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ABSTRACT

Landscaping, in the sense of design, has always been a part of human history. Whether growing food, making a pleasant ambience or producing a specific effect in the environment, landscapers have and continued to meet with the same basic challenges, such as what to include, and how to make the landscape persist. Some of the most rudimentary challenges involve spatial, aesthetic, economic and persistence constraints. These constraints are riddled with a multitude of variables that must be mitigated to produce an acceptable solution to the particular challenge. With regard to current practice, professional landscape architects use practical experience and education combined with traditional sketching or CAD programs. Many existing landscape CAD programs do not have the intelligence to help non-professionals design effectively. To fill this need, we propose the Kammb Virtual Landscape Designer.
Kammb provides a subset of components such as trees, sprinklers and fences, for users to design their garden site. In this paper, we propose to build an inference engine based on the spatial, practical and aesthetic qualities of juxtaposing these components in a landscape space. 
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INTRODUCTION

Landscaping is probably the first noticeable feature when viewing a home. The right landscaping can even increase the value of a home by 15% according to the Associated Landscape Contractors of America [1]. Landscaping art encompasses several factors to consider such as the client's budget, aesthetics, amount of gardening space and the type of maintenance required. In this project, we propose to consider different components that comprise a landscape project, for instance water sprinkler systems, soil types, climate variations, flora, garden ponds, fountains, statues, decks, picket fences, dry stone walls, disease control and low voltage lighting. Our goal is to construct an intelligent user interface which incorporates a mixed-initiative dialogue as a means to provide assistance. The dialogue will focus on the interaction between user and application and suggest more effective strategies to achieve the user's goal.
We intend to employ the use of several critics [6] to aid users in generating a layout for their lawn. Using a comprehensive knowledge base [7], the critics will guide users to apply basic principles of aesthetic landscape design such as achieving a sense of unity and balance in design. Furthermore, they will also help users balance monetary cost, as well as maintenance requirements, and the use of physical space above ground. The main target is to establish how these components will interplay to create and maintain the desirable landscape. Our critics will balance the need for providing proactive support without becoming overly intrusive [8].
This tool will be useful for professional landscapers who wish to propose alternatives and expedite the development cycle, students who want to learn about landscape development and average home owners who simply want to layout or modify their yard. These different user groups will need different user models [9], requiring the critics to adjust their level of advice and assertiveness based on the levels of experience and knowledge users possess.

RELATED WORK

Projects done on landscape design are summarized below. Most of these visualizations focused on high-level and sophisticated representations (mappings) of the real world in a simulated environment. Our motivation for landscape design concentrates instead on the interaction between the components of the system for making useful derivations to aid the user and not on the realistic visualization.
Landscape Visualization

Scheepers at the CSIR Satellite Applications Center [2] developed a three-dimensional computer graphics information system for landscape visualization. In his application, real-world terrain data and satellite imagery using geographic information systems were used to build his knowledge base so that the simulation of the landscape would model closely to what would actually happen in the real situation. Several models were used to analyze complex situations: parameterized, procedural (adapting to other models), and fractal (generating objects with statistical similarity) and grammar-based (for simulating trees, grass, smoke, fog, etc) models.

Scheepers provided several groundcover objects that map closely to the region of Pongola in South Africa: sand, rock, grass, flowers, shrubs, trees, water and snow. Parameters such as coverage, elevation, average foliage height, density, color and textures varied the ecosystem examined in the simulation. This landscape visualization project focused mainly on the modeled virtual landscape to determine how varying factors would affect the ecosystem. Hence, high emphasis was placed on realistic representations of Pongola.

