSTOPinstrument-36s",smerror■

}
else
{

if(arg==

OBJ_T_PROTOCOL) disp_message(TRUE,"ProtocolENDed");
else

disp_message(TRUE,"InstrumentSTOPed");

}

return0;

} /* *

list_fs:
-listOFSobjects

*/
/*ARGSUSED
"A staticint

list_fs(cmdarg,ntoks,tokens) COMMANDmd;
intarg; intntoks; char*tokens];

{

intnobj; OFS_OBJ_DESC"desc; charbuf[180]; externOFS_OBJ_DESC“obj_browse(); nobj=obj_count(sm_get_currproj(),(char*)NULL,~1,arg);

desc=

(OFS_OBJ_DESC")emaloc■ sizeof(OFS_OBJ_DESC)”(nobj41));
nobj=obj_list(sm_get_currproj(),(char*)NULL-1,arg,Gesc,nobi); descínobil.name

=
NULL; (void)sprintf(buf,”%sList",cmd->cmd_name);

(void)
obj_browse(buf,(char*)NULL,desc,0); (void)free((char

*)desc); return0;

} /* *
help:

-

Displayhelptext */
/*ARGSUSED
"A

staticInt

help(cmd,arg,ntoks,tokens) COMMANEmd;
intarg; intntoks; char*tokens];

{

externinthelpbrowse(); (void)help

browse(cmd_tab,"HELP",(char")NULL);
return0;

} /*
"answer:

-

Answer
a
dialog */

/*ARGSUSED
"A

staticint

answer(cmd,arg,ntoks,tokens) COMMANDmd;
intarg; intntoks; char*tokens];

{

intdnum; externintdilist(); externvoiddi
answer();

if
(ntoks
<1){

dnum
=

di_list(TRUE,"PendingDialogs",

§
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twb/commands.c COMMANDmd;
intarg, Intntoks; char*tokens];

{

externint
obj_ofs_browse(); externvoid

obj_ofs_delete();
intnobj; OFS_OBJ_DESCdesc; if

(ntoks
<1){

/* *

Invokethebrowser
*/ (void)

obj_ofs_browse((OFS_OBJECT)NULL-999, "Type'd'todeletethedesiredobject",'d');

}
else
{

nobj=obj_count(sm_get_currproj(),tokens(01,–1,-1);
if
(nobj:1){

disp_error("Toomanyobjectsbythatname"); return0;

}

(void)obj_list(sm_get_currproj(),tokens(O).<1,-1,&desc,1); obj_ofs_delete(sm_get_currproj(),&desc);
return0;

*

name:
-
Nameanobject

*/
/*ARGSUSED
"A

name(cmd,arg,ntoks,tokens) COMMANOmd;
intntoks; char*tokens];

{

externint
obj_ofs_browse(); externvoid

obj_ofs_rename();
intnobj; OFS_OBJ_DESCdesc;

staticint intarg;

if
(ntoks
<1){

} /*

/* *

Invokethebrowser
*/ (void)

obj_ofs_browse((OFS_OBJECT)NULL-999, "Type'n'to
renamethedesiredobject','n');

}
else
{

nobj=obj_count(sm_get_currproj(),tokens(0),1,-1);
if
(nobj:1){

disp_error("Toomanyobjectsbythatname"); return0;

}

(void)obj_list(sm_get_currproj(),tokens(0,-1,-1,&desc,1);
if
(ntoks
>1)

obj_ofs_rename(sm_get_currproj(),&desc,tokens
(1]);

else

obj_ofs_rename(sm_get_currproj(),&desc,NULL);
return0;

*

proj_select:
*/

select
anewdefaultproject /*ARGSUSED

ºf
staticint

proj_select(cmdarg,ntoks,tokens) COMMANOmd;
int int char

{

arg; ntoks; *tokens]; OFS_OBJECT
obj; externint

obj_ofs_browse(); OFS_OBJ_DESCdesc; intnobj; if
(ntoks
<1){

/* *

Invokethebrowser (void)
obj_ofs_browse((OFS_OBJECT)NULL-999, "Type'+'toselectthedesiredproject","+");

}
else
{

nobj=obj_count(sm_get_currproj(),tokens(O).<1,OBJ_T_PROJECT);
if
(nobj:1){

§



twb/commands.
C /* *

editop

disp_error("Toomanyprojectsbythatname"); return0;

}

(void)obj_list(sm_get_currproj(),tokens■ O],-1,-1,&desc,1);
obj=
obj_open_by_ident(sm_get_currproj(),desc.ident); Sm_setcurr

proj(proj_open(obj)); disp_header();
return0; tion: Allowtheusertoeditanoptionsheet

/*
ARGSUSED
"A

designprotocol(cmd,arg,ntoks,tokens) COMMANOmd;
}

*/ staticint int int char
{

registerSMTOOLDESarg; ntoks; *tokens];

"protocols,"instruments;
char“tool_name,"toolbrowse(); inteditoptions(); protocols

=
sm_listprotocol((OFS_OBJECT)NULL); instruments

=

sm_list_instrument((OFS_OBJECT)
NULL);

if
(ntoks==0){

if(arg==
OBJ_T_PROTOCOL)
{

tool_name
=

tool_browse("Protocols", "Selectthedesiredprotocol",protocols,1);
if
(tool_name
==NULL)

return;
if(edit
options(cmd,tool_name,protocols))

return;

}
else
{

tool_name
=

tool_browse("Instruments", "Selectthedesiredinstrument",instruments,1)
if
(tool_name
==NULL)

return;
if(edit
options(cmd,tool_name,instruments)) return;

}
else
{

tool_name
=
tokens(0); if(arg==

OBJ_T_PROTOCOL)
{

if(edit
options(cmd,tool_name,protocols))

return;
if(edit

options(cmd,tool_name,instruments)) return;

}
else
{

if(edit

options(cmd,tool_name,instruments)) return;
if(edit
options(cmd,tool_name,protocols))

return;

}

disp_error("Nosuchtool:%s",tool_name);
return;

}

staticint edit
options(cmd,name,tlist) COMMANOmd; char*name; SMTOOLDES“tist;

{

registerSM_TOOLDES
*to: externvoiddieditoption(); for(to-tist;td-NULL;td=

to->next)
{

if

(stromp(to->Name,name)
=0)

continue; disp_message(0,"Editting%s...",td->Name);
diedit
option(cmd->cmd_parg,td);

returnTRUE;
returnFALSE;
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twb/disp.c
*/ /*

VARARGS1
*/ void

disp_error(format,va_alist) char*format; #ifdefSTDC_ va_listva_alist; #else va_dcl #endif
{

va_listargs; void"lastwindow
=

io_curwindow; charbuf[BUFSIZ].
#ifdefSTDC_

va_start(args,va_alist);
#endi■

buf[0]
=
\007; (void)

vsprintf(&buf[1],format,args); va_end{args);
if
(Error==NULL)
{

fputs(buf,stolerr); fprintf(stderr,"n");
}
else
{

(void)io_scroll(Error);
/*Doarefresh
to
somethingalwayshappens
ºf

(void)io_display(Error); (void)
io_set_flags(Error,BR_INVERSE);

(void)io_put_text(Error,1,-1,buf); (void)
io_clear_flags(Error,BR_INVERSE);

(void)io_display(Error); (void)
io_display(lastwindow); Error_disp

=
TRUE;

/*

"disp_message:
-

display
a
messageonthescreen

*/#else

va_start(args); return;
} /*

VARARGS1
*/ void

disp_message(rstcursor,va_alist)
int

rst_cursor, #ifdefSTDC_ va_listva_alist; #else va_dc #endlf
{

void“lastwindow
=

io_curwindow; va_listargs, char“format; charbuf[BUFSIZ]:
#ifdefSTDC_

va_start(args,va_alist);
#else

va_start(args);
#endlf

format
=

va_arg(args,char"); (void)
vsprintf(bufformat,args); va_end(args);

if
(Error==NULL)
{

fputs(buf,stdout); ■ printf(stdout,"n");
}
else
{

(void)io_scroll(Error);
/*Doarefreshto
somethingalwayshappens
ºf

(void)io_display(Error); (void)io_put_text(Error,1,-1,buf); (void)io_display(Error);
if(rstcursor)

(void)
io_display(lastwindow);

Error_disp
=
TRUE;

}

return;
} /* *

disp_errelear:
-
Clearthe
errr'messagearea */ void disp_errolear() void"lastwindow

=

io_curwindow,
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#ifndeflint staticchar*RCSid="Sld:help.c.v.2.090/01/0222:38:50scooterExp$"; #endiflint int help
browse(com_table,
title,prompt) COMMAN■ ibm_table[]; browser

=br
create(Display,BR_FORM,title,prompt);

/* *
Now,puttogetherthebrowserlist */ while

(com_table[i].cmd_name
=
NULL)
{

if(br

pair(browser,mmwb_cpystring(com_table[■ ].cmd_name), BR_LABEL,mmwb_cpystring(com_table[■ ].cmd_desc),
0,BR_LJUST,strlen(com_table[■ ].cmd_desc),(char

*)NU

(void*)&com_table[i],FVNULLFNULL))
{

disp_error("brpairfailed!"); return-1;

twb/help.c
/* *

help.c-helproutines
*/ #include"twb.h." #include"browse.h" #include"cmdtab.h" #include"disp.h"

/* *
Helpbrowser

*/ char*title; char“prompt;
{

BROWSEBrowser;
int
i=0;

COMMAND*cmd; charlasttok;
i4+;

} /* *
OK,nowformat
it

-

*/ if(br
format(browser))
{

disp_error("Unable
toformathelpbrowser"); exit(1).

} if(br
display(browser,1,0))
{

disp_error("Unable
to
displayhelpbrowser"); exit(1);

} /* *
Nowlettheuserselect
a
commandforfurtherinformation

*/ while

((cmd=(COMMAND")br_activate(browser,&lasttok))
=
NULL)
{

if

(cmd->cmd_next
=
NULL)
{

if(help
browse(cmd->cmd_next,title,prompt))
{

br_free(browser); return1;

}
else

(void)br
display(browser,
1,0);

}
elseif

(cmd->cmd_help
=
NULL)

disp_message(TRUE,"Longhelpnot
implementedyet");

else

disp_error("Nofurtherinformationavailable");
br_free(browser);

if
(lasttok==
BR_ESCAPE) return

1:

return0;

§



twb/input.c #ifndeflint staticcharRCSid]
="$ld:input.c,v2.290/04/1618:26:43scooterExp$";

#endiflint
/* *

input.c:
-
inputhandling

*/ #include"twb.h." #include"browse.h" #include"cmdtab.h." #include"disp.h" #include<errno.h> void commandinput(stream,init) FILE*stream; intinit;
{

char*result; char*toks[MAXTOKS]; charbuffer[BUFSIZ];
intntoks; extern

COMMANOmd_get_tab(); while(1)
{

if(init)
{

result
=

fgets(buffer,BUFSIZ,stream);
}
else
{

(void)io_scroll(Command);
/*Scrollthewindow
*/ result

=brprompt
input(Command,">",0,-1,-1);

}

disp_errolear();
if
(result
=
NULL&&“resultl-\n")
{

ntoks
=

tokenize(result,toks,MAXTOKS);
if

(cmd_process(ntoks,toks,cmd_get_tab())
<0)

return;

staticint

cmd_process(ntoks,tokens,table) -
*-

**t•-º

"…
-
º2-º,->--ºr-º

intntoks; char*tokens]; COMMANDable[];
{

COMMANDommand,"cmd_find(); command
=cmdfind(tokens(O],table);

if
(command
==NULL)
{

disp_error("Illegalcommand:%s",tokens(O)); return0;

} if
(ntoks-1
<

command->cmd_args)
{

disp_error("Commandrequires9%darguments",
command->cmd_args);

return0;

} if

(command->cmd_next
=
NULL)

if
(ntoks
>1)

return cmd
process(ntoks-1,&tokens(1],command->cmd_next);

else

return

cmd_menu(command->cmd_next,command->cmd_name);
else

return("command->cmd_func)
(command,command->cmd_parg,ntoks-1,&tokens(1]);

}

staticInt

cmd_menu(cmd_table,command) COMMANDndtable[]; char
{

*command; BROWSEBrowser;
int
i=
0,result; COMMAND*Cºmd; charlasttok; charbuffer[BUFSIZ]: char

"title,"prompt,"tokens
(2]; (void)sprintf(buffer,”%sCommandSubcommands",command); title=

mmwb_cpystring(buffer);
(void)sprintf(buffer,"Select
thedesired9%s

subcommand",command); prompt
=

mmwb_cpystring(buffer);
.

§
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max=

fileno(sm_file)+1;
}
else

max=

fileno■ stream)+1;
if

(select(max,&mask,(fd_set")NULL,(■ oset")NULL,
(structtimeval")NULL)
<0){ if

(errno==EINTR)
continue; perror("select"); (void)exit(1);

/* *

Checkforinputfromthesessionmanager
*/ if

((sm_file
=
NULL)&&

FD_ISSET(fileno(sm_file),&mask))
{

if

(sm_dispatch()
<0){

disp_error("sm_dispatch
failed:%s",

sm_error());
(void)exit(1);

if

(feof■ sm_file)) returnNULL;

} /* *
Checkforinputfromtheuser */ If

(FD_ISSET(fileno■ stream),&mask))
{

if
(stream==stoin)

c=
getchar();

else

c=

fgetc.(stream);
if
((result
=

callback(window,C,token))
=
NULL)

returnresult;

§



twb/object.c #ifndeflint staticcharRCSid■ ]
="$ld:object.c.v.2.290/04/1618:27:05scooterExp$"; #endiflint

/* *

object.c:
-

objectsupportroutines
*/ #include"twb.h." #include"browse.h" #include"disp.h." staticvoidobj_info(),obihelp(); void

obj_ofs_copy(),obi
of

s_rename(),obj_ofs_delete();
staticchar

"obj_ofs_getprop(); staticOFS_OBJ_TYPEobj_gettype(); staticOFS_OBJ_CLASSobj_getclass();
/* *

obj_browse:
-

objectbrowser
*/

OFS_OBJ_DESC
*

obj_browse(title,prompt,objlist,select) char"title,"prompt; OFS_OBJ_DESCobjlist■ ]; intselect;
{

BROWSEBrowser; OFS_OBJ_DESC"result; int
i=0; charlasttok;

/* *
Now,puttogetherthebrowserlist */ browser

=br
create(Display,BR_COL,title,prompt); while(objlist■ ]..name

=
NULL)
{

if

(br_button(browser,mmwb_cpystring(objlist■ ]..name), -1,-1,–1,0,00id")&objlist■ ],FVNULLFNULL)) disp_error("brbuttonfailed!");
i++;

--ººº'º.ºrº

/* *

Initializethebrowser
*/

if(br
display(browser,1,0))

disp_error("unable
todisplaybrowser");

/* *
Nowlettheuserselecttheobject

*/ if
(select)

result
=

(OFS_OBJ_DESC
")

br_activate(browser,&lasttok);

else

result
=
NULL; br_free(browser); returnresult,

/* *

obj_ofs_browse:
-
Theinteractiveprojectbrowser.Thisroutineallowstheuserto -

interactivelybrowseupanddowntheprojecttree,includingproject
-

selection,andobjectinformation
*/ int

obj_ofs_browse(start,prev_ident,prompt,command) OFS_OBJECTstart; int
prev_ident; char"prompt; intcommand;

{

externchar"proj_name(); OFS_OBJECTcurproj.parent;
intnobj; char

buffer[BUFSIZ],lasttok; OFS_OBJECTproj_open_parent(),object; OFS_OBJ_DESC"desc,"rdesc; BROWSERbrowser; inti,istart;
/* *

Beginbyfindingthecurrentproject.Thiswillbethestarting "pointofourbrowsing.
*/ if(start

=
NULL)
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default:

continue;
sm_set_currproj(curproj); disp_header(); continue; 'd': if

(command
l-'d&&command
l-\0')

continue;
rdesc
=

(OFS_OBJ_DESC")br_private(browser); obj_ofs_delete(curproj,rdesc); break; 'n': if
(command
l-'n'&&command
l-\0')

continue;
rdesc
=

(OFS_OBJ_DESC")br_private(browser); obj_ofs_rename(curproj,rolesc); break; 'c': if
(command
l-'c'&&command
l-\0')

continue;
rolesc
=

(OFS_OBJ_DESC")br_private(browser); obj_ofs_copy(curproj,rolesc); break; disp_error(

"Browsecommands:
7
help,-info,+
select,
d
delete,
n
name,
c

copy");

continue; br_free(browser); free((char
*)desc); break;

}

} /* *

obj_ofsdelete
*/ void

obj_ofs_delete(project,
desc) OFS_OBJECTproject; OFS_OBJ_DESC"desc;

{

char char OFS_OBJECT externvoid

"response; prompt■ BUFSIZ]; obj; "Error;

