Chapter

7Making Programming Accessibleto Visual Problem SolversbyHenry LiebermanMedia LaboratoryMassachusetts Institute of TechnologyGraphic designers, architects, multimedia designers, animators and users ofCAD/CAM systems are experts in visual problem solving. To date, computer-based graphic editing tools provide these people with the means to display andedit visual representations of their designs, but provide little explicit support forthe problem-solving processes that visual designers perform. A study of howknowledge is actually communicated in visual design domains shows that visualdesigners rely heavily on the generation and critique of visual examples.Programming by demonstration is a technique that permits the construction ofprograms directly from the presentation of graphical examples, together withsome explanation of them. This paper presents a scenario of how a particulardemonstrational technique, graphical annotation, can be used to convey thestructure of a design to permit a system to perform layout tasks automatically.The goal of a graphic designer or multimedia designer is often to create agraphic artifact that serves to communicate some information to a viewer. The

Introduction

4|CYPHERdesigner must encode his or her communication intentions in some structuredrepresentation of media objects that reside in a graphical editor.The problem is that the current generation of graphic editors keeps only theresults of design choices, that is, only the arrangement of media elements thedesigner has chosen. This is fragile, because if any of the assumptionsresponsible for the current set of graphic choices changes, the design may nolonger be valid as a solution to its communication goals. If, for example, theamount of space on the screen or page changes, correct response to such achange is not simply to stretch or shrink the design, but to change decisionsabout typeface, aspect ratio or placement of elements. The designer mustredesign the artifact "as if" the new situation had been present from thebeginning, while preserving as much of the original reasoning [not necessarilythe original data!] as possible. This process is tedious and error-prone, and it ishere that computer assistance could be of real help to the designer.Culturally, designers are comfortable with direct manipulation of the visualelements of a design, and not comfortable at all with textual input of abstractconcepts. So a possible approach might be to use concrete visual examples asthe representation of abstract concepts in the domain of visual design.I will use as an example design an advertisement from the Yellow Pagestelephone directory. This format is known as a display ad. Subtle decisionsconcerning typefaces and placement are made to emphasize certain aspects ofthe information and maintain stylistic consistency. It is the task ofcommunicating those decisions from the designer to the machine that poses thechallenge for constructing intelligent design assistants.

Representing An Example

Design: A Yellow Pages

Advertisement

BOOK STYLES|5Figure 1: Example Yellow PagesadvertisementHARNUM CRANESERVICEWILMINGTON658-5220WINCHESTER729-9620869 WOBURN ST. WILMINGTONUP TO 240 FEETOF BOOM18 TO 100 TONHYDRAULICAn important component of the representation activity that knowledge engineersdo involves establishing the structure of the concept domain. Part-wholehierarchies indicate relationships between components of the design. Aninheritance hierarchy links more specific to more general concepts. These areexpressed in terms of a textual object-oriented description language, of which asample appears below.(defob yellow-pages-ad)(defob graphic-ad-component () (ad-component graphic))(defob display-ad ((advertiser (a ’graphic-ad-component)) (body (a ’graphic-ad-component)) (information (a ’graphic-ad-component))) (yellow-pages-ad))(defob listing-ad ((advertiser (a ’graphic-ad-component)) (address (a ’graphic-ad-component)) (phone-number (a ’graphic-ad-component))) (yellow-pages-ad))Writing such descriptions is problematic for graphic designers as a means ofcommunicating the conceptual information in a design. The syntax is difficult toremember, and the connections between the concepts and the graphic elementsare not immediately apparent.We propose an alternative. We would like to allow the designer to communicatetaxonomic knowledge about a design by annotating concrete graphical exampleswith what we will call meta-graphics, graphic objects whose purpose is todescribe other graphic objects in the editor. Meta-graphic editors can distinguishbetween object-level graphics and meta-graphics, either indicated explicitly bythe user, or through a visual parser, such as found in [Lakin 87] or [Weitzman92]. They can provide the ability to attach knowledge structures to meta-graphics that can be used in automated design systems.

Meta-Graphic Annotations

Communicate The Structure

Of Designs

6|CYPHERCallouts are textual meta-graphic labels introduced into a picture to serve asvisual pointers to the conceptual function of graphic elements in a design.Below, the user annotates the yellow pages ad by attaching graphic labels toeach element, using the same operations provided by the graphical editor. Notethat labels themselves can be labeled, to produce multilayered structures.Figure 2: A meta-graphic annotationof a Yellow Pages adAdvertiserLocationPhone NumberPhoneLocationIllustrationSloganDisplay BoxSloganAddressLocationPhone NumberPhoneLocationBodyInfor-mationHARNUM CRANESERVICEWILMINGTON658-5220WINCHESTER729-9620869 WOBURN ST. WILMINGTONUP TO 240 FEETOF BOOM18 TO 100 TONHYDRAULICThe task of the meta-graphic editor is to build associations between theconceptual structure of the design and the primitive graphic elements, such aslines, text, or bitmaps, and attributes of those objects, such as fonts and color.Below, we illustrate the graphic structure for our example ad, seen through aninspector [or browser] interface.