Interactive 3D Landscape Visualization

Philipp et al. [3] worked on modeling 3D landscapes similar to Scheepers' visualization. In this case, the project used Switzerland to create a database of the territory. Digital elevation models (DEM), High Resolution Visible Sensor (HRV) and remote sensing data from the Thematic Mapper (TM) were used to provide an accurate representation of the actual territory so that interactive and real-time walk through of the territory could be simulated. The main focus of this project was to create a realistic and geographically scientific visualization.
Illuminating Clay

A 3-D Tangible Interface for Landscape Analysis Ishii et al. [4] created an advanced system that uses gesture recognition to alter the design of a landscape, for instance, building a road or business complex. Ishii's main focus is to allow a superior mode of interaction with the clay model so that engineers may see the outcome of their design. This tangible interface is used in a collaborative effort where high-resolution maps and information on soil types, vegetation species, and population densities are used to model the data and thus replace the limited 2-dimensional traditional pen and paper or the computer screen approach to collaborative design. The nature of the system also allows the visualization to be more intuitive in capturing shadows and slope gradients, hence enhancing the model and inspiring more informed decisions.
Garden Planner

Garden Planner [5] is a 3-dimensional commercial product designed for the average landscape designer to create their own garden. Components include surfaces, garden building, plants, garden lanterns, fences, accessories and decoration, garden machines and vehicles, and animals in the garden. The system also permits users to view their garden based on the time of year, and the season. For instance, the designer can see what the garden will look like in the winter, summer based on the type of plants the user chose to create the garden. Garden Planner hosts an encyclopedia of these components in detail allowing users to make their own decisions in the design. However, Garden Planner is purely a design tool and does not include any "intelligent" aspect that helps to advise the user on how to create their garden. Rather, the user must use the comprehensive encyclopedia and derive their own conclusions about the placement of objects in the garden.
DESIGN ISSUES WITH KAMMB
Designing a landscape system takes into consideration several factors to facilitate intelligent interaction with the user’s needs. These include the level of intrusiveness [8], adaptability [10], situational awareness [7, 8, 12], critic suggestions [8], and reliability and robustness [11].
Intrusiveness
The most crucial parts of the design deployment concern the level of intrusiveness [8] in the application. How much and what kind of interaction do we want the users to have with the specific application? Should the program confirm every step of the plan or is it better to evaluate an action or a sequence of actions at once? With what frequency should the system make suggestions [8]? The application should be helpful but not annoying, to remember preferences but on the other hand, the application should only ask for necessary and sufficient details. Hence the problem is a matter of quality and quantity (including frequency) of information. 

The first priority is to make users feel comfortable with the kind of feedback [12] they receive from the program. If the density, the strictness (inference engine rules and complexity) or the amount of feedback is more than the landscape designer desires, then these factors can diminish productivity or even willingness to use the product again. Hence, the choice of critics [6] is extremely important for the developer of the tool. The challenge is to satisfy the need for help without disturbing the attention of the user from the purpose of his work.
Adaptibility

The application should be designed to cover different levels of expertise as well as various design scenarios. Since users can be landscape contractors/designers, gardeners, home owners or students, the system should adjust to different levels of knowledge, skills and experiences [9]. The purpose, the priorities and the competence of amateur users are totally different from professional designers. A tool that is too fuzzy or too simple supports the preferences and abilities of a limited number of potential users. Hence, a general purpose landscaping system should be designed to be very adaptive [11], providing basic functions for the novice but also more advanced features for those who are knowledgeable in the art of developing landscapes.
Situational Awareness
The landscape design application should be more than an ordinary design tool, possessing features to promote intelligence and understanding, and providing help to adjust to users’ intentions. When actions violate the rules of the inference engine, the system notifies the user [14] that the design has faults (error messages) or oversights related to aesthetics (warning messages). The intelligence of the system resides not only in monitoring user actions but also in design improvements or alternatives (from the knowledge base [7]) combined with external help (the World Wide Web). The difficulty in this crucial part of the task is that the critic’s comments should be informative and applicable to the situated action [12]. Users need understandable and pertinent suggestions related to the problems in their situation.
Critics