(void)sprintf(prompt,"Are
yousureyouwanttodeleteobject9%s?",

desc->name);
if(
(response
=brpromptinput(Error,prompt,5,-1,-1))
==NULL)
{

disp_errolear(); return;
}

disp_errolear();
if

(strncasecmp■ "yes",response,strlen(response))
==0){

if
((obj=

obj_open_by_ident(project,desc->ident))
==NULL)
{

(void)
sprintf(prompt,"Unable
toopen9%s:%s",

desc->name,ofs_error()); disp_message(TRUE,prompt);
return;

} if

(desc->class
==

OBJ_CL_PROJECT)
{

OFS_OBJECTproj; proj=proiopen(obi).
if(proidelete(pro)
--0){

(void)sprintf(prompt, "Project9%shasbeendeleted", desc->name); disp_message(TRUE,prompt);
}

(void)proj_close(pro);
}
elseif(obidelete(obi)
>=0){

(void)
sprintf(prompt,"Object
ºshasbeendeleted",

desc->name); disp_message(TRUE,prompt);
}

(void)obj_close(obj);
return;

} /* *

obj_help:
paint
aformdescribingtheobject: Name: Class: Type: Owner: LastAccessed: º-

-

º

-

-

-

!/

;
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-
LastUpdated:

-

Properties:
*/ staticvoid

obj_help(project,desc) OFS_OBJECTproject; OFS_OBJ_DESC"desc;
{

BROWSERbrowser; OFS_OBJ_TYPEtypedesc; OFS_OBJ_CLASSclassdesc; OFS_OBJECTobject; object
=

obj_open_by_ident(project,desc->ident);
if

(obj_stat(object,&stat)
<0){

disp_error("Unable
togetstatuson9%s",desc->name); (void)obj_close(object);

OFS_STATstat, charbuffer[BUFSIZ);
intnprop,i, char“propbuf, char“proplist; externchar“ctime();

return;
} /* *

Now,puttogetherthebrowserlist */ (void)
sprintf(buffer,"Detailedinformation
forobject9%s",

desc->name);
browser
=br

create(Display,BR_FORM,mmwb_cpystring(buffer), (char*)NULL);

(void)
sprintf(buffer,"Name:\tºs",desc->name); (void)

br_label(browser,mmwb_cpystring(buffer),5,-1,-1,8R_LJUST,0);
classdesc
=

obj_getclass(desc); (void)
sprintf(buffer,"Class:\tºs",classdesc.name);

(void)br

label(browser,mmwb_cpystring(buffer),5,-1,–1,8R_LJUST,0);
typedesc
=

obj_gettype(desc), (void)
sprintf(buffer,"Type:\tºs",typedesc.name); (void)br

label(browser,mmwb_cpystring(buffer),5,-1,-1,BR_LJUST,0);
--º"-x-º,º!--º- -º

(void)
sprintf(buffer,"Owner:\tºs",stat.owner);

(void)br

label(browser,mmwb_cpystring(buffer),5,-1,-1,BR_LJUST,0);
(void)sprintf(buffer,"Lastaccessed:\tºs",

ctime(&(statatime)));

(void)br

label(browser,mmwb_cpystring(buffer),5,-1,-1,BR_LJUST,0);
(void)sprintf(buffer,"Lastmodified:\tºs",

ctime(&(stat.mtime)));

(void)br

label(browser,mmwb_cpystring(buffer),5,-1,-1,BR_LJUST,0);
/* *

O.K.nowcyclethroughtheproperties
*/ (void)br

label(browser,mmwb_cpystring(""),5,-1,-1,BR_LJUST,0);
(void)

sprintf(buffer,"Property
list"); (void)br

label(browser,mmwb_cpystring(buffer),0-1,-1,BR_LJUST,0);
nprop
=

prop_count(object); propbuf
=
(char

*)emalloc{nprop"OFSPROP_NAMELEN); proplist
=
(char*)emalloc{nprop"sizeof■ char
*)); for(i=0;i<

nprop;itt)

proplist■ ]
=
propbuf
+(i."OFS

PROP_NAMELEN);
nprop
=

prop_list(object.proplist,nprop);
for(i=0;
i.<nprop;it?)
{

(void)
sprintf(buffer,”%s:"...proplist■ ']);

if

(br_pair(browser,mmwb_cpystring(buffer),BR_LABEL, mmwb_cpystring(obj_ofs_getprop(object,prop■ ist■ '])), 0,BR_LJUST,strlen(obj_ofs_getprop(object,proplist■ '])), (char
*)NULL.VNULL,FVNULL,FNULL))
{

disp_error("unable
to
constructreply!"); return;

} /* *

Initializethebrowser
*/

if(br
display(browser,1,0)) disp_error("unable

todisplayreply");
/*******THIsNEEDSHELPII“/

if(br
nscreen(browser)
>1){



twblobject.c
char"ans;(void)sprintf(buffer,"*s'
isan*s(%s)", intscreen

=1;

object->name,typename,typedesc); for(;)
{

else

ans=
br_promptinput(Error,(void)sprintf(buffer,"9%s"
isa%s(%s)",

"Pressreturnfornextscreen,escapetoend",
object->name,typename,typedesc);

5,-1,-1);
if(ans==NULL)disp_message(TRUE,buffer);

break;
if
(++screen
>

br_nscreen(browser))return;
Screen
=1;}

(void)
br_display(browser,screen,0);

}/*

}
else
{*

obj_gettype: (void)brpromptinput(Error,"Pressreturnwhenready",5,-1,-1);
-

Returnthetypedescription
foranobject

}*/

disp_errolear();staticOFS_OBJ_TYPE

obj_gettype(desc)

free((char*)proplist);OFS_OBJ_DESC"desc; free(propbuf);
{

br_free(browser);
int

type,ntype,i, (void)obj_close(object);OFS_OBJ_TYPE*typelist;

&return;OFS_OBJ_TYPEresult; ~l}

OFS_OBJECTsysproj=sm_get_sys_proj(); /*type=

desc->type;
*

obj_info:
-

describetheobjectonthemessageline:ntype
=of

s_type_count(sysproj);
-
"9%sisa%softype3%s" */

typelist
=

(OFS_OBJ_TYPE*)emalloc(sizeof(OFS_OBJ_TYPE)”(ntype
42)); staticvoidntype

=of

s_type_list(sysprojtypelist,ntype-1);
obiinfo(object) OFS_OBJ_DESC“object;result.name

=
NULL;

{
for(i=0;i<
ntype;it?)
{

OFS_OBJ_TYPEtypelist;
if

(typelist■ ]..type
==type)
{

char“typename
=

"unknown";result
=
typelist■ ]; char“typedesc

=
NULL;break; charbuffer[180];

}

}

typelist
=

obj_gettype(object);free((char*)typelist);

returnresult;

if

(typelist.name
=
NULL)
{}

typename
=

typelist.name; typedesc
=

typelist.description;
/*

}*
obigetclass:

-

Returntheclassdescription
foranobject

if
("typename
=='a'||

“typename
=='i'||

“typename
=='o'||*/

"typename
=='e'||

“typename
=='u')staticOFS_OBJ_CLASS

*tº--**ººt
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obl
getclass(desc) OFS_OBJ_DESC"desc;

{

int
class,nclass,i; OFS_OBJ_CLASS"classist; OFS_OBJ_CLASSresult; OFS_OBJECT

sysproj=sm_get_sys_proj();
class
=

desc->class; nclass
=ofs

class_count(sysproj);

ph=
prop_open(object,propname);

if(ph==NULL)
returnNULL;

stype
=

prop_stype(ph); switch(stype.base_type)
{

caseDM_S_INT1: if

(stype.kºngth
>1){-

(void)sprintf(buffer, "arrayof9%d1
byteintegers",

classlist
=

(OFS_OBJ_CLASS")emaloc■ sizeof(OFS_OBJ_CLASS)”(nclassstype.length); nclass
=of

s_class_list(sysproj,classlist,nclass+1); result.name
=
NULL; for(i=0;itnclass;it?)

{

if

(classlist■ ].class
==class)
{

}

result
=
classlist■ ]; break;

free((char*)olasslist); returnresult;

} /* *

obj_ofsgetprop:
Return
a
characterpropertyvalue obj_ofs_getprop(object.propname) OFS_OBJECTobject; char“propname;

{

OFS_PROP
ph; intintval; shortshortval; unsignedcharbyteval; floatfloatval; doubledblval; charcharval; DM_TABLEthval; DM_STYPE

}
else
{

if

(prop_read(ph,(void*)&byteval)
<0)

returnNULL;
(void)

sprintf(buffer,”6d",byteval);
break;

caseDM_S_INT2: if

(stype.kength
>1){

(void)sprintf(buffer,"array
of¥dshorts",

stype.length);
if

(prop_read(ph,(void*)&shortval)
<0)

returnNULL;
(void)sprintf(buffer,"60",shortval);

}
else
{ }

break;
caseDM_S_INT4: if

(stype.kongth
>1){

(void)sprintf(buffer,"array
of9%dintegers",

stype.length);
}
else
{

If

(prop_read(ph,(void")&intval)
<0)

returnNULL;
(void)

sprintf(buffer,”6d",intwal);

*/ staticchar
*

staticchar

stype;
buffer[DM_MAX_STRING):

break;

#ifdefsomeday

caseDM_S_INT8:
#endlf

caseDM_S_FLOAT4: if

(stype.kºngth
>1){

(void)sprintf(buffer,"array
of9%dfloats",

stype.length);
}
else
{
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twb/Session.c #ifndeflint staticcharRCSid■ ]
="$ld:session.c.v.2.190/02/1610:48:35scooterExp$";

#endiflint
/* *

session.c:
-

sessionmanagerinterfacefortwb */ #include"twb.h." #include"browse.h" #include"disp.h" staticSM_SESSION*session_select();
/* *

sessioninit
-

initializethesession
*/ int sessioninit(host,session_name,new_session) char

"host,"session_name;
int
new_session;

{

registerSM_SESSION"sess;
if

(new_session)
{

if
(log_flag)

syskog(LOG_INFO,"callingsm_attach_session");
if

(sm_attach_session((SMSESSION“)NULL,host)==NULL)
{

disp_error("Unable
tocreatenewsession:%s",

Sm_er

exit(1);
if
(log_flag)

syslog(LOG_INFO,"sm_attach_session
returns");

returnFALSE;
} if

(session_name
==NULL)
{

sess=

session_select();
if
(sess==

(SM_SESSION")(-1)) returnFALSE;

}
else
{

sess=

sm_list_sessions();

while(sessl-NULL)
{

if

(stromp(sess->ses_name,session_name)
==0)

break;
sess=
sess->sesnext;

} if(sess==NULL)
{

disp_error("Unable
to
connect
to
session:%s",

session_name);
returnFALSE;

} if

(sm_attach_session(sess,
host)==NULL)
{

disp_error("Unable
toattachto9%s:%s",

session_name,sm_error());
returnFALSE;

}

returnTRUE;
} /* *

session_close:
e

closethesession
*/ void

session_close(session_name)
char"session_name; if

(sm_dettach_session(session_name)) disp_error("Unable
to
dettachfromsession:%s",sm_error());

return;
} /* *

sessiondisp_status:
-

Displaythestatusofthesession
*/ void sessiondisp_status()

SM_SESSION_STATUS"slist,"sp; BROWSERbrowser; charbuffer[80]; inty;

#defineDISP_NAME
5

§



twb/session.C #define #define #define #define
DISP_IDDISP_NAME+15 DISP_STATEDISP_ID+5 DISP_TYPEDISP_STATE+7 DISP_PROJECTDISP_TYPE410

if((slist=

sm_session_status())
==NULL)
{

disp_error("Nosessionmanager!"); return;
}

browser
=

br_create(Display,BR_FORM,

mmwb_cpystring("SessionStatus"),(char")NULL);
y=3; (void)

br_label(browser,mmwb_cpystring("Name"), DISP_NAME,y,0,BR_CENTERED,0);
(void)

br_label(browser,mmwb_cpystring("ID"), DISP_ID,y,0,8RCENTERED,0);
(void)br

label(browser,mmwb_cpystring("State"), DISP_STATE,y,0,8RCENTERED,0);
(void)br

label(browser,mmwb_cpystring("Type"), DISP_TYPE43,y,0,8RCENTERED,0);
(void)br

label(browser,mmwb_cpystring("Project"), DISP_PROJECT+5,y,0,8RCENTERED,0);
y++, while(slist–

NULL)
{

sp=
slist->ss_next; (void)br

label(browser,mmwb_cpystring(slist->ss_name), DISP_NAME,4+y,0,8R_LJUST,0);
(void)

sprintf(buffer,"9%3d",slist->ss_tool);
(void)br

label(browser,mmwb_cpystring(buffer),DISP_ID, y,0,8R_RJUST,0);
(void)

sprintf(buffer,"9%5d",slist->ss_state);
(void)br

label(browser,mmwb_cpystring(buffer),DISP_STATE, y,0,8R_RJUST,0); switch(slist->ss_type)
{

caseO:

(void)stropy(buffer,"UIM"); break;
Case1:

(void)
stropy(buffer,"Protocol"); break;

case2:

(void)
stropy(buffer,"Instrument");

break;

} /*

default:
(void)

sprintf(buffer,"9%d",slist->ss_type);
}

(void)

br_label(browser,mmwb_cpystring(buffer),DISP_TYPE, y,0,8R_LJUST,0);
(void)br

label(browser,mmwb_cpystring(slist->ss_currp), DISP_PROJECT,y,0,8R_LJUST,0);
(void)free((char
*)slist); slist=sp;

} if(br
display(browser,1,0))

disp_error("Unable
to
displaybrowser■ "); br_free(browser); return;

*

sessionbrowse_status:
*/ int

returnthetoolnumberofa
selectedrunningtool

sessionbrowse_status(type)
int

{

type; SM
SESSION_STATUS BROWSEBrowser;

charbuffer[180]; char"title,"prompt; charlasttok;

"slist,"s;

if
((slist
=

sm_session_status())
==NULL)
{

disp_error("Nosessionmanager!"); return-1;

} s=slist; /* *
Now,puttogetherthebrowserlist */ if(type==

OBJ_T_PROTOCOL)
{

(void)stropy(buffer,"ActiveProtocols"); title=

mmwb_cpystring(buffer);
(void)stropy(buffer,"Select
thedesiredprotocol"); prompt

=

mmwb_cpystring(buffer);
}
else
{

(void)stropy(buffer,"ActiveInstruments");
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*
Now,puttogetherthebrowserlist */ browser

=br
create(Display,BR_FORM,

mmwb_cpystring("Current
ActiveSessions"),(char")NU (void)br_button(browser,mmwb_cpystring("New

session"),12,-1,-1,BR_LJUS
(void*)NULL,FVNULL,FNULL);

for(s=sess;
s=
NULL;
s=

s->ses_next)
{

(void)br

button(browser,mmwb_cpystring(s->ses_name),
12,-1,-1,

BR_LJUST,(void*)s,FVNULLFNULL);
}

*/ (void)
br_display(browser,<1,0);

/* *
Nowlettheuserselectthesession
} */

s=

(SM_SESSION“)br_activate(browser,&lasttok); br_free(browser);twb/Session.C /* *

Initializethebrowser return
S;

} /* *
toolbrowse:

*/ char
*

tool_browse(title,prompt,tool_list,select) char*title,"prompt; SM_TOOLDES“tool_list; int
{

select; BROWSERbrowser; SM_TOOLDES
*to: charlasttok; char*result;

/* *
Now,puttogetherthebrowserlist */ browser

=

br_create(Display,BR_COL,mmwb_cpystring(title), mmwb_cpystring(prompt));
for(to=tool_list;
tol-NULL;to-
to->next)
{

*º

a
*..