BOOK STYLES|7(A ’Rectangle)Text-String: Harnum Crane Service(A ’Text)Text-String: 18 To 100 Ton Hydraulic(A ’Text)Text-String: Up To 240 Feet Of Boom(A ’Text)Name: Crane Bitmap(A ’Bitmap)Text-String: 869 Woburn St.(A ’Text)Text-String: Wilmington(A ’Text)Parts:(A ’Group)Text-String: Wilmington(A ’Text)Text-String: 658-5220(A ’Text)Parts:(A ’Group)Text-String: Winchester(A ’Text)Text-String: 729-9620(A ’Text)Parts:(A ’Group)Parts:(A ’Group)By simply noting the position of the labels and lines in the meta-graphicannotations, a very simple visual parser can produce a hierarchical structure thatcorresponds to the annotations, and build cross-links between the parts of theconceptual structure and the graphic structures that serve as examples of them.Annotations allow the designer to visually verify that the knowledge structureshave a clear correspondence with the graphic structure.Below, the conceptual structure obtained from the meta-graphic annotations.Figure 3: Purely graphic objectstructure for Yellow Pages ad

8|CYPHERText: Harnum Crane ServiceAdvertiser: (A ’Title)Text: 18 To 100 Ton Hydraulic(A ’Slogan)Text: Up To 240 Feet Of Boom(A ’Slogan)(A ’Crane-Illustration)Body:Street: 869 Woburn St.City: Wilmington(An ’Address)Location: WilmingtonNumber: 658-5220(A ’Phone-Location)Location: WinchesterNumber: 729-9620(A ’Phone-Location)Information:(A ’Display-Ad)Figure 4: The conceptual structure ofthe Yellow Pages adSeveral systems for programming by demonstration, such as the author’sMondrian, Maulsby’s Metamouse, and Kurlander’s Chimera have been designedto operate in a graphic editing domain. Such systems record user actions in agraphical editor, such as the creation of lines or text, and attribute changes suchas color or alignment. Augementing these systems with annotation capabilitywould allow them to relate conceptual structures to graphic structures. The sameconceptual structure may then be used to generate a graphical structure that isvisually quite different. If a graphical operation is performed on an annotateditem, that can indicate to the system that an analogous operation should beperformed on whatever item may receive the corresponding annotation in afuture example.In the Yellow Pages, another format, the listing ad, contains only text, notgraphics, and displays the essential information of the name of the advertiser,address and phone numbers. Typeface and alignment relations indicate theconceptual function of each component, as did placement relations in the displayad format.

Annotations and

Programming by

Demonstration

BOOK STYLES|9Figure 5: Yellow Pages listing adWinchester729-9620HARNUM CRANE SERVICE18 TO 100 TON HYDRAULICUP TO 240 FEET OF BOOM869 Woburn St. WilmingtonWilmington658-5220To teach the system how to make listing ads from display ads, the designer cantransform the Harnum Crane display ad into the format of the listing ad shownabove by modifying the properties of the graphic elements. The system recordsthe modification steps, and generalizes them according to the relations specifiedby the annotations.For example, an interactive type style change to the text element representingthe address "869 Woburn St. Wilmington" in the Harnum Crane ad would berepresented in the recorded procedure as the code,(setf (font-style (address display-ad)) :bold)referring to that element by its annotated function in the design rather than by itsgraphic structure. The recorded procedure would then take a display ad as anargument, and produce an analogous listing ad. We supply a new example byannotating a new ad with a similar conceptual structure. We can take advantageof our original annotation by copying most of the annotation meta-graphics fromthe original example, and adjusting them as necessary to fit the new example.Figure 6: An interactive change to atypeface

10|CYPHERFigure 7: Annotation of another displayadIF YOU CAN’T GET IT UP ... CALLMASS HEAVY EQUIPMENTRENTAL CORP.Draglines up to 3 Yards CapacityPile Driving72 BACON ST.NATICKWELLESLEY235-8488(508) 653-7423AdvertiserIllustrationSloganSloganAddressLocationPhone NumberPhone LocationBodyInformationDisplay BoxThe result of this is a conceptual structure for the Mass. Heavy Equipment adanalogous to that of the Harnum Crane ad.Figure 8: Conceptual structure ofsecond display adText: Mass Heavy Equipment Rental CorpAdvertiser: (A ’Title)Text: Draglines Up To 3 Yards Capacity(A ’Slogan)Text: Pile Driving(A ’Slogan)(A ’Crane-Illustration)Body:Street: 72 Bacon St.City: Natick(An ’Address)Location: WellesleyNumber: 235-8488(A ’Phone-Location)Information:(A ’Display-Ad)

BOOK STYLES|11The representation of the conceptual structure of the display ad allows thesystem to automatically generate the corresponding listing ad.Figure 9: Automatically generatedlisting adSome care must be taken both in how the user demonstrates the procedure, andwhat aspects of the graphic operations the system decides to record. If the usercenters a graphic element by eye rather than by calling the centering function ofthe graphic editor, the system will record a move action, and it might notrecognize the intent to center the object. Such a recorded procedure might nothave the desired centering effect in subsequent examples. Some systems such asPeridot, contain rules for comparing graphic states that would be capable ofrecognizing centering relations. Similarly, the system must not record theoperations too literally, for example by embedding absolute cursor positions inthe code.This paper has presented a scenario of how concrete visual examples can serveas a means for communicating design knowledge in a graphical editor.Annotations serve as the graphical counterpart of variables in programming.Systems that can record user actions and generalize on graphical annotations cango beyond the current generation of graphical editors in providing support forautomatically generating design alternatives based on the functionality ofcomponents of the design. Programming by demonstration systems can helpvisually oriented users access the procedural power of computers, which wouldotherwise require programming in a textual programming language.The Visible Language Workshop at the MIT Media Laboratory is supported byresearch grants from Alenia, Apple, DARPA, Kansa, NYNEX, Paws, andDigital.

Acknowledgments

12|CYPHER