The critics assist users by dynamically evaluating the model representation [14] and searches for the existence of specific conditions defined in a rule base. To facilitate mixed-initiative dialogue [13], the system will interpret the actions of the user and attempt to infer their objective.  Once an intention has been recognized, the system may offer a critique of an action or set of actions by means of interactive dialog components.  These components, known as critics [6], allow for the user to clarify the intent of an action, or to make response to the system regarding their acceptance of the critique [10].  
The critics are functionally backed by an inference engine, which dynamically evaluates the landscape representation and searches for the existence of specific conditions defined in a rule base [11]. The issues with building a good set of critics do not simply involve providing useful design feedback [12] but to offer the correct critiques at the appropriate time [8], so that information can be conveyed to the user without being intrusive. The system must attain to an appropriate scope and have access to an amount of knowledge [7] necessary to provide strong rationale for suggestions. Design domains are continuously evolving [15, 16], so it is impossible to anticipate all knowledge necessary to guarantee that the system will always provide the right information. Different users organize and manage knowledge differently [12] to reflect their design perspectives which implies that the system has to consider interpretations of a problem from many different viewpoints before offering suggestions to the user.
There will be two kinds of critiques offered by the system: warnings and errors.  These relate to aesthetics and component arrangement respectively.  An important priority in the design of these critics is to make users feel comfortable with the kind of feedback [11] they receive.  If the density, strictness (inference engine rules and complexity), or amount of feedback is more than the landscape designer desires, then these factors can diminish productivity or even willingness to use the system again. Hence, the choice of critics is extremely important in the design of Kammb. Another challenge with critic design is how to properly satisfy the need for help without disturbing the attention of the user from the purpose of his work [8].
To control the behavior of the critics, the system will provide an intrusiveness setting which can be one of four options:

· No critics

· Only error messages

· Error and warning messages

· Automatic mode
In addition, the system will provide a dialog box where the user selects which attributes of the design the system should check.  To indicate to the user when the system has a critique, a small red or yellow light will appear in the corner of the window indicating when an error or warning has occurred.  The user may then, at their convenience, attend to the critique(s) by clicking on the light, which will provide a dialog listing them.

Reliability and Robustness

The application must provide support for functions and advanced features without loss of performance, stability and consistency. A software architecture that ensures the proper operation and communication of the different components (inference engine, critics, database, and interface) [14] offers a stable basis for the convenient use of the tool.
DESIGN ARCHITECTURE
The design of Kammb is based on a 4-tiered architecture which isolates and decouples user interface components from subsystem facilities. This allows for a high degree of maintainability with regard to user interface customization.  The flow of information starts with the user interfacing with the graphical components.  The actions are forwarded to the subsystems which notify the Situated Action Interpreter (see Figure 1).  The interpreter processes and tokenizes the user’s actions and determines if a rule violation has occurred.  The rules are managed by the inference engine which uses the knowledge base to maintain a representation of the virtual world.  The violation is translated into a critique and passed to a critic handling subsystem by way of event firing, which in turn notifies the user.
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Figure 1: System Architecture for Kammb
The main application window of Kammb is composed of 5 major components (see Figure 2):

· Menu bar – provides access to configuration options of the system

· Tool bar – provides tools for use in the construction and manipulation of the virtual landscape

· Landscape canvas – the graphical component which displays the view of the virtual landscape

· Stencils pane – the means by which the user can select the landscaping component to add and manipulate in the landscape canvas

· Active Stencils pane – a list of the current components that the user has selected to be in the landscape.

To add a landscape component, the user will drag a stencil onto the canvas, and manipulate its properties with the tools provided by the toolbar (see Figure 3).
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Figure 2: Virtual Landscaper

IMPLEMENTATION OF KAMMB - Meeting the Design Requirements

Critics
To facilitate mixed-initiative dialogues [13], the system will interpret the actions of the users and attempt to infer their objectives.  Once an intention has been recognized, the system may offer a critique of an action or set of actions by means of interactive dialog components.  These components, or critics [6], allow for the user to clarify the intent of an action, or to make response to the system regarding their acceptance of the critique.  