(void)

br_button(browser,mmwb_cpystring(td->Name),
1,

-1,-1,8R_LJUST,(void*)td->Name,FVNULL,FNULL);
} /* *

Initializethebrowser
*/ (void)br

display(browser,<1,0);
/* *

Nowlettheuserselectthesession
*/ if

(select)
result
=
(char
*)br_activate(browser,&lasttok);

else

result
=
NULL; br_free(browser); returnresult;

§



twb/set.c

};

#ifndeflint staticcharRCSid■ ]
="$ld:set.c.v.2.090/01/0222:38:32scooterExp$";

#endiflint
/*

*
localfunctions

/**/
"set.c:staticSET"set_find();

-

interface
to
set-abledefaults

-/* */*
set

init-initialize
thedefaults

*/

#include"twb.h."void #include<stdio.h>set_init()

{

/*int
i=0; *

Types
*/while(set

table[■ ]...set_name
=
NULL)
{

#defineSET_INT
1

switch(settable[■ ]...set_type)
{

#defineSET_FLOAT
2
CaseSET_INT: #defineSET_TEXT

3set
table[■ ]...set_value.set_int
=

#defineSET_BOOLEAN
4

atoi■ settable[■ ]...setdefault);

break;

/* *
ThesetstructureCaseSET_BOOLEAN:

*/if

(streasecmp■ settable[i].setdefault,"TRUE")
==0) typedefstructset_st

{

set_table[■ ]...set_value.set_int
=
TRUE;

char"set_name;
/*Valuename(e.g.dialog_rows)
*/else char"setabbrev;

/*
Abbreviation(e.g.dr)*/

set_table[■ ]...set_value.set_int
=
FALSE; intset_type;

/*Type(seeabove)
*/

break; char"setdefault;
/*Thedefaultvalue*/

unionsetunion
{
CaseSET_FLOAT: intset_int;(void)sscan■ (settable[i].setdefault,”%f", floatset_float;&set_table[■ ]...set_value.set_float);

char"settext;break;
}

set_value;
/*Theactualvalue*/

}
SET;caseSET_TEXT.

set_table[■ ]...set_value.set_text
=

/*

mmwb_cpystring(settable[■ ]...set_default);
*
Thesettablebreak;

*/} staticSETset_table[]
=i++;

{}

("dialoglines","di".SET_INT,"2"),return; ("commandlines","c",SET_INT,"2"),
}

("headerlines","hl",SET_INT,"1"), ("dialog
prompt","dp",SET_BOOLEAN,"FALSE"),
/*

{NULL]"set_get_int:

§



twb/Set.C
º
Getthevalueofanintegervariable

*/ int
set_get_int(var,err)

char“var; int*err;
{

SET“sp; *err=
TRUE;

if(var==NULL)
return-1;

if((sp=

set_find(var))
==NULL)

return-1;

if

(sp->set_type
=
SET_INT)

return-1;

*err=
FALSE; returnsp->set_value.set_int;

} /*

"set_get_bool:
-
Getthevalueofa
bookeanvariable

*/ int
set_get_bool(var,err)

char“var; int"err;
{

SET“sp; *err=
TRUE;

if(var==NULL)
return-1;

if(!(sp=

set_find(var))
==NULL)

return-1;

if

(sp->set_type
=

SET_BOOLEAN) return-1;

*err=
FALSE;

**-**-*º,º*X-º,

s

returnsp->set_value.set_int;
staticSET
*

set_find(var) char*war;

inti-0; while(set
table[■ ]...set_name
=
NULL)
{

if

(streasecmp(settable[■ ]...set_name,
var)==0)

-

return&set_table[i]; I++,

}

returnNULL;

§

†
:*



#ifndeflint staticcharRCSid]
="$ld:twb.c,v2.090/01/0222:38:36scooterExp$"; #endiflint

/* *
twb:

-a

curses-baseduserinterfacemanagerforMMWB
*/

externvoid
fs_init(),parse(),disp_close(),fs_close();

twb/twb.c #include<stdio.h> #include<pwd.h> #include<syskog.h> #include"twb.h" #include"dm.h" #include"sm.h" #defineUSAGE"[-n][-hsession-host][session-name]" #defineVTDEFAULTS"...twbro" #defineVERSMAJOR
O

#defineVERSMINOR
1 /* *

Globals
*/ int

verbose_flag
=0; intkgflag=0,

main(argc,argv) intargc, char"argv,
{

registerintC; int
new_session; char"host

=
NULL; char"session_name

=
NULL; FILE*init; char

progname[BUFSIZ]; externintoptind; externchar“optarg; externvoid
UIDTYPEgetuid();

disp_init(),setinit(),command_input();
/* *

Processarguments
*/

t-*-*>**º

#ifdef #else #endi■
new_session
=
FALSE; (void)

sprintf(progname,”%sV%d.%d",argv[0],VERSMAJOR,VERSMINOR); while((c=
getopt(argc,argv,"wnlh:"))
=
EOF)

switch(c){
case"v":

verbose_flag++; break;
case'I':

log_flag++;
LOG_LOCAL4

openlog("mmwb-twb",LOG_PID,LOG_LOCAL4); openlog("mmwb-twb",LOG_PID); break;
case'n':

new_session
=
TRUE; break;

case'h':

host=
optarg; break;

}

if
(optind:#1==argc)

session_name
=

argv[optind++];
if
(optind
–
argc)
{

(void)■ printf(stderr,"Usage:%s9%swi',argv[0],USAGE); (void)exit(1);
fs_init();
/*
InitializetheOfs*/

set_init();
/*
Initializethevariables
to
default"/

If((init
=

fopen(VTDEFAULTS,"r"))
=
NULL)
{

if

(verbose_flag) (void)
■ printf(stdout,"Reading
initfrom9%s"m",

VTDEFAULTS);

commandinput(init,1);
/*Setanydefaults
*/

(void)■ close(init);
}
else
{

§



twb/twb.c
*

Checkfor~/twbro
/ charbuf[BUFSIZ); structpasswd"pwo;

if

((pwd=getpwuid(int)getuid()))==
NULL)
{

fprintf(stderr,
"Warning:can'tgetuserinformation,-/9%snotreadn", VTDEFAULTS);

}
else
{

(void)

sprintf(buf,"9%s/%s",pwd->pw_dir,VTDEFAULTS);
if((init
=

fopen(buf,"r"))
=
NULL)
{

if

(verbose_flag) (void)■ printf(stdout, "Readingdefaultsfrom9%s"m",buf); command_input(init,1);
/*
Setanydefau (void)folose(init);

}

}

}

disp_init(progname);
/*
Initializethedisplay
ºf

§

/*
Initializethesession
*/ if

(log_flag)
syslog(LOG_INFO,"initializingsession");

if
(sessioninit(host,session_name,new_session)) commandinput(stdin,0);

/*
Handleinput
“ disp_close(); fs_close();

---*-º&

***C.---º,º'º.º
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twb/twbdialog.c
d=

dialog_next(d);
} /* *

Initializethebrowser
*/ if(br

display(browser,1,0))
{

disp_error("Unable
todisplaybrowser!"); return;

} /* *
Gettheinputuntiltheuserisdone */ for(;)

{

answer
=bractivate(browser,&lasttok); switch(lasttok)

{
CaseBR_ESCAPE:

br_free(browser); sm_free_tooldes(to); return;
CaseBR_RETURN:

selected_dialog
=
(DIALOG)
br
private(browser);

if
(answer
–
NULL)
{

char*s; if((s=

strohr(answer,"n'))
=
NULL)

“s=\0”;

diput
data(selecteddialog,(char*)answer); continue;

}
else

break;

Case7.

selected_dialog
=

(DIALOG)br_private(browser);
di
help(selecteddialog); continue;

case'-':

selected_dialog
=
(DIALOG)br_private(browser);

di

bounds(selecteddialog): continue;
CaseBR_SELECT: continue;

}

break;
}

ans=br

prompt_input(Error, "Doyouwishtoupdatethisoptionsheet?",5,-1,-1);

if(ans–
NULL&&

strncasecmp■ "yes",ans,strlen(ans))
==0){

interr; if(type
==OBJ_T_PROTOCOL) err=

sm_write_protocol(sm_get_currproj(),td);
else

err=

sm_write_instrument(sm_get_currproj(),td);
if(err)

disp_error■
"unable
toupdate%sin
currentproject:%s", to->Name,smerror());

sm_free_tookies(to); br_free(browser); return;
/* *

Thisroutinebuildsallofthefieldsandbrowsersnecessary
*forfillingouta
dialogform */ staticvoid di

add_field(browser,dialog) BROWSEBrowser; DIALOGdialog;
{

char"data,"sellist;
intlength,err, data=di

get_data(dialog,&length); switch(dialog_type(dialog))
{

caseDI_IVAL: CaseDI_FVAL: CaseD_TEXT.
(void)br

pair(browser,mmwb_cpystring(dialog_prompt(dialog)), BR_TYPEIN,mmwb_cpystring(data),BR_INVERSE,
BR_LJUST,ength,(char*)NULL,(void*)dialog, FVNULL,FNULL);

break;
CaseD_SELECT: (void)br

pair(browser,mmwb_cpystring(dialog_prompt(dialog)), BR_SELLIST,mmwb_cpystring(data),BR_INVERSE,
BR_LJUST,ength,

§
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twb■ twbdialog.c
(void)sprintf(buffer,"9%-6s","Yes");

else

(void)
sprintf(buffer,"9%-6s","No");

break;
default:

"length
=0; returnNULL;

} if(err-0){

disp_error("Dialogconversionerror--96s",smerror()); returnNULL;

}

return
mmwb_cpystring(buffer);

diputdata(d.ciata) DIALOG
d:}

staticint char
{

"data; intintval; doublefloatval;
if(data==NULL
||d==NULL)

return1;

switch(dialog_type(d))
{

CaseDI_IVAL:
If(sscan■ (data,”%d",&intval)
=1)

return1;

return
dialog_set_int(d,DI_V_RESULT,intval);

CºnseDI_FVAL:
If(sscan■ (data,“ºlf",&floatval)
=1)

return1;

return
dialog_set_float(d,DI_V_RESULT,floatval);

caseD_TEXT. CaseDI_SELECT: return
dialog_set_text(d,Dl_V_RESULT.data);

CaseDI_BOOL:
if(strncasecmp■ oata,"true",4)
==0)

intwal
=1;

else
if(strncasecmp■ oiata,"false",5)
==0)

intval
=0;

else

} /* *dihelp:

return1;

returndialog_setbool(d,DI_V_RESULT,intval);
CaseDI_YESNO:

If(strncasecmp■ data,"yes",3)
==0)

intval
=1;

else
if(stmcasecmp■ oata,"no",2)
==0)

intval
=0;

else

return
1;

returndialog_setbool(d,DI_V_RESULT,intval);
default:

return
1;

}

displaythedialoghelpmessage
staticvoid di_help(d) DIALOG

d: {

char“help; interr; if(d==NULL)

} /* *di
bounds:

return;
help=

dialog_get_text(d,DI_V_HELP,&err);
if(err)

disp_error("Dialogconversionerror-90s",
smerror());

else

if(help&&
strlen(help)
>0)

disp_message(TRUE,
help);

else

disp_message(TRUE,
"Nohelpavailable");

return; displaythedialogboundsmessage
staticvoid

#



twb/twbdialog.c
di
bounds(d)
if(err) DIALOG

d,return;
{

interr=0,
upperint,lowerint;disp_message(TRUE,buffer);

doubleupperfloat,lowerfloat;return; charbuffer[180];
} if(d==NULL)

return;
switch(dialog_type(d))
{

CaseDI_IVAL:
upperint
=

dialog_get_int(d,DI_V_UBOUND,&err);
lowerint
=

dialog_get_int(d,DI_V_LBOUND,&err);
(void)sprintf(buffer, "anintegervaluebetween9%dand9%dis

expected", lowerint,upperint);
break;

CaseD_FVAL:
upperfloat
=

dialog_get_float(d,DI_V_UBOUND,&err);
lowerfloat
=

dialog_get_float(d,DI_V_LBOUND,&err);
(void)sprintf(buffer, "afloatingpointvaluebetween9%fand9%fis

expected", lowerfloat,upperfloat);
break;

caseD_TEXT.
upperint
=

dialog_get_int(d,DI_V_UBOUND,&err);
lowerint
=

dialog_get_int(d,DI_V_LBOUND,&err);
(void)sprintf(buffer, "atextstringbetween9%dand9%dcharacters

is
expected", lowerint,upperint);

break;
CaseD_SELECT: upperint

=

dialog_get_int(d,DI_V_UBOUND,&err);
lowerint
=

dialog_get_int(d,DI_V_LBOUND,&err);
(void)sprintf(buffer, "Fieldisa

selectionlistwhereupto9%ditemsmaybeselected",
upperint);

CaseDI_BOOL:
(void)sprintf(buffer,"aTRUEorFALSE
is
expected"); break;

caseDLYESNO: (void)sprintf(buffer,"aYESorNOis
expected"); break;

#
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libbrowse/browse_int.h
/*

*$ld:browse_inth,
v

1.190/01/0222:29:59scooterExp$ *

browse_inth
-

browserinternalinterface
º */ #include"browse.h" #include"iO.h"

/*
Browserflags
/

#defineBR_NOFORMAT
1/*Notformattedyet/ #defineBR_FORMAT

2/*
Formattingcomplete
/

/*
Structures
"/

typedefstructfield_st
{

intfi_type;
/*Fieldtype*/ intfi_format;

/*
Formatflags
/ intfi_display;

/*
Displayflags
/

char*fistring;/*Labelstring*/ char*fisellist;/*
(possible)selectionlist/ intfi_length;

/*Lengthoffield'■ intfiy;/*Startoffield"/ intfi_x: intfi
screen;
/*
Screen
#*/ intfi_flags;

/*flags
/ void*fiprivate;

/*
Privatedata"/ void*(*fi_func)();

/*
User-inputfunction
"/ void("fifree)();/*Callbackforfree*/ structfield_st

ºfnext;

}

FIELDINT, typedefstructbrowse_st
{

intbr_type;
/*
Browsertype*/ intbr_flags;

/*
Browserflags/ intbr_ncols;

/*#of
columns
"Z intbr_nrows;

/*#ofrows"Z intbr_curscr;
/*
Currentscreen
#*/ int

br_nscreen;
/*#ofscreens
"Z int

br_nfields;
/*#offields"/ intbr_nother;

/*#ofothersonthescreen
"/ void“brwindow;

/*
Window
ofthisbrowser
'/

FIELD_INT"brflist;/*Fieldlist"/
FIELD_INT“br_fields;
/*Inputfields"Z

FIELD_INT**br_others;
/*
non-inputfields"Z

FIELD_INT“brcursel;/*
CurrentSelection
*/

}

BROWSER_INT;
#



<■

sesuno>epnjou■ #„UN'O!.epnjou!■■
/.·

sues/Mouquoyeoepie■ u■Oy|sesuno
-

■ ºo■ sesuno.
$dxE.Jejooos60:0€2220/10/06
!’■

a’■ ºo■ sesumo:p■ º.
•/

■ “O|SºSunºff0SMOJQq]]
309



*$ld:io.h,v

1.190/01/0222:30:27scooterExp$

libbrowse/io.h
/*

*io.h
-1/Ointerfaceforbrowsers

*/ #include"browse.h" /*
Externals
"Z

externvoid*io_curwindow; /*
Input-Outputfunctions
ºf

externvoidio_init(); externvoidio_end(); externvoid*io_createwindow(); externvoid
*io_create_overlay(); externvoid

io_destroy_window(); externchario_get_button(); externchar*io_get_text(); externint
io_put_text(); externintiowinclear(); externIntio_scroll(); externInt

io_set_flags(); externint
io_clear_flags(); externint

io_get_dims(); /*

User-providedfunctions
*/

externchar"user_input■ );

/*Thecurrentwindow
*/ /*

Initialization
*/ /*

Termination
*/ /*Create

a
window
*/ /*

Createanoverlaywindow
% /*Delete

a
window
*/ /*Input

a
buttonpress*/ /*Textinputºf /*

Outputsometextºf /*Clearthiswindow
*/ /*Scroll

a
window
*/ /*Setdisplayflags
/ /*Cleardisplayflags
/ /*Getthewindowdimensions

ºf /*Userinputfunction
*/

§



llbbroWSe/browse,C #ifndeflint
}

staticchar*RCSid
="$ld:browse.c,
v

1.290/01/0816:29:51scooterExp$"; #endlflint/*

*brfree:

/*-Freea
browser.

*

browse.c:
*/ -A(sortof)generalbrowserinterfacevoid */

br_free(browser)

BROWSEBrowser;

#include<stdio.h>
{

#include"browse_int.h"BROWSER_INT*B
=

(BROWSER_INT*)browser;

FIELD_INT"F,"F2;

externchar
*malloc(),"stropy(),"strohr();

if(B==NULL)

/*
return; "brcreate:

-

create
a

BROWSERstructure
F=

B->br_flist;
*/

BROWSER
/*

br_create(window,type,title,prompt)
*
Freeallofthefields void"window;

*/ inttype;while(F=NULL)
{

char"title,"prompt;
F2=
F->fi_next;

{if

(F->fi_string
–
NULL)

char"br
cpystring();(void)free((char*)F->fi_string); BROWSER_INT

*B=

(BROWSER_INT*)malloc(sizeof■ bROWSER_INT)
if

(F->fi_sellist
=
NULL) B->br_type

=type;(void)free((char*)F->fi_sellist); B->br_window
=
window; B->br_flags

=

BR_NOFORMAT:
if
(F->fi_free
=
NULL) B->br_flist

=
NULL;(F->fi_free)((char*)P->fi_private); B->br_fields

=
NULL; B->br_others

=
NULL;(void)free((char*)F); B->br_cursel

=
NULL;
F=F2;

B->br_nscreen
=0;}

B->br_curscr
=1;

B->br_ncols
=0;(void)free((char*)B->br_fields); B->br_nrows

=0;(void)free((char*)B->br_others); B->br_nother
=0;(void)free((char*)B); B->br_nfields

=0,return;

}

if(title=
NULL)

br_title((BROWSER)B,0,br_cpystring(title));
/*

*brtitle:

if
(prompt
–
NULL)
-
Addatitletoa
browser.Thisroutineputsthetitleon

br_prompt((BROWSER)B,0,br_cpystring(prompt));
-thesecondline,centered.

*/

return(BROWSER)B;
int

É
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llbbroWSe/browse,C length-=len; x+=len;

}

returnbr_field
(browser,BR_TYPEIN,curval,(char*)NULL0,

display,length,x,y,screen,VNULL,FVNULL, FNULL.BR_S_FIELD);
} /*

"brtoggle:
-
Addatogglefieldtoa
browser(witha
possiblelabel) */ int

br_toggle(browser,label,curval,sellist,x,y,screen,display,length,

data,function,ufree)

BROWSEBrowser;
char

"label,"curval,"sellist;
int

x,y,screen,cisplay,length;
void"data; void*(*function)(); void(“ufree)();

{

if(label
=
NULL)
{

intlen=
strlen(label); br_field(browser,BR_LABEL,label,(char*)NULL,0,0isplay, len,x,y,screen,VNULL,FVNULL,FNULL,0);

length-=len; x+=len;

returnbr_field
(browser,BR_TOGGLE,Gurval,
sellist,0,

display,length,x,y,screen,data,function, ufree,BR_S_FIELD);
} /*

"brselect_list:
-
Addaselectionlistfieldtoa
browser(witha
possiblelabel) */ int

br_select_list(browser,label,curval,sellist,x,y,screen,display,length,

data,function,ufree)

BROWSEBrowser;
char

"label,“curval,"sellist;
int

x,y,screen,display,ength; void"data; void*(*function)(); void(“ufree)();

if
(label
=
NULL)
{

intlen=
strlen(label); br_field(browser,BR_LABEL,label,(char*)NULL,0,0isplay, len,x,y,screen,VNULLFVNULLFNULL.0);

length-=len; x+=len;

}

returnbr_field
(browser,BR_TOGGLE,Gurval,
sellist,0,

display,ength,x,y,screen,data,function, ufree,BR_S_FIELD);
/*

“brpair:
-
Adda
BUTTON-TYPEIN,BUTTON-LABEL,BUTTON-TOGGLE,
or
BUTTON-LISTpair.

-

Thesedifferfromothertypesbecausethedataelements
-
areassociated.

*/ int

br_pair(browser,button_label,t_type,t_label,t_display,t_format,t_length,
t_sellist,data,function,ufree) BROWSEBrowser;

int

t_type,t_display,t_format,t_length;
char“button_label,“tlabel,“t_sellist; void"data; void*(*function)(); void("ufree)();

{

intlength;
if

(button_label
==NULL)

length
=1;

else

length
=

strlen(button_label);
switch(t_type)
{

CaseBR_TYPEIN: if

(br_field(browser,BR_BUTTON,button_label,(char
*)NULL,

BR_LJUST,0,\ength,1,–1,-1, VNULL.brget_typein,FNULL,0))
return-1;

if

(br_field(browser,BR_TYPEIN,t_label,(char
*)NULL,

t_format,t_display,t_length,1,-2,-2,data, function,ufree,BR_STUFF_FIELD)) return-1;

:



|lbbrowse/browse.c break;
caseBR_LABEL: if(br

field(browser,BR_BUTTON,button_label,(char
*)NULL,

BR_LJUST,0,\ength,1,–1,-1,3ata,function,ufree,0))
return-1;

if(br

field(browser,BR_LABEL,t_label,(char*)NULL,t_format, t_display,t_length,1,-2,-2,VNULL,FVNULL,FNULL,0))
return-1;

break;
CaseBR_SELLIST: if(br

field(browser,BR_BUTTON,button_label,(char
*)NULL,

BR_LJUST,0,\ength,1,-1,-1, VNULL.brget_sellist,FNULL,0)) return-1;

if(br
field(browser,BR_SELLIST,t_label,(char*)t_sellist,

t_format,t_display,t_length,
1,-2,-2,

data,function,ufree,BR_STUFF_FIELD)) return-1;

break,
CaseBR_TOGGLE: if(br

field(browser,BR_BUTTON,button_label,(char
*)NULL,

BR_LJUST,0,ength,1,-1,-1, VNULL,br_get_toggle,FNULL,0))
return-1;

if(br
field(browser,BR_SELLIST,t_label,(char*)t_sellist,

t_format,t_display,t_length,1,-2,-2,data,function, ufree,BR_STUFF_FIELD)) return-1;

break;

} /* */

}

return0;

br_field:
Addafieldtoa

browser.Thisisthemostgeneralinterface, butnot
recommendedbecause
ofthecomplexity
brtitle,brprompt, brpair,andbrselectaremucheasiertouseandeventuallycall thisroutineanyway. br_field(browser,type,string,sellist,format,display, length,x,y,screen,private,function,ufree,flag)

BROWSEBrowser;
int

type,format,length,display,y,x,screen,flag;
char‘string; char*sellist; void“private; void*(*function)(); void(“ufree)();

{

FIELDINT“F,“f.
BROWSER_INT
*B=

(BROWSER_INT*)browser;
if
(browser==NULL)

return-1;

F=

(FIELD_INT*)malloc■ sizeof{FIELD_INT));
F->fitype=type; F->fi_string

=
string; F->fi_sellist

=
sellist; F->fi_format

=
format; F->fidisplay

=
display; F->filength

=
length; F->fi

y=y;
F->fi_x
=x;

F->fi_screen
=
screen; F->fi_private

=
private; F->fi_func=function; F->fi_free

=
ufree; F->fi_next

=

(FIELD_INT*)NULL; F->fi_flags
=flag; /*

*Add
itintothebrowserlist */

f=

B->br_flist;
if(f==(FIELDINT*)NULL)

B->br_fist
=F;

else
{

while(f->fi_next
=

(FIELD_INT*)NULL) f=f->fi_next;
f->fi_next
=F; if(flag==

BR_STUFF_FIELD) if

(f->fi_private
==NULL)
{

f->fi_private
=
(void*)F; f->fi_flags

|=

BR_STUFF_FIELD,

:

-~-



,

■ ^
^■ …}

:■ 6ue/'Á'x\u!:■ duoud.Je■ o:Mopu■ M,p■ OA(■ 6ue/'Á'x'\dujoud‘wopu■ w)■ ndu■■ duJoudTJq
„
Zeu■ o/.Indu■e■ ,uun■ aupuep■ eye

ejeewoo,

pue■ -vo■ s●:■ ndu■ Tjduo/dTiq.
•/{

!uunne■
!TTnN
=

IesunoTuq<-8
(T■ nN=■
Jeswouq)
JI

:Jºs^^ouq(.LNTHESMO88)
=8.

LNTHESMO■ 38}:JºsMo■ qHESMO88(Jes■ wouq),eseJTJqp■ oa/.
/es/Mouq
e

Jeseu●:Jºse/T/q,
•/:{

:6u■ nsT■ <-\eßue,uunnem

:elea■ dTux-leôle■ .INITQIBH)
=
\eßue,(OTEIHT.--An1STHg

º

sôe■ T■ <-486
■ e!)JI

:IesumoTaeq<-g.
=
196J■■

:TinNumeu_
(T■ nN==
■ esunoTuq<-G)
JI

:TInN
uun■ eu

(TTnN==Jes■ wouq).
JI-

:■ eßue)._LN■ TOTB|+
:Jeswouq(.LNTHESWOHg)
=8.

LNTHESWOH8}:J9SMO&ESMOH8(Jes■ wojq)6u■■ STJq
.
Neqo//

uoqoeqesqueunoe■oj(■ eqe!)6u■ u■ se■ ,
uun■ au«…:6uu■ sTiq.

•/{

:e■ ea■ JdF■ <-4e6J■■unye
u

:e

ea■ dTux-le■■ e■■ .INITQIBIA)
=
ye■■ e,(GTBI+T++n1STHg

º

sp■■ T■ <-■ efire])
!!

:|esumoTaeq<-8.
=
!eßue,

:TInN
uunneu

(T■ nN==
■ esunoTuq<-8)
J■

:TInN
uumem

(T■ nN==Jeswouq)
J■

:ye6/e■ ._LN■ TOT
BI+

:Jºs^^ouq(.LNTHESMOH8)
=8.

LNTHESWOH8}:J8SMO&ESMOH8(Jeswouq)e■ eA■ dTIQ
■ p■ oa//p■ eypeynis

eou
Ágoeu■ pu■■ u■ odAeuusj■ ·:ELION‘uo■ oe■ esjueunoe■ ,oùelepegeaude■ ,

uun■ au∞:e■ eaud■ j■ .
•/{

‘ueelosuTjq<-8uun■ em
:!-uunne■

(TTn’N==
Jes■ wouq)]]

:JºswoJq(.LNTHESMO88)
=8.

LNTHESMO■ 38}:J9SMO&ESWOH8(JesMo■ q)ueelosuTjq
■ u||/.

uesawouqs■■ ,u■
sueerosyorequunue■ ,
uun■ au…:u08/osu¡q.

•/

‘Ouunneu0'0SMOJQ|0SMOJQqll
315



(T■ nN==
6u\■ sweu)]]:((1+(6u■ ns)ue■■ s)(peußisun))oo■■ eu(.ue■ o)

=
6uu■ sweu

:TInN
uunneu

(T■ nN==6u\|\s)(JI:6u■■ sweu,aeqo
}

:6u■■ s.Je■ o(6u■ ns)ßu■■ sÁdo
Tuq

.
meu■ o//

·6uuus
ejoAdoo
e

exeu·:6uu■ s/doºTiq.
*/

:(■ nseu)6u■■ sÁdo
Tuquunneu

!,O\,=s.

(T■ nN=■

((u\'\nseu)uqons
=s))JI

:TInN
uumeu

(T■ nN==1/nseu).
JI

:TInNuunnºu
(Bdvos■ THg
=='uexo■ )
!!

!(uexo■ ººleswouq)e■ ea■ oe
Tuq(.ue■ o)=Insel

|(HwaToONTHg'0'lesworq)^eidspTiq|(1-ue|d-■ 6ue/'ESHBANIONTHg'o'■ '|'+ue■ d+x“TTnN(.ue■ o)“TTnN(.ue■ o)'uºswouq)u■ edÃ¡Tuq(p■ oa)
!(o'o'o'Á'x')dujoud‘ueswouq)\eqe■ Tuq
(p■ ow)

:!-xxeuu
=
q16ue/

(1-=
q16ue])
]]

!

1-Axeuu
=A

(1-==Á);)

:O=x-_(1--=x)\!
:(T■ nN(.ue■ o)“T■ nN(.ue■ o)'wBQ.−THg'wopu■ ºw)eleeuoTj.q
=
desºwoj■

!(Axeuu■ ?'xxeuu■ ?'w/opu■ ºw)suupTießTo!|(\duuoud)ue■■ s
=ue|d

(T■ nN=■
■ duoud)
JI

{:O
=

ue|dqu■:6u■ nsweu

uumem'()6uu■ sÁdo
Tuq.me■ o|(6u■■ s'6u■ nsweu)Ado■ s

(p■ oa):J9SMO&ESNWOH8
!uexo's.".Inseu.Je■ o:TInN

uunneu:Axeu'xxeuuqu■
0'0SMOJQI0SMOJQqll

316



libbrowse/Curseslo.c
/*

*$ld:cursesio.c.
v.

1.390/04/1619:20:07conradExp$ *

cursesio.c
-
cursesl/Ointerfaceforbrowsers

- */ #include"cursesio.h" #include<signal.h> #undefCTRL #defineCTRL(x)((x)&037)
/* *

Packagevariables
*/ void*io_curwindow

=
NULL; staticFILE*io_channel

=
NULL; staticintio_exit(); externchar*stropy(),"malloc();

/*
*ioinit:

º

Initializetheiosystem
*/

{

#ifndef_TERMIO_H_ inttstp();

#else
structtermiotiobu■ ;

#endif
io_channel
=
channel; initscr(); noecho■ );

void io
init(channel) FILE"channel;

cbreak(); #ifndef_TERMIO_H_ signal(SIGTSTP,tstp);
#else

If
(ioctl(O,TCGETA,&tiobu■ )>=0){

tiobu■ .c_iflag
|=
ICRNL; (void)ioctl(0,TCSETA,&tiobu■ );

**º>!--*.*_*

#endi■

signal(SIGINT,io_exit); return;
}; /*

*io_end:
-
cleanup. */ void io_end()

endwin();
} /* *

io_createwindow:
-

create
a
window

*/ void
"

io_create_window(x_start,y_start,x_end,y_end)
int

x_start,y_start,x_end,y_end;
{

WINDOW"win;
win=new

win(y_end-y_start,x_end-x_start,y_start,x_start);
return(void")win;

} /* *

io_create_overlay:
*
createanoverlaywindow

*/ void
"

io_create_overlay(window,x_start,y_start,x_end,y_end)
void"window; int

x_start,y_start,x_end,y_end,
{

WINDOW*W
=

(WINDOW")window,"win;
int
ys,xs,len,wid;

ys=

y_start+W->_begy;
xs=

x_start+W->_begx;
len=
y_end-y_start;

wid=

x_end-x_start;
win=

newin(len,wid,ys,xs); overwrite(win,W);

§
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llbbrowse/cursesio.c Case'k':

*lasttoken
=
BR_UP; returnlasttoken;

Cºnse'I':

*lasttoken
=

BR_RIGHT; returnlasttoken;
Case^033':

“lasttoken
=

BR_ESCAPE; returnlasttoken; “lasttoken
=

BR_SELECT; returnlasttoken;
Case^n':

“lasttoken
=

BR_RETURN; returnlasttoken;
CaseCTRL('L):

wrefresh(curscr); returnNULL;
default:

returnlasttoken;
} *io_parsetext:

io_parse_text(window,input,lasttoken) void“window; char"lasttoken;
{

staticcharbuffer[BUFSIZ]; staticintbufptr
=0; intx,y; x=

((WINDOW")window)->_curk;
y=

((WINDOW")window)->_cury; “lasttoken
=
input;

#ifdefTERMIO_H_
} /* */ static char

*
charinput; #else #endlf

if
(input==
erasechar())
{ if

(input==
ty.sg_erase)
{

buffer■ —bufptr
=\0'; wmove

((WINDOW")window,y,-x); waddoh((WINDOW")window,'
');

wmove((WINDOW")window,y,x); io_display(window);
#ifdefTERMIO_H_ #else #endi■

}
elseif
(input==killchar())
{ }

elseif
(input==
ty.sg_kill)
{

bufptr
=0;

“lasttoken
=

BR_CLEAR; return&buffer■ o);
}
elseif
(input==\n")
{

buffer■ bufptrºt)
=
input; buffer■ bufptr

=\0'; bufptr
=0;

“lasttoken
=

BR_RETURN; return&buffer■ o);
}
elseif(input==\033)
{

*lasttoken
=

BR_ESCAPE; return&buffer■ o);
}
elseif
(input==
CTRL('L'))
{

wrefresh(curscr);
}
else
{

waddoh((WINDOW")window,input); io_display(window); buffer■ bufptrºt)
=
input; buffer■ bufptrl=

\0';

}

returnNULL;

§



IIbbrowse/display.c #ifndeflint taticchar
*
irl-
-
-1:m
|

*RCSid=$lddisplay.cv1.290/01/0816:30:19scooterExp$";
In

/* *

display.c:
-

displayroutinesforlibbrowse
*/ #include<stdio.h> #include"browse_int.h" staticvoid"br

get_button();
/* *

br_display:
-

Routine
to
display
a
browser

*/ int

br_display(browser,screen,flags) BROWSEBrowser;
int
screen,flags;

{

staticint interr=0;

BROWSER_INT
"B=

(BROWSER_INT*)browser; FIELD_INT
*f;

br_disp_field();
if
(browser==NULL)

return-1;

if

((B->br_flags
&

BR_FORMAT)
==0)

if

(br_format(browser)
<0)

return-1;

if
(!(flags
&

BR_OVERLAY)) br_clear(browser);
if
(screen
>0)

B->br_curscr
=
screen;

elseif

(B->br_curscr
==0)

B->br_curscr-1;
for(f=B->br_flist;f
l-NULL;
f=

f->fi_next)
If(f->fiscreen==0

||f->fi_screen
==
B->br_curscr) if(br

disp_field(B->br_window,f,0)) err=-1;

io_display(B->br_window);
returnerr;

} /* *brclear:
-
cleara
browser'sarea */ void

br_clear(browser) BROWSEBrowser;
{

BROWSER_INT
*B=

(BROWSER_INT*)browser;
if
(browser==NULL)

return;
iowin

clear(B->br_window); return;
} /* *bractivate:

-

activatethebrowser
*/ void

-

br_activate(browser,lastchar) BROWSEBrowser;
char“lastchar;

{

BROWSER_INT
*B=

(BROWSER_INT*)browser;
intretflag; void*result; “lastchar

=-1; if
(browser==NULL)

returnNULL;

if

(B->br_nfields
==0)

returnNULL;
if

(B->br_cursel
==NULL)

B->br_cursel
=

B->br_fields;
for(;)
{

(void)

br_disp_field(B->br_window,"B->br_cursel,BR_INVERSE);

§



|Ibbrowse/display.c "-display(B->brwindow).caseBR_UP:

(void)

br_disp_field(B->br_window,"B->br_cursel,0);

switch(‘B->br_cursel)->fi_type)
{

B->br_cursel
--
B->br_ncols;

if

(B->br_cursel
&

B->br_fields)
{

caseBR_TYPEIN:while(B->br_cursel
--last_field)

returnbr

get_typein((BROWSER)Blastchar);B->br_cursel
+=
B->br_ncols;

B->br_cursel
--
B->br_ncols;

CaseBR_BUTTON:
}

result
=brget

button(B,\astchar,&retflag);
break;

if
(retflag)caseBR_DOWN:

returnresult;(void)

br_disp_field(B->br_window,"B->br_cursel,0);
break;B->br_cursel

+=
B->br_ncols;

if

(B->br_cursel
-
last_field)
{

CaseBR_TOGGLE:while(B->br_cursel
-=
B->br_fields) returnbrget

toggle((BROWSER)B,astchar);B->br_cursel
--
B->br_ncols;

B->br_cursel
+=
B->br_ncols;

CaseBR_SELLIST:
}

returnbrget

sellist((BROWSER)B,lastchar);
break;

caseBR_LEFT.

default:(void)br

disp_field(B->br_window,"B->br_cursel,0); continue;
if

(B->br_cursel
==
B->br_fields)

Cº
}

B->br_cursel
=
last_field; §else

if

(("B->br_cursel)->fi_screen
-

B->br_curscr)
{

B->br_cursel-; B->br_curscr-(“B->br_cursel)->fi_screen;
break;

br_display((BROWSER)B,0,0);
CaseBR_RIGHT:

}

(void)

br_disp_field(B->br_window,"B->br_cursel,0);
}if

(B->br_cursel
==last_field)

/*

NOTREACHED
"A

B->br_cursel
=

B->br_fields;
}

else

B->br_curseltt,

/*break; "brgetbutton:CaseBR_SELECT:
-
input
a
buttonandreturnthecorrecttoken
if

((“B->br_cursel)->fi_func
-
NULL)

*/
return staticvoid"

(*(*B->br_cursel)->fi_func)((BROWSER)Blastchar); br_get_button(B,astchar,retflag)
return

(“B->br_cursel)->fi_private; BROWSER_INT
"B;caseBR_RETURN: char“lastchar;CaseBR_ESCAPE.

int"retflag;default:
{

returnNULL;
chartoken;
}

FIELD_INT“lastfield=

B->br_fields+B->br_nfields-1;
"retflag
=0;

returnNULL;

*retflag
=-1;/*Return
"/}

"lastchar
=
token
=

io_get_button(B->br_window);
switch(token)
{/*

-º->º"U*_****|\º
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IIbbrowse/display.c
•brgettoggle:

-
Inputa
logglefield '■ void"

br_get_toggle(browser,lastchar) BROWSERbrowser; char"lastchar;
{

FIELD_INT"target; BROWSER_INT
*B=

(BROWSER_INT*)browser;
char

"label,"sellist,"list|3]; externchar"brcpystring();
intselval;

if
(browser==NULL)

returnNULL;
target
=

“B->br_cursel;
if

(!(target->fi_flags
&

BR_S_FIELD)) target
=

(FIELD_INT*)target->fi_private;
label=
target->fistring;

/* *
OK,firstweneedtogetthetwotogglevalues

*/ if

(target->fi_sellist
==NULL)

returnNULL;
sellist
=

br_cpystring(target->fisellist);
/*
Tokenize
it*/ (void)

tokenize(sellist,ist,2);
/*

*findoutwhichoneis
currentlyset,ifnoneis,then

*
setthefirstone */ if(label==NULL)

selval
=0;

elseif

(strncasecmp■ label,list(O),strlen(list(O)))
==0)

selval
=0;

else

selval
=1; target->fi_string

=
list(selval);

for(;)
{

br_disp_field(B->br_window,target,BR_INVERSE); br_display((BROWSER)B);
/*Gettheinputºf

“lastchar
=

io_get_button(B->br_window);
switch("lastchar)
{

CaseBR_UP. caseBR_DOWN: CaseBR_LEFT. caseBR_RIGHT: CaseBR_SELECT: if
(selval)

Selval
=0;

else

selval
=1;

target->fistring
=
list■ selval]: break;

CaseBR_RETURN:
target->fi_string
=br

cpystring(list(selval]); (void)free(label); (void)free(sellist);
if

(target->fi_func
=
NULL)

return("target->fifunc)((BROWSER)Blastchar);
else

return(void*)target->fistring;

CaseBR_ESCAPE. target->fistring
=
label; returnNULL;

}

} /*

NOTREACHED
"A

} /*
"brgetsellist:

-
Input
a
selectionlistfield.Thisis

actually
a

mini-browser
*-
whichoverlaysthecurrentbrowser.Wegetthecurrentx,y-

positionofthefield,andbuildanoverlaywindowcentered
-

aroundthatposition.
*/ void"

br_get_sellist(browser,lastchar) BROWSERbrowser; char"lastchar;
{ '^2.º--------º

º,º

§



IIbbrowse/display.c FIELD_INT"target;*SFRINT
BºsnowsERINT")browser.ehar

“label,"sellist,"list(80],"ans;
externchar"brcpystring();

int
length,selval,nvals,Xstart,ystarti; void*newwin; BROWSERnewbrowser;

if
(browser==NULL)

returnNULL;
target
=

“B->br_cursel;
if

(!(target->fi_flags
&

BR_S_FIELD)) target
=

(FIELD_INT*)target->fi_private;
label=

target->fi_string; length
=
target->filength;

/* *
OK,firstweneedtogettheselectionvalues

*/
if

(target->fi_sellist
==NULL)

returnNULL;
sellist
=br

cpystring(target->fi_sellist);
/*
Tokenize
it*/ nvals

=

tokenize(sellist,ist,80);
/* *

findoutwhichoneis
currentlyset,ifnoneis,then

*
setthefirstone */ Selval

=0; for(i=0;i<
nvals;
i
++)
{

if

(stroasecmp(label,list■ '])
==0){

Selval
=i,

break;

} /* *
Newcreate
anewwindowcenteredonthecurrentwindow

*/ xstart
=

target->fi_x;

ystart
=

target->fi_y-nvals/2;
if
(ystart
&2)ystart
=2; newwin=

io_create_overlay(B->br_window,xstart,ystart,ength,nvals); newbrowser
=br

create(neww.in,BR_FORM,(char")NULL,(char*)NULL);for(i=0;i<nvals;it?)
{

br_button(newbrowser,br_cpystring(list■ ']),0,-1,-10, (void*)&list■ ],FVNULLFNULL);
}

br_display(newbrowser,0,8R_OVERLAY);
ans=
(char
*)br_activate(newbrowser,lastchar);

(void)br
free(newbrowser); (void)

io_destroy_window(newin); io_display(B->br_window);
if(ans==NULL)

target->fi_string
=
label;

else
{

target->fi_string
=br
cpystring(ans); br_disp_field(B->br_window,target,0);

}

(void)free(label); (void)free(sellist);
if

(target->fi_func
=
NULL)

return
("target->fi_func)((BROWSER)B,\astchar);

else

return(void*)target->fi_string;
} /*

"brget_typein:
-
inputdataintoatypeinfield */ void

"

br_get_typein(browser,lastchar) BROWSEBrowser;
char“lastchar;

{

FIELD_INT"target; BROWSER_INT
*B=

(BROWSER_INT*)browser;
char*text; externchar"brcpystring();

if
(browser==NULL)

§



|Ibbrowse/display.c returnNULL; larget="B->br_cursel;
if

(target->fi_flags
&

BR_S_FIELD)
{

io_set_flags(B->brwindow,target->fi_display); br_clear_field(B->br_window,
target);

}
else
{

target
=

(FIELD_INT*)target->fiprivate;
io_set_flags(B->br_window,BR_INVERSEtarget->fi_display); br_clearfield(B->br_window,target);

}
text=

io_get_text(B->br_window,target->fi_x,target->fi_y,

target->fi_kength,lastchar); io_clear_flags(B->br_window,BR_INVERSE);
return

(void")br_cpystring(text); br_disp_field(window,field,disp_flags)
"window;

FIELD_INT*field;
}

staticint void
{

disp_flags;
int

start,end,x,y,1ength,err;
start=
field->fi_x; end=

start+field->fi_length;
y=
field->fi_y;

if

(field->fi_display
&

BR_NOINVERSE) disp_flags
=
disp_flags
&

-BR_INVERSE; io_set_flags(window,field->fidisplay|disp_flags); br_clear_field(window,
field); if

(field->fi_string
==NULL)
{

io_clear
flags(window,field->fi_display|disp_flags);

return0;

}

length
=

strlen(field->fi_string);
if
(length
>

field->fi_length) length
=

field->fi_length; switch(field->fi_format)
{

caseBR_CENTERED:

x=start+

(field->fi_length-length)/2;
break;

caseBR_LJUST: x=
start; break;

caseBR_RJUST: x=
end-length; break;

}
err=

io_put_text(window,x,y,field->fi_string); io_clear_flags(window,field->fidisplay|disp_flags); returnerr;

} /* *brclearfield:
-
clearafield */ void

br_clear_field(window,field)
void*window; FIELD_INT*field;

{

charbuffer[BUFSIZ]:
int
i=

field->fi_length; buffer■ ]
=\0'; while(i-)

buffer[i]
='';

(void)
io_put_text(window,field->fi_x,field->fi

y,buffer); return;

§



|Ibbrowse/format.c #ifndeflint staticcharRCSid=$ldformatc.v1.290/01/0816:30:20scooterExp$';#end■■ int /* *

format.c:
-

formatandlayoutroutinesforlibbrowse
*/ #include<stdio.h> #include"browse_int.h" staticvoidbr_layout(); externvoid“emalloc();

/*
“brformat:

-

Format
a
browser

*/ int
br_format(browser) BROWSEBrowser;

{

BROWSER_INT
*B=

(BROWSER_INT*)browser;
interr; if

(browser==NULL)
return-1;

switch(B->br_type)
{

CaseBR_FORM: err=
br_formlayout(B); break;

/*

CaseBR_LIST:
err=brlistlayout(B); break;

*/

CaseBR_COL:
err=
br_columnlayout(B); break;

} if(err)

return-1; B->br_flags
|=
BR_FORMAT: return0;

O.-sº>-*_º**

} /* *
Theactuallayoutroutines

*/ staticInt br_columnlayout■ B) BROWSER_INT
“B;

{

int
maxx,maxy,ncols
=
0,nfields
=
0,nother
=0; intmaxlen

=0; intcurcol=0,currow
=0;

FIELD_INT
*f,
*others,”fids; externchar

*malloc();

(void)
io_get_dims(B->br_window,&maxx,&maxy);

for(f=B->br_flist;fl=NULL;
f=
f->fi_next)
{

switch(f->fi_type)
{

case case Case case Case Case case

}

ncols
=

maxx/(maxlen+5); curcol
=0; currow

=2;

BR_TYPEIN: BR_SELLIST: BR_TOGGLE: return-1;/*Can'thavea
typeinl
ºf

BR_TITLE: BR_PROMPT: nother++, break; BR_BUTTON:
if

(f->fi_length
>
maxlen)

maxlen
=f->flength;

nfields**; break; BR_LABEL:
if
(f->fi_y==
-1)

nother++,
break;

/*#of
columns
inthelist'■

/*
Updatethebrowserstructure
*/

B->br_ncols
=
nools; B->br_nfields

=
nfields;

§



|Ibbrowse/format.c B->br_nother
=

nother,

others++;

B->br_nscreen
=1;

break;

} if
(f->fi_next
=
NULL)
{

/*if

(f->fi_next->fi_y==
-2)

"Allocatespacef->finext->fi
y=
f->fi_y;

*/if

(f->fi_next->fi_x
==-2) fids=

B->br_fields
=f->finext->fi_x
=
f->fi_x;

(FIELD_INT*)malloc{sizeof(FIELD_INT*)”(nfields*1));
if

(f->fi_next->fi_screen
==-2)

others
=

B->br_others
=

f->fi_next->fi_screen
=

f->fi_screen; caseBR_PROMPT: br_layout(f,0.5,maxy-2,BR_LJUST); “others
=f;

others--- break;
caseBR_BUTTON:

br_layout(f,1,curco"(maxlen+5),currow,BR_LJUST);
if
(++curcolx=ncols)
{

currow----, curcol
=0;

}
"fids=f;

fids++; break;
caseBR_LABEL: if

(f->fi_y==-1)
{

if
(curcol
=0){

currow-4;curcol
=0;

}

br_layout(f,1,0,0turrow-H,BR_LJUST);
}
else

br_layout.(f,1,0,0turrow,BR_LJUST);
"others
=f;

o--*_ºº
sº

>-*--
ººX-ºººrº-

(FIELD_INT*)malloc(sizeof(FIELD_INT*)”(nother+1));
}

}

/*return0; *
Nowlayitout
} */ for(f=B->br_flist;fl=NULL;

f=
f->fi_next)
{

staticInt

switch(f->fi_type)
{

br_formlayout(B)

BROWSER_INT
“B;

caseBR_TITLE:
{

br_layout(f,0,0,1,BR_CENTERED);
intmaxx,maxy,nfields
=
0,nother
=0,

currow----,intmaxlen
=
0,currow
=

2,0turscr-1; *others
=f;
FIELDINT*f,

*others,”flos; others++; break;(void)
io_get_dims(B->br_window,&maxx,&maxy);

for(f=B->br_flist;
f=
NULL;
f=
f->fi_next)
{

switch(f->fi_type)
{

caseBR_TYPEIN: CaseBR_SELLIST: caseBR_TOGGLE: if
(f->fi_flags
&

BR_S_FIELD)
{

if

(f->fi_length
>
maxlen)

maxlen
=

f->fi_length;
nfields**;

}
else

nother++,
break;

caseBR_TITLE: CaseBR_PROMPT: nother++, break;
caseBR_BUTTON: if

(f->fi_length
>
maxlen)

maxlen
=

f->fi_length;
nfields**; break;

CaseBR_LABEL:

§



*

IIbbrowse/format.c
nother++. break;

}

B->br_ncols
=1;

B->br_nfields
=
nfields; B->br_nother

=
nother;

/* *

Allocatespace */ fids=

B->br_fields
=

(FIELD_INT*)emalloc(sizeofFIELD_INT*)*(nfields*1)
others
=

B->br_others
=

(FIELD_INT*)emalloc(sizeof(FIELD_INT*)*(nother+1)
/* *

Nowlayitout */ for(f=B->br_flist;fl-NULL;
f=
f->fi_next)
{

switch(f->fi_type)
{

caseBR_TITLE:
br_layout(f,0,0,1,BR_CENTERED); Currow---, *others

=f;
others++; break;

caseBR_PROMPT:
br_layout(f,0,5,maxy-2,BR_LJUST); “others

=f;
others++; break;

caseBR_BUTTON:
br_layout(f,curscr,5,ourrow,BR_LJUST);

"fids=f;
fids++; break;

caseBR_TYPEIN: caseBR_TOGGLE: caseBR_SELLIST: If
(f->fi_flags
&

BR_IS_FIELD)
{

br_layout(f,curscr,0,2urrow,BR_LJUST);
"fids=f;

flos44; break;

--*

**sº*,º,**
.*rº-º

-->*-".**cº-***e

}

caseBR_LABEL:
br_layout(f,curscr,maxlen+7,currow,BR_LJUST);

“others
=f;

others++; break;
} if(f->fi

y==currow)
{

Currow-H4+;
if
(currow
>
maxy-2)
{

CurSCr----, currow
=2;

} if
(f->fi_next
=
NULL)
{

if(f->finext->fi_y==
-2)

f->fi_next->fi
y=
f->fi_y;

If

(f->fi_next->fi_x
==-2)

f->finext->fi_x
=
f->fi_x;

if

(f->fi_next->fi_screen
==-2)

f->fi_next->fi_screen
=

f->fi_screen;

}

}

B->br_nscreen
=
curscr; return0;

} /* *brlayout:
-
setthelocations
if
they'renotsetalready

*/ staticvoid
br_layout(field,screen,x,y,format) FIELD_INT"field; int

screen,x,y,format; If

(field->fi_screen
==-1)

field->fi_screen
=
screen;

if
(field->fi_x
==-1)

field->fi_x
=x;