The system provides a dialog box where the users select the particular types of critics they would like the system to check (see Figure 4).  
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Figure 3: Dragging Components onto the Landscape Canvas
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Figure 4: Critic Types
· Aesthetics deal with “subjective” beauty of the garden such as whether the user desires blue flowers over red-colored ones.

· Spatial critics determine collision among garden components related to width and height spaces

· Persistence determine the longevity of the plants, that is, seasonal considerations

· Economic deals with the expenditure of the garden components themselves as well as the cost for maintenance.

To control the behavior of the critics, the system will provide an intrusiveness setting which can be one of four options (see Figure 5):

· No critics

· Only error messages

· Error and warning messages

· Automatic mode
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Figure 5: Types of Critic Messages 

Two kinds of critiques are offered by the system: warnings and errors.  These relate to aesthetics and component arrangement respectively.  An important priority in the design of these critics is to make users feel comfortable with the kind of feedback they receive.  If the density, strictness (inference engine rules and complexity), or amount of feedback is more than the landscape designer desires, then these factors can diminish productivity or even willingness to use the system again. Hence, the choice of critics is extremely important in the design of Kammb. Another challenge with critic design is how to properly satisfy the need for help without disturbing the attention of the user from the purpose of his work [8].
Intrusiveness
Suggestions in the Kammb prototype are generated based on two task analysis specifications:

· Container borders: detects collision violations among landscape objects such as components placed on top of each other.

· Stencil grids: deduces patterns when the same objects are juxtaposed among one another in the same container.

Additional critiques also appear when requirements for the components are not met. For instance, when plants are not in close proximity to a water source, a critic message is generated for adding a sprinkler.

To indicate to the user when the system has a critique, a small red or purple light will appear in the corner of the window indicating when an error or warning has occurred. A violation due to any of the above specifications causes the red signal to appear on the bottom of the landscape canvas. The placement of the red signal on the status bar of the application gives the user the flexibility to attend to the critic messages without directly interrupting the user’s design task. The purple light indicates a suggestion, which may occur if the system recognizes a pattern in the user’s design task. The following diagram (Figure 6) shows an instance of a red and purple light occurring in the garden design.
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Figure 6: Red and purple signal on status bar
The user may then, at their convenience, attend to the critique(s) by clicking on the light, which will provide a dialog pane below the status bar listing them (see Figure 7). This dialog pane can be minimized.
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Figure 7: Dialog listing critic suggestions

Adaptability

A tool that is too fuzzy or simple can support the preferences and abilities of only a limited number of users. Hence, a general purpose landscaping system should be designed to be very adaptive [11], providing basic functions for the novice but also more advanced features for those who are knowledgeable in the art of developing landscapes. Since the goal of Kammb is to allow for users of different experience levels to design various types of scenarios, the system will adapt to user actions in a descriptive way by analyzing previous patterns of behavior and suggesting further action or changing the level of aid the system provides.

The critics are functionally backed by an inference engine [14], which dynamically evaluates the landscape representation and searches for the existence of specific conditions defined in a rule base. The issues with building a good set of critics do not simply involve providing useful design feedback but to offer the correct critiques at the appropriate time, so that relevant information can be conveyed to the user within the context of the design task [8, 17].The system must attain an appropriate scope and have access to an amount of knowledge [7] necessary to provide strong rationale for suggestions. Design domains are continuously evolving [15, 16], so it is impossible to anticipate all knowledge necessary to guarantee that the system will always provide the right information. Different users organize and manage knowledge differently to reflect their design perspectives which implies that the system has to consider interpretations of a problem from many different viewpoints [12] before offering suggestions to the user.

Users can choose the amount of interaction they desire with the critic suggestions. As shown in Figure 4, the types and hence quantity of suggestions generated by the system can be limited by choosing no critics, warnings, errors and warnings or automatic. The automatic setting is discussed in the next section.