If

(field->fi_y==
-1)

§
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fid/ftd.C #ifndeflint char‘RC■ id=§ld.■ idcy1.1390/04/2315:47:46conradExp$"; #endlflint
/* *

ForeignToolDriver */
#
include<ftd.h>

#
include<signal.h>

#
include<setjmp.h>

#
include<syslog.h>

#
include<sys/time.h>

#ifdefRLIMIT
#
include<sys/resource.h>

#
endi■

#
include<errno.h>

#
defineTIMEOUT
1 #

defineUSAGE
"" int

timeout_flag; char“progname
=
NULL; char“progpath

=
NULL; char"progargs

=
NULL; char"ftdrules

=
NULL; char"codir

=
NULL; intinteractive

=0; jmpbuftimer; main(argc,argv) char*argv,
{

externchar“optarg; externint
optind,opterr; externchar*strºchr(); int

i,readfo,writefo; SIGNALTYPEtimeout■ ); charbuffer[BUFSIZ]. char“cid,"result,C; staticintbufcnt; externinterrno; externchar“sys_errlist■ ];
#ifciefRLIMIT

structrimitrip;

-->-ºº-O*_º-
ºººº,-“…

-
º

cid=NULL; while((i=

getopt(argc,argv,"Crip:a:c:"))
=
EOF)
{

switch(i){

case'C':

cid=optarg; break;
case"r":

ftdrules
=
optarg; interactive++. break;

case'p':

progpath
=
optarg; interactive++, break,

case'a':

progargs
=
optarg; interactive++, break;

case'c':

codir=
optarg; break;

default:
(void)■ printf(stderr,USAGE); exit(2);

} if

(interactive
>0&&interactive<3)
{

(void)■ printf(stderr, "Mustspecifyrules,program,andargsºn");
exit(2);

} if

(interactive
==0){

LOG_LOCAL4
openlog("mmwb_ftd",LOG_PID,LOG_LOCAL4); openlog(“mmwb_ftd",LOG_PID);

§



eº,

{

-{

:(

Inseu)|xeTuus(p■ oa):(■ nseu'sºº
-
s||e,qoune■p■ .'HH=Tºon)6o|sÁs

}
es■ e
{

:(!)||xe
:(

Insºu",u\s%.'uuepus)■ u■ d■
(p■ on)

}

(e^■ oeme■ u)]]

}

(T■ nN=■

((pje■■ wº'pipeeuº's6ue6oud’eu’eu6oud‘uped6oud)
qoune■p■
=■ nseu)]]

{

JIpuº#

:(

eynq)\|xeTuus(p■ oa)

es■ e
{

'(■ )\|xe
:(

eynq'_u\s%.'uuepus)■ uyd■
(p■ on)

}

(e^■ oeue■ u)
JI

'([ou]e■■ s■■ ueTsÁs“_s%:pelle,■ u■■ ºs.'ue■ nq)■ uuds
(p■ oa)

}(O>(d■ º'v1wOTLIWITH)■ uu■■■ as)
J■/...xeu■■ .

1959./:xeuTuu■■ u'd■
=unoTuul■ uºd■

:

(dyº'w

lwOTLIWITH)■ uu■■■ 96
(p■ oa)//s■ uuliAuoueue■dnwoN.

•/

LIWITHJºp;##
{

:(■ nseu)|xeTuus(p■ oa):(■ nseu'sºº-s||e,se

nuesuedTp■ .'HHEFÐOT)6o|sÁs
}
es■ e
{

:(!)||xe
:(■ nseu'_u\s%„'uep■ s)■ u■ d■
(p■ oa)

-}

(e^■ oeme■ u)]]
}

(TinN=■((T■ nN
(,

gwLOWOTOEL-)ºse■ nip■ )se|nuesue■ Tp■
=
|Inseu))
JI//

ºsuedpueseqnip■uedo
•/

:■ jedßoud
=
eureu6oud

es■ e

!++eu/eu6oud

(O>
(LXELTIQºse|nup■ º
(„ploa)".se|nu.)uo■ doTisenbeuTuus)
J■

~■ ----→·'■ ----,■ -----|-
■

■ ~^■ →º.→©
■ ^_^

■ ·-<ae·■ _º,„O■
»

Cºe■ ----■70
(T■ nN=■
eureu6oud)
JI

:(/,'■ .ed6oud)uupuu]s
=
eureu6oud

!(ue■ nq)&pouTuus(p■ oa)

es■ e

:(

eynq'_u\s%„'uuepus)■ u■ uds
(p■ oa)

(e^■ oewe■ u■ )
J■

!(uppo'_s%.Kuo!oeup
og
eðue■ o
o■
e■ qeun.'Je■■ nq)■ u■ uds(p■ on)

}(O>
(uppo)ulp■ o
)j■

!,0\,|-S.
(TT'n
N=■

((u\,'Ippo)xepu■
=s))JI

'()xepul.'s.ue■ o

}

(TinN=■uppo)
J■{

TIO'Ippoº
(,
ploa)".
Kuo!oeupTôup■ ow.)uo■ doTisenbeuTuus
(p■ oa)

:(„e■ ue■ nu■ eß
u,ueo.)]]weTuus(p■ oa)

332

:(„squeuun6ue1961,ueo.)]]|yeTuus(p■ oa)

(O>
(LXELTIQºsôJe6oudº
(,
p■ ow)'.sôle)uo■ doT■ senbeuTuus)
J■{

!(ueynq)\|xeTuus(p■ oa)

:(()JoueTuus

"...sºº
–
eueuueu6oudmeð
,,ueo.'leynq)■ uuds(p■ oa)

(1XELTIC‘■ jed6ojdº(.p■ oa)
"...ueu6oud.)uo■ doTisenbeuTuus)
J■//

seqnuyºs6/e6oud‘■ ned6oud:suo■ doAuo■ epueue■ .Jes)
*/{

:(!)||xe(p■ oa)
:(()JoueTuus'.s%:pe|e}\|u|Tuus.'HBET■ OT)6o|sÁs

}
(TT'nN==
(pp)■ u||Tuus)
J■/,

uogoºuuooWS9■ .■ s||qe,sepueeye■ spueH./
9"p\}/p\!



■ td/ftd.c
/*}

Theprogram
isnowrunning,loopwaitingforinput andhandle

it

appropriately.Thereis
somewhatSIGNALTYPE

ofa
problem
inthegeneralcase.Someforeigntimeout() toolsmayprompttheuserwithout

a
trailingnewline.
{

Againstthiseventuality,
weneedtosetanalarm.timeout_flag
=1;

*/
longjmp(timer,1);

}

/*MakesureSIGALRM
isnotblocked
*/

#ifdefSIGBLOCK i-
sigsetmask(0); (void)sigsetmask(i

&

"sigmask(SIGALRM));
#else

(void)sigrelse(SIGALRM);
#endif

(void)
signal(SIGALRM,timeout);

bufcnt
=0; while(setjmp/timer)

==1||
read(readfa,
&c,1)==1){

(void)alarm(0);
if

(timeout_flag
==1||
(buffer■ bufcnttº1
=c)==\n")
{

buffer■ bufcnt]
=\0'; result=ftd

process(writefd,&buffer■ o));
if
(result
=
NULL)
{

(void)
ftd_term(readfd,writefa); if(interactive)

{

(void)
■ printf(stderr,"%s"n",result);

exit(1);
}
else
{

syslog(LOG_ERR, "ftd_proecessfails
-
%s",result); (void)sm_exit(result);

}

}

buffer■ o)
=\0'; bufcnt

=0;

}

timeout_flag
=0; if

(bufcnt
>0)

(void)alarm(TIMEOUT);
} if

(interactive)
{

(void)■ printf(stdout,"9%scomplete)n",progname); exit(0);
(void)sprintf(buffer,"9%scomplete",progname); (void)sm_exit(buffer);

C.C_ºsº,*}º
º,-*sºX-º,º
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IIbftd/ftd.h
/*

*$ld:■ tah,
v

1.789/11/0613:01:22gregoExp$
externchar*ftd_parserulesP_((char",FTD_CMDTAB"));

º

externchar*ftdprocessP_((int,char*));
*

IncludefilefortheForeignToolDriverlibraryexternchar“ftdlaunchP_((char",char",char",int",int”));
-

externchar*ftd_termP_((int,int));
*
$Log:fidh,v$ *

Revision1.789/11/0613:01:22grego/* *fixfidprocessprototype.
*

Intrinsicfunctions
-*/ *

Revision1.689/10/2615:11:17gregoexternchar“ftd_notifyP_((int,char*,Int,DIALOG));
*
oops.externchar*ftd
dialog_P_((int,char",int,DIALOG));

º

externchar*ftd
print_P_((int,char",int,DIALOG));

*

Revision1.589/10/2613:28:30gregoexternchar*ftdinputP_((int,char",int,DIALOG));
*
addprototypes.externchar“ftd_sink_P_((int,char*,Int,DIALOG));

*

Revision1.489/10/2515:18:18grego/* *
usemmwbmisc.h
*
Flagvalues

-*/ *

Revision1.389/06/2610:39:53Scooter
*

Workingwersion
-

interactive
+SM#defineFTD_QUIT
1/*Quitwhendone*/ -

#defineFTD_SEND
2/*Writetheresulttotheprogram
*/ *

Revision1.289/05/1515:41:25scooter#defineFTDOPTION
4/*Trytogetthedatafromtheoptionsheet
/

*Addedfid_term#defineFTD_COPY_PROM&T
/*Copythepromptfromthetool/ *

Revision1.189/05/1515:24:21Scooter#undef_P_
*
Initialrevision

-

#defineFTD_INCLUDE
*
#endifFTD_INCLUDE

*/ #ifndefFTD_INCLUDE #include #include #include #include #ifdefSTDC_ #defineP_(x) #else #defineP_(x) #endif typedefstruct
char char

}
FTDCMDTAB;

<stdio.h> <dialog.h> <mmwbmisc.h> <sm.h>
()

ftd_cmdtab_s
{

*Command; *(*function)();
*

§



libftd/ftd_Internal.h
/*char*postcond;
/*

Postconditions
*/

*$ld:fºdinternalh,
v

1.489/11/0613:01:10gregoExp$}FTDTAB;
*
libftdinternalinclude
/* º*

Sometunableconstants
*
$Log:ftdinternal.h,v$*/ *

Revision1.489/11/0613:01:10grego *addprototypes#defineMAXVARS
50/*
Maximumnumberof
variables
"/ º

#defineMAXRULES100/*
Maximumnumber
ofruleentries
"/ *

Revision1.389/10/2615:16:38grego
*
usefid_yy"insteadofyy"sootherprogramsthatusethislibraryexternint
parsing_error;

*
canuseyacc.externchar"ftdyyfilename;

*

externint
ftd_yylineno;

*

Revision1.289/06/2610:39:29Scooterexternchar*ftd_setcondP_((char*));
*

Workingversion
-

interactive
+SMexternInt
ftd_chkcondP_((char*));

*

Revision1.189/05/1515:24:45ScooterexternFTD_TAB"ftdtable_P_((void));
*
InitialrevisionexternFTD_TAB"ftd_nextP_((FTD_TAB"));

*

#undef_P_
*/

#defineFTD_I_INCLUDE

#ifndefFTD_I_INCLUDE#endifFTD_I_INCLUDE #include"ftd.h" #defineTRUE
1

#defineFALSE
O

#ifdefSTDC_ #defineP_(x)
x

#else #defineP_(x)()
#endi■

/* *

Parsedversionofarule */ typedefstructftd_s
{

char*name;
/*Nameoftherule*/ char“precond;

/*
Preconditions
*/ char“pattern;

/*
Pattern
tomatch
"/ intflags;/*Flags
/ char*action;

/*
Characterrepresentation
ofaction*/ char*(*function)();

/*
Function
tocall"/

DIALOGdialog;
/*Thedialogtopassto
function
"/

º--~.**-**—º*__*-:ººº,...)sºtººº,sº...º.º.
l
--f:.
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lib■ td/grammar.h typedefunion
{

int double FTDTAB struct
{

union
char

}

}

YYSTYPE; externYYSTYPE
■ tdyylval;

#
definePERIOD257 #

defineCOLON258 #
defineSEMICOLON259 #

defineCOMMA260 #
defineQUESTION261 #

defineIMPLIES262 #
defineEQUALS263 #

defineLEFTBRACE264 #
defineRIGHTBRACE
265 #

defineLEFTPAREN266 #
defineRIGHTPAREN
267 #

defineLEFTBRACKET
268

integer, real; "charval; ftival;
{

intinteger, doublereal; lower,upper; range;

#
defineRIGHTBRACKET
269 #

defineDOTDOT270 #
defineK_INTEGER271 #

defineK_REAL272 #
defineK_TEXT273 #

defineK_SELECT274 #
defineK_FROM275 #

defineK_MULTI276 #
defineK_BOOLEAN277 #

defineK_YESNO278 #
defineK_NOTIFIER279 #

defineK_LABEL280
#
defineK_PROMPT281 #

defineK_HELP282
#
defineK_SEMANTIC
283 #

defineK_FLAGS284 #
defineK_OPTIONS285 #

defineK_DEFAULT286
#
defineK_YES287 #

defineK_NO288 #
defineK_TRUE289

#
defineK_FALSE290 #

defineK_DIALOG291 #
defineK_OPTION292 #

defineK_SHEET293 #
defineF_QUIT294 #

defineF_OPTION295 #
defineF_SEND296 #

defineF_CPYPRMPT
297 #

defineIDENTIFIER298 #
defineQUOTED_TEXT
299 #

defineINTEGER300 #
defineREAL301 #

defineB_AND302 #
defineB_OR303 #

defineAND304 #
defineOR305 #

defineLT306
#
defineLE307 #

defineGT308 #
defineGE309 #

defineR_EQUAL310
#
defineNOT_EQUAL311

#
defineNOT312 #

defineADD313 #
defineSUBTRACT314 #

defineMULTIPLY315 #
defineDEVIDE316 #

defineUMINUS317

§
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condition);for(i=0;i<
lastvar,i4+)
{

return(condbuffer);
if

(stromp(name,vartable[■ ]..varname)==0){

}

returnvartable[■ ]..varval; next_cond
=p,}

}}

mmwb_stringfree(cond);
"err=-1;

return0;

returnNULL;
}

}

/*

/**
Evaluatean
expression

*
Setthevalueofa
variable
*/ */

#definePLUS"+"

staticvoid#defineMINUS
'-'

set_var(name,value)#defineTIMES
" char*name;#defineDIVIDE

'/' intvalue;#defineGT">" {

#defineLT'º'

inti;#defineLE''

#defineGE.."

for(i=0;i<
lastvar;
it4){
#defineNOT*~"

if

(stromp(name,vartable[■ ]..varname)==0){
#defineNOTEQUAL
'#'

vartable[i].varval=
value;#defineAND"&" return;#defineOR

}

#defineB_AND'$'

}

#defineB_OR'96"

#defineASSIGNMENT'
'

var
table■ lastvar).varname
=

mmwb_cpystring(name);#defineEQUAL'-' var
table■ lastvar-H).var
val=
value; return;

}

staticint

evalexpr(expr,val)

/*char“expr; *

Returnthevalueofa
variableEVEX“val; */{

char"p=*expr;

staticintchar*s,c, get
var(name,err)
interr; char*name;EVEXIhs,op,rhs; int*err;EVEXeval_op();

{

inti;/*Clearoutval"/ *err=0;val->op
=\0';

val->value
=0;

£



libftd/ftd_cond.c val->variable
=
NULL; while(isspace(“p)) p++;

switch(c="p++)
{ /*

Operators
ºf casePLUS: caseMINUS: caseDIVIDE: caseTIMES:

val->op
=c,

break;
case'>':

if((c="p++)=='>')
{

val->op
=GT; break;

}
elseif(c=='-')
{

val->op
=GE;

ºbreak; º NºreturnERROR;

case'c':

if("pitt==<!){

val->op
=LT; break;

}
elseif(c=='-')
{

val->op
=LE; break;

returnERROR;
case'I':

if("p=='-')
{

val->op
=

NOTEQUAL; p++, break;
returnERROR;

case'•':

val->op
=
NOT; break;

º
.

case'-'

if("p='-'){

val->op
=

ASSIGNMENT, break;

}
else
{

val->op
=
EQUAL; p++; break;

}

case'&’:

if("pl='&’)
{

val->op
=
B_AND; break;

}
else
{

val->op
=
AND; p++; break;

}

case'I'

If("pl-'I'){

val->op
=
B_OR; break;

}
else
{

val->op
=OR; p++; break;

}

/*
Expression
"/ case'(': {

intunary
=0; inttok; tok=

eval_expr(&p,&lhs);
/*GettheLHS"/ If(tok-

OPERATOR)
{

tok=

eval_expr(&p,&op);/*
Gettheoperator
ºf If(tok-

OPERATOR) returnERROR;

}
else
{

op=Ihs;/*Oops,Unaryoperator
ºf

unary++;
}

tok=

eval_expr(&p,&rhs);
/*GettheRHS"/

*-

—-
-a-oº

-
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lib■ tdlitd_cond.c
else
{

rhs.value
=

get_var(rhs.variable,&err);
if(err==-1)

returnERROR;

}

if
(unary
=0)

"val=

eval_op((EVEX")NULL,&op,&rhs);
else

*val=

eval_op(&lhs,&op,&rhs);
/*
Evaluate
*/

while(isspace(“p)) p++,

if("p=).)

returnERROR;
“expr
=++p; returnCONSTANT:

} /*
Constant
orVariable
*/

default:
i■■ isdic)

/*
Constant
*/

while(isdigit('s))
S++,

*s=\O'; (void)
sscan■ (p,"%d",&val->value);

"expr
=++s; returnCONSTANT:

}
else
{/*
Betterbeawar*/

while(lisspace(“s)) S++,

“s=\O';
val->variable
=p, “expr

=++s; returnVARIABLE;
}

}
“expr
=p, returnOPERATOR;

:a_ºº~. *.
_ºº:9. *

-**---º---,
sº*/º

If(tok-
CONSTANT) If(tok-

VARIABLE)
returnERROR;

} /* *
evalop */ staticEVEX eval_op(Ihs,op,rhs) EVEX*Ihs,"op,"rhs;

{

int
left,right,err; EVEXresult;

/*clearresult"/
result.value
=0; resultvariable

=
NULL; result.op

=\0'; right=

rhs->value;
/* *

Specialcaseassignments
*/ if

(op->op==
ASSIGNMENT)
{

/*
AssumeIhsisa
variable,rhsisa
constant
*/

set_var(Ihs->variable,rhs->value); result
="rhs; returnresult;

} /*
*Checkforunaryoperators

*/ if(!hs==
(EVEX*)NULL)
{

switch(op->op)
{

CaseNOT:

result.value
=
|right; break;

Case
---

resultvalue--right; break;
returnresult;

§



lib■ td/ftd_cond.c /* *Ifthelhsisa
variable,resolve
it */ if

(!hs->variable
l=NULL) else

left=get
var(Ihs->variable,&err);

left=

|hs->value;
switch(op->op)
{

Case

PLUS: result.value
=left+
right; break; MINUS: result.value

=left
-
right; break; TIMES: result.value

=left
“
right; break; DIVIDE: result.value

=left
/
right; break; EQUAL: result.value

=

(left-=right); break; GT: result.value
=

(left->right); break; LT: result.value
=

(left->right); break; NOTEOUAL: result.value
=

(left|=right); break; LE: result.value
=

(left-=right); break;

return
GE: result.value

=

(left»=right); break; AND: result.value
=

(left&&right); break; OR: result.value
=

(left|right); break; B_AND: result.value
=

(left&right); break; B_OR: result.value
=
(left|right); break; result;

§
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lib■ tdlitd_dialog.c #ifndeflint staticchar*RCSid
=
"$Header:Mocal/srcmmwb/src■ tdlib■ td/RCS/■ to
dialog. #endif

#
include<strings.h>

# # #
static /* -

include"ftd.h" include<sm.h> include<syslog.h> charbuf[BUFSIZ);
ftddialog:

Functioncalledtohandleinputfromforeigntool.Firstwe checkwhethertherequestmaybefilledinbyanoptionvalue.
Ifso,wegetthevalueandsend
ittothetool.Ifnot,we construct

a
dialogfromthegiventemplate,senditoff,and waitforareply.Whenwegetthereply,wesend

ittothe foreigntool.

*/ char
*

■ td_dialog(fo,prompt,flags,template) int■ o: char

"prompt;
intflags; DIALOGtemplate;

{ #. #endi■
inttype; char*name; interr; void"value; intvalue_i; floatvalue_f, char"value_s; DIALOGanswer;

/* *
Getthetypeofthereturnvalue */ type=

dialog_type(template);
folefDEBUG

syslog(LOG_DEBUG,"ftd
dialog:%s",prompt); DEBUG

/* *

Checkforoptionordialog */
º

*
>

If
(flags
&FTDOPTION)
{

name
=

dialog_name(template);
#ifolefDEBUG

syslog(LOG_DEBUG,"ftddialog:lookingforoptionºs",name);

#endifDEBUG

switch(type)
{

caseDI_IVAL: caseDI_YESNO: caseDI_BOOL:
value
=

(void")&value_i; break;
caseDI_FVAL:

value
=

(void")&value_f, break;
caseDI_TEXT:

value
=

(void")&value_s; break;
default:

(void)sprintf(buf,"Unknowndialogtype3%d",type); returnbuf,

} if

(sm_requestoption(name,value,type)
<0){

(void)sprintf(buf,"Option
9%sisnot
available",name); returnbuf;

else
{

If
(flags
&

FTD_COPY_PROMPT) if

(dialog_set_text(template,DI_V_PROMPT,prompt)
<0){

(void)sprintf(buf,"Unable
tocopyprompt"); returnbuf,

#ifdefDEBUG

syslog(LOG_DEBUG,"ftddialog:sendingdialog9%s",prompt);
#endifDEBUG

answer
=

sm_dialog(template);
if
(answer==NULL)
{

(void)sprintf(buf,"Dialogfailed"); returnbuf,

}

switch(type)
{

caseDI_YESNO: caseDI_BOOL:
value_j
=

dialog_get_bool(answer,DI_V_RESULT,&err); break;
caseDl_IVAL:

value_j
=

dialog_get_int(answer,DI_V_RESULT,&err);

§
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break;
caseDI_FVAL:

value_f
=

dialog_get_float(answer,DI_V_RESULT,&err break;
caseDI_TEXT:

value_s
=

dialog_get_text(answer,DI_V_RESULT,&err) break;
} If(err

&0){

if
((flags
&FTDOPTION)==0)

dialog_free(answer);
(void)sprintf(buf,"Typemismatch
in
dialog"); returnbuf;

} /* *
Checkwhetherweshouldsend */ if(flags

&

FTD_SEND)
{

#ifdefDEBUG #endifDEBUG

switch(type)
{

caseDI_YESNO: value_s
=
value_i?"y\n":"n\n"; break;

caseDI_BOOL:
value_s
=
value_i?"t\n":"fun"; break;

caseDI_IVAL:
(void)sprintf(buf,"%dºn",value_i); break;

caseDI_FVAL:
(void)sprintf(buf,*gwn",value_f); break;

caseDI_TEXT.
(void)sprintf(buf,"%s"n",value_s); break;

#ifdefDEBUG

syslog(LOG_DEBUG,"Sending
toforeigntool:(%d).9%s",strlen(bu■ ),bu■ );

#endlfDEBUG

If
(write(■ d,buf,strlen(bu■ )).<
0)

gotofailed;syslog(LOG_DEBUG,"ftddialog:sendingresponse");

/* *

Done.Dispose
ofthereplydialogandreturnsuccess

*/ returnNULL;
failed:

If
((flags
&FTDOPTION)==0)

dialog_free(answer);
(void)sprintf(buf,"writeto
programfailed"); returnbuf,

} /*
*ftdnotify:

e

Functioncalledtosendnotification
touser. */

/*ARGSUSED
"A char

*

ftd_notify(fo,prompt,flags,template) intfo; char“prompt; intflags; DIALOGtemplate;
If
(flags
&FTD
COPY_PROMPT) if

(dialog_set_text(template,DI_V_PROMPT,prompt)
<0){

(void)sprintf(buf,"Unable
tocopyprompt"); returnbuf;

}

(void)sm
dialog(template); returnNULL;

§



libftd/ftd_launch.c #ifndeflint staticchar*RCSid
=
"$Header:
/usr.MC68020/src■ local/mmwb/src"ftd/lib■ td/RCS/■ to_l

#endiflint
/*

*ftdlaunch:
*

launch
a
foreigntool */

#
include"ftdinternal.h" char

*

■ to_launch(progpath,progname,progargs,readfo,writefo)
char

"progpath,"progname,"progargs;
int
*read■ d,”writefol;

{

staticcharbuffer[BUFSIZ];
if

(popentty2(progpath,progname,progargs,readfo,writefo)
<0){

(void)
sprintf(buffer,"Unable
to
execute%s",progpath); returnbuffer;

}

returnNULL;

}
char
*

ftd_term(readfa,writefo)
int
read■ d,write■ q;

{

staticcharbuf[BUFSIZ].
if

(pclosetty2(read■ d,writefo))
{

(void)sprintf(buf,"Unable
tocloseprocess"); returnbuf;

}

returnNULL;

}

***-->

(2.~ºº,º: *,,--*w†-
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/* *

Copyright(c)1980Regents
oftheUniversity
of
California. *Allrightsreserved.TheBerkeleysoftwareLicenseAgreement

*

specifiesthetermsandconditionsfor
redistribution.

*/ #include<stdio.h> #include<signal.h> #include<sys/wait.h> #include<sys/file.h> #include<sys/types.h> #include<sys/stat.h> #ifndefBSDPTY #include<fcnt.h> #include<sys/sysmacros.h> #endif staticchar*line=

"/dev/ptyxX";
int

popentty2(path,program,args,read■ d,writefo) char"path; char“program; char*args; int
"readfo,"writefol;

intmaster,slave,pid; staticintgetptys();
if

(getptys(&master,&slave)
<0)

return-1;

if((pid=
v■ ork())
<0){

(void)close(master); (void)close(slave); return-1;

} if(pid==0){

(void)close(master); (void)dup2(slave,0); (void)dup2(slave,1); (void)dup2(slave,2);
if
(slave
>2)

(void)close(slave);
execl(path,program,args,(char")NULL); _exit(127);

(void)close(slave); “read■ d
=

dup(master); *write■ d
=
master; return0;

}

pclosetty2(readfa,writefol)
int
readfo,write■ q; (void)close(readfa); (void)close(writefa); return0;

}

staticint

getptys(masterfo,slave■ d)
int
"masterfd,"slave■ d;

{

#ifdefBSDPTY
char*pty,“bank,“cp; structstatstb; pty=

&line■ strlen("/dev/ptyp")];
for(bank
=
"pars";"bank;bank++)
{

line■ strlen("/dev/pty")]
=
“bank; ‘pty='0'; if

(stat(line,&stb)
<0)

break;
for

(cp="0123456789abcdef";
"cp;cpt.4)
{

“pty=*cp; "masterid
=
open(line,O_RDWR);

if
("masterfd
-=0){

char*tp=

&line■ strlen("/dev/")]; intok;
/*verifyslavesideis
usable
"Z "tp='t; “slavefo

=
open(line,O_RDWR);

*tp='p'; if

("slave■ d:--0) return0;

(void)close("masterfd);

return-1;
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%{ /*
*$ld:scannerl,
v

1.489/10/2515:17:37gregoExp$ #include"ftdinternal.h" #include"grammar.h" #include<errno.h> externintatoi■ ); externdoubleatof'); /*
shouldusehashtableso
non-keywords
canbedetectedfaster'/lib■ td/Scanner.|

*
FTDscanner

*/ structkeytab
{

char*keyword; inttoken;
};