In addition, the prototype can recognize borders on a component. For instance, suppose the user drags a fence component over to the top of the container box that represents the dimension of the garden. The system can then suggest bordering the entire garden with this type of fence as shown in Figure 8.
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Figure 8: Bordering a garden with Fence Standard 2
Users can also adapt the system to their needs by modifying the rules for the inference engine (see Figure 8).
A dialog pops up allowing the user to edit the rules with regards to bordering the garden with this fence option (see Figure 9).
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Figure 9: Modifying Rules
Situational Awareness

The Kammb Landscape system tailors to the user’s situated action [12] by providing the Automatic intrusiveness setting (see Figure 10). The system keeps track of the number of each type of critic messages generated, from suggestions associated with the aesthetic of the landscape to violations among the garden components. If many violations are produced, then the system provides more guidance to the user by adapting its help messages. On the other hand, if the system provides many aesthetic suggestions and few violation messages, then less critique messages of any type are subsequently recommended.
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Figure 10: Automatic Critic Setting
Additionally, the Kammb prototype recognizes patterns associated with a container. Consider drawing a container to represent a garden bed, and placing marigolds along the garden bed. When the fourth marigold is drawn, Kammb displays a purple information icon on the status bar. When the user selects the information icon, a dialog pane asks if the user would like to set up a grid, that is, a grid of marigolds in the garden bed. On selecting yes, the entire garden bed is filled with marigolds (see Figure 11).
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Figure 14: Setting up a garden bed with marigolds
In addition, Kammb exhibits situational awareness when spatial collisions occur on the landscape canvas. When Kammb detects a collision, the error is resolved when Kammb evaluates the components and determines where to place the components to prevent the collision. For instance, if two elm trees overlap, Kammb evaluates the spatial positions of all other components on the canvas and suggests a different position for placing the elm trees to avoid collision. (see Figures 15 and 16). Similarly, when plants/trees are placed on the canvas, Kammb evaluates the best positions to place water sprinklers for the plants in the landscape. 
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Figure 15: Elm trees colliding
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Figure 16: Resolving collision error
Kammb can also border a container with fences or trees. As soon as the system detects a stencil placed on the border of a container, the system asks the user if the container should be surrounded by the component (see Figure 17 and 18). 
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Figure 17: Bordering garden with fences
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Figure 18: Kammb borders garden 

These examples illustrate how Kammb evaluates the present state of the landscape canvas to suggest pertinent help to the user hence showing its situational awareness.
Reliability and Robustness

The application must provide support for the above mentioned features without loss of performance, stability and consistency. This prototype is still under development and we are working to ensure its stability and robustness. Certain drawbacks in the application currently exist. For instance, when many landscape components (also known as stencils) are drawn onto the canvas. Kammb must continuously evaluate all the canvas components hence resulting in time delays for evaluating suggestions and critic messages. The system thus slows down resulting in lower performance. 
EVALUATION
Scenario
The system will be introduced to users with a brief tutorial on using Kammb and will be given the following task to complete to evaluate the effectiveness of the application. After completing the task, they will be given a post-task questionnaire to rate the tool’s effectiveness and intrusiveness.

1. Set the budget for your landscape project to $500.

2. Draw your landscape component to a size of 100x100 feet. Name your component “Landscape”. 

3. Set the border of “Landscape” to elm trees.

4. Place 5 heathers in your landscape. Provide sprinklers to your heathers. Kammb should help you with this.

5. Place one heather on top of another so that you get a collision error. Correct your collision error. 

6. Zoom-in to create a 10x10 feet container. Name this container your “Rose Garden”.

7. Fill your rose garden with roses (Kammb should figure out you are filling a grid and complete the rose garden for you).

8.  Now we are going to build a fence around your rose garden. Draw another container around your rose garden and name this container “Garden”. Drag “Fence Standard 3” onto your “Garden” container and let Kammb border your container with fences.   
9. Provide your rose garden with watering needs.

10. Alter your budget to accommodate your new expenses.

Evaluation Measures
There are seven categories used for evaluating the system’s success in meeting its objectives of supporting users. For our evaluation, we hope Kammb would succeed in satisfying these measures as described below.
1. Correctness
The system (Kammb) displays strong domain knowledge that allows the critiquing system to perform deep critical analysis on a user’s actions and provide correct justification and valid fix for each critique. For example, when plants are not in close proximity to a water source, a critic message is generated for adding a sprinkler. If the user accepts the suggestion, Kammb will compute the correct locations for sprinklers given the design state at that particular time and add them automatically and appropriately to the virtual landscape canvas.

Kammb has the ability to perform pattern recognition on a sequence of user’s actions and offers to complete the task. When the user places the same objects among one another in the same container, Kammb asks whether the user wants the system to fill the container with the same objects in a grid. If the user accepts the service, Kammb will automatically fill the objects within the specified container. This feature is called “stencil grid” fills the object only within the specified bounding box. 

Moreover, the system is able to correctly distinguish between two different patterns in the user’s actions consistently. For instance, when the user wants to place a fence around the border of a container, the system is able to recognize this activity and suggest bordering the entire garden with the given fence object. In this situation, the system does not fill the container with the objects as in the case of the stencil grid feature.
2. Completeness
Kammb is not only a tool for landscape design but also monitors the expenditure of the garden components. The system will keep track of the budget for the user and gives a warning message whenever the expenditure has exceeded the budget set by the user.

The system provides a short explanation for each critique message. This is an important feature to have considering the end-users of the system are people with various different background and level of expertise. Students who want to learn about landscape development or average home-owners who simply want to layout or modify their yard may have lack of understanding about the principles of landscape design compared to professional landscape designers. Thus students or average home-owners may not understand the consequence of the critic’s advice or why the suggestion is beneficial to solve their problem. 

The inference engine implemented in the system provides basic principles of landscape designs in order to support design improvements. However, the fact that design domains are continuously evolving implies that the knowledge built into the critiquing system would not be sufficient in every design situation and all knowledge is difficult to anticipate. Thus, to provide knowledge support for users in making decisions, the system should provide a feature that enables the user to search for resources in the internet.   

3. Consistency
Kammb recognizes any design violations and certain pattern of actions made by the user. In addition, to ensure consistency across the system and prevent confusion to the user, the same dialog boxes are used each time a violation is detected or when the system recognizes a certain pattern in the user’s actions. For instance, warning and error messages generated for the same type of violations will have a consistent dialog and critique message to prevent confusion to the user. Thus, each time the system detects collision violations, for instance, stencil components are placed on top of each other,  Kammb will display the same pop up window. In addition, each time the system recognizes a pattern of actions made by the user, for instance, the user places the same objects among one another in the same container, Kammb will display the same dialog box asking the user to complete the stencil grid. 
4. Optimization
Other than ensuring correctness, a strong domain knowledge system also allows the critiquing system to perform deep critical analysis on user’s actions to identify opportunities for design improvement. The situation regarding plants’ locations being not in close proximity to a water source is a good example of system’s identification for design improvement.

The system also provides optimizations to the user by providing a number of automated-based service to the users such as filling out object in a container, e.g. stencil grid, and bordering of a container with a given objects. Both of these examples are clearly described in the first category “Correctness”.
5. Adaptability
Considering the fact that different users have different personal interests and preference, the system also provides a dialog box where users can select particular types of critics they would like the system to check. For instance, the user who does not have budget constraint in designing their landscape but values aesthetics highly could place a check sign on the check box for “Aesthetics” and uncheck the “Economic” option, which deals with the expenditure of the garden components and the cost for maintenance.

Furthermore, to minimize intrusiveness and enhance its value, the user is allowed to control the behavior of the critics by setting the intrusiveness level to the level where the user feels most comfortable. The four possible modes are: “No critics”, “Only error messages”, “Error and warning messages”, and “Automatic”. This flexibility assures the density, strictness (inference engine rules and complexity), or amount of feedback is exactly what the landscape designer desires, such that the system does not diminish productivity. Moreover, the end-users of the system are people with different level of experience and background knowledge. Hence Kammb gives the user the flexibility to select the intrusiveness level. 
6. Intrusiveness
The system assures minimum disruptions on user’s concentration and creativity by displaying a small light button on the status bar (below the landscape canvas) to inform the user of any violations detected. A red-colored light appears on the status bar to indicate the presence of an error; whereas a purple-colored light indicates that a warning has occurred. The placement of the red and purple lights on the status bar gives the user the flexibility to attend to the critic messages without directly interrupting their concentration and creativity. 
7. System Representation
The system consists of five major components: menu bar, tool bar, landscape canvas, stencils pane and status bar. The layout used in the menu bar is very similar to those commonly found in commercial text editor software. The user can simply click on the menu to select the desired options of the system. The tools provided by the system are represented in the form of icons with self-explained images. The user simply clicks on the tool icon in order to use the tool for constructing and manipulating the virtual landscape. The landscape canvas is basically a graphical component, which displays the view of the virtual landscape. The stencil pane is also self-explanatory, from the pane the user can select the landscaping component to add and manipulate in the landscape canvas. The status bar is a graphical component that records system or design violation detected at that particular time. The status bar displays a clear and compact critique message rather than a long list of messages which overwhelms the user causing cognitive overload. Moreover, with short and useful messages, the user easily digests the information given by the system and is less likely to repeat the same violations.  

Overall, the system is very easy to use, intuitive, and most importantly intelligent. The user can effectively simulate the design process, laying out and re-arranging stencil components on the virtual landscape canvas with little effort.
FUTURE WORK
Undoubtedly, there is a lot of space for improvements and new ideas in the Kammb project. The prototype is still under the testing/evaluation process. At this point, we don’t have feedback about what users think about the tool. However, we there are a few improvements that need to be added or supported in order to make the product more “flexible” and competitive. 

Kammb faces response time issues when the amount of stencils in the landscape grows. The systems slows down tremendously since every additional stencil added to the canvas implies that the inference engine re-evaluates every single stencil on the canvas to check for both spatial and persistence errors. This process decreases response time linearly with respect to the number of stencils on the canvas. More efficient algorithms for the inference engine are needed to evaluate violation of the rules in the knowledge base.

Dynamically editing the database is one means to add to the adaptable nature of Kammb. Currently, the user does not have direct access to the database from the interface. Hence, updating the knowledge base requires the user to bypass the Kammb interface and perform this operation manually without any support from the system. In the next version of the tool, we plan to offer a menu for directly accessing the database to add new stencils and attributes and edit existing attributes of stencils. The user in this case will be able to see directly the result of data modification through the stencil menu without having to terminate or rerun the application. 

Another interesting feature that we are planning to implement is manipulating more than one stencil simultaneously. In the current prototype, only one stencil can be removed at a time. There is no support for grouping a subset of stencils and removing them as a unit. In addition, when Kammb grids a garden container with trees or borders a garden with fences, these tree and fencing elements are added individually and not as one icon in the stencil grid. Removing a border or gridded container becomes cumbersome. Furthermore, the user should be able to define relationships among the objects (stencils) in order to move or delete a set of related or similar stencils with a single action.  

The critics system checks each of the garden elements on the canvas to derive suggestions for spatial and persistence errors. When placing several trees in a container, the error messages display multiple entries alerting the user about the same watering problem for each tree element. A more practical approach for reducing redundant error messages is to consolidate these entries so that the user can correct the same error for all stencils on the canvas with one mouse click.  
Finally, one of the features that is really useful in the Kammb but needs further improvement is the on-line help. The web links provided to the user in the critique resolution screen for more support are static since they cannot be updated by the system or the user. We are thinking of implementing a search engine for automatic “on the fly” retrieval of the related on-line information and also to provide support for manual manipulation of that information.
ACKNOWLEDGMENTS

We thank Dr. Frank Shipman for providing helpful comments on previous versions of this document.

REFERENCES

1. Associated Landscape Contractors of America. Available at: http://www.alca.org/. Last verified: Nov. 5, 2003.
2. Scheepers, F. Landscape Visualization. In Proceedings of the 1st international conference on Computer graphics, virtual reality and visualization, AFRIGRAPH 2001, Capetown South Africa.
3. Hirtz, Philipp. Hoffmann, Hilko. Nüesch, Daniel. Interactive 3D Landscape Visualization: Improved Realism Through Use of Remote Sensing Data and Geoinformation. In Proceedings of the International Conference on Computer Graphics, Canmore, Alberta, Canada. 1999.
4. Ishii, Hiroshi. Piper, Ben. Ratti, Carlo. Illuminating Clay: A 3-D Tangible Interface for Landscape Analysis. In Proceedings of the SIGCHI conference on Human factors in computing systems: Changing our world, changing ourselves, Minneapolis, Minnesota. CHI 2002.
5. Garden Planner. Available at: http://www.gardencomposer.com/demo-planner.html. Last verified: Nov. 5, 2003.
6. Fischer, G., Lemke, A., Mastaglio, T., and Morch A. Using Critics to Empower Users. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems: Empowering People, Seattle, Washington. (1990), 337-347. 

7. Crow, D. and Smith, B. The Role of Built-in Knowledge in Adaptive Interface Systems. In Proceedings of the 1st international conference on Intelligent user interfaces, Orlando, Florida. (1993), 97-104.

8. Shipman, F., Moore, J., Maloor, P., Hsieh, H., and Akkapeddi, R. Semantics Happen: Knowledge Building in Spatial Hypertext. In Proceedings of the thirteenth ACM conference on Hypertext and Hypermedia, College Park, Maryland. (2002), 25-34.
9. Petrelli, D., Angeli, A., and Convertino, G. A User-Centered Approach to User Modeling. Proceedings of the Seventh International Conference, UM (1999), 255-264
10. Blythe, J., Kim, J., Ramachandran, S., and Gil, Y. An Integrated Environment for Knowledge Acquisition. In Proceedings of the 6th international conference on Intelligent user interfaces, Sante Fe, New Mexico. (2001), 13-20.
11. Jameson, A., Schafer, R., Weis, T., Berthold, A., and Weyrath, T. Making Systems Sensitive to the User’s Time and Working Memory Constraints. In Proceedings of the 4th international conference on Intelligent user interfaces, Los Angeles, California. (1998), 79-86.
12. Suchman, L.A. Plans and Situated Actions: The problem of human-machine communication. Cambridge University Press, Cambridge, U.K., 1987.

13. Gerhard Fischer , Brent Reeves, Beyond intelligent interfaces: exploring, analyzing, and creating success models of cooperative problem solving, Human-computer interaction: toward the year 2000, Morgan Kaufmann Publishers Inc., San Francisco, CA, 1995.

14. Hefley, W., and Murray, D. Intelligent User Interfaces. Proceedings of the 1st International Conference on Intelligent User Interfaces, Orlando, Florida. (1993), 3-10.

15. Shipman, F., and McCall, R. Supporting Incremental Formalization with the Hyper-Object Substrate. In ACM Transactions on Information Systems (TOIS) 17, 2 (1999), 199-227.
16. Shipman, F. and Marshall, C. Formality Considered Harmful: Experiences, Emerging Themes, and Directions on the Use of Formal Representations in Interactive Systems, Computer Supported Cooperative Work (CSCW), 8, 4 (Fall 1999), 333—352.
17. Carenini, G., and Moore, J. Generating Explanations in Context. In Proceedings of the 1st international conference on Intelligent user interfaces, Orlando, Florida. (1993), 175-182.  
Landscape Canvas





Active Stencils Pane





Menu bar





Stencils Pane





Toolbar