staticstructkeytabkeywords[]
={

("FTD_coPY_PROMPT",F_CPYPRMPT), ("FTDOPTION",F_OPTION
},

("FTD_QUIT",F_QUIT), ("FTD_SEND",F_SEND},
{

"boolean",K_BOOLEAN
}, {

"default",K_DEFAULT},
{

"dialog",K_DIALOG},
{

"false",K_FALSE),
{

"flags",K_FLAGS),
{

"from",K_FROM),
{

"help",K_HELP
}, {

"integer",K_INTEGER},
{

"label",K_LABEL},
{

"multi",K_MULTI),
{
"no",K_NO},

{

"notifier",K_NOTIFIER},
{

"options",K_OPTIONS},
{

"prompt",K_PROMPT),
{
"real",K_REAL},

{

"select",K_SELECT),
{

"semantic",K_SEMANTIC),
{
"text",K_TEXT),

{

"true",K_TRUE),

-
>

*
~~~~

-
º

w

~-

>
**

s

-
so

*
&

-

Cº.

-

{
"yes",K_YES},

{

"yesno",K_YESNO),
};

staticstructkeytab
“ getkeyword()

{

registerintlow,mid,high,diff, low=0; high=
(sizeofkeywords
/
sizeofkeywords[0])
-1; while(low<=high)

{

mid=(low+
high)/2; diff=

stromp(yytext,keywords[mid].keyword);
if
(diff==0)

return&keywords[mid];
if(diff~0)

high=
mid-1;

else
low=mid+1,

}

returnNULL;
} #

undefYYLMAX
#
defineYYLMAXBUFSIZ char*yyfilename; externchar*strohr(); %) integer(0-9][0-9]” real

(0-9)[0-9]*\[0-9]” comm\#(\nlºn identifier[a-zA-Z/[a-zA-Z0-9W
\A-I* quotedstringw([a]\")" %% {integer}{yylval.integer

=

atoi(yytext); return(INTEGER)}

(real){yylvalreal
=

atof■ yytext);

Gº

;



lib■ td/SCanner.| {quotedstring) {identifier)

return[REAL)} {yylval.charval
=

strchr(yytext{1,\"); *yylval.charval
=\0';(comm); yylval.charval

=

mmwb_cpystring(yytext{-1);
[\tn] return(QUOTED_TEXT);} (return(LEFTPAREN)} (return(RIGHTPAREN);} (return(LEFTBRACE)} {return(RIGHTBRACE)} (return(LEFTBRACKET);} (return(RIGHTBRACKET);} {return(COMMA)} {return(COLON);} {return(SEMICOLON);} (return(PERIOD);} {return(QUESTION);} (return(IMPLIES);} {return(EQUALS);} {return(MULTIPLY);} {return(DEVIDE);} {return(ADD);} (return(SUBTRACT)} {return(AND);} {return(OR);} {return(GE);} {return(LE);} {return(R_EQUAL);} {return(NOT_EQUAL);} {return(NOT);} {return(B_AND);} {return(B_OR);} (return(DOTDOT);}

{

structkeytab‘k; if
((k=getkeyword())
=
NULL)
{

yylval.charval
=
k->keywo returnk->token;

}

yylval.charval
=

mmwb_cpystring(yytext);

return(IDENTIFIER);

§
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%| staticchar

*RCSid="$Header:/local/srclmmwb/src'■ td/lib■ td/RCS/grammary,w
1.79 #include<stdio.h> #include<mmwbmisc.h> #include<assert.h> #include"ftdinternal.h" externchar*recomp(); static

FTD_TABftd_list(MAXRULES];
int
rule_count
=0; int

parsing_error
=0;

DIALOGcurdialog;
#
defineIS_SET(e)dialog_isntzero(curdialog,e) #

defineSET_INT(e,
i)

assert(dialog_set_int(cur
dialog,e,i)==0) #

defineSET_FLOAT(e,
f)

assert(dialog_set_float(cur
dialog,e,f)==0) #

defineSET_TEXT(e,
t)

assert(dialog_set_text(cur
dialog,e,t)==0) #

defineSET_BOOL■ e,
b)

assert(dialog_setbool(curdialog,e,b)==0) #
defineSET_FLAG(e,
f)

assert(dialog_set_flag(cur
dialog,e,f)==0) %) %startfti

%union
{

intinteger; doublereal; char“charval; FTDTABftival; struct
{

union
{

intinteger, doublereal;

}

lower,upper;

}

range;

}

%tokenPERIODCOLONSEMICOLONCOMMA %tokenQUESTIONIMPLIESECUALS %tokenLEFTBRACERIGHTBRACELEFTPARENRIGHTPARENLEFTBRACKET %tokenDOTDOT **-*sººf.--*-~~

-*__ºººg•JAo--~o '…ºº,º'º,tººº

%token %token %token %token %token %token %token %token %token %left %left %left %left %left %left %left %left %type %type %type %type %type %type %type %type %type %type %type %% fti: rules:

<charval»K_INTEGERK_REALK_TEXTK_SELECTK_FROM <charval»K_MULTIK_BOOLEANK_YESNOK_NOTIFIERK_LABEL <charval»K_PROMPTK_HELPK_SEMANTICK_FLAGSK_OPTIONS <charval»K_DEFAULTK_YESK_NOK_TRUEK_FALSE <charval»K_DIALOGK_OPTIONK_SHEET <charval»F_QUITF_OPTIONF_SENDF_CPYPRMPT <charval»IDENTIFIERQUOTED_TEXT <integer-INTEGER <real»REAL B_ANDB_OR ANDOR LTLEGTGE R_EQUALNOT_EQUAL NOT ADDSUBTRACT MULTIPLYDEVIDE UMINUS <charval»fi_namewarnamefunc_name <charval»bool_exprrel_exprarith_exprexpr <charval»preconditionpostconditionassignment <charval»patternname <charval»opt_option_string
optdefaulttextselectfrom_head <charval»opt_defaultint_listint_listident_or_stringident <■ tival»conditionsexecutionruledialogdialog_listaction <integer-optdefaultintegeropt_defaultbooleanoptdefaultyesno <integer»rule_flagflag_expr <real»optdefaultrealreal <rangexopt_integerrangeopt_real_range rules rulesrule

ftd_list■ rulecount-4)
=$2;

}

|

rule

{

--

-º-,
*
--~~º

Y.
-.

..º
--*.C.-º

§



>t

--~]„~“|
,

|--,■ ,■ •
~º■.-
24■■ •••,
■

:(£$',$),sod■■
=

$$}
■ ueuJuß■ ssewwWOouoppuoo■ sod:

uoppuoo!sod

:O=
sôe■ '$$

:(

6o■ epTp■ .)ßu■■ sÁdoTQwuu
=
uo!oe'$$

- :æS=
sôe■ º■ $

:(.6o■ epTp■ .)ßu■■ sÁdoTQwuuuu
=
uo■ oe'$$

}

wwWOOLEXOVAJ8LH■ IHJdxeTõe■LEXOWJ81+3T
|

{

$$=sôe■ '$$
:1$=

uopoe'$$}
wwwOOLEXOVAJBLH■ IHJdxeT6eg1RXOVJ81+3Terrºn|:O=

sôe■ '$$!!S=uo!oe'$$
}

WWW.OO.euJeuToung:Uo■ oe
!
!$=s!

:■ JOHBBAA:(s',u\s%:Joueueged.'uºpis)■ u■ d■
}

(T■ nN=■

((1$)duJooTeu
=s))}}!s,Je■ o

}

SEITAWIIXELTOBLOnO:uueged{:1$=$$
}NOLLSBnOJdxe

:uoppuooedd

:6o■ epºz$=6o■ epº■ s

-
tº

II

$$}
6o■ eipuope
:

uo■ moexa

!
1$=uue■ æd'$$:TinM=

puooeud$$

uue■ ed
|

:Z$=
uue■ æd'$$

!
1$=
puooeud$$

}

uue■ed
uo■■ puooeud
:

suoppuoo
{!

13=
$$}

NOTOOeueuT■
:9uuleu

:(eu/eu'$$'EwwNTATIO'6o■ ep$$)■ xe■ T■ ºsTBo■ e■ p(p\o^)‘Tin-N
=
puoo■sodº■ $!uue■ ædz$

=
uue■ .ed'$$:puooeudºz$

=

puooeud'$$
!
!$=
ºureu'$$

$$=
$$}

NOTOOIWESuol■ noexesuo■■ puooeueu
|

{

:(eu/eu'$$'EWyNTATIO'6o■ e■ pº■ $)\xe■ T■ ºsTôo■ ep
(p\o^):y■=

puoo■ sOd'$$!uue■ ædz$
=
uue■ æd'$$:puooeudºzº

=

puoo.eud'$$
!
1$=
eureu'$$

:$$=

$$}
NOTOOIWESuoppuoo■ soduo■ noexesuo■■ puooeureu:e■ nu

■

!
13=

[++■ umooTe■ nu■ s||Tp■
Arleuueuß/p■ qll

358



lib■ td/grammary |assignment ($$=$1;}

assignment :varnameEQUALSexpr

{ }

$$=makeexpr($1,"=",53);

var_name:IDENTIFIER
{$$=$1;
}

fi_name:IDENTIFIER
{$$=$1;
}

func_name:IDENTIFIER
($$=$1;}

expr:LEFTPARENexprRIGHTPAREN
{$$=
makeexpr($2,NULL,NULL);
} |INTEGER

{$$=
itoa($1);
}

|varname
{$$=$1;
}

|boolexpr%precNOT

{$$=$1;}

|

arithexpr%precUMINUS
{$$=$1;}

|

rel_expr%precAND

{$$=$1;}

boolexpr:exprB_ANDexpr

{
$$=makeexpr($1,"&",$3);

|

expra&expr

{
$$=makeexpr($1,"I",$3);

}

|NOTexpr

$$=makeexpr(NULL,"~",$2);

relexpr

:

exprANDexpr

{ $$=makeexpr($1,"&&",$3);

|

expronw
{ $$=makeexpr($1,"|",$3);

|

exprGTw

{ $$=makeexpr($1,">>",$3);

|

exprLT*

{
$$=makeexpr($1,"…",$3);

|

exprGEw

{
$$=makeexpr($1,">=",$3);

|

exprLE*

{ $$=makeexpr($1,"--",$3);

|

exprRiovalexpr

{
$$=makeexpr($1,"==",$3);

|

exprofsoulexpr

$$=makeexpr($1,"l-",$3);

arith_expr
:

exprADDexpr

{

$$=makeexpr($1,"+",$3);

}

|

exprSUBTRACTexpr

{

§



lib■ td/grammary
$$.makeexpr($1,"-",$3);

|

exprMUlmexexpr

{
$$=makeexpr($1,"",$3);

|

exprbºosexpr

$$=makeexpr($1,"/",$3);

|

sustwerexpr%precUMINUS
{ $$=makeexpr(NULL,"-",$2);

rule_flag:F_QUIT

{
$$=
FTD_QUIT;

|

Fortés { $$=FTDOPTION:
|

send
{

$$=
FTD_SEND;

} |F_CPYPRMPT { }

$$=

FTD_COPY_PROMPT:
flagexpr:rule_flag

{
$$=$1;

|

**B_ANDflag_expr

$$=$1&$3;

|

**B_ORflag_expr

$$=$1||$3;

|NOT**

$$=~$2;

dialog
:

LEFTBRACE
{

curdialog
=

dialog_create(0,0,0char*)NULL,

(char*)NULL);

***RIGHTBRACE
$$.dialog
=curdialog;

|

frºckdialog_listRIGHTBRACE
$$.dialog
=
$2.dialog;

dialog_list
:

LEFTBRACE {

curdialog
=

dialog_create(0,0,0char*)NULL,

(char*)NULL);

} dialog_statement_listRIGHTBRACE
$$.dialog
=curdialog;

}

|

dialog_listLEFTBRACE {
curdialog
=

dialog_create(0,0,0char*)NULL,

(char*)NULL);

$$.dialog
=

dialog_append($1.dialog,
curdialog);

} dialog_statement_listRIGHTBRACE dialog_statement_list :dialog_statement_listdialog_statementSEMICOLON |dialog_statement_list
errorSEMICOLON

{yyerror("malformeddialogstatement");
}

| º

§
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dialogslalºed

-

:

.."ER"FLlºrangeoptdefaultinteger

If

(IS_SET(DI_V_TYPE))
{

yyerror("dialogtypealreadygiven"); break;
}

SET_INT(DI_V_TYPE,DI_IVAL); SET_INT(DLV_RESULT,
$3);

SET_INT(DI_V_UBOUND,$2.upper.integer); SET_INT(DI_V_LBOUND,$2.lower.integer);
}

|

K_REALopt_real_range
optdefaultreal

If

(IS_SET(DI_V_TYPE))
{

yyerror("dialogtypealreadygiven"); break:
}

SET_INT(DI_V_TYPE,DI_FVAL); SET_FLOAT(DLV_RESULT,
$3);

SET_FLOAT(DI_V_UBOUND,$2.upperinteger); SET_FLOAT(DLV_LBOUND,$2.lowerinteger);
}

|

K_TEXTopt_integerrangeoptdefaulttext

{

If

(IS_SET(DI_V_TYPE))
{

gºtºtypealreadygiven"); eak;

}

SET_INT(DLV_TYPE,DI_TEXT); SET_TEXT(DI_v_RESULT,
$3);

SET_INT(DI_V_UBOUND,$2.upper.integer); SET_INT(DI_V_LBOUND,$2.lower.integer);
}

|

select_from_headRIGHTBRACE
optdefaultinteger

{

charbuf[64);
if

(dialog_type(curdialog)
-

D_SELECT) break;
(void)sprintf(buf,*.d",$3);

SET_TEXT(DI_V_RESULT,mmwb_cpystring(bu■ )); SET_INT(DI_V_UBOUND,
1);

SET_INT(DI_V_LBOUND,
1);

SET_TEXT(DI_V_SELLIST,
$1);

|K_MULTIselect_from_headRIGHTBRACE
optintegerrangeopt_detaultint_list

lf

(dialog_type(curdialog)le.DI
SELECT)

break: SET_TEXT(DI_V_RESULT,
$5);

SET_INT(DI_V_UBOUND,$4.upper.integer); SET_INT(DI_V_LBOUND,$4.lowerinteger); SET_TEXT(DLV_SELLIST,
$2);

} |K_BOOLEAN
optdefaultbooksan

{

If

(IS_SET(DI_V_TYPE))
{

yyerror("dialogtypealreadygiven"); break;
}

SET_INT(DI_V_TYPE,DI_BOOL);
}

SET_BOOL(DI_V_RESULT,
$2); |K_YESNOoptdefaultyesno

If

(IS_SET(DI_V_TYPE))
{

yyerror("dialogtypealreadygiven"); break;
}

SET_INT(DI_V_TYPE,DI_YESNO); SET_BOOL(DLV_RESULT,
$2);

} |K_NOTIFIER {
If

(IS_SET(DI_V_TYPE)) yyerror("dialogtypealreadygiven"); SET_INT(DLV_TYPE,DI_NOTE);

} |K_LABELident_or_string
If

(IS_SET(DI_V_NAME)) yyerror("dialognamealreadygiven"); SET_TEXT(DI_V_NAME,
$2);

} |K_PROMPTOUOTED_TEXT
If

(IS_SET(DI_V_PROMPT)) yyerror("dialogpromptalreadygiven");
else

3.
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SET_TEXT(DI_V_PROMPT,
$2);

}

|K_HELPOUOTED_TEXT
If

(IS_SET(DI_V_HELP)) yyerror("dialoghelpalreadygiven");
else

SET_TEXT(DI_V_HELP,
$2);

}

|

K_SEMANTICident_or_stringopt_option_string {
intsemtype;

If

(IS_SET(DI_V_SEMTYPE))
{

yyerror("dialogsemantictypealreadygiven"); break;

} if
((semtype
=

semantic_lookup($2))
==0)

yyerror("unknownsemantictype");
else
{

SET_INT(DI_V_SEMTYPE,semtype); SET_TEXT(DI_V_SEMOPT,
$3);

|flag_list
selectfrom_head :

K_SELECTK_FROMLEFTBRACEQUOTED_TEXT
If

(IS_SET(DI_V_TYPE))
{

yyerror("dialogtypealreadygiven"); break;

}

SET_INT(DI_V_TYPE,DI_SELECT);
$$=

mmwb_cpystring(stringize($4));
}

|

select_from_headCOMMAQUOTED_TEXT {
char*s; intlen; if

(dialog_type(curdialog)
=

DI_SELECT) break;
s=

stringize($3);

len=
strlen($1);

$$=(char*)erealloc($1,
len+strlen(s)
+1); (void)stropy($$

+len,s);

flag_list
:

K_FLAGSident
{

intflag; if((flag
=
lookupflag($2))==0)

yyerror("unknownflag");
else

SET_FLAG(flag,
1);

}

|flag_listCOMMAident

if

(IS_SET(DI_V_TYPE)) yyerror("dialogtypealreadygiven"); SET_INT(DI_V_TYPE,DLNOTE);
else

opt_integerrange
:

INTEGERDOTDOTINTEGER

$$.lower.integer
=$1;

$$.upper.integer
=$3;

$$.lower.integer
=0;

$$.upper.integer
=0;

optdefaultinteger
:

K_DEFAULTINTEGER
($$=$2;

SET_FLAG(DI_OPTIONAL,
1);}

|

{$$=0;}

opt_real_range :realDOTDOTreal

§
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$$.lower.real
=$1;

$$.upper.real
=$3;

$$.lower.real
=0.0; $$.upper.real

=0.0;

optdefaultreal

:

K_DEFAULTreal

($$=$2;

SET_FLAG(DI_OPTIONAL,
1);}

|

{$$=0.0;
}

optdefaulttext

:

K_DEFAULTOUOTED_TEXT {$$=$2;

SET_FLAG(DI_OPTIONAL,
1);}

|

{$$=
NULL;}

optdefaultboolean
:

K_DEFAULTK_TRUE
{$$=
TRUE,
SET_FLAG(DI_OPTIONAL,
1);}

|

K_DEFAULTK_FALSE
($$=
FALSE,SET_FLAG(DI_OPTIONAL,
1);}

|

{$$=
FALSE;
}

optdefaultyesno
:

K_DEFAULTK_YES
{$$=
TRUE,
SET_FLAG(DI_OPTIONAL,
1);}

|

K_DEFAULTK_NO
{$$=
FALSE,SET_FLAG(DI_OPTIONAL,
1);}

|

{$$=
FALSE;
}

opt_option_string :K_OPTIONSQUOTED_TEXT {$$=$2;

SET_FLAG(DI_OPTIONAL,
1);}

|

{$$=
NULL;}

º opt_defaultint_list
:

K_DEFAULTInt_list
|

{$$=$2;}
-

($$=";}

int_list

INTEGER
{

charbuf[32]: (void)sprintf(buf,*.d",$1); $$=

mmwb_cpystring(bu■ );
}

int_listCOMMAINTEGER
{

charbuf[32]; intlen; (void)sprintf(buf,*.d",$3); len=
strlen($1);

$$=(char*)erealloc($1,
len+
strlen(bu■ )
+2); $$[len]

=''; (void)stropy($$
+len+1,bu■ );

}

real
:

REAL

{$$=$1;}

|INTEGER
($-real-$
=$1;
}

ident_or_string :ident

{$$=$1;
} |QUOTED_TEXT {$$=$1;

}

ident
:

IDENTIFIER
{$$=$1;
}

|

K_INTEGER
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lib■ td/grammar.y (void)streat(buf,""); (void)streat(buf,”)"); returnmmwb_cpystring(bu■ );
staticchar
* ftipost(post,assign) char*post,"assign;

{

“result;
result
=

(char")emalloc(strien(post)+strien(assign)+2);
(void)
sprintf(result,”%s,%s",post,assign);

(void)free(post); (void)free(assign); returnresult;

} /*
*ftdtable:

*

Retum
a
pointer
tothetopoftherulelist */ FTDTAB" ftdtable()

{ }

return&ftd_list|O);
/*

*ftdnext:
º

Return
a
pointer
tothenexttableentry */ FTDTAB"

} /* *ftpost */

char ftd_next(tpointer)
FTDTAB“tpointer;

return++tpointer;
As---****--*--
-c.sºe-º,t-*

ºsº•*&ººr"º,

~***º*→A*~~~~
~!*-:**s**-**

stringize(dialog_to_char(d)));

/*
*ftdprintrules

*/ ftd
printrules(ofile) FILE*ofile;

{

inti;
fprintf(ofile,"staticFTD_TABrulelist]=
{\n"); for(i=0;i<rulecount;itt){

fprintf(ofile,"{\n"9%s",\"%s",9%s,%s,%s", ftd_list■ ]..name,ftd_list■ ].precond, ftd_list■ ].pattern,■ to_list■ ].flags, ftd_list■ ]..action);
if

(■ td_list■ ]...dialog
|=NULL)
{

DIALOG
d=

■ ta_list■ ].dialog; fprintf(ofile,"Vn(*); while(d=NULL)
{

fprintf(ofile,"tººs,\n",
d=

dialog_next(d);
}

fprintf(ofile,",");
}
else

fprintf(ofile,"{},”); fprintf(ofile,"V"9%s"},\n",ftd_list■ ].postcond);
}

fprintf(ofile,"{NULL]\n}:\n");
/* *

itoa
-

integer
toasciiconversion

*/ staticchar
*

itoa() inti;
{

charbuf[80]; (void)sprintf(buf,”%d",i); -*º

ººº
-

º

C.
*
º
-

*c<-*º

**.



libftd/grammar.y returnmmwb_cpystring(bu■ );
} /* -

kºokupflag:
-

Returnflagthatcorrespondsnamegiven.Returnszero
-ifthenameisnotaflagname.

*/ staticint lookupflag(flag_name) char“flag_name;
{

if

(stromp(flag_name,"optional")
==0)

returnDI_OPTIONAL;
if

(stromp(flag_name,"nodisplay")
==0)

returnDI_NODISPLAY,
if

(stromp(flag_name,"supercedes")
==0)

returnDI_SUPERCEDES;
return0;

/* -

semanticlookup:
-
Returnsemantictypethatcorrespondsnamegiven.Returnszero

-ifthenameisnota
knownsemantictype.Eventually,thisshouldbe -

replacedbyaDataManagerquery. */ staticint semanticlookup(name) char"name;
{

if

(stromp(name,"object")==0)

return
1;

if

(stromp(name,"echo")==0)

return2;

return0;

}
